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Preface

France and Finland initiated together the process of Ministerial Conferences on the Protection of Forests 
in Europe in Strasbourg in 1990. Following the 1992 Earth Summit in Rio de Janeiro, the notion of sustainable 
forest management was promulgated as criteria and indicators. Sustainable forest management was defined 
for Europe in 1993 in Helsinki during the Second Ministerial Conference on the Protection of Forests in Europe. 
The sustainable forest management criteria and indicators were proposed in Geneva in 1994 and supplemented 
the following year in Antalya before being adopted in Lisbon in 1998 and improved in Vienna in 2003. These 
indicators have gradually become established as public policy tools intended to strengthen the sustainable and 
multi-functional management of forests in a context of climate change. The Seventh Ministerial Conference on the 
Protection of Forests in Europe (Madrid, 2015) suggested updating the set of indicators for 2020.

At the same time, connexions were built between this PanEuropean process (renamed Forest Europe in the 
meantime) and the FAO assessment of world forestry resources: the global and European exercises thus 
complement each other. 

France has therefore committed with the other signatory European countries to providing regular information and 
improving the sustainable management indicators for its forests. It has been a pioneer in this area by publishing 
Indicators for the Sustainable Management of Metropolitan French Forests as early as 1995 and in repeating this 
exercise every five years. 

These twenty years of French experience in sustainable forest management indicators have prompted the 
preparation of the Programme national de la forêt et du bois (PNFB - National Forestry and Timber Program) 
provided for under the loi d’avenir pour l’agriculture, l’alimentation et la forêt (LAAF - Law for the Future of 
Agriculture, Food and the Forest) of 13 October 2014.

The fifth edition of Indicators for the Sustainable Management of Metropolitan French Forests is the fruit of on-
going improvement sought by the Ministry of Agriculture, Agrifood and Forest and run by a committee made up 
of various forestry stakeholders from the socio-professional, scientific and association environments. It has been 
produced by the Institut national de l’information géographique et forestière (IGN - National Institute of Geographic 
and Forestry Information) in conjunction with the public sector group Ecofor, the Inra-AgroParis Tech forestry 
economy laboratory and Irstea.

This new edition contains an executive summary, a summary per policy issue and summaries for each sustainable 
management criterion, thus making it easier for policymakers to consider all the information in it.

I should like to thank the managers, professionals, ecologists, researchers, statisticians, associations, public 
establishments, administrations and all forestry stakeholders who have helped to supply, analyze and develop the 
collected data. This participation shows the importance attached by the forestry community to monitoring forest 
resources and ecosystems. It strengthens France’s ability to be proactive in this PanEuropean process. 

 Director General, Economic and Environmental
 Business Performance

 
 Catherine Geslain-Laneelle
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Introduction

The 2015 edition of Indicators for the Sustainable Management of Metropolitan French Forests provides a detailed 
overview of the state and evolution of the forests and their related economic and social activities.

This document is structured to provide several reading methods: 

 – a quick run-through with executive summary and a summary of trends per policy issue. 
 – focusing on a theme, with a summary for each sustainable management criterion.
 – detailed investigation of each indicator.

Every indicator sheet shows, in succession, the purpose of the indicator, the results as data tables or graphics, the 
analysis of the results and lastly the data sources and methodology. The analyses always start with a heading in 
bold showing the main results, so that a quick run-through is also possible for a precise indicator. 

In addition, Appendix 1 lists definitions for technical terms and breaks in series are shown in the graphics or tables 
by a vertical red line. 

Lastly, all data presented in the 2015 edition of Indicators for the Sustainable Management of Metropolitan French 
Forests is made available for the first time on the website of the Institut national de l’information géographique et 
forestière (under forest inventory > Themed activities > Sustainable management indicators <http://inventaire-
forestier.ign.fr/spip/spip.php?rubrique80>.

Enjoy the document!

http://inventaire-forestier.ign.fr/spip/spip.php?rubrique80
http://inventaire-forestier.ign.fr/spip/spip.php?rubrique80
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Executive summary

The sustainable management of Metropolitan French forests is assessed by examining the following six criteria: 

 – Criterion 1: Forest resources - timber and carbon
 – Criterion 2: Forest health and vitality
 – Criterion 3: Productive functions of forests
 – Criterion 4: Biological diversity of forests
 – Criterion 5: Protective functions of forests
 – Criterion 6: Socio-economic functions of forests

These, so-called, Helsinki criteria were defined following the United Nations Conference on Environment and 
Development in Rio in 1992. 

Deserted agricultural and rural land, like the development of fossil energies, has over the last century led to the 
abandonment of the least profitable cultivated land, its spontaneous reforestation and less coppicing for heating 
purposes. The result has been the expansion of high forest structures. Characterized by this on-going transition, 
the forest resources show an increase in wooded areas which have grown from 14.4 to 16.4 million hectares in 
twenty years and an increased volume of timber per hectare, from 129 to 161 cubic meters per hectare in thirty 
years. The dynamics propelling these increases in volume and area, especially natural expansion and conversion 
into high forest, encourage broadleaved species in particular. The pioneering broadleaved species (ash, birch, 
locust tree, maples, pubescent oak, holm oak) are those where the volume increases the most in proportion. 
The location of geographical areas marked by natural expansion also influences the identity of favored species: 
the extensive expansion of surface areas seen in the last thirty years in the South of France no doubt explains 
the spectacular growth in volume of pubescent oaks and holm oaks. Conifers expand more slowly than the 
broadleaved species (+ 35% compared with 53% in volume) and changes also vary between species. Stands of 
maritime pine were seriously affected by storms in 1999 and 2009 whilst certain softwood species have volumes 
that are expanding hugely due to post-war plantings (Laricio Pine and Douglas Fir). Under these conditions, which 
continue to be very favorable to forest resources, metropolitan forests are a significant carbon sink, with additional 
storage in trees of close to 14 million tons of carbon a year on average over the last thirty years.

Forest ecosystems are, however, subject to a variety of constantly-changing attacks. Acidifying atmospheric 
pollution has been dropping regularly for the past twenty years. Attacks on trees by pathogens fluctuate wildly, 
with outbreaks followed by a return to the endemic state and also with the arrival of new pathogens. Wild 
ungulates apply herbivory pressure and their population has increased over the last forty years; the storms in 
1999 and 2009 affected the forests whereas fires are overall controlled better than in the past, except in years 
of exceptional climatic conditions (2003). Forest ecosystem health and vitality are likely to be affected by 
these pressures. Trees react in different ways depending on the species, the stations and the intensity of the 
phenomenon. Drought and heatwaves have, for example, affected the defoliation of numerous species in recent 
years, especially in 2003 and in the Mediterranean area. Changes in ground quality in public forests have been 
noted during the last fifteen years, including a tendency towards acidification of the most acid soils, carbon 
sequestration and a drop in stores of nitrogen. There is no reason for these unexpected changes to be specific to 
the public forests, but this still has to be confirmed.

Forests provide productive functions: timber, non-woody forest products, hunting and fishing permits, etc. 
Forest production is however hampered in several ways: for example, logging is deemed difficult to very difficult 
in 30% of volumes. Also, over 50% of forest areas have no management document, linked to the small size of a 
huge number of properties. Thus, only 50% of the volume of timber produced every year is exploited, causing 
a constant increase in growing stock. Felling rates nevertheless vary between species1 and geographical areas 
(linked to the local species and potential logging difficulties). However, in 2014, the value of harvested timber 
reached nearly 3 billion euros (including one billion for self-consumed firewood) whilst venison, mushrooms, cork, 
honey, forest seedlings and seeds and Christmas trees account for the other major forest productions. Hunting is 
without question the marketable service that brings in the most income, with about 110 million euros in 2012.

Forests also shelter a biological diversity that can be threatened by the pressures placed on the ecosystem. Land 
pressure is low, but not necessarily nil locally, given the increase in surface areas and the size of massifs (68% of 
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surface areas are part of massifs of more than 100,000 hectares). Silviculture, which reduces the duration of the 
silvogenetic cycle2, tends to reduce the diversity of species at the oldest stages. There are in fact few very old 
stands in metropolitan France (2% of areas planted with pedunculate oak and 5% with beech), although standing 
deadwood nevertheless accounts for 6 cubic meters per hectare (compared with 1.6 cubic meters in 1999). 
However, there is little pressure to alter the status quo, with only 7% of surfaces seeing the introduction of a main 
species. Of the 194 tree species (including some exotic and accidentally present) listed by the forest inventory in 
the metropolitan forests, three are endangered species whereas the threatened species among the forest birds, 
mammals, amphibians and reptiles are 17%, 7% and 8% of species respectively. Lastly, the local wealth of species 
tends to increase with on average nearly five species on 20 ares, despite the main species accounting for a major 
share in the basal area (64% in broadleaved stands and 80% in conifer stands).

The forest ecosystem protects soils and water, natural resources that are the basis for its operation; it also helps to 
protect infrastructures, men and agricultural resources from natural risks. Some forests are allocated a protective 
role as a priority. This is especially true of protective forests, forests in areas covered by protection agencies and 
State-owned forests within the drinking water catchment perimeters or the mountain land restoration perimeters 
- they account for 350,000 hectares. However, all metropolitan forests also protect the ecosystem functions 
without particular official legal status.

The socio-economic benefits of ecosystems for society are enormous. They include production and consumption 
of the raw material, protection services, wellbeing of populations and development of rural regions. The forest-
timber-paper-furniture supply chain, in the strict sense, accounts for about 230,000 full time equivalents whereas 
there are an estimated 800,000 forest- or timber-related jobs within more general branches (including, for 
example, timber construction and transport of timber products). Jobs in the sector involving the rural economy 
and regional forest initiatives are expanding. The added value of the forest-timber-paper-furniture sector was 
12 billion euros in 2012 but the sector showed a trade balance deficit of 4.5 billion euros in 2014 (for a negative 
balance of 6.8 million cubic meters). Forests are more than just the forest-timber-paper-furniture supply chain. 
They are also landscapes and services rendered to society which the State, along with other players, helps to 
protect through financial support for sustainable management, preventing and fighting fires, post-storm canopy 
restoration, biodiversity, etc. Wood and its by-products also play a part in circular economy dynamics, with the 
introduction of recycling, the salvage of associated products and the production of renewable energy. Lastly, 
three quarters of French forests are privately owned and one quarter publicly owned. They are without question a 
leisure area and 85% of private owners state that they authorize access to their forests, whilst at the same time the 
cultural and spiritual value of some forests is acknowledged officially by allocating a label or classification (World 
Heritage Site, historic forest monuments, biosphere reserves, etc.).

Lastly, although this summary provides a concise overview of forests and the services they render, it does not 
reflect all information in the Indicators for the Sustainable Management of Metropolitan French Forests. Perusing 
the summaries by criteria and political issue or the detail on each indicator will undoubtedly prove additionally 
useful to each reader. 

1. Over 100% for maritime pine, 50% for spruce, poplar, Scots pine, sessile oak and beech and under 30% for ash and pubescent oak.

2. The silvogenetic cycle is the natural evolution cycle of a wild forest (not exploited by Man). 

3. Difference between the exported and imported timber volumes.

 Author: Ingrid Bonhême (IGN)
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Summary of trends 
       Per public policy issue

Criteria (C) and indicators have gradually been introduced in forestry since the 1992 Rio conference to define, 
monitor, guide and assess sustainable forest management. Their publication for metropolitan France since 1995 
clearly pursues this goal and analyses the situation of forests from several viewpoints based on resources (C1) and 
their state of health (C2) to envisage their major productive (C3), ecological (C4), protective (C5) and lastly socio-
economic and cultural (C6) functions. Nevertheless, these criteria do not give a global view of the main issues (E) 
relating to the forest spaces (Peyron, Bonhême, 2012), namely: (E1) lasting management of timber resources, (E2) 
health of forests, (E3) forest biodiversity, (E4) combating the greenhouse effect, (E5) vulnerability and adaptation of 
forests to climate change, (E6) contribution of the forest-timber sector to the economic activity, (E7) contribution 
of the forest to social well-being and lastly (E8) implementation of the multi-functionality of forests. This 
summary attempts to respond to this by relying preferably on the 2015 edition of Indicators for the Sustainable 
Management for Metropolitan French Forests as well as, where appropriate, on previous editions (Map, 1995; Map, 
NFI, 2001; Map, NFI, 2006; Maaprat, NFI, 2011), similar European approaches or additional sources. 

This summary therefore has a dual focus (Diagram 1): firstly, it applies the sustainable forest management 
indicators explicitly to analyze the situation of the forest-timber sector for policymakers and, secondly, it structures 
this information according to the major forest issues. It is mainly a national exercise which it reiterates, however, 
succinctly in its European, biogeographical, forestry or land framework. It makes every effort to refer to the trends 
in recent decades (since 1980).

Warning 

The text refers systematically to the indicators (the numbers are stated in bold and italics in brackets). The 
precise sources of data used for the graphics are given in an appendix. In the graphs (which are also shown as 
bold and italics in the text), the solid lines are taken directly from data sources comparable over time whereas 
peer-reviewed, corrected or improved information required to establish chronological series, or which is very 
useful but deemed less robust, appears as a dotted line. 

Indicators for forest-related issues
double entry summary

Diagram 1. Cross-reference between sustainable forest management criteria (C1 to C6) and major forest issues (E1 to E8). The green triangles show 
that at least one indicator for the criterion that tops it is used to characterize the issue to which it relates. 

C1. Forest resources in area, wood and carbon
C2. Forest ecosystem health and vitality

C3. Productive functions of forests
C4. Biological diversity of forests

C5. Protective functions of forests
C6. Socio-economic functions of forests

E1. Lasting management of timber resources

E2. Health of forests

E3. Forest biodiversity

E4. Combating the greenhouse e�ect

E5. Vulnerability and adaptation of forests to climate change

E6. Contribution of the forest-timber sector to the economic activity

E7.Contribution of the forest to social well-being

E8. Implementation of the multi-functionality of forests
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n E1. Lasting management of timber resources
The renewable nature of timber resources in the long-term suggests that particular attention should be given to 
the change in surface area and volume per hectare, preferably by types of stand and growth stages. Analyzing 
natural and man-made decisive factors in this change, such as the net colonization of lands, growth, mortality and 
felling, can help in interpreting the dynamics of these resources better. Among these decisive factors, felling is 
governed by the characteristics of timber markets both in terms of supply from owners and managers (technical 
operability, regulatory framework and socio-economic context) and demand from industries and households 
(outlets, consumption and innovation). 

This brings out the increasing importance of 
metropolitan French forests (1.1; Pignard, 2000; Fig. 1), 
with an afforestation rate that has jumped from 25% in 
1980 to 30% in 2010 (+0.6% per year). Beyond a change 
in definition extended to forests with formations 5 to 
7 meters high when mature in situ, these changes are 
explained by limited land clearance and agricultural 
abandonment, which has led to expanded plantings 
and above all spontaneous afforestation. It is lower for 
public forests (+0.4% per year) than for private ones 
(+0.6% per year) whose share has increased to 75%. 

Forests available for timber production are 95% 
dominant and following the same evolution (1.1). Their 
growing stock increases more than their surface area, both on average (+1.3% per year) and for all species and size 
classes, except for small conifers, above all the maritime pine, which was severely affected by the 1999 and 2009 
storms (1.2; 1.3; Fig. 2). The result is a major expansion in the average volume per hectare (+0.8% per year), which 
is more apparent in private forests (1.2.2; Fig. 3). 

This increased volume relates to the fact that the net biological production (after deducting natural mortality) is 

higher than the timber felling (intended for harvesting, except for residual trees). Equal felling and net biological 
production brings to 100% the felling rate which relates the first to the second and keeps the growing stock 
constant. The felling rate is 50% on average in metropolitan France - 64% for conifers, 45% and more for the 
large broadleaved species (sessile oak, pedunculated oak, beech, chestnut and poplar) but around 25% for all 
miscellaneous broadleaved species (3.1). Given changes in the growing stock described previously, the felling rate 
is on average lower in private forests (45%) than in public ones (63%) (IGN, 2015). It varies between regions and 
proves to be high in the Landes massif for the maritime pine or in the North-East for both broadleaved species 
and conifers (3.1). A felling rate of less than 100% can be attributed to several causes: the young age of part of the 
stands, changes in structure or composition of forests tending towards a higher average level of standing material, 
lack of silviculture or reduced logging, whether or not deliberate. 

All private 
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All forests

All public 
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1980 2015
0
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20

Surface area
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Fig. 1

Private forests available for wood supply
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Fig. 3

Conifer trees
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1980 2015
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1 000

2 000
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Fig. 2
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The French situation is in line with fairly similar changes on average throughout Europe (except for Russia) in terms 
of the annual increase in surface areas (+0.4%), growing stock (+1.2%) and volume per hectare (+0.8%) (SoEF, 
2015). But the European felling rate (66 %) is higher than the French rate (50 %).

When the analysis focuses on large- and very large-
diameter trees, it shows that the felling rate in these 
size categories is on average no more than their net 
biological production and therefore they only have 
limited renewal (3.1). Although French forests has been 
expanding for a long time, they feature a proportion 
of fewer small-diameter trees and more large- or very 
large-diameter trees, both in conifers and broadleaved 
species (1.3; Fig. 4). 

The forest inventory has only been providing all felling 
rate components since 2011. It cannot therefore 
be monitored strictly over the last decades. It is, 
however, possible to understand the changes in its 
various components (Fig. 5): since 1980, except for 
the nearest climate accident, felling has increased and 
then stagnated (marketed harvest) or even decreased 
(informal, non-marketed harvest (3.2); natural mortality 
has increased (4.5), but so has the gross biological 
production, so that the net production has continued 
to grow under the delayed effect of increased surface 
areas and gradual aging. Thus, the balance of flows 
that takes account of the accumulation of the volume 
of growing stock (1.2) has been sustained to increase 
in recent years. Ultimately, the felling rate has 
experienced a downward trend during the period. 

Several decisive factors can be used to analyze the 
timber supply in the markets. This suffers mainly 
from more physical logging constraints due to less 
accessibility to forests caused by natural colonization 
and should, on the contrary, benefit from increased 
surface areas covered by a management document 
(3.1.1; 3.5; Fig. 6). It also seems to be broadly 
correlated with the certification that covers one 
third of forest areas in metropolitan France and more 
than half the marketed volumes of round wood (3.2; 
6.1.3; Fig. 7). Demand for French timber has increased 
in the past before stagnating and being supported 
nowadays by the energy market (3.2; Fig. 5). 

Although the observation should be adjusted 
according to categories of ownership, regions and 
species, French forest resources seem to be booming 
and capable, given that they are renewable, of 
contributing more than ever to the sustainable 
development of the economy and the regions.
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n E2. Health of forests
The preceding analysis shows an expanding timber resource, especially in surface area and growing stock. It does 
not however confirm that the forests are in good health and free of pressure. It is therefore important to state 
firstly their state of health (defoliation, mortality), then to note the action of climate, biotic or human factors which 
all represent risks for them and lastly to examine the measures likely to keep the forests in good health. 

Monitoring the defoliation of dominant and co-dominant trees (2.3; Fig. 8) shows an increase in both broadleaved 
species and conifers. This is particularly true in the Mediterranean South-East. These changes follow on from the 
storms (1999, 2009) and droughts (mainly 2003) in the last two decades. Here also is one explanation for the 
increase in tree mortality, to which is added, beyond the growth effect of the growing stock, the increase in sparse 
local felling (1.2; 4.5; Fig. 9). 

Atmospheric depositions continue to fall on forest 
stands (2.1) although they are weaker in nitrogen 
compounds and even more so in sulfur (Fig. 10). 
Similarly, rainfall is tending to be less acid. Mineral 
inputs are also clearly relatively stable. Despite these 
changes for the better, the acidification of the most 
sensitive soils continues (reduced pH and base 
saturation level) but without depleting reserves of 
exchangeable nutrients (2.2). 

Climate risks are mainly comprised of storms and 
droughts. Storms constitute the greatest threat 
given their suddenness and scale, as seen in the 
1999 and 2009 storms (2.4; Schelhaas, 2015; Fig. 
11). The effects of drought are more difficult to quantify even if they are clearly identified (2003 drought). They 
are likely to become more intense with climate change (global warming and shortage of summer rainfall) and 
deserve improved monitoring. They influence especially forest fires which are curbed relatively easily, mainly 
near the Mediterranean and in Aquitaine, except in drought years (2.4; Fig. 12). Special attention must be paid 
under climate change to fire risk areas; they are likely to be more extensive and the threat from them depends 
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not only on weather conditions but also on regional 
development and human behavior. 

Biotic damage from insects and fungi fluctuates and 
frequently worsens the abiotic damage due basically 
to climate accidents (2.4; Fig. 13). They show signs of 
worsening due to emerging problems (ash dieback, 
chestnut gall wasp, etc.). These are limited but still 
prone to the introduction of harmful organisms such 
as the pine wilt nematode, oak wilt agent, ash and 
birch borers, etc. Damage caused by large ungulates 
is not always easy to quantify, especially in forests. 
But it has been aggravated in recent decades with 
a clear increase in populations monitored, above 
all throughout hunting (2.4.1; Fig. 14). The result is 
pressure on the environment, agricultural crops and 
the regeneration of forest stands. In some cases, this 
can compromise the adaptation of forests to climate 
change, affect the biodiversity (Martin, 2013), increase 
the lack of road safety and risk zoonosis or even human 
diseases (Lyme borreliosis especially). Potential effects 
of this type nevertheless demand analysis depending 
on the regions. 

Adaptation of species, provenances or varieties at 
the station where they are planted figures high on 
the list of measures likely to keep the forests in good 
health and consolidate the natural resistance and resilience of stands. This means taking into account the current 
and future vulnerabilities and potential and ensuring quality management which includes soils as well as stands 
diversity and structure (strata and dimensions). Target measures for such and such a problem must be set up in 
addition to these general principles. 

Progress has been made in recent decades in reducing atmospheric depositions of acidifying chemical compounds 
and in controlling forest fires. There are still a causes for concern, however, with defoliation, mortality and damage 
on an upward trend, populations of large ungulates which are developing without hindrance in many massifs and 
climate risks with measurable recent effects and premonitions of future repercussions under global warming. The 
health of forests remains therefore under surveillance. 

n E3. Forest biodiversity
French forests stand out for bioclimatic contexts and varied practices which give them a broad global diversity. 
But what can be said about a more local biodiversity in terms of composition of species and varieties, structure 
and operation? What pressures and other influences are applied to it under global changes in terms of habitats 
(variation in wooded areas, fragmentation or aggregation of massifs, human influence or natural quality of stands) 
or indeed species? What measures lastly are taken to protect the biodiversity or encourage good practices?

There is clear local diversity in varieties of trees or species: nearly five on average per quadrat of twenty ares, 
mainly broadleaved (4.1; Fig. 15). This diversity is tending to grow due to both silviculturists favoring support 
species and the moderated selection resulting from a lack of felling. It is more extensive in mixed stands. This 
diversity does not prevent the main species in stands 
from being 64% dominant in terms of volume and 
basal area when it is broadleaved and respectively 85% 
and 80% for conifers, average proportions stable over 
time (3.1; 4.1.1). Despite a measuring protocol that 
varies from one country to the next, this average local 
diversity appears greater than in Europe, where 80% 
of stands have fewer than four species (against 36% in 
metropolitan France). 

Several strictly forest species of vascular plants (7), 
birds (11), mammals (2) and invertebrates (3) are 
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considered to be threatened, but the indicator (4.8) cannot yet judge an evolution over time. 

By restricting the species and habitats of community interest, i.e. “In danger of disappearing, vulnerable, rare or 
endemic” within the European Union and by taking a good state of conservation as a reference, 38% of forest 
species are in a favorable condition and 16% in poor condition, whilst 17% of forest habitats are assessed as 
favorable and 25% in poor condition. This leaves a large proportion of habitats in intermediate situations (Lévêque, 
Bensettiti et Puissauve, 2014). Overall, the forests appear to be in a significantly less degraded state that other 
ecosystems, above all given the situation of species. 

Developments relating to the health of forests have shown that atmospheric depositions have dropped 
significantly in the last decades (2.1) without interrupting, however, any action, mainly acidifying (2.3), that is 
bound to affect the biodiversity. It is still difficult to highlight the effects of climate change on the biodiversity 
(see E5). 

As they extend (1.1), so the forests move the area of the biodiversity associated with the forest habitats forward. 
It would be useful to assess the components of this net extension better, which is not currently the case (1.1.1), 
as land clearance is not offset hectare for hectare by reforestation, especially in terms of the biodiversity. The 
spatial distribution of forests is also a major factor for the biodiversity for the ecological continuities. Data per 
size class suggest that the surface area of large massifs not only increases in absolute value but also in proportion 
to the forest areas, with the massifs of more than 10,000 ha henceforth covering 80% of forests and those over 
100,000 ha covering 68% (4.7; Fig. 16). An aggregation movement of forest massifs is thus observed on average. 

The natural quality of forests is a major characteristic for their biodiversity. But the vast majority of metropolitan 
French forest stands are semi-natural; they include a 13% proportion of planted trees which has remained 
relatively stable over the last three decades (4.2; 4.3; 
Fig. 17). Surface areas dominated by non-indigenous 
species, whether or not introduced deliberately, are 
increasing but are less than 10% (4.4; Fig. 17). 

The volumes of aging or dead wood safeguard species 
when silviculture tends to reduce the habitats. They 
have increased significantly (1.3; 4.5; Fig. 18). As 
deadwood lying and standing for more than five years 
has only been assessed since 2008, this statement is 
mainly based on monitoring very large-diameter trees 
and standing deadwood for less than five years. The 
noted increase results widely from climate accidents 
(1999, 2003, 2009) and the low renewal of stands 
(see E1). More comprehensive assessments of the 
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deadwood henceforth in metropolitan French forests 
produce results in line with the European average. 

Apart from developing good sustainable forest 
management practices (3.5  ; 6.1.3), preserving the 
biodiversity justifies protective and management 
measures. Surface areas where it is strictly protected 
(integral biological reserves, central areas of national 
parks) are increasing but remain at less than 1% 
and are still distributed unevenly. Areas with active 
biodiversity management have expanded hugely 
under the European Natura 2000 program, with 
the development of special protection and special 
conservation areas (4.9; Fig. 19). In addition, huge 
efforts to conserve genetic resources have been made in recent years (4.6) and financing of biodiversity measures 
has gained in visibility (6.4). 

Biodiversity is a significant issue. Metropolitan forests generally have major advantages with an extensive, 
increasing local wealth of species, a majority of large massifs which are constantly expanding, a large proportion 
left to indigenous species regenerated naturally, growing numbers of very large-diameter trees and deadwood 
and far more attention being paid to it. The main points to look out for are some vulnerable habitats, progress 
required to strive towards the goals of the national protected area creation (SCAP) strategy and the current 
shortage of taxonomic monitoring data. 

n E4. Combating the greenhouse effect
The forest-timber sector contributes to combating the greenhouse effect and thus the mitigation of climate 
change in many ways. It interacts with the atmosphere, basically through the carbon dioxide. Its contribution is 
twofold: increased stocks of biogenic carbon (in and outside forests) and prevention of fossil carbon emissions 
by using wood instead of fossil energy and materials more energy-hungry than wood (Madignier et al., 2014). The 
first contribution is based on the fact that about half the dry wood material is made up of carbon; it is analyzed 
by monitoring carbon reservoirs forming the living biomass, the dead biomass, the organic matter in the soil and 
the timber products. The second is based on the substitution effect, which measures the savings in carbon dioxide 
emissions through using wood compared with competitive materials and alternative energies; it also depends on 
the possibility of accumulating several substitution effects by successful recycling of the raw material (ancillary 
products, recycling, salvage) and, in addition, benefits 
from energy savings created by the insulating qualities 
of the wood. 

The continuous expansion of forests and increased 
volume of growing stock in the metropolitan forests 
results “mechanically” in increased carbon stocks in 
the above- and underground living biomass of trees 
(1.4; Fig. 20). This is estimated to be approximately 
19 million tC/year or 71 tCO2eq/year (Colin, 2014). 
Increased mortality during the period, which has been 
discussed previously (E1, E2 and E3), also suggests the 
development of a carbon sink in the dead biomass of 
some 10 million tCO2eq/year. Increased organic matter 
in the soils is also anticipated based on measurements 
in the Renecofor network for monitoring forest 
ecosystems run by the ONF (2.2; Fig. 20). Forest soil 
carbon sinks could therefore be around 15 million 
tCO2eq/year. The carbon stock in forest products 
depends on changes in production, their consumption 
over time and their lifetime. For sawing and panels, 
which essentially are the products to be considered 
here, these changes have not seemed very favorable 
for several years (6.7; Fig. 21), which suggests the 
current absence of a substantial carbon sink in the 
forest products. 
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Substituting timber products for other manufactures generating greenhouse gas emissions is a continuation of 
previous developments. In this case, the important thing is not the variation in the stock of products but their 
consumption, which avoids emissions from using materials competing with wood that are less efficient in terms 
of carbon dioxide emissions. This substitution effect deserves to be assessed further, but an estimated 1.1 tCO2eq 
is avoided on average per cubic meter of timber contained in the finished products, excluding end-of-life energy 
recycling (Ademe, 2015). This effect can therefore be assessed at approximately 16 million tCO2 eq/year. 

Substituting wood directly for fossil energies sends greenhouse gases into the atmosphere, but these would 
in any case have been emitted by natural decomposition processes. Using wood as energy instead of fossil 
resources avoids additional greenhouse gas emissions estimated at 0.5 tCO2 eq per cubic meter of wood burned 
by the industrial and collective sectors (Ademe, 2015). The coefficient is undoubtedly less for domestic use, 
so that a coefficient of 0.4 tCO2 eq per cubic meter of wood burned is used here. The largest part (some 75%) of 
the harvested wood (3.2) is destined for energy use at end-of-life, otherwise as soon as it is available. This would 
represent about 45 million m3/year, avoiding a total of 18 million tCO2 eq/year. 

Adding absorptions, storage and avoided emissions together would therefore give a total forest-timber sector 
assessment of some 130 million tCO2 eq/year at a rate of over half due to the increase in the living forest biomass 
and of nearly a quarter by substitution effect of the wood for other energies or materials. Stating this estimation in 
the future would be useful as an approved indicator to characterize this contribution by the forest-timber sector 
to combat the greenhouse effect. It can be depicted as net emissions by France of some 490 million tCO2 eq/
year (Citepa, 2014). Taking the phenomena over time, it would merit being predicted under miscellaneous future 

Diagram 2. Summary of estimates, in million tons of CO2 equivalent, of the main contributions to the carbon balance by metropolitan French 
forests with stock variations (living and dead biomass, organic matter in the soil, timber products) and the emissions avoided by the consumption 
of wood-based products and energy. 
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scenarios relating to the environment (climate) and management (forestry strategy). 

n E5. Vulnerability and adaptation of forests to climate change
Boosting the greenhouse effect and its resulting climate change alter the general forest environment and the 
occurrence of such events as heatwaves, droughts and heavy seasonal rain (winter and spring). The assumed 
effects relate to the distribution, growth, survival and regeneration of species and the state of health of the trees. 
They continue to be difficult to observe due to the still limited modifications, the inertia of numerous phenomena 
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and interactions with other factors. Analyzing the 
adaptation capacity in an area requiring prevention 
and precaution can prove especially useful in addition 
to observing current phenomena. 

Global warming means changes in the hydric state 
of the vegetation under the effect of temperature, air 
moisture, wind speed and rainfall. The meteorological 
forest fire index (Météo-France, Meem/Onerc; Fig. 22) 
reports annually on the proportion of metropolitan 
France which has been prone to forest fires on a daily 
basis for more than one month. It highlights especially 
dry years, mainly around 1990 and 2003. It also shows 
an upwards trend over time and makes people aware 
of the expansion of fire-risk areas (Chatry et al., 2010). 
Similar indices can be established on the basis of the 
hydric soil assessment (Biljou© model). 

Forest sensitivity to drought appears clearly in the 
monitoring of foliage conditions and the mortality 
of trees (2.3) or in wooded areas that have been 
destroyed by fire during exceptionally hot and dry 
years (2.4), as presented previously (E2). The impact 
of global warming is also highlighted by observing 
the emission of pollen or a species specific to forests 
like the pine processionary caterpillar (Thaumetopoea 
pityocampa). The birch pollen indicator estimates 
the average annual quantity of pollen in the air 
around six large French cities (National Aerobiological 
Monitoring Network, Meem/Onerc; Fig. 23). It 
relates especially to changes in temperature, which 
stimulates the emission of pollen and lengthen the 
relevant period. It is also a useful indicator of human 
health given the allergy potential of birch pollen. 
The pine processionary caterpillar (Thaumetopoea 
pityocampa) benefits from the lifting of thermal 
constraints that kept it firmly implanted until 
now south of the Loire and its area is expanding 
northwards at an average rate of 4 km/year Inra, 
Meem/Onerc; Fig. 24). This indicator is of interest 
not just for the forest (defoliation), but also for human and animal health (allergies, urtication and anaphylactic 
shock). 

Practices must be adapted to face up to these proven impacts of climate change - and there are many more 
examples. Indeed global warming is known to be continuing for several decades and most trees will have to suffer 
it without all of them being able to withstand it. An initial way to adapt is to encourage forest diversification. 
As discussed previously (E3), the average increase in the local diversity of species plays a part in this (4.1). On a 
broader scale, it is also useful to examine the proportion of major species in French forests. This is on a downward 
trend, whether the surface (1.1.4; Fig. 25) or volume (1.2.2; Fig. 26) is being monitored. The surface reduction is 
accentuated by changing the method of identifying the main species in stands, but the direction of the trend has 
not altered. In addition, the resulting global diversification is not unrelated to the expansion of recent decades 
which encourage pioneering and southern species. 

Another possible adaptation affects the adjustment of the magnitude of the growing stock capital. This can 
limit the level of the challenge from climate change and hazards in general (storm, drought, fire, pathogenic 
organisms, etc.). It also reduces the sensitivity to some of these hazards, by avoiding the presence of vulnerable 
trees, restricting the total height of stands, their water requirements and the mass of fuel in the fire-risk areas. It 
increases the share of stand renewal and thus the speed of the possible adaptation. It encourages the structural 
development of industries and nurseries where dynamics are generally important and also the crisis management 
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for potential crises. The current increase in the standing capital (1.2) which was highlighted above (E1), makes 
it currently difficult to apply this adaptation method by increasing the age or size of trees (1.3) and limiting the 
renewal (3.1).

Similarly, the increase in large ungulate populations (2.4.1) previously analyzed (E2) is likely to disturb the renewal 
of stands, and therefore also their adaptation to climate change, in massifs with an imbalance between forest and 
game. 

Lastly, signs of climate change have already been seen in forests which is a strong incentive for adaptation in 
vulnerable areas. From this viewpoint, a certain diversification seems to work as well locally as overall. Conversely, 
the current changes in French forests are proving less favorable to the application of strategies based on 
controlling the growing stock in stands and mainly those which are not currently managed despite their potential 
for this. 

n E6. Contribution of the forest-timber sector to the economic activity
The forest-timber sector supplies economic activities with timber, non-woody products and services. It generates 
an added value that increases the gross domestic product, remunerates jobs and regulates external trade. 

Harvesting of lumber has remained globally constant since 1980 except for a lull at the end of the 1980s and the 
effects of the 1999 and 2009 storms (3.2; Fig. 27). It varies between species, rising for conifers (+0.6%/year) and 
dropping for broadleaved species (-1.3%/year). Harvesting of industrial timber and fuelwood increased regularly 
until 2007 (+0.5%/year and +2.7%/year respectively), before becoming variable due to the storm, for the industrial 
timber, and increasing strongly, for the fuelwood (+15%/year), with the boom in demand for renewable energy. 
According to the surveys of households (SOeS), harvesting non-marketed firewood decreased in the 1990s 

(-3.3%/ year) before stabilizing during the 2000s. Harvesting is also monitored in value (3.2; Fig. 28). In the early 
stages of the period at least, with the exception of marketed fuelwood, the value of timber in constant currency 
dropped substantially. This is partly explained by a high price during the second oil crisis in 1979-1980 (for both 
lumber and fuelwood). These changes therefore reflect in large measure a return to the value before the first oil 
crisis in 1973. 
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Forest products other than timber are potentially 
marketable: venison, truffles, cork, honey and forest 
seeds and seedlings, etc. The same is true of services 
like hunting permits or permission for a variety of 
felling or harvesting operations. Hunting falls under 
both aspects (3.3; 3.4; Fig. 29): it mobilizes fewer, 
but nevertheless significant and growing, financial 
amounts than timber for both the value of venison 
removed and for permits. 

The added value of the forest-sector has been eroded 
in recent years 6.2 ; Fig. 30), including in relation to the 
primary (natural resources) and secondary (industry) 
sectors alone which are themselves losing ground in the services. In 2012, the forest-timber sector contributed 
no more than 0.55% to the gross domestic product (GDP) against 0.95% in 1999, an average annual reduction 
of more than 4%. In the forest-timber sector, 72% of the added value is used to cover salaries and social charges 
(6.3.a). In related fashion, therefore, total employment of branches of the forest-timber sector declined by nearly 
30% in the same period, i.e. 3% average annual reduction for the various branches, with nevertheless slightly less 
reduction for the woodworking/furniture branch (6.5 ; Fig. 31), The sector thus has 0.83% of the active population 
to generate 0.55% of the gross domestic product. The difference between these two figures reflects the low level 
of job qualification in the sector. These elements exclude, however, emerging and complex jobs in the leisure 
industry and nature protection. A regional analysis would also reveal large heterogeneity between regions and 
show the importance of the north-east and west of France. 

The foreign trade deficit of the forest-timber sector has remained globally fairly stable over the last fifteen years, 
despite fluctuations dependent on the general economic context and the forestry contest (mainly climate 
accidents). In round wood equivalent (EQ) volume, it seems to have achieved a balance in favor of increased 
exports (6.8 ; fig. 32) whilst holding its value (6.8 ; fig. 33) under the effect of a double contraction of exports and 
imports. This deficit oscillated between 4 and 6 billion euros in 2014. It is explained initially today by furniture 
(45% in 2014 against 27% in 2000) and relates therefore to high added-value products. It is still significant but has 
declined radically in the paper sector (23% in 2014 against 56% in 2000). It is widening in the construction and 
building sector (14% in 2014 against 3% in 2000) and remains stable in sawing (at 12 or 13%). 
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The French foreign trade deficit prompts an additional comment on the size of the energy bill. Although the 
forest-timber sector can prevent fossil carbon emissions, as seen previously (E4), it produces energy savings and 
therefore helps to mitigate not only climate change but also imports (Bouvarel, 2015). This effect can be estimated 
roughly by recalling (see E4) that the use of wood can prevent the emission of around 34 million tCO2eq/year, 
i.e. the use of about 11 million toe/year of oil. In 2014, 96 million toe were imported at a cost of €45 billion, i.e. 
Nearly €470/toe. At this price, the energy savings helped by the forest-timber sector in 2014 represent an amount 
of some 5 billion euros in 2014, i.e. the equivalent of the sector’s foreign trade deficit. 

The economy of the forest-timber sector is therefore marked by stagnation in wood harvesting and some 
development in other goods and services mainly in terms of game. Its contribution to the national wealth and 
traditional jobs is declining whilst new “green” jobs are still complex and there is still potential for recovery in 
imperfectly promoted resources (3.1). The French forest-timber sector has for many years been marked by a deficit 
in its foreign trade which nevertheless remains stable. The sector also compensates for this by helping to reduce 
the energy bill.

n E7. Contribution of the forest to social well-being
The forest holds a large place in the hearts of French people for its landscapes and contemplative environment, 
its leisure spaces, the products it supplies, the jobs and occupations it procures, the protection against risks it 
provides, etc. 

Forests constitute a living environment and cultural 
heritage through their outstanding elements (6.11) 
and others that are more ordinary. Every inhabitant 
has approximately a quarter hectare of forest surface 
area on average (6.10 ; fig. 34). This level has relatively 
stable over time as forest expansion (+0.6%/year) is 
close to demographic growth (+0.5%/year). There 
are, however, major disparities between regions, with 
2 ares/inhabitant in Ile-de-France and Nord-Pas-de-
Calais and up to 77 ares/inhabitant in Limousin and 
Corsica (6.10.b). 

The French look on forests as the ideal leisure space, 
with nearly half of them visiting a forest at least once a 
month. These visits encompass sundry activities like walking, sports, nature watching, picking (mushrooms, fruit, 
etc.), hunting and collecting firewood. Forest visits have recently picked up again after declining, perhaps after 
the 1999 storms. (6.10; Fig. 35). The hunting bag has increased hugely during the last decades (2.4.1  ; fig.  36) 
as already mentioned (E2). This now shows on average 3.5 roe deer, 3.5 wild boar and 0.4 stags for one hundred 
wooded hectares. Non-marketed firewood harvesting has been on a downward trend (3.2  ; fig.  37)whilst still 
accounting for a significant volume. 
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In addition to direct harvesting in forests, French 
consumers purchase both French and imported 
wood products. The timber requirements of French 
consumers and the contribution of foreign trade 
to satisfying them can be measured by adding net 
imports of timber and by-products estimated in 
cubic meters of roundwood equivalent (EQ) to the 
metropolitan marketed roundwood harvest (3.2; 
6.8; Fig. 37). Like the consumption of non-marketed 
firewood, the commercial consumption of timber 
products has dropped to about 0.7 m3 EQ per 
inhabitant. Recourse in volume to international trade 
has also dropped. 

Forest owners have a special place in society. 
Numbering 3.3 million (6.1.a), they account for 12% 
of households. They possess very varied surface 
areas. The share of different size classes is stable after 
a period when large properties increased to the 
detriment of small ones (fig. 38). Private forests remain 
divided up, which handicaps them to an extent (Maaf-
SSP, 2014) and justifies efforts to bring them under 
grouped management. In addition, owning a forest 
is not a profession but a quality: forest development, 
training and information are therefore fundamental in 
private forests (6.1.2).

As a source of afflictions and hazards and yet essential 
means of protection, forests enjoy an ambivalent 
relationship with society in terms of human health and 
safety. 

Precautions must be taken for forest excursions, even 
for residents living near a wooded space, to avoid 
such annoyances as ticks (Lyme borreliosis), urticant 
caterpillars (see E5), pollen (see E5) or falling dead 
branches or trees, especially in windy conditions. 
In addition, although forest employment plays an 
important social role (see E6), working conditions 
can be difficult with accidents and diseases occurring 
more frequently than in most other professions. This 
situation is gradually improving for the accidents (6.6 ; 
fig. 39). The reported number of occupational illnesses 
has jumped thanks to changes in recognizing joint 
disorders before stabilizing in recent years. Forest fires 
can similarly be considered as a risk to society, even if 
outbreaks of fire are mainly due to malicious acts or 
human carelessness (source Prométhée). Hence the 
major, effective efforts by the State to prevent the risks 
and combat fires (6.4; Fig. 40). 
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Conversely, forests are a means of protecting the biodiversity (and plants with occasional therapeutic virtues), 
the atmosphere (see E4), water and soils (5.1). Metropolitan forests help to control the erosion of mountain lands, 
Atlantic sand dunes and the rocky Mediterranean coastline (ONF, 2015). Mountain areas at medium or strong risk 
cover about 125,000 wooded hectares within mountain land restoration perimeters or protective forests. Dune 
areas struggling to cope with the invasion by water and sand account for about 13,000 wooded hectares. This 
issue is mobilizing increasing resources (6.4; Fig. 40). In terms of water, 45,000 ha of State-owned forests are 
helping with the immediate or close protection of drinking water catchments whilst continuous information is 
lacking for the other ownership categories. 

Forests therefore fulfill a fundamental social and cultural role for their owners, for people working in them, for 
the vast majority of French people who visit them at least once a year and on average far more frequently, for the 
inhabitants who no doubt do not always grasp the importance of the protective forest cloak and lastly for anyone 
who uses wood as paper, energy or material. 

n E8. Implementation of the multi-functionality of forests
This analysis has made it clear that the metropolitan French forests procure numerous services - control and 
supply and also socio-cultural. Balances can vary between the various functions depending on context and even 
era. Multi-functionality is not a standardized concept but a plural notion envisaged at sufficient space or time 
scale and adapted to the status of ownership and the challenges and players of the region in question. It is linked 
directly to sustainable forest management and can be assessed by all the relevant criteria and indicators. It is 
implemented mainly using management documents and both regional and voluntary initiatives. 

The State contributes generally to the sustainable and multi-functional management of private and public 
forests by supervising forestry actions (forest regulations, incentives, taxation, restoration of the forest canopy, 
knowledge) to a supposedly stable level despite technical and short-term variations in recent years (6.4). It sets 
out the guidelines (national forest and timber program) and lists them at regional (regional forest and timber 
programs), management (management documents) and territorial levels, mainly as territorial forest charters 
(CFT) and massif development plans (PDM). Strategies are developed at these different levels (3.5; 6.1.1; Fig. 41), 
but they leave a certain margin for progress: half the forest surface areas are managed in accordance with a 
management document and 40% are incorporated into a territorial initiative, given an overlap between territorial 
forest charters and massif development plans. 

At the same time, voluntary certification initiatives 
have been developed during the last two decades 
(3.2; 6.1.3; Fig. 41). More than 30% of metropolitan 
forest areas have been incorporated into a certification 
scheme. These initiatives have rapidly increased 
in popularity and still have room for improvement 
despite their significant foothold. 
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Sustainability in managing metropolitan French forests benefits initially from an increase in forest surface 
areas and volumes of timber, from the maintaining, in formations available for production, of major 
characteristics for the biodiversity (local wealth of species, size of forest massifs, amount of large-diameter 
wood or deadwood) and from a state of health that remains satisfactory overall, despite some warnings. 

Questions are raised with a timber felling rate that is sufficiently low to suggest that this situation is not 
simply due to the extension of surface areas, the immaturity of numerous stands or a stated forestry 
strategy. The result is a development potential still to be exploited, at least in part. Regarding biodiversity, 
some habitats are threatened and extending protected areas is not meeting the goals set. The state 
of health of forests has been marked by climate accidents in past decades which testify that adapting 
forests to future climate change remains a major challenge, despite and because of the uncertainties. 
The diversity of metropolitan forests is an advantage in this respect but ideally the volume of growing 
stock should be increased to deflect management, according to local conditions, towards risk prevention. 
Overall, forest health requires increased vigilance for the potential effects of presumed global warming 
and ever-possible introductions of invasive species, pathogens and forest pests.

An important goal in sustainable forest management is to procure for society a lasting set of ecosystem 
services. It appears clear first and foremost that forests play an essential social role for citizens, consumers, 
workers and forest owners alike. They then conceal a production potential that guarantees favorable 
fallout for the national wealth, employment and foreign trade balance. The analysis conducted indicates 
that such development is not necessarily incompatible with maintaining the biodiversity in the 
production areas and mitigating climate change through both forest carbon sequestration and swood 
substitution for other materials and energies. 

Ultimately, the forest sustainable management indicators furnish a comprehensive analysis of the major 
metropolitan forest issues. This reveals paths for improvement both for the sustainable and multi-
functional management of forests and for monitoring them over time using consolidated, supplements 
and partially more integrated indicators. 
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n Appendix: information relative to the figures per issue

E1. Lasting management of timber resources
1. Surface area: indicator 1.1.a. and Pignard (2000).

2. Total volume: indicator 1.2.2.a.

3. Volume per hectare: indicator 1.2.d and Pignard (2000).

4. Share of timber of more than 47.5 cm: indicator 1.3.b.

5. Volume flow: Indicators 3.2.a for the marketed and non-marketed harvest, 4.5 (2005 and 2010 editions) and 
3.1.a for the mortality, 1.2.a for the increase in growing stock.

6. Surface areas favorable to the timber supply: Indicators 3.1.1.a and 3.5.a.

7. Certification: Indicators 3.2.a and 6.1.3.a (without French Guyana).

E2. Health of forests
8. Defoliation >25%: indicators 2.3.a and 2.3 (1995 edition); correction of data prior to 1997. 

9. Annual mortality rate: Indicators 1.2.c, 3.1.a and 4.5 (2005 and 2010 editions).

10. Depositions in open field: indicator 2.1.c.

11. Volume destroyed by wind: Indicator 2.4.f and annual data from the European catalog (Schelhaas, 2015).

12. Surface areas destroyed by fire: indicator 2.4.e.

13. Damage: indicator 2.4.b.

14. Hunting: indicators 2.4.1.c/d/e.

E3. Forest biodiversity
15. Wealth of species: indicators 4.1.a and 4.1 (2005 edition); correction of data prior to 2005.

16. Surface area of large massifs: Indicator 4.7.a with correction bringing the data to the 0.5 ha threshold.

17. Surface areas with planted or introduced species: indicators 4.3.a, 4.3 (2005 edition) and 4.4.a

18. Very large diameter trees or deadwood: Indicators 1.1.b, 1.3.b, 3.1.a, 4.5.a and 4.5 (2005 and 2010 
editions).

19. Biodiversity protection or management surface area: indicator 4.9.a

E4. Combating the greenhouse effect
20. Carbon stock: Indicators 1.4.a and 2.2.a.

21. Sawing and panels: indicator 6.7.a.

E5. Vulnerability and adaptation of forests to climate change
22. Surface area sensitive to fire: Onerc indicator, origin Météo-France. 

23. Birch pollen: Onerc indicator, origin RNSA.

24. Surface area infested by the pine processionary caterpillar: Onerc indicator, origin Inra-Orleans.

25. Surface area of major species: indicator 1.1.4.a. Species are major according to the surface area in 2010.

26. Volume of major species: indicator 1.2.2.a. Species are major according to their volume in 2010.
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E6. Contribution of the forest-timber sector to the economic activity
27. Timber harvest (in volume): indicator 3.2.a.

28. Timber harvest (in value): indicator 3.2.a.

29. Hunting economy: Indicators 3.3.a and 3.4.a.

30. Contribution to the GDP: indicator 6.2.a.

31. Jobs: indicator 6.5.a.

32. External trade (in volume): indicator 6.8.a.

33. External trade (in value): indicator 6.8.b.

E7. Contribution of the forest to social well-being
34. Forest surface area per inhabitant: Indicator 6.10.b, Pignard (2000), Insee (population, metropolitan 

France). 

35. Frequency of forest visits: Indicator 6.10.d, including data for 2015 (ONF and University of Caen).

36. Hunting: Indicators 2.4.1.c, 2.4.1.d, 2.4.1.e and 1.2.

37. Timber product consumption: indicators 3.2.a, 6.8.a, Insee (population, metropolitan France).

38. Private forest surface area per size class: indicator 6.1.a.

39. Accidents and diseases: indicator 6.6.a. (MSA only).

40. Prevention and protection expenses: indicator 6.4.a.

E8. Implementation of the multi-functionality of forests
41. Surface areas with a strategy: indicators 3.5.a, 6.1.1 and 6.1.3 (without French Guyana). 
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Criterion summary

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

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

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

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

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

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

Criterion goals 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 1990    2000  2005  2010 
Land use Surface

1000 ha

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

 2,038  1,804  887  739 

Other land with tree 
cover

 311  286  356  348 

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

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

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

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

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

Forest estate Type of stand Surface Surface

1000 ha 1000 ha

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

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

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

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

Thickets 211 181 188 184 109 ± 21 127 ± 21

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

2008-2012

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

eligible for inventory

Proportion of 
stands eligible 
for inventory

See 
titles on 

right

1000 ha % %

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

State-owned 
forest

Broad-leaved  845 ±  29 93 60

% of the type 
of stand 
in the ownership 
category

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

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

Other public 
forests

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

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

Private forests

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

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

All 
Properties

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

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

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

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

Poplar planta-
tions

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

Total forest 
available for 
wood supply

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

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

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

Forest not 
available for 
wood supply

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

Entire forest

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

  Methodology 

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

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

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

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

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

  Bibliography
Chalvet M., 2011. A history of forests, Seuil, Paris, 351 p. 

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

n Data sources and methodology

Authors: Marie-Françoise Slak, Jean Bir and Ingrid Bonhême (IGN)
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Warning: There are currently no data which can be used to quantify the forest area flows consistent with the 
surface area data of Indicator 1.1. This sheet outlines the methods that may be used to provide precise information 
on the origin of surface areas that become forest and what happen to the surface areas that leave the forest state 
in subsequent editions and consistent with the surface areas given in Indicator 1.1. Results on the distribution and 
recent changes of surface areas per level of available water capacity of soils are shown in a box as a replacement 
for the indicator. They provide a qualitative insight into the global changes in forest areas.

1.1.1. Forest area flows

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

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

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

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

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

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

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

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

2005-2007 2011-2013
Changes between the 

two periods 
(*: significant changes)

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

mm water 1000 ha

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

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

2003-2011

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

able water capacity

mm water m3/ha/year

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

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

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

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

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

Data sources and methodology 

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

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

For details on the inventory method: 

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

 – IGN, undated Definitions, <http://inventaire-forestier.ign.fr/spip/spip.php?rubrique166> (consulted on 
12 May 2015).
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1.1.2. Geographical distribution of forests: 
surface areas and afforestation rate

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

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

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

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

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

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

n Results 

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

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

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

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

 1.1.2.c.1. Afforestation rate per department

Taux de boisement par GRECO
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Source: IGN, national forest inventory.
Forest estates and time domains involved:
Entire forest, surveys 2008-2012.

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

2008-2012

GRECO name Total surface area 
of the territory

Total surface area 
of the forest 

Area of forest avail-
able for  

wood supply

Afforestation rate 
of the entire forest

Afforestation rate of the  
forest available for wood 

supply

1000 ha %

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

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

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

 1.1.2.c. Surface area and afforestation rate  
per department

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

2008-2012

Administrative region Total surface area 
of the territory

Total surface area 
of the forest 

Area of forest available 
for  

wood supply

Afforestation rate 
of the entire forest

Afforestation rate of the  
forest available for wood 

supply

1000 ha %

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

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

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

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

*

*

*

*

*

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

* negative rate

not part of France in 1908

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

Source: IGN, 2013

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

B.2.2. French forests today 

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

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

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

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

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

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

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

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

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

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

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

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

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

12 May 2015).

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

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

n Data sources and methodology

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

http://inventaire-forestier.ign.fr
http://inventaire-forestier.ign.fr/ocre-gp/docs/methodologie.pdf
http://inventaire-forestier.ign.fr/spip/spip.php?rubrique166
http://inventaire-forestier.ign.fr/spip/IMG/pdf/IF_SER_web.pdf
http://inventaire-forestier.ign.fr/spip/IMG/pdf/IF31.pdf
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1.1.3. Forest area per forest structure
1.1.3.a. Forest area per forest structure

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

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

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

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

 1.1.3.a.1. Forest area per forest structure

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

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

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

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

clu
din
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ta

tio
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Regular high 
forest

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

Irregular  
high forest

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

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

Mixed high for-
est – coppice

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

Wooded and 
without identi-
fiable structure

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

Temporarily 
unstocked

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

Op
en

 fo
re

st

- - - - - - - - 848 ± 56 6 689 ± 46 4

Total forest  
available for wood 
supply

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

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

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

State-owned forest Other public forests Private forest

Regular high forest (including poplar plantations)

Mixed high forest – coppice

Coppice

Irregular high forest

Without identi�ed structure,

open forest or momentarily deforested

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

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

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

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

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

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

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

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

  Methodology 
Methodological changes in the period

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

For details on the inventory method: 

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

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

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

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

n Data sources and methodology

http://inventaire-forestier.ign.fr
http://inventaire-forestier.ign.fr/ocre-gp/docs/methodologie.pdf
http://inventaire-forestier.ign.fr/spip/spip.php?rubrique166
http://inventaire-forestier.ign.fr/spip/IMG/pdf/IF31.pdf
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1.1.4.a. Surface area per main species
1.1.4.a.1. Surface area of stands with main broadleaved species between 1981 and 1996
1.1.4.a.2. Surface area of stands with main conifer species between 1981 and 1996

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Cultivated poplar  224 ±  22  1  212 ±  19  1

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Indeterminate or tempo-
rarily unstocked areas

 8  66  99  93  45 ±  13  41 ±  11  0

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

 1.1.4.a. Surface area per main species
n Results 

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

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

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

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

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

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

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

Stands with main conifer species

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

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

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

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

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

For details on the inventory method: 

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

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

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

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

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

Authors: Ingrid Bonhême and Marie-Françoise Slak (IGN)
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1.2. Growing stock
1.2.a. Growing stock in forests available for wood supply, per ownership category
1.2.b. Growing stock per hectare in forests available for wood supply, per ownership category
1.2.c. Growing stock in forests available for wood supply, per type of stand

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

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

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

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

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

2006-2009* 2008-2012*
Ownership category Volume

106 m3 % 106 m3 %

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

Other public forests 425 ± 16 18 441 ± 15 18

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

Total 2,420 ± 41 100 2,518 ± 38 100

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

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

m3/ha m3/ha

State-owned forests 182 ± 9 183 ± 9

Other public forests 180 ± 7 185 ± 6

Private forests 150 ± 3 154 ± 3

Total 158 ± 2 161 ± 2

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



 1.2. Growing stock 57

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

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

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

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

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

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

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

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

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

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

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

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

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

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

m3/ha

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

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

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

Indeterminate 0 0 0 0 0 ± 0  7 ±  3 

Total  129 138 146 154  158 ±  2  161 ±  2 

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

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

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

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

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

Analysis per type of stand

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

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

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

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

  Methodology 

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

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

For details on the inventory method: 

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

 – IGN, undated Definitions, <http://inventaire-forestier.ign.fr/spip/spip.php?rubrique166> (consulted on 
12 May 2015).
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in Europe. Forest Europe, Unece, FAO, Aas, Norway, 337 p.
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<http://inventaire-forestier.ign.fr/spip/IMG/pdf/L_IF_no02_tempetes.pdf> (consulted on 10 July 2015).

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

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

NFI, 2011. Felling forest trees and biological production: direct and compatible estimations. L'IF, 28, Nogent-sur-
Vernisson, 16 p., <http://inventaire-forestier.ign.fr/spip/IMG/pdf/IF_prel-prod_web2.pdf> (consulted on 9 July 
2015).

IGN, 2012. What are the exploitable forest resources? Spatial and temporal analysis. L'IF, 30, Nogent-sur-Vernisson, 
16 p., <http://inventaire-forestier.ign.fr/spip/IMG/pdf/IF30.pdf> (consulted on 9 July 2015).

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

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

n Data sources and methodology

http://inventaire-forestier.ign.fr
http://inventaire-forestier.ign.fr/ocre-gp/docs/methodologie.pdf
http://inventaire-forestier.ign.fr/spip/spip.php?rubrique166
http://inventaire-forestier.ign.fr/spip/IMG/pdf/L_IF_no02_tempetes.pdf
http://inventaire-forestier.ign.fr/spip/IMG/pdf/IF21_internet.pdf
http://inventaire-forestier.ign.fr/spip/IMG/pdf/IF21_internet.pdf
http://inventaire-forestier.ign.fr/spip/IMG/pdf/web_IF_evol-vol.pdf
http://inventaire-forestier.ign.fr/spip/IMG/pdf/IF_prel-prod_web2.pdf
http://inventaire-forestier.ign.fr/spip/IMG/pdf/IF30.pdf
http://inventaire-forestier.ign.fr/spip/IMG/pdf/IF31.pdf


 1.2.1. Growing stock per forest structure  61

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

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

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

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

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

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

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

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

Forest struc-
ture Growing stock

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

Regular high 
forest

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

Regular high 
forest

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

Irregular  
high forest

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

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

Mixed high for-
est - coppice

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

Without identi-
fiable structure

0 0 0 0 0 0 0 0 7 ± 3 0 6 ± 2 0

Momentarily 
deforested

0 0 0 0 0 0 0 0 0 ± 0 0 0 ± 0 0

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

Total forest  
available for wood 
supply

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

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

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

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

2008-2012

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

106 m3 % of total 
volume

% of 
volume 

of species 
group*

m3/ha
% of the 
structure 
volume**

Br
oa

d-
lea

ve
d

Poplar stands

Closed forest

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

Forest avail-
able for wood 
supply  
excluding 
poplar stands

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

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

Coppice 109 ± 8 4 7 64 ± 4 98

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

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

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

Open forest 6 ± 2 0 0 9 ± 3 51

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

Co
nif

er
s

Poplar stands

Closed forest

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

Forest avail-
able for wood 
supply  
excluding 
poplar stands

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

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

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

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

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

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

m3/ha

Poplar stands

Closed forest

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

Forest avail-
able for wood 
supply  
excluding 
poplar stands

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

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

Coppice 58 61 65 67 66 ± 5 66 ± 4

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

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

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

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

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

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

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

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

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



 1.2.1. Growing stock per forest structure  65

In mean year 2010, a large majority (62%) of the 
growing stock is in regular high forest, with a 
proportion that continues to rise over time. Then 
comes the mixed high forest-coppice: it accounts for 
27% of growing stock volumes, essentially broadleaved 
species, and is only experiencing a very gradual 
downturn of its proportion in the metropolitan total. 
There is little space left for the other structures like 
coppice with its regularly-decreasing proportion and 
the irregular high forest which seems fairly stable. The 
volume in the high forests has increased so much that 
the proportion of volumes in the other structures is 
tending to drop (1.2.1.a).

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

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

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

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

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

  Methodology 

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

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

For details on the inventory method: 

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

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

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

Bontemps J.-D., Hervé J.-C., Dhôte J.-F., 2009. Long-Term Changes in Forest Productivity: A Consistent Assessment 
in Even-Aged Stands. Forest science, 55 (6), 549-564.

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

n Data sources and methodology
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http://inventaire-forestier.ign.fr/spip/IMG/pdf/web_IF_evol-vol.pdf
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1.2.2. Growing stock per species

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

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

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

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

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

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

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

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

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

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

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

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

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

Cultivated poplar 31 ± 6 1 32 ± 5 1

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 1.2.2.a. Growing stock per species

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

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

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

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

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

≤ 45%

46-60%
 ≥ 60%

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

Broadleaved species 

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

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

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

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

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

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

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

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

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

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

Conifer species

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

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

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

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

Proportion of broadleaved species in the total 
volume per GRECO

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

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

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

For details on the inventory method: 

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

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

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

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

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

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

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

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

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

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

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

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

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

m²/ha

Chestnut  20.8    21.2    23.0    23.1    27.0    ±   1.5   27.4  ±  1.6

Beech  22.4    22.9    24.0    24.4    25.5    ±   0.9   26.1  ±  0.9

Lime  20.9    21.0    22.1    22.8    25.8    ±   7.5   25.3  ±  5.8

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

Sessile oak*
 18.5    19.6    20.8    21.4   

 23.4    ±   0.6   23.9  ±  0.6

Pedunculate oak*  21.7    ±   0.7   21.8  ±  0.6

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

Ash  18.5    18.9    18.9    18.9    21.2    ±   1.6   22.0  ±  1.5

Hornbeam  16.6    17.1    19.2    19.8    21.0    ±   1.2   21.8  ±  1.1

Aspen  16.7    17.1    17.6    18.0    19.8    ±   4.2   20.0  ±  3.1

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

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

Cultivated poplar  15.3    ±   2.3   16.9  ±  2.2

Birch  13.0    13.4    14.0    14.6    14.3    ±   2.0   15.6  ±  1.9

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

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

Cherry  13.4    13.6    13.2    13.8    11.2    ±   5.7   11.9  ±  4.7

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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



Forest resources - timber and carbon Criterion 1

76

2006-2009* 2008-2012*
Main species Basal area of all the species in the stands where the species is the main one

m²/ha

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Average basal area per stand, according to the main 
species

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

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

n Analysis
The average basal areas of French forests have increased by 21% in thirty years, with an average growth of  
0.13 m2/ha/year. The most significant changes have involved the stands where the main species is conifer  
(0.18 m2/ha/year), especially the Douglas fir, common spruce and Corsican pine. Only the basal areas of the maritime pine 
remain below their 1981 value, following losses suffered during storms. Among broadleaved species, strong growth is 
seen essentially in holm oak, chestnut and hornbeam; as coppice surface areas are not increasing, these changes may 
relate to their aging. Lastly, the type of ownership influences the average value of basal areas; thus hornbeam and above 
all beech account for more basal areas in private forests than in public ones.
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Basal areas have increased by 21% on average over 
the last thirty years. The most significant changes 
have involved, for the conifer stands, the Douglas 
fir (+156%), spruce (+62%), Corsican pine (+39%), fir 
(+23%), Aleppo pine (+21%) and European Larch and, 
for the broadleaved stands, the holm oak (+73%), 
false acacia (+43%), pubescent oak (+41%), chestnut 
(+32%), hornbeam (+31%), large alders,  , birch, aspen 
and linden(around +20%), pedunculate oak and beech 
(between 15 and 20%) (1.2.3.a.1 and 1.2.3.a.2). The 
greatest variations involve the stands of main species 
that have extended surface areas either through 
planting or through spontaneous colonization of 
areas under agricultural abandonment (the stands in 
question are young, the basal areas increase therefore 
until maturity and/or logging) and stands of species 
represented strongly in former coppices or coppices-
with-standards which are currently aging. The changes 
between 1996 and 2007 for the secondary species 
frequently encountered in mixed coppice-high forest 
are partly falsified by the change in how the main 
species is determined. This undoubtedly raises the 
average basal area of these stands. 

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

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

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

  Methodology 

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

For details on the inventory method: 

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

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

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

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

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

n Data sources and methodology
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http://inventaire-forestier.ign.fr/spip/IMG/pdf/L_IF_no02_tempetes.pdf
http://inventaire-forestier.ign.fr/spip/IMG/pdf/IF30.pdf
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1.3. Forest resource per class of maturity

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

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

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

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

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

 Volume per diameter class

 Surface area per age class 

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

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

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

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

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

106 m3

10 150 149 152 149  135   ±  3    140   ±  3   

15 203 212 220 222  204   ±  4    209   ±  4   

20 201 221 242 255  269   ±  6    270   ±  5   

25 187 207 229 248  289   ±  6    297   ±  5   

30 186 205 223 239  291   ±  6    298   ±  6   

35 177 192 207 221  257   ±  6    263   ±  6   

40 153 164 172 187  228   ±  5    237   ±  5   

45 129 139 149 164  195   ±  5    203   ±  5   

50 103 111 118 130  147   ±  4    156   ±  4   

55 75 82 88 99  122   ±  4    130   ±  4   

60 54 59 63 71  90   ±  4    96   ±  3   

65 35 38 43 49  66   ±  3    70   ±  3   

70 24 26 29 33  40   ±  3    46   ±  3   

75 16 17 19 21  30   ±  2    34   ±  2   

80 10 11 12 14  19   ±  2    22   ±  2   

85 6 7 8 9  13   ±  2    14   ±  2   

90 5 5 6 6  8   ±  1    10   ±  2   

95 2 3 3 3  5   ±  1    7   ±  1   

100 2 2 2 3  3   ±  1    4   ±  1   

105 1 1 1 1  2   ±  1    2   ±  1   

110 1 1 1 1  2   ±  1    2   ±  1   

115 0 0 1 1  1   ±  1    1   ±  1   

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

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

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

 1.3.a. Growing stock per diameter class 

n Results 

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

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

Type of stand Dimension 
classes Volume

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

Broadleaved stand

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

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

Conifer stand

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

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

Mixed stand

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

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

All types
of stand

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

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

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

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

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

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

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

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

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

Age classes 
(years) Surface area

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 Surface area per age class 

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

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

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

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

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

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

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

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

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

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

n Analysis

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

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

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

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

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

  Methodology 

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

For details on the inventory method: 

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

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

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

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

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

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

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

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

201019931981

201019931981

0

10

20

30

40

50

60

100 +908070605040302010

Vo
lu

m
e 

(m
ill

io
n 

m
³)

Diameter classes (cm)

Pedunculate oak

0

10

20

30

40

50

60

100 +908070605040302010

Vo
lu

m
e 

(m
ill

io
n 

m
³)

Diameter classes (cm)

Sessile oak

0

10

20

30

40

50

60

100 +908070605040302010

Vo
lu

m
e 

(m
ill

io
n 

m
³)

Diameter classes (cm)

Pubescent oak

0

10

20

30

40

50

60

100 +908070605040302010

Vo
lu

m
e 

(m
ill

io
n 

m
³)

Diameter classes (cm)

Beech

0

10

20

30

40

50

60

100 +908070605040302010

Vo
lu

m
e 

(m
ill

io
n 

m
³)

Diameter classes (cm)

Corsican pine

0

10

20

30

40

50

60

100 +908070605040302010

Vo
lu

m
e 

(m
ill

io
n 

m
³)

Diameter classes (cm)

Silver �r

0

10

20

30

40

50

60

100 +908070605040302010

Vo
lu

m
e 

(m
ill

io
n 

m
³)

Diameter classes (cm)

Common spruce

0

10

20

30

40

50

60

100 +908070605040302010

Vo
lu

m
e 

(m
ill

io
n 

m
³)

Diameter classes (cm)

Douglas �r

0

10

20

30

40

50

60

100 +908070605040302010

Vo
lu

m
e 

(m
ill

io
n 

m
³)

Diameter classes (cm)

Maritime pine

0

10

20

30

40

50

60

100 +908070605040302010

Vo
lu

m
e 

(m
ill

io
n 

m
³)

Diameter classes (cm)

Scots pine



 1.3.1. Forest resource per class of maturity and species  87

Source: IGN, national forest inventory.
Forest estates and time domains involved: 
Years 1981 and 1993: forest available for wood supply excluding poplar stands, including thickets, departmental inventories focused on the years listed. 
Year 2010: forest available for wood supply (including poplar stands and excluding thickets), surveys 2008-2012.
Clarifications: 
Dimensions of diameter classes (in cm, lower limit included): [7.5 -17.5]; [17.5-27.5]; ...[87.5-97.5];  ≥ 97.5.
Warning: these limits are different from those used in Indicator 1.3 due to the re-use of old data per species.
 The volume of windfall trees following Klaus storm is not included in the 2010 results.
The list of varieties grouped in forest species is available in Appendix 2.

201019931981

201019931981

0

10

20

30

40

50

60

100 +908070605040302010

Vo
lu

m
e 

(m
ill

io
n 

m
³)

Diameter classes (cm)

Pedunculate oak

0

10

20

30

40

50

60

100 +908070605040302010

Vo
lu

m
e 

(m
ill

io
n 

m
³)

Diameter classes (cm)

Sessile oak

0

10

20

30

40

50

60

100 +908070605040302010

Vo
lu

m
e 

(m
ill

io
n 

m
³)

Diameter classes (cm)

Pubescent oak

0

10

20

30

40

50

60

100 +908070605040302010

Vo
lu

m
e 

(m
ill

io
n 

m
³)

Diameter classes (cm)

Beech

0

10

20

30

40

50

60

100 +908070605040302010

Vo
lu

m
e 

(m
ill

io
n 

m
³)

Diameter classes (cm)

Corsican pine

0

10

20

30

40

50

60

100 +908070605040302010

Vo
lu

m
e 

(m
ill

io
n 

m
³)

Diameter classes (cm)

Silver �r

0

10

20

30

40

50

60

100 +908070605040302010

Vo
lu

m
e 

(m
ill

io
n 

m
³)

Diameter classes (cm)

Common spruce

0

10

20

30

40

50

60

100 +908070605040302010

Vo
lu

m
e 

(m
ill

io
n 

m
³)

Diameter classes (cm)

Douglas �r

0

10

20

30

40

50

60

100 +908070605040302010

Vo
lu

m
e 

(m
ill

io
n 

m
³)

Diameter classes (cm)

Maritime pine

0

10

20

30

40

50

60

100 +908070605040302010

Vo
lu

m
e 

(m
ill

io
n 

m
³)

Diameter classes (cm)

Scots pine



Forest resources - timber and carbon Criterion 1

88

Results per species and per 10 cm diameter class 
are presented here (1.3.1.a) since 1981for a few 
major species, linked to the historical results that can 
currently be used (NFI, 2011).
The main broadleaved species show a relatively 
upward trend, except for the pubescent oak, in the 
1981-2010 period.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

For details on the inventory method: 

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

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

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

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

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

n Data sources and methodology

http://inventaire-forestier.ign.fr
http://inventaire-forestier.ign.fr/ocre-gp/docs/methodologie.pdf
http://inventaire-forestier.ign.fr/spip/spip.php?rubrique166
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1.4. Forest carbon stock
1.4.a. Forest carbon stock in the various ecosystem compartments

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

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

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

1981 1991 2008-2012* 1981-2010*

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

million 
tonnes
(106 tC)

tonne per 
hectare
(tC/ha)

million 
tonnes
(106 tC)

tonne per 
hectare
(tC/ha)

million 
tonnes
(106 tC)

tonne per 
hectare
(tC/ha)

million 
tonnes per year

(106 tC/year)

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

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

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

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

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

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

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

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

n Results 
 1.4.a. Forest carbon stock in the various ecosystem compartments
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 1.4.a.1. Carbon stock in the tree biomass

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

0

200

400

600

800

1000

1200

Above-ground tree biomass

Below-ground tree biomass

201019911981

Millions of tonnes of carbon

115
94

94

83

78
63

38

41

61
78

87

69

88

104

89

116

96

82

87

108

86

116

99

50

99
101

100

87

92

90

102

105

96

76

83
76

73 89

79
69

72

6267
58

71

81

90

87

77

37

93

78

89

93

90

95

41

40

79

80

49

72
91

84

50

107

74

89

74

79

76

70

87

83

48
61

96

29

65

53

92

84

96

68

52

52

41

109

97

87
< 50 tC/ha

Carbon stock
in tonnes of 
carbon per hectare

< 65 tC/ha

< 75 tC/ha

< 85 tC/ha

< 95 tC/ha

> 95 tC/ha

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

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

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

Carbon sink in the biomass

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

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

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

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

Forest soils and other compartments in the 
ecosystem

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

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

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

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

The future of forests and their services to society are weighed down by environmental changes. Although 
media concerns are changing and tend to focus on a specific threat in each era (acid rain in the 1980s, 
climate change today), it is important to comprehend the effects of environmental changes as a whole by 
monitoring dominant pressures applied to the forest ecosystem (fires, storms, droughts, phytosanitary 
damage, atmospheric pollution, herbivorous pressure, climate change, mechanical damage to soils, etc.) and 
by monitoring the state of health of the ecosystem (tree defoliation, timber production, chemical fertility and 
carbon stock in soils, biodiversity of the ecosystem, etc.).

The sustainable management indicators provide us with information on some of the pressures which are 
being applied to the forest ecosystems in metropolitan France: 

 – acidifying atmospheric pollutions have been dropping for twenty years and this trend has continued in the 
last five, mainly depositions of sulfur and also to a lesser extent of nitrogen (Indicator 2.1);

 – attacks from pathogens have changed in contrasting fashion. The main outbreaks have ended in the last 
five years: the responsible insects have returned to an endemic state either at the end of a regular cycle 
(pine processionary caterpillar, larch leafroller) or by natural control of the phenomenon (conifer bark 
beetles). Conversely, the impacts from new, exotic agents spread (e.g. ash dieback and chestnut gall wasp, 
seen for the first time in France in 2008 and 2010 respectively) (Indicator 2.4); 

 – the major increase in removals by hunting for the past thirty years mirrors a rise in populations of wild 
ungulates (both in terms of geographical expansion and in demographic growth) and therefore an 
increasing pressure applied by these animals on the forest environment (Indicator 2.4.1); 

 – there was little damage caused by wind and fire during the 2009-2014 period compared with the two 
previous periods (1999 and 2009 storms, 2003 drought-heatwave) (Indicator 2.4).

The indicators also provide us with information on the state of health of the ecosystem: 
 – without massive dieback of forests, the state of health of trees has deteriorated on average in terms of 
changes in their defoliation in the 16 km x 16 km systematic grid (Indicator 2.3). This global trend shows 
huge variations, however, according to the species and geographical contexts. The state of health of trees 
has deteriorated especially in Mediterranean forests. Contrastingly, the sessile and pedunculated oaks 
show a remarkably stable national tendency. The temporal trend in tree defoliation is influenced by many 
factors and cannot be attributed categorically to the effect of a change in climate. Nevertheless, intensive 
monitoring in the Renecofor network highlights the dominant role of variations in water supply from one 
year to the next. The 2003 drought-heatwave marked the observation period especially and seems to be 
the starting point for the deterioration of defoliation of the majority of species.

 – the first temporal repetition of soil sampling in the Renecofor network reveals several significant changes 
during the last fifteen years (Indicator 2.2). Despite a huge reduction in acidifying atmospheric pollutions, 
the most acid soils have continued to acidify, without nevertheless getting poorer in nutrient cations (the 
magnesium that trees were potentially lacking in the 1980s has increased particularly in exchangeable 
stocks). The continuing fertility of the most acid soils is due to the increase in their nutrient retention 
capacity, mainly through organic carbon sequestration. Forest soils have indeed behaved like carbon 
sinks, a positive factor with respect to the climate change mitigation challenges. Total nitrogen stocks in 
the soils have also taken a significant downwards turn: an in-depth analysis of the incoming and outgoing 
ecosystem flows will be needed to determine the causes of this change and its implications (especially for 
the nutrition of trees). 

In addition, timber production and the biodiversity of forests, major parameters in the state of health of 
forests, are qualified by Indicator 3.1 and indicators under Criterion 4, respectively. 

Summary of observations
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To summarize, twenty years’ monitoring of forest ecosystem vitality indicators have revealed major trends. 
Some were expected, like the drop in acidifying pollutions, others less so like carbon sequestration in 
the soils or the lack of massive dieback of forest trees,  despite the unfavorable climate events (1999 and 
2009 storms, 2003 drought-heatwave) and other noted pressures (appearance of exotic parasites). We see 
however the state of deteriorated health for species in the Mediterranean region.

Authors: Manuel Nicolas (ONF), Agnès Rocquencourt (Irstea) and Fabien Caroulle (DSF, Maaf)

Outlook
The changes illustrate the advantage of observation devices and their continuity with respect to current 
environmental changes. They also call for additional measuring of the pressure factors and impacts for which 
no information has been received so far.

 – It would be useful initially to be able to monitor the pressures applied by climate change and their 
impacts on the forest ecosystems. There are nevertheless several difficulties in defining such indicators 
despite the existence of numerous data sources1. Firstly, it is difficult to select indicators for synthetic and 
relevant pressures in terms of the multitude of bioclimatic variables influencing the forest ecosystems. 
Secondly, although climate change is likely to affect many parameters noted within the ecosystems, it is, 
however, difficult to distinguish between its potential impacts and the impacts of other influential factors 
(atmospheric pollutions, forestry management, changes in the biodiversity and biotic interactions, etc.). 
Add to this the fact that the series of observation data available for forests still do not go back long enough 
to characterize the climate (at least thirty years). Indicators from models could be envisaged to counteract 
these difficulties and used to extrapolate observation series in the long term (e.g. tree phenology) or assess 
the effects which can be attributed specifically to climate change. This would however require a major 
development and validation effort.

 – Another potential additional measurement relates to the pressure applied by the wild ungulates. The 
major increase in their populations is a huge cause for concern among slviculturists, who currently have 
no indicators for monitoring the actual impacts of these animals on the forest environment. Depending 
on population levels, the effects can be positive (e.g. rise in the specific wealth by disseminating seeds 
and controlling the development of invasive species) and negative (e.g. through consumption of 
vegetation, drop in the diversity of the flora and, through a cascade effect, of invertebrates and birds2). 
Economically, strong pressure on forest stands being renewed can generate forest damage, i.e. affect 
the yield of these stands or even raise doubts over the forestry objective assigned by the managers3. 
Indicators to supplement the existing ones will therefore have to be developed to characterize the effect 
of wild ungulates on the forest environment and assess their impact on such major issues as wood supply, 
adapting stands to climate change, conservation of species and habitats and even human health.

 – Settling of soils is a third example of a topic of interest that is currently lacking in the sustainable forest 
management indicators. The increase in the frequency and intensity of machinery moving through 
forests poses a huge risk for the deterioration of the physical fertility of soils: reduced drainage capacity, 
congestion phenomena, constraint to rooting and biological activity, etc. It is difficult to reverse such 
deterioration, which can have major impacts on the ability of forest stands to regenerate and withstand 
episodes of stress. Forest managers attempt to prevent the risks of deterioration by channeling machinery 
movements onto specific tracks (partitions) and trying to restrict logging to periods when the soil can bear 
the load4. Nevertheless, there is a shortage of indicators on the topic, mainly through lack of a system for 
monitoring the state of soil settlement.

1. Asse D., Michelot-Antalik A., Landmann G., 2014. SICFOR project final report, From monitoring to climate change indicators in forests, Gip Ecofor, Ministry of Agriculture, Agrifood 
and Forests, Paris, 102 p.

2. Allombert S., Stockton S., Martin J.L., 2005. A natural experiment on the impact of overabundant deer on forest invertebrates. Conservation Biology, 19, 1917-1929.
 Martin T.G., Arcese P., Scheerder N., 2011. Browsing down our natural heritage: Deer impacts on vegetation structure and songbird populations across an island archipelago. 

Biological Conservation, 144, 459-469.

3. Ballon P., Hamard J.P., Klein F., 2005. Importance of deer damage in forests. Main knowledge acquired and recommendations following the setting up of a national observatory. 
Revue forestière française, 5, 399-412.

4. Pischedda D., Bartoli M., Brêthes A., Cacot E., Chagnon J.L., Gauquelin X., Nicolas M., Richter C., 2009. For logging that protects soils and the forest “PROSOL” – Practical Guide, FCBA- 
ONF, Paris, 110 p.
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2.1. Atmospheric depositions in forests

Purpose of the indicator
Purposes of monitoring
Pollutants in the atmosphere represent one environmental factor that influences the health and productivity 
of forests. Pollution from sulfur dioxide (SO₂) is an acidifying agent (fallouts of sulfuric acid). Nitrogen 
pollutants – nitrogen oxides (NOx) and ammonia (NH₃) – also have an acidifying effect and a fertilizing effect 
at the same time. This fertilizing effect can benefit the forest productivity (Bontemps et al., 2011) but also 
provokes nutrient imbalances (eutrophication). Nitrogen oxides (NOx) also contribute to forming ozone, 
which damages the vegetation.

Noted pollutions
The indicator firstly presents changes in national emissions of atmospheric pollutants and secondly, 
changes in fallouts measured (depositions) in 27 permanent forest ecosystem observation sites spread over 
metropolitan France (Cataenat sub-network).

Emissions of atmospheric pollutants
Table 2.1.a shows the annual atmospheric emissions of metropolitan France for the following substances: 
SO₂ (sulfur dioxide), NOx (nitrogen oxides), NH₃ (ammonia) and NMVOC (non-methane volatile organic 
compounds). The acid equivalent (Aeq) is based on the first three substances and is used to estimate the 
acidifying power of these emissions. 

Fallouts of atmospheric pollutants on the forests
Two types of fallout have been monitored since end 1992 on the 27 sites of the Cataenat sub-network:

 – total depositions in open fields, collected in a clearing near forest monitoring sites, represent at least a 
share of the basic atmospheric pollution (long distance fallouts, outside the vicinity of major emission 
sources) suffered by the forest ecosystems;

 – depositions under forest cover (throughfalls) include in addition the aerosols and mists captured by 
the tree crowns. Ions are also exchanged between the precipitations and the foliage. The trees are thus 
capable of absorbing certain elements, such as nitrogen, through their leaves and rejecting others in 
exchange (canopy leaching), especially potassium, calcium and magnesium. Throughfall depositions 
are generally higher than open field depositions, except for nitrogen and protons.

Monitoring throughfall depositions has been restricted to 14 of the 27 sites in the Cataenat sub-network 
since 2008. Figure 2.1.b represents the open field and throughfall depositions for the 14 sites where 
parallel measurements have continued after 2008. Figure 2.1.c represents the open field depositions for all 
27 sites in the Cataenat sub-network. In each case, the data from different sites are aggregated as average 
concentrations weighted by the precipitation. This indicator is used to illustrate changes in the chemical 
quality of depositions separately from the precipitations, whilst giving a larger relative weight to the sites 
subject to the highest precipitations. 
Table 2.1.e shows the changes in atmospheric depositions (concentrations in the rainwater multiplied by 
the precipitations), expressed in kg/ha/year.
In addition, the repeated geostatistical spatialization of open field depositions is used to distinguish 
between the geographical areas most subject to atmospheric pollutions and their changes over time (2.1.d). 

2.1.a. Emissions in the air in metropolitan France which contribute to the acidification of lands (SO₂, NOx, NH₃, 
NMVOC and Acid equivalent)

2.1.b. Quality of open field and throughfall rains (14 Cataenat sites)
2.1.c. Quality of open field rains (27 Cataenat sites)
2.1.d. Spatial distribution of average open field atmospheric depositions for three periods in succession: sulfur as 

sulfates (S-SO4), nitrogen as ammonium N-NH4 and nitrates (N-NO3) and calcium (Ca), in kg/ha/year 
2.1.e. Summary of open field and throughfall deposition measurements in the Cataenat sub-network
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n Results 
 2.1.a. Emissions in the air in metropolitan France which contribute to the acidification of lands (SO₂, NOx, 
NH₃, NMVOC and Acid equivalent)

 2.1.b. Quality of open field and throughfall rains (14 Cataenat sites)

1980 1985 1990 1995 2000 2005 2010 2013
Emissions in the air in metropolitan France Bulk emissions 

1000 t

SO₂ 3,166 1,499 1,288 966 628 461 285 219
NOx 2,007 1,820 1,911 1,745 1,610 1,430 1,096 990
NH₃ 744 742 739 717 748 714 729 718
NMVOC n.a. n.a. 2,469 2,062 1,681 1,239 874 758
Acidification and eutrophication Bulk emissions of acid equivalent

1000 t Aeq

(SO₂, NOx and NH₃) 186 130 125 110 99 87 76 71

Sources: Citepa/Secten format (April 2015)
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the natural land-based ecosystems)
Forest estate: 14 Cataenat sites where open field and throughfall deposition samples are taken at the 
same time 
Clarifications: Aggregated values of 14 sites: average concentrations weighted by the rain in  
mg/mm, pH calculated from the average concentration weighted of protons, precipitations in mm 



Forest ecosystem health and vitality

102

Criterion 2 

 2.1.c. Quality of open field rains (27 Cataenat sites)
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 2.1.d. Spatial distribution of average open field atmospheric depositions for three periods in succession: 
sulfur as sulfates (S-SO4), nitrogen as ammonium N-NH4 and nitrates (N-NO3) and calcium (Ca), in kg/ha/year 

Source: ONF, manager of the Renecofor network (National network for long-term monitoring of forest ecosystems) and the Cataenat sub-network (Total 
acid loading of atmospheric origin in the natural land-based ecosystems) and Météo France.
Forest estate: Basic atmospheric pollution (outside areas with high emissions) in metropolitan France
Clarifications: Spatialized values from open field depositions measured in the 27 sites of the Cataenat sub-network and precipitation data from Météo France stations. 
The deposition values are shown by a color scale explained on the right for each parameter, in kg/ha/year The countour map represents the uncertainty associated with 
the geostatistical spatialization approach (standard Kriging deviation in kg/ha/year also).
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 2.1.e. Summary of open field and throughfall deposition measurements in the Cataenat sub-network

Five year averages in kg/ha/year

Type of 
deposition

Sites
1993
1997

1998
2002

2003
2007

2008
2012

Variation 
since 
1993
1997

Variation 
since 
1998
2002

Variation 
since 
2003
2007

Calcium

Open field

27 sites 
A2+A3

6.25 5.86 5.26 5.41 - 13.5% - 7.7% 2.7%

Chlorine 20.77 21.53 17.37 20.47 - 1.5% - 4.9% 17.8%

Protons 0.12 0.09 0.08 0.05 - 56.3% - 43.5% - 31.0%

Potassium 1.66 1.50 1.45 1.84 10.9% 22.6% 27.1%

Magnesium 1.66 1.68 1.33 1.56 - 6.0% - 7.1% 18.0%

Sodium 12.05 12.39 10.05 11.74 - 2.6% - 5.2% 16.9%

Nitrogen as ammonium 
(N-NH4)

5.14 4.81 3.93 3.37 - 34.4% - 29.9% - 14.1%

Mineral nitrogen (N-NO3 + 
N-NH4)

8.67 8.39 7.26 6.27 - 27.6% - 25.2% - 13.6%

Nitrogen as nitrates (N-NO3) 3.52 3.57 3.33 2.90 - 17.7% - 18.8% - 13.0%

Sulfur as sulfates (S-SO4) 6.87 5.90 4.68 3.43 - 50.1% - 41.9% - 26.8%

Calcium

14 sites 
A3

6.40 5.84 5.87 5.65 - 11.7% - 3.2% - 3.7%

Chlorine 10.60 10.51 9.96 10.66 0.6% 1.5% 7.1%

Protons 0.14 0.10 0.08 0.06 - 56.3% - 41.2% - 29.0%

Potassium 1.52 1.29 1.36 1.61 6.3% 24.9% 18.4%

Magnesium 0.89 0.88 0.81 0.96 8.2% 8.7% 17.9%

Sodium 6.16 5.96 5.83 6.45 4.8% 8.2% 10.6%

Nitrogen as ammonium 
(N-NH4)

5.97 5.23 4.46 3.65 - 38.8% - 30.2% - 18.0%

Mineral nitrogen (N-NO3 + 
N-NH4)

9.94 9.21 8.26 6.98 - 29.8% - 24.3% - 15.5%

Nitrogen as nitrates (N-NO3) 3.97 3.98 3.80 3.33 - 16.2% - 16.4% - 12.5%

Sulfur as sulfates (S-SO4) 7.18 5.76 4.78 3.26 - 54.6% - 43.4% - 31.8%

Calcium

Throughfall
14 sites 

A3

10.97 9.36 8.80 8.48 - 22.7% - 9.4% - 3.7%

Chlorine 18.72 18.52 16.50 17.49 - 6.6% - 5.6% 6.0%

Protons 0.11 0.05 0.04 0.03 - 72.9% - 42.8% - 24.7%

Potassium 22.85 22.51 20.74 21.60 - 5.5% - 4.0% 4.1%

Magnesium 2.40 2.44 2.39 2.17 - 9.4% - 10.9% - 9.2%

Sodium 8.74 9.03 8.10 9.23 5.7% 2.3% 14.0%

Nitrogen as ammonium 
(N-NH4)

4.62 4.66 4.16 3.28 - 29.0% - 29.5% - 21.1%

Mineral nitrogen (N-NO3 + 
N-NH4)

9.33 9.08 8.44 7.06 - 24.3% - 22.2% - 16.3%

Nitrogen as nitrates (N-NO3) 4.71 4.42 4.28 3.78 - 19.7% - 14.5% - 11.6%

Sulfur as sulfates (S-SO4) 10.18 7.34 5.60 3.81 - 62.6% - 48.1% - 31.9%

Source: ONF, manager of the Renecofor network (National network for long-term monitoring of forest ecosystems) and the Cataenat sub-network (Total acid 
loading of atmospheric origin in the natural land-based ecosystems)
Clarifications: 
Open field: atmospheric depositions collected in a clearing near forest monitoring sites.
Throughfall: atmospheric depositions collected under the tree canopy in the forest monitoring sites.
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Emissions of atmospheric pollutants

The data in Table 2.1.a show the downwards trend in 
atmospheric emissions. Only ammonia (NH3), basically 
stemming from agriculture, shows no marked trend. 
Sulfur dioxide (SO2) remarkably dropped with the 
implementation of deliberate reduction policies and 
the marketing of fuels increasingly containing less 
sulfur, combined with the reduced use of the most 
emitting fuels like coal. 
Nitrogen oxides (NOx), still singled out by national and 
European policies, have nevertheless considerably 
dropped back since the 1980s. These emissions, which 
are very largely due to road transport, have been 
reduced thanks mainly to vehicles being fitted with 
catalytic converters and new vehicles replacing old 
ones of motor pool. The drop in non-methane volatile 
organic compounds (NMVOC) is above all due to more 
and more road vehicles being fitted with catalytic 
converters, to reduced use of solvents and to reducing 
techniques in industry.
Agricultural and forest land makes a minor 
contribution to the NOx (less than 10% of emissions) 
and NMVOC (less than 3% of emissions) (Citepa, 2015).

Fallouts of atmospheric pollutants on the forests

The temporal trends are normally consistent when 
concentrations in rainfall are considered separately 
from the precipitations (Figures 2.1.b and 2.1.c) or the 
depositions per hectare (Table 2.1.3), the open field 
or throughfall data (see subject for the definitions), 
the aggregated results at the monitoring network 
scale or by incorporating the variability between 
sites. The results are commented per type of chemical 
compound.

Sulfur
Atmospheric pollutions caused by sulfur were one of 
the main factors in the acid rain experienced in the 
1980s. Consistent with the sharp drop in SO₂ emissions, 
the sulfur fallouts (as sulfates SO₄²¯) have dropped very 
significantly and continuously on the measuring sites 
in the Cataenat sub-network. As sulfur absorption 
and discharge flows through the canopy are normally 
negligible, the throughfall depositions represent for 
this element all atmospheric fallouts (moisture and 
aerosol depositions) suffered by the ecosystem: they 
dropped by more than 60% on average between the 
1993-1997 and 2008-2012 periods. Maps 2.1.d show 

that the depositions have dropped throughout the 
territory. They also show that the areas which are more 
affected historically could be very far from the main 
industrial emission areas: these were mainly the coastal 
areas (also marked by depositions of natural marine 
sulfates) and the mountainous areas of the North-East 
(Ardennes, Vosges, Jura) and the Massif Central. The 
very significant drop in sulfur atmospheric fallouts is 
seen more widely at European scale (Waldner et al., 
2014).

Mineral nitrogen
Nitrogen depositions have a fertilizing effect for 
the trees, but also negative effects in terms of 
acidification (they bring protons with themselves) and 
eutrophication of ecosystems. As for sulfur, the mineral 
nitrogen atmospheric fallouts have significantly  
dropped, although to a lesser extent: between -24 
and -30% between the 1993-1997 and 2008-2012 
periods according to whether throughfall or open field 
depositions are being considered. This observation is 
consistent, once again, with the observations made 
more broadly at European scale (Waldner et al., 2014). 
In more detail, this reduction is due mainly to the 
proportion of fallouts made up of ammonium, whilst 
the oxidized fallouts (nitrates) have not decreased 
significantly. There are several reasons for this apparent 
contradiction with changes in national ammonia (NH3) 
and nitrogen oxide (NOx) emissions. Similarly to sulfur, 
the nitrogen fallouts observed can be linked to faraway 
emission sources, not included in the national emission 
inventories (emissions from other countries or from 
maritime transport). In addition, chemical conversions 
can intervene during atmospheric transport of 
nitrogen-based pollutants until their fallout. 

Direct acidity
Consistent with the drop in sulfate concentrations, the 
pH has an overall upwards trend in both open field 
and throughfall. The rise in pH relates to a drop in the 
protons contained in rain (direct acidity). The proton 
fallouts have thus decreased by 56% in open field and 
73% throughfall between the 1993-1998 and 2008-
2012 periods. The pH has nevertheless dropped in the 
last two years, which could relate to measurement 
difficulties noted for certain collection periods: the 
more neutral the pH (5.6 for rainwater), the more 
uncertain the measurements.

n Analysis
The sulfur- and nitrogen-based atmospheric pollutions are carried a long way and play a major role in soil fertility and 
forest health. They are especially behind the acid rain and forest dieback phenomena noted in Europe in the 1980s. 
Since then, emissions of these atmospheric pollutants have radically dropped in France, except for ammonia mainly 
from agriculture. thus, the sulfur depositions and direct acidity suffered by the forest ecosystems have sharply dropped. 
Nitrogen depositions have also decreased, but to a lesser extent, and remain at a level likely to affect the ecosystems 
most sensitive to acidification and nutrient imbalances.
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 Producer of data
Citepa - <http://www.citepa.org>

  Methodology 
All methodologies used to produce the national inventories are available in the Ominea document on the Citepa 
site.

  Bibliography
Citepa, 2015. National inventory report. Inventory of emissions of atmospheric pollutants and greenhouse gases in 
France – Sectorial series and extended analyses, Secten Format, April 2015, Paris, 317 p.

n Data sources and methodology

Nutrient cations
Calcium, magnesium and potassium are major nutrient 
cations, with atmospheric inputs representing a major 
source for poor soils. Temporal trends are less clear for 
these elements.

 – Calcium comes mainly from Sahara winds 
(as shown by the dominance of open field 
depositions in the Mediterranean area on Map 
2.1.d), but also partly from industrial emissions. 
It shows no marked trend in the open field 
depositions, but a significant reduction in the 
throughfall depositions (-23% between the 
1993-1997 and 2007-2012 periods). This could 
be due to reduced aerosol depositions captured 
by the trees (potentially linked to the drop in 
sulfate fallouts) or to reduced flow of calcium 
discharged by the canopy (which could testify to 
more recycling of this element within the trees).

 – Potassium has far higher throughfall 
concentrations than in open field rain, given a 

major discharge rate by the canopy. In neither 
case (open field and throughfall) does its 
temporal change reveal any significant trend, 
however.

 – Magnesium also does not show a particular 
trend. In open fields, it fluctuates very much in 
correlation with chlorine and sodium, consistent 
with its basically marine origin.

Chlorine and sodium
Depositions of chlorine and sodium basically convey 
the marine influence. They vary hugely between 
coastal and inland sites. On the coast, they may submit 
the trees to extreme salinity conditions. Their temporal 
changes show noteworthy year-on-year variations, but 
no significant trend.

Emissions of atmospheric pollutants

http://www.citepa.org/fr/
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 Producer of data
ONF: the data used come from the on-going monitoring of atmospheric depositions since 1993 on the 27 sites of 
the Cataenat sub-network (sub-network of the Renecofor network) – <http://www.onf.fr/renecofor> 

MétéoFrance: the spatialization maps of open field depositions have been obtained using a geostatistical 
approach which incorporates the annual precipitation values of MétéoFrance stations (about 1800 stations) in 
addition to deposition measurements in the Cataenat sub-network – <http://www.meteofrance.com>

  Methodology 
Deposition data from the Cataenat sub-network are derived from concentration measurements on rain and 
throughfall samples and measurements of the corresponding precipitation volumes. The detailed protocol is 
described in the national plan (Ulrich and Lanier, 1993) and in the plan of the ICP Forests pan-European monitoring 
program to which the Renecofor belongs (Clarke et al., 2010). Monitoring targets the basic atmospheric pollution: 
the sites are located away from atmospheric pollutant emission sources. 

The annual open field depositions measured for four chemical species ((S-SO₄, N-NO₃, N-NH₄ and Ca) have been 
spatialized at national scale and for three sixyear periods by a geostatistical method (co-Kriging), incorporating 
as co-variable the precipitation of MétéoFrance stations (selection of stations monitored continuously from 1993 
to 2010, i.e. some 1800 stations) (Croisé et al., 2002; 2005). The same scale of values is used for each element 
for the three six-year periods and the standard Kriging deviation is represented as contour map. The validity of 
spatiotemporal variations estimated in this way has been validated with respect to data measured separately in 
the MER and BAPMON networks (Nicolas et al., 2015). 

  Bibliography
Bontemps J. D., Hervé J.-C., Leban J.-M., Dhôte J.-F., 2011. Nitrogen footprint in a long-term observation 
of forest growth over the twentieth century. Trees, [online], 25, 237-251, DOI 10.1007/s00468-010-0501-2  
<http://link.springer.com/article/10.1007%2Fs00468-010-0501-2> (consulted on 4 August 2015).

Clarke N., Zlindra D., Ulrich E., Mosello R., Derome J., Derome K., König N., Lövblad G., Draaijers G.P.J., Hansen K., 
Thimonier A., Waldner P., 2010. Sampling and Analysis of Deposition, 66 p. Part XIV. In: Manual on methods and 
criteria for harmonized sampling, assessment, monitoring and analysis of the effects of air pollution on forest, Unece, 
ICP Forests, Hamburg. ISBN: 978-3-926301-03-1. <http://icp-forests.net/page/icp-forests-manual>

Croisé L., Ulrich E., Duplat P., Jaquet O., 2002. Renecofor - Two independent approaches to estimate and map total 
open field atmospheric depositions in the French territory, Office national des forêts, Fontainebleau, 102 p.

Croisé L., Ulrich E., Duplat P., Jacquet O., 2005. Two independent methods of mapping bulk deposition in France. 
Atmospheric Environment, 39, 3923-3941.

Nicolas M., 2015. Renecofor – Technical annual report 2014. Office national des forêts, Fontainebleau, 35 p.

Ulrich E., Lanier M., 1993 (second version). Renecofor – Reference manual no. 3 for the operation of the Cataenat sub-
network (Total acid loading of atmospheric origin in the natural land-based ecosystems), level 2 and 3 quadrat, Office 
national des forêts, Fontainebleau, 98 p.

Waldner P., Marchetto A., Thimonier A., Schmitt M., Rogora M., Granke O., Mues V., Hansen K., Pihl Karlsson G., 
Žlindra D., Clarke N., Verstraeten A., Lazdins A., Schimming C., Iacoban C., Lindroos A.J., Vanguelova E., Benham S., 
Meesenburg H., Nicolas M., Kowalska A., Apuhtin V., Napas U., Lachmanová Z., Kristoefel F., Bleeker A., Ingerslev 
M., Vesterdal L., Molina J., Fischer U., 2014: Detection of temporal trends in atmospheric deposition of inorganic 
nitrogen and sulphate to forests in Europe. Atmospheric Environment, 95, 363-374. 

Fallouts of atmospheric pollutants on the forests

Authors: Manuel Nicolas (ONF), Étienne Mathias (Citepa)

www.onf.fr/renecofor
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http://icp-forests.net/page/icp-forests-manual
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2.2. Chemical properties of forest soils

Purpose of the indicator
Soil is the reservoir from which the trees and vegetation draw the minerals they need: changes in 
the contents of this reservoir are therefore an indicator of the expected state of nutrient imbalances 
(acidification, eutrophication) due to atmospheric pollutions and exports of nutrients associated with 
logging. It also forms the main reservoir for organic carbon within the forest ecosystems: its changes, which 
are difficult to forecast, strongly dictate the carbon balance of the forest with respect to climate change 
mitigation challenges (De Vos et al., 2015).
Firstly, the purpose of the indicator is to assess the temporal changes in properties of forest soils using data 
from the Renecofor network. Figure 2.2.a shows the temporal changes noted in the stocks of organic carbon 
and nitrogen and in the C/N ratio in the Renecofor network, for the litter and mineral soil up to 40 cm deep. 
Table 2.2.b summarizes the significant temporal changes noted in the chemical properties of the mineral 
soil, following three layers of systematic depth (0-10 cm, 10-20 cm and 20-40 cm) and by considering either 
all sites in the Renecofor network or groups of sites per pH class (pH H₂O < 4.5; pH H₂O between 4.5 and 
5.5; pH H₂O > 5.5). Figure 2.2.c illustrates the distribution comparison of sites of systematic (16 km x 16 km 
grid) and Renecofor networks following the soil property gradients: pH H₂O, C/N, saturation rate in bases 
and texture (particle size) of the 0-10 cm layer of the mineral soil. 
Secondly, Box 3 presents the spatial variations of edaphic conditions at national scale, through several 
qualitative variables (textures, type of humus, type of soil, trophic level) mapped extensively by IGN's 
National Forest Inventory.

Warning: Available national data about forest soils are mainly derived from the ONF Renecofor network, the 
16 km x 16 km European network of the DSF-Maaf, the RMQS (soil quality measurement network) (on the same 
16 km x 16 km systematic grid extended to all types of soil uses) and the IGN’s National Forest Inventory, all of 
which have their own special features. The results discussed here are mainly those of the Renecofor network. This 
intensive monitoring network of forest ecosystems, coordinated by ONF, is not based on a systematic grid of the 
territory but on a selection of permanent quadrats spread out over metropolitan France. For reasons of means and 
practical feasibility, this selection of quadrats was initially directed towards adult stands of the ten main wood 
supply species, in public forests. It therefore does not intend to represent the soils in French forests quantitatively in 
a goal to extrapolate values to the entire territory. Conversely, the obtained results can be used for the first time to 
assess the temporal changes in properties of forest soils following a broad range of ecological contexts, from data 
measured in similar way to the national scale. The box provides several additional maps based on qualitative data 
collected by IGN’s National Forest Inventory which illustrate the spatial variability of national edaphic conditions. 

2.2.a. Stocks of organic carbon (C) and nitrogen (N) and C/N ratio per layer and per soil sampling campaign of the 
Renecofor network

2.2.b. Changes in chemical properties of mineral layers of soils on sites in the Renecofor network per systematic 
layer up to 40 cm deep

2.2.c. Distribution of sites in the Renecofor and systematic networks (16 km x 16 km grid) per class of pH H₂O, 
saturation rate in bases, C/N ratio and along the texture gradient.

BOX 3: Texture, humus, soils and tropic levels of French forest soils
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n Results 
 2.2.a. Stocks of organic carbon (C) and nitrogen (N) and C/N ratio per layer and per soil sampling 
campaign of the Renecofor network

 2.2.b. Changes in chemical properties of mineral layers of soils on sites in the Renecofor network per 
systematic layer up to 40 cm deep
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Soil at pH 

< 4.5

0-10cm ↘↘ ↘↘ ↗↗ ↗↗ ↗↗ 0 ↗↗ ↗ ↗↗ 0 ↗↗↗ ↗↗↗
 10-20 cm ↘ ↘↘ 0 ↘↘↘ ↗↗↗ 0 ↗↗ ↘ ↗ ↘ ↗↗ ↗↗
20-40cm 0 ↘ ↘ ↘↘↘ ↗↗↗ 0 ↗ ↘↘ ↗ ↘↘ 0 ↗

All 0-40 cm ↘↘ ↘ ↗ ↘↘ ↗↗↗ ↗ ↗↗ ↘↘ ↗↗ ↗ ↗↗ 0

Soil at pH 
between 

4.5 and 5.5

0-10cm 0 ↘ ↗↗↗ 0 ↗↗↗ 0 ↗↗ ↗ 0 ↗↗ ↗↗↗ ↗↗↗
 10-20 cm 0 0 ↗ ↘ ↗↗↗ 0 ↗ 0 ↗ 0 ↗↗ ↗↗
20-40cm ↗↗ 0 0 ↘↘ ↗↗↗ 0 0 0 0 0 0 0

All 0-40 cm ↗ ↘ ↗ 0 ↗↗↗ 0 ↗ 0 0 0 ↗↗ ↗↗

Soil at pH 
> 5.5

0-10cm 0 0 ↗↗ 0 ↗↗↗ 0 ↗↗↗ 0 0 ↗↗ ↗↗↗ ↗↗↗
 10-20 cm 0 0 ↗ 0 ↗↗↗ ↘↘ ↗↗ 0 0 ↗↗ ↗↗ ↗↗
20-40cm ↗↗ 0 0 ↘↘ ↗↗ 0 0 0 ↘↘↘ ↗ 0 ↗↗

All 0-40 cm ↗ 0 0 0 ↗↗↗ 0 ↗↗↗ 0 0 ↗↗ ↗↗↗ ↗↗

All sites 
together

0-10cm ↘ ↘↘ ↗↗ ↗↗ ↗↗ 0 ↗↗ ↗ ↗↗ ↗ ↗↗↗ ↗↗↗
 10-20 cm 0 ↘ 0 ↘↘ ↗↗↗ 0 ↗↗ ↘ ↗↗ ↗ ↗↗ ↗↗
20-40cm ↗ 0 ↘ ↘↘↘ ↗↗↗ 0 ↗ ↘ 0 ↗ 0 ↗

All 0-40 cm 0 ↘ ↗↗ ↘ ↗↗↗ 0 ↗↗ ↘ ↗ 0 ↗↗ ↗↗

Sources: ONF, manager of the Renecofor network (National network for long-term monitoring of forest ecosystems)
Forest estate: Public forests in the Renecofor network
Clarifications: The arrows indicate the statistically-significant changes (p<0.05) between the two soil sampling campaigns in the Renecofor network (1993-1995 and 
2007-2012) and the number of arrows expresses the size of the effect (low, medium, strong). The significant changes corresponding to a medium-sized or strong effect 
are considered more especially in the interpretation. The arrow colors do not relate to a value judgment; they simply show what is going up and what is going down. 
cmolc/kg: centimoles of electrical charges in the cations, per kg.

Source: ONF, manager of the Renecofor network (National network for long-term monitoring of forest ecosystems)
Forest estate: Public forests in the Renecofor network
Clarifications: The bars represent the average of sites in the Renecofor network. The annotation “n.s.” indicates changes 
that are not significant. The arrows indicate the statistically-significant changes (p<0.05) between the two campaigns and 
the number of arrows expresses the size of the effect (low, medium, strong). The significant changes corresponding to a 
medium-sized or strong effect are considered more especially in the interpretation. The arrow colors do not relate to a value 
judgment; they simply show what is going up and what is going down.
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 2.2.c. Distribution of sites in the Renecofor and systematic networks (16 km x 16 km grid) per class of pH 
H₂O, saturation rate in bases, C/N ratio and along the texture gradient.
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Sources: ONF (Renecofor) and Maaf-DSF (systematic 16 km x 16 km network for monitoring forest damage)
Forest estate: Public forests for the Renecofor network and all forests for the 16 km x 16 km network; 0-10 cm layer of the mineral soil.
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BOX 3: Texture, humus, soils and tropic levels of French forest soils
IGN’s National Forest Inventory has ecological information from pedological readings on inventory quadrats. 
It is used to map variables measured in the field (texture, humus, soil type) or estimated from floristic 
readings (trophic level of soils).
Illustration B.3.1 shows the location of soil textures and indicates their proportions among the forest soils.

The C/N ratio, whose changes have already been discussed for the Renecofor data, is closely linked to the 
type of forest humus. Acid humus – mor and moder in particular – have a high C/N whereas mull type 
humus have a low C/N, although it is still higher than in crop soils. It can therefore be interesting to show 
the distribution of types of forest humus recorded by the inventory, even if this is qualitative rather than 
analytical information (B.3.2).
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B.3.1. Texture of French forest soils (NFI, 2011)
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B.3.2. Humus of French forest soils (NFI, 2011)
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 BOX 3 (continued)

A soil type map is also available (B.3.3). The distribution histograms of natures of forest soils show that nearly 
half of forest soils are brown soils, i.e. soils that tend to encourage forest production (6 m3/ha/year, against 
1.4 for fersiallitical soils or 3.3 for the carbonated soils or 3.8 for the calcic soils which frequently have less 
favorable water characteristics).

Sources: NFI, 2011. French forests – Results from forest inventories 2006 to 
2010, Nogent-sur-Vernisson, 120 p. “Ecofloristic data” section, available 
online <http://inventaire-forestier.ign.fr/spip/IMG/pdf/France_part2-2.
pdf>

IGN, 2013. Twenty years of information on forest soils, poster, national 
seminar, Inventory, Soil Management and Conservation (IGCS), Let's 
share our knowledge of soils, Rennes, 11-13 December 2013.

Information on the nutrition of forest soils derived from floristic readings in the inventory:  
mapping of trophic levels
Some species of spontaneous flora are found more frequently in rich soils or on limestone soils, others 
in acid soils but not in other types of medium: these species are qualified as indicators for ecological 
conditions. Indices can be calculated from the numbers of species recorded in each inventory quadrat. The 
“trophic level” calculated from floristic readings conveys the chemical richness of soils as it can be recorded 
by the spontaneous flora. These values are linked closely to the pH of soils: the hyper-acidophilic group is 
encountered when the pH is less than 4.5, the acidopholic group on sites where the pH is rarely more than 
5.5, the acidocline group on stations with a pH less than 7, the neutrophile group dominates when the pH is 
close to 7 and the neutral calcicole, calcicole and calcaricole groups are encountered in calcareous soils with 
increasingly significant levels of limestone and therefore pH higher than 7 (B.3.4).

There is also a water level index or index relating 
to the available water capacity in forest soils. These 
indices are calculated using floristic information or 
pedological information from the forest inventory 
(see Indicator 1.1.1).
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B.3.3. Types of French forest soil (NFI, 2011)

B.3.4. Trophic level of forest soils (IGN, 2013)

http://inventaire-forestier.ign.fr/spip/IMG/pdf/France_part2-2.pdf
http://inventaire-forestier.ign.fr/spip/IMG/pdf/France_part2-2.pdf
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The state of the soil dictates the health of forest 
ecosystems

Metropolitan France has very varied and contrasting 
soil contexts, as show in the IGN cartograms (Box 3). 
This diversity of contexts dictates strongly the forestry 
possibilities and productivity. It also dictates fairly 
strongly the sensitivity of forest ecosystems to external 
pressures. In particular, the sensitivity of ecosystems 
to the nutrient imbalances varies hugely depending 
on the mineral richness of the soil, which is reflected 
by indicators like the humus or trophic level deduced 
from the floristic composition. Thus, the most acid 
soils, which correspond most frequently to a moder or 
mor humus and an acidophilic floristic composition, 
contain very few alterable minerals and are therefore 
very sensitive to acidification. Conversely, carbonated 
soils with their wealth of alterable minerals are virtually 
insensitive to this. Note that certain regions have soils 
with relative homogeneous properties (e.g. Landes de 
Gascogne with a substantial majority of very sandy, 
acid and poor contexts), whilst others have contrasting 
conditions in short distances, mainly due to abrupt 
variations in the type of sub-soil.

Forest soil properties change over time

The Renecofor network currently offers the only 
dataset in France to observe changes in forest soil 
properties based on comparable measurements at 
national scale. Its 102 permanent sites spread over the 
whole of metropolitan France have undergone two 
analysis campaigns of litter and mineral soil horizons 
(0 to 40 cm deep) during the periods 1993-1995 and 
2007-2012, with many precautions taken as to methods 
to ensure comparable data. The range of soil contexts 
covered is substantial and similar to the one covered 
by the systematic network (16 km x 16 km grid), be 
it for pH, base saturation rates, C/N ratio or texture 
(Figure 2.2.c). In more detail, the distribution of sites in 
the Renecofor network shows a higher proportion of 
acid soils (pH and saturation rate in low bases) where 
acidification and nutrient imbalance issues are most 
significant. Numerous significant changes are noted 
in an average interval of 15 years when comparing 
these two sampling campaigns (Figure 2.2.a and Table 
2.2.b). Several points emanating from the results are 
discussed below.

Increase in organic carbon stocks
Forest litters and soils behaved like carbon sinks 
during the period in question (Jonard et al., 2013). 
Organic carbon stocks rose significantly (on average  
+0.34 tC/ha/year over all the mineral soil and litter). 
This change can be attributed to the surface layers 
(litter and mineral soil up to 10 cm deep) whilst 
the stocks of organic carbon have changed very 
little in the deeper layers (mineral soil 10 to 40 cm 
deep). It is also more apparent in sites under conifers  
(+0.49 tC/ha/year) than under broadleaved species 
(+0.19 tC/ha/year). This does not mean necessarily 
that the conifer species can capture more organic 
carbon in the soils as other context factors may play 
a part. For example, the increase in organic carbon 
stocks in soils is even more substantial in recent 
afforestation contexts (during the 20th century) and 
these normally relate to sites with conifer stands. In 
addition, the increase in organic carbon stocks does 
not seem to be due to the aging of stands, as it is not 
significantly different for the sites regenerating since 
the 1999 storms. Neither is it linked to the intensity of 
thinning between the two soil analysis campaigns, nor 
can it be explained by an increase in inputs of above-
ground organic matter, as the falling litter measured 
has remained stable, especially under conifer stands. 
The main hypotheses to explain this are therefore 
either a slowdown in the decomposition speed of 
organic matter in the soils (under the effect of drought 
constraints or the loss of nitrogen indicated above) or 
a pre-existing imbalance between the inputs and the 
losses of carbon in forest soils (changes in previous use 
of soils could still affect the stocks of organic carbon).

Reduction in total nitrogen stocks and increase in 
the C/N ratio

Nitrogen is essentially contained in the organic matter 
in soils. Compared with stocks of organic carbon, 
stocks of nitrogen have also increased on the surface, 
but to a lesser extent, whilst they have sharply dropped 
in the deep layers. The global assessment of the litter 
and mineral soil up to 40 cm deep is a loss of nitrogen 
in soils (-11 kg/ha/year on average). This reduction in 
nitrogen stocks in soils cannot simply be explained 
by a drop in atmospheric pollutant fallouts which are 
still limited for this element (see Indicator 2.1). Nor 
is it sensitive to the type of stand. It is more marked, 

n Analysis

The two comparable measurement campaigns on the 102 sites in the Renecofor network have provided for the first 
time an assessment of temporary changes in soil properties in public forests at national scale (metropolitan country). 
In 15 years, soils and litters have constituted a significant carbon sink (+0.34 t/ha/year on average) for these forests. 
This accumulation of organic carbon, coupled with reduced nitrogen stocks, has resulted in a noteworthy change in 
the quality of organic matter (average increase of the C/N ratio of two units during the measuring period). Despite the 
reduced acidifying atmospheric depositions, the acidification of the most sensitive soils continues (reduced pH and base 
saturation level) but nevertheless without depleting reserves of exchangeable nutrients.
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 Producer of data
ONF (Renecofor network) - <http://www.onf.fr/renecofor/> 
DSF (forest damage systematic monitoring network) - <http://agriculture.gouv.fr/suivi-de-la-sante-des-forets>

n Data sources and methodology

however, in the most acid soil contexts (pH H₂O < 4.5). 
The other data recorded in the Renecofor network 
should be able to assess whether it relates to a loss of 
nitrogen through underground drainage or increased 
mobilization in the biomass. In any event, given the 
increase in organic carbon stocks, the C/N ratio has 
risen sharply and substantially for all the litter and 
soil layers regardless of the ecological context (+ two 
units on average for all the litter and mineral soil up to 
40 cm deep). This indicates a noteworthy change in the 
quality of organic matters of soils likely to affect their 
mineralization dynamics.

Continued acidification of the most acid soils 
without nutrient cation depletion 

Acidification of the most acid soils (pH H₂O < 4.5) is 
continuing: both pH and saturation rate have sharply 
dropped when considering all mineral layers from  
0 to 40 cm. The drop in the saturation rate means that 
the relative proportion of acid cations (aluminum) 
has increased in the exchangeable reserves in the soil 
(cation exchange capacity) to the detriment of the 
proportion of nutrient cations (calcium, magnesium 
and potassium). Despite their noted drop (see 
Indicator 2.1), the acidifying atmospheric depositions 
may still be too large compared with the extremely low 
buffer power of acid forest soils (Jonard et al., 2012). 
Conversely, this noted acidification is not accompanied 
by absolute depletion of these soils: indeed the 
increase of stocks of organic matters has increased the 
cation exchange capacity and therefore the retention 
of nutrient cations. Reserves have even increased for 
certain nutrient elements like magnesium, an element 
associated with the deficiency symptoms observed 
especially in the Vosges in the 1980s. By contrast, 
there has been no acidification (stable saturation rate, 
increased pH H₂O) in only slightly acid soils (pH H₂O 
between 4.5 or 5.5 or higher than 5.5) and the stocks of 
nutrient cations have generally grown.

Few changes in stocks of phosphorus 
The stocks of phosphorus (extracted by the Dyer 
and Joret-Hebert methods) change very little in the 
layers of mineral soil, which seemingly contradicts the 
drop in phosphorus foliar feeding noted at national 
(Jonard et al., 2009) and European (Jonard et al., 2015, 
Talkner et al., 2015) scale. Nevertheless, it is far from 
easy to compare with changes in phosphorus foliar 
feeding inasmuch as no chemical extraction method 
can determine precisely the amount of bioavailable 
phosphorus for the vegetation. Other measurements 
may be necessary to find the causes for the noted 
deterioration in phosphorus feeding in trees.

General discussion
Such large numbers of significant changes were not 
expected in the soils over an average timespan of 
15 years. They illustrate especially the importance of 
monitoring the organic carbon content in the soils to 
assess the role of forests in mitigating climate change. 
Mineral feeding issues are also still valid for the health 
and productivity of forests: continued acidification of 
the most acid soils, trend deterioration of phosphorus 
foliar feeding. Changes in the chemical fertility of 
soils demands more detailed analysis of each site to 
assess in particular the state of the poorest soils and 
those most sensitive to acidification. As a whole, these 
initial results relating to temporal changes in forest 
soil properties open up totally new prospects for 
understanding carbon and nutrient element cycles in 
forests. The main factors explaining the changes seem 
to be searched in the dynamics of organic matters 
(preponderant changes in organic carbon and total 
nitrogen).

http://www.onf.fr/renecofor/
http://agriculture.gouv.fr/suivi-de-la-sante-des-forets
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Authors: Manuel Nicolas (ONF), with contributions from Anaïs Saenger, Mathieu Jonard, Isabelle Caignet, Quentin Ponette  
(Catholic University of Louvain-la-Neuve) and Noémie Pousse (ONF), Marie-Françoise Slak (IGN) for the box.

  Methodology 
The temporal comparability of soil data from the Renecofor network is based on the continuity of sampling 
methods in the field and laboratory analysis (Ulrich et al., 2009). Samples are not taken with augers but in mini-
ditches up to 40 cm deep. This ensures their comparability between sites including in the most stony contexts. In 
addition, sampling efforts on each site (25 sampling repetitions distributed between five fixed sub-quadrats) can 
quantify the intra-site spatial variations and thus differentiate them from the temporal changes of soils. The results 
of both measuring campaigns were compared in conjunction with ONF and the Catholic University of Louvain-la-
Neuve. At network scale (i.e. including the results of all the sub-quadrats on all the sites), the temporal changes 
in chemical properties of soils were analyzed statistically, parameter by parameter and layer by layer. As the 
apparent density of the mineral soil showed no significant temporal change at network scale, it was considered 
as an invariant: the changes in elements stocks were therefore assessed, based only on changes in concentrations. 
However, for the litter, the changes in element stocks incorporate the variations in concentrations and mass of 
sampled layers.

The data from the forest damage systematic monitoring network relate to the soil sampling 
campaign conducted in 2006 and 2007 under the Biosoil program financed by the European Union.  
On this occasion, soil and litter samplings were conducted following a harmonized protocol on all the forest sites 
in the 16 km x 16 km systematic European grid. In France, these samplings were passed on to the National Forest 
Inventory. Six spatial samplings were repeated on each site and grouped in a composite sample per layer. The 
mineral layers were sampled with an auger and per systematic layer following the same vertical delimitation as the 
samples taken in the Renecofor network. Chemical analyses were also carried out using the same methods and by 
the same laboratory (LAS, Inra Arras) as for the Renecofor network. 

  Bibliography
De Vos B., Cools N., Ilvesniemi H., Vesterdal L., Vanguelova E., Carnicelli S., 2015. Benchmark values for forest soil 
carbon stocks in Europe: Results from a large scale forest soil survey. Geoderma, [online], 251-252, 33-46,. doi: 
10.1016/j.geoderma.2015.03.008 <http://www.sciencedirect.com/science/article/pii/S0016706115000798> 
(consulted on 5 August 2015).

Jonard M., André F., Dambrine E., Ponette Q., Ulrich E., 2009. Temporal trends in the foliar nutritional status of the 
French, Walloon and Luxembourg broadleaved plots of forest monitoring. Annals of Forest Science, [online], 66, 
412p1-412p10, doi: 10.1051/forest/2009014, <http://link.springer.com/article/10.1051%2Fforest%2F2009014> 
(consulted on 5 August 2015).

Jonard M., Caignet I., Ponette Q., Nicolas M., 2013. Changes in the carbon in metropolitan France forest soils – 
Detection and quantification from data measured in the Renecofor network, final study report, Maaf-ONF-UCL, 
Louvain-la-Neuve, 55 p. + appendices of 304 p.

Jonard M., Fürst A., Verstraeten A., Thimonier A., Timmermann V., Potočić N., Waldner P., Benham S., Hansen K., 
Merilä P., Ponette Q., de la Cruz A.C., Roskams P., Nicolas M., Croisé L., Ingerslev M., Matteucci G., Decinti B., Bascietto 
M., Rautio P., 2015. Tree mineral nutrition is deteriorating in Europe, Global Change Biology, [online], 21(1), 418-430, 
doi: 10.1111/gcb.12657, <http://www.ncbi.nlm.nih.gov/pubmed/24920268> (consulted on 5 August 2015).

Jonard M., Legout A., Nicolas M., Dambrine E., Nys C., Ulrich E., van der Perre R., Ponette Q., 2012. Deterioration 
of Norway spruce vitality despite a sharp decline in acid deposition: a long-term integrated perspective. Global 
Change Biology, [online], 18 (2), 711-725, doi: 10.1111/j.1365-2486.2011.02550.x, <http://onlinelibrary.wiley.com/
doi/10.1111/j.1365-2486.2011.02550.x/abstract> (consulted on 5 August 2015).

Talkner U., Meiwes K.J., Potočić N., Seletković I., Cools N., De Vos B., Rautio P., 2015. Phosphorus nutrition of beech 
(Fagus sylvatica L.) is decreasing in Europe. Annals of Forest Science, [online], doi: 10.1007/s13595-015-0459-8, 
<http://link.springer.com/article/10.1007%2Fs13595-015-0459-8> (consulted on 5 August 2015).

Ulrich E., Croisé L, Lanier A., Brêthes A., Cecchini S., 2009. Renecofor – Reference manual no. 4 for sampling soils 
and litters in clusters and preparing samples, Version 3. Office National des Forêts, Technical and Commercial Wood 
Division, Research Department, Fontainebleau, 41 p.

http://www.sciencedirect.com/science/article/pii/S0016706115000798
http://link.springer.com/article/10.1051%252Fforest%252F2009014
http://www.ncbi.nlm.nih.gov/pubmed/24920268
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2486.2011.02550.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2486.2011.02550.x/abstract
http://link.springer.com/article/10.1007%252Fs13595-015-0459-8


Forest ecosystem health and vitality

116

Criterion 2 

2.3.a. Distribution of trees in “moderate”, “severe” and “dead” defoliation class in the systematic forest damage 
monitoring network since 1997
2.3.a.1. Proportion of trees with moderate defoliation (between 25% and 60%) 
2.3.a.3. Proportion of dead trees
2.3.a.2. Proportion of trees with severe defoliation (more than 60%)

2.3.b. Defoliation per species in the forest damage systematic monitoring network since 1997
2.3.c. Distribution per GRECO of the median of the defoliation for the broadleaved and conifer species, period 2010-2015

Source: Maaf (forest damage systematic monitoring network, Forest 
Health Department)
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 2.3.a. Distribution of trees in “moderate”, “severe” and “dead” defoliation class in the systematic forest 
damage monitoring network since 1997

n Results 

Purpose of the indicator
This indicator describes changes in defoliation in the dominant trees in the forest damage systematic 
monitoring network (16 x 16 km), per damage severity class (2.3.a), per species (2.3.b) and per GRECO 
(2.3.c). Tree defoliation is defined as an assessment of the lack of foliar mass of the “noteworthy crown” of 
a tree compared with a reference tree fully in leaf, in the region where the tree is scored. This lack may be 
due to a loss of foliage or dwarfing of leaves. The “noteworthy crown” is the upper section of the tree crown: 
this restriction has been made to avoid taking into account internal competition from the tree and natural 
pruning. 
This easily-taken measurement is a data integrating the different stress suffered by the tree: it is a robust 
indicator of the health of trees monitored in this network. Factors explaining the changes noted in the 
16 x 16 network, representative of the national level, are offered by the analysis of results noted in the 
quadrats of the Renecofor network of the Office national des forêts.

2.3. Defoliation of main forest species
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Source: Maaf (forest damage systematic monitoring network, Forest Health Department)
Clarifications: Only living trees are considered (dead trees are excluded from the count with effect from the year of their death). The distribution of the tree count for 
each year is represented as a “boxplot”: the bold line in the middle relates to the median of the count, the bottom of the box the first quartile, the top of the box the third 
quartile. The upper and lower “plots” relate respectively to the minimum and maximum value.

Sessile oak – average number : 1263 trees Pedunculate oak – average number : 1183 trees

Holm oak – average number : 377 trees Pubescent oak – average number : 871 trees

Beech – average number : 1105 trees Common spruce – average number : 559 trees

Silver �r – average number : 501 trees Scots pine – average number : 707 trees

Maritime pine – average number : 838 trees Douglas �r – average number : 317 trees

 2.3.b. Defoliation per species in the forest damage systematic monitoring network since 1997
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 2.3.c. Distribution per GRECO of the median of the defoliation for the broadleaved and conifer species, 
period 2010-2015
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Analysis of results of the forest damage systematic 
monitoring network (16 x 16 km network)

The main characteristics of changes in defoliation in 
metropolitan France are as follows:

 – Defoliation has been rising since the beginning 
of the 2000s in both conifer and broadleaved 
species (Figure 2.3.a). This average rise has not 
however been uniform over time and covers 
contrasting situations between species (Figure 
2.3.b) and between ecoregions (Figure 2.3.c);

 – The 1997 to 2014 period stands out for its 

fairly clear peak in defoliation after the dual 
traumatism suffered by French forests from the 
1999 storms and the 2003 drought. This peak is 
more pronounced for broadleaved species and 
tends to level out during the next, more clement 
years climatically at the end of the 2000s;

 – The temporal defoliation trend varies hugely 
from one species to the next (Figure 2.3.b). 
It is remarkably stable for the sessile and 
pedunculate oaks. Their defoliation increased 
after the 2003 drought but has returned to 
its previous level. It increases for the other 

n Analysis
Unlike the initial fear that prompted forest health monitoring devices (acid rain), the forest has not massively declined. 
Nevertheless, the 16 km x 16 km systematic network has revealed a rise in tree defoliation for the past few years, 
especially in the Mediterranean region. The many factors potentially influencing the temporal changes in defoliation 
include the Renecofor network's highlighting of the preponderant role of variations in water supply from one year to the 
next, a role that is illustrated in particular by the impact of the 2003 drought in the series of observations.

Source: Maaf (forest damage systematic monitoring network, Forest Health Department)
Clarifications: 
Defoliation is measured by 5% intervals.
It should be read as follows: for example, in the Corsica GRECO, the median of broadleaved species is at 30%, which means that half the broadleaved trees has less than 
30% defoliation and the other half has more; the conifer median is at 40%, which means that half the conifer trees has less than 40% defoliation and half has more.
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species but with contrasting magnitudes: slight 
increase for most conifers (spruce, fir, Douglas fir, 
Maritime pine), intermediate for beech and Scots 
pines and stronger for the southern species 
(holm oak, pubescent oak, chestnut, cork oak 
and Aleppo pine). Note also that the upwards 
trend to defoliation for certain species (spruce, 
fir, chestnut) is accompanied by an expansion 
of the “boxplots”, which conveys a growing 
disparity in the health situation between trees of 
these species.

 – The Mediterranean region is the most affected by 
the rise in defoliation (Figure 2.3.c), including for 
species not native to the area like the Scots pine 
and chestnut. Indicator 2.4 also corroborates this 
observation and underlines the difficult phase 
in which forests in the Mediterranean region 
find themselves after the droughts which were 
rife during most of the 2000s. The sessile and 
pubescent oaks, chestnut and Aleppo pine turn 
out to be the species which are suffering the 
most.

Search for factors explaining temporal variations in 
defoliation noted in the Renecofor network

It is not easy to determine the reasons for the 
change in defoliation, because it has to include many 
factors relating to the environment (e.g. climate 
and climate events, impacts from pathogens), 
forestry management and the observation methods 
themselves (see on this point the section Data sources 
and methodology).
Very few environmental and forestry management 
factors are monitored in the 16 x 16 km network 
quadrats. Conversely, it has been possible to test their 
temporal correlation with the year-on-year variations 
in defoliation in the quadrats of the Renecofor network 
from 1997 to 2009 (Ferretti et al., 2014). This analysis 
shows a powerful hierarchy in the explanatory power 
of various factors. The dominant explanatory factors for 
the vast majority of quadrats in the Renecofor network 
are water supply variables (precipitation and difference 
between precipitation and evapotranspiration) for the 
current and previous years (test in years N-1 and N-2). 

Changes in stem density also show a significant effect 
for many quadrats, which conveys a response of tree 
defoliation to the thinning and disturbances of stands 
by the storms. Conversely, health problems which can 
help to explain changes in defoliation are only found 
in a minority of quadrats. Lastly, temporal variations in 
temperature, foliar feeding and changes in observer do 
not appear to explain the defoliation in any quadrat, 
or nearly. These explanations obtained from the 
Renecofor network agree with several observations 
made in the 16 x 16 km grid:

 – Regarding the preponderance of water supply 
factors, it is clear that the year-on-year increases 
in defoliation frequently follow dry years. This is 
especially true of 2003: changes in defoliation 
in most species are fairly stable up to 2002 and 
the bulk of upwards variations appear from 2003 
onwards;

 – The more limited impact of pathogenic agents 
is also confirmed. For some species with 
few numbers, severe pathological attacks 
(cylindrosporium in cherry, ash dieback) can 
explain an occasionally very marked increased 
in defoliation. Thus, the introduction of dieback 
in 2008 was felt in 2015 on the vast majority 
of ash monitored in the systematic network. 
However, the increase in defoliation of most 
species, especially the huge increase noted in 
Mediterranean species, cannot be explained 
by massive defoliation due to insects or 
phyllophaga fungi.
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 Producer of data
Ministry of Agriculture - Forest Health Department – <http://agriculture.gouv.fr/departement-de-la-sante-des-
forets>

  Methodology 
Changes in defoliation observation networks

Scoring defoliation started historically in metropolitan France when the phenomenon known as “acid rain” 
occurred. The goal was to assess the damage potentially caused by this atmospheric pollution. The “blue network” 
therefore saw the light of day in the 1980s in Eastern France on a 1 km x 16 km grid. This approach then was 
standardized in both France and Europe (on a 16 km by 16 km grid, taking up some points from the blue network) 
to assess the influence of cross-border consequences of atmospheric pollution. The 16 km x 16 km systematic 
network has since been used to monitor the health of forest trees, by observing their defoliation and assessing 
the biotic and abiotic forest health damage to them. At the same time, the Renecofor network sets out to monitor 
changes in numerous parameters of forest ecosystems in 102 permanent quadrats, used mainly to seek out the 
environmental factors which could explain the variations in the defoliation of trees from one year to the next.

Defoliation observation method in the forest damage systematic monitoring network, changes and impact on the results
Defoliation is observed in the dominant trees of quadrats of the forest damage systematic monitoring network. 
Only quadrats where the stand has achieved a minimum height and diameter are taken into account. Scoring 
is based on a manual drawn up nationally. The most recent major revision dates from 2011. It is carried out by 
forest technicians specializing in forest health diagnosis, who are mainly representatives-observers from DSF (field 
foresters from ONF, CRPF and State departments).

This measurement was conducted every summer from 1989 onwards, however, it should ideally be monitored 
from 1997 due to readjustments to the scoring methods. A slight correction to defoliation scoring method was 
introduced during this reissue. It only relates to a small number of trees and can be considered as having little 
if any impact on the results of this indicator. Conversely, the fact that the 16 km x 16 km network was expanded 
from 2011 to 2013, mainly in the Mediterranean area and the Alpine and Pyrenean foothills, both areas with more 
extensive defoliation than the national average, contributes to a slightly artificial reading of the overall defoliation, 
especially for certain conifer species – fir, spruce and Scots pine. Nevertheless, the upwards trend is still clear for 
these species, even when excluding the newly-installed quadrats. It is therefore not an artifact.

  Bibliography
Nageleisen L.-M. and Goudet M., 2011. Forest damage scoring manual (symptoms, causes, state of crowns), Forest 
Health Department, Maaf, Paris, 49 p.

Nageleisen L.-M., 2005. Forest damage scoring manual (symptoms, causes, state of crowns), Forest Health 
Department, Maaf, Paris, 87 p.

Forest Health Department, 1994. Protocol for the observations (European network), Forest Health Department, Maaf, 
Paris, 48 p.

Ferretti M., Nicolas M., Bacaro G., Brunialtia G., Calderisi M., Croisé L., Frati L., Lanier M., Maccherini S., Santi E., Ulrich 
E., 2014. Plot-scale modelling to detect size, extent, and correlates of changes in tree defoliation in French high 
forests. Forest Ecology and management, 311: 56-69.

n Data sources and methodology

Authors: Fabien Caroulle (Forest Health Department, Maaf) for the first part of the analysis, 
Manual Nicolas (ONF) for the second part
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2.4. Damage to forest stands

Purpose of the indicator
The aim of this indicator is to monitor over time changes in forest health damage (2.4.a, 2.4.b, 2.4.c, 2.4.d), 
fires (2.4.e, 2.4.e.1) and storms (2.4.f) affecting forest stands. The term “damage” is taken to mean a “natural 
disturbance” likely to threaten the survival of the wooded state or maintenance of the economic function of 
the forest.

2.4.a. Relative intensity of ten major forest health problems in French forests from 1989 to 2013, 
per major geographical area

2.4.b. Primary causes of forest health damage, per type of stand (broad-leaved, conifer) (percentage of quadrats 
or trees affected)

2.4.c. Primary causes of forest health damage, per species (percentage of quadrats affected) 
2.4.d. Primary causes of forest health damage, per species (percentage of trees affected) 
2.4.e. Fires in forests and other wooded land (surface areas and number of fires annually) 

2.4.e.1. Fires in forests and other wooded land (surface areas and number of average fires 
per five-year period)

2.4.f. Storms in French forests (volumes and surface areas affected)
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 2.4.a. Relative intensity of ten major forest health problems in French forests from 1989 to 2013, 
per major geographical area

Source: Maaf (forest damage systematic monitoring network, Forest Health Department)
Clarifications: The hexagons represent France. 
The colors represent the intensity of the problems: green for none, trace, slight or endemic; yellow for moderate; red for strong or epidemic.

Forest health damage suffered by forest stands
Forest health damage is assessed on the dominant trees of quadrats in the forest damage systematic monitoring 
network. A tree is deemed “affected” when it has a damage intensity score higher than 20 on a scale of 0 (none) 
to 100. A quadrat is deemed to be affected when it has less than one tree (out of the twenty comprising it) in this 
case.

n Results
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 2.4.b. Primary causes of forest health damage, per type of stand (broad-leaved, conifer) (percentage of 
quadrats or trees affected)

Annual average of the 
% of quadrats affected

Annual average of the 
% of trees affected

Primary cause of damage Species 2005-2009 2010-2014 2005-2009 2010-2014

Insects
Broad-leaved 9.1 ± 1.2 10.4 ± 2.3 0.8 ± 0.2 0.9 ± 0.3
Conifers 2.9 ± 0.8 2.2 ± 1.0 0.8 ± 0.4 0.2 ± 0.1
All species 6.0 ± 3.3 6.3 ± 4.5 0.8 ± 0.3 0.6 ± 0.4

Fungi
Broad-leaved 8.8 ± 1.9 12.0 ± 4.4 1.4 ± 0.4 1.7 ± 0.6
Conifers 6.3 ± 1.3 8.3 ± 1.8 1.3 ± 0.3 1.6 ± 0.3
All species 7.5 ± 2.0 10.1 ± 3.8 1.3 ± 0.3 1.7 ± 0.5

Damage caused by an abiotic factor (normally climatic)
Broad-leaved 8.5 ± 1.9 11.2 ± 3.0 1.2 ± 0.2 1.5 ± 0.4
Conifers 4.9 ± 0.9 7.6 ± 2.1 0.9 ± 0.3 2.2 ± 0.8
All species 6.7 ± 2.3 9.4 ± 3.1 1.0 ± 0.3 1.8 ± 0.7

Source: Maaf (forest damage systematic monitoring network, Forest Health Department)
Clarification: A tree is deemed “affected” when it has a damage intensity score allocated by the scorer higher than 20 on a scale of 0 (none) to 100. A quadrat is deemed 
to be affected when it has less than one tree (out of the twenty comprising it) in this case.

 2.4.c. Primary causes of forest health damage, per species (percentage of quadrats affected) 

Insects
Fungi

(and assimilated)
Damage due to 

an abiotic factor
2005-2009 2010-2014 2005-2009 2010-2014 2005-2009 2010-2014

Species Percentage of quadrats with significant alerts

Pedunculate oak 3.0 ± 1.3 6.9 ± 3.6 9.8 ± 3.8 11.0 ± 8.0 1.9 ± 0.7 4.9 ± 2.6
Sessile oak 3.2 ± 1.4 3.5 ± 1.9 2.3 ± 1.6 7.2 ± 6.0 1.5 ± 0.5 3.1 ± 2.0
Pubescent oak 23.8 ± 2.9 17.4 ± 3.5 3.5 ± 2.6 2.4 ± 0.5 14.7 ± 4.0 10.7 ± 0.9
Holm oak 13.1 ± 5.1 11.4 ± 5.6 3.7 ± 0.1  n.a. 24.8 ± 6.0 25.5 ± 3.5
Beech 3.1 ± 0.9 4.6 ± 1.7 2.0 ± 0.8 1.1 ± 0.4 4.1 ± 2.0 6.5 ± 2.0
Hornbeam 2.8 ± 1.0 3.8 ± 1.6 1.9 ± 0.0 1.9 ± 0.1 5.6 ± 2.0 5.7 ± 2.0
Chestnut  n.a. 10.1 ± 5.3 16.5 ± 2.9 24.0 ± 3.4 4.8 ± 1.7 9.1 ± 3.9
Ash 1.6 ± 0.0 4.2 ± 0.1 2.4 ± 0.8 10.1 ± 5.3 3.2 ± 1.2 2.5 ± 0.6
Poplars 3.3 ± 0.1  n.a. 3.3 ± 0.1 3.3 ± 0.1 7.3 ± 3.3 6.6 ± 4.1
Maples 2.3 ± 0.8 1.7 ± 0.0 1.7 ± 0.0  n.a. 1.7 ± 0.0 2.6 ± 1.3
Birch trees 2.8 ± 0.1 3.0 ± 0.1  n.a.  n.a. 5.5 ± 1.8 8.4 ± 3.0
Cherry 2.7 ± 0.1 7.7 ± 4.4 6.4 ± 3.5 4.3 ± 2.5 3.6 ± 1.3 10.3 ± 0.5
Other broadleaved species 2.4 ± 1.0 1.5 ± 0.5 1.8 ± 0.6 2.1 ± 1.0 4.3 ± 2.5 3.2 ± 1.9
All broadleaved species 9.1 ± 1.2 10.4 ± 2.3 8.8 ± 1.9 12.0 ± 4.4 8.5 ± 1.9 11.2 ± 3.0
Common spruce 4.2 ± 0.1 3.5 ± 0.1  n.a. 1.7 ± 0.0 2.1 ± 0.0 4.4 ± 0.9
Silver fir 4.1 ± 1.7 2.6 ± 0.9 9.4 ± 3.1 10.7 ± 2.7 6.6 ± 2.1 4.6 ± 2.3
Maritime pine 3.5 ± 1.5 6.8 ± 4.1 2.0 ± 0.1  n.a. 5.2 ± 2.0 3.0 ± 1.1
Scots pine  n.a. 1.3 ± 0.0 9.6 ± 2.9 16.4 ± 3.4 3.3 ± 2.3 13.2 ± 3.7
Black pines 4.5 ± 0.1 3.5 ± 0.2 4.5 ± 0.1 3.5 ± 0.2 4.5 ± 0.1 7.1 ± 3.0
Aleppo pine 6.9 ± 0.2  n.a. 13.7 ± 7.7 16.9 ± 9.4 16.5 ± 5.6 16.0 ± 8.7
Douglas fir 5.0 ± 0.0 4.5 ± 0.1 6.7 ± 2.4 4.5 ± 0.1 5.0 ± 0.0 4.5 ± 0.1
Larch 14.7 ± 9.3 6.1 ± 0.2  n.a. 6.1 ± 0.2 7.4 ± 0.3 10.2 ± 3.0
Other conifer species 9.3 ± 0.4  n.a.  n.a.  n.a.  n.a. 9.1 ± 0.0
All conifers 2.9 ± 0.8 2.2 ± 1.0 6.3 ± 1.3 8.3 ± 1.8 4.9 ± 0.9 7.6 ± 2.1
All species 6.0 ± 3.3 6.3 ± 4.5 7.5 ± 2.0 10.1 ± 3.8 6.7 ± 2.3 9.4 ± 3.1

Source: Maaf (forest damage systematic monitoring network, Forest 
Health Department)
Clarifications: A tree is deemed “affected” when it has a damage intensity score 
allocated by the scorer higher than 20 on a scale of 0 (none) to 100. A quadrat 

is deemed to be affected when it has less than one tree (out of the twenty 
comprising it) in this case.
2005-2009: average of years 2005 to 2009.
2010-2014: average of years 2010 to 2014.
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 2.4.d. Primary causes of forest health damage, per species (percentage of trees affected) 

Insects
Fungi

(and assimilated)
Damage due to 

an abiotic factor
2005-2009 2010-2014 2005-2009 2010-2014 2005-2009 2010-2014

Species Percentage of trees with significant alerts

Pedunculate oak 0.3 ± 0.2 1.1 ± 0.8 2.4 ± 1.3 2.1 ± 2.2 0.2 ± 0.1 0.5 ± 0.3
Sessile oak 0.3 ± 0.2 0.4 ± 0.3 0.4 ± 0.3 1.1 ± 0.6 0.1 ± 0.0 0.3 ± 0.2
Pubescent oak 3.1 ± 1.0 1.5 ± 0.5 0.5 ± 0.6 0.3 ± 0.3 2.3 ± 1.2 1.9 ± 0.7
Holm oak 1.1 ± 0.7 0.8 ± 0.5 3.6 ± 1.3  n.a. 4.8 ± 3.0 4.2 ± 0.7
Beech 0.9 ± 0.5 1.2 ± 0.6 0.3 ± 0.2 0.2 ± 0.1 0.9 ± 0.6 2.5 ± 1.1
Hornbeam 0.7 ± 0.4 2.0 ± 1.2 0.4 ± 0.0 0.3 ± 0.0 2.8 ± 1.4 2.1 ± 1.5
Chestnut  n.a. 5.8 ± 3.7 8.6 ± 1.2 13.9 ± 1.4 1.0 ± 0.6 2.9 ± 1.9
Ash 0.3 ± 0.0 0.7 ± 0.1 0.9 ± 0.8 5.4 ± 2.6 0.7 ± 0.3 0.5 ± 0.2
Poplars 1.2 ± 0.1  n.a. 11.9 ± 0.8 3.9 ± 4.9 4.4 ± 1.8 3.7 ± 2.1
Maples 0.7 ± 0.3 0.7 ± 0.2 0.5 ± 0.1  n.a. 1.1 ± 0.1 1.3 ± 0.5
Birch trees 0.6 ± 0.0 0.6 ± 0.0  n.a.  n.a. 3.9 ± 1.8 5.0 ± 2.6
Cherry 0.8 ± 0.1 3.5 ± 1.6 3.6 ± 1.1 1.3 ± 0.8 1.7 ± 1.2 4.8 ± 0.2
Other broadleaved species 0.6 ± 0.4 0.3 ± 0.1 0.5 ± 0.3 0.5 ± 0.4 2.1 ± 1.9 1.3 ± 1.4
All broadleaved species 0.8 ± 0.2 0.9 ± 0.3 1.4 ± 0.4 1.7 ± 0.6 1.2 ± 0.2 1.5 ± 0.4
Common spruce 2.9 ± 0.1 0.3 ± 0.0  n.a. 0.1 ± 0.0 0.2 ± 0.0 0.7 ± 0.3
Silver fir 0.4 ± 0.2 0.2 ± 0.1 1.5 ± 0.4 2.2 ± 0.3 2.0 ± 1.2 0.8 ± 0.6
Maritime pine 0.5 ± 0.2 0.5 ± 0.2 0.1 ± 0.0  n.a. 0.4 ± 0.1 0.4 ± 0.2
Scots pine  n.a. 0.2 ± 0.1 3.8 ± 0.9 4.7 ± 0.7 0.6 ± 0.5 6.6 ± 3.4
Black pines 0.8 ± 0.0 1.1 ± 0.8 0.7 ± 0.2 0.4 ± 0.1 0.9 ± 0.8 1.2 ± 0.7
Aleppo pine 0.4 ± 0.0  n.a. 3.6 ± 2.2 2.7 ± 2.2 5.7 ± 3.4 5.7 ± 1.1
Douglas fir 0.6 ± 0.3 1.7 ± 0.1 1.1 ± 0.3 2.0 ± 1.4 0.3 ± 0.0 0.9 ± 0.8
Larch 14.0 ± 11.9 0.6 ± 0.0  n.a. 5.7 ± 0.4 2.7 ± 3.1 1.7 ± 1.3
Other conifer species 3.3 ± 1.8  n.a.  n.a.  n.a.  n.a. 2.3 ± 1.2
All conifers 0.8 ± 0.4 0.2 ± 0.1 1.3 ± 0.3 1.6 ± 0.3 0.9 ± 0.3 2.2 ± 0.8

All species 0.8 ± 0.3 0.6 ± 0.4 1.3 ± 0.3 1.7 ± 0.5 1.0 ± 0.3 1.8 ± 0.7

Source: Maaf (forest damage systematic monitoring network, Forest Health Department)
Clarifications: A tree is deemed “affected” when it has a damage intensity score allocated by the scorer higher than 20 on a scale of 0 (none) to 100. A quadrat is 
deemed to be affected when it has less than one tree (out of the twenty comprising it) in this case.
2005-2009: average of years 2005 to 2009.
2010-2014: average of years 2010 to 2014.
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 2.4.e. Fires in forests and other wooded land (surface areas and number of fires annually) 
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Source: Database on forest fires in France (BDIFF), operated by the Ministry of Agriculture, Agrifood and Forests and the Ministry of the Interior and hosted 
by IGN

 2.4.e.1. Fires in forests and other wooded land (surface areas and number of average fires 
per five-year period)

1980-
1984

1985-
1989

1990-
1994

1995-
1999

2000-
2004

2005-
2009

2010-
2014

Forest area 
destroyed by 
fire

excluding Mediterranean 
area

ha/year  6,891  7,645  6,665  7,344  9,282  3,485  3,071 

% forest n.a. n.a. 0.05 0.06 0.07 0.02 0.02

in Mediterranean 
area

ha/year  30,302  33,476  21,543  9,876  23,047  8,837  3,912 

% forest n.a. n.a. 0.63 0.24 0.54 0.20 0.10

in France
ha/year  37,193  41,121  28,208  17,221  32,329  12,321  6,983 

% forest 0.23 0.25 0.18 0.10 0.19 0.08 0.04

Average number 
of fires per year

in France 5,170 4,645 4,632 6,443 4,740 4,070 2,490 

Source: Database on forest fires in France (BDIFF), operated by the Ministry of Agriculture, Agrifood and Forests and the Ministry of the Interior and hosted 
by IGN
Clarifications: The surface areas affected by fires relate to the Teruti-Lucas (up to 2009) and IGN (from 2010) surface areas for each area considered.
* Languedoc-Roussillon, Provence-Alpes-Côte d'Azur, Corsica, Drôme, Ardèche.

Fires suffered by forest stands
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 2.4.f. Storms in French forests (volumes and surface areas affected)

1965-1974 1975-1984 1985-1994 1995-2004 2005-2014
Volume in public forests (106 m3) 3.0 3.6 9.7 61.7 2.4
Volume in private forests (106 m3) 0.7 12 6.5 115.4 40.9
Total volume (106 m3) 3.7 15.6 16.2 177.1 43.3
% of the national growing stock 0.2 1 0.9 8.3 1.8
% of the wood supply 
in the corresponding period

- 2.6 2.2 20 4.7

Average volume 
per ha of metropolitan forest and per year

0.0 0.1 0.1 1.1 0.3

Average of surface areas destroyed (ha/year) about 2,500 about 9,800 about 9,300 about 115,300 about 17,000

Sources: For the 1965 to 1998 period: Doll D., 1988 and Ministry of Food, Agriculture and Fisheries, 2009
For the 1995 to 2014 periods: NFI protocols 1999 (NFI, 2003) and 2009 (NFI, 2009b) storms
Clarifications:
Damage:

- in 1995-2004: Stands with more than 10% cover affected
- in 2005-2014: Windfalls, windbreaks, uprooted or raised trees, highly-curved trees and trees with their crowns more than two thirds destroyed.

Surface area destroyed: 
- Surface area where more than 60% of damage (under cover) has been noted.

Although at this moment it is not always possible 
to produce surface or volume data of forest health 
damage at national level, the capitalization on the data 
of the forest damage systematic monitoring network 
has been taking the intensity of damage scored by the 
systematic network scorers into account since 2005. 
It is therefore possible for this edition of Sustainable 
Management Indicators to show two temporal series 
comparing measurements of main forest damage, by 
selecting the most aggressive or those with the most 
impact for the forest stands.
The previous edition took into account the presence 
of all pests separately from the level of severity of 
the damage caused by each one. Yet there are a very 
large number of pests, which sometimes overrun 
the stands and which participate in the customary 
stand dynamics and only cause them slight damage, 
normally with few consequences.
By selecting only the most significant forest health 
alerts (those with an intensity equal to or higher 
than 20 on a scale from 0 to 100) it outlines far more 
relevant mapping of damage suffered by the forests.
Comparing the two observation periods shows:

 – the clear increase in entomological alerts in 
chestnuts corresponds to the arrival of the 
chestnut gall wasp (Dryocosmus kuriphilus) in 
France in the early 2010s (2.4.c and 2.4.d);

 – the abrupt rise in pathological reports in ash 
relates to the abrupt arrival of dieback caused by 
Chalara fraxinea (2.4.c and 2.4 d);

 – the clear drop in entomological alerts in larch 
signaled the end of the gradation of the larch 
tortrix (Zeiraphera griseana) at end of the 2000s 
(2.4.c and 2.4.d);

 – the increase in pathological damage in the 
sessile oak for the 2010-2014 period is explained 
by a resurgence in signs of powdery mildew in 
the oaks during this period (2.4.c and 2.4.d);

 – relatively high levels of abiotic damage (normally 
caused by climate) are noted in the Aleppo pine, 
chestnut and the holm and pubescent oaks 
(2.4.c and 2.4.d).

n Analysis
 Forest health damage suffered by forest stands

The current indicator is sensitive to the introduction of new invasive organisms: chestnut gall wasp and ash dieback. It 
also highlights the fragility of the most exposed species.

 Storms suffered by forest stands
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The surfaces covered by the fires (2.4.e) indicate large 
year-on-year variation, basically linked to summer 
climate conditions. Generally speaking, more than 
two thirds of areas burned every year are in the 
Mediterranean region, despite a tendency for this 
proportion to drop over the last decade (2.4.e.1).
Two periods emerge, both nationally and in the 
Mediterranean region. The first, which ended in the 
1990s, features a recurrence of years severely affected 
by fires, which are more frequent in the Mediterranean 
region (1979, 1982, 1983, 1985, 1986, 1989, 1990) 
than in the rest of the country. The five-year averages 
of areas burned every year during this period are 
therefore more than 35,000 ha for France and 30,000 
for the Mediterranean region.
The second period is characterized by disaster years 
becoming rarer but on an unprecedented scale 
for these exceptional years. In this period of more 
than twenty years, the Mediterranean region only 
experienced one exceptional year – 2003 –, but this 
set a record for areas burned in this region. Weather 
conditions in the other years were more clement and 
the forest fire phenomenon seems on the point of 

being controlled in this region. The absolute record 
outside the Mediterranean region was in 2002 and 
2003 exceeded 10,000 ha. The five-year period 2000-
2004 therefore conceals the downwards trend of 
burnt areas which started both nationally and in the 
Mediterranean region in the 1990s.
The same favorable trend is noted for the number 
of fires counted every year which has tended to drop 
since the late 1990s. These encouraging results can 
be attributed partly to the combined effects of fire 
prevention and fighting systems in France, especially 
the effectiveness of the strategy to deal with incipient 
fires. Until now, except for an exceptional season, the 
systems in place to mitigate the forest fire risk are 
proving effective.
The current favorable assessment stems nevertheless 
from an extremely fragile balance, as shown by the 
2003 season, when fire control was overtaken by a 
situation of exceptional drought.

 Fires suffered by forest stands
In terms of surface area and number of fires, damage caused to the forests is dropping in conjunction with efforts to 
prevent and combat fires. The balance is fragile, however, and exceptional years from a climate point of view can still have 
very substantial consequences for the forests.

Both these storms have different profiles (2.4.f): 
the 1999 storms affected a substantial proportion 
of the French territory with about 968,000 ha of 
forest affected with more than 10% damage (NFI, 
2003), whereas the 2009 storm affected 690,000 ha 
(with more than 20% damage) (NFI, 2011) in a more 
restricted area. The volume of wood felled compared 
with the total growing stock is higher for the 1999 
storms (8%) than in 2009 (2%), as this storm affected a 
smaller proportion of the country.
Nevertheless, certain departments like Gironde and 
Dordogne have experienced both storms over a ten-
year period, which has destabilized stands and forest 
management considerably. Collateral damage is added 
to the storm damage: the large increase in deadwood 
in the plots has caused a resurgence of bark beetles, 
which have damaged not only the fallen wood but 
also healthy growing stock, resulting in an excessive 
mortality rate of 12 to 18% (NFI-Inra, 2010).
Research after these climate events has shown that 
the vulnerability of forests when faced with the storms 

was based on gusting windspeed,  on tree height 
and on the soil and landscape characteristics (IGN-
Inra-CNPF-CRPF Aquitaine, 2012). Forestry strategies 
have therefore been put forward to mitigate the 
vulnerability of forest stands to storms:

 – diversification of massifs by selecting new 
species which are more resistant to gusting 
wind;

 – restoring mixes of species (GPMF, 2012): planting 
broadleaved forest edge, keeping islands of oaks 
in the middle of maritime pine plantations, etc.

 – reducing the duration of forestry cycles which 
decrease the risk and exposure time to the risk 
(Riou-Nivert P., 2004).

 Storms suffered by forest stands
The historical changes in storm damage to forest stands earmarks the two main storms of the last twenty years: 

 – the two storms Lothar and Martin in December 1999 affected respectively Northern France from Normandy to 
Alsace and the South of France, in a band from Charente-Maritime and Gironde to the department of Rhône;

 – Klaus in 2009 crossed Aquitaine, Midi-Pyrénées and Languedoc-Roussillon.
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 Producer of data
Forest Health Department (Ministry of Agriculture) – <http://agriculture.gouv.fr/departement-de-la-sante-des-
forets>

  Methodology 

Scoring is based on a manual drawn up nationally. Only quadrats where the stand has achieved a minimum height 
and diameter are taken into account. These quadrats are located in the forestry nodes on a 16 km square grid 
covering the entire metropolitan national territory.
The forest health problem has been recorded every summer since 2005. The scoring is carried out by forest 
technicians specializing in forest health diagnosis and the scorers from the forest damage systematic monitoring 
network, who are mainly representatives-observers from DSF (field foresters from ONF, CRPF and State 
departments).
Scoring is based on a manual drawn up nationally. The most recent major revision dates from 2011. A slight 
correction to the forest health problem scoring method in this re-issue has led the scorers to clarify their alerts. 
This new method precludes a comparison as per the old method calculation used during previous editions of 
Indicators for the Sustainable Management of French Forests.
On the other hand, by taking into account the intensity of forest health problems reported it has erased this slight 
inconsistency (inasmuch as the proportion of significant alerts has changed little) and provided more interesting 
results for their interpretation.
The forest damage systematic monitoring network has been densified from 2011, above all in the Mediterranean 
region. The rate of quadrats and trees affected by forest health damage is hardly affected by this densification as 
the relative proportion of damage was no greater in the Mediterranean area than elsewhere (unlike the defoliation 
noted in 2.3).

  Bibliography
A few indicators for the health of French forests (1989-2014), Louis-Michel Nageleisen -  
<http://agriculture.gouv.fr/sites/minagri/files/thermometre_sante_foret_2014v2.pdf>

  Methodology 
The damage for the period 1965 to 1998 is estimated from figures from ONF and the Ministry of Agriculture and 
Fisheries for just the exceptional windfalls and therefore without taking into account the volumes of windfalls 
harvested regularly in mountains at the end of winter. Most figures for private forests are taken from the Doll 
thesis (1988); the equivalent surface area of volumes destroyed per year is calculated from the average volume per 
hectare of regular high forest which is the type of stand most often affected by windfalls.
The damage caused by the 1999 storm has been estimated by the NFI, mainly by interpreting aerial photographs.
Damage from the 2009 storm has been estimated by the NFI from feedback in the field points which had been 
inventoried before the storm. The volume of exceptional windfalls from 2000 to 2008 is nil.
As each period has been studied using different protocols, the continuity of results may be broken. These results 
should therefore viewed mainly as orders of magnitude.

  Bibliography
Doll D., 1988. Meteorological cataclysms in forests, PhD Thesis, University of Lyon II, Lyon, 676 p.
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NFI, 2003. The storms of December 1999 – National assessment and lessons. L'IF, 2, NFI, Nogent-sur-Vernissson, 8 p., 
<http://inventaire-forestier.ign.fr/spip/IMG/pdf/L_IF_no02_tempetes.pdf> (consulted on 10 July 2015).

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

Purpose of the indicator
Any increase in wild ungulate populations means more pressure on the forest and agricultural environment, 
mainly through additional consumption of vegetation (herbivorous pressure). This indicator used removals 
by hunting(2.4.1.b, 2.4.1.c, 2.4.1.d, 2.4.1.e, 2.4.1.f, 2.4.1.g) to monitor indirectly changes in wild ungulate 
populations: red deer (Cervus elaphus), European roe deer (Capreolus capreolus), common wild boar (Sus 
scrofa), chamois (Rupicapra rupicapra), Pyrenean chamois (Rupicapra pyrenaica), mouflon (Ovis gmelini 
musimon x Ovis Sp and Ovis gmelini musimon- var. corsicana), fallow deer (Dama dama), sika deer (Cervus 
nippon) and the Alpine ibex (Capra ibex). 
This indicator also monitors the level of cohabitation of different species of wild ungulates in common 
territories (2.4.1.a). It provides information on the complexity of managing the imbalance between forest 
and game, as the simultaneous presence of several species involves using appropriate management 
measures for each species. In addition, as different ungulate species do not have the same feeding habits 
or biological behavior, superimposing several species in a same territory can lead to accumulated impacts 
on some forest tree species (same food preferences) or successive impacts, weakening them even more (for 
example, the European roe deer eats the one-year-old fir seedlings, then the red deer eats the seedlings 
that have already branched, the roe deer rubs the stems less than 3 cm in diameter and the red deer the 3 to 
5 cm stems).
It must be pointed out that the sika deer is an invasive exotic species introduced by humans and undesirable 
in the wild in France.

Warning: Large wildlife is a major element in forest ecosystems. It is looked at here from the angle of its potentially 
negative impact on trees, especially given its herbivorous pressure. No method exists to list populations on a 
large scale. Statistics on removals through hunting are the only data available to indicate trends in populations 
of ungulates that are hunted and estimate their numbers. They are therefore used by the managers and several 
studies have been conducted to show that they can be used with relevance to monitor changes in populations in 
the medium and long term despite numerous pitfalls (the differences between two years are not necessarily caused 
by differences in abundance: change in hunting method, introduction of the hunting plan, errors in data collection, 
variability in the number of hunters, etc.).
To summarize, and despite the limits indicated, it can be stated that increasing removals should lead to reduced 
numbers in the short term. But if the removals increase further in the medium to long term, this means that they 
are not enough to stabilize the population and that the numbers continue to grow. 

2.4.1.a. Distribution of the forest surface area as per the number of ungulate species 
2.4.1.b. Ungulate kill count 
2.4.1.c. Annual removals of red deer from 1973 to 2013 
2.4.1.d. Annual removals of European roe deer from 1973 to 2013 
2.4.1.e. Annual removals of wild boar from 1973 to 2013 
2.4.1.f. DIstribution of the forest surface area as per the red deer removal densities per wooded 100 ha
2.4.1.g. Distribution of the forest surface area as per the roe deer removal densities per wooded 100 ha
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n Results 
 2.4.1.a. Distribution of the forest surface area as per the number of ungulate species 

 2.4.1.b. Ungulate kill count 
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Source: “ONCFS-FNC-FDC wild ungulate” network, cross-
referencing of species data (presence and distribution 
ranges) with the forestry map (NFI, 1996), including 
Corsica
Species involved: European roe deer, common wild board, 
fallow deer and Sika deer (presence per municipality), mountain 
deer and ungulates, including Alpine ibex.

Species 1973 1983 1993 2013
Progress over 

the last twenty 
years

Progress over 
the last thirty 

years

Progress over 
the last forty 

years
Red deer  5,395  9,076  17,525  57,944 x 3.3 x 6.4 x 10.7

European roe deer  51,010  89,443  261,418  553,632 x 2.1 x 6.2 x 10.9

Common wild boar  35,893  82,072  199,619  550,619 x 2.8 x 6.7 x 15.3

Chamois  2,518  4,008  5,458  12,248 x 2.2 x 3.1 x 4.9

Pyrenean chamois  800  961  2,062  2,679 x 1.3 x 2.8 x 3.3

Mouflon  94  682  1,412  3,190 x 2.3 x 4.7 x 33.9

Fallow deer  427  179  497  1,120 x 2.3 x 6.3 x 2.6

Sika deer  57   /  65  132 x 2.0  / x 2.3

Source: “ONCFS-FNC-FDC wild ungulate” network
Clarifications: 
1973: records from 1973-1974 season.
1983: records from 1983-1984 season.
1993: records from 1993-1994 season.
2013: records from 2013-2014 season.
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 2.4.1.c. Annual removals of red deer from 1973 to 2013 

 2.4.1.d. Annual removals of European roe deer from 1973 to 2013 
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 2.4.1.e. Annual removals of wild boar from 1973 to 2013 
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 2.4.1.f. Distribution of the forest surface area as per the red deer removal densities 
per wooded 100 ha
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Sources: “ONCFS-FNC-FDC wild ungulate” network, five-year survey “distribution of deer in France” and NFI for the forestry map (1996)
Clarifications: Removal level calculated from the number of deer killed per massif (survey per massif) applied to its forest surface area (forestry map), including Corsica.

 2.4.1.g. Distribution of the forest surface area as per the roe deer removal densities 
per wooded 100 ha
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Sources: “ONCFS-FNC-FDC wild ungulate” network, five-year survey “municipal kill count of roe deer in France” and NFI for the forestry map (1996)
Clarifications: Removal level calculated from the number of roe deer killed per municipality (municipal survey) applied to its forest surface area (forestry map), 
including Corsica.
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The increased kill counts of all hunted ungulates in 
France illustrates the major growth of these species 
over the last thirty years (2.4.1.b), especially in forest 
environments, as on average forests account for about 
40% of territories occupied by the wild ungulates 
(Saint-Andrieux and Barboiron, 2014). 
The feeding habits of ungulates - strict herbivores 
or omnivores - vary according to local bioclimatic 
conditions. Vegetation like leaves and young shoots 
on both broadleaved and conifer trees, fruit (acorns, 
beechnuts, chestnuts) or bark can form a major part of 
the feeding habits at some seasons, even all year. But, 
most frequently, these foods are only eaten when there 
are no leaves on shrubs or grassy plants, especially 
in winter and spring in biotopes with heavy, lasting 
snow. Male ungulates can also damage young trees 
by marking out their territory or clearing them (deer) 
by rubbing their antlers or horns against the stems. In 
any event, the increase in ungulate populations means 
more impacts on the habitats frequented, be they 
agricultural or forest.
Lowland ungulates have colonized mountain 
environments in recent years whereas the mountain 
ungulates have taken over lowland environments. 
At least three ungulate species are currently living 
together in more than 50% of French forests (2.4.1.a). 

An analysis of annual kill counts shows that the red 
deer is increasing regularly over the entire national 
territory (2.4.1.c). The increase in European roe deer 
slowed in 2007/2208, but has once more shown a 
regular upwards trend since 2009 (2.4.1.d). The wild 
boar kill counts reveal a general upwards trend despite 
variations from one year to the next (2.4.1.e). 
Data from the zoo-geographical survey of massifs 
with red deer which has been conducted every five 
years since 1985 monitors the distribution range of 
the deer and when overlapped with the mapped 
forest areas can be used to calculate the hunting bag 
per wooded 100 ha (2.4.1.f). Since then, the increase 
in red deer has been spectacular, both in terms of 
occupied surface area and the present numbers or 
removals made by hunters. The area occupied is very 
varied and covers virtually all environments found in 
France, with broadleaved forests and arable lands the 
most concerned. The red deer has above all colonized 
mountain environments between 1985 and 2005, but 
its distribution range has been the most extensive on 
arable lands since 2005.
In 1985, red deer occupied 26% of French forests, 31% 
in 1995, 39% in 2000, 45% in 2005 and 49% in 2010. 
Forest areas with low deer removals have declined 
sharply in 25 years and forest massifs with very large 
deer removals (2.4.1.f) are appearing.
European roe deer was found in 94% of French forests 
in 1985 and 99% since 1995. It is not found in Corsica. 
The proportion of forests with low roe deer removals 
has declined sharply in 25 years and the frequency 
of high removal classes is increasing significantly 
(2.4.1.g).

n Analysis
Overall, all wild ungulate species are increasing nationally and this change is not only due to increasing local densities 
but also through geographical expansion with distribution ranges covered by different species. 
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 Producer of data
“ONCFS-FNC-FDC wild ungulate” network 
<http://www.oncfs.gouv.fr/Reseau-Ongules-sauvages-ru104>
<http://www.oncfs.gouv.fr/Cartographie-ru4/Le-portail-cartographique-de-donnees-ar291>

  Methodology 

One of the ONCFS missions for the past 30 years has been to monitor large ungulate populations in France. 
The current “ONCFS-FNC-FDC wild ungulate” network involves all wild ungulate species in both lowland and 
mountainous France. It operates through surveys conducted with technical contacts in the network, one from the 
Departmental Federation of Hunters and one from the OCNFS departmental service for each department. Game 
removals are compiled every year by department for all huntable species from the departmental federations 
of hunters. Red deer, fallow deer, Sika deer, chamois, Pyrenean chamois, mouflon and Alpine ibex are surveyed 
periodically so that their spatial distribution can be mapped accurately. 

Kill count data are more or less reliable according to the departments and the species. In departments with 
immediate declaration of animals shot, with potential control of the animal, the reliability can be close to 95%. The 
information is more than 80% reliable on average for 80% of departments.

  Bibliography
Saint-Andrieux C., Barboiron A., Guibert B., 2014. The European fallow deer and the Sika deer continue to increase 
in France, Faune Sauvage, 304, 21-31.

Saint-Andrieux C., Barboiron A.,  2014. Wild ungulate kill counts 2013-2014 season, Faune Sauvage, 304, 8 p. 
Detachable supplement.

Saint-Andrieux C., Barboiron A., Corti R., Guibert B., 2012. The recent increase in large wild ungulates in France, 
Faune Sauvage, 294, 10-17.

Corti R., 2012. Inventory of mountain ungulate populations conducted in 2011, report, ONCFS, Paris, 51 p. Report 
available on the Internet: <http://www.oncfs.gouv.fr/Ongules-de-montagne-bouquetin-chamois-isard-ru244/
Inventaire-des-ongules-de-montagne-en-2011-ar1405> (consulted on 16 November 2015).

Saint-Andrieux C., 2010. The “ONCFS-FNC-FDC wild ungulate” network and monitoring of the numeric 
and spatial increase of these species in France, report, ONCFS, Paris. 48 p. Report available on the Internet:  
<http://www.oncfs.gouv.fr/IMG/file/mammiferes/ongules/reseau_ongules_sauvages_oncfs_fnc.pdf> (consulted 
on 16 November 2015).

n Data sources and methodology

Authors: Christine Saint-Andrieux and Aurélie Barboiron (ONCFS)
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Criterion overview

This criterion aims to assess the quantity and value of the produced goods and marketed services as well as 
to make sure that these productions are sustainable using multipurpose management.

The information compiled encompasses highly-contrasting local situations in terms of forest types, forest 
management (Aquitaine forests, Mediterranean forests, etc.) and of ownership. 

The indicators proposed focus on matching the available resource and the annual timber harvest (3.1), the 
ease of access to the resource for logging purposes (3.1.1), the creation of value from marketing timber 
and non-timber resources and forest services (3.2, 3.3, 3.4) and the existence of sustainable management 
documents which ensure steady production of goods and services, forest regeneration and smooth 
functioning of the forest ecosystem (3.5).

Criterion goals 

Analysis
On average, 50% of the net timber production was felled in 2010 (mean year). The felling rate varies between 
regions and species: the felling rate of broadleaved species is highest (more than 60%) in the North and 
East of France whilst the rate for conifers is more than 70% in Alsace, Picardy and Franche-Comté and over 
100% in Aquitaine. Conversely, felling rates are far lower in the South-East and Corsica. These globally low 
felling rates go hand-in-hand with a large increase in volume per hectare over the last thirty years. These 
capitalizations are the result of an increase in productivity per hectare, combined with expanding areas and a 
shortfall in fellings and stand renewal.

The forest logging potential reveals the technical and financial brakes on full mobilization of the available 
wood resources. About 60% of French forests (in surface and in volume) is easily accessible for timber 
harvest. Nevertheless, to the accessibility varies widely between regions, as reflected by the intensity and 
frequency of fellings.

An estimated 62 million cubic meters of timber were harvested in total in 2013, a level close to the annual 
average of the last twenty years, with the exception of 80 million cubic meters harvested after the December 
1999 storms. Of the 62 million cubic meters harvested in 2014, 38 million cubic meters were marketed for a 
value of 1.8 billion euros, i.e. €49/m3on average. Nearly half of the harvested volume is subject to sustainable 
management certification.

Due to their diversity, the multiplicity of players and the lack of systematic statistical monitoring, it is far 
more difficult to assess the harvest and marketing of non-timber forest products and the production of 
forest services. It goes without saying that non-timber products remain a primordial issue in sustainable 
development. Not only do they generate additional –  sometimes substantial  – revenue for the managers 
or other players in the sector, they also make a substantial contribution to regional development and 
maintaining landscapes and forest spaces. Their multiplicity illustrates the variety of goods and services 
provided by multipurpose forest management. Although most of the non-timber goods and services remain 
non-commercial (biodiversity, recreation, carbon storage, water quality preservation, etc.) – see Criterion 6 –, 
some can be marketed and therefore have a commercial value. This is especially true of venison, cork, truffles, 
forest seedlings and seeds, honey, Christmas trees and hunting licenses which generate a global commercial 
value of several tens of millions of euros every year.

Lastly, the total surface area of French forests with an approved sustainable management document 
accounts in 2014 for more than 48% of the wooded area in France. There is an overall upward trend over the 
period.

Overall, French forest management seems to ensure the sustainability of forest productions: the forests are 
fairly accessible, the felling rate remains lower than the biological production, revenues from marketing 
timber as well as other products and services are globally on the up, the surface areas subject to sustainable 
management are increasing.
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However, the performance of the French forest management must be analysed more broadly: it is important 
to maintain non-commercial forest functions (see especially Criteria 4 and 6), to monitor the health of 
forest ecosystems (see Criterion 2) and to ensure the survival of the forest (see Criterion 1) whilst all the 
time seeking to optimize the timber harvest. Over-logging may well be prejudicial but under-logging is not 
necessarily a good idea either, as it deprives society of a renewable resource (material and energy) which 
could help improve the trade balance, employment and environmental performance.

Several factors contribute to limiting logging of the available resource. In a context of growing international 
competition, poorly-controlled mobilization costs can discourage from harvesting in certain forests. Thus, 
apart from the fragmentation and growth in logging costs, the proportion of forests (and growing stock) 
which are less accessible increases and the logging rates drop quickly with the difficulties. At the same time, 
the French and European forest sector is still very out-of-step with successful promotion of the broadleaved 
resource which is predominant in France. Thus, less logging takes place in broadleaved forests on average 
than in conifer forests and the resource increases steadily. Conifer forests are most in demand, except in 
difficult logging conditions (mountains). Lastly, the value creation distribution changes to the detriment of 
large trees due to a lack of suitable industrial tools in the country. 

These observations are more or less acute according to the regional contexts, the species and types of 
timber, which justifies continuing reflections reconciling national interests and specific local features in line 
with the challenges and characteristics of the forests (region, massif, etc.).

Author: Claire Montagné-Huck (Laboratory of Forest Economics, Inra-AgroParisTech)

The majority of the results presented in this criterion come from proven sources. However, their robustness 
can differ: the data are sometimes generalized from small samples, aggregated from varied or partial 
sources and methods, expert estimates, etc. (see Indicator 3.3 for example). Thus, despite the care and rigor 
in drawing up these sustainable management indicators (method exactness, presentation of confidence 
intervals, etc.), they must be handled and interpreted with care, mainly and perhaps above all when making 
international comparisons.

Conclusion
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Indicators of the criterion

3.1. Timber production and harvest ............................................................... 142
3.1.a. Timber production and fellings for metropolitan France

3.1.b. Felling and mortality rates per main species for metropolitan France

3.1.c. Regional timber felling, mortality, enhancement and regeneration rates  
per major type of species

3.1.d. Volume per hectare of principal in species and total volume per hectare 
of stands where they are principal, from 2005

3.1.1. Logging potential of forests .................................................................. 150
3.1.1.a. Forest area per logging potential class

3.1.1.b. Growing stock per logging potential class

3.1.1.c. Timber production and felling per logging potential class

3.1.1.d. Logging potential per administrative region (in surface area and 
volume)

3.2. Volume and value of harvested timber .................................................. 155
3.2.a. Volume and value of harvested timber

3.2.b. Volume of timber marketed by the large managers

3.3. Quantity and value of forest products marketed other than timber 161
3.3.a. Quantities and values of forest products other than marketed timber 

3.3.b. Main medicinal, aromatic or perfumed plants used in France

3.4. Value of commercial services .................................................................... 170
3.4.a. Value of listed commercial services

3.5. Sustainable management documents .................................................... 173
3.5.a. Surface area and proportion of forests covered by approved sustainable 

management documents 

3.5.b. Proportion in private forests available for wood supply of surface areas 
covered by sustainable management documents, per region 
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3.1. Timber production and harvest

3.1.a. Timber production and fellings for metropolitan France
3.1.b. Felling and mortality rates per main species for metropolitan France
3.1.c. Regional timber felling, mortality, enhancement and regeneration rates  

per major type of species
3.1.c.1. Regional variation in the broadleaved felling rate
3.1.c.2. Regional variation in the conifer felling rate

3.1.d. Volume per hectare of principal in species and total volume per hectare of stands where they are principal, 
from 2005
3.1.d.1. Changes in the volume per hectare of the common spruce and the Douglas fir

Purpose of the indicator
In a balanced forest, human harvest and natural mortality offset the gross biological production and thus 
maintain a constant volume of growing stock. The deviation from such a balance can be assessed using the 
felling rate. This is the ratio between timber fellings and the biological production from which the mortality 
has been deducted. The felling rate of a balanced forest is equal to 100%. It may serve as a reference for a 
given forest but it is not necessarily a short-term objective: in young forests, cutting operations prepare for 
the future and the rate should be less than 100%. Conversely, an aging forest needs to be renewed more 
than the average and therefore requires a felling rate higher than 100%. In addition, the mortality rate which 
relates the annual dead volume to the gross production is another useful indicator. This is expected to 
increase if there are still too few fellings. Lastly, besides the average French felling rate (3.1.a), it is proposed 
to analyze the felling and mortality rates per species (3.1.b), regions and size categories (3.1.c). 

The size category analysis distinguishes between small and medium-sized trees and large and very large 
trees. Relating fellings from these categories to the net production is used to calculate an enhancement rate 
for small and medium-sized trees and a regeneration rate for the large and very large trees. Note that the 
net biological production of each category occurs without taking account of changes in category (medium-
sized trees to large trees) due to growth in the observation period. For this, the two calculated rates do not 
correspond to felling rates. Thus, the theoretical value of the enhancement rate is far below 100% (it is often 
30 to 70% according to the silviculture guides) as the aim is to thin out young formations and not to renew 
them. On the contrary, the regeneration rate should be far higher than 100% inasmuch as felling in mature 
stands rewards past growth. 

Changes in volume per hectare of the various species (3.1.d) incorporate the factors which make up the 
felling rate (fellings, biological production and mortality) and thus complement the analysis.
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n Results 

 3.1.a. Timber production and fellings for metropolitan France

2005-2012
Mean year 2008

Gross biological production 
   (wood in 106 m3 over bark /year)

91.3 ± 1.3

Mortality 
   (wood in 106 m3 over bark /year)

8.5 ± 0.5

Net biological production 
(wood in 106 m3 over bark /year)

82.8 ± n.a.

Fellings 
   (wood in 106 m3 over bark /year)

41.4 ± 2.3

Felling rate 50%
Mortality rate 9%

Source: IGN, national forest inventory
Forest domains and time span: 
Forest available for wood supply, 2005-2012 period

Campaigns 2010 to 2013 for the mortality and production of living trees and 
ordinary windfalls.
Campaigns 2005 to 2008 for the fellings and the production of cut trees 
(inventory plots visited a second time during the 2010 to 2013 campaigns).

Clarifications: The felling volumes are assessed only on living trees; natural 
losses (dead trees) are not counted.

 3.1.b. Felling and mortality rates per main species for metropolitan France

Source: IGN, national forest inventory
Forest domains and time span: 
Forest available for wood supply, 2005-2012 period
Campaigns 2010 to 2013 for the mortality and production of living trees and 
ordinary windfalls.
Campaigns 2005 to 2008 for the fellings and production of cut trees.

Clarifications: 
The mortality rate is the ratio between the volumes of trees that died in the last 5 
years and the gross volume produced (both annualized).
The felling rate is the ratio between the volume felled and the net volume 
produced (both annualized), i.e. from which the mortality is deducted.
The volume of harvested dead trees is unknown. The natural losses (dead trees) 
are assessed only on the non-harvested timber and the felling assessed only on 
the living trees.
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 3.1.c. Regional timber felling, mortality, enhancement and regeneration rates  
per major type of species

2005-2012 (Mean year 2008)

Type of species Region Felling rate 
of annual increment

Natural mortal-
ity  

rate

Enhancement 
rate 

(small and medium-
sized trees) 

Regeneration 
rate 

(large and very large 
trees)

%

Broad-leaved

Alsace 60 5.1 50 135
Aquitaine 35 10.7 35 33
Auvergne 34 11.5 31 55
Basse-Normandie 45 5.6 33 113
Burgundy 48 6.3 43 87
Brittany 23 13.7 23 26
Centre 44 9.3 38 89
Champagne-Ardenne 42 3.3 34 91
Corsica 4 25.6 4 0
Franche-Comté 57 4.6 44 132
Haute-Normandie 50 5.8 42 76
Île-de-France 49 14.1 42 91
Languedoc-Roussillon 16 18.7 15 31
Limousin 47 12.7 42 101
Lorraine 62 2.6 48 157
Midi-Pyrénées 22 10.4 21 37
Nord-Pas-de-Calais 60 2.3 50 101
Pays de la Loire 41 7.8 39 64
Picardy 60 5.4 52 106
Poitou-Charentes 40 11.9 40 46
Provence-Alpes-Côte d'Azur 17 25.3 17 0
Rhône-Alpes 20 16.4 20 29
Total broad-leaved 41 9.5 35 87

Conifers

Alsace 84 5.3 68 148
Aquitaine 119 6.2 101 296
Auvergne 58 11.7 55 81
Basse-Normandie 47 n.s. 49 33
Burgundy 68 7.6 70 51
Brittany 51 9.2 47 67
Centre 50 5.7 42 121
Champagne-Ardenne 70 2.8 74 24
Corsica 47 n.s. 31 78
Franche-Comté 76 5.1 56 153
Haute-Normandie 48 n.s. 53 23
Île-de-France 23 n.s. 19 n.s.
Languedoc-Roussillon 42 11.2 40 69
Limousin 68 3.9 65 88
Lorraine 53 3.5 41 129
Midi-Pyrénées 22 7.4 20 36
Nord-Pas-de-Calais n.s. n.s. n.s. n.s.
Pays de la Loire 36 n.s. 34 55
Picardy 71 n.s. 88 n.s.
Poitou-Charentes 67 n.s. 59 179
Provence-Alpes-Côte d'Azur 36 27.8 32 69
Rhône-Alpes 41 13.3 32 77
Total conifers 64 9.0 56 112

Total (metropolitan France) 50 9.3 43 98

Source: IGN, national forest inventory
Forest domains and time span: Forest available for wood supply, 2005-2012 period. Campaigns 2010 to 2013 for the mortality and production of living trees and 
ordinary windfalls. Campaigns 2005 to 2008 for the fellings and production of cut trees.
Clarification: Diameter at breast height (1.3 m) between 7.5 cm and 47.5 cm for small and medium-sized trees, higher than or equal to 47.5 cm for large and very 
large trees.
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Source: IGN, national forest inventory
Forest domains and time span: 
Forest available for wood supply, 2005-2012 period:
Campaigns 2010 to 2013 for the mortality and production of living trees and ordinary windfalls.
Campaigns 2005 to 2008 for the fellings and production of cut trees.

 3.1.c.1. Regional variation in the broadleaved 
felling rate

 3.1.c.2. Regional variation in the conifer felling 
rate

Broad-leaved removal rate

< 25%

> 50%

26 - 41%

42 - 50%

Conifer removal rate

< 30%

> 100%

31 - 64%

65 - 100%
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 3.1.d. Volume per hectare of principal in species and total volume per hectare of stands where they are 
principal, from 2005

1981 1986 1991 1996 2006-2009 2008-2012

Species Total surface area of the territory Volume of main spe-
cies per hectare*

Volume of entire 
stand per hectare

Volume of main 
species per  

hectare*

Volume of 
entire stand per 

hectare

m3 over-bark /year

Pedunculate oak
90 96 102 103

105 ± 5 164 ± 6 103 ± 4 165 ± 6
Sessile oak 136 ± 5 195 ± 7 141 ± 5 200 ± 7
Beech 130 131 134 136 136 ± 7 204 ± 9 140 ± 7 209 ± 9
Chestnut 87 89 99 100 115 ± 11 171 ± 13 119 ± 10 174 ± 12
Pubescent oak 41 46 50 56 59 ± 4 79 ± 5 60 ± 4 81 ± 5
Hornbeam 55 57 64 67 66 ± 6 152 ± 10 71 ± 6 157 ± 10
Common ash 73 75 76 76 85 ± 10 162 ± 16 89 ± 9 166 ± 14
Birch 46 47 49 51 42 ± 8 88 ± 16 49 ± 8 98 ± 16
False acacia 64 71 73 78 85 ± 19 135 ± 25 84 ± 18 132 ± 24
Holm oak 23 26 28 30 32 ± 4 44 ± 5 37 ± 4 50 ± 5
Aspen 64 65 69 68 74 ± 24 144 ± 40 75 ± 25 145 ± 27
Large alder 95 98 104 115 108 ± 28 164 ± 39 116 ± 27 182 ± 36
Large maple 53 56 60 66 68 ± 25 151 ± 44 62 ± 19 139 ± 33
Small maples 30 28 28 27 32 ± 24 68 ± 25 29 ± 12 73 ± 25
Cherry trees 35 37 35 38 n.s. 66 ± 44 n.s. 69 ± 37
Lime tree 71 74 75 83 83 ± 31 187 ± 65 82 ± 27 184 ± 49
Cultivated poplar Information not collected 122 ± 24 143 ± 29 134 ± 24 161 ± 28
Other broadleaved 
species

45 48 48 48 47 ± 8 73 ± 10 46 ± 8 69 ± 9

Total broad-leaved 83 88 93 94 136 ± 3 146 ± 3 139 ± 2 149 ± 2

Common spruce 141 152 170 187 250 ± 20 306 ± 23 256 ± 19 318 ± 22
Silver fir 228 226 230 239 253 ± 20 321 ± 23 255 ± 19 331 ± 22
Scots pine 99 101 105 105 118 ± 9 147 ± 11 116 ± 8 146 ± 10
Maritime pine 113 130 132 142 111 ± 10 120 ± 10 109 ± 10 118 ± 11
Douglas fir 54 82 109 129 199 ± 26 232 ± 28 232 ± 30 267 ± 32
Corsican pine 119 124 127 129 156 ± 38 178 ± 40 148 ± 33 170 ± 37
Austrian pine 108 110 116 117 110 ± 28 129 ± 30 115 ± 26 136 ± 29
European Larch 129 128 127 146 162 ± 37 193 ± 41 156 ± 32 184 ± 38
Aleppo pine 42 44 44 51 58 ± 12 63 ± 13 60 ± 11 68 ± 12
Other conifer species 63 84 104 116 135 ± 32 163 ± 37 132 ± 32 162 ± 38

Total conifers 119 128 135 143 173 ± 6 189 ± 6 177 ± 6 195 ± 6

Total 96 102 108 112 158 ± 2 158 ± 2 161 ± 2 161 ± 2

Source: IGN, national forest inventory
Forest domains and time span: 
Years 1981, 1986, 1991 and 1996: forest available for wood supply excluding poplar plantations and including thickets, departmental inventories focused on the years 
listed.
Years 2006-2009: forest available for wood supply, campaigns 2006-2009
Years 2008-2012: forest available for wood supply, campaigns 2008-2012
Clarifications: * The values for volume of the main species per hectare should be interpreted as the proportion of the volume per hectare which is in the species in 
question ; the volume per hectare in each stand is therefore the sum of the proportion of each species found in the stand.
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The average harvest rate in metropolitan French 
forests is around 50% (Table 3.1.a). This is a slight 
under-estimation inasmuch as the fellings do not 
include the 2009 windfalls. However, it is very low and 
cannot simply be due to the inaccessibility of certain 
areas (see Indicator 3.1.1 which shows that 69% of 
surface areas and volumes can be easily logged) or the 
relative immaturity of part of the forest. Note also that 
mortality has a significant effect as it is close to one 
tenth of gross production. 

Generally speaking, this felling rate is substantially 
lower for broadleaved species (41%) than for conifers 
(64%) (Figure 3.1.b and maps 3.1.c.1 and 3.1.c.2). 
Conifer felling remains substantially lower than 100% 
on average. The mortality rate, expressed in proportion 
to the gross production, differs little between the 
two species categories (between 9.0 and 9.5%). The 
felling rate within broadleaved species is nearly 
60% for the sessile oak and cultivated poplar and, 
normally, above its average value of 41% for the main 
social broadleaved species which also include the 
pedunculate oak, beech and chestnut. On the contrary, 
the other broadleaved species are characterized by a 
very low rate of around 25% (except hornbeam). The 

mortality rate is especially high for the chestnut, which 
is suffering several plant health problems (mainly gall 
wasp). All the conifer species have a felling rate of over 
40%. The maritime pine and common spruce stand 
out from the others. Mortality seems high for the Scots 
pine because it relates here to the gross production 
which is low in terms of growing stock volume. 

Significant differences can be seen between the 
regions. The average felling rate for broadleaved 
species is low (lower than or equal to the 41% average) 
south of a line going from Mount St Michel to Geneva 
but excluding the Centre-Val-de-Loire and Limousin 
regions which belong to the upper section. One point 
of interest is the significant differences in high and 
low felling rates for the two north and south areas, 
as shown in Table A1. Thus, in the West and South of 
France, broadleaved species are normally rarely felled, 
are rarely renewed when they are large or very large 
and thus suffer high mortality (even more marked in 
the Mediterranean south). In the rest of metropolitan 
France, the felling, enhancement or regeneration rates 
are close to the average all species together, whilst the 
mortality rate is fairly low.

n Analysis
The analysis of the biological production, timber felling and mortality highlights the low harvest rate virtually throughout 
the whole of France. It is a matter of concern that the large and very large trees are not being felled more than their 
increment, which means that their renewal is far from certain. Natural mortality is thus correlated with this low felling 
level in both enhancement and regeneration: it is higher for the broadleaved species especially in the West and South of 
France. The growing stock per hectare is increasing practically everywhere at the same time. This increase results as much 
from past expansion in surface areas as from the shortfall in felling and renewal which has just been discussed. 

Table A1 - Average management  
characteristics for broadleaved species for  
two large types of region

Felling rate Mortality rate Enhancement rate Regeneration rate 

 %
Regions with above-average felling rate 51 6 43 107
Regions with below-average felling rate 27 13 26 39
Metropolitan France 41 9.5 35 87

 3.1.d.1. Changes in the volume per hectare of the common spruce and the Douglas fir

Source: IGN, national forest inventory
Forest estates and time domains involved: see 3.1.c
The dominant nature of the two species considered and the speed of change in 
these cases of the volume of growing stock per hectare are used to overcome 
the change in method in 2005 to achieve this continuous representation from 
1981 to 2010. 
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Table A2 - Average management  
characteristics for conifers for  
two large types of region

Felling rate Mortality rate Enhancement rate Regeneration rate 

 %
Regions with above-average felling rate 90 6 79 161
Regions with below-average felling rate 45 11 39 80
Metropolitan France 64 9 56 112

A contrast becomes clear for conifers between two 
“dipoles” formed, firstly, of regions in the South-West 
and a large North-East (excluding Lorraine) and, 
secondly, in the North-West and South-East. The 
differences are marked between these two sets of 
regions, as shown in Table A2. In the North-East/South-
West “dipole”, except for the special case of Aquitaine 
where the processing capacity is high compared with a 
reduced resource due to storms, fellings are high with 
clear renewal of large and very large trees and a low 
mortality rate, unlike the complementary North-West/
South-East “dipole”.

If we look at small and medium-sized trees only, we 
can see an average enhancement rate of 43%, which 
means that slightly less than half the volume produced 
is logged during the life of the stand to encourage 
the future crop trees. This rate falls within the range 
of values resulting from silviculture guides. It is also 
lower for the broadleaved species (35%) than for the 
conifers (56%). These results are subject to a technical 
effect of the 47.5 cm threshold which is not reached 
by broadleaved stems harvested in coppice and 
some conifers removed from regeneration below this 
threshold (especially maritime pine). 

The regeneration rate is on average close to 100%, 
which means that only the increment is cut for the 
large and very large trees. Normal renewal would 
justify exceeding this reference to compensate for the 
fact that felling is less than the increment during the 
first part of the life of the trees. The shortage of renewal 
is clearly highlighted here. The situation is even worse 
for the broadleaved species (rate of 87%) than for 
the conifers where a very slight renewal is shown on 
average (rate of 112%). 

The changes in volume per hectare of the main conifer 
species narrow the previous observation, with a low 
felling rate resulting in an increased growing stock. 
Given the change in method in 2005, figures either 
side of the red line in Table 3.1.d must be compared 
with care. The old inventory method (pre-2005) 
only counted high forest trees as main species. The 
auxiliary species like ask, birch, aspen and the other 
broadleaved species and conifers must therefore be 
removed from the analysis. Note, nevertheless, that the 
volumes per hectare of most species have increased 
overall in recent decades. This trend is even more 
marked in the common spruce and Douglas fir, two 
species which have been widely planted over these 
past few decades (3.1.c.1). 
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Authors: Marine Dalmasso (IGN) and Jean-Luc Peyron (Gip Ecofor)

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

  Methodology 
Mortality relates to the volume of standing deadwood and windfall trees.

Calculations

Valid for the “total” felling rate, the enhancement rate of 
“small and medium-sized trees” and the regeneration rate 
of “large and very large trees”, provided that, in the latter 
two cases, the transfer in volume between medium-sized 
and large trees due to growth is not taken into account 
under the production.

Changes in data
A change in inventory method occurred in 2005. It brought with it a risk of a break in continuity, mainly in the 
identity of the main species (3.1.c), which was previously determined by the operators in the high forest and 
undergrowth but which is now calculated on the entire stand using cover rates. Thus, under the old method, the 
auxiliary species were rarely defined as a main species. Calculating this datum from cover rates brings out the 
auxiliary species in some stands as main species and thus increases their surface areas. 

See IGN, 2014a and IGN, 2014b for details on the inventory method.
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IGN, 2012. What are the exploitable resources? Spatial and temporal analysis, L'IF 30, Nogent-sur-Vernisson, 16 p., 
<http://inventaire-forestier.ign.fr/spip/IMG/pdf/IF30.pdf> (consulted on 9 July 2015).

IGN, 2014a. To understand fully the published results, <http://inventaire-forestier.ign.fr/ocre-gp/docs/methodologie.
pdf> (consulted on 18 January 2015).

IGN, 2014b. Definitions, <http://inventaire-forestier.ign.fr/spip/spip.php?article595> (consulted on 18 January 
2015).

IGN, 2014c. Downloadable raw data, <http://inventaire-forestier.ign.fr/spip/spip.php?article335> (consulted on 
12 May 2015). 

IGN, 2014d. Production, fellings, mortality, flows, results communication leaflet,  
<http://inventaire-forestier.ign.fr/spip/?article765>, (consulted on 18 January 2015).

Peyron J.-L., Hervé J.-C., 2012. How to assess the logging level of French forest resources?, Revue Forestière 
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n Data sources and methodology

Net production = gross production – mortality

Removal rate  =
removals

net production

Mortality rate = mortality
gross production

http://inventaire-forestier.ign.fr/spip/
http://inventaire-forestier.ign.fr/spip/IMG/pdf/IF_prel-prod_web2.pdf
http://inventaire-forestier.ign.fr/spip/IMG/pdf/IF30.pdf
http://inventaire-forestier.ign.fr/spip/spip.php?article335
http://inventaire-forestier.ign.fr/spip/spip.php?article335
http://inventaire-forestier.ign.fr/spip/spip.php?article335
http://inventaire-forestier.ign.fr/spip/spip.php?article335
http://inventaire-forestier.ign.fr/spip/?article765


Productive functions of forests

150

Criterion 3

3.1.1. Logging potential of forests

Purpose of the indicator
Five criteria relating to the conditions in which timber can or cannot be logged determine the logging 
potential of a stand: the hauling distance, the presence of hauling roads, the maximum hauling slope, the 
bearing capacity and unevenness of the ground. These criteria are recorded in the field and combined to 
define four national logging potential classes – easy, average, difficult and very difficult. For each of these 
classes, the indicator presents the forest areas (3.1.1.a), the volume of growing stock (3.1.1.b) and the flows 
of timber in the stands (production, felling and mortality) (3.1.1.c). In addition, the forest areas and growing 
stock volumes in each of the logging potential classes are also broken down per administrative region 
(3.1.1.d).

The logging potential class given here relates to the physical logging potential, without prejudging the actual 
logging level which also depends on socio-economic conditions (hauling and transport costs, investment 
in access roads, silviculturists’ wishes, etc.). However, in a given socio-economic context, the harvest will be 
encouraged all the more the easier the physical logging potential.

n Results 

 3.1.1.a. Forest area per logging potential class

1981 1986 1991 1996 2006-2009 2008-2012
Logging 
potential class Surface area

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

Easy 8,174 61 8,253 61 8,366 62 8,541 62 8,916 ± 104 58 9,286 ± 99 60
Average 1,516 11 1,469 11 1,464 11 1,426 10 1,369 ± 58 9 1,335 ± 54 9
Difficult 3,330 25 3,483 26 3,587 26 3,671 27 4,926 ± 95 32 4,901 ± 87 31
Very difficult 313 2 239 2 180 1 183 1 108 ± 17 1 84 ± 15 1
Sub-total 13,333 100 13,444 100 13,597 100 13,821 100 15,318 ± 104 100 15,606 ± 99 100
Indeterminate 4 127 270 270 n.s. n.s.

Total 13,337 13,571 13,867 14,091 15,319 ± 104 15,606 ± 99

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

3.1.1.a. Forest area per logging potential class
3.1.1.a.1 Forest area per logging potential class 

3.1.1.b. Growing stock per logging potential class
3.1.1.b.1. Growing stock per logging potential class 

3.1.1.c. Timber production and felling per logging potential class
3.1.1.d. Logging potential per administrative region (in surface area and volume)

3.1.1.d.1. Proportion of the surface area with easy to average logging potential in each region
3.1.1.d.2. Proportion of the growing stock volume with easy to average logging potential in each region 
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 3.1.1.a.1 Forest area per logging potential class 

0

2 000

4 000

6 000

8 000

10 000

2010 2007 1996199119861981

1 000 ha

Very di�cult
Di�cult
Moderate

Easy

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

 3.1.1.b. Growing stock per logging potential class

1981 1986 1991 1996 2006-2009 2008-2012

Logging 
potential class Volume

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

Easy 1,067 62 1,146 62 1,228 62 1,312 62 1,414 ± 33 58 1,511 ± 31 60
Average 193 11 200 11 207 10 216 10 230 ± 17 10 231 ± 16 9
Difficult 428 25 477 26 530 27 568 27 760 ± 27 31 765 ± 25 30
Very difficult 35 2 31 2 26 1 31 1 15 ± 5 1 11 ± 5 0
Total 1,723 100 1,854 100 1,991 100 2,127 100 2,420 ± 41 100 2,518 ± 38 100

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

 3.1.1.b.1. Growing stock per logging potential class 

Source: IGN, national forest inventory
Forest estates and time domains involved: 
Years 1981, 1986, 1991 and 1996: forest available for wood supply 
excluding poplar plantations and including thickets, departmental 
inventories focused on the years listed
Year 2007: forest available for wood supply, campaigns 2006-2009
Year 2010: forest available for wood supply, campaigns 2008-2012
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 3.1.1.c. Timber production and felling per logging potential class

2005-2012

Logging potential class

Easy Average Difficult Very difficult Total

Gross biological production (106 m3/year) 60.4 ± 1.2 8.1 ± 0.6 22.6 ± 0.8 0.2 ± 0.1 91.3 ± 1.3
per hectare (in m3/ha/year) 6.4 ± 0.1 6.2 ± 0.4 4.5 ± 0.1 2.6 ± 1.2 5.8 ± 0.1

Mortality (106 m3/year) 4.4 ± 0.3 0.7 ± 0.2 3.4 ± 0.3 0.1 ± 0.1 8.5 ± 0.5
per hectare (in m3/ha/year) 0.5 ± 0.1 0.5 ± 0.2 0.7 ± 0.1 1.1 ± 1.8 0.5 ± 0.1

Felling (106 m3/year) 31.4 ± 2.1 3.7 ± 0.9 6.3 ± 1.2 ε ± ε 41.4 ± 2.3
per hectare (in m3/ha/year) 3.6 ± 0.2 2.6 ± 0.7 1.3 ± 0.2 0.2 ± 0.3 2.7 ± 0.2

Net felling rate (%) 56 50 33 13 50

Source: IGN, national forest inventory
Forest estates and time domains involved: 
Forest available for wood supply, years 2005-2012: 
Campaigns 2010 to 2013 for the mortality and production of living trees and ordinary windfalls.
Campaigns 2005 to 2008 for the fellings and production of cut trees.
Clarifications: The significant values have not been filtered here. The figures in italics, where the confidence interval is greater than or equal to the value of the variable, 
should be processed with great care 

 3.1.1.d. Logging potential per administrative region (in surface area and volume)
See below the graphic representations 3.1.1.d.1 and 3.1.1.d.2 of this table. 

 3.1.1.d.1. Proportion of the surface area with 
easy to average logging potential in each region

 3.1.1.d.2. Proportion of the growing stock 
volume with easy to average logging potential in 
each region 

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

Percentage of the 
surface area which is 
“easy to moderate” 
loggable

< 30%

30 - 50%
50 - 70%
70 - 90%

> 90%

Percentage of the 
volume which is “easy 
to moderate” loggable

30%

30 - 50%
50 - 70%
70 - 90%

> 90%
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Table 3.1.1.a shows the difficulty level of the logging 
potential of French forests. Note therefore than 60% of 
the surface area has “easy” logging potential and that 
nearly one third is difficult or very difficult. In a context 
of expansion of the French forest area, the proportion 
of each class remains stable, except for areas with 
“difficult” logging potential which is growing: this 
could be a consequence of agricultural abandonment 
in medium mountains. 
Table 3.1.1.b shows a significant increase in growing 
stock volumes in each logging potential category, 
with each one keeping globally identical proportions. 
This can be explained with Table 3.1.1.c which 
details the production, mortality and fellings for each 
logging potential modality. Thus, production, when 
related to the surface area in question, drops when 
the logging potential becomes more difficult. This 
can be explained by different soil-climate contexts 
between the logging potential classes: the easy areas 
correspond to lowland areas, with a climate and soils 
that are favorable to forests, whereas the areas where 
logging is more arduous are normally mountain areas, 
with more severe winters, shorter vegetation periods 
and often shallower soils. A trend is also noticeable in 
the mortality per hectare: this increases as the logging 
potential becomes more difficult. Nevertheless, this 

result should be analyzed with care as, logically, 
more fellings take place in areas with easy logging 
potential. In stands which are logged regularly, the 
dead or died back trees tend to be removed before 
the wood deteriorates. Dead trees less than five years 
old used to calculate the mortality are therefore less 
frequent in the more easily logged forests, which limits 
the appearance of mortalities compared with highly 
inaccessible areas.

In terms of felling, it must be underlined that over 
three quarters of fellings take place in forests with 
easy logging potential, in conjunction with higher 
mobilization costs elsewhere.

Table 3.1.1.d lastly shows heterogeneity in logging 
potential of forests according to the regions, which 
dictates the fellings in them and therefore the facility 
of the forest management. Nevertheless, the variable 
presented here relates to a national grid which can 
sometimes be far removed from local contexts: in 
mountain areas, for example, appropriate equipment 
can be used to manage and log stands with “difficult” 
logging potential.

n Analysis
More than half of French forests lend themselves to logging. Extensive heterogeneity can nevertheless be seen according 
to the regions. Felling intensity and frequency are highly correlated to the level of logging potential which dictates the 
logging and transport costs for the timber and therefore whether or not the harvest is profitable for the owner.
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The volume presented here is the “overbark stem” volume for trees eligible for inventory (i.e. trees more than 
7.5 cm in diameter at 1.3 m tall). The “overbark stem” volume is the volume of the main stem of the tree from 
ground level up to a 7 cm top diameter. 

The felling rate is calculated by comparing the fellings and the net production in the 2005-2012 period: 

Mortality relates to the volume of standing deadwood and windfall trees.

  Bibliography
NFI, 2004. Instruction for ground measurements and observations, version 2005, internal document, Nogent-sur-
Vernisson, 191 p.

IGN, 2014c. Downloadable raw data, <http://inventaire-forestier.ign.fr/spip/spip.php?article335> (consulted on 
12 May 2015). 

Author: Marine Dalmasso (IGN)

Net production = gross production – mortality

Removal rate  =
removals

net production

Mortality rate = mortality
gross production

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

  Methodology 

Five criteria relating to the conditions in which timber can or cannot be logged determine the logging potential of 
a stand: the hauling distance, the presence of hauling roads, the maximum hauling slope, the bearing capacity and 
unevenness of the ground. These criteria are recorded in the field and combined to define four national logging 
potential classes – easy, average, difficult and very difficult. 

From 2008, the “type of soil” datum was characterized by differentiating between bearing capacity and 
unevenness to provide less subjective information about the type of ground and therefore the logging potential.

n Data sources and methodology

Not necessary 
or non-existent

Track to be created

Inaccessible

Logging itinerary
Land

Slope
0-15% 15-30% > 30% 0-15% 15-30% > 30%

Practicable 
(even and load bearing)

Impracticable 
(uneven or soft)

200-1000 m

1000-2000 m

> 2000 m

random

< 200 m

random

Logging distance

Loggability

Easy

Moderate

Difficult

Very difficult

http://inventaire-forestier.ign.fr/spip/spip.php?article335
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3.2. Volume and value of harvested timber

Purpose of the indicator
Table 3.2.a and its illustrations (3.2.a.1 to 5) show changes over time in the quantity and value of timber 
harvested per type of product - construction timber, industrial timber and fuelwood - and the proportion 
of marketed timber certified by FSC (Forest Stewardship Council) or PEFC (Program for the endorsement 
of forest certification schemes). Table 3.2.b monitors over time the proportion of volume mobilized by the 
large management players.
The variations in volume and value of logged timber provide information on the vitality of the forest logging 
operation over time.

n Results 
 3.2.a. Volume and value of harvested timber

Average of years

Forest 
estate Categories 1968-

1972
1973-
1977

1978-
1982

1983-
1987

1988-
1992

1993-
1997

1998-
2002

2003-
2007

2008-
2012 2013 2014

Marketed 
timber

Construc-
tion 
timber

Value (€106 current) 312 624 939 1,016 1,356 1,242 1,280 1,308 1,181 1,157 1,246
Volume (106 m3) 19.0 18.9 19.0 19.9 23.7 21.7 25.5 21.3 20.8 18.5 19.3

... including broadleaved species 
(106 m3)

8.3 8.4 8.1 8.0 9.6 8.0 7.8 5.9 5.4 4.9 5.2

... including conifers (106 m3) 10.7 10.5 10.9 11.9 14.0 13.7 17.7 15.4 15.4 13.7 14.1

... including certified (106 m3) n.a. n.a. n.a. n.a. n.a. n.a. n.a. 6.1 11.4 9.9 10.4

Industrial 
timber

Value (€106 current) 62 115 150 197 255 264 230 265 284 254 312
Volume (106 m3) 9.4 10.5 10.1 10.6 11.7 11.6 12.5 12.0 12.4 10.4 11.1

... including broadleaved species 
(106 m3)

5.3 6.4 6.1 5.3 5.4 5.2 5.1 5.3 4.5 4.3 4.7

... including conifers (106 m3) 4.0 4.1 4.1 5.4 6.3 6.5 7.4 6.7 7.9 6.1 6.4

... including certified (106 m3) n.a. n.a. n.a. n.a. n.a. n.a. n.a. 3.7 7.4 5.9 6.5

Firewood
Value (€106 current) 11 11 21 48 91 90 84 88 159 275 302
Volume (106 m3) 1.6 1.1 1.3 2.1 2.7 2.6 2.6 2.7 4.6 6.9 7.2

... including certified (106 m3) n.a. n.a. n.a. n.a. n.a. n.a. n.a. 0.6 1.8 2.7 2.9

Total 
Value (€106 current) 385 749 1,110 1,260 1,702 1,596 1,595 1,661 1,624 1,687 1,860
Volume (106 m3) 29.9 30.5 30.4 32.6 38.1 36.0 40.6 36.0 37.8 35.9 37.7

... including certified (106 m3) n.a. n.a. n.a. n.a. n.a. n.a. n.a. 10.4 20.5 18.6 19.8
Non-
marketed 
timber

Firewood
Value (€106 current) n.a. n.a. n.a. n.a. 1,219 1,135 918 842 843 1,011 1,029

Volume (106 m3) n.a. n.a. n.a. n.a. 34.0 33.1 28.4 25.8 24.9 24.7 24.6

General total
Value  
(€106 current)

n.a. n.a. n.a. n.a. 2,921 2,731 2,513 2,503 2,467 2,698 2,889

Volume (106 m3) n.a. n.a. n.a. n.a. 72.1 69.1 69.0 61.8 62.6 60.5 62.3

3.2.a. Volume and value of harvested timber
3.2.a.1. Marketed timber harvest 
3.2.a.2. Total timber harvest 
3.2.a.3. Marketed volume and unit value
3.2.a.4. Value of the marketed harvest
3.2.a.5. Proportion of marketed timber with FSC or PEFC “sustainable management” certification

3.2.b. Volume of timber marketed by the large managers

Sources: 
Maaf, Statistics and Forecasting Department, Agreste, Annual survey of 
forest logging branch, for marketed timber
Maaf (Final value of timber after logging)
Insee, SOes-SSP reprocessing housing survey for self-consumed wood

Forest estates involved: Marketed and non-marketed timber
Clarifications: The volumes presented in this indicator are taken from different 
sources than those in indicators 3.1 and 3.1.1. The values cannot therefore be 
compared. See methodology.
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 3.2.a.1. Marketed timber harvest 

 3.2.a.2. Total timber harvest 
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 3.2.a.3. Marketed volume and unit value

 3.2.a.4. Value of the marketed harvest
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 3.2.a.5. Proportion of marketed timber with FSC or PEFC “sustainable management” certification
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 3.2.b. Volume of timber marketed by the large managers

Average of years

1973-

1977

1978-

1982

1983-

1987

1988-

1992

1993-

1997

1998-

2002

2003-

2007

2008-

2012
2013 2014

Categories 1,000m3

Volumes, 
including 
trading 
timber

UCFF 
volume

Volumes marketed 
field gate or delivered 
sawmill

183  346  1,296  2,365  2,647  3,723  4,271  5,933  6,170  n.a. 

Volumes marketed 
standing

743  1,186  1,548  1,824  1,437  1,047  653  464  446  n.a. 

Volumes 
excluding 
trading 
timber

SFCDC 
volume

Volumes marketed 
field gate or delivered 
sawmill

n.a. n.a. n.a. n.a. n.a. n.a. n.a.  489  632  453 

Volumes marketed 
standing

n.a. n.a. n.a. n.a. n.a. n.a. n.a.  565  625  715 

SFCDC 
volume

Volumes marketed 
field gate or delivered 
sawmill  9,108  9,290  11,318  12,772 

 2,700  2,992  2,566  3,318  3,830  4,180 

Volumes marketed 
standing

 9,928  11,454  10,904  8,918  9,250  8,420 

Cniefeb 
volume

 3,532 

n Analysis
The total timber harvest (3.2.1) which rose to 80 million m3 after the December 1999 storms is estimated at 62 million m3 
in 2014, including 38 m3 marketed, for a value of 1.9 billion euros, i.e. an average of €49/m3. More than half the marketed 
timber is harvested in forests certified for sustainable management. 

Sources: 
Cniefeb, ONF, SFCDC, UCFF
Forest estate involved: marketed timber
Clarifications: 
The total of volumes must not be calculated nor must the relative proportions 
(%) marketed respectively by each manager. The SFCDC (Caisse des Dépôts 
Forestry Company) employs many experts and UCFF (Union of French Forest 
Cooperatives) purchases timber from other managers and sells it to the sawmills 

(trading timber); there is therefore double counting.
The values indicated are the five-year averages in the periods indicated, except 
for the volume marketed by Cniefeb (National Society of Professional Engineers, 
Forest Surveyors and Wood Experts), which relates to a survey carried out in 2012.
ONF data: The statistics cover all forests under the forestry regulations, State-
owned forests and municipal and assimilated forests. Issuances in municipal 
forests are not taken into account (indicator relating to the marketed volumes).
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Graph 3.2.a.1 underlines a slight upward trend for total 
marketed volumes. Construction timber continues 
to account for the largest proportion, but a strong 
downward trend has been seen since the 2000s in the 
hardwood harvest. The introduction of measures to 
develop renewable energies has led to a considerable 
rise in the harvest of wood for heating since 2009. 
At the same time, the industrial timber harvest to 
produce paper pulp and wood panels is decreasing. In 
addition, this marketed volume is impacted directly by 
the storms.

Graph 3.2.a.2 on the total timber harvest includes the 
marketed volumes taken from the annual survey of 
forest logging branch and the estimated non-marketed 
volumes using the SOeS-Medde data on heating 
wood consumption in the residential sector via the 
Insee housing survey. It shows that the total volume 
of timber harvested in France is remaining stable 
overall (slightly higher than 60 million m3), outside 
storm years. This total volume reaches 80 million m3 
after the storms in December 1999 and peaks again 
in 2010. The marketed harvest is relatively stable 
(apart from the storm effect) over the entire period, 
whereas the proportion of self-consumed wood seems 
to be dropping. This trend can, however, be put into 
perspective given the declarations in the housing 
survey and estimations made to obtain the self-
consumed volume.

Graph 3.2.a.3 on the marketed value and unit value 
highlights a relative stability of volumes and prices, 
excluding the direct effect of storms, which triggers an 
abrupt increase in the volume placed on the market 
and a drop in unit prices. 

Graph 3.2.a.4 on the value of the marketed harvest 
underlines the importance of the construction timber 
which accounts for more than three quarters of the 
total value and the increasingly significant proportion 
of firewood.
The introduction of measures to develop renewable 
energies has led to a considerable rise in the harvest 
of wood for heating since 2009. This rapid increase 
has been to the detriment of the harvest of timber 
intended for industry (production of paper pulp and 
wood panels) which decreases over the same period. 
Thus, a trend towards a change in timber use is noted, 
for a same type of forest product, from industrial use to 
fuel use given the major demand for fuelwood.

Graph 3.2.a.5, which presents the proportion of 
the volume of marketed timber from forests whose 
owners are committed to complying with sustainable 
management practices (PEFC or FSC certification) 
confirms the rapid upsurge in certification. The 
proportion of the volume of certified timber reached 
its maximum when timber decimated by Cyclone 
Klaus, which swept through the South-West of the 

country on 24 January 2009, was placed on the market. 
It is impossible to distinguish between the relative 
proportions of timber benefiting from one or other of 
the labels as some timber is certified by both systems 
at the same time. Note also that certification via the 
PEFC and FSC labels is not the only guarantee of 
sustainable forest management (see Indicator 3.5, for 
example).

Table 3.2.b shows the volumes marketed by the main 
French managers and operators in the timber market:

 – UCFF (Union of French Forest Cooperatives) 
brings together the forest cooperatives and 
management groupings spread throughout 
the country. This federation takes action to 
develop these organizations in order to defend 
better the economic interests of forest owners 
who are their members and founders. The 
seventeen forest cooperatives and management 
groupings within the federation account for 
112,000 member producers and manage 
2 million hectares of forest, for a total marketed 
volume of nearly 7 million m3 (including trading).

 – The SFCDC (Caisse des Dépôts Forestry 
Company) was created in 1963 to develop and 
manage the forestry investments of the Caisse 
des Dépôts et Consignations; today it is one of the 
main service companies specific to forest and 
natural spaces. It manages the forestry assets 
of many French investment institutions, banks, 
insurance companies and an increasing number 
of forest groupings and natural persons. The 
SFCDC manages nearly 270,000 ha and markets 
about one million cubic meters of timber.

 – The ONF (National Forests Office) is public 
industrial and commercial body created in 
1964. It provides sustainable management 
for French public forests, i.e. in metropolitan 
France, more than 1.7 million hectares of State-
owned forests and over 2.9 million hectares of 
forests belonging to municipalities or public 
establishments governed by the forestry 
regulations. ONF mobilizes more than 13 million 
m3 of timber every year, i.e. nearly 40% of 
the timber placed on the French market. For 
construction timber, ONF supplies over 90% of 
beech logs, 50% of oak logs and 35% of pine-
spruce logs marketed.

 – The Cniefeb (National Society of Professional 
Engineers, Forest Surveyors and Wood Experts) 
is a union association bringing forest and wood 
experts together. The forest surveyor manages 
independently forest assets, markets the timber, 
carries out expert assessments, audits and 
evaluations, produces studies on the sector and 
the forestry policies, etc.
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 Producer of data
3.2.a

Ministry of Agriculture, Agrifood and Forests - Statistics and Forecasting Department 
<http://www.agreste.agriculture.gouv.fr> 
Ministry of Ecology, Sustainable Development and Energy – Observation and Statistics Department <http://www.
statistiques.developpement-durable.gouv.fr>

3.2.b
National Society of Professional Engineers, Forest Surveyors and Wood Experts – <http://www.foret-bois.com>
Caisse des dépôts Forestry Company – <http://www.forestiere-cdc.fr>
National Forest Office – <http://www.onf.fr>
Union of French Forest Cooperatives – <http://www.ucff.asso.fr>

  Methodology 

3.2.a
 – Marketed timber harvest: SSP – Maaf annual surveys of forest logging branch

 – Self-consumed wood harvest: SSP from SOeS-Medde data on heating wood consumption in the residential 
sector.

 – Value: SSP – Maaf from the final value of timber used after logging until 2010 and from timber price surveys 
since 2011.

The SSP volumes given here are indicated as overbark. The marketed volume relates to the “commercial volume” 
declared by the logging companies, i.e. the total volume leaving the forest. It includes the main stem and the 
branches up to the logger cut, therefore the crown but not the logging losses (damaged parts left on site). The 
total harvest is the sum of the marketed volume taken from the annual survey of forest logging branch and the 
estimated self-consumed harvest from the Insee housing survey.

These volumes differ from the volumes measured by the forest inventory in the fellings (Indicator 3.1). The fellings 
are stem volumes, i.e. including the volume of the main stem up to the 7 cm cut. There is therefore a deviation 
between the fellings (source IGN – Indicator 3.1) and the total harvest (marketed and non-marketed, source SSP 
– Indicator 3.2), which cannot be compared directly. +For additional information, refer to: NFI, 2011. Felled forest 
trees and biological production: direct and compatible estimations. L'IF, 28, Saint-Mandé, 16 p. <http://inventaire-
forestier.ign.fr/spip/IMG/pdf/IF_prel-prod_web2.pdf> (consulted on 21 December 2015).

3.2.b
The table shows, for UCFF, the proportion sold “standing” and the proportion sold “field gate or delivered sawmill). 
Some of these volumes come from trade (bought from owners or their representatives and resold) and the 
volumes sold by UCFF must not be added to the volumes sold by the other major managers as this would produce 
double counting. SFCDC, ONF and Cniefeb do not trade timber. 

ONF data: The volumes of “cut and pile” timber are brought to an equivalent volume of standing timber by using 
an expansion coefficient per category of products (species or group of species). Since 1992, the basic volumes 
per selling method and per category have been converted directly into equivalent standing timber volumes. For 
the 1973-1991 period the statistics make no distinction between the selling method (measured standing or after 
logging); the gross volumes have been converted into an equivalent volume of standing timber on expert say-so.

  Bibliography
Agreste site <http://www.agreste.agriculture.gouv.fr> “timber and by-products” heading under “timber harvest 
and production of sawing” heading

n Data sources and methodology

Authors: Guilhemine Astrié (Maaf, SSP) and Claire Montagné-Huck (Lef, Inra-AgroParisTech) 
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3.3. Quantity and value of forest products 
marketed other than timber

Purpose of the indicator
The purpose of this indicator is to present the nature, quantities and value of non-woody forest products. 
Productions other than timber cover a wide variety of products, including resins, tannins, forage, litter, 
medicinal plants, fruit, berries, nuts, roots, mushrooms, forest seeds, honey, ornamental plants, game, fur, 
cork, etc. Table 3.3.a lists the non-woody forest products marketed for which quantitative information could 
be obtained (venison, cork, truffles, forest seedlings, forest seeds, Christmas trees and honey). Qualitative 
information only could be obtained for the medicinal, aromatic or perfumed plants (Table 3.3.b).
The significance of these products cannot be limited to their economic value for they illustrate the 
multiplicity of goods and services from a forest managed with multi-functionality in mind; the majority 
of them are not commercial (biodiversity, recreation, carbon storage, maintaining water quality, etc., see 
Criterion 6) and make a substantial contribution to regional development and maintaining landscapes and 
forest spaces. These products and their values are absolutely key to sustainable development, which must 
not be overshadowed by timber production.

Warning: Given the lack of systematic listings, it is extremely difficult to obtain reliable, representative national 
data of the harvesting and commercial trading of forest products other than timber. It is therefore preferable not 
to risk comparisons between products or between dates, nor to calculate totals which could be partial or non-
representative.

3.3.a. Quantities and values of forest products other than marketed timber 
3.3.b. Main medicinal, aromatic or perfumed plants used in France
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n Results 

 3.3.a. Quantities and values of forest products other than marketed timber 

Year of 
reference

Quantity 
Unit 

quantity
Value 

Unit 
value

Sources

Venison** 2013-2014 28,806 t/year 262.3 €106 current ONCFS,  
FranceAgriMer

...including red deer 2013-2014 2,897 t/year 25.5 €106 current ONCFS, FranceAgriMer

...including roe deer 2013-2014 6,637 t/year 94.2 €106 current ONCFS, FranceAgriMer
...including wild boar 2013-2014 19,272 t/year 142.6 €106 current ONCFS, FranceAgriMer

Mushrooms n.a. -

...including truffles (unicinatum 
dominant) 

2013-2014 6 t/year 1.8 €106 current FFT

...including other forest mushrooms n.a. -

Cork 2010-2014 710 t/year 0.211 €106 current IML

...including Corsica 2010-2014 300 t/year 0.075 €106 current IML
...including Var 2010-2014 300 t/year 0.075 €106 current IML

...including Pyrénées Orientales 2010-2014 100 t/year 0.06 €106 current IML
...including Aquitaine 2010-2014 10 t/year 0.001 €106 current IML

Honey* n.a. -

Gathering plants n.a. -

Forest seedlings 2012-2013 71 million 44 €106 current Maaf

…including broad-leaved 2012-2013 9 million 15 €106 current Maaf
...including conifers 2012-2013 62 million 30 €106 current Maaf

Forest seeds 2012-2013 73 t/year 3 €106 current Maaf, ONF

…including broad-leaved 2012-2013 66 t/year 1 €106 current Maaf, ONF
...including conifers 2012-2013 7 t/year 2 €106 current Maaf, ONF

Christmas tree*** 2013 6 million 114 €106 current FranceAgriMer

Sources: 
ONCFS: National hunting and wildlife agency
FranceAgriMer: National Establishment for agricultural and sea products
FFT: French truffle growers federation 
IML: Mediterranean Cork Institute
Maaf: Ministry of Agriculture, Agrifood and Forestry
ONF: National Forests Office
Clarifications: 

* Honey: Data not updated (2010) complied on expert say-so. 
** Venison: data including a non-marketed proportion (self-consumption) which could reach 80% of quantities removed (expert say-so).
*** Christmas trees. Included here in accordance with the European recommendations for sustainable forest management indicators, but normally assimilated with 
agricultural crops and therefore taken into account in the agricultural statistics.
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 3.3.b. Main medicinal, aromatic or perfumed plants used in France

Gemmotherapy Herb products Essential oils
Plant species (and parts of plants) used

Beech Meadowsweet (flowering tip) Scots pine

Sorb Birch (leaf, sap, bark) Maritime pine

Birch, pubescent birch, silver birch Chestnut (leaf) Juniper

Silver fir Walnut (seed, leaf, husk) Prickly juniper

Hornbeam Blueberry (flowering tip, leaf) Pine

Black alder, white alder Ash (leaf) Mastic tree

Hazelnut Hawthorn (flowering tip and stripped leaf) Green myrtle

Scots pine, mountain pine Juniper (shoots) Blue gum

Hawthorn Wild rose (hip) Petitgrain clementine

Elder Hazelnut (leaf) Lemon tree

Sorb Heather (flower and leaf)

Walnut Acacia (flower)

Black elder Box (leaf)

Ash White willow (bark)

Oak Elder (flower)

Poplar Holly (root)

Viburnum lantana Willow-herb (above-ground part)

Hazelnut Soapwort

Chestnut Bearberry (stripped leaf)

Cedar of Lebanon Hart’s tongue fern (leaf)

Juniper Hemp-agrinomy (above-ground part) 

Bloodtwig dogwood Herb Robert (above-ground part)

English elm Sweet woodruff (above-ground part)

White willow Arrowwood (sapwood)

Bilberry Prostrate knotweed (above-ground part)

Almond Scotch broom (flower)

Maple Cedar of Lebanon (bark)

Olive Purple loosestrife (above-ground part)

Dogwood Lungwort (above-ground part)

Bramble Hoary willow-herb (above-ground part)

Lime tree Blackthorn (berry)

Chestnut Common hepatica (fully flowering plant)

Fig tree Ground ivy (above-ground part)

Red raspberry

Source: FranceAgriMer
Clarifications: The buds are the part used in gemmotherapy.
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Venison

In the 2013-2014 season, an estimated 1,160,000 
and more of red deer, roe deer and wild boar were 
hunted, including more than 550,000 roe dear, more 
than 550,000 wild boar and nearly 58,000 red deer, 
representing about 29,000 tonnes of meat. The total 
estimated “market price equivalent” value of game 
removed from forests is more than 262 million euros 
(Table 3.3.a) - caution, this “theoretical” value includes 
a large proportion of self-consumed venison (therefore 
not marketed) which cannot be isolated given the 
available data. Some experts maintain that self-
consumption of game could account for around 80% 
of removals.

Compared with the values given in the 2010 
Sustainable Management Indicators, kill counts have 
increased for all species and wholesale prices are also 
higher. This means an increase in the value of game 
from 203 million euros 2009 (corrected for inflation = 
218 million euros 2014) for the 2008-2009 season to 
262 million euros 2014 in 2013-2014.

Truffles and forest mushrooms

Mushrooms play a particularly important role in 
sustainable forest management. They are involved in 
environmental, (biodiversity and pollution indicators), 
economic and social (source of income, rural 
development) issues but are also the cause of major 
conflicts of interest.

Since the end of the 19th century, French truffle 
production (more than 1,000 tonnes) has collapsed 
inexorably and only accounted for a few dozen tonnes 
in the 1990s. Today, despite considerable annual 
variations due to climate change, the potential French 
production seems to be stabilizing at around 60 tonnes 
a year all species together (CGAAER, 2006), including 
6 t/year harvested in forests (see Table 3.3.1) and the 
rest of the harvest being grown in truffle plantations.

French truffles are mainly harvested on cultivated 
sites (mycorhized seedling plantations) and are not 
therefore governed by the forest environment. By way 
of comparison, the harvest of Tuber melanosporum 
and brumale winter truffles (95% on cultivated sites) 
is more than 53 tonnes for the 2013-2014 campaign. 
The average wholesale market price for production 
was €356/kg in 2013-2014. In addition, plantations 
are also being started for Tuber aestivum: 7 tonnes at a 
wholesale market price of €55/kg. 

The main species of truffle found in French forests is 
the Tuber uncinatum Chatin, known as the Burgundy 
truffle. It is the most widespread in Europe, requires 
a limestone terrain and is in symbiosis with oak, 
hazelnut, hornbeam, beech and pine. It is harvested 
from mid-September to end-January 95% in the wild 
(forest). The bulk of the harvest (6 tonnes) is marketed 
directly at about €300/kg, i.e. a value of 1.8 million 
euros for the 2013-2014 campaign (Table 3.3.1; source: 
FFT).

No estimations are available for the Tuber 
mesentericum, known as the Lorraine truffle, which 
relates in particular to the Meuse (continental climate, 
limestone soil, clay, oak forests, hornbeam, hazelnut; 
maturity period: mid-September to end-December). 

Production of the other edible wild mushrooms 
(boletus, chanterelle, trompette, morel, wood 
hedgehog, milk-cap, parasol, amanita (edible), 
Scotch bonnet, etc.) is not systematically monitored 
in France, all the more that a large proportion of the 
harvest is picked by private individuals for their own 
consumption.

According to the ONF website, the French wild 
mushroom harvest (which passes through traditional 
“professional” marketing circuits) is in the order of 
5,000 tonnes in a normal year. The total marketed 
volumes are probably twice as high due to direct sales 
(to which is again added self-consumption for which 
no estimation exists). 

According to the wild mushroom association, the bulk 
of the market supply comes from imports, however 
(mainly from Eastern countries).

Gathering mushrooms can generate substantial 
incomes for local populations but can also cause 
conflicts of use between owners and gatherers and 
even between gatherers.

Cork 

The Mediterranean Cork Institute (IML) assesses 
the French average annual cork production at  
710 t/year (period 2010-2014) for an average price of 
€0.30/ kg. This represents a global commercial value of 
0.211 million euros (Table 3.3.a).

The world cork forests cover around 2.3 million 
hectares and are mainly located in Portugal and 

n Analysis
This edition of Sustainable Management Indicators gives costed information for the following information: venison 
(28,806 t/year, i.e. 262 million euros), cork (710 t/year, 0.211 million euros), truffles (6 t/year, 1.8 million euros), seedlings 
(71 million/year, 44 million euros), seeds (73 t/year, 3 million euros), Christmas trees (6 million/year, 114 million euros), 
honey (6 or 7 t/year, 25 to 34 million euros). Only “qualitative” information is available for the medicinal, aromatic or 
perfumed plants. 
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Spain (respectively 32 and 22% of surface areas) and 
in Algeria and Morocco (respectively 18 and 15% of 
surface areas). The French cork forests (65,228 ha) are 
mainly located in the south of the country: Corsica, Var, 
Pyrénées-Orientales and Aquitaine and cover 4% of the 
world cork forest area (Mediterranean Cork Institute 
website). 

Portugal supplies 52% of the world cork production 
(which annually achieves values close to 300,000 
tonnes, 2009) and Spain 30%. 

Cork growing involves cultivating cork oaks and 
maintaining the trees in good health for logging every 
ten to fifteen years. Stands can be more than 150 years 
old, thereby constituting habitats with exceptional 
biodiversity sought by numerous animal and plant 
species (Piazetta, 2013). The European Union has 
recognized this wealth under the priority habitats in 
the Natura 2000 network.

Cork forests when logged also have the advantage of 
storing carbon (2.4 to 4 times more stored carbon than 
non-logged cork forests (French Cork Federation)).

Lastly, the cork oak has the ability to survive fires, 
meaning that it can constitute a forest habitat just a 
few years after a fire. Hence a particular interest in the 
regional development and forest fire defense policies 
(Piazetta, 2013).

The main problem facing French cork growing is the 
decline in cork forest management seen since the 
first half of the 20th century following the arrival on 
the French market of cork from North Africa and the 
Iberian Peninsula and the resulting fall in prices. The 
trend seems to be reversing since the 1990s, mainly 
with a rise in international cork prices (despite their 
volatility) and new dynamics in developing forest 
fire defenses. The contexts can vary hugely between 
the French cork-producing regions (Table 3.3.a). The 
health of the sector is linked strongly to the level of 
structuring of private owners mostly and the presence 
of local outlets (Piazetta, 2013).

Today, most of the industrial potential for cork 
processing is located in Portugal. Thus, French cork 
production has to be exported and then reimported 
once processed (Piazetta, 2013). This situation seen 
from the early 1950s is a problem for local production 
flows and a value leakage.

The main outlet for cork is still the wine cork sector 
(10% to 20% of harvests in volume, but 80% to 
90% of the economic value). Despite opening up to 
competition from alternative materials (plastic corks, 

aluminum caps), the market share of corks made of 
real cork is stabilizing around 73%. The plastic cork, 
after gained market shares, has regressed and is 
now stabilizing under 20% and focusing on the fast-
turnaround wine market (six months to one year) 
(Piazetta, 2013).

Another major challenge in terms of outlets for cork 
is the construction sector. Cork is one of the best 
insulating materials and is 100% natural.

Cork collecting in the main wine producing and/or 
consuming countries was introduced several years ago. 
Recycled cork is used to manufacture very high added 
value products (insulation panels, shoe soles, acoustic 
products, static joints for motors, etc.). It extends the 
life of the cork and the CO2 retention associated with 
cork products (<http://www.amorimfrance.fr>).

Honey 

It was impossible for this sustainable management 
indicator campaign to update the information on forest 
honey production and marketing. According to the 
data presented for 2010:

 – Forest honey accounts for 30% of the total honey 
production in France of 20,000 tonnes.

 – The quantity of marketed forest honey ranges 
from 5,500 to 6,900 t per mean year. Acacia 
honey accounts for nearly half of this volume 
and chestnut honey represents slightly less than 
30% of the marketed quantities. This production 
can fluctuate widely year-on-year, mainly due to 
climate variations.

 – The total value of forest honey is estimated at 
between 25 and 34 million euros in 2010.

The average price ranges used in calculating values 
are: [€3.5 to €4] for honeydews, [€4 to €4.2] for lime 
tree honey, [€4.5 to €5] for acacia, chestnut, heath and 
strawberry tree honey and [€6 to €7] for fir and heather 
honey.

The metropolitan French bee-keeping sector 
(all environments together) featured in 2010 
(FranceAgriMer, 2012):

 – 41,850 bee-keepers with at least one hive (76% 
of bee-keepers listed have less than ten hives),

 – more than one million hives declared in total,
 – 18,330 tonnes of honey produced in total,
 – global turnover of 134 million euros (86% for 

honey, 8% for other products, 2% for pollination, 
4% for livestock products).

Overall, the FranceAgriMer surveys in 2004 and 2010 
reveal a 40% drop in bee-keeper numbers, 20% drop 
in the number of hives and 28% drop in global honey 
production. Geographically, 42% of bee-keepers, 51% 

http://www.amorimfrance.fr/
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of hives and 52% of honey production are found in 
five regions in the South of France (Aquitaine, Midi-
Pyrénées, Languedoc-Roussillon, Rhône-Alpes and 
Provence-Alpes-Côte d’Azur) (FranceAgriMer, 2012). 

The high bee mortality rate noted in recent years has 
caused a collapse of total honey production in France, 
from 32,000 tonnes in 1995 to under 10,000 tonnes 
in 2014 (French National Bee-keeping Union). Forest 
productions are seemingly slightly less affected than 
open-area productions.

Bees play an essential and widely-acknowledged role 
in the environment (FranceAgriMer, 2012): 

 – their action helps to pollinate the natural 
environment and agricultural productions 
(especially fruit and market gardening but also 
for certain arable crops),

 – they appeal to a variety of audiences, especially 
schools, and thus help to educate on the 
environment,

 – their vulnerability makes them a front-runner 
bio-indicator, a witness of changes in the natural 
environment.

Aromatic, medicinal and perfumed plants

Gathering forest plants is a major activity for local 
populations and for a certain number of industries. 
However, the marketing of forest species is not 
monitored systematically and robust information 
representative of this market is very difficult to come 
by. Table 3.3.b. shows the species most exploited in 
France according to a survey of several cooperatives 
and businesses (Source: France AgriMer).

Christmas trees

Christmas tree cultivation falls under forests according 
to the international definitions (FAO, Forest Europe, 
United Nations). The following species used to 
produce Christmas trees are listed below: Picea excelsa, 
Picea pungens, Picea omorika, Picea engelmanii, Abies 
nordmanniana, Abies nobilis, Abies grandis, Abies 
fraseri, Abies balsamea, Abies alba, Pinus sylvestris, 
Pinus pinaster. About 5,000 hectares are set aside 
for Christmas tree production in France, located in 
Morvan, Corrèze, Limousin, Jura and Ardennes. 

The Christmas tree cultivation method varies according 
to the species, desired size, production region, etc. 
The producer normally breeds young seedlings about 
four years old which are planted out for about five to 
ten years. Cultivation is often intensive with chemical 
treatment products like pesticides being used. But 
environmental efforts by French producers to reduce 
the use of plant protection products should be noted: 
installation of temperature sensors to combat insects, 

mulching pines with forest wood chips, using sheep 
to keep the grass down, etc. Christmas trees are 
harvested and marketed (cutting, netting, transport 
and distribution) every year from November onwards. 

Christmas tree sales are a major economic issue for 
ornamental plant professionals. Every year, 6.5 million 
Christmas trees are sold in France. In 2013, the annual 
survey of Christmas tree purchases carried out by 
FranceAgriMer-Val’hor and the TNS Institute counted 
22.6% of French households purchasing Christmas 
trees. Thus, of the 6.5 million trees sold in France, 86% 
(5.6 million trees) are natural and 14% are artificial. The 
average price of a natural tree was €25.3, i.e. a global 
value of 114 million euros.

The number of households purchasing a tree is down 
slightly on 2012, but this only relates to purchases of 
artificial trees; natural tree sales show a 2% increase 
on 2012. The increase in natural tree sales essentially 
benefits the Nordmann fir, resulting in a rise in the 
average price of natural trees sold (FranceAgriMer-
Val’hor, TNS Institute 2014).

Natural trees are mainly sold cut (89% of sales in 2013) 
whilst container or root-balled sales account for 7.1% 
and 3.6% respectively. Christmas trees sold in France 
are relatively large: most stand between 1 m and 1.5 m 
tall (about 50%) or more than 1.5 m (about 30%). 
However, there has been an apparent trend since 2009 
towards very small Christmas trees (under 50 cm tall) to 
the detriment of medium-sized trees (FranceAgriMer-
Val’hor, TNS Institute 2014).

Nearly seven out of ten natural tree purchasers say 
that they recycle their tree (FranceAgriMer-Val’hor, TNS 
Institute 2014).

According to the French Association of Natural 
Christmas Trees, 80% of natural trees purchased 
in France are produced in France and exports are 
relatively low. Imports mainly come from Denmark, 
Germany or Belgium.

Forest seeds

In the 2012-2013 period, more than 121 tonnes of 
seeds (all species together) were supplied to the 
French domestic market:

 – 38 tonnes of stocks, including 21 tonnes for 
conifers; 

 – 73 tonnes of harvests, including 66 tonnes for 
broadleaved species; 

 – 10 tonnes of imports, mainly broad-leaved. 
The harvest is 110.3 million seeds, split as follows: 
67.72 million conifer seeds and 42.59 million 
broadleaved seeds (Maaf, 2014).



 3.3. Quantity and value of forest products marketed other than timber 167

In percentage of total weight, 70% of broadleaved 
seeds are used in France, 5% are exported, nearly 10% 
are lost and 15% are stored. For conifers, 34% of seeds 
are used in France, 1% are exported, 19% are lost and 
45% are stored (Maaf, 2014).

The results of the 2012-2013 campaign show a 
downward trend in the broadleaved and conifer 
seed harvest, mainly due to poor fruiting of main 
broadleaved species and substantial stocks at the 
beginning of the period for the conifer species (Maaf, 
2014).

The monetary value (3.3.a) has been calculated 
from the ONF “forest tree and shrub seed” prices. 
French production is thus assessed at nearly 3 million 
euros, including 2 million for broadleaved seeds. The 
following broadleaved species contribute the most 
to the value of the French production: Juglans major x 
regia (30% of the value of broadleaved seeds), Quercus 
petraea (12%), Quercus rubra (11%), Quercus robur 
(10%) and Castanea sativa (10%). The main conifer 
species is: Pinus pinaster (69% of the value of conifer 
seeds).

Forest seedlings

According to the FranceAgriMer study (2013), there 
were 4,450 horticultural production and ornamental 
nursery businesses at end 2012 providing a total of 
22,544 FTE jobs. The horticultural turnover for the 
sector (sales of ornamental plants, fruit seedlings and 
forest seedlings) was in the order of 1,632 million 
euros excluding VAT (including 12% for the trading 
activity). This turnover relates mainly to sales of nursery 
seedlings (33%), pot plants (23%) and border plants 
(17%). The sale of young nursery seedlings accounts for 
3% of the sector's turnover.

According to the Maaf/Irstea data published in 2014 
relating specifically to sales of forest seedlings, some 
71 million forest seedlings were sold (France and 
export) split between 9 million for broadleaved species 
and 62 million for conifers. Poplars account for an 
additional 0.6 million seedlings. 

Our “expert say-so” estimation of the value of 
these seedlings is in the vicinity of 44 million euros 
(30 million for conifers and 15 million for broadleaved 
species). The main broadleaved species is: Quercus 
petraea (51% of the value of broadleaved forest 
seedlings). The main conifer species are: Pinus pinaster 
(57% of the value of conifer forest seedlings) and 
Pseudotsuga menziesii (19%).

The sources are varied and the methods and exhaustiveness level heterogeneous. The figures must therefore be 
viewed with caution. The data can be partial for certain products (gathered plants, truffles) or include a proportion 
of non-forest products (honey, truffles) or a substantial proportion of self-consumption (venison). 

It is often difficult to obtain quantity and value data for the non-woody forest productions due to a lack of 
structured organization and systematic statistics. For certain products (gathered plants, wild mushrooms), given 
the uncertainty over data representativeness (or lack thereof ), we have preferred not to present costed values in 
agreement with the professional bodies.

It is normally difficult to comment on changes in quantities or values for these products given the potential 
variation in methods and sources from one SMI edition to the next. We have therefore opted to show only the last 
available year and to comment only on changes when the methods are consistent.

For similar reasons, we shall not risk comparisons between products nor totals that may be partial or non-
representative of forest productions.

 Producer of data and methodology
Venison

The quantities removed are estimated from kill counts for red deer, roe deer and wild boar available on the ONCFS 
website: <http://www.oncfs.gouv.fr/Grands-ongules-Tableaux-de-chasse-ru248/-Grands-ongules-Tableaux-de-
chasse-nationaux-ar467>. The number of removals thus obtained therefore includes the self-consumption of 
game. The number of removals is then multiplied by an average weight of meat to obtain quantities in tonnes. The 
average weights of meat are estimated from the average weight of animals slain and the yield from the carcass. 
The same values as the 2010 SMI have been retained: red deer: 50 kg, roe deer: 12 kg, wild boar: 35 kg.

n Data sources and methodology

http://www.oncfs.gouv.fr/Grands-ongules-Tableaux-de-chasse-ru248/-Grands-ongules-Tableaux-de-chasse-nationaux-ar467
http://www.oncfs.gouv.fr/Grands-ongules-Tableaux-de-chasse-ru248/-Grands-ongules-Tableaux-de-chasse-nationaux-ar467
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The quantities obtained are then multiplied by a price per kilo estimated from FranceAgriMer data: wholesale price 
Rungis end 2014 (€8.8/kg for red deer, €14.2/kg for roe deer and €7.4/kg for wild boar). The same methodology has 
been used for the 2015 Sustainable management indicators as for the previous editions.

Truffles and forest mushrooms
Information on the production and promotion of truffles and wild mushrooms has been provided by the French 
truffle growers federation (<http://www.fft-truffes.fr>) and the wild mushroom association. As there is no relevant, 
representative information on wild mushrooms, only data on truffles are given here.

Cork 
The information on cork production and promotion in France has been provided by the Mediterranean Cork 
Institute (<http://www.institutduliege.com>).

Given that there is no systematic monitoring of French cork production, it is inappropriate here to comment on 
changes over time of cork production data.

Honey 
None of the bodies contacted (France Miel cooperative: <http://www.francemiel.fr>  ; French Federation of bee-
keeping cooperatives: <http://www.coopdefrance.coop/fr/43/miel>; Technical and Scientific Institute for bee-
keeping and pollination: <http://www.itsap.asso.fr>; FranceAgriMer: <http://www.franceagrimer.fr/index.php/
Autres-filieres/Apiculture/La-filiere-en-bref/Production>) were in a position to provide us with precise information 
on forest honey production in France.

Given the lack of updated information, it was decided to present the values published in the 2010 edition of 
Indicators for the Sustainable Management of Metropolitan French Forests. These data had been supplied by the 
France Miel cooperative on expert say-so. Given the lack of systematic statistical monitoring using a robust method, 
we are not presenting temporal changes in values. The additional information presented above is taken from 
FranceAgriMer publications (see bibliography). As the sources of information on the French bee-keeping sector as 
a whole and on the forest production of honey specifically are different, the data cannot be used to compare forest 
honey production with total honey production in France. 

Aromatic, medicinal and perfumed plants
Information on forest plant gathering has been provided by FranceAgriMer:  
<http://www.franceagrimer.fr/fam/filiere-plantes-a-parfum-aromatiques-et-medicinales>. However, there were no 
representative data on quantities produced in France nor the corresponding value.

Christmas trees
Information on Christmas trees is taken from a FranceAgriMer - Valhor study conducted by TNS (Taylor Nelson 
Sofres) on Christmas tree purchases in 2013 (see bibliography).

Forest seeds
Information on the seed harvest is taken from a memorandum in the Ministry of Agriculture, Food and Forestry 
(Maaf-DGPAAT-SDFB-BIF of 2 June 2014) relating to the 2012-2013 campaign. The values have then been estimated 
using the ONF tariff (2014-2015) of the price per kilo for quantities greater than 500 g.

Forest seedlings
Information on the forest seedling production is taken from a memorandum in the Ministry of Agriculture, Food 
and Forestry (Maaf-DGPAAT-SDFB number 2014-189 of 12 March 2014) relating to the 2012-2013 campaign. The 
data used refer to the “actual production sold”, i.e. sales in France + exports. The imports are therefore not counted 
here, nor are the stocks (which refer to the previous period) and the unsold seedlings (which can contain a 
proportion of imported seedlings and which are normally destroyed or marketed for non-forestry purposes).

The values are then estimated by using several nursery tariffs available online. Although the quantities can be 
considered reliable, the values must be viewed as orders of magnitude.
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3.4. Value of commercial services

Purpose of the indicator
Not only do forest spaces produce many non-woody forest products, as stated in Indicator 3.3, they also 
provide a multitude of services. These services can be commercial in nature and generate tangible economic 
values, or be a “non-commercial” result of the presence, extent and smooth operation of forest ecosystems in 
conjunction with the social perception of wooded spaces. To be commercial, the services in question must 
undergo a transaction or benefit from financial compensation as a voluntary contract or any other public or 
private financial trade.

In the broadest sense, ecological commercial services can be linked to the protection of soils, water and 
other environmental functions (see Criterion 5). The biophysical commercial services include especially the 
protection of genetic resources in situ or ex situ, the protection of forest resources and surface areas, etc. 
(see Indicators 4.6 and 4.9). Social commercial services include leisure activities (hunting, fishing, seasonal 
rentals, forest-related sports and leisure pursuits, etc.) and education activities which command a fee. Lastly, 
the amenity services relate to spiritual, cultural, historical, aesthetic or landscape values and are mainly non-
commercial.

Only social services eligible for inventory are listed in this indicator (3.4.a). The ecological and biophysical 
services are discussed in Indicator 6.4 (Expenses for long-term sustainable services) and the predominantly 
non-commercial amenity services are presented in Indicators 6.10, 6.10.1 and 6.11.

n Results 
 3.4.a. Value of listed commercial services

1993 1998 2003 2005 2008 2010 2011 2012 2013 2014
Commercial service Ownership category Value

million euros value 2014

Hunting and fishing 
licenses

State-owned forests  35  35  37  47  46  48  47  46  45  45 
Other public forests 
governed by the forestry regulations

 20  21  20  20  21  22  22  22  21  21 

Private forests (hunting only)  25  n.a.  28  n.a.  n.a.  n.a.  n.a.  44  n.a.  n.a. 

Other fees and rents (mis-
cellaneous concessions)

State-owned forests  10  10  10  14  16  18  18  19  19  20 
Other public forests 
governed by the forestry regulations

 8  8  7  n.a.  n.a.  9  10  11  12  11 

Sources: 
ONF (public forest)
Maaf - SSP (private forest): Surveys of the private forest structure, ESSES 1976-83 and 1999, 2012 (forest properties of 1 ha and more) 
Forest estate involved: Entire forest and other wooded lands
Clarifications: 
The value of hunting licenses in private forests is estimated from the value per hectare in State-owned forests, given the lack of specific data.
It is converted into 2014 euros from the Insee monetary conversion data.

n Analysis
The main social service of a commercial nature associated with forests and which has relatively robust data is without 
question hunting. Hunting licenses thus account for receipts of about 90 million euros. It is far more difficult to measure 
precisely the values from fishing or concessions and other services as a general rule.

3.4.a. Value of listed commercial services
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Private forest

In private forests, 15% of the surface area is available 
to hunting license holders (about 1.4 million hectares 
rented in 2012). These rental areas involve, however, a 
small number of owners (2%) who normally hold large 
properties (78 ha on average), frequently located in 
the northern half of France. The value of these hunting 
licenses is estimated (based on average rental prices in 
State-owned forests) at around 44 million euros. 

It nevertheless remains tricky to estimate the value of 
hunting licenses in private forests as the circumstances 
can vary hugely between private owners. The 2012 
survey of the private forest structure by the Statistics 
and Forecasting Department (SSP) of owners of less 
than 1 hectare of forest shows that over half (56%) of 
owners are paid a voluntary fee by a hunting society or 
a mandatory fee by an approved communal hunting 
association (Acca). These surface areas account for 45% 
of the surface area in private forests. In addition, over 
a third of owners (36%) reserve the use for themselves 
or make it available free-of-charge to a third party, 
representing 34% of the surface area.

Public forest

Hunting and fishing in State-owned forests
In metropolitan France, 1.75 million hectares of State-
owned forests or 4% of the hunting area (lowlands 
and woodlands) welcome about 100,000 hunters (of 
the total 1.3 million license holders). Different hunting 
methods are practiced: firearm hunting, including 
bow hunting, individually (hunting by stalking or from 
a hide) or in groups (drives with or without dogs), 
hunting on horseback with hounds (especially in large 
state-owned forests), underground burrow hunting or 
occasionally falcon hunting. Most hunting plots rented 
in state-owned forests are allocated by lease passed on 
from a prior leaseholder, otherwise plots are generally 
allotted by public tender or on a licensing or friendly 
basis (excluding prior holder).

Along with timber, hunting has the most commercial 
value of the various services rendered by the forest 
under its sustainable management. Having risen 
sharply until 2010, receipts from hunting (and fishing 
for about 1% of the amount shown) has stabilized at 
around 45 million euros, with a slight downward trend. 
Demand is seen to be settling as a result of a certain 
disaffection for “hunting” as a leisure activity and the 
repercussion from compensation costs for damage to 
agricultural crops by large game.

The National Forests Office manages lakes, ponds and 
rivers of the State private sector in State-owned forests 
and is also in charge of fishing rights. It involves 3,350 
km of banks and 1,610 hectares of ponds and lakes. 
Plots are generally leased for 6 years, with fishing 
controlled by license, public collective management or 
in a reserve setting.

Hunting and fishing in municipal forests
The Forest Code does not provide for a special 
framework for hunting rights in municipal forests 
governed by the forestry regulations. Thus the owner 
municipality with hunting rights is solely responsible 
for setting the hunting conditions in its forest. Hunting 
rights, which are seldom reserved, are allocated under 
different conditions: public auction leases, calls for 
tender, written or oral informal leases, incorporation 
into a certified communal hunting association (Acca), 
etc. Income generated by hunting licenses varies 
depending on the selected options and is sometimes 
nil (free access). As for hunting, the owner municipality 
is free to operate the fishing rights.

Special case of Alsace-Moselle
Under local regulations, municipal forest regulations 
incorporate municipal hunting and are managed by 
the municipal authorities on behalf of all owners within 
the administered area. Hunting licenses are generally 
allocated for a nine-year leases passed on from a 
prior leaseholder. They can also be allocated by public 
tender.

French forests are an ideal environment especially for 
hunting large game, which is a traditional practice 
anchored in the historical and cultural heritage. 
However, forests are today a crossroads of multiple 
activities where numerous environmental, economic 
and social issues and players with varied and 
sometimes contradictory interests rub shoulders. As 
they use forest spaces and control animal populations, 
hunters have an essential role to play in seeking this 
balance (see also Indicators 3.3 and 2.4.1).

Concessions in State-owned forests
Concessions, which account for barely 1% of 
the managed State-owned forest area, concern 
specific services that are generally of public interest 
(power transmission systems, telephone networks, 
quarries, campsites, etc.). All types of occupation 
give rise to indemnities covering the constraints, 
loss of forest revenues and damages. These time-
limited concessions always include clauses to 
return ecosystems to their initial state and even 
countervailing measures.

Income from concessions has risen sharply over the 
last ten years. This is basically due to a rehabilitation 
of revenue-generating concessions (campsites, 
telephone or power facilities, etc.) resulting from a 
policy of renegotiation with the concession holders 
and opening up to the competition.
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 Producer of data
Private forest

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

Public forest
National Forest Office (ONF) - <http://www.onf.fr>

  Methodology 
Private forest

The 1976-83 SSP survey used as a surveying basis the points of the annual survey on the use of the territory 
(Teruti) where it was possible to identify the owner.

The SSP surveys of 1999 and 2012 used the land registry as a surveying base, with the owner of 1 ha and more of 
forests in one department as the statistical unit listed. 

Due to a lack of more precise information, the euro values are estimated from surface areas involved in hunting 
licenses for private forests (source SSP) to which are applied the average value of hunting licenses in State-owned 
forests (around €30 2014 for 2012) (source ONF). 

The changes should be viewed with caution. In addition, the surfaces with issued hunting licenses can be under-
declared by the owner (no verification possible).

A annual euro updating table has been used to bring all these values in current euros to 2014 euros (conversion 
source: Insee).

Public forest
The following data are used:

 – hunting and fishing license fees in State-owned forests,
 – concession fees in State-owned forests,
 – the tax base for hunting and fishing licenses in municipal forests,
 – the tax base for concessions in municipal forests.

These data are taken from the ONF accounts for the State-owned forests.

The data for the municipal forests are taken from the software program processing the invoicing of caretaking 
expenses (from elements compiled locally from each municipality governed by the forestry regulations).

By definition, these data are in current euros. An annual euro updating table has been used to bring all these 
values to 2014 euros (conversion source: Insee).

  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.

Ministry of Agriculture-Agreste, 2013. Structure of the private forest in 2012 – Production objectives for one third 
of owners, Agreste Primeur, 306, Montreuil-sous-bois, 4 p.

Ministry of Agriculture-Agreste, 2014. Structure of the private forest in 2012, Agreste figures and data, 222, 
Montreuil-sous-bois, 75 p.

Ministry of Agriculture-Agreste, 2002. Structure of the private forest in 1999, Agreste figures and data, 144, Paris, 
94 p.

Ministry of Agriculture, 1987. Private forest ownership 1976-1983, Agricultural statistics collection, SCEES studies, 
Paris, 268, 104 p.

n Data sources and methodology

Authors: Françoise Le Jeannic (SSP, Maaf), Claire Montagné-Huck (Lef, Inra-AgroParisTech) and Michel Hermeline (ONF) 
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3.5. Sustainable management documents

Purpose of the indicator
This indicator lists the forest areas with an approved management document: managed as public forest, 
simple management plan (PSG), standard management regulation (RTG) or Code of Best Forest Practice 
(CBPS) for private forests (3.5.a). It shows their split in metropolitan France (map 3.5.b). These management 
plans are intended to guide and supervise forest management under a sustainable development perspective 
and strategy. Since the Law for the Future of Agriculture, Food and the Forest (LAAF-LOI no. 2014-1170 of 
13 October 2014), they guarantee sustainable forest management provided the cutting and works program 
is implemented effectively.

The surface areas covered by a management document provide information on the importance of formally-
managed forests. Changes in surface areas involved provide information on the economic interest of the 
forest for its owners and also testifies to efforts by the National Forests Office (ONF) for the public forests and 
the National Forest Ownership Center (CNPF) for private forests to urge forest management, be it mandatory 
(public forests and private forests above a certain surface area) or not (private forests with a voluntary simple 
management plan, standard management regulation or Code of Best Forest Practice).

3.5.a. Surface area and proportion of forests covered by approved sustainable management documents 
3.5.b. Proportion in private forests available for wood supply of surface areas covered by sustainable management 
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n Results 
 3.5.a. Surface area and proportion of forests covered by approved sustainable management documents 

 3.5.b. Proportion in private forests available for wood supply of surface areas covered by sustainable 
management documents, per region 

1974 1984 1994 1999 2004 2010 2014

Ownership categories 
and types of management document 

for private forests

Surface area

Units

1000 ha and: 
 % of surface areas which should be managed legally* above the double green 

line,
 % of total surface areas in the category, below the line

Forests governed 
by forestry regula-
tions

State-owned forests
1000 ha  1,184  1,421  1,610  1,705  1,633  1,670  1,689 

 %  71  82  91  93  89  98  99 

Other public forests governed  
by the forestry regulations

1000 ha  1,316  1,651  1,984  2,198  2,193  2,656  2,675 
 %  54  66  75  81  79  90  92 

Total
1000 ha  2,501  3,072  3,594  3,902  3,826  4,325  4,364 

 %  61  73  81  86  83  93  95 

Private forests

Mandatory simple management plan
1000 ha  95  2,346  2,480  2,552  2,487  2,765 2,832

 %  3  71  74  76  73  81  83 

Voluntary simple management plan 1000 ha  -  -  17  26  35  82  109 
Standard management regulations 1000 ha  -  -  -  -  -  -  48 
Code of Best Forest Practice 1000 ha  -  -  -  -  -  -  257 

Total
1000 ha  95  2,346  2,497  2,578  2,522  2,846  3,246 

 %  -  24  24  24  23  27 27 or 31**

Total forest available for wood supply
 1000 ha  2,596  5,418  6,090  6,480  6,348  7,172  7,610 

 %  -  39  41  43  41  47  48 

]0-15]

]15-30]

]30-45]

]45-60]

Proportion of the 
private forest 
available for wood 
supply with 
approved sustainable 
management 
documents (%)

Sources: CNPF, IGN, national forest inventory
Forest estates and time domains involved: 
IGN: forest available for wood supply, campaigns 2009-2013
CNPF: surface areas under voluntary and mandatory simple management plan 
(PSG), standard management regulation (RTG) and Code of Best Forest Practice 
(CBPS) as at 31 December 2014

Sources: 
ONF (public forests, including the %)
CNPF (private forests, including the % up to 2010)
SSP (% of the total up to 2010)
IGN, national forest inventory (% of the total and of the total of private 
forests from 2014)
Forest estate involved: forests available for wood supply
Clarifications:
* All forests governed by the forestry regulations must have a management 
document. In addition private forests going beyond the legal surface area 
limit must have a simple management plan validated by the Regional Forest 
Ownership Center under which they fall.
The public forest areas indicated come from ONF and include non-forest 
elements (ponds, paths, etc.). They must not therefore be compared strictly with 
the IGN statistical surface areas which exclude what is not a forest in the strict 
sense (see glossary). The percentage of managed public forests is calculated 
using a total public forest surface area from an ONF source (using an IGN total 

public forest surface area would give percentages of managed forests higher 
than 100%).
** Private surface areas covered by a management plan are from a CNPF source; 
they also include elements connected to the forest. IGN provides the most 
reliable source on the value of the total private forest surface area. Thus, in 2014, 
it is used to calculate the surface area rate with management documents: the 
private forest and total surface areas considered in calculating the % come from 
cross-referencing the geographical information layer per property used in this 
edition (PRO_NM) with the forest points layer from the national forest inventory 
(2009-2013 campaigns), i.e. about 11,922,000 ha for private forests available for 
wood supply and 15,729,000 ha for all forests available for wood supply. If past 
methods for private forests were used (CNPF data), the private forest surface area 
would be 10,524,000 ha, resulting in 31%, in line with the past results but relating 
to a surface area not as up to date. The decision has been made to indicate both 
values for this edition so that the jump in value can be understood fully.
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n Analysis
More than 7.5 million hectares of the total surface area of French forests are subject to an approved sustainable 
management document, i.e. 48% of the surface area of forests available for wood supply in France. The trend has been 
upwards during the period, both in public and in private forests. In public forests, 4.4 million hectares, i.e. 95% of forests 
governed by the forestry regulations, actually have a management process underway. In private forests, the approval 
of documents to guide and schedule sustainable management (mandatory and voluntary simple management plan, 
standard management regulation and Code of Best Forest Practice) falls under the remit of CNPF. The surface area 
covered by these documents has increased significantly in the last ten years (rise of around 10%), mainly due to the use 
of Codes of Best Forest Practice and standard management regulations adapted to small forest owners and voluntary 
simple management plans. Nearly one third of the private forest area (3.25 million hectares) is thus managed according 
to these various documents. 

Private forests

Simple management plans (PSG), standard 
management regulations (RTG) and Codes of Best 
Forest Practice (CBPS) fall under legislative and 
regulatory provisions introduced by the State to 
manage private forests sustainably with a view to 
multi-functionality (production of timber and services, 
preservation of the biodiversity and ecosystems). The 
PSG and RTG (provided they are effective) guarantee 
sustainable forest management. They are normally 
developed in three key stages: 

1. prior diagnosis of the forest (plots of land, 
stands, soils, climate, game, etc.), 

2. choice of management objectives taking 
account of potentials identified and risks run,

3. cutting and work program to be carried out 
based on choices made (PSG and RTG mainly).

Mandatory and voluntary PSG
As at 31 December 2014, 83% of private properties 
(surface area) which are required to submit a simple 
management plan have indeed acquired this type of 
plan approved by the CNPF (3.5.a). This rate rises to 
88% if the Mediterranean departments are exclude, as 
the number of PSG is structurally lower given the fewer 
number of forests available for wood supply (CNPF, 
2015). The 17% of private properties (surface area) yet 
to acquire mandatory simple management plans are 
either pending (5% - being dealt with by CNPF) or fall 
under the administrative authorization regime (RAA) 
(12% - deliberate or involuntary failure by the owner to 
submit the PSG).

The Agricultural Modernization Law of July 2010 makes 
PSG mandatory for all wooded properties of more than 
25 ha in a single block (situation prior to 2010) or not 
in a single block (new measure), in the knowledge 
that forest islands of 4 ha or more located in adjacent 
municipalities are now taken into account, up to the 
threshold of 25 ha. An increase of around one million 
additional hectares of forest concerned by a PSG within 
ten years is expected due to this new measure. It is 
gradually being implemented. As at December 2014, 
the CNPF has thus called for 4,560 new PSG covering 
an additional 214,500 ha (CNPF, 2015).

Voluntary PSG continue to be submitted regularly  
(+ 74,000 ha in ten years). They cover 109,500 ha 
as at 31 December 2014 (3.5.a). The guarantee of 
management offered by the PSG instrument to access 
State aid is an incentive for owners of forests with 
more than 10 ha surface area who do not fall under 
the mandatory PSG scheme to produce and submit a 
voluntary document.

RTG and CBPS
Private owners of forest areas of less than 25 ha 
which are not managed in accordance with a PSG 
can subscribe to a standard management regulation 
(RTG) prepared by a producer organization – forest 
cooperatives, management groupings, etc. – or by 
a forest surveyor. They can also comply with a Code 
of Best Forest Practice (CBPS) drawn up by CNPF and 
approved by the Prefect.

The Law for the Future of Agriculture, Food and 
the Forest (LAAF) of 13 October 2014 provides for 
abolishing the CBPS from 1 January 2022. After that 
date, the sustainable management guarantee for 
properties of less than 10 ha will be exclusively through 
agreed PSG or RTG.

Until then, the CBPS is maintained and can include 
a cutting and work program. RTG and CBPS 
accompanied by their cutting and work program 
guarantee sustainable forest management, provided 
the owner makes a commitment of at least ten years. 
They are required to access State aid.

As at 31 December 2014, all regions had at least one 
RTG and a CBPS (CNPF, 2015). Nearly 3,500 owners have 
subscribed to an RTG for 48,317 ha covered (average 
surface area about 14 ha) and nearly 28,000 owners 
have subscribed to a CBPS for 256,600 ha covered 
(average surface area of about 9 ha). 

The LAAF created the forest economic and 
environmental interest grouping (GIEEF) to facilitate 
the agreed management of the small and medium-
sized private forest property and bulk out the jobs 
on offer. This voluntary grouping of private forest 
owners may take on a variety of legal forms (producer 
organizations, union associations, forest groupings, 
etc.) and must commit at least 300 ha of forest or at 
least 100 ha of forest provided it unites at least twenty 
owners. 
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Rate of forests available for wood supply covered 
by sustainable management documents

The distribution of the coverage rate of forest 
management documents (DGD) (see map 3.5.b) shows 
huge regional variability. The rate varies from less than 
105 for Corsica (1%) and Rhône-Alpes (9%) to more 
than 45% for Burgundy (46%), Normandy (48%) and 
Ile-de-France – Centre-Val-de-Loire (52%).

The DGD, more especially the PSG, are structurally 
more developed in the regions with a substantial 
presence of “large” forest properties belonging to 
private individuals or institutions (banks, property 
companies, etc.). This involves traditionally the large 
lowland regions of central and northern France, except 
for Aquitaine further south.

Conversely, lower coverage rates apply to regions 
which can be highly wooded (Rhône-Alpes and 
Midi-Pyrénées) but where the forest property is very 
fragmented. 
This involves among others:

 – mountainous and medium-mountain regions, 
where most forests are “family” forests (Rhône-
Alpes, Franche-Comté, Auvergne, Limousin, 
Midi-Pyrénées). In Rhône-Alpes, for example, 
the agreed PSG have been put together for the 
last ten years as an incentive for forest owners 
to form a group; the average size of the private 
forest property is around 1.8 ha; 

 – the Mediterranean regions (Paca, Corsica, 
Languedoc-Roussillon) where the forests 
available for wood supply with management 
potential are fairly rare compared with areas of 
garrique and maquis;

 – in another register, the Atlantic Arc regions 
(excluding Aquitaine) where the afforestation 
rate, which is lower than elsewhere (Brittany, 
Poitou-Charentes), causes mechanically fewer 
DGD.

Public forests

Based on detailed knowledge of characteristics 
specific to each forest, forest management guides the 
medium- and long-term management of public forests 
in compliance with the forestry policy and sustainable 
management principles. The Forest code sets out the 
management content which must include (Article D 
212-1):

 – preliminary analyses relating to the natural 
environment, the cultural heritage and the 
economic, social and environmental needs of 
users and holders or real or personal rights,

 – a technical part that brings together general 
information on the forest, an assessment of past 

management, the presentation of sustainable 
management goals and the implementation 
means of achieving them and scheduling cutting 
and forestry work,

 – an economic part which includes especially 
the provisional financial assessment of the 
envisaged action programs.

The goal set for ONF, under the 2016-2020 objectives 
and performance contract, is to maintain all State-
owned forests and achieve, by the 2020 deadline, 
98% municipal forests actually managed. To achieve 
these goals, ONF is relying on national frameworks 
reviewed during the 2007-2100 period, in compliance 
with national development and management 
directives for State-owned forests (DNAG adopted by 
ministerial decree of 14 September 2009) and national 
development and management guidelines for municipal 
forests (ONAG adopted by ministerial order of 7 April 
2010) which restates the multi-functional nature of 
sustainable forest management and takes into account 
the anticipated climate change in the 21st century. 
Forest management is now based systematically on 
an assessment grid for issues associated with the main 
functions performed locally by the forests: timber 
production, ecology, social function and protection 
against natural risks.

The managed surface area rate therefore continues to 
improve, reaching 99% for State-owned forests and 
92% for municipal forests in 2014 (management in 
force or expired less than three years ago). 

Catalog of stations

The catalog of stations or simplified guides drawn 
up over time are useful instruments for managers in 
making accurate ecological and silvicultural analyses 
of the forests they manage. They are of particular 
advantage in writing management and development 
plans. The existence of these documents can be 
consulted for the various forest regions on the IGN 
national forest inventory site (<http://inventaire-
forestier.ign.fr/spip/spip.php?rubrique20>).

* I.e. properties of less than 25 ha where a PSG is mandatory. For information, more than three million private owners (out of a total of 3.3 million) have 
properties of less than 10 ha (see Indicator 6.1)

http://inventaire-forestier.ign.fr/spip/spip.php?rubrique20
http://inventaire-forestier.ign.fr/spip/spip.php?rubrique20
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 Producer of data
National Forest Office – <http://www.onf.fr>
National Forest Property Center – <http://www.cnpf.fr>
National Institute of Geographic and Forestry Information – <http://www.ign.fr>

  Methodology 

Private forest
CNPF data

The data on the DGD (mandatory and voluntary PSG, RTG, CBPS) are entered by each regional CNPF delegation in 
a specific online database called MERLIN. MERLIN holds all information on the monitoring of the “DGD” activity of 
CNPF: forest location municipalities, owner identifiers, land registry plots, surface areas, etc. A national summary is 
produced every year in March of the year n+1 for the statistics of year n.

Since 2013, CNPF has also been developing an intranet mapping portal (Carto Portal) in which figure the 
perimeters of forests subject to PSG and the various other mapping layers involving them (environmental 
regulations, access, etc.).

IGN data

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).
Public forest

The indicator is completed from management summary sheets (FSA) which are used to find out the validity of the 
management of a forest from its application time and the approval date by the administrative authority. 

Numerator: accumulated surface area as at 31 December of a year for public forests currently being managed or 
pending approval (send to the ONF DG for the State-owned forests or the Prefect for the municipal forests for 
approval) or expired less than three years ago at most. Denominator: total surface area of forests involved (total 
surface area of State-owned forests or total forest area of non-State-owned public forests) as at 31 December. This 
surface area is retained for the management, except for forests never managed where it is the land registry surface 
area.

  Bibliography
CNPF, 2015. Activity report 2014, National Forest Ownership Center, Paris, 107 p.

French private forests, 2015. Key private forest figures, 2015 edition, National Forest Ownership Center-Private forest 
owners of France, Paris, 30 p.

n Data sources and methodology
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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

4.1. Local specific richness of forest species  ................................................. 184
4.1.a. Average local wealth of forest species, per large type of stand

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

4.1.1. Proportion in basal area of the main species ..................................... 189
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
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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).
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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.
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 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.
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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 
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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.

 M
ean reference year (year of calculation)

1990 (1999)
1995 (2004)

1999 (2010)
2008 (2015)

number of sets

average surface area 
mapped per set (ha)

total surface 
area m

apped

number of sets

average surface area 
mapped per set (ha)

total surface 
area m

apped

number of sets

average surface area 
mapped per set (ha)

total surface 
area m

apped

number of sets

average surface area 
mapped per set (ha)

total surface area m
apped

Class of surface area

thousands of 
hectares

 %

thousands of 
hectares

 %

thousands of 
hectares

 %

thousands of 
hectares

 %

...including 
forest-related 
surface areas 
of 0.5 to 2.25 ha

thousands of 
hectares 
1999 equivalent*

<
2.25 ha

93,516
 1 

101
 1 

101
0

of 2.25 to 4ha
-

-
-

-
-

-
-

-
18,938

3
58

0
22,600

 3 
68

0 
29

39

of 4 to 25ha
42,308

10
431

3
45,230

10
449

3
44,777

10
448

3
36,720

 10 
352

 2 
71

281

of 25 to 50ha
7,827

35
275

2
7,962

35
280

2
7,858

35
277

2
5,543

 35 
194

 1 
21

173

of 50 to 100ha
4,766

70
332

2
4,743

70
331

2
4,554

70
318

2
3,255

 70 
228

 1 
20

208

of 100 to 500ha
4,908

209
1,028

7
4,876

208
1,014

6
4,654

208
970

6
3,175

 209 
665

 4 
38

627

of 500 to 1,000ha
787

698
549

4
801

701
561

4
744

701
522

3
547

 706 
385

 2 
15

370

of 1,000 to 5,000ha
646

2,096
1,354

9
645

2,080
1,341

8
605

2,058
1,245

8
491

 2,075 
1,020

 6 
33

987

of 5,000 to 10,000ha
99

6,906
684

4
94

6,825
642

4
81

7,011
568

3
79

 7,151 
568

 3 
13

555

of 10,000 to 50,000ha
71

19,054
1,353

9
92

123,960
11,404

71
57

19,683
1,122

7
70

 20,094 
1,424

 8 
28

1,396

of 50,000 to 100,000ha
6

77,648
466

3
6

74,918
450

3
10

 73,592 
730

 4 
16

714

m
ore than 100,000ha

13
705,809

9,175
59

12
882,857

10,594
64

13
 962,549 

12,132
 68 

201
11,931

Total
61,431

255
15,659

100
64,443

249
16,023

100
82,286

201
16,571

100
166,019

108
17,866

100
3

17,280

Source: N
FI, forest m

ap (1999, 2004, 2010), IG
N

, forest m
ap (2015)

Forest estates and tim
e dom

ains involved: 
1999: All forests and poplar plantations of m

ore than 4 ha, m
ean reference year for aerial photos 1990

2004: All forests and poplar plantations of m
ore than 4 ha, m

ean reference year for aerial photos 1995
2010: Forêt® D

B V1 and V2 depending on the departm
ents, all forests (including poplar plantations) of m

ore 
than 2.25 ha, m

ean reference year for aerial photos 1999
2015: Forêt V2 and “végétation express” D

B according to the departm
ents, all forests (including poplar 

plantations) w
ith m

ore than 0.5 ha (including w
ooded spaces not considered as forest by the national forest 

inventory due to the use m
ade of them

), m
ean reference year for aerial photos 2008

Clarifications: 
All years: The calculations are based on spatial data by considering that a 200 m

 break does not interrupt the 

continuity of the forest m
assif.

Year 2008 (2015): the large m
otorw

ay or rail infrastructures have been deem
ed interruptions in m

assifs, even 
if their footprint w

as less than 200 m
.

The production process bases the m
assif lim

its on the external edge of crow
ns w

hich m
arks the boundary of 

the forest, not on the foot (or 1/3 of the crow
n) of trees like the national forest inventory: com

bined w
ith other 

elem
ents, this results in a m

ore extensive surface area than given by the national forest inventory.
* Thousands of hectares 1999 equivalent: calculated by rem

oving the m
assifs of 0.5 to 2.25 (therefore on the 

sam
e basis as in 1999).
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n Results 
 M

ean reference year (year of calculation)

1990 (1999)
1995 (2004)

1999 (2010)
2008 (2015)

number of sets

average surface area 
mapped per set (ha)

total surface 
area m

apped

number of sets

average surface area 
mapped per set (ha)

total surface 
area m

apped

number of sets

average surface area 
mapped per set (ha)

total surface 
area m

apped

number of sets

average surface area 
mapped per set (ha)

total surface area m
apped

Class of surface area

thousands of 
hectares

 %

thousands of 
hectares

 %

thousands of 
hectares

 %

thousands of 
hectares

 %

...including 
forest-related 
surface areas 
of 0.5 to 2.25 ha

thousands of 
hectares 
1999 equivalent*

<
2.25 ha

93,516
 1 

101
 1 

101
0

of 2.25 to 4ha
-

-
-

-
-

-
-

-
18,938

3
58

0
22,600

 3 
68

0 
29

39

of 4 to 25ha
42,308

10
431

3
45,230

10
449

3
44,777

10
448

3
36,720

 10 
352

 2 
71

281

of 25 to 50ha
7,827

35
275

2
7,962

35
280

2
7,858

35
277

2
5,543

 35 
194

 1 
21

173

of 50 to 100ha
4,766

70
332

2
4,743

70
331

2
4,554

70
318

2
3,255

 70 
228

 1 
20

208

of 100 to 500ha
4,908

209
1,028

7
4,876

208
1,014

6
4,654

208
970

6
3,175

 209 
665

 4 
38

627

of 500 to 1,000ha
787

698
549

4
801

701
561

4
744

701
522

3
547

 706 
385

 2 
15

370

of 1,000 to 5,000ha
646

2,096
1,354

9
645

2,080
1,341

8
605

2,058
1,245

8
491

 2,075 
1,020

 6 
33

987

of 5,000 to 10,000ha
99

6,906
684

4
94

6,825
642

4
81

7,011
568

3
79

 7,151 
568

 3 
13

555

of 10,000 to 50,000ha
71

19,054
1,353

9
92

123,960
11,404

71
57

19,683
1,122

7
70

 20,094 
1,424

 8 
28

1,396

of 50,000 to 100,000ha
6

77,648
466

3
6

74,918
450

3
10

 73,592 
730

 4 
16

714

m
ore than 100,000ha

13
705,809

9,175
59

12
882,857

10,594
64

13
 962,549 

12,132
 68 

201
11,931

Total
61,431

255
15,659

100
64,443

249
16,023

100
82,286

201
16,571

100
166,019

108
17,866

100
3

17,280

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

Source: N
FI, forest m

ap (1999, 2004, 2010), IG
N

, forest m
ap (2015)

Forest estates and tim
e dom

ains involved: 
1999: All forests and poplar plantations of m

ore than 4 ha, m
ean reference year for aerial photos 1990

2004: All forests and poplar plantations of m
ore than 4 ha, m

ean reference year for aerial photos 1995
2010: Forêt® D

B V1 and V2 depending on the departm
ents, all forests (including poplar plantations) of m

ore 
than 2.25 ha, m

ean reference year for aerial photos 1999
2015: Forêt V2 and “végétation express” D

B according to the departm
ents, all forests (including poplar 

plantations) w
ith m

ore than 0.5 ha (including w
ooded spaces not considered as forest by the national forest 

inventory due to the use m
ade of them

), m
ean reference year for aerial photos 2008

Clarifications: 
All years: The calculations are based on spatial data by considering that a 200 m

 break does not interrupt the 

continuity of the forest m
assif.

Year 2008 (2015): the large m
otorw

ay or rail infrastructures have been deem
ed interruptions in m

assifs, even 
if their footprint w

as less than 200 m
.

The production process bases the m
assif lim

its on the external edge of crow
ns w

hich m
arks the boundary of 

the forest, not on the foot (or 1/3 of the crow
n) of trees like the national forest inventory: com

bined w
ith other 

elem
ents, this results in a m

ore extensive surface area than given by the national forest inventory.
* Thousands of hectares 1999 equivalent: calculated by rem

oving the m
assifs of 0.5 to 2.25 (therefore on the 

sam
e basis as in 1999).
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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
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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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Area (ha)

Area (ha)
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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.
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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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Criterion 5

Criterion summary

Sustainable management Criterion 5 focuses on the protective functions of forests. Forests, by their very 
presence and operation, protect the natural resources within them, especially the soils and water which are 
the foundation of their functioning. Thus, the land protection of forests protects by definition the functions 
of the ecosystem. The protection level provided by forests is even clearer when they are used to protect 
human interests (protection of people, infrastructures, crops, etc.) against natural risks (avalanche, erosion, 
falling blocks, landslides, etc.). Criterion 5 focuses on all the protective functions provided by forests.

Criterion goals 

Analysis
Some forests set protection as a priority management objective. This is true of forests with surface areas 
stated in Indicator 5.1. Given the non-availability of all potentially relevant data, Table 5.1.a includes only 
forests governed by special protection status (protection forests, forests in nature or coastal areas covered by 
protection agencies, forests within the drinking water catchment or mountain restoration perimeters). 

The 350,000 hectares of forests dedicated to protection are therefore estimated by default: for example, no 
surface area of non-State-owned forests within a drinking water catchment perimeter is counted despite 
falling directly under this Indicator. In addition, a certain number of forests have a protection management 
objective without having a special legal status, but no statistics are available on this topic. For example, 
some State-owned forests outside mountain land restoration perimeters also play a major protective role. 
Then, without it being a priority management objective, forests all help to protect ecosystem functions by 
their very nature (recycling of minerals, absorption of carbonic gas, protection of the water quality, carbon 
storage, etc.) and to protect against natural risks (soil erosion through runoff, leaching, desertification, etc.).

Author: Ingrid Bonhême (IGN) 

It could be interesting to acquire some information which could potentially feed new indicators: forest areas 
sensitive to fires and affected by the forest defenses against fire (raging or repeated fires which damage soils 
and ecosystems), forest areas with soils especially vulnerable to erosion, link between the forest canopy and 
the quality of water courses, etc.

Outlook
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5.1. Protection forests
5.1.a. Forests dedicated to protecting the ecosystem functions and to protecting property and people against 

natural risks

Purpose of the indicator
In addition to Indicator 4.9 (forests and woodeed lands protected for the biodiversity), Table 5.1.a shows the 
forest and other woodeed lands areas in category 3 according to the definition of the process of Ministerial 
Conferences on the Protection of Forests in Europe (MCPFE, 2003). Category 3 includes forest areas where 
the main management objective is either to protect the ecosystem functions (maintaining water and soil 
quality, etc.) or to protect infrastructures and agricultural resources against natural risks. The protection of 
people is also considered in constructing this table despite not being mentioned in the MCPFE definition.

Only surfaces meeting this definition but with a protection status are considered here due to a lack of 
available information on the forests with a main protection management objective without for all that 
having special status. The forest surfaces falling under each status considered are given in Table 5.1.a.

This indicator is therefore used to assess the actions by the public authorities to protect specifically the 
ecosystem functions, humans, infrastructures and agricultural resources by maintaining a wooded cover. 

n Results 
 5.1.a. Forests dedicated to protecting the ecosystem functions and to protecting property and people 
against natural risks

2010 2015 2015
MCPFE protec-
tion category Protected areas

Forests Woodeed lands

Area (ha)

3 Mountain protection forests  49,952    49,952   n.a.
3 Dune protection forests  13,115    13,115   n.a.
3 Peri-urban protection forests  80,459    80,976   n.a.
3 Natural area protection agencies n.a.  6,658    906   
3 Coastal protection agencies n.a.  32,604    16,419   

3
State-owned forests in the immediate and nearby perimeters of drinking 
water catchment areas

 43,000*  44,800   n.a.

3
State-owned forests in the mountain land restoration perimeters: surface 
areas at high, medium or low risk

 130,000   

3 ...including high-risk areas n.a.  30,000   n.a.
3 ...including medium-risk areas n.a.  45,000   n.a.
3 ...including low-risk areas n.a.  55,000   n.a.

Sources: Maaf (2010, 2013) for the protection forests in the meaning of Articles L141-1 to L141-7 of the Forest Code, INPN and IGN (2015) for the coastal and natural 
area protection agencies, ONF (2011 and 2015) for State-owned forests in the immediate and nearby perimeters of drinking water catchment areas, ONF (2015) for 
forests in the mountain land restoration perimeters (L142-7 of the Forest Code).
Clarifications: 
n.a. : data not available

* The 2010 value for the for drinking water catchment area perimeters is 2011 data.
For the 2015 value of forest areas in the natural area and coastal protection agency sites, the INPN layers dated respectively from 21 December 2011 and 20 February 
2015. They are cross referenced with the forest layer formed from the BD Forêt® V2 and “végétation express” as per the departments (all forests and other wooded lands 
of more than 0.5 ha), mean year for photos 2008 (see Appendix 4). 2015 is therefore a calculation year, as the mean year for data is slightly less.
There is little if any double counting between forests classed as mountain “protection forests” and RTM State-owned forests.
The wooded areas in the drinking water catchment protection perimeters in State-owned forests can include areas which are only slightly wooded, if at all. Surface 
areas given in the mountain land restoration perimeters are wooded areas.



 5.1. Protection forests 233

According to the definition of Category 3 of the 
process of Ministerial Conferences on the Protection 
of Forests in Europe, Table 5.1.a is intended to be 
filled in with the surface areas of all forests with this 
function as a management priority. As this information 
is unavailable, by default only the surface areas with 
special legal status (and falling under Category 3) 
are considered: protection forests in the meaning 
of the Forest Code, forests in the natural or coastal 
area protection agency sites and State-owned forests 
within the drinking water catchment perimeters or the 
mountain land restoration perimeters.

The legal status of protection forests was created 
in 1922 to combat soil erosion in mountains, natural 
risks (avalanches, landslides, etc.) and water and sand 
invasion in coastal areas. The classification reasons, 
limited originally to combating erosion, defense 
against avalanches and water and sand invasion, were 
extended in 1976 to the ecological value of forest 
ecosystems and to the welfare of populations.

The protection forest classification, governed by the 
Forest Code, is currently the most solid legal tool for 
the protection of forests threatened for one reason 
or another. The classification falls under a centralized 
procedure of the agriculture Ministry in charge of 
forets and is decreed in the Council of State. It creates 
a national urban planning easement which is included 
in the local urban planning scheme. It submits 
forests to special forestry regulations which restrict 
the possibilities of land clearance and building of 
infrastructures. Forest management taking account of 
issues to be protected is nevertheless possible.

In 2015, the mountain protection forests accounted 
for nearly 50,000 hectares, dune protection forests 
covered about 13,000 hectares and peri-urban protec-
tion forests nearly 81,000 hectares. They can be pub-
lic or private forests. The protection forest areas have 
changed little between 2010 and 2015: only peri-urban 
forest areas have increased by about 500 hectares after 
inclusion of the Kreuzwald massif in 2012. The protec-
tion from “dune” or “mountain” forests helps to protect 
the soil and combat natural risks whereas the protec-
tion from peri-urban forests is land protection ensuring 
the survival of other ecosystem functions and thus the 
welfare of populations.

The State-owned forests in the mountain land 
restoration perimeters known as “RTM” are also 
included in this indicator. They date back to the end 
of the 19th century, when the first law on mountain 
reforestation was promulgated on 28 July 1860, 
supplemented by the 1864 Law on the re-grassing 

of mountains and then the 1882 Law on mountain 
restoration. The perimeters in question came under a 
“danger arisen and current”, i.e. the active rill erosion 
threatening people and traditional economic activities. 
The land was then acquired amicably or expropriated.

To date, nearly 390,000 hectares of land have thus 
been acquired by the State under the RTM. Voluntary 
reforestation was staggered from 1860 to the end 
of the 1970s. Coupled with natural reforestation, 
the forest stands now cover 240,000 ha, low plant 
formations (less than 3 meters tall) 80,000 ha and bare 
land 70,000 ha.

An assessment of the risk faced nowadays by the 
RTM forests was recently carried out at the request of 
the Ministry for Forestry. A map cross referencing the 
hazards with the issues showed that 12% and 19% 
respectively of RTM State-owned forest stands can 
play a role in preventing a high and medium risk. The 
corresponding surface areas of 30,000 and 45,000 ha 
have been adopted for this purpose in this indicator. 
Forest stands with a low risk account for 55,000 ha. 
Lastly, certain forest areas included in the RTM 
perimeters in fact have no natural risk as some RTM 
land was reforested under a declaration of public utility 
for major works to employ local labor and not really to 
restore land. These surface areas are not included in 
Table 5.1.a.

The same mapping work of hazards and issues will 
be extended to all State-owned forests, with some 
also confronted by high-risk situations with a proven 
protective role. 

Category 3 also includes wooded lands under land 
protection through the action of nature or coastal 
area protection agencies and areas included in the 
drinking water catchment perimeters in State-
owned forests only (lack of information on the other 
ownership categories). Land protection under the 
protection agencies is considered to protect the 
ecosystem functions whereas the drinking water 
catchment perimeters are clearly dedicated to 
protecting the water.

n Analysis
Forests in Category 3 of the process of Ministerial Conferences on the Protection of Forests in Europe are those 
with protection functions as a management priority. However, it has not been possible to identify all metropolitan 
forests in this situation. Failing that, only those with special protection status are considered: they account for about 
350,000 hectares of forest.
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 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> 

Ministry of Agriculture, Agrifood and Forestry -  
<http://agriculture.gouv.fr/foret-et-industries-du-bois/foret-et-industries-du-bois>

National Forest Office (ONF) – <http://www.onf.fr>

  Methodology 

For protected areas with a geographical information layer on the website of the National Inventory of the Natural 
Heritage (coastal protection agency sites, sites acquired by natural area protection agencies), the forest and other 
wooded land areas are calculated by cross referencing it with the IGN forest mapping database. The values in 
Table 5.1.a therefore involve exclusively the wooded surface areas or heathlands planted with trees on protection 
agency sites. 
For the protection forests in the meaning of the Forest Code, the forest areas are given by the Ministry of 
Agriculture, Agrifood and Forestry. The areas for State-owned forests within the mountain land restoration perimeter 
or the immediate perimeter and near to drinking water catchment areas are given by the National Forest Office. 
They can sometimes contain elements ancillary to the forest (path, ponds even heathland planted with trees).

The original definition of the process of Ministerial Conferences on the Protection of Forests in Europe is as follows: 
   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

n Data sources and methodology

Authors: Ingrid Bonhême, Vincent Bousquet (IGN) and Michel Hermeline (ONF)

http://inventaire-forestier.ign.fr/spip/
https://inpn.mnhn.fr
http://agriculture.gouv.fr/foret-et-industries-du-bois/foret-et-industries-du-bois
http://www.onf.fr
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Criterion summary

Criterion 6 – “socio-economic functions of forests” – supplements the Criterion 3 indicators on the productive 
function of forest by describing the economic and social benefits of forest spaces enjoyed by society. These 
benefits extend from the production and consumption of the raw material to the protection services, the 
well-being of populations and the development of rural regions.

This is therefore the most heterogeneous criterion. It counts fifteen indicators which provide information on 
a variety of topics, from the structure of the forest ownership to the forest's cultural and spiritual values via 
employment, health and training, economic performance of the forest sector, integration of forests with the 
regions, certification, access to forests for recreational purposes, etc. It is proposed to group indicators into 
four themes to give the information in this criterion some semblance of order: humans and forest regions 
(6 A), economic characteristics of the French forestry sector (6 B), investments and efforts for ecological or 
environmental purposes (6 C) and cultural, social and spiritual needs and values (6 D).

Criterion goals 

Analysis

6.A. Humans and forest regions

The 16 million odd hectares of French forests are territories marked by Man and his intervention. The 
information under Criteria 1 and 3 shows how Man has fashioned the forest through management and 
what benefits he gains from it, but now Criterion 6 provides details on the men who fashion the forests and 
process the timber and how they incorporate the forestry problem into the problems of development and 
sustainable management of regions through the following indicators:

6.1. Structure of the forest ownership

6.1.2. Training in the forestry sector,

6.5. Jobs in the forest-timber sector

6.6. Occupational health and safety in the forestry sector,

6.1.1. Integration of forests in local initiatives,

6.1.3. Voluntary sustainable management certification initiatives

The management goals and methods change according to whether the forest is publicly or privately owned, 
the size of the holding and the management operators (Indicator 6.1). These elements influence the timber 
mobilization capitalization capacity and the spatial organization of stands. 

Three quarters of French forests are privately owned and one quarter publicly owned (municipalities and 
other communities, State). In 2012, there were 3.3 million owners for the 10.4 million hectares of private 
forests. Those owning 25 hectares or more hold slightly less than half the surface areas and account for just 
2% of owners. In 2014, the 17,000 “public forest owners” shared 4.6 million hectares (for 37% State-owned). 
Public forests are mainly large (several hundred hectares on average against a few hectares only as private 
forest).

Proof of the appeal of the forestry sector and the sensitivity of players (owners and elected representatives) 
to sustainable management, between 2010 and 2014, training (Indicator 6.1.2) has tended to rise both in 
terms of diploma and non-diploma courses for owners; however, initial training courses are showing a slight 
drop in graduates.

At the same time, silviculture and logging provide almost thirty thousand full time equivalent jobs (Indica-
tor 6.5). Despite the downward trend of employment in silviculture and logging in the period analyzed, it 
remains fairly stable, at around 14%, in the timber sector as a whole.



  239

Mirroring the better working conditions, the work accident frequency rate in the forestry sector (Indicator 
6.6) has been improving steadily since 2002. All the sectors are showing a downward trend and although 
logging has traditionally been the most risky activity, clear progress has been made as the accident 
frequency rate per million hours worked in this activity is now at the same level as for silviculture.

Forest regions are at the heart of rural area development and organization, testifying especially to the 
development of massif development plans (390 plans for 930,000 owners involved and about 2.9 million 
hectares) and territorial forest charters (140 charters in 6,800 municipalities for a forest area of 5 million 
hectares of which 68% is privately owned) (Indicator 6.6.1). Sustainable forestry dynamics within territories 
are also expressed through expanding certification (Indicator 6.1.3): over half the national forest areas are 
certified for their sustainable management, the guarantee of environmentally-friendly, socially beneficial and 
economically viable management.

Forests make a major contribution to rural economies, to the living environment and well-being of 
populations in the rural areas. Many situations encountered in French forests can be sources of wealth 
and diversity, mainly at the scale of landscapes, the diversity of stands, habitats and management (or non-
management) methods; but they can also generate economic (timber mobilization costs, owner incentives, 
etc.) or ecological (fragmented habitats) difficulties. 

6.B. Economic characteristics of the French forestry sector

Processed forest products are sources of trade and create value for the French economy. This section of 
Criterion 6 sets out a few macro-economic indicators of the forestry sector that can replace value within the 
French economy:

6.2. Formation of the added value of the forest-timber-paper-furniture sector,

6.3. Distribution of the added value of the forest-timber-paper-furniture sector,

6.7. Timber consumption 

6.8. Imports and exports.

The added value created by the forest and timber activity is around 12 billion euros in 2012 (all sectors 
together, including over 18% for silviculture and logging). Overall, the contribution of the sector to the 
national wealth (share of the gross domestic product) is showing a downward trend (scarcely more than 
0.5% in 2012 against nearly 1% in 1999) (Indicator 6.2). The gross logging surplus in the timber sector, which 
includes the profitability of the sector's production system, is around 3 billion euros every year, including 
over a billion for the silviculture and logging sector (Indicator 6.3). 

An analysis of the apparent consumption in volume (production + imports – exports) and international trade 
in both volume and value (Indicators 6.7 and 6.8) indicates that France is a net importer of many products, 
mainly processed products with high added value. The trade balance in 2014 shows a deficit of 6.8 million 
cubic meters of roundwood equivalent and 4,497 million euros 2014, i.e. more than 10% of the global French 
foreign trade deficit (for 0.59% of the gross domestic product). 

The macro-economic indicators are used to assess the economic vitality of a sector and its significance in the 
domestic economy. Although the silviculture and logging data appear to confirm the dynamics of forests, 
forestry workers and regions, the overall sector performances must be tempered due to lesser performances 
of other timber processing sectors.

6.C. Ecological or environmental actions 

Although Criteria 1, 2 and 4 in particular have indicators reflecting the state of French forests and the 
pressures facing them, the indicators in this section of Criterion 6 provide (partial) information on the 
potential responses by society to certain environmental problems:

6.4. State expenditure on forests

6.7.1. Recycling and salvage,

6.9. Fuelwood.
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Author: Claire Montagné-Huck (Forestry Economy Laboratory, Inra-AgroParisTech)

The very actions of forest owners and managers provide a multitude of economic, social and environmental 
benefits. The most obvious are – perhaps – what society gains from timber production and timber 
processing industries. These values can be measured fairly easily, but are always partially limited by 
difficulties in separating out the proportion of value linked to the timber or the forests in activity sub-sectors 
or indirect fallout in terms of creating value or jobs, for example. But despite it being linked without question 
to the market mechanisms and formal economy, the forest cannot be reduced to this trade component 
alone. History and reason show that the forest have always been subject to complex interactions with 
the environment, regions and populations. Productions other than timber, tourist activity and ecological 
considerations, although difficult to measure, play a full role in the sustainable management of French 
forests. 

Conclusion

Major public expenditure (Indicator 6.4) is granted to support sustainable forest management (annual 
figures of 140 million euros for non-State-owned public forests and 80 million for private forest 
management). Added to this are a variety of general interest missions fulfilled by the forests with human 
support (169 million euros for preventing and fighting fires, restoring the forest canopy after storms and 
conservation of soils and the biodiversity). Lastly, all the resources for expanding knowledge of forest 
ecosystems are more difficult to assess but are probably in the order of 100 to 200 million euros (on-going 
monitoring of resources and research means).

At the same time, public policies encourage the recycling and salvage of wood products and the use of 
renewable energy sources such as wood (Indicators 6.7.1 and 6.9). Thus, the sawmill by-products take on 
increasingly significant economic and ecological importance; they are no longer considered waste but as 
raw material for the crushing operations and energy production. Similarly, the main raw material used in the 
paper and paperboard industry is still (and this is consolidating in 2014) recycled paper and paperboard. In 
addition, the 46 million cubic meters of wood and by-products used for energy purposes account for 4% of 
the total primary energy consumed in 2013 and 47% of the renewable energy.

6.D. Cultural, social and spiritual needs and values

Lastly, Criterion 6 measures part of the social benefits which Man gains from forests through two indicators:

6.10. Public access to the forests,

6.11. Forests with cultural or spiritual value.

Opening forest spaces to the general public is a social issue of prime importance (Indicator 6.10). The 
metropolitan forest area counted in number of inhabitants is 0.26 hectare. More than half French people say 
that they go to the forest for recreational pursuits at least once a year. Public access is part of the missions 
and goals of public forests, but a large proportion of private forests is also open to the public, as 85% of 
owners say that they welcome visitors to their forests, i.e. nearly three quarters of private forest areas.

The cultural or spiritual value of forests is without doubt very important for the populations but also very 
difficult to measure (Indicator 6.11). Forest sites with strong cultural or symbolic value include classified 
sites, arboretums in public forests, biosphere reserves, world heritage sites, unusual trees and populations, 
peri-urban protection forests and forêts d'exception (exceptional forests) in State-owned forests.
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6.1.1.a. Massif development plans (PDM) and territorial forest charters (CFT), in 

number and surface area
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6.1.1.c. Geographical breakdown of territorial forest charters
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6.1. Structure of the forest ownership 

Purpose of the indicator
This indicator presents the breakdown of the forest area per category and per ownership size at national 
(6.1.a) or regional (6.1.c) scale and the proportion of private surface areas managed by the largest managers 
(6.1.b). 

The management goals and methods therefore change according to whether the forest is publicly or 
privately owned (6.1.c). The State-owned and municipal forests all have a single manager – the National 
Forests Office – and a management plan – development document approved by the State services. Private 
forests are managed directly by their owners or via an expert or cooperative. A management document 
approved by the public authorities – the simple management plan – is mandatory above 25 ha, but some 
smaller holdings can fall under an approved sustainable management document (simple management plan, 
standard management regulation, etc. (see Indicator 3.5). The largest owners and managers of private forests 
(6.1.b) help to facilitate timber mobilization in compliance with environmental or social requirements. 

Apart from the mandatory presentation thresholds of a sustainable management document for private 
holdings, the size of the forest holding (6.1.a) dictates the management methods (and, if appropriate the 
non-management), influences the timber mobilization capacity and structures the spatial organization of 
stands.

This indicator sheds light on the economic issue (forest management level, felling rate, timber mobilization 
cost, etc.) and also the social (public access to State-owned and municipal forests governed by the forestry 
regulations) and environmental (heterogeneity of management methods in the landscape, diversity of 
stands, existence of freely evolving forests, etc.).

6.1.a. Nature, size and number of forest holdings 
6.1.b. Breakdown of private holdings per type of manager
6.1.c. Proportion of different ownership categories at regional scale 

Warning: The data in Table 6.1.a on the surface area and number of owners per holding size class do not come 
from the same source as those in Table 6.1.c, which gives the total surface areas per ownership category at regional 
scale. The total surface area values cannot therefore be compared: some come from land registry and survey data 
whilst others are forest inventory data.
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n Results 
 6.1.a. Nature, size and number of forest holdings 

1976-
1983

1999 2012 1999 2010 2014

Class of sur-
face area Ownership category Private forest Public forest managed by ONF
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Less than 1ha
surface area (1000ha)  773  745 679 ± 0 0.01 0.04 0.00 0.04 0.00 0.04
number of owners*  
(x 1000)

 2,360  2,361 2,176 ± 0 0.02 0.07 0.00 0.06 0.00 0.06

1 to 10ha
surface area (1000ha)  3,188  2,975 3,061 ± 27 0.14 8.26 0.04 8.24 0.03 8.87
number of owners*  
(x 1000)

 1,165    934   965 ± 135 0.03 1.47 0.01 1.48 0.01 1.58

10 to 25ha
surface area (1000ha)  1,464    1,761   1,774 ± 141 0.72 37 0.51 36 0.46 37
number of owners*  
(x 1000)

 100    120   120 ± 11 0.04 2.16 0.03 2.09 0.03 2.17

25 to 100ha
surface area (1000ha)  1,905    2,641   2,148 ± 160 9.53 282 7.80 274 7.34 282
number of owners*  
(x 1000)

 42    58   46 ± 3 0.17 5.03 0.13 4.87 0.12 5.01

100 to 10,000ha
surface area (1000ha)  2,410    2,498   2,775 ± 201 1,744 2,446 1,694 2,649 1,697 2,661
number of owners*  
(x 1000)

 9    11   11 ± 1 1.21 6.57 1.16 6.84 1.15 6.88

Total
surface area (1000ha)  9,740    

10,620   
 

10,438   
± 261  1,755 2,773 1,702 2,967 1,705 2,989

number of owners* (x 
1000)  3,676    3,484    3,318   ±  0   1.47 15.29 1.33 15.34 1.30 15.70

Sources: SSP (private forests), ONF (public forests)
Forest estates and time domains involved: 
Private forests: 

Years 1976-1983: survey of the economic silviculture structures by the Statistics and Forecasting Department (SSP).
Years 1999 and 2012: SSP surveys of the structure of private forests in 1999 and in 2012 for holdings of 1 ha and more and land registry for the holdings of less than 
1 ha.

Public forests: 
Distribution per size class based on the total surface areas of holdings governed by the forestry regulations (which can therefore contain a proportion of non-
wooded surface areas).
 * The number of owners for State-owned forests relate to the number of State-owned forests per size class. They all belong to a single owner – the State.

Clarifications: The surface areas presented here are “land” areas (which can therefore contain a proportion of non-wooded areas: bodies of water, paths, etc.) and 
which can differ from strictly forest areas as inventoried by IGN.

 6.1.b. Breakdown of private holdings per type of manager

2009 2012 2013 2014

UCFF
surface area (ha) 1,965,000 1,988,141 2,018,174 n.a.
number of owners 99,843 113,031 108,000 n.a.

Cniefeb
surface area (ha) n.a. 925,000 n.a. n.a.
number of owners n.a. n.a. n.a. n.a.

SFCDC
surface area (ha) n.a. n.a. n.a. 270,000
number of owners n.a. n.a. n.a. n.a. 

Sources: National Society of Professional Engineers, Forest Surveyors and Wood Experts (Cniefeb), Caisse des dépôts Forestry Company (SFCDC) and 
Union of French Forest Cooperatives (UCFF)
Clarifications: Some surface areas managed by the Caisse des dépôts Forestry Company are in fact managed by expert members of Cniefeb and the areas can there-
fore be counted twice for these two managers.
n.a. : data not available
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Private holdings (6.1.a)
More than half the private forest area is made up of 
forest holdings of less than 25 hectares. The average 
size of these holdings was estimated at nearly 
3 hectares in 2012 and has changed little globally 
since 1999, as it has risen from 2.89 to 3.15 hectares. 
However, an upward trend seems to be appearing as 
it was around 2.65 hectares in about 1980. Temporal 
comparisons do, however, remain tricky given the 
alterations to the method occurring over the period.

The number of private owners is still very high 
(3.3 million in 2012), making France well out in front 
among European countries. Two-thirds of French forest 
owners (2.2 million in 2012) only possess very small 
units of less than one hectare, however.

Beyond indications in Table 6.1.a, the SSP survey in 
2012 on forest holdings of one hectare and more 
provides the legal status of private owners. Natural 
persons are the most numerous, with 94% of owners 
for 75% of surface areas. Mainly individual owners, they 
also include communal matrimonial estates, joint- and 
co-owners.

The very few legal entities (7%) hold one quarter of 
the surface areas. They cover 31 ha on average (against 
7 ha for the natural persons). They include forest 
management groups that own the largest units with 
117 hectares on average. 

n Analysis
French forests are mainly private (75% private, 9% State-owned and 16% other public forests).

In 2012, 3.3 million owners split between them the 10.4 million hectares of private forest covered by the most recent 
survey by the Statistics and Forecasting Department (SSP) of the Ministry of Agriculture. These holdings have changed 
little in their structure since the last decade. Those owning 25 hectares or more hold slightly less than half the surface 
areas and account for 2% of owners. 

In 2014, the 17,000 “public forest owners” split between them 4.6 million hectares of land governed by the forestry 
regulations (1.4 million hectares of this land are forest, of which 3.8 are likely to contribute to wood production). State-
owned forests account for 37% of public forest areas whereas the other forests governed by the forestry regulations 
account for 63% of surface areas and the large majority of owners. Public forests are larger on average than private 
forests.

 6.1.c. Proportion of different ownership categories at regional scale 

State-owned

Other public forests

Private

Data source: IGN, national forest 
inventory
Forest estates and time domains 
involved:
Years 2008-2012: forest available for 
wood supply, surveys 2008-2012.
Clarifications: 
The public holding categories on Map 
6.1.c relate to those in Table 6.1.a. 
Conversely, for private forests, the 
categories in Table 6.1.c contain the 
municipal forests not subject to the 
forestry regulations which escape the 
categories in Table 6.1.a.
n.s. : insignificant
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These figures reflect the high level of private land 
parceling in France which affects owner involvement 
in passing on information, especially technical, the unit 
cost of interventions featuring economies of scale and 
decisions on active forest management.

Public holdings (6.1.a)

The land status and the application of the forestry 
regulations to public forests provide them with 
extensive land protection, thereby limiting the 
alienations and possibilities of changes in use. 
These public surface areas placed under the forestry 
regulations tend to increase on a regular basis.

For State-owned forests, this increase in surface area is 
explained mainly by:

 – the incorporation in the private State-owned 
forest estate of forests allocated temporarily to 
ministries other than the Ministry of Agriculture 
and Forestry;

 – exchanges (sometimes between regions) when 
there is a positive balance: the wooded surface 
area compensating for land clearance is at least 
equal to the area of this land clearance and thus 
helps to increase forest areas;

 – the possibility, since 2003, of payments in kind 
of property inheritance duties with woods and 
forests (payment in kind which allows a debtor 
to pay all or part of his debt by transferring 
the ownership of an asset or group of assets 
belonging to him);

 – the acquisition of forests by the Ministry of 
Agriculture and Forestry. 

Ultimately, an assessment of land transactions shows 
an increase of 2,800 ha in the State-owned forest area 
for the 2010-2014 period.

The increase in surface area of municipal forests 
governed by the forestry regulations is even more 
significant (21,000 ha). It results from a positive balance 
between operations placing municipal forests under 
forestry regulations, by order, and the far more limited 
leisure operations. There were 15,629 forests of this 
type in 2014, reflecting the significant number of forest 
municipalities in the country. This number is tending 
to increase due to the placing of new municipal forests 
under forestry regulations and the acquisition policy 
by certain authorities (departmental and regional 
councils). Respectively 44% (88.8% of the surface area) 
and 76% (98.4%) of municipal forests are more than 
100 ha or more than 25 ha. The average surface area is 
186 ha per forest.

Despite the increase in surfaces between 2010 and 
2014 noted above, the State-owned forest areas have 
globally decreased between 1999 and 2014, with, as 
a corollary, an increase in municipal forest areas: this 

break is mainly due to the Law of 22 January 2002 
which transferred the State-owned private forest 
estate (about 55,000 ha of State-owned forests) to the 
Corsican regional authorities.

The 1,300 State-owned forests are normally large: 90% 
of State-owned forests (99.5% of the surface area) are 
more than 100 ha and their average area is 1,312 ha. 
This is a historical legacy and fruit of a constant policy 
to consolidate State-owned massifs. 

The public forest heritage under forestry regulations 
thus normally has large management entities, where 
efficient sustainable management is possible for the 
timber sector and in the general interest.

Breakdown of private holdings per type of manager 
(6.1.b)

Forest cooperatives are major players in private forest 
management, with 2 million hectares of managed 
forest (20 hectares on average); the experts also count 
a large surface area with about 1 million managed 
hectares (fairly large). The Caisse des dépôts Forestry 
Company specializes in managing institutional 
holdings (fairly large); it manages 270,000 ha. These 
players facilitate forest management.

Spatial breakdown of different holding categories 
(6.1.c)

French forests (Table 6.1.c) are mainly private (three-
quarters private forests to one quarter public forests). 
They have one of the highest rates in private forest 
holdings in Europe behind Slovenia, Norway, Denmark 
and Austria (Forest Europe, 2011). The breakdown of 
forest holdings, which reflects forestry history and 
policies, is nevertheless heterogeneous in France: 

 – forests emanating from former royal and 
ecclesiastical domains are particularly well 
represented in the Paris Basin and the North-
West and East of the country. There is a very 
high rate of public forests here, reaching 73% in 
Alsace; 

 – land acquired and reforested during the major 
19th century developments is concentrated 
in the Aquitaine coast, Southern Alps and the 
southern parts of the Massif Central and Eastern 
Pyrenees: there is a high rate of public forests 
here.

Public forests are found less frequently in the other 
French regions. For the past ten years or so, following 
the transfer of State-owned forests in Corsica to the 
Corsican regional authority, the flows between each 
category of holding have remained low. A tendency for 
forest areas to increase is apparent in each category, in 
line with the expansion of French forests.



Socio-economic functions of forests

248

Criterion 6 

 Producer of data
6.1.a 

 – National Forest Office – <http://www.onf.fr>
 – Ministry of Agriculture, Agrifood and Forests, Statistics and Forecasting Department – <http://www.agreste.

agriculture.gouv.fr>
6.1.b 

 – National Society of Professional Engineers, Forest Surveyors and Wood Experts – <http://www.foret-bois.
com>

 – Caisse des dépôts Forestry Company – <http://www.forestiere-cdc.fr>
 – Union of French Forest Cooperatives – <http://www.ucff.asso.fr> 

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

  Methodology 

SSP data
 – The 1976-83 SSP survey used as a surveying basis the points of the annual survey on the use of the territory 

(Teruti) where it was possible to identify the owner. This explains how the surface area has been under-
estimated (9.7 million hectares against more than 10.3 million hectares listed in 1999 and 2012).

 – The SSP surveys of 1999 and 2012 used the land registry as a surveying base, with the owner of 1 ha and 
more of forests in one department as the statistical unit listed. In addition, the 1999 and 2012 data for the  
0 – < 1 ha class taken from the land registry are likely to be under-estimated. This over-estimates the land 
that is not greatly exploited (wasteland and heathland) to the detriment of land which is exploited more 
(utilized agricultural area), grasslands and forests (as a guide, the SSP surveys estimated the surface area of 
private holdings of 1 ha and more at 9.9 million hectares in 1999 and 9.8 million in 2012, against 8.3 million 
from the land registry on the same dates).

 – The class 0 – <1 ha data for 1976-83 cannot be compared with the 1999 and 2012 data, for the 1976-83 
survey focused on wooded surface areas of 0.5 ha and more whilst the 1999 and 2012 surveys were 
conducted without thresholds. In addition, as stated above, the surveys based on the land registry data 
under-estimate the private forest areas compared with the actual surface area estimated by the IGN forest 
inventory.

ONF, UCFF, CNIEFFEB and SFCDC data
Data directly from managers.

IGN data
Ownership of a sampling point is defined from the contours of forests governed by the forestry regulations. The 
National Forests Office provides this information to the forest inventory. Any forest not governed by the forestry 
regulations is included by default in the private forest category (including public forests not governed by the 
forestry regulations).

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).
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6.1.1. Integration of forests  
in local initiatives,

Purpose of the indicator
This indicator gives the characteristics of massif development plans and territorial forest charters in number, 
number of participating municipalities and surface areas (municipal and forest) involved (6.1.1.a). The 
regional breakdown of massif development plans (6.1.1.b) and territorial forest charters (6.1.1.c) is also given.

Forest regions are at the heart of rural area development and organization testifying to the development 
of massif development plans and territorial forest charters. They aim to revitalize forest access, land grouping, 
cover by sustainable management documents and timber mobilization. This indicator reports on the 
development of these initiatives in the country.

 6.1.1.a. Massif development plans (PDM) and territorial forest charters (CFT), in number and surface area

2011 2012 2013 2014 2015
CFT PDM1 CFT PDM2 CFT PDM2 CFT PDM2 CFT PDM2

Number  118    307   n.a.  304    132    335   n.a.  381    139    391   
Territorial surface area (1000 ha)  10,134    6,852    n.a.  8,696    11,700    9,488   n.a.  11,480    12,800    11,606   
Number of municipalities  5,341   n.a. n.a. n.a.  6,256    5,052   n.a.  7,638    6,800    7,786   
Forest area (1000 ha)  4,160    2,561   n.a.  3,132    4,790    3,372   n.a.  4,000    5,000    4,137   

... including private forest  1,826   n.a.  2,191    3,257    2,377   n.a.  2,775    3,400    2,906   
Afforestation rate (%) 41 37 n.a. 36 41 36 n.a. 35 56 36

Sources: FNCOFOR, CNPF, Irstea
PDM1: PDM source 2011: Irstea, as per the national assessment in 2010 (Sylvain Chabé-Ferret, Arnaud Sergent, Irstea, final report published in March 2012).
PDM2: PDM source from 2012 onwards: CNPF, as per the internal file consolidated under the State/CNPF goals and performance contract 2012-2016.  
Clarification: Data at 1 January of each year.
n.a. : data not available

n Results 

6.1.1.a. Massif development plans (PDM) and territorial forest charters (CFT), in number and surface area
6.1.1.b. Regional breakdown of massif development plans
6.1.1.c. Geographical breakdown of territorial forest charters
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 6.1.1.b. Regional breakdown of massif development plans

2015

CNPF regions (re-
gional 
CNPF 
delegations)

Number 
of PDM

Surface 
area of 

territory 
involved 

Forest 
area 

involved

... includ-
ing 

public for-
est area

… includ-
ing 

private 
forest area 

Average 
private 
forest 
area

Number of 
private owners 

involved

Number 
of mu-

nicipalities 
involved

Afforesta-
tion rate

1000 ha ha

Aquitaine 12 1,930 603 180 423 4.0 105,229 1,522 31%

Auvergne 50 1,074 335 57 278 2.9 97,426 503 31%

Burgundy 4 611 255 99 157 3.9 40,342 611 42%

Brittany 6 328 60 4 56 1.4 39,576 124 18%

Champagne-Ardenne 39 1,483 436 158 278 2.3 119,591 1,156 29%

Corsica 2 2 1 0 1 1.7 500 3 50%

Franche-Comté 10 135 72 28 44 3.2 13,827 120 54%

Île-de-France-Centre 1 3 3 1.3 2,245

Languedoc-Roussillon 13 291 209 54 154 5.2 29,712 145 72%

Limousin 5 391 180 12 168 4.0 41,755 7 46%

Lorraine-Alsace 17 n.a. 138 69 69 1.4 49,991 110 n.a.

Midi-Pyrénées 32 831 224 38 186 3.3 56,948 257 27%

Nord-Pas-de-Calais-
Picardie

21 1,224 224 90 134 3.4 39,757 2,003 18%

Normandy 6 298 79 38 41 6.1 6,661 154 26%

Pays de la Loire 2 131 24 10 14 2.1 6,755 71 19%

Poitou- 
Charentes

40 398 64 64 1.8 35,969 201 16%

Provence-Alpes-Côte 
d'Azur

44 1,201 648 239 410 5.1 79,628 135 54%

Rhône-Alpes 87 1,142 581 155 426 2.5 167,684 664 51%

Total 391 11,606 4,137 1,231 2,906 3.1 933,596 7,786 36%

Source: CNPF, PDM indicator, as per ACTIV 2 summary of 15 April 2015.
Clarification: Data at 1 January of year cited.
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 6.1.1.c. Geographical breakdown of territorial forest charters

Data source: Corine Land Cover, 2009. Geofla®, IGN. Territorial forest charters, FNCOFOR, 2015.
Clarification: Situation in Autumn 2014.
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Massif development plans (PDM)

Presentation

The massif development plans are territorial initiatives 
to raise awareness of and call on owners to apply 
sustainable forest management in massifs insufficiently 
affected until now by forest development and logged. 
It is one of the instruments encouraged by the State 
(Law on the modernization of agriculture and fisheries 
of July 2010) under local forest development strategies 
(SLDF). 

The massif development plan initiative is based on 
diagnostic work per massif (5 to 7,000 ha on average 
for private forests alone) followed by discussions 
with the forest owners and other regional players to 
propose and execute forest improvement operations 
appropriate to the specific context of the massive. 
As a territorial development instrument, the massif 
development plan is clearly part of a long-term 
initiative, with actions and effects that will endure 
long beyond the completion date. Two-thirds of 
massif development plans are deemed to have been 
completed, but this does not for all that mean a halt to 
forest development dynamics.

The massif development plans are mainly set up in 
regions with a high proportion of forests with little, if 
any, management (very fragmented parceling, difficult 
access, insufficient road network, etc.), more often 
than not in mountain and medium mountain areas. 
The Rhône-Alpes, Auvergne and Provence-Alpes-
Côte d’Azur alone account for nearly 50% of all massif 
development plans introduced (see 6.1.1.b).

They have been highly successful as a rural 
organization instrument, echoing the interest 
shown by the regional authorities. Nearly 390 massif 
development plans have been introduced and 
monitored by CNPF throughout France since the 
2000s, in close partnership with the forest managers: 
cooperatives, forestry experts and independent 
forest technicians. They have brought into contact 
(letters, telephone calls, meetings, visits, etc.) some 
930,000 owners for a private forest area in the order 
of 2.9 million hectares. The PDM actions relate to the 
development of sustainable management documents 

(concerted simple management plans, Codes of Best 
Forest Practice, etc.), timber mobilization, access, land 
grouping, extension services, etc. as well as more 
“societal” forest functions like preservation of the 
biodiversity, public access, water quality, etc. After 
fifteen years in existence, the massif development plans 
are now proving to be a natural extension for the 
forest economic and environmental interest groupings 
(GIEFF); these are new collective forest management 
instruments at the scale of the massif set up by the Law 
for the Future of Agriculture, Food and the Forest of 
13 October 2014.

Main lessons 

The national assessment entrusted to Irstea by the 
Ministry of Agriculture (final report published in March 
2012) concluded that PDM were beneficial, especially 
in terms of:

 – extension services and forestry advice. As at 
31 December 2014, more than 860 technical 
meetings attended by 18,700 participants and 
nearly 10,400 diagnostic visits had mobilized 
new owners, including some who joined 
professional forestry organizations (cooperatives, 
unions, etc.);

 – development of sustainable forest management 
documents. In Rhône-Alpes, for example, a 
10% rise in the surface area under a simple 
management plan was mainly the result of a 
dynamic PDM;

 – improvement of access and forest land, two 
essential prerequisites to ensuring lasting access 
to sustainable forest management.

It is more difficult to assess the influence of massif 
development plans on the massification of the harvest 
given the very patchy information on volumes actually 
logged. One significant effect is however apparent 
in Auvergne, with an estimated additional harvest of 
6 cubic meters per hectare per year.

Lastly, some PDM result directly in new owner 
associations (ASA, ASGF, etc.) or silviculturist groups 
(uniting up to 150 owners in some cases) likely to 
become GIEFF subsequently, involving a single 
grouped PSG per massif. 

n Analysis
The development of massif development plans (PDM) and territorial forest charters (CFT) testify to the importance of forest 
lands in developing and organizing rural areas. The massif development plans have been highly successful, with nearly 
390 introduced since the 2000s. They involve some 930,000 owners for a private forest area in the order of 2.9 million 
hectares. The territorial forest charters have also expanded hugely. Nearly 140 CFT were listed in 2015, covering the 
territory of 6,800 municipalities for a forest area of 5 million hectares (68% privately owned). One CFT focuses on all or 
part of the forest-timber sector in a given territory (country, regional nature park, intermunicipality). The PDM mainly 
focuses its operations on private forests. The two initiatives do not run concurrently and can easily be connected, or even 
precede each other in a same territory (40% of the private forest area under a PDM is also covered by a CFT).
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Territorial forest charters (CFT)

Presentation

Territorial forest charters are development and 
sustainable development instruments for rural 
areas used to include forests more in their social 
environment and thus setting out the multifunctional 
role of the forest. Whether this involves economic 
(timber production, local timber sector, etc.), social 
(tourism, land, etc.) or environmental (biodiversity, 
landscape, etc.) issues, the territorial forest charter aims 
to meet the specific local expectations from promoting 
forest spaces and also the local timber sector. It is a 
strategic initiative which is turned into reality by an 
operational action program. 

The territorial forest charters were created by the 
Forest Law of 9 July 2001 (Article L12 of the Forest 
Code) and have been attached to the local forest 
development strategies since 2010. Initiated locally, 
they have proved highly successful, most frequently 
in intermunicipalities (which sponsor 32% of projects), 
countries or territorial and rural balance centers (PETR, 
MAPAM law of 27 January 2014, 32% also) or regional 
nature parks (19%). They are based on a consultation 
instrument between local players to prepare a shared 
diagnosis and action plan around forest-timber 
issues in the territory. The charter fosters encounters 
between private or public forest owners, users of the 
resource (local authorities, economic operators, public 
establishments, forest user associations, environmental 
protection associations, State) and professionals 
(businesses in the sector and foresters). CFT carry 
out actions relating to a variety of fields. There are, 
however, a few stand-out themes: 

 – processing and waste-to-energy conversion 
of wood accounts for about 20% of all actions 
(awareness-raising but also creating wood 
storage platforms, even wood boiler rooms, 
setting up of territorial supply plans);

 – mobilization and trading of timber accounts 
for 19% of all actions (installing access schemes 
and routes, support for forestry work businesses, 
production of massif development plans in 
private forests, etc.);

 – monitoring, organizing and assessing accounts 
for 18% of actions (coordination of actions in 
the CFT program by the charter's prime contract, 
cross-disciplinary communication, etc.);

 – lastly, the "leisure and tourism” and 
“environment” themes are also illustrated and 
highlight the specific features of forest charters, 
a cross-disciplinary approach to multi-functional 
enhancement of the forest in a territory.

FNCOFOR is responsible for monitoring and 
networking territorial forest charters. Nearly 
140 territorial forest charters were listed in 2015, 
covering the territory of 6,800 municipalities for a 
forest area of 5 million hectares (68% privately owned). 

Main lessons 

A national assessment of territorial forest charters has 
demonstrated their advantage; they have highlighted 
success factors for the territories involved and 
suggested a few avenues for reflection on improving 
them:

 – the importance of organization for the project 
dynamics and consistency of actions;

 – political backing for the initiative;
 – the nature of the support structure (with major 

engineering to mobilize sundry skills);
 – links with other territorial development 

dynamics.

The territorial organization of CFT has a lever effect, as 
one euro spent brings nine investment euros to the 
territory (assessment in 25 representative and active 
CFT territories).
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 Producer of data
National Forest Property Center (CNPF) – <http://www.cnpf.fr> 

CNPF ACTIV database, national summary of indicator 1.3.a “PDM” as at 15 April 2015.

National Federation of Forest Municipalities – <http://www.fncofor.fr> 

  Methodology 

PDM

The data are entered by each regional CNPF delegation in a specific online database called ACTIV. All information 
characterizing the massif development plan is entered here: name of the PDM, department, start year, progress 
made, global envelope (ha), private forest area, number of forest owners involved, number of municipalities 
involved, PDM goal, number of extension meetings held, number of participants, number of technical visits made, 
private forest area actually visited, etc. A national summary is produced every year in March of year n+1 for the 
year n activity report.

CFT

The data produced are based on the territorial forest charter project monitoring activity by the national territorial 
forest charter network, in partnership with the players and the Ministry of Agriculture and Forestry which supports 
their preparation. The territorial forest charters are then contacted individually and provide information based 
on declarations relating to their perimeters, forest areas, objectives etc. using a standardized form. These data 
are publicized with the consent of their owners under the heading specific to the network on the FNCOFOR site 
(heading “find out about the territorial forest charters”). The data are aggregated and uploaded online every year. 

  Bibliography
CNPF, 2015. Activity report 2014, National Forest Ownership Center, Paris, 107 p.

Janex F., 2014. Vade-mecum of the PDM, internal document, CNPF, Paris.
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n Data sources and methodology

Authors: Alain Colinot (CNPF), Alice Seque-Weill (FNCOFOR) and Claire Montagné-Huck (Lef, Inra-AgroParisTech)
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6.1.2. Training in the forestry sector

Purpose of the indicator
This indicator presents the number of initial or adult training diplomas (professional certificate, professional 
agricultural fitness certificate, professional bac, higher agricultural technician certificate) and the number of 
owners trained (non-diploma training), both private or elected representatives from authorities (6.1.2.a).

Training in the forestry sector provides information on the appeal of the profession and the potential entry 
in the job market for personnel trained to work in the field as well as on the training efforts made and the 
motivation of forest owners. The awareness-raising and extension and the more formal training (“FOGEFOR”) 
of private forest owners is a chance for voluntary forest owners to acquire the bases and broader 
knowledge that are essential to manage their forests responsibly and sustainably. The number of elected 
representatives of forest municipalities trained gives information on the wish of elected representatives in 
rural municipalities to include the forest as a genuine driving force in developing their territory.

6.1.2.a. Training courses in the forestry sector: diploma courses and owner training
BOX 6: Information, awareness-raising, extension: essential supplements to forest owner training

 6.1.2.a. Training courses in the forestry sector: diploma courses and owner training

2010-2012 2013-2014

Diploma courses for future professionals (number of graduates/year) 1,166 1,205
... including awarding through exam 904 868

Bac pro, forest* 495 441
BTSA, forest management** 259 298
CAPA, forestry work – logging 111 84
CAPA, forestry work – silviculture 40 44

... including awarding through course credit 262 337
Professional certificate, forest work 33 3
Professional certificate, forest site manager 78
Professional agricultural certificate, forestry work – operating forestry machinery 40 69
 Professional agricultural certificate, logging work 100 118
Professional agricultural certificate, forestry work, silviculture work 19 18
 CAPA, forestry work – logging 54 39
CAPA, forestry work – silviculture 16 12

Non-diploma courses for owners (number of owners trained/year) 3,716 3,908
... including private owners (Fogefor only)*** 865 902
... including elected representatives from forest municipalities 2,851 3,006

n Results 

Sources: Maaf (diploma courses), CNPF-FPF, Fogefor training department 
and national cell (private owner course), FNCOFOR-IFFC (courses for elected 
representatives of forest municipalities).
Forest estates and time domains involved:
Diploma courses through exam: 

Years 2010-2012: average terms 2011-2012.
Years 2013-2014: average terms 2013-2014.

Diploma courses through course credit:
Years 2010-2012: terms of year 2010.
Years 2013-2014: terms of year 2013.

Non-diploma courses for private owners: 
Years 2010-2012: average of years 2005-2009, FOGEFOR course exclusively (2 
to 10 days).
Years 2013-2014: average of years 2010-2014, FOGEFOR course exclusively (2 
to 10 days).

Non-diploma courses for elected representatives of forest municipalities: 
Years 2010-2012: number of elected representatives trained in 2010, 90% of 
courses last for six hours. 

Years 2013-2014: number of elected representatives trained in 2014, 90% of 
courses last for six hours. 

Clarifications: 
* From 2012, the bac pro has been overhauled and its name changed.
 The 2012 bac pro term examined youngsters from 3rd year in 2008 who had 

taken the two-year BEPA course and two-year bac pro and also youngsters 
from third year in 2009 who had studied for the bac pro over three years from 
the second professional year: there was therefore a “double flow” of candidates 
for this year which increased the average.

** The forest management BTSA was overhauled for 2013; candidates in the 
2013 term had exceptionally the chance to take their exams during the June 
term and in the September term if put off in June, which increased admission 
numbers and the success rate.

*** Fogefor only, excluding technical and education days by the CRPF and 
progress groups (CETEF, GDF, etc.) for the benefit of forest owners.
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The diversity of the French forest environment and 
the many uses of the wood material fuel a wide 
range of trades. Overall, these trades include: those 
linked directly to the forest (logger, businessman, 
machinery driver, forest technician, forestry engineer, 

etc.), traditional woodworking trades (sawyer, 
carpenter, timber constructor, timber engineer, joiner, 
cabinetmaker, etc.) or arts and crafts (picture framer, 
stringed instrument maker, inlayer, sculptor, cooper, 
etc.). The following trades can be added to this non-

n Analysis
Between 2010 and 2014, training in the forestry sector has tended to rise both in terms of diploma and non-diploma 
courses for owners; however, initial training courses are showing a slight drop in graduates unlike adult courses.

BOX 6: Information, awareness-raising, extension: essential supplements to 
forest owner training
Knowledge is not transferred to forest owners through training courses alone. The National Forest Ownership 
Center (CNPF) differentiates between several other forms of transfer.

Bulk information
This involves broadcasting general basic information essential to all forest owners (who does what in the 
sector, management and silviculture outlines, tax and regulatory changes, etc.). The information is broadcast 
via the CNPF Internet sites, e-newsletters and regional magazines. All these media reach several hundreds of 
thousands forest owners every year.

CNPF lists the following in its activity report for 2014 alone:
1,538,000 connections to its Internet sites (regional sites for the Regional Forest Ownership Centers (CRPF) 
and the national site <http://foretpriveefrancaise.com>), including 538,000 which can be allocated to just 
forest owners, i.e. 49% of those owning more than one hectare.
- 215,960 recipients of its regional magazines (including the national Forêt entreprise magazine) and 
e-newsletters.

Awareness-raising and extension
This involves targeted, detailed inputs in all the registers necessary for sustainable management and 
silviculture: economic, technical, regulatory, fiscal, etc.

These inputs occur mainly via:
 – extension meetings organized specifically by CNPF for forest owners in a given geographical sector 

(municipality(ies), massif(s), canton(s), etc.): average of 495 meetings/year for 14,595 attendees/year in 
the period 2010-2014;

 – themed meetings of the Forest Technical Study and Experimentation Centers (CETEF), forest development 
groups, private forest associations on behalf of their members and with the contribution of the CNPF: 
average of 230 meetings/year for 9,100 attendees/year in the period 2010-2014;

 – individual technical support provided by the CNPF officers at the request of forest owners in 
monitoring their sustainable management document(s) (Codes of Best Forest Practices, simple 
management plans, etc.) or for special technical needs (tree dieback, educational demonstrations, etc.): 
average of 7.780 field visits/year in the period 2010-2014.

Instructor training
This mainly involves courses organized and run by the Forest Development Institute as part of its training 
catalog or as customized courses requested by this or that body. These courses are not normally intended 
directly for forest owners but more for their managers and other service providers (cooperatives, forest 
experts, independent consultants, etc.) as well as other players involved earlier in the sector (scientists, 
environmentalists, agricultural consultants, more rarely businessmen, etc.). The average is 31 courses/year 
(catalog and customized) for 511 attendees/year in the period 2011-2014. This datum could increment the 
main indicator, but has been discarded for reasons of simplification.

http://foretpriveefrancaise.com
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exhaustive list: paper manufacture, use of fuelwood, 
marketing of timber and by-products and public 
administration and research linked to the forests and 
wood (see <http://www.metiers-foret-bois.org> for 
an overview of forest- and wood-related trades and 
training).

Monitoring the initial or on-going training of part of 
these trades gives a proactive look at the dynamics and 
appeal of the sector.

Diploma courses

The current construction of the indicator means 
that it only lists the training courses relating to 
forest management activities (forest bac pro, forest 
management BTSA, forest work CAPA). Although 
the statistical series of the indicator (6.1.2.a) is fairly 
short and the workforce in question fairly low, the 
total number of graduates increased between 2010 
and 2014. The number of initial training graduates is 
dropping slightly whilst the number of adult training 
graduates is rising. This may perhaps show ignorance 
of these trades and a lack of appeal for young people 
and at the same time the effect of regional policies 
and a passion for these trades in terms of reconversion 
or specialization in relatively forest areas. People 
interested in these courses tend not to be mobile and 
seek to enter a very local job market. 

The downward trend for initial training graduates 
goes hand in hand with a drop in students 
registered in second level agricultural education 
and apprenticeships (Ministry of Education, Higher 
Education and Research 2015). At the same time, 
Indicator 6.5 on employment in the sector also shows 
a drop in workers in the silviculture sector and logging.

Training for private owners

The CNPF takes an active role in training forest owners 
though the FOGEFOR system (French acronym for 
Forest Management Training). It organizes and 
runs courses and helps to monitor training course 
agreements and financing through the FOGEGOR 
National Cell. 

Participation in courses, which last from two to ten 
days according to the type, is voluntary. They are 
intended for owners who wish to become more 
involved in managing their forest holdings. Owners 
can thus move from the status of a more or less passive 
owner to that of a more informed and more active 
owner-producer. They contribute to the emergence 
and renewal of private forest managers. 

Every FOGEFOR training course combines both 
theoretical inputs and practical work. Depending on 
their level and needs, forest owners can opt for: 

 – basic or initiation cycles, covering all aspects of 
forest management (a dozen or so training days 
spread over a ten- to fifteen-month period);

 – specialist cycles (in-depth knowledge, 
professionalization, improvement) targeting 

a particular topic (four to six training days 
over a shorter period). They have provided the 
basics of cycles executed since 2010. The topics 
most subscribed to are, in decreasing order 
of importance: forest holding management 
(planning, tax regime, administration, etc.), 
silviculture and stand renewal, timber harvesting 
and marketing, unusual environments and 
biodiversity. 

Since their creation in 1983, FOGEFOR have trained 
more than 22,800 private foresters for a total of 
1,077 courses. The dynamics of these last five years 
have been sustained with an increase of some +10% in 
number of courses and +4% in number of attendees.

Training of elected representatives from forest 
municipalities

Training elected representatives is a core mission for 
forest municipalities and is a major strategic issue 
in passing on messages to elected representatives, 
meeting their expectations and initiating territorial 
project dynamics around the forest. The forest 
municipality network offers a variety of training 
options in the regions appropriate to local contexts to 
turn the timber sector into a territorial development 
asset. 

More than 3,000 elected representatives attended the 
courses on offer in 2014. This figure seems to have risen 
between 2010 and 2014, but it is tricky to comment on 
this change as, for accuracy, the cumulative effect of 
staff trained in previous years and the arrival of new 
elected representatives must be considered.
Training courses operated by the forest municipalities 
are financed by the European fund, EAFRD, the 
network's own financing and sometimes by regional 
grants. 

Courses normally last six hours, with half the time 
spent in the classroom and the other half on practicals 
(in forest, in a timber company, etc.). 

Sample topics addressed in 2014: 
 – “Elected representatives, forest, timber: the 

basics for action”: to provide new elected 
representatives with the keys to making 
enlightened decisions about the forest in their 
municipality and raise their awareness to taking 
the forest into account in developing their 
territory;

 – “Firewood for the private individual”: training 
which affects estovers and transfer;

 – “Fuelwood”, “construction timber”, “timber 
sector”: where the timber is used in a short 
distribution channel;

 – “Roads and access”: essential for moving the 
timber;

 – “Clearing undergrowth”: connected to the 
obligations of elected representatives in 
firefighting;

 – etc.

http://www.metiers-foret-bois.org
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Authors: Françoise Cauchoix, Anne-Michèle Vachier (Maaf), Alain Colinot (CNPF) and Isabelle Vergne (FNCOFOR)

 Producer of data

Ministry of Agriculture, Agrifood and Forestry – <http://agriculture.gouv.fr> 

National Forest Property Center – <http://www.cnpf.fr>

National Federation of Forest Municipalities – <http://www.fncofor.fr> 

  Methodology 
Diploma courses

Statistics for the Education Statistics Department at the Ministry of Agriculture.
For this first test to list diploma courses in the forestry sector, the compilation of data has focused on level 
one courses: professional certificate, professional agricultural fitness certificate, professional bac and higher 
agricultural technician certificate. The plan for the next edition of the sustainable management indicators is to 
broaden the field of courses considered (provided data are available).

Training for private owners

Data about the FOGEFOR courses are monitored by the national FOGEFOR cell. All data that characterize 
actions are recorded here: dates, types, titles, durations, identities of instructors and those involved, number of 
participants, etc. A national summary is produced every year in March of year n+1 for the year n activity report.     
In addition, data relating to the information, awareness-raising and extension actions for forest owners are entered 
by each of the CNPF regional delegations in an accessible online database called ACTIV. They are presented in 
Box 6. 

Training of elected representatives from forest municipalities

The regional unions of forest municipalities roll out the training courses in their territory and record all the data: 
data, place, duration, number of participants, identity of instructors, etc. An attendance sheet is signed at each 
course. 
FNCOFOR summarizes all this information to report on the training given to the network of forest municipalities.
 

  Bibliography
Ministry of Education, Higher Education and Research, 2015. Statistical markers and references on teaching, training 
and research, Assessment, Forecasting and Performance Division, MENESR, Paris, 432 p.

National Forest Property Center, 2015. Activity report 2014, Appendix A.2 for the FOGEFOR training courses, 
Appendix A.8 for the information, awareness-raising and extension actions for forest owners, CNPF, Paris, 107 p.

FNCOFOR, 2015. Activity report 2014, FNCOFOR, Paris, 35 p. 

n Data sources and methodology

Other on-going training bodies
Other bodies like ONF, the CRPF, cooperatives, 
AgroParisTech, etc. hold on-going training sessions for 
a variety of audiences (for example, 624 training days 
given in 2015 for forest cooperation). It was impossible 
to compile quantified information on these courses 
for this edition of the Indicators for the Sustainable 
Management of Metropolitan French Forests.

http://agriculture.gouv.fr/
http://agriculture.gouv.fr/
http://agriculture.gouv.fr/
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6.1.3. Voluntary sustainable management certi-
fication initiatives

Purpose of the indicator
Indicator 6.1.3.a provides information on:

 – the number of certified public and private forest owners in France,
 – the certified public and private forest areas in France,
 – the number of logging companies and sawmills with a certified control chain. 

Sustainable forest management in France is defined by the Forest Code, which offers sustainable 
management documents approved by the public authority which provide sustainable management 
guarantees. Sustainable management certification, as it is understood here, comes from a voluntary process 
of adhering to one or more systems which display management compliance with standards defined by 
labels on the products, whilst committing to maintaining or improving it to benefit in return from better 
market conditions. Certification in France is currently granted by two bodies, FSC and PEFC.

This indicator provides information on progress over time of voluntary commitments in both the PEFC and 
FSC certification schemes.

6.1.3.a. Forest area per category of ownership, number of owners and loggers certified for sustainable 
management

 6.1.3.a. Forest area per category of ownership, number of owners and loggers certified for sustainable 
management

2002 2003-2007 2008-2012 2013 2014

PEFC

Certified surface area (1000 ha)  791    4,577    5,223    5,558    5,675   
...including State-owned forest  491    1,557    1,571    1,714    1,714   
...including other public forests n.a.      1,386    1,495    1,539    1,637   
...including private forest  299    1,635    2,156    2,316    2,324   

Number of certified owners  1,657    23,214    52,137    59,515    62,913   
Number of loggers  30    301    321    311    297   
Number of sawyers and loggers-sawyers  12    485    575    592    597   

FSC

Certified surface area (1000 ha) 18  17    18    19    28   
...including State-owned forest  n.a.  n.a.  n.a.  n.a. 0
...including other public forests  n.a.  n.a.  n.a.  n.a.  7   
...including private forest  n.a.  n.a.  n.a.  n.a.  21   

Number of certified owners  n.a.  n.a.  n.a.  n.a.  n.a. 
Number of loggers  n.a.  n.a.  n.a.  n.a.  n.a. 
Number of sawyers and loggers-sawyers  n.a.  n.a.  n.a.  n.a.  n.a. 

Sources: PEFC France, FSC France
Clarifications: Metropolitan France, data at the end of the period cited.
Inasmuch as certain owners have opted for both PEFC and FSC, the surface areas from both types of certification cannot be added together.
n.a. : data not available

n Results 
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FSC certification
FSC (Forest Stewardship Council) is a non-profit-
making international NGO. Created in 1993 following 
the Rio Earth Summit, its aim is to promote worldwide 
sustainable forest management. The governance of the 
certification is based on three panels dealing with the 
three questions of environmental, economic and social 
quality and performances. FSC certification is based on 
a commitment and practices already applied under a 
forest management plan and imposes an initial quality 
level on the forest.

FSC-certified surface areas in France are a fairly recent 
development. Although the total surface area is still 
small, especially when compared with our European 
neighbors, the growing interest in this certification 
scheme is reflected in the continuous increase of 
surface areas during the last two years and the 
appearance of new certificates. Adapting the FSC 
forest management standard to national requirements 
currently in progress will provide owners and 
managers with a more appropriate framework for the 
national context and facilitate the increase in certified 
surface areas.

PEFC certification
PEFC (Program for the Endorsement of Forest 
Certification Schemes) is a non-profit-making 
international NGO. PEFC was created by European 
forest owners in 1999 and opened up its certification 
system outside Europe in the 2000s. The organization 
aims to promote sustainable forest management. 
PEFC certification is based on a governance process 
between all stakeholders involved in sustainable forest 
management: producers, processors and users. PEFC 
certification is granted on the basis of a commitment 
to continuous improvement in forest management.

As at 31 December 2014, there are 63,000 owners 
belonging to the PEFC system in France (i.e. an 
increase of 3,100 members over 2013) and more than 
5.6 million ha of PEFC-certified forests. The number of 
PEFC-certified logging companies and sawmills has 
remained globally stable in 2014.

n Analysis
The sustainable forest management certification systems were developed in the early 2000s in France. Over half the 
national forest areas have been certified for their sustainable management in fifteen or so years. These certifications go 
beyond official guarantees by ensuring sustainable forest management for the consumer – environmentally-friendly, 
socially beneficial and economically viable. The entire supply and distribution chain must be certified to offer a certified 
product to the end consumer. 

 Producer of data

FSC France – <https://fr.fsc.org> 

PEFC France – <http://www.pefc-france.org> 

  Methodology 

Data from bodies issuing labels.

n Data sources and methodology

Authors: Stéphane Marchesi (PEFC France) and Guillaume Dahringer (FSC France)

https://fr.fsc.org//
http://www.pefc-france.org/
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6.2. Formation of the added value of the forest-
timber-paper-furniture sector

Purpose of the indicator
Added value is an economic indicator which measures the value or wealth created by a sector of activity 
during a given period. It is defined by the difference between the final production value (turnover) and the 
amount of goods consumed during the production process (intermediate consumptions).

It can assess directly the economic weight of a sector within all the wealth created in the country during 
the reference period, which constitutes the gross domestic product (GDP). Indicator 6.2 focuses on how the 
added value is formed by subtracting the amount of the production from that of intermediate consumptions 
(6.2.a and 6.2.a.1). The breakdown of this added value between investment, employees’ salaries, the State, 
the financial institutions and the shareholders is the purpose of Indicator 6.3.

6.2.a. Added value per branch and contribution of the forest-timber-paper-furniture sector to the gross domestic 
product
6.2.a.1. Changes in added value per branch

 6.2.a. Added value per branch and contribution of the forest-timber-paper-furniture sector to the gross 
domestic product

1999-2002 2003-2007 2008-2012
billion euros 2014/year

Silviculture and logging
Production (1) 5.28 5.04 5.00
Intermediate consumption (2) 2.33 2.61 2.68
Gross added value (=1-2) 2.95 2.43 2.32

Woodworking and manufacture of wooden 
items

Production (1) 12.50 12.59 11.09
Intermediate consumption (2) 8.74 9.17 7.94
Gross added value (=1-2) 3.76 3.42 3.15

Paper and paperboard industry
Production (1) 23.05 20.74 17.92
Intermediate consumption (2) 16.07 14.89 13.48
Gross added value (=1-2) 6.98 5.85 4.45

Manufacture of wooden and non-wooden 
furniture

Production (1) 9.75 9.25 7.43
Intermediate consumption (2) 5.93 5.76 4.85
Gross added value (=1-2) 3.83 3.50 2.58

Total wood sector

Production (1) 50.59 47.62 41.43
Intermediate consumption (2) 33.06 32.42 28.94
Gross added value (=1-2) 17.53 15.20 12.49
Contribution to the GDP (%) 0.94 0.75 0.59

Sources: National Institute of Statistics and Economic Studies (Insee) – National accounts base 2010.
Clarifications: 
The values are the average of annual data in the different periods. 
The contribution to GDP is here an average of ratios rather than a ratio of averages. 

n Results 
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 6.2.a.1. Changes in added value per branch
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Sources: National Institute of Statistics and Economic Studies (Insee) – National accounts base 2010.
Clarifications: 
The values are the average of annual data in the different periods. 
The contribution to GDP is here an average of ratios rather than a ratio of averages. 

The French forest-timber-paper-furniture sector 
(silviculture and logging, woodworking and 
manufacture of wooden items, paper and paperboard 
industry and manufacture of furniture) generated 
nearly 12 billion euros of added value in 2012 (6.2.a). 
Silviculture and logging account for 18% of the added 
value created, furniture manufacture accounts for 20%, 
woodworking 27% and the paper and paperboard 
industry 35% (6.2.a). The forest-timber-paper-furniture 
sector accounts for about 0.6% of the total added 
value and the gross domestic product (GDP) of France, 
which makes it relatively insignificant in the national 
economy (6.2.a). 

The commercial and non-commercial sectors 
contribute the most to the national wealth in France 
(55% and 23% respectively of the total added 
value in 2012), whilst industry (including paper and 
paperboard), construction (including timber) and 
agriculture (including silviculture and fishing) account 
for 14%, 6% and 2% respectively (source Insee).

By way of comparison, the forest-timber-paper 
(excluding furniture) sectors in Finland, Sweden and 
Latvia account for over 3% of the national GDP. This 
contribution is about 2% and 1.5% respectively in 
Austria and Portugal and nearly 1% in Germany. Thus, 
France, despite its extensive afforestation, lies at the 

tail end of European countries for this contribution 
which is clearly below the European average (around 
1%) and close to the United Kingdom and Ireland 
which are both substantially less wooded (State of 
Europe's Forests, 2011).

The added value of the French forest-timber-paper, 
sector which was rising in the early 2000s, has since 
shown a clear downward trend, from more than 18 
billion euros (2001) to less than 12 billion euros (2012), 
i.e. a drop of nearly 35%. Similarly, its contribution to 
the GDP drops from nearly 1% to scarcely more than 
0.5% (6.2.a). The paper and paperboard industry 
and furniture manufacture are the activities with the 
largest drop in added value. Woodworking and the 
manufacture of wooden items show a more moderate 
decline, whereas silviculture and logging have 
fluctuated more. This is probably a reflection of climate 
events (storms) and global economic conditions 
(crises) along with a certain ability to adapt to changes 
in this branch (development of the energy part of the 
sector, for example – see Indicator 6.9), (6.2.a.1).

n Analysis
The performances (and their changes) of various branches in the sector are fairly mixed in terms of added value (VA) and 
there is overall a downward trend in the contribution by the sector to the national wealth (share of GDP). The contribution 
of the sector to the national wealth (GDP) dropped from nearly 1% to scarcely more than 0.5% between 1999 and 2012.
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The decline in added value in the paper and 
paperboard industry seems fairly general throughout 
the European Union, whereas changes in silviculture, 
logging and woodworking vary more between the 
countries: drop in Western and Northern Europe, rise in 
the East (Forest Europe, 2011).
The added value from silviculture and logging in 
France per cubic meter of marketed timber is €64 
2014/m3 in 2013. By way of comparison, it was identical 
in 2008 (€64 2014/m3) against €70 2014/m3 on average 
in Europe (Forest Europe, 2011).

The wealth thus produced is then distributed 
between the employees (salaries), the State (taxes), 
the shareholders (dividends) and the businesses 
(investments, development) (see Indicator 6.3).

Note that the results presented in this indicator 
only reflect the direct contribution by the forest-
timber-paper-furniture sector to the gross domestic 
product. The indicator does not take into account the 
other forest-related economic activities like tourism, 
construction or works (insulation, joinery, structural 
framework, etc.), which are possibly expanding sectors 
but where the public statistics make no distinction 
between what falls under forest and wood from other 
environments or materials. Including these fields of 
activity could increase the contribution by the forest 
sector to the national wealth significantly. 

 Producer of data
National Institute of Statistics and Economic Studies (Insee) – National accounts base 2010 - 
<http://www.insee.fr/fr/themes/theme.asp?theme=16&sous_theme=5> 

  Methodology 
Added value is defined as the difference between the final production value and the value of intermediate 
consumptions. 

The data used come from the national accounts base 2010 published by the National Institute of Statistics and 
Economic Studies (Insee) All the data used when the sustainable management indicators 2015 were produced were 
public and available on the Internet (links as at 30 April 2015). They are:

 – production per branch (88 items) at current prices 1999-2012: series 6.101D 
 <http://www.insee.fr/fr/themes/comptes-nationaux/tableau.asp?sous_theme=5.2.1&xml=t_6101d>,

 – intermediate consumption per branch (88 items) at current prices 1999-2012: series 6.104D 
 <http://www.insee.fr/fr/themes/comptes-nationaux/tableau.asp?sous_theme=5.2.1&xml=t_6104d>, 

 – gross added value per branch (88 items) at current prices 1999-2012 (= production – intermediate 
consumption): series 6.201D 

 <http://www.insee.fr/fr/themes/comptes-nationaux/tableau.asp?sous_theme=5.2.2&xml=t_6201d>,

The publicly-available data are used to calculate this indicator over the period 1999-2012.

The activity branches adopted to qualify the “timber sector” or forest-timber-paper-furniture sector are (in brackets 
the codes for the French Classification of Economic Activities (NAF-rev2): 
<http://recherche-naf.insee.fr/SIRENET_Script/Interrogation/Recherche_par_arbo.html>) :

 – silviculture and logging (A.88.02);
 – manufacture of wood and of products of wood and cork, except furniture; manufacture of articles of straw 

and plaiting materials (C.88.16);
 – manufacture of paper and paper products (C.88.16);
 – manufacture of furniture (C.88.31). 

The gross domestic product also comes from the Insee national accounts: Series 1.105: 
<http://www.insee.fr/fr/themes/comptes-nationaux/tableau.asp?sous_theme=1&xml=t_1105>. 

For time comparisons, the data have been corrected for inflation and converted into euros 2014 using conversion 
coefficients provided by Insee. 
<http://www.insee.fr/fr/service/reviser/calcul-pouvoir-achat.asp>. 

n Data sources and methodology

http://www.insee.fr/fr/themes/theme.asp?theme=16&sous_theme=5
http://www.insee.fr/fr/themes/comptes-nationaux/tableau.asp?sous_theme=5.2.1&xml=t_6101d
http://www.insee.fr/fr/themes/comptes-nationaux/tableau.asp?sous_theme=5.2.1&xml=t_6104d
http://www.insee.fr/fr/themes/comptes-nationaux/tableau.asp?sous_theme=5.2.2&xml=t_6201d
http://recherche-naf.insee.fr/SIRENET_Script/Interrogation/Recherche_par_arbo.html
http://www.insee.fr/fr/themes/comptes-nationaux/tableau.asp?sous_theme=1&xml=t_1105
http://www.insee.fr/fr/service/reviser/calcul-pouvoir-achat.asp
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Several changes have occurred compared with previous versions of the sustainable management indicators. Thus, 
although the series presented here is totally consistent and uniform, it must not be compared with the data 
published in the previous versions of the sustainable management indicators.
The Insee public data cannot be used to:

 – distinguish within the manufacture of furniture the proportion of furniture manufactured from wood from 
other materials. As a guide, the relative share of the added value of wooden furniture within the furniture 
sector (which was estimated by the Sessi until 2001) was 61% in 1997 and 64% in 2001. Wooden furniture 
therefore constitutes a substantial share of the global furniture sector.

 – distinguish between the “manufacture of paper pulp and paperboard” and “manufacture of articles in 
paper and paperboard” sub-branches of the “paper and paperboard industry”. For information, according 
to the data published in the sustainable management indicators in 2010, the relatives shares in 2008 of the 
added value of the “manufacture of paper pulp and paperboard” and “manufacture of articles in paper 
and paperboard” in all the added value of the paper and paperboard industry were 26.7% and 73.3% 
respectively.

In addition, it must be noted that the national accounts changed base in 2014, mainly due to the use of the new 
version of the European accounts system (ESA 2010). 
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6.3. Distribution of the added value  
of the forest-timber-paper-furniture sector,

Purpose of the indicator
This indicator shows the breakdown of the wealth produced by the business, i.e. its added value 
(6.2), between the employees (remunerations as salaries and gross wages plus the employer's social 
contributions), the State (taxes on the net production of operating subsidies) and the business (gross 
operating surplus, EBE). The gross operating surplus sets the investment policy (consumption of fixed 
capital) and the financial management (interest to be paid), whilst leaving a remainder – the corporate 
income (6.3.a). 

The gross operating surplus first and foremost gives an overview of profits generated by the activity 
in question. Applied to the turnover or production, it indicates to what extent the costs of the activity 
are controlled. If the amount of capital invested was known, it could be applied to them to measure the 
economic profitability of the capital committed and the return on investments made.

6.3.a. Distribution of the added value in the sector per branch
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 6.3.a. Distribution of the added value in the sector per branch

2009 2010 2011 2012
billion euros 2014

Silviculture and logging

Gross added value 1.93 2.30 2.60 2.12
Employee salaries 0.93 1.00 0.97 1.02
Taxes less subsidies -0.05 0.00 0.00 0.00
Gross operating surplus (EBE) 1.05 1.31 1.63 1.10
Fixed capital consumption n.a. n.a. n.a. n.a.
Net operating surplus n.a. n.a. n.a. n.a.
Interest to be paid n.a. n.a. n.a. n.a.
Corporate income n.a. n.a. n.a. n.a.

Woodworking and manufacture of wooden 
items

Gross added value 3.16 2.81 3.14 3.16
Employee salaries 2.58 2.46 2.42 2.42
Taxes less subsidies 0.20 0.15 0.17 0.17
Gross operating surplus (EBE) 0.39 0.20 0.55 0.57
Fixed capital consumption n.a. n.a. n.a. n.a.
Net operating surplus n.a. n.a. n.a. n.a.
Interest to be paid n.a. n.a. n.a. n.a.
Corporate income n.a. n.a. n.a. n.a.

Paper and paperboard industry

Gross added value 4.58 4.28 4.44 4.03
Employee salaries 3.26 3.23 3.20 3.12
Taxes less subsidies 0.34 0.27 0.28 0.28
Gross operating surplus (EBE) 0.98 0.78 0.97 0.63
Fixed capital consumption n.a. n.a. n.a. n.a.
Net operating surplus n.a. n.a. n.a. n.a.
Interest to be paid n.a. n.a. n.a. n.a.
Corporate income n.a. n.a. n.a. n.a.

Manufacture of wooden and non-wooden 
furniture

Gross added value 2.81 2.56 2.38 2.29
Employee salaries 2.10 1.97 1.84 1.80
Taxes less subsidies 0.15 0.12 0.12 0.12
Gross operating surplus (EBE) 0.56 0.47 0.43 0.38
Fixed capital consumption n.a. n.a. n.a. n.a.
Net operating surplus n.a. n.a. n.a. n.a.
Interest to be paid n.a. n.a. n.a. n.a.
Corporate income n.a. n.a. n.a. n.a.

Total wood sector

Gross added value 12.48 11.95 12.56 11.60
Employee salaries 8.87 8.65 8.43 8.35
Taxes less subsidies 0.63 0.54 0.56 0.56
Gross operating surplus (EBE) 2.98 2.76 3.57 2.69
Fixed capital consumption n.a. n.a. n.a. n.a.
Net operating surplus n.a. n.a. n.a. n.a.
Interest to be paid n.a. n.a. n.a. n.a.
Corporate income n.a. n.a. n.a. n.a.

Source: National Institute of Statistics and Economic Studies (Insee) via the Forest Economy Laboratory (Lef)
Clarifications: For all branches considered, the data on the breakdown of the gross operating surplus between the fixed capital consumption and the net operating 
surplus (itself made up of interest to be paid and corporate income) are not available, as the Insee public data do not give this detail.
n.a. : data not available

n Results 



 6.3. Distribution of the added value  of the forest-timber-paper-furniture sector, 267

The gross operating surplus of the entire forest-timber-
paper-furniture sector is 2.69 billion euros 2014 in 
2012. It drops slightly compared with 2011, mainly 
due to a lower added value. Note that the added value 
over the period fluctuates upwards and downwards, 
whereas the payroll is dropping constantly. This 
continuous drop is seen in all branches, except for 
silviculture and logging. An analysis of Indicator 
6.5 shows clearly that the drop in payroll is explained 
more by the drop in the number of employees than by 
the reduction in the average salary.

In 2012, the paper and paperboard sector shows the 
highest added value and employee remuneration 
(4.03 billion euros and 3.12 billion euros respectively) 
whereas silviculture and logging together have the 
lowest added values and employee remuneration 
(2.12 billion euros and 1.02 billion euros respectively). 
However, silviculture and logging show the highest 
gross operating surplus (1.10 billion euros 2014) 
whereas the furniture branch only shows 0.38 billion 
euros of gross operating surplus.

n Analysis
Added value is basically used to remunerate the employees (72% for the wood sector limited to the forest-timber-paper-
furniture sector), pay all taxes (5%) and form the gross operating surplus (23%) which amounts annually, beyond its 
fluctuations, to about 3 billion euros. “Silviculture and logging” generates a good third of this surplus whereas it only 
assumes a modest fraction of total remunerations in the sector (12%). This particular feature is explained by the long 
immobilization period and the high level of forest standing capital. Silviculture and logging also feature a relatively 
stable level of total remunerations, unlike all the other branches.

 Producer of data
National Institute of Statistics and Economic Studies (Insee) – National accounts base 2010. -  
<http://www.insee.fr/fr/themes/theme.asp?theme=16&sous_theme=5> 

 – Added value series: gross added value per branch (88 items) at current prices 1999-2012 (= production – 
intermediate consumption): series 6.201D 

 <http://www.insee.fr/fr/themes/comptes-nationaux/tableau.asp?sous_theme=5.2.2&xml=t_6201d>
 – Employee remuneration series: Employee remuneration per branch (88 items) at current prices (billion 

euros): series 6.204D 
 <http://www.insee.fr/fr/themes/comptes-nationaux/tableau.asp?sous_theme=5.2.2&xml=t_6204d> 

 – Gross operating surplus series: Gross operating surplus and gross mixed revenue per branch at current 
prices (billion euros): series 6.207D 

 <http://www.insee.fr/fr/themes/comptes-nationaux/tableau.asp?sous_theme=5.2.2&xml=t_6207d> 

  Methodology 

To ensure consistency with Indicator 6.2, Indicator 6.3 is presented per branch of activity and calculated using 
Insee data.
The sources and calculations can therefore be presented as follows (the grayed variables and balances could not 
be calculated due to a lack of available data):

Added value (Insee 88 Items – see Indicator 6.2; period 1999-2012)
 - employee remuneration (Insee 88 Items; period 2009-2012)
 - (taxes – subsidies) (calculation per balance; period 2009-2012)
= gross operating surplus + mixed revenue (Insee 88 Items; period 2009-2012)
 - fixed capital consumption (no detail for 88 items)
= net operating surplus
 - interest to be paid (no detail for 88 items)
= corporate income

n Data sources and methodology

http://www.insee.fr/fr/themes/theme.asp?theme=16&sous_theme=5
http://www.insee.fr/fr/themes/comptes-nationaux/tableau.asp?sous_theme=5.2.2&xml=t_6201d
http://www.insee.fr/fr/themes/comptes-nationaux/tableau.asp?sous_theme=5.2.2&xml=t_6204d
http://www.insee.fr/fr/themes/comptes-nationaux/tableau.asp?sous_theme=5.2.2&xml=t_6207d
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In the previous editions of sustainable management indicators, this indicator only related to the sector upstream 
(logging companies) and was calculated using forest accounts drawn up by the Lef, IGN and SOeS on behalf of 
Eurostat. Indicators 6.2 and 6.3 from different sources and methodologies therefore presented different added 
values for the silviculture sector and logging. Consistency between Indicators 6.2 and 6.3 has been preferred for 
this edition of sustainable management indicators and only data published by Insee have been used. The activity 
branches adopted to qualify the “timber sector” or forest-timber-paper-furniture sector are the same as for 
Indicator 6.2.

However, given the lack of detailed Insee data for 88 items for all necessary variables, we have been unable to 
calculate the indicator both as a whole and as for the entire period considered initially. In addition, the forest 
accounts commissioned by Eurostat have not been used as they were not available when the sustainable 
management indicators were published. Updated forest accounts should be available during 2016. They will 
then take into account the new Eurostat requirements (new accounting table format) and the new Insee data 
calculation base.

The Indicator 6.3 data published in the 2015 version of sustainable management indicators cannot therefore be 
compared with the data of this same indicator published in the previous versions of sustainable management 
indicators. As all the variables for all the years used in calculating this indicator have been recalculated by Insee on 
base 2010, the series presented in totally uniform.

For time comparisons, the data have been corrected for inflation and converted into euros 2014 using conversion 
coefficients provided by Insee. 
<http://www.insee.fr/fr/service/reviser/calcul-pouvoir-achat.asp>. 
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6.4. State expenditure on forests

Purpose of the indicator
This indicator gives State expenditure on forests since 1999, especially to manage them sustainably, 
protect them against risks (fires) and restore them and also to boost and maintain services rendered by the 
forests (protection against natural risks, biodiversity, etc.) (6.4.a). It does not contain additions to the State 
contributions from Europe (for example, rural development aid), financing agencies (mainly ADEME) or 
territorial authorities (mainly regions and departments). Nor does it address the expenses relating to forestry 
research.

This indicator is used to comprehend the main budgetary means available to the authorities to operate 
public policies for forests and the services they render.

6.4.a. Annual State expenditure on forests and services they render 

Warning: The State forest expenditure listed in Table 6.4 is not exhaustive. Public aid for forests from regional 
authorities and European funds are not included.

 6.4.a. Annual State expenditure on forests and services they render 
1999-2002 2003-2007 2008-2012 2013 2014 Sources

million euros 2014/year

Supervision of forest management
...including application of forestry regulations n.a. 165.0 140.9 121.6 140.4 Maaf
...including aid for private forest management n.a. 156.1 161.3 115.6 80.1 Maaf
...including incentive tax measures n.a. 103.6 93.6 106.1 104.0 Maaf

Risk management 
Risk management for forests (and also directly and indirectly for Man)

...including prevention of fires 37.0 32.6 28.5 25.0 20.9 Maaf

...including firefighting 98.2 154.0 106.5 101.5 93.8 MI

...including restoration of forest cover after 
storms and recycling of storm-affected timber

n.a. n.a. 60.1 46.4 31.8 Maaf

...including expenditure for forest health n.a. 84.8 80.8 46.4 31.8 Maaf
Management of risks by forests installed by Man

...including restoration of mountain lands 13.3 17.9 18.1 17.4 17.5 Maaf

...including fixing of coastal dunes 0.8 1.1 1.0 1.8 2.5 Maaf
Protection of the forest biodiversity

...including actions for threatened species n.a. n.a. n.a. 0.3 0.3 Medde

...including biological reserves (creation, moni-
toring, etc.)

0.1 0.3 0.7 2.1 2.0 Medde

...including Natura 2000 contracts 0.0 0.2 0.7 1.0 0.0 Medde
Knowledge of the forest ecosystem

....including Arboretum des Barres n.a. n.a. n.a. 0.3 0.3 Maaf

...including management of the Renecofor 
network

n.a. n.a. n.a. 0.2 0.2 Medde
0.2 0.2 0.2 0.2 0.2 Maaf

n Results 

Sources: (see column “Sources”) Ministry of Agriculture, Agrifood and Forestry 
(Maaf), Ministry of Ecology, Sustainable Development and Energy (Medde), 
Ministry of the Interior (MI).
Clarifications: 
- Supervision of the forest management, including application of the forestry 

regulations: compensatory payment.
- Risk management:

•	 including	prevention	of	fires: ONF Gim – annual convention data + APR data 
in PC for regional delegations.

•	 including	 restoration	 of	 forest	 cover	 after	 storms	 and	 recycling	 of	 storm-
affected timber: APR data in PC for Klaus.

•	 including	restoration	of	mountain	lands:  ONF Gim – annual convention data 
+ APR data in PC for regional delegations + Medde risks Gim convention.

•	 including	fixing	of	coastal	dunes: ONF Gim – annual convention data.
- Knowledge of the forest ecosystem:

•	 including	Arboretum	des	Barres: ONF Gim – annual convention data.
•	 including	 management	 of	 the	 Renecofor	 network:	 annual	 study	 and	

research conventions.
Gim: general interest mission.
APR: annual performance report. 
PC: payment credits. 
n.a. : data not available
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Supervision of forest management
Expenditure incurred to implement the forestry 
regulations in public forests has been globally stable 
since 2005 and is close to 140 million euros. Downward 
fluctuations in 2012 and 2013 stem from a temporary 
change in situation in terms of the value added tax 
(VAT). 

Forest management aid expenses in private forests 
correspond mainly to investments into forest stands 
and further downstream, to expenses in organization, 
forest access and operation of the National Forest 
Property Center (CNPF) and the Technological Institute of 
Forestry, Cellulose and Wood Construction (FCBA).

Tax incentives for sustainable private forest 
management remained stabled during the 2000s and 
then increased during the first half of the 2010s, due 
mainly to changes in the solidarity tax on wealth (ISF) 
which increased the impact of the partial forest waiver 
regarding this tax. 

This tax expenditure consist mainly of partial waivers 
of ISF and free transfer rights, whereby forest owners 
commit to managing their forests sustainably for 
thirty years. To a lesser extent, this expenditure also 
includes tax reductions and credits for certain forest 
investments under the forest investment tax incentive 
scheme (DEFI-forêt).

Firefighting
The Ministry of the Interior’s expenditure for firefighting 
is divided between airborne resources, military civil 
security resources and subsidies (including support 
groups). The heavy airborne equipment (Trackers, 
Canadairs, Dash) has remained stable over the last two 
decades but the costs have increased with the more 
efficient equipment. Over the same period, the staff 
and the availability of civil security intervention units 
decreased slightly, but staff training and equipment 
improved, so their capacity generally remained stable. 
However, their cost increased sharply. Firefighting costs 
can vary from one year to the next depending on the 
extent of interventions which can especially influence 
the aircraft deployment conditions and potential 
acquisitions of air tankers to replace decommissioned 
aircraft.

Forest fire prevention
Expenditure of the Forestry Ministry covers forest 
workers specializing in forest fire protection structures 
(DFCI), monitoring and fire outbreak patrols and 
subsidies for investment and DFCI activities.

Fire prevention expenditure has been dropping since 
2010, as some expenses are paid by the departments 
(forest firefighters), the gradual acquisition of sufficient 
equipment for the southern half of the country and 
the lack of major fires (favorable climate conditions, 
success of the incipient fire extinguishing policy).

Restoration of the forest cover after storms
The expenditure for restoring the forest cover has 
increased substantially since 2010 following Cyclone 
Klaus in January 2009. The 2010 and 2011 payments 
relate mainly to the cleaning and the 2013 and 2014 
payments to the reconstitution itself.

Restoration of mountain lands
Mountain land forestry restoration and coastal dune 
protection operations are provided by the National 
Forest Office on behalf of the Ministry of Agriculture, 
Agrifood and Forestry (Maaf ) and relates to:

 – advice protection work: torrent correction, 
drainage of waterlogged and therefore unstable 
soils, biological engineering work,

 – close protection to supplement active 
protection: restraint or deviation of material 
flows.

Mountain land restoration expenditure remains stable 
overall and fluctuates between 15 and 20 million euros 
a year over the last decade. Expenditure increased in 
2012 due to exceptional climate events. Heavy winter 
snowfall in 2013 caused major spring floods in the 
South-West.

n Analysis
The main State expenditure to maintain the services rendered by the metropolitan forests stem from public service 
missions including the supervision of sustainable management, risk management for the forests (including the 
reconstitution of forest stands following recent storms and Klaus in 2009) or by the forests (restoration of mountain lands 
and fixing of coastal dunes), protection of the biodiversity and knowledge of the ecosystem.
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Dune fixing
The National Forest Office maintains and fixes dunes 
on the edge of State-owned forests by plantings 
(arenaceous plants), windbreaks, safety fences and 
footpaths. Most of these operations involve dunes on 
the Atlantic coast. They aim to protect the dunes from 
erosion and protect or improve their biodiversity, 
provide public access without disturbing natural 
balances and renew forest stands.

Expenditure on dune fixing has increased radically 
since 2011 due to the costs of reconstituting dunes 
following Cyclone Xynthia in 2010 and strong winter 
storms close together in 2014 which prevented the 
renewal of the dune mattress.

Protection of the biodiversity
The aim of the Natura 2000 network is to contribute 
to preserving the unusual biodiversity throughout 
Europe. It consists of sites designated by member 
States. In France, the Natura 2000 network currently 
covers over 6.9 million land hectares, i.e. 12.6% of 
the country. Management measures outlined in 
documents of objectives drawn up for each site, which 
aim to maintain or restore the state of conservation 
of habitats and species of community interest, can 
be implemented through Natura 2000 contracts, 
voluntary commitments between area owners or 
managers and the State, and benefit from public 
financing (State and European Union). 

The first Natura 2000 contracts for forest environments 
were signed in 2003. The initiatives implemented most 
relate to projects that promote the development of 
senescent woodlands, the creation or rehabilitation of 
clearings or heathlands and unwanted species control 
operations (ASP, 2010). In the European programming 
period 2007-2013, over 430 forest contracts were 
signed, for an amount of about 7.8 million euros, 
mainly in the Provence-Alpes-Côte d'Azur, Franche-
Comté and Rhône-Alpes regions.

Maaf further finances nearly 2 million euros for 
managing State nurseries and seed orchards to 
conserve and improve the diversity of genetic forest 
resources.

Knowledge of the forest ecosystem and state of 
health of stands
Expenditure on the Renecofor network is stable 
and financed jointly by Maaf and the Ministry of 
Ecology, Sustainable Development and Energy 
(Medde). State expenditure on the state of health 
of stands corresponds to the operating costs of the 
forest health monitoring system managed by the 
Forest Health Department, mainly subsidies paid to 
the National Forest Ownership Center (CNPF) and the 
National Forest Office (ONF) for their involvement in 
the correspondent-observer network, to the National 
Institute of Geographic and Forestry Information (IGN) 
for its involvement in the monitoring, data collection 
and management and the research institutes for 
collaborating in the development of knowledge in 
this field. Fluctuations are mainly link to the research 
program timetables and the general trend is towards 
significant growth in budgets set aside for this field.

Note also that the State subsidizes IGN under forest 
resource monitoring for the implementation of 
the forest inventory. This also contributes to the 
knowledge of the forest ecosystem, mainly via the 
acquisition of ecofloristic data.
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 Producer of data
Ministry of Agriculture, Agrifood and Forestry:  
<http://agriculture.gouv.fr/foret-et-industries-du-bois/foret-et-industries-du-bois>

Ministry of Ecology, Sustainable Development and Energy:
<http://www.developpement-durable.gouv.fr/-Eau-et-Biodiversite,5772-.html>

Ministry of Interior:
<http://www.interieur.gouv.fr/Le-ministere/Securite-civile>

  Methodology 
Expenditure amounts are expressed in million euros and correspond to payment credits.
The Maaf data relate to:

 – for the implementation of the forestry regulations: the ONF compensatory payment;
 – for the tax incentives: the tax expenditure retraced in the document “Presentation of tax credits and 

expenses” included every year in the annual performance report on the program 149 Forest of the State 
budget. These include DEFI-Forêt measures, the increase in decreasing depreciation for certain primary 
processing corporate equipment, partial ISF waiver, partial waiver of free transfer rights, reduce rate for 
silviculture and logging and exoneration from land tax on non-constructed holdings;

 – for the DFCI prevention expenditure: the payment credits for the regional delegations as stated in the 
annual performance report and the annual expenditure agreed for the ONF DFCI general interest mission.

 – for the reconstitution expenditure after Cyclone Klaus (including cleaning and reconstitution): the payment 
credits indicated in the annual performance report;

 – for expenditure for restoring mountain land: the payment credits indicated in the annual performance 
report for the regional delegations, the annual expenditure agreed for the general interest mission and the 
“natural risks” general interest mission annual convention run by Medde;

 – for the dune fixing expenditure: the annual expenditure agreed for the ONF “dunes” general interest mission;
 – for the management expenses of the Renecofor network: the annual study and research conventions with 

ONF;
 – for the arboretum expenses: the annual conventions with ONF;
 – for the expenses linked to the knowledge of the state of health of stands: the subsidies to ONF (forest 

health general interest mission) and CNPF for their involvement in the forest damage systematic monitoring 
network (16 x 16 grid) (having deducted European subsidies up to 2006) and IGN for the databases 
(development of applications, hosting of bases, maintenance, promotion) and the subsidies to research 
for studies in the forest health field. The interregional operating budgets are not taken into account. The 
amounts indicate relate to the commitment authorizations.

The following are not included: 
 – Medde expenses (currently estimated at 1 to 2 million euros per year) for fire prevention, basically to 

produce fores fire natural risk prevention plans (PPR). The proportion of these plans in all PPR is not available.
 – European financing from the European Agricultural Fund for Rural Development (EAFRD) mobilized under the 

implementation of rural development plans and Natura 2000. This financing is however substantial. As a 
guide, the share allocated to the forest of costs in preparing and organizing objective documents has been 
estimated roughly by Medde – pro rata to the forest area in the Natura 2000 sites – at 7.3 million euros in 
2010 (a more or less table amount in recent years).

The Ministry of Interior's data do not include the expenses for departmental fire and emergency services (SDIS) 
for fighting forest fires, where precise figures would require analytical accounting common to the SDIS and 
supplementary expert assessments. They have been estimated at 231 million euros (Chatry et al., 2010).

Expenditure linked to the biological reserves relates to the Medde financing from 2002 of biological reserves in 
public forests (under the State-ONF contract).

n Data sources and methodology

http://agriculture.gouv.fr/foret-et-industries-du-bois/foret-et-industries-du-bois
http://www.developpement-durable.gouv.fr/-Eau-et-Biodiversite,5772-.html
http://www.interieur.gouv.fr/Le-ministere/Securite-civile


 6.4. State expenditure on forests 273

  Bibliography
Annual performance reports (2011, 2012, 2013, 2014): 

<http://www.performance-publique.budget.gouv.fr/documents-budgetaires/lois-projets-lois-documents-
annexes-annee/exercice-2014/projet-loi-reglement-rap-2014-mission-agriculture-alimentation-foret-affaires-
rurales> 

<http://www.performance-publique.budget.gouv.fr/documents-budgetaires/lois-projets-lois-documents-
annexes-annee/exercice-2013/projet-loi-reglement-rap-2013-mission-agriculture-alimentation-foret-affaires-
rurales>

<http://www.performance-publique.budget.gouv.fr/documents-budgetaires/lois-projets-lois-documents-
annexes-annee/exercice-2012/lr-rap-2012-mission-agriculture-peche-alimentation-foret-affaires-rurales>

<http://www.performance-publique.budget.gouv.fr/sites/performance_publique/files/farandole/
ressources/2011/rap/pdf/DRGNORMALMSNAC.pdf>

Chatry C., Le Gallou J.-Y., Le Quentrec M., Lafitte J.-J., Laurens D., Creuchet B., 2010. Climate change and extension 
of areas sensitive to forest fires, report no. 1796 of the General Council of Food, Agriculture and Rural Areas, Maap, 
MIOMCT, MEEDDM, Paris, 90 p + appendices.

Authors: Étienne Chapelant, Jean-Luc Flot, Philippe Joannelle, Denys Rocher (Maaf) and Jean-Pierre Cabaret (Medde)

http://www.performance-publique.budget.gouv.fr/documents-budgetaires/lois-projets-lois-documents-annexes-annee/exercice-2014/projet-loi-reglement-rap-2014-mission-agriculture-alimentation-foret-affaires-rurales
http://www.performance-publique.budget.gouv.fr/documents-budgetaires/lois-projets-lois-documents-annexes-annee/exercice-2014/projet-loi-reglement-rap-2014-mission-agriculture-alimentation-foret-affaires-rurales
http://www.performance-publique.budget.gouv.fr/documents-budgetaires/lois-projets-lois-documents-annexes-annee/exercice-2014/projet-loi-reglement-rap-2014-mission-agriculture-alimentation-foret-affaires-rurales
http://www.performance-publique.budget.gouv.fr/documents-budgetaires/lois-projets-lois-documents-annexes-annee/exercice-2014/projet-loi-reglement-rap-2014-mission-agriculture-alimentation-foret-affaires-rurales
http://www.performance-publique.budget.gouv.fr/documents-budgetaires/lois-projets-lois-documents-annexes-annee/exercice-2014/projet-loi-reglement-rap-2014-mission-agriculture-alimentation-foret-affaires-rurales
http://www.performance-publique.budget.gouv.fr/documents-budgetaires/lois-projets-lois-documents-annexes-annee/exercice-2014/projet-loi-reglement-rap-2014-mission-agriculture-alimentation-foret-affaires-rurales
http://www.performance-publique.budget.gouv.fr/documents-budgetaires/lois-projets-lois-documents-annexes-annee/exercice-2014/projet-loi-reglement-rap-2014-mission-agriculture-alimentation-foret-affaires-rurales
http://www.performance-publique.budget.gouv.fr/documents-budgetaires/lois-projets-lois-documents-annexes-annee/exercice-2014/projet-loi-reglement-rap-2014-mission-agriculture-alimentation-foret-affaires-rurales
http://www.performance-publique.budget.gouv.fr/documents-budgetaires/lois-projets-lois-documents-annexes-annee/exercice-2014/projet-loi-reglement-rap-2014-mission-agriculture-alimentation-foret-affaires-rurales
http://www.performance-publique.budget.gouv.fr/documents-budgetaires/lois-projets-lois-documents-annexes-annee/exercice-2014/projet-loi-reglement-rap-2014-mission-agriculture-alimentation-foret-affaires-rurales


Socio-economic functions of forests

274

Criterion 6 

6.5. Jobs in the forest-timber sector 

Purpose of the indicator
The indicator details the number of jobs and the proportion of salaried and independent employment 
(6.5.a) for each professional branch in the sector: silviculture and logging, woodworking and manufacture of 
wooden items, paper and paperboard industry and manufacture of furniture (wood and non-wood).

Employment in the sector makes a major contribution to rural economies and the living environment in 
rural areas. The number of jobs indicates the role of forest-timber-paper-furniture professional branches 
in the formation of revenues and national employment generally, which are major sources of social well-
being. In addition, a “sufficient” and suitably-qualified number of workers is a prerequisite not just for forest 
management and timber productions but also to ensure the social and ecological functions of forests. 

However, some forest- and timber-related jobs are not counted in this indicator (construction, timber 
processing equipment, etc.) and Box 7 estimates that there are more timber-related jobs based on a broader 
analysis of the timber sector. Other forest- and timber-related jobs are not counted here, for example: forest- 
or timber-related jobs within less specialized businesses or bodies (nature leisure activities, construction, 
teaching and research, etc.).

6.5.a. Number of salaried and independent jobs in the forest-timber sector, per professional branch 
6.5.a.1. Changes in total employment per activity branch

BOX 7: Employment in the timber sector: potentially more than 800,000 employees overall
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 6.5.a. Number of salaried and independent jobs in the forest-timber sector, per professional branch 

1999-2002 2002-2007 2008-2012
Number (x 1000) and % independent

Silviculture and logging

Total FTE employment 40.6 34.4 30.3
... including FTE salaried job 31.4 25.9 22.8
... including independent job 9.2 8.5 7.5

% independent 22.6 24.7 24.7

Woodworking and manufacture of wooden items

Total FTE employment 77.8 75.4 68.5
... including FTE salaried job 72.2 69.8 62.9
... including independent job 5.6 5.6 5.7

% independent 7.2 7.4 8.3

Paper and paperboard industry

Total FTE employment 89.0 81.4 64.5
... including FTE salaried job 88.6 81.0 64.0
... including independent job 0.4 0.4 0.4

% independent 0.5 0.5 0.6

Manufacture of furniture (wood and non-wood)

Total FTE employment 91.0 83.7 65.5
... including FTE salaried job 77.2 70.2 52.4
... including independent job 13.8 13.5 13.1

% independent 15.2 16.1 20.0

All sector branches

Total FTE employment 298.4 274.8 228.7
... including FTE salaried job 269.4 246.9 202.1
... including independent 
job 29.0 27.9 26.6

% independent 9.7 10.2 11.6

France, all sectors

Total FTE employment 24,316 25,129 25,547
... including FTE salaried job 21,745 22,541 22,827
... including independent job 2,571 2,588 2,720

% independent 10.6 10.3 10.6

Source: National Institute of Statistics and Economic Studies (Insee) via the Forest Economy Laboratory (Lef)

n Results 

 6.5.a.1. Changes in total employment per activity branch
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In 2012, the weight of the “woodworking and 
manufacture of wooden items”, “paper and paperboard 
industry” and “furniture manufacture” branches in 
employment in the sector is more or less equivalent 
(around 30% of FTE jobs in each sector), whereas the 
“silviculture and logging” sector accounts for less than 
15%. 

There are slightly more independent workers in the 
forest-timber-paper-furniture sector than the national 
average: 12.4% against 10.9%. But the situation is very 
different between the branches: nearly one job in four 
in silviculture and logging and furniture manufacture 
is independent, whereas woodworking and the paper-
paperboard industry are more concentrated (8.8% and 
0.7% of independents respectively).

A comparison of national employment statistics in 
terms of number of people and number of FTE people 
shows that there are far fewer part-time workers in the 
forest-timber-paper-furniture sector than in the entire 
national economy. The woodworking and manufacture 
of wooden items branch has the highest part-time rate. 

Employment in France in the forest-timber-paper 
sector (excluding furniture) accounts for 6% of the 
same sector in the European Union of 27 (State of 
Europe’s Forest, 2011). 

The intervention level of the forest workforce can be 
measured by the amount of labor from silviculture and 
logging for 1000 hectares of forest. There are fewer 
than two workers on average for 1000 ha in France 
against about three in Europe (including Russian 
Federation), which reflects more extensive forest 
management in France than on average in Europe.

Employment (in FTE) in the forest-timber-paper-
furniture sector in France has been declining steadily 
over the period 1999-2012 (-29%), whereas total 
employment in France is increasing (+8%). Thus, the 
proportion of the forest-timber-paper-furniture sector 
in the total French employment has dropped from 
1.3% in 1999 to 0.8% in 2012 (6.5.a). 

All branches of activity in the forest-timber-paper-
furniture sector are showing a downward trend 
(6.5.a.1). The furniture manufacture and paper and 
paperboard industry branches have lost the most 
jobs between 1999 and 2012 (32,000 and 29,000 
respectively), i.e. more than 305, whereas there is a 
more modest drop in the woodworking branch (13,000 
jobs, i.e. -17%).

In terms of job losses, the forest-timber-paper-furniture 
sector was more affected than the French economy 
as a whole by the 2008 crisis: the variation rate of the 
employment indicator between 2008 and 2009 is -6.3% 
against -1.3% for all activity sectors together. The paper 
and paperboard industry lost the most jobs due to 
the crisis (-9% between 2008 and 2009), followed by 
furniture manufacturing which dropped 7% between 
2008 and 2009 and 11% between 2009 and 2010. The 
decline continued in all branches in 2012, but seems to 
have picked up its pre-crisis rhythm.

The employment structure per branch in the forest-
timber-paper-furniture sector changes slightly in 
the period 1999-2012: the logging and silviculture 
proportion remains stable (14% of total employment 
in the sector), whereas the proportion of the 
woodworking branch increases from 26% in 1999 to 
31% in 2012. The relative proportion of paper and 
furniture branches is reduced, from 30 to 285 for the 
paper and paperboard industry and 30 to 27% for the 
manufacture of furniture.

The proportion of independent workers in the forest-
timber-paper-furniture sector, is higher than the 
national average in 2012, unlike in 1999 when it was 
lower. It is showing an upward trend in all branches 
and remains highest in silviculture and logging. The 
furniture branch has seen the greatest increase in its 
proportion of independent workers (+7.1 points over 
the period). 

The downward trend of employment in the sector 
seems prevalent throughout Europe (State of Europe’s 
Forest, 2011).

n Analysis
In France, in 2012, employment in the forest-timber-paper-furniture sector account for slightly more than 200,000 full 
time equivalent (FTE) jobs, including almost 30,000 in the silviculture sector and logging, i.e. 0.8% and 0.1% respectively 
of the total employment in France (6.5.a). By way of comparison, the “agriculture” branch – cultivation and animal 
production, hunting and ancillary services – alone accounts for 790,000 FTE jobs (i.e. 3% of total employment in France) 
in 2012. A fairly marked drop in employment is noted over the period in all branches. This commenced well before the 
2008 crisis, even as global employment in France was rising (6.5.a.1). Lastly, the proportion of independent workers, 
which is relative stable in the total employment in France (around 11%), is rising in all branches of the forest-timber-
paper-furniture sector, reflecting a reduction in large corporate structures.
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By cross-referencing the information from Indicators 
6.2 on the added value and 6.5 on employment in 
the sector, an added value per job can be calculated 
which characterizes the apparent productivity of the 
work in value. It varies little between 1999 and 2012, 
moving on average from €57k2014 in 1999 to €55k2014 in 
2012; it is greater and stable (€72k) in silviculture and 
logging, at a similar level but decreasing in the paper-
making branch (where it drops from €72 to €67k), 
lower and still decreasing in furniture (€42 to €40k) and 
in an intermediate position in woodworking, where it 
remains less than the average but with a slight increase 
(€48 to €49k). A particular feature of this final branch 
is also better resistance to the drop in labor (-1.4% per 
year) than the other three branches (-3.1%/year). In 
conclusion, mechanical woodworking is a branch 
which is increasing its apparent productivity of the 
work and withstands the erosion of its workforce better 
than the others.  

The demographic characteristics of the workforce 
are also essential for the vitality and sustainable 
development of an activity sector. Eurostat 
supplements the indications in the table with results 
that can usefully be summarized here: 

 – According to data from the European Union 
Labour Force Survey (EU LFS) conducted 
by Eurostat, 39% of silviculture and logging 
employees in France in 2010 were over 50 years 
old (constantly-increasing percentage since the 
1990s) when the European average is about 25% 
(State of Europe's Forests, 2011). In the paper and 
paperboard industry, 22% of workers are over 50.

 – The proportion of women in forest and timber 
trades is also lower than the European average: 
19% in France for 2010 for silviculture and 
logging and 23% for the paper and paperboard 
industry when the European averages are 
25% and 30% respectively. The trend seems 
fairly stable (Source: European Union Labour 
Force Survey (EU LFS) – Eurostat). However, the 
“qualitative” data on the type of employment 
held by women are not available. 

 – The education level of workers in the forest-
timber-paper sector (excluding furniture) 
appears to be increasing. For silviculture and 
logging, the breakdown per education level 
under the categories “lower secondary education 
or less, ISCED1997 levels 0, 1 and 2”, “upper 
secondary education, ISCED1997, levels 3 and 
4”, “tertiary education, ISCED1997, levels 5 and 
6” changed from 45%, 45% and 11% in 2000 to 
31%, 45% and 25% in 2010. The breakdown in 
2000 for the woodworking branch was 47%, 44% 
and 9% against 39%, 50% and 11% in 2010. The 
same trend is seen in the paper and paperboard 
industry: 35%, 49% and 16% in 2000 against 
22%, 55% and 23% in 2010 (Source: European 
Union Labour Force Survey (EU LFS) – Eurostat). 

Forest- and timber-related jobs are under-estimated in 
this indicator. Firstly, the work by owners themselves in 
their forests Is difficult to quantify and is not counted 
in the Insee national accounting data. In 1999, in the 
survey on the structure of private forest ownership, 
the Statistics Department of the Ministry of Agriculture 
estimated this work at eleven million days per year, 
i.e. 49,000 FTE (more that the employment counted 
in the national statistics for silviculture and logging). 
Secondly, the activity nomenclature and publication 
of the Insee data cannot isolate and list many forest- or 
timber-related jobs both upstream and downstream in 
the sector. Thus, forest- and timber-related jobs within 
less specialized businesses or bodies are only partially 
taken into account in Indicator 6.5, if at all. 

 – administration or public establishments 
(ministries, regional administrative divisions, 
National Institute of Geographic and Forestry 
Information (IGN), etc.)

 – education, training and research (technical or 
higher education, applied research bodies and 
technical institutes, permanent training, etc.)

 – “non-wood” productions: hunting, gathering 
(mushrooms, plants, seeds, etc.), tourism, etc.

 – manufacture of machinery and equipment,
 – transport of timber and products after initial 

processing,
 – construction, energy,
 – trade and trading,
 – product chemistry,
 – etc.

Specific studies would be necessary to determine 
numbers employed in the forest-timber sector and all 
related activities more exhaustively.

Box 7 presents the employment data calculated by the 
SSP (Maaf, 2013), which for the 2010s are added to the 
chain of sectors which can be partially or potentially 
attached to the timber sector. Thus, the core sector 
represented 222,000 employees in 2010, to which are 
added 254,000 and 379,000 employees in the partial 
and potential forest sectors. 
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BOX 7: Employment in the timber sector:  
potentially more than 800,000 employees overall

The analysis conducted for the publication GraphAgriBois 2013 considers a broad scope for the sector: from 
the tree to the timber product. The timber sector is analyzed using a tool developed by Insee in partnership 
with the SSP. It is based selecting establishments from their activity (NAF code). The annual production 
surveys (EAP) and the annual branch survey by the SSP of logging companies and sawmills provide this tool 
with extra information. All these establishments form the scope of the sector. The data are understood to be 
workforce not FTE and only relate to employees.

Three levels in the activity code appendix to the GraphAgriBois publication detail the adherence of the 
sector: the core sector, activities that are fully integrated in it, the partial sectors which have a significant 
proportion of their activity integrated in it and the potential sectors, where a (very) restricted number of 
establishments are in the sector. It has been possible to include certain establishments with a partial or 
potential activity in the core or exclude them from the sector using the responses to the surveys mentioned 
above. 

These data, although taken from an Insee primary source, cannot be compared with those presented in 
Indicator 6.5: they are shown as workforce numbers, not as FTE, and only relate to employees in a different 
sector scope from the one adopted in Indicator 6.5. The detailed methodology of data is presented in the 
original publication (Maaf, 2013).

The core sector includes silviculture, logging, sawing, woodworking or the paper and paperboard industry: 
the vast majority of the activity is devoted to the timber product.
In other activities like furniture manufacture, timber construction, trade and intrasector transport, the 
establishments may have only part of their activity linked to the timber sector. They then belong to the 
partial or potential scope of the sector.

Thus, at the end of 2010, the core timber sector had 58,164 establishments including 39,000 non-employers. 
The core sector workforce was 222,173 employees. Sectors included partially amounted to 102,535 
establishments for 253,924 employees. Lastly, 69,178 establishments counting 378,677 employees could 
potentially be involved but only (very) marginally in the sector.

Table B.7.1. Workforce in the scope of the national timber sector

Source: Maaf, 2013. GraphAgri Bois
<http://agreste.agriculture.gouv.fr/publications/graphagri/article/graph-agri-bois>

Scope of the timber sector

Core Partial Potential

Establishments
Employed 

workforce
Establishments

Employed 

workforce
Establishments

Employed 

workforce

Silviculture and logging 31,648 20,389 0 0 0 0
Logging equipment 0 0 873 18,553 0 0
Sawing and initial timber processing 4,056 26,432 0 0 0 0
Woodworking 7,648 44,565 0 0 0 0
Paper and paperboard industry 2,101 67,616 0 0 0 0
Furniture manufacture 2,431 26,888 13,373 14,026 0 0
Timber construction work 9,832 31,274 72,482 131,301 24,606 53,749
Miscellaneous wooden objects 32 65 23 107 1,839 4,025
Timber processing equipment 59 1,671 178 1,618 0 0
Intra-sector trade and transport 357 3,273 15,606 88,319 42,733 320,903
Total 58,164 222,173 102,535 253,924 69,178 378,677

http://agreste.agriculture.gouv.fr/publications/graphagri/article/graph-agri-bois
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 Producer of data
National Institute of Statistics and Economic Studies (Insee) – National accounts base 2010.  
<http://www.insee.fr/fr/themes/theme.asp?theme=16&sous_theme=5.2.2> 

  Methodology 
The data used come from the national accounts base 2010 published by the National Institute of Statistics and 
Economic Studies (Insee). All the data used when the sustainable management indicators (SMI) 2015 were 
produced were public and available on the Internet (links as at 30 April 2015). They are:

 – total in-house employment per branch in number of full time equivalent (thousands of people, “full time 
equivalent”) (88 items) – 1999-2012: series 6.209D 

  <http://www.insee.fr/fr/themes/comptes-nationaux/tableau.asp?sous_theme=5.2.2&xml=t_6209> 

As defined by Insee, in-house employment, measured in number of people, covers all natural persons, whether 
or not resident, with a job in a resident production unit. It includes non-residents and seasonal workers working 
in the economic territory and excludes residents working outside it. The number of jobs is an annual average. All 
types of job are counted, including casual jobs. In-house employment is calculated her in “full time equivalent” and 
the total employment includes salaried and non-salaried employment. 

The publicly-available data are used to calculate this indicator over the period 1999-2012. The activity branches 
adopted to qualify the “timber sector” or forest-timber-paper-furniture sector are the same as for Indicator 6.2. The 
changes between this and the previous SMI publications are also the same as for Indicator 6.2. The Indicator 6.5 
data published in the 2015 version of the SMI cannot therefore be compared with the data of this same indicator 
published in the previous SMI versions. As all the variables for all the years used in calculating this indicator have 
been recalculated by Insee on base 2010, the series presented in totally uniform.
The national accounts data cannot be used to ascertain the breakdown of jobs per gender, age and education. 
Failing that, the Labour Force Survey (LFS) of the Statistical Office of the European Commission (Eurostat), or 
employment survey, implemented in France by Insee, gives an indication of these characteristics. However, it is 
important to bear in mind that the sample in the timber sector is too small to be representative and therefore the 
results of this survey are inaccurate. 
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6.6. Occupational health and safety in the  
forestry sector 

Purpose of the indicator
This indicator presents the number of accidents at work, whether or not fatal, and the number of 
occupational illnesses occurring annually in forestry work (6.6.a). Workers signing up to the Mutualité sociale 
agricole (MSA) scheme or, in Alsace and Moselle, the Caisse d'assurance accidents agricoles (CAAA) scheme are 
the population monitored. It does not cover Civil Service forestry engineers and technicians.

Worker health and safety is an essential consideration in analyzing a sector. Forestry work is monitored 
especially due to the dangers of certain tasks. In this context, this is a fundamental indicator for measuring 
progress of the sector in terms of occupational health and safety. 

6.6.a. Number and rate of accidents at work and occupational illnesses
6.6.a.1. Change in accident rate, number of fatal accidents and occupational illnesses for employees (MSA data only)
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n 6.6.a. Number and rate of accidents at work and occupational illnesses

1988-
1992

1993-
1997

1998-
2002

2003-
2007

2008-2012 2013 2014

MSA MSA CAAA MSA CAAA MSA CAAA

Fatal  
accidents

Employees 12 16 15 9 8 1 6 2 n.a. 0
...including silviculture 1 2 1 1 0 0 0 0 n.a. 0
...including timber logging 
specifically

8 11 11 6 5 1 5 1 n.a. 1

...including fixed sawmills 4 3 3 2 2 0 1 1 n.a. 0

...including office staff 0 0 0 0 0 0 0 0 n.a. 1
Non-salaried - - - 6 6 0 4 1 n.a. 0

...including silviculture - - - 0 0 0 0 0 n.a. 0

...including timber logging 
specifically

- - - 5 5 0 4 1 n.a. 0

...including fixed sawmills - - - 0 0 0 0 0 n.a. 0

Accidents  
at work  
with stoppage

Employees 6,781 5,912 5,490 3,799 2,816 381 2,415 351 n.a. 339
...including silviculture 1,087 1,102 974 729 624 63 592 73 n.a. 66
...including timber logging 
specifically

2,514 2,394 2,172 1,364 983 236 801 194 n.a. 197

...including fixed sawmills 3,158 2,403 2,343 1,706 1,209 78 1,020 77 n.a. 69

...including office staff 22 12 1 0 0 4 2 7 n.a. 7
Non-salaried - - - 576 534 17 472 24 n.a. 16

...including silviculture - - - 35 26 1 20 2 n.a. 1

...including timber logging 
specifically

- - - 520 493 16 430 21 n.a. 13

...including fixed sawmills - - - 21 15 0 22 1 n.a. 2

Number  
of hours  
of work (mil-
lions)

Employees 68 60 54 45 40 0 38 0 n.a. 0
...including silviculture 12 11 10 8 8 0 8 0 n.a. 0
...including timber logging 
specifically

20 18 16 13 12 0 11 0 n.a. 0

...including fixed sawmills 33 28 25 21 18 0 16 0 n.a. 0

...including office staff 3 3 3 3 3 0 3 0 n.a. 0
Non-salaried - - - 0 - 0 - 0

Rate 
(number of 
accidents with 
stoppage per 
millions of 
hours worked) 

Employees 100 98 101 84 70 0 64 0 n.a. 0
...including silviculture 92 98 99 86 78 0 75 0 n.a. 0
...including timber logging 
specifically

126 137 136 103 85 0 72 0 n.a. 0

...including fixed sawmills 97 85 92 82 68 0 63 0 n.a. 0

...including office staff 7 4 0 0 0 0 1 0 n.a. 0
Non-salaried - - - - - 0 - 0 - 0

Occupational 
illnesses with 
stoppage

Employees 19 42 99 137 138 22 135 14 n.a. 14

Non-salaried - - - 19 27 1 45 1 n.a. 1

Source: Mutualité Sociale Agricole (MSA) and Caisse d'assurance-accidents agricoles d'Alsace et de Moselle (CAAA)
Clarification: The CAAA data provided for the period 2008-2012 are average annual data over 2010-2012. 
n.a. : data not available

n Results 
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 6.6.a.1. Change in accident rate, number of fatal accidents and occupational illnesses for employees (MSA 
data only)
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There are several social protection systems side-by-side 
in the forestry sector in France: the Mutualité sociale 
agricole (MSA), the Association des assureurs (which has 
delegated the Réunion de sociétés d’assurances) and a 
special scheme (inherited from the 1801 Concordat) for 
Alsace and Moselle: the caisses d'assurance-accidents 
agricoles (CAAA) Since 2002, the MSA data group the 
MSA’s own statistics and those of the insurer group.

MSA data
The following trends are apparent for employees:

 – continuous drop in accidents at work with 
stoppage since the 2000s, both in number and in 
frequency;

 – the changes are less linear for fatal accidents 
at work and no clear trend emerges. However, 
taking the averages of the last five years, the 
figures are dropping compared with the five 
previous years (2009-2013 versus 2004-2008); 

 – the year 2000 seems to be an exception given 

the storms in December 1999 which meant 
logging a large volume very quickly in extremely 
difficult conditions;

 – the increase in the number of occupational 
illnesses at the end of the 1990s is mainly due 
to joint disorders. These were recognized for 
the first time in 1993 and the time between 
exposure to the risk and diagnosing the illness 
is often fairly long. However, taking the averages 
of the last five years, the number of occupational 
illnesses remains stable compared with the five 
previous years (2009-2013 versus 2004-2008);

The following trends are apparent for non-salaried 
workers:

 – the year 2003 is atypical given the upsurge of the 
accident at work occupational illness regime;

 – continuous drop in accidents at work with 
stoppage;

 – the number of fatal accidents at work remains 

n Analysis
Having dropped substantially in the 1980s, the frequency of accidents at work in the forestry sector remained globally 
stable until 2001. It has improved significantly since 2002 (6.6.a) and all branches are showing a downward trend. 
Although logging has traditionally been the most risky activity, clear progress has been made as the accident frequency 
per million hours worked in this activity is now at the same level as for silviculture.
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 Producer of data
Mutuelle santé agricole – MSA – <http://www.msa.fr> 

Caisse d'assurance-accidents agricoles – CAAA – <https://www.3caaa.fr> 

  Methodology 

The accident frequency rate represents the number of accidents with work stoppage per million hours of work 
declared. There is no point in calculating this frequency rate for the occupational illnesses as the times between 
exposure to the risk and diagnosing the occupational illness can be fairly long. 

MSA
The data come from: 

 – for the non-fatal accidents, statements of accidents at work specifically and occupational illnesses (ATMP) 
which resulted in an initial payment of benefits in the period in question, for the salaried and non-salaried 
population governed by the agricultural regulations in metropolitan France, excluding the departments 
of Bas-Rhin, Haut-Rhin and Moselle (these three departments enjoy a special social protection scheme for 
accidents at work and occupational illnesses);

 – for fatal accidents, surveys within the “Professional risk prevention” and “Occupational health” departments 
of the MSA caisses.

Non-fatal accidents are qualified with stoppage:
 – for salaried employees, as soon as daily indemnities are paid, in the knowledge that the daily indemnities 

are paid from the first day of stoppage;
 – for non-salaried staff, as soon as there is payment of benefits associated with stoppage days or daily 

indemnities.

Data relating to the non-salaried staff are only available from 2003 onwards. The ATEXA scheme (ATMP of non-
salaried staff) has been in operation since April 2002, but there seems no point in presenting a truncated year. In 
addition, 2003 should be considered with caution given the upsurge in the scheme. 

CAAA
The data of three CAAA come from the identical sources as the MSA. These are ATMP declarations sent to the three 
CAAA. The same is true for the qualification of non-fatal accidents at work. The data are only available from 2010 
onwards.

n Data sources and methodology

Authors: Nicolas Viarouge (MSA) and Pascal Jan (CAAA)

stable in recent years;
 – increase in the number of occupational illnesses 

on average in the last five years.

CAAA data
The caisses d'assurance-accidents agricoles (CAAA) 
in Alsace and Moselle have recorded a drop in the 
number of accidents at work in the last five years. 
Occupational illnesses, after a rise in declarations in the 
late 1990s, have proved relative stable in the last five 
years.

http://www.msa.fr/
http://www.msa.fr/
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6.7. Wood consumption

Purpose of the indicator
The indicator presents the production and apparent consumption (production + imports – exports) of 
roundwood and timber by-products. The following are considered: 

 – roundwood and all initial processing products (6.7.a),
 – logging products only (6.7.b): roundwood, including timber intended for the manufacture of forest 

wood chips),
 – wood products only from the initial processing of the timber (6.7.c: sawn timber, cask wood and railway 

ties, veneer and plywood, particle and fiber board),
 – paper products only from the initial processing of the timber (6.7.d: pulp, paper and paperboard).

Schematically, the roundwood supplies the initial processing which in turn supplies the second processing 
stage (not presented here). But other flows which are not separated from the data supplied here are grafted 
onto this scheme: recycling of sawmill by-products, salvaging old papers (see Indicator 6.7.1). 

An analysis of the production and apparent consumption of timber and by-products positions the timber 
in relation to the needs of the entire economy represented by changes in demographics and assesses the 
weight of foreign trade (by comparing production and consumption), which is itself the subject of another 
indicator (6.8). It means assessing theoretically and in hindsight the public policies which tend to promote 
increased use of this understated, renewable material.

6.7.a. Production and apparent consumption of roundwood, sawn timber and wood panels
6.7.b. Harvesting, apparent consumption of roundwood and population
6.7.c. Production and apparent consumption of sawn timber and wood panels 
6.7.d. Production and apparent consumption of paper pulp, paper and paperboard
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 6.7.b. Harvesting, apparent consumption of roundwood and population
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Sources:   
Insee – Population estimations and reprocessing housing survey SOeS/
SSP.
Maaf – Agreste – Annual logging branch survey..
Ministry of Finance and Public Accounts  – Customs and indirect duties 
Directorate General.

 6.7.a. Production and apparent consumption of roundwood, sawn timber and wood panels

1993- 
1997

1998-
2002

2003-
2007

2008-
2012

2013 2014
1993-
1997

1998-
2002

2003-
2007

2008-
2012

2013 2014

Products Unit Total production Total apparent consumption

Roundwood million m3/year 69.1 69.0 61.8 62.6 60.5 62.3 68.3 66.6 60.0 58.4 56.4 58.9
Sawn timber, 
cask wood 
and railway 
ties

million m3/year 9.7 10.3 10.0 8.7 8.1 7.9 10.8 12.2 12.6 11.2 9.6 9.3

Veneer and 
plywood

million m3/year 0.7 0.7 0.5 0.4 0.3 0.3 0.8 0.8 0.8 0.7 0.6 0.6

Particle board million m3/year 2.9 3.8 4.5 4.2 4.1 4.0 2.5 3.1 3.3 3.3 2.9 2.8
Fiber board million m3/year 0.5 0.9 1.3 1.1 1.1 1.0 0.3 0.7 0.8 1.4 1.0 0.9
Paper pulp million tonnes/year 2.7 2.5 2.4 1.9 1.7 1.7 4.3 4.3 4.0 3.2 3.4 3.1
Paper and 
paperboard

million tonnes/year 8.5 9.6 10.1 8.7 8.0 8.2 9.8 11.0 11.0 9.7 8.8 8.8

Products Unit Production per inhabitant Apparent consumption per inhabitant

Roundwood m3/1000 inhabitants/year 1,197 1,172 1,014 998 951 974 1,183 1,131 984 931 886 922
Sawn timber, 
cask wood 
and railway 
ties

m3/1000 inhabitants/year 168 175 164 138 128 124 187 207 206 178 150 146

Veneer and 
plywood

m3/1000 inhabitants/year 11 11 8 6 5 5 14 14 13 12 10 10

Particle board m3/1000 inhabitants/year 49 64 74 67 64 62 44 53 55 52 46 43
Fiber board m3/1000 inhabitants/year 9 16 22 17 17 16 4 11 12 22 16 14

Paper pulp
tonne/1000 inhabitants/
year

47 43 40 30 27 26 75 73 66 51 53 49

Paper and 
paperboard

tonne/1000 inhabitants/
year

146 164 165 138 126 128 170 187 180 155 138 138

n Results 

Sources: 
Insee – Population estimations and reprocessing housing survey SOeS/SSP.
Maaf – Agreste – Annual branch surveys, logging, sawing, planing and impreg-
nation of the timber.

UFC: Plywood manufacturers union.
Copacel
UIPP: Process Panel Industry Union.
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 6.7.c. Production and apparent consumption of sawn timber and wood panels 
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Maaf – Agreste – Annual branch surveys, logging, sawing, planing and impregnation of the timber.
UFC: Plywood manufacturers union.
UIPP: Process Panel Industry Union.
EUROSTAT – JFSQ
Ministry of Finance and Public Accounts  – Customs and indirect duties Directorate General.

 6.7.d. Production and apparent consumption of paper pulp, paper and paperboard
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 Producer of data
Ministry of Agriculture, Agrifood and Forests, Statistics and Forecasting Department  
<http://www.agreste.agriculture.gouv.fr> heading “timber and by-products”, sub-headings “timber harvest and 
sawn timber production” and “timber and by-products economic conditions”.

Ministry of Finance and Public Accounts – <http://lekiosque.finances.gouv.fr/portail_default.asp>

EUROSTAT – <http://ec.europa.eu/eurostat>

  Methodology 

 – Results of annual branch surveys, logging, sawing, planing and impregnation of the timber. SSP – Maaf 

 – Professional production data:
•	 UFC: Plywood manufacturers union
•	 Copacel: French Union of paperboard, paper and cellulose.
•	 UIPP: Process Panel Industry Union.

 – Data from the Ministry of Finance and Public Accounts  – Customs and indirect duties Directorate General.

  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.

n Data sources and methodology

Authors: Guilhemine Astrié (SSP, Maaf) and Claire Montagné-Huck (Lef, Inra-AgroParisTech)

The apparent consumption (sum of quantities 
produced and imported from which the quantities 
exported are deducted) changes in different ways 
depending on the type of product; comparing it with 
the national production demonstrates where France is 
self-sufficient, an exporter or rather an importer. 

Table 6.7.a “Production and apparent consumption of 
roundwood, sawn timber and wood panels” indicates 
the values in units per inhabitant. It can be seen that 
the apparent consumption of roundwood drops below 
the bar of 1 m3 per inhabitant.

Graph 6.7.b “Timber harvest and population” 
shows the continuous increase in the population 
and the simultaneous decrease in the total harvest 
and apparent consumption. This drop in apparent 
consumption of wood is mainly the result of increasing 
exports of French raw material.

Graph 6.7.c “Production and apparent consumption 
of sawn timber and wood panels” highlights the 
substantial drop in production and apparent 
consumption of sawn timber. The wood panel sector 
seems more stable with a upsurge in production in 
the early 2000s. The production of particle board is the 
only one to exceed consumption.

Graph 6.7.d “Production and apparent consumption 
of paper pulp, paper and paperboard” highlights the 
reduction in consumption and production of paper 
pulp. The production and consumption of paper and 
paperboard has risen until the middle of the 2000s 
before starting to drop significantly. The production 
shortfall is recurrent for both these types of product.

Changes in timber consumption can be seen in graphs 
6.7.c and 6.7.d and also reflects a change in products 
and behaviors: consumption of furniture manufacture 
from particle board rather than solid wood, use of 
digital technology meaning less use of paper.

Timber consumption in Europe (roundwood, sawn 
timber, panels, pulp and paper) increased strongly 
until the 2008 crisis which had a negative effect on the 
consumption of timber products and more general the 
forestry sector as a whole. Only the consumption of 
fuelwood seems to have withstood the crisis, mainly 
due to public policies encouraging renewable energies 
(Forest Europe, 2011).

n Analysis
The apparent consumption of timber products in the period 1990-2013 is more than the national production except for 
roundwood and panels; it shows a downward trend for virtually all products. 

www.agreste.agriculture.gouv.fr
http://lekiosque.finances.gouv.fr/portail_default.asp
http://ec.europa.eu/eurostat
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6.7.1. Recycling and salvage

Purpose of the indicator
This indicator focuses on papers and paperboard for recycling (PCR) and sawmill by-products (quantity and 
destination for recycling) (6.7.1.a and 6.7.1.b). The “consumption of paper and paperboard for recycling” 
covers the paper and paperboard used as raw material by the factories in the sector in the paper and 
paperboard manufacturing cycle. The “use rate of paper and paperboard for recycling” is the consumption 
of paper and paperboard for recycling (PCR) divided by the production of paper and paperboard. It reflects 
changes in the proportion of reusing recycled fibers compared with all fiber resources used. The “salvage 
rate” is equal to the salvage of used paper divided by the consumption of paper and paperboard. It conveys 
the changes in the proportion of paper and paperboard consumed which has been salvaged after use and 
the development of a salvage system or the increase in its efficiency. The “apparent salvage” is equal to 
the PCR consumption to which is added PCR exports and from which PCR imports are deducted, modulo 
variation in stocks.

The sustainable management of the resource also involves the processing (recycling and salvage) of 
production waste and end-of-life products. The importance of recycling and salvage shows the ability of the 
sector to become part of a circular economy which improves the life cycle of products from their origin to 
their return to the natural environment.

6.7.1.a. Recycling and salvage in the timber sector: paper, paperboard, sawmill by-products
6.7.1.b. Volume and destination of sawmill by-products

n Results 

 6.7.1.a. Recycling and salvage in the timber sector: paper, paperboard, sawmill by-products

1988-
1992

1993-
1997*

1998-
2002

2003-
2007

2008-
2012

2013 2014

Paper and 
paperboard for 
recycling

Consumption (million tonnes/year) n.a. 4.3 5.5 5.9 5.2 5.1 5.4
Use rate (%) n.a. 48.8 56.6 59.0 60.5 64.0 65.9
Apparent salvage (million tonnes/year) n.a. 3.9 5.2 6.6 7.1 7.3 7.3
Salvage rate (%) n.a. 40.2 47.5 60.3 72.3 81.6 82.2

Sawmill 
by-products

Sawmill by-products 
(million tonnes/year)

6.0 6.8 7.9 8.3 8.3 8.3 8.2

...including destined for crushing 3.6 3.9 4.4 4.5 3.8 3.2 2.9

...including destined for energy n.a. n.a. n.a. n.a. 0.9 1.7 1.6
Proportion destined for crushing (%) 59 57 55 54 46 38 36
Proportion destined for energy production (%) n.a. n.a. n.a. n.a. 25 53 55

Sources: 
Maaf, Statistics and Forecasting Department, Agreste, Annual branch survey, sawing, planing and impregnation of the timber (for the sawmill by-products).
COPACEL (for the paper and paperboard for recycling).
Clarifications: 
The consumption of paper and paperboard for recycling covers the paper and paperboard used as raw material by the factories in the paper and paperboard sector 
in the manufacturing cycle. 
The use rate of paper and paperboard for recycling is the consumption of paper and paperboard for recycling (PCR) divided by the production of paper and paperboard. 
It reflects changes in the proportion of reusing recycled fibers compared with all fiber resources used.
The salvage rate is equal to the salvage of used paper divided by the consumption of paper and paperboard. It conveys the changes in the proportion of paper and 
paperboard consumed which has been salvaged after use and the development of a salvage system or the increase in its efficiency.
The apparent salvage = PCR consumption + PCR exports = PCR imports + stock variations/

* For recycled paper and paperboard, average 1993-1997 produced from years 1995-1997 only/
n.a. : data not available
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 6.7.1.b. Volume and destination of sawmill by-products

Sources: Maaf, Statistics and Forecasting Department, 
Agreste, Annual branch survey, sawing, planing and 
impregnation of the timber (for the sawmill by-products)

Sawmill by-products (6.7.1.a and 6.7.1.b) are made up 
of bark, sawdust, shavings and miscellaneous offcuts 
from the sawing process. These volumes are declared 
in the annual branch survey “sawing, planing and 
impregnation of the timber”. As the sawing output 
is around 50% on average (slightly more for conifers 
and broadleaved boules, slightly less for broadleaved 
square-edged sawing), about half of the volume 
of logs entering the sawmill are in the form of by-
products. Their recycling is a not insignificant input 
for the company. They are used mainly for the direct 
production of energy, either within the sawmill, for 
example to supply the timber drying kilns, or after-
sales to fuelwood suppliers. The crushing industries 
are a second outlet for these by-products; the offcuts, 
normally turned into wood chips, are purchased by 
manufacturers of paper pulp, fiber boards and particle 
boards. Bark is destined more for green spaces and 
gardens whereas sawdust and shavings can supply 
compressed wood fuel production units as pellets or 
briquettes or serve as animal bedding. 

In 2013, energy production involved over half the 
8.3 million tonnes of by-products generated by the 
sawmills and 38% supplied the crushing industries.

The increase in these products, which seems surprising 
in the light of the drop in production of sawn timber 
volume, can be explained by their improved use, from 
their status as infrequently-recycled waste to that of a 
sought-after raw material. 

Paper and paperboard for recycling are collected 
from industrialists, households and shopkeepers, 
manufacturing offcuts and unsold items. They are 
used to produce paper and paperboard instead of 
virgin cellulose fibers extracted from the timber. 
Propelled by growing demand, mainly from the 
corrugated paperboard sector, the consumption of 
paper and paperboard for recycling settled at 5.4 Mt 
in 2014, an increase of 4.9% over the previous year. 
The use rate of paper and paperboard for recycling, 
which is confirming the increasing proportion of 
packaging (large consumer of paper and paperboard 
for recycling) in paper and paperboard production 
continued to grow in 2014, reaching 65.9%.

Paper and paperboard salvage has expanded 
considerably thanks for the development of selective 
collecting and the mobilization of the paper industry 
and all players in the recycling chain to promote 
collection, sorting and recycling. The apparent salvage 
is therefore increasing in 2014 (+1.1%) and is close to 
7.3 Mt. France has a salvage rate of 82.2% (2014), above 
the European average, as in 2013, (71.7% in 2013) and 
is one of the most advanced European countries for 
salvage. 

n Analysis
Sawmill by-products are increasingly important both economically and ecologically. They are no longer considered as 
waste but as raw material for crushing and energy generation industries and a large increase in quantities destined for 
this second application has been seen since the late 2000s. Since the end of the 1990s, the main raw material used in the 
paper industry is made up of paper and paperboard for recycling (PCR). The proportion is consolidating incessantly and 
virtually accounts for two-thirds.
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 Producer of data
French Union of paperboard, paper and cellulose (Copacel) <http://www.copacel.fr>

Ministry of Agriculture, Agrifood and Forests – Statistics and Forecasting Department 
<http://www.agreste.agriculture.gouv.fr> 

  Methodology 
Paper and paperboard consumption and recycling data come from Copacel surveys of French paper and 
paperboard producers. The import and export data come from the Directorate General of Customs.
Results of the annual branch survey “sawing, planing and impregnation of the timber” from the SSP at Maaf.

  Bibliography 
Agreste site <http://www.agreste.agriculture.gouv.fr> “timber and by-products” heading under “timber harvest 
and production of sawing” heading

n Data sources and methodology

Authors: Daniela Barrat (Copacel) and Guilhemine Astrié (Maaf – SSP)

http://www.copacel.fr/fr
www.agreste.agriculture.gouv.fr
www.agreste.agriculture.gouv.fr
www.agreste.agriculture.gouv.fr
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6.8. Imports and exports

Purpose of the indicator
The trade balance is the difference between the export volumes or values and the import of goods. The 
sector's trade balance is firstly presented in volume, converted into “cubic meters roundwood equivalent) 
for aggregation and comparison between the branches and detailed per branch (6.8.a, 6.8.a.1, 6.8.a.2, 
6.8.a.3, 6.8.a.4 then in value, also detailed per branch (6.8.b, 6.8.b.1, 6.8.b.2, 6.8.b.3, 6.8.b.4).

The imports and exports are used to measure the economic performance of the forest-timber-paper-
furniture sector in terms of international trade. A positive trade balance means that the country exports 
more goods than it imports. The terms “trade surplus” or “surplus balance” are then used. The term “trade 
deficit” is used for a negative balance.

Dynamic trade in timber and processed products is essential to sustainable forest development inasmuch as 
they fill the needs of individuals in France, Europe and worldwide. A trade surplus is normally held to create 
jobs whilst a trade deficit can lead to more competitive prices and lower inflation. The trade balance has a 
major impact on the gross domestic product, currency values, inflation and employment. 

The indicator monitors changes in the trade balance deficit in the French forest-timber-paper-furniture 
sector in volume and value and compares the relative performance of different branches (including 
secondary processing products).

6.8.a. Import and export volumes in the forest-timber sector (million m3 EQ)
6.8.a.1. Structure in import and export volumes in the forest-timber sector in 2014 
6.8.a.2. Volume of the 2000-2014 trade balance per branch
6.8.a.3. Volume of the trade balance of the forest-timber sector in volume 
6.8.a.4 Comparison in volume of imports and exports in the forest-timber sector 

6.8.b. Value of imports and exports in the forest-timber sector 
6.8.b.1. Structure in value of imports and exports in the forest-timber sector in value in 2014 
6.8.b.2 Value of the 2000-2014 trade balance per branch
6.8.b.3. Comparison in value of the forest-timber sector trade balance and the French trade balance 
6.8.b.4. Comparison in value of imports and exports in the forest-timber sector 

Warning: To analyze external trade, the sector is considered in its broadest acceptance consistent with the other 
economic indicators (6.2, 6.3 and 6.5 mainly). 
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 6.8.a. Import and export volumes in the forest-timber sector (million m3 EQ)

 6.8.a.1. Structure in import and export volumes in the forest-timber sector in 2014 

1990-
1992

1993-
1997

1998-
2002

2003-
2007

2008-
2012

2013 2014

million m3 roundwood equivalent/year

Imports 38.6 39.7 52.3 59.0 54.2 48.3 53.8
...including roundwood 2.4 2.0 2.2 2.8 2.0 1.6 2.2
including veneer and plywood 1.1 0.9 1.1 1.4 1.6 0.8 2.0

...including sawn timber 3.6 3.7 5.4 6.9 5.7 4.4 4.5

...including sawmill by-products 0.5 0.9 0.7 0.9 0.9 0.9 1.8

...including reconstituted wood 
panels

1.0 0.9 1.2 1.5 1.8 2.6 1.6

...including pulp 8.8 9.1 9.3 9.6 8.0 7.2 8.9

...including old paper 3.5 4.2 4.6 4.3 3.3 2.9 3.6

...including paper/paperboard 14.3 14.5 21.7 23.0 20.6 16.7 17.9

...including furniture 2.1 1.9 3.1 4.8 5.5 4.8 4.9

...including packaging 0.5 0.6 1.0 1.1 1.7 2.2 2.7

...including miscellaneous objects 0.5 0.7 1.1 1.3 1.4 2.1 1.4

...including industrial buildings 0.3 0.3 0.8 1.3 2.0 2.1 2.2
Exports 24.8 26.8 38.3 46.4 48.1 43.7 47.0

...including roundwood 4.7 2.8 4.7 4.6 6.8 6.5 5.6
including veneer and plywood 0.6 0.7 0.7 0.6 0.7 0.3 0.5

...including sawn timber 2.4 2.1 2.4 2.7 1.9 1.8 2.2

...including sawmill by-products 1.1 0.8 1.2 1.5 1.2 1.0 1.5

...including reconstituted wood 
panels

1.0 1.5 2.1 3.2 2.4 3.9 3.1

...including pulp 1.8 2.2 2.4 2.9 3.1 1.6 2.8

...including old paper 2.2 2.6 3.8 6.8 11.5 11.0 10.9

...including paper/paperboard 9.1 11.3 16.4 19.3 16.4 14.2 14.9

...including furniture 0.8 1.0 1.6 1.8 1.5 1.0 2.7

...including packaging 0.8 1.1 2.0 2.1 1.7 1.4 1.3

...including miscellaneous objects 0.2 0.3 0.4 0.4 0.3 0.7 1.3

...including industrial buildings 0.3 0.5 0.6 0.6 0.4 0.4 0.2
Balance -13.8 -12.9 -13.9 -12.6 -6.1 -4.6 -6.8

Sources: Timber sector management charts prepared by the Forestry Economy Laboratory from Customs data published by Agreste and estimations pro-
vided by the Statistics and Forecasting Department of the Ministry of Agriculture.

n Results 
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 6.8. Imports and exports 293

 6.8.a.2. Volume of the 2000-2014 trade balance per branch

 6.8.a.3. Volume of the trade balance of the 
forest-timber sector in volume 

 6.8.a.4 Comparison in volume of imports and 
exports in the forest-timber sector 

-10

-5

0

5

10

15

2014201220102008200620042002200019981996199419921990

millions m³ EBR

-5

-3

-1

1

3

5

2014201220102008200620042002200019981996199419921990

millions m³ EBR

-10

-5

0

5

10

15

2014201220102008200620042002200019981996199419921990

millions m³ EBR

Industrial buildings

Sundry items

Packaging

Furniture

Paper/cardboard

Old paper

Pulps

Reconstituted wood panels
Sawmill by-products

Sawnwood
Veneers, plywood

Roundwood

-20

-16

-12

-8

-4

0

2014201220102008200620042002200019981996199419921990

million m³ EQ

0

10

20

30

40

50

60

70

Exports Imports

2014201220102008200620042002200019981996199419921990

million m³ EQ

Sources: Timber sector management charts prepared by the Forestry 
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tions provided by the Statistics and Forecasting Department of the Minis-
try of Agriculture.
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 6.8.b. Value of imports and exports in the forest-timber sector 

2000-2002 2003-2007 2008-2012 2013 2014
million euros 2014/year

Imports 14,076 13,621 13,010 11,723 11,617
...including roundwood 344 300 183 126 149
...including other logging products 493 435 380 358 367
including veneer and plywood 374 417 368 326 347

...including sawn timber 1,004 1,116 959 763 757

...including sawmill by-products 34 49 56 71 90

...including panels 481 529 630 629 594

...including pulp 1,583 1,107 1,068 1,121 1,002

...including old paper 151 118 119 106 127

...including paper/paperboard 5,711 5,037 4,388 3,977 3,824

...including furniture 2,764 3,142 3,283 2,792 2,894

...including wooden packaging 226 220 228 209 225

...including miscellaneous objects 416 481 521 467 472

...including construction/building 495 670 827 778 771
Exports 9,315 8,812 7,808 7,149 7,119

...including roundwood 416 282 306 284 300

...including other logging products 154 150 148 139 156
including veneer and plywood 334 286 211 173 187

...including sawn timber 382 364 254 229 260

...including sawmill by-products 60 63 74 82 70

...including panels 588 745 610 629 664

...including pulp 288 248 311 328 330

...including old paper 145 200 353 344 329

...including paper/paperboard 4,652 4,403 3,818 3,460 3,360

...including furniture 1,339 1,190 965 754 736

...including wooden packaging 451 444 418 445 456

...including miscellaneous objects 179 158 146 128 127

...including construction/building 328 278 193 154 144
Balance -4,761 -4,810 -5,202 -4,574 -4,497

Source: Agreste – Timber and by-products economic conditions Area covered: Whole of France (excl. overseas territories) and World.

 6.8.b.1. Structure in value of imports and exports in the forest-timber sector in value in 2014 
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Source: Maaf, Statistics and Forecasting Department, Agreste – Timber and by-products economic conditions
Area covered: Whole of France (excl. overseas territories) and World.
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 6.8.b.2 Value of the 2000-2014 trade balance per branch
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 6.8.b.3. Comparison in value of the forest-timber sector trade balance and the French trade balance 
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 6.8.b.4. Comparison in value of imports and exports in the forest-timber sector 
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Sources: Timber sector management charts prepared by the Forestry 
Economy Laboratory from Customs data published by Agreste and estima-
tions provided by the Statistics and Forecasting Department of the Minis-
try of Agriculture.

Trade balance in volume
In 2014, imports of timber and processed products 
are estimated at 53.8 million m3 roundwood 
equivalent (EQ) (6.8.a). The main imported products 
are paperboard (32%), pulp (17%), furniture (9%) 
and sawn wood (8%) (6.8.a.1). Exports are around 
47 million m3 EQ (Table 6.8.a). The main exported 
products are paperboard (33%), old paper (23%), 
roundwood (12%) and panels (6%) (6.8.a.1).
The trade balance therefore shows a deficit of  
6.8 million m3 EQ in 2014 (6.8.a). 

The trade deficit in the forest-timber sector relates 
mainly to the pulp (-6 million m3 EQ), paper and 
paperboard (-3 million m3 EQ), sawn timber 
(-2.5 million m3 EQ) and furniture (-2 million m3 EQ) 
sectors (6.8.a.2). Conversely, external trade 
of old paper (+7 million m3 EQ), roundwood 
(+3.4 million m3 EQ) and reconstituted wood panels 
(+1.5 million m3 EQ) has a credit balance (6.8.a.2). 

Having almost doubled between 1990 and 2007 (36 to 
63 million m3 EQ), the volume of imports in the sector 
has dropped considerably to 54 million m3 EQ in 2013 
(6.8.a.4). The structure of imports is relatively stable 
compared with 1990. The main imported products are 
paperboard (37% in 1990, 33% in 2014), old paper (8% 
in 1990, 7% in 2014), furniture (6% in 1990, 9% in 2014) 

and sawn timber (9% in 1990 and 8% in 2014) (6.8.a.1). 
The proportion of pulp and roundwood in imports has 
dropped, from 23% and 6% in 1990 to 17% and 3% in 
2014 respectively (6.8.a).

Export volumes followed roughly the same trend 
until 2007. This increase noted since the early 1990s 
continued, however, until 2012 (23 to 52 million m3 EQ), 
before dropping to 47 million m3 EQ in 2014 (6.8.a.4).

The structure of imports is fairly different compared 
with 1990. In 1990, France mainly exported paper and 
paperboard (33%), roundwood (22%), sawn timber 
(10%), old paper (8%) and industrial building (7%). 
In 2014, the proportion of paper and paperboard is 
virtually identical (32%), roundwood only accounted 
for 12% of exported volumes, sawn timber only 5%, 
whilst, conversely, old paper saw its proportion rise 
(23% of exported volumes in 2014) and 6% for the 
industrial building branch. Panel exports expanded, 
from 3 to 6% of exported timber volumes (6.8.a). 

The result is a fairly contrasting changed in the trade 
balance in volume: there is a huge deficit up to 2008, 
with slight dip between 2003 and 2006 (globally 
between -12 and -16 million m3 EQ, before achieving 
close to balance in the following years (between  
-7.3 and -0.4 million m3 EQ) (6.8.a, 6.8.a.3). The year 

n Analysis
The forest-timber-paper-furniture sector external trade has been discussed, studied and analyzed at length (Agreste 
2014, 2015, Chamber of Agriculture, 2014, Timber committee, 2014, Levet et al, 2014, CGAAER 2015, etc.). Regardless of 
the calculation method, the forest-timber-paper-furniture sector trade balance shows a chronic deficit in both volume 
and value. However, it seems that the deficit has tended to decrease over the last five years in both volume and value. 
External trade was deeply affected by the 2008 crisis which saw a significant downturn in trade.
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2008 seems to mark a break in the trade balance in 
volume, which drops from -14 million m3 EQ in 2008 to 
-3 million m3 EQ in 2009. This break is mainly due to a 
decline in imported volumes of all products.

The roundwood trade balance displays a credit balance 
over the entire period, with upwards and downwards 
periods alternating. It was the main branch with a 
surplus volume trade balance in 1990 with a positive 
balance of nearly 3 million m3 EQ. It is second behind 
the “old paper” branch in 2014 with a balance of 
3.4 million m3 EQ. The sawmill by-product branch 
improved its external trade balance between 1998 and 
2003, stabilized close to balance up to 2013 before 
returning to a deficit in 2014.

The packaging branch shows a trade surplus until 
2010. It becomes a negative balance in 2011. The 
panels branch improves its balance until 2006 then 
declines until 2009. The sawn timber branch external 
trade, close to balance at the start of the 1990s, 
declined strongly until 2007 before an apparent 
recovery in 2014.

The external trade balances for the industrial building, 
veneer and miscellaneous objects branches remain 
close to balance but with a downward trend. The 
furniture branch showed a rapid decline in external 
trade from the middle of the 1990s, but seems to have 
picked up in the most recent years. Pulp and paper and 
paperboard have alternated between improved and 
declining external trade balance in volume, but remain 
among the main deficit items in the forest-timber-
paper-furniture sector.

Overall, in 2014, the sectors with surplus international 
trade in volume have performed better in 2014 than in 
1990 and deficit sectors are slightly less in 2014 than 
in 1990 (6.8.a.3), hence a global improved in the trade 
balance in volume in the forest-timber-paper-furniture 
sector (6.8.a.4).

Trade balance in value
Imports of timber and processed products are 
estimated in 2014 at 11,617 million euros, including 
33% for paper and paperboard, 25% for furniture, 
9% for pulp, 7% for construction and 6% for sawn 
timber. Roundwood only accounts for 1% of the 
value of imports in the sector (6.8.b and 6.8.b.1).

Exports are in the order of 7,119 million euros in 
2014, including 47% for paper and paperboard, 
10% for furniture, 9% for panels, 6% for packaging, 
5% for pulp and 5% for old papers. Roundwood 
accounts for 4% of the value of exports in the sector 
(6.8.b and 6.8.b.1).

The trade balance therefore shows a deficit of 
-4,497 million euros in 2014, mainly due to the 
imports of high added value products, i.e. over 8% 
of the global French external trade deficit. (6.8.b 
and 6.8.b.3). 

In 2014, four of the thirteen activity branches 
in the sector show a trade surplus: old paper  
(€202 million), packaging (€231 million), roundwood 
(€152 million) and panels (€70 million). Sawmill by-
products (-€20 million in 2014, the first year with a 
deficit), veneer (-€160 million) and the other logging 
products (-€210 million) show low to moderate 
negative trade balances. Conversely, the miscellaneous 
objects (-€346 million), paper and paperboard  
(-€464 million), sawn timber (-€497 million), 
construction/building (-€626 million), pulp  
(-€671 million) and above all furniture (-€2,157 million) 
show huge deficits.

According to the Agreste Conjoncture data prepared 
using Customs data, for 2014:

 – Exports of timber and timber by-products are 
mainly destined for the European Union:
•	 Roundwood: 72% EU, 20% China,
•	 Sawn timber: 65% EU, 12% North Africa, 8% 

non-EU Europe, 6% China,
•	 Veneer and plywood: 90% EU, 3% non-EU 

Europe,
•	 Pulp: 82% EU, 7% China, 5% South-East Asia,
•	 Bulk paper and paperboard: 77% EU, 4% non-

EU Europe, 4% North America,
•	 Processed paper and paperboard: 78% EU, 6% 

non-EU Europe, 3% Sub-Saharan Africa, 3% 
North America. 

 – Imports of timber and timber by-products come 
mainly from the European Union: 
•	 Roundwood: 70% EU, 17% Sub-Saharan Africa,
•	 Sawn timber: 73% EU, 8% Russia, 6% Sub-

Saharan Africa,
•	 Veneer and plywood: 84% EU, 5% Sub-Saharan 

Africa, 4% China,
•	 Pulp: 55% EU, 32% South America, 8% North 

America,
•	 Bulk paper and paperboard: 93% EU,
•	 Processed paper and paperboard: 85% EU, 7% 

China,
•	 Furniture: 72% EU, 16% China.

France's main European partners for imports and 
exports of timber by-products are Germany, Belgium, 
Spain and Italy.

Overall, Europe is a net exporter of timber and timber 
products (excluding paper, paperboard and furniture – 
State of Europe’s Forests, 2011). However, the western 
countries (United Kingdom, Italy, France, Netherlands 
and, to a lesser extent, Spain and Belgium) are net 
importers.

Imports and exports show a global downward trend in 
value in the period 2000-2014. The amount of imports 
which was nearly 15 billion euros 2014 in 2000 reached 
slightly more than 11.5 billion euros 2014 in 2014, i.e. 
a drop of 22%. Exports dropped from nearly 10 billion 
euros 2014 in 2000 to 7 billion euros 2014 in 2014, i.e. 
a drop of 27%. The 2008 crisis seems to be marked by 
an overall decline in external trade (mainly a significant 
drop in imports) (6.8.b.4).
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This means that the trade balance in value is fairly 
stable and shows a chronic deficit of about 5 billion 
euros 2014 over the entire period (6.8.b.3). Thus, 
although the volume of French external trade seems to 
be close to balance at the end of the period, its value 
continues to show a considerable deficit.

The structure of imports and exports in value per 
branch is relatively stable over the period. The main 
products imported are paper and paperboard, 
sawn timber and pulp. The proportion of paper and 
paperboard and pulp in the imports in value is tending 
to decrease – 40% and 14% in 2000 to 33% and 9% in 
2014 respectively -, whereas the proportion of sawn 
timber rises from 19% to 25% of the value of imports 
(6.8.b). In terms of exports, the proportion of paper and 
paperboard is around half the total value of exports 
and the proportion of sawn timber has dropped 
slightly, from 14% in 2000 to 10% in 2014 (6.8.b).

Only the packaging branch of the thirteen branches 
considered in the trade balance calculation shows a 
surplus balance over the entire period. The roundwood 
external trade balance shows a “slight” trade deficit 
between 2001 and 2008, but seems to have recovered 

its surplus of the beginning of the period since then. 
The old paper external trade balance has improved 
over the entire period. The panels trade balance, which 
showed a surplus at the beginning of the period, was 
affected considerably by the 2008 crisis: the branch 
trade balance dropped from +230 million euros 2014 
in 2007 to -90 million euros 2014 in 2009; it is once 
more showing a surplus in 2014 with a balance of 
+70 million euros. Among the largest contributors to 
the trade balance deficit in the forest-timber-paper-
furniture sector, sawn wood, paper and paperboard 
and pulp have fluctuated the most over the period, but 
although they are stilling showing deficit there seems 
to be a tendency to improve. The construction branch 
trade deficit worsened until 2011 before stabilizing at 
the end of the period around -620 million euros. The 
furniture branch shows the largest trade deficit in 2014 
of -2,160 million euros in 2014. (6.8.b.2)

The trade balance curves of the forest-timber-
paper-furniture sector and the trade balance of all 
French goods external trade show similar upward or 
downward trends.

To analyze external trade, the sector is considered in its broadest acceptance consistent with the other economic 
indicators (6.2, 6.3 and 6.5 mainly). 
The trade balance plots the volume and value of exported and imported goods. To calculate the trade balance in 
volume, imports and exports of goods are estimated from customs statistics for goods converted into a single, 
uniform unit – the cubic meter roundwood equivalent. To calculate the trade balance in value, the national 
accounting assesses the imports and exports of goods from customs statistics for goods. The term trade surplus 
(it has a surplus trade balance) is used if the export value is more than the import value; if imports are greater than 
exports, the country has a trade deficit or its trade balance is showing a deficit.
For the 2015 edition of Sustainable management indicators (SMI), the entire series was recalculated using the same 
data sources and the same categories of products instead of two “Restricted range” and “Expanded range” in the 
2010 edition. The values presented here cannot be compared entirely with those in the previous SMI editions. In 
addition, the multiple conversions, estimations and possible methodological breaks in this series makes caution 
essential in executing time comparisons.

n Data sources and methodology
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Author: Claire Montagné-Huck (Lef, Inra-AgroParisTech)

Imports and exports in volume
 Producer of data
The data used for this indicator are taken from timber sector management charts prepared by the Forestry 
Economy Laboratory from Customs data published by Agreste and estimations provided by the Statistics and 
Forecasting Department (SSP) of the Ministry of Agriculture. The customs’ data have been incomplete since 2006 as 
information on detailed trading volumes is not mandatory. The SSP therefore produces estimates to compensate 
for this lack of information – <http://www6.nancy.inra.fr/lef> 

  Methodology 
The available data are used to calculate this indicator over the period 1990-2013. The data in volume for the various 
products in basic units (m3, tonnes) are converted into “cubic meter roundwood equivalent” (EQ) using conversion 
coefficients. For the roundwood, the volume data are also shown as overbark using technical coefficients.
The following products are considered: roundwood, veneer and plywood, sawn wood, sawmill by-products, 
reconstituted wood panels, pulp, old paper, paper and paperboard, furniture, packaging, industrial building, 
miscellaneous objects. This indicator therefore covers a broader field than the corresponding Forest Europe 
international indicator.

Imports and exports in value
 Producer of data
The data used for this indicator are published by: Agreste – Timber and by-products economic conditions Area 
covered: Whole of France (excl. overseas territories) and World.
Internet site (link as at 30/04/2015): <https://stats.agriculture.gouv.fr/disar/faces/report/welcomeReport.jsp> 

  Methodology
The available data are used to calculate this indicator over the period 2000-2014. For time comparisons, the data 
have been corrected for inflation and converted into euros 2014 using conversion coefficients provided by Insee. 
<http://www.insee.fr/fr/service/reviser/calcul-pouvoir-achat.asp> 

The following products are considered: roundwood, other logging products and miscellaneous logging 
products, sheets for veneer and plywood, sawn wood, sawmill by-products, reconstituted wood panels (particle 
board, fiber board, fiber-chip board), pulp (chemical and mechanical pulp + other wood pulp), old paper (paper 
and paperboard for recycling), gross paper and paperboard; furniture, packaging (structures for packaging 
and transport + cooperage), industrial building (wools, wood for parquet flooring, densified wood, joinery, 
prefabricated construction), miscellaneous objects (cross beams, charcoal, frames, objects for the table, decorative 
objects, manufactured objects). This indicator therefore covers a broader field than the corresponding Forest 
Europe international indicator.
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6.9. Fuelwood

Purpose of the indicator
This indicator presents the proportion of wood in the national energy consumption (6.9.a). It underlines 
especially the proportion of different sources of fuelwood in 2013 (6.9.a.1) and the relative proportion of 
fuelwood in global energy consumption (renewable and non-renewable) (6.9.a.2).

It gives an idea of the development of the fuelwood sector which is a major challenge in renewable energies 
and which is paid particular attention in combating the greenhouse effect under the auspices especially 
of the “climate” convention, the European Union’s “energy climate” package and the French “low carbon” 
strategy.

6.9.a. Proportion, quantity and origin of fuelwood in the national energy consumption
6.9.a.1. Proportion in volume of different products in fuelwood consumption in 2013
6.9.a.2. Proportion of different sources in energy consumption in 2013

n Results 
 6.9.a. Proportion, quantity and origin of fuelwood in the national energy consumption

 6.9.a.1. Proportion in volume of different 
products in fuelwood consumption in 2013

 6.9.a.2. Proportion of different sources in energy 
consumption in 2013

2007 2009 2011 2013

Terajoule million 
m3 Terajoule million 

m3 Terajoule million 
m3 Terajoule million 

m3

Energy directly from the woody biomass 262,611 27.1 233,069 24.0 281,586 29.0 268,218 27.7
...including direct energy from forests and other wooded 
land

190,413 19.6 141,523 14.6 144,343 14.9 208,169 21.5

...including direct energy from trees outside forests 69,395 7.2 73,337 7.6 51,551 5.3 55,757 5.7

Energy from co-products of the timber industry 73,619 6.7 128,154 11.6 67,688 6.2 134,000 12.2
...including energy from offcuts, bark, chips and sawdust 46,486 4.8 96,618 10.0 44,066 4.5 87,824 9.1

Energy from processed woody fuels 
(pellets, briquettes, charcoal)

4,814 0.7 7,767 1.2 13,112 1.8 17,542 2.4

Energy from recycled timber 18,625 2.1 19,196 2.2 14,554 1.6 34,184 3.8

Total fuelwood consumption 359,669    36.6   388,186    39.0   376,940   38.6   453,944    46.1   

Renewable energy consumption 707,008    - 798,308    - 765,769    - 975,705    - 

National energy consumption (primary) 11,313,304    - 10,873,777    - 10,802,838    - 10,856,257    - 

Proportion of wood in national energy consumption 3%  - 4%  - 3%  - 4% -
Proportion of wood in renewable energies 51%  - 49%  - 49%  - 47%  - 

Sources:
SOeS, Medde, according to the survey by the International Energy Agency (AIE) Eurostat 2007, 2009, 2011, 2013.
SSP, Maaf, according to the Joint Wood Energy Enquiry (JWEE) FAO 2007, 2009, 2011, 2013.

Source: SSP – Maaf, according to JWEE FAO 2013

Recycled timber: 8%

Processed timber: 5% 
(pellets, briquettes, charcoal)

Timber industry by-products: 27%  
(o�cuts, barks, sawdust, black liquor, etc.) 

Primary biomass: 60%  
(roundwood, forest chips, etc.) 

Other renewable energies: 5%

Non-renewable energy: 91%

Wood energy: 4%

Source: SOeS, Medde, according to the survey IEA Eurostat 2013
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Table 6.9.a indicates the primary energy consumption 
in France, the proportion of renewable energies and 
of wood-related energy. It uses the same headings 
as the biennial survey of the Food and Agriculture 
Organization of the United Nations (FAO) of fuelwood, 
which differentiates between:

 – products, roundwood or forest chips destined 
directly for the production of energy;

 – timber industry co-products (offcuts, sawdust, 
bark, sawmill chips, black liquor from the paper 
pulp manufacturing process, etc.);

 – processed woody fuels (charcoal, pellets and 
briquettes);

 – recycled timber.

In 2013, the equivalent of 46 million m3 of wood was 
required to provide this energy, a significant rise 
since the introduction of measures to increase the 
proportion of renewable energies to achieve the target 
objective of 23% by 2020. Although fuelwood has 
made huge progress globally between 2007 and 2013, 
the data cannot be compared directly from one year 
to the next as they have become more complete and 

accurate over the years.

Graph 6.9.a.1 shows that in 2013 most fuelwood 
(61%) came from burning roundwood and forest 
chips directly from the forest. The timber industry by-
products, which cover bark, sawdust, miscellaneous 
sawmill offcuts and co-products from paper pulp 
manufacture, come in second place with 26% of 
the energy consumed. Recycled timber come third, 
providing 8% of the fuelwood. The new products, 
pellets and briquettes are making very swift progress, 
reaching 5%. 

Graph 6.9.a.2 shows the proportion of fuelwood which 
accounts for nearly half the renewable energy total. 
It also highlights the supremacy of non-renewable 
energies (91%). 

n Analysis
Fuelwood accounts for nearly half (47%) of renewable energy consumed in France in 2013 and 4% of the entire national 
energy package. Wood logs and forest chips directly from the forest head the list of fuelwood sources (61%) but their 
proportion is dwindling with the more frequent use of recycled timber and the upsurge of new products like wood pellets 
and briquettes. 

 Producer of data
Ministry of Ecology, Sustainable Development and Energy – Observation and Statistics Department <http://www.
statistiques.developpement-durable.gouv.fr> 

Ministry of Agriculture, Agrifood and Forests – Statistics and Forecasting Department 
<http://www.agreste.agriculture.gouv.fr>

  Methodology 

Link to Indicator 3.2: the volume indicated in the line “energy directly from woody biomass” in Table 6.9.a comes 
from the sum of the volume of firewood (marketed and non-marketed) indicated in Table 3.2.a, with bark 
removed for inclusion in the co-product category. For example: the 27.7 million m3 indicated in 2013 in Table 
6.9.a correspond to the 6.9 + 25.1 = 32 million m3 of firewood (marketed + non-marketed) in 2013 with bark  
(4.3 million m3) deducted. 

The “energy” data in Table 6.9.a have been prepared using total fuelwood consumption data which have then 
been listed as per the types of product figuring in the FAO survey on energy from wood. 

Definitions and results of the JWEE, FAO survey available online on: <http://www.unece.org/forests/jwee> 

  Bibliography 

Medde – Observation and Statistics Department, 2014. Markers – Key figures of renewable energies, Medde, Paris, 
64 p.

n Data sources and methodology

Author: Guilhemine Astrié (SSP-Maaf)
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6.10. Public access to the forests

Purpose of the indicator
Public access to forest spaces is a social issue of prime importance which can be tricky to measure. This 
indicator addresses the question from several viewpoints: a comparison of forest areas with the number of 
inhabitants at national, department or municipal scales (6.10.a, b and c), forest visitor number surveys of 
the general public (6.10.d) and lastly a survey of private forest owners on numbers of visitors to their forest 
(6.10.e) and the opening of their forest to the general public (6.10.f). 

This indicator therefore assess the forest area per inhabitant at different scales and brings in the practices of 
visitors and of private owners towards them. 

6.10.a. Forest area per inhabitant, at national level
6.10.b. Forest area per inhabitant, per department
6.10.c. Forest area per inhabitant, per municipality 
6.10.d. Number of forest visits by the general public
6.10.e. Proportion of private forests visited
6.10.f. Proportion of private forests open to the public, per administrative region 

n Results 

 6.10.a. Forest area per inhabitant, at national level

1993 1998 2003 2006-2010 2008-2012
Metropolitan population (1000 inhabitants)  57,369    58,299    60,102    62,135    62,765   

Metropolitan forest areas (including poplar plantations) (1000 ha)  14,811    15,220    15,408    15,137    16,418   

Forest surface area per inhabitant in metropolitan France (ha)  0.26    0.26    0.26    0.24    0.26   

Sources: Maaf-SSP, Insee, IGN
Clarifications: 
For the metropolitan population: 

Years 1993 to 2003: Insee, general population census, estimations as at 1 January of the year.
Years 2006-2010: Insee, according to the surveys of 2006 to 2010.
Years 2008-2012: Insee, definitive value for 2010.

For the metropolitan forest area: 
Years 1993 to 2003: source Maaf-SSP, Teruti annual survey of the use of the territory.
Years 2006-2010: source Maaf-SSP, Teruti-Lucas annual survey of the use of the territory (2010).
Years 2008-2012: IGN, inventory campaigns 2008 to 2012.
Changing the source for the forest area (move from Teruti-Lucas to IGN) results in a jump in the forest area.
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 6.10.b. Forest area per inhabitant, per department

 6.10.c. Forest area per inhabitant, per municipality 

Sources: IGN (BD Forêt®) and Insee
Clarifications: 
BD Forêt® (IGN), version 2 for certain departments and “végétation express” for the others (mean year 2008, between 2004 and 2013).
Insee, metropolitan population 2012 (provisional value of end 2014).

Sources: IGN (BD Forêt®) and Insee
Clarifications: 
BD Forêt® (IGN), version 2 for certain departments and “végétation express” for the others (mean year 2008, between 2004 and 2013).
Insee, metropolitan population 2012 (provisional value of end 2014).
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 6.10.d. Number of forest visits by the general public

 6.10.e. Proportion of private forests visited

 6.10.f. Proportion of private forests open to the public, per administrative region 

1995 2004 2010 2015
% of responses 

(during the 12 months prior to the survey)

Every day or nearly 3 3 3
Once a week 12 9 18
Sub-total:  
at least once a week (since 2004)/very often (1995) 22 15 12 21

Once a fortnight 11 9 13
Once a month 16 12 17

Sub-total: at least once a month (since 2004)/often (1995) 33 42 33 51

Several times a year (since 2004)/2015 rarely (1995) 26 29 22 36

Sub-total: at least once a year 81 71 55 87

Never 19 29 45 13

Sources: 
Medde-SOeS: Year 1995
ONF-University of Caen: Years 2004 and 2010 (face-to-face interview) and 2015 (Internet survey).
Forest estate involved: public and private forests
Clarifications: Moving to an Internet survey in 2015 makes direct comparison with the previous surveys difficult.

1999 2012
Number  

of owners  
(x 1000)

Wooded surface 
areas  

(1000 ha)

Number  
of owners 
(x 1000)

Wooded surface 
areas (1000 ha)

Total  1,118    9,848    1,142    9,751   
With a forest visited by the general public 75% 84% 72% 80%

- infrequent visits 51% 46% 53% 54%
- moderate visits 19% 25% 15% 21%
- frequent visits 5% 12% 4% 6%

Stating that the public causes no inconvenience 87% 67% 75% 59%
Tolerating the gathering of minor products 88% 78% 31% 32%

Sources: Maaf-SSP, surveys on the structure of private forests in 1999 and 2012.
Forest estate involved: Private holdings of more than one hectare, excluding owners residing abroad and who have responded to a simplified questionnaire.

Sources: Maaf-SSP, survey on the structure of private forests in 
2012.
Forest estate involved: Private holdings of more than one 
hectare, excluding owners residing abroad and who have re-
sponded to a simplified questionnaire.

 [ 0 - 30 [ %

 [ 30 - 50 [ %

 [ 50 - 70 [ %

 [ 70 - 100 ] %
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The average forest area per inhabitant in metropolitan 
France is 0.26 ha in mean year 2010 (6.10.a); this value 
has been stable since 1993 thanks to an increase in 
forest area at the same time as an increase in the 
population. The maps (6.10.b and 6.10.c) show 
logically that in sparsely-populated and fairly wooded 
areas (or very wooded like the Landes and Dordogne), 
more than one hectare of surface area is available per 
inhabitant (Lozère, Alpes-de-Haute-Provence, Corse, 
Hautes-Alpes, Ariège, Landes, Lot, Haute-Marne, 
Cantal, Meuse, Creuse, Corrèze, Aveyron, Dordogne 
and Nièvre). It is low in highly-urbanized areas (Île-de-
France, outskirts of Lyon, Toulouse, Bordeaux, Nantes 
or Strasbourg). On the other hand, in areas with a less 
dense population, even in regions with little woodland, 
the proportion of accessible forest per inhabitant is 
often fairly high (more than 0.25 ha, even 0.5 ha). 

Of the territories with little woodland and not very 
densely populated, only the departments on the north-
west coast have less than 0.125 ha per inhabitant on 
average, which in fact reflects a population distribution 
mainly near the coast: Finistère has an average below 
0.125 ha whereas a good number of municipalities in 
the department go well beyond this value. 

According to the ONF-University of Caen survey, in 
2015, 87% of French people visited a forest at least 
once a year (6.10.d). This result cannot be compared 
directly with the 2004 and 2010 figures given the 
move to an Internet survey in 2015, but it confirms the 
popularity of a forest outing as a leisure activity with a 
low assumption of 770 million visits in the year.

In 2015, sporting activities in a forest environment 
were analyzed specifically: occurring most frequently 
are walking (54% of the population), hiking for 
more than two hours (39%), running races, jogging 
(21%), cycling on roads and good paths (19%) and 
mountain biking (19%). More than two-thirds of sports 
enthusiasts practice several sports and their profile is 
fairly distinctive according to the activities.

According to the survey of the private forest structure 
by SSP in 2012 (6.10.e and 6.10.f), the vast majority 
of owners of private forest of one hectare and more 
(85%) state that they allow free access to their forest, 
which accounts for 72% of the private forest area. 
Most of them consider that the public causes little 
inconvenience, if any. Prohibited access is conveyed 
by signs (23% of surface areas) or physical barriers 
(5% of surface areas). They are more often applied 
by legal entities (33% of them, representing 48% of 
their surface area) than natural persons (14% of them, 
representing 22% of their surface area). The private 
forests in Normandy and Nord-Pas-de-Calais are the 
least accessible to the public.

The proportion (80%) of private forests actually 
visited is very high (80%), but visitor numbers are only 
considered high by 4% of owners and are limited to 6% 
of the surface area.

Half the owners (60% of surface areas) have declared 
gathering minor products on their holding as another 
forest use, but less than one third of all owners (32% 
of surface areas) tolerate this and 14% (22% of surface 
areas) have stated that it occurs on their land. A small 
number (5%) state that they reserve it for themselves. 

The significant surface areas available per inhabitant 
can be related to the results of the private forest survey, 
which suggest fairly low pressure from recreation 
activities on the forests.

n Analysis
The metropolitan forest area counted in number of inhabitants is 0.26 hectare (6.10.a). The forest areas per inhabitant 
are largest in the central-southern departments of France and in Lorraine, the Landes, Provence-Alpes-Côte d’Azur and 
Corsica (6.10.b). More than half of French people state that they visit a forest for recreation purposes at least once a year 
(6.10.d) and in 2012 the vast majority of owners (85%) stated that they opened their forests to the public, accounting for 
nearly three quarters of private forest areas (6.10.f). 
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 Producer of data
Ministry of Agriculture, Agrifood and Forestry – Statistics and Forecasting Department (SSP) - 
<http://www.agreste.agriculture.gouv.fr>

National Institute of Statistics and Economic Studies – <http://www.insee.fr>

National Institute of Geographic and Forestry Information – <http://www.ign.fr>

Ministry of Ecology, Sustainable Development and Energy – Observation and Statistics Department - 
<http://www.statistiques.developpement-durable.gouv.fr>

National Forest Office – <http://www.onf.fr>

  Methodology 
Private forest surveys (SSP)

The SSP surveys of 1999 and 2012 used the land registry as a surveying base, with the owner of 1 ha and more of 
forests in one department as the statistical unit listed. 
The 2012/1999 changes should be viewed with caution as the values were declared.

Forest areas available per inhabitant (Insee and IGN)
Table 6.10.1: the surface area is the statistical area given by the IGN Forest Inventory Department and the 
population is the definitive population of 2010 given by Insee on its Internet site.

Maps 6.10.b and c: the surface area used for the calculation is the mapping surface from the IGN BD  Forêt® 
(version 2 for the fully-available departments and “végétation express” layer for the other departments, i.e. a 2008 
mean versions, reflecting aerial photographs taken between 2004 and 2013). The population per department and 
per municipality is a provisional Insee datum for 2012. 

The private forest survey results (declared) should be considered as an under-estimation of the proportion of 
(accessible) forest and the mapping results as an over-estimation (or potential access), as firstly, they do not take 
into account forests where access is impossible (prohibited, for example) and secondly, the mapped forest area 
incorporates elements that are not strictly forest (paths, bodies of water, etc.). No distinction is made between the 
different types of leisure activities in forests.

  Bibliography 
Ministry of Agriculture-Agreste, 2013. Structure of the private forest in 2012 – Production objectives for one third 
of owners, Agreste Primeur, 306, Montreuil-sous-bois, 4 p.

Ministry of Agriculture-Agreste, 2014. Structure of the private forest in 2012, Agreste figures and data, 222, 
Montreuil-sous-bois, 75 p.

Ministry of Agriculture-Agreste, 2002. Structure of the private forest in 1999, Agreste figures and data, 144, Paris, 
94 p.

Ministry of Agriculture, 1987. Private forest ownership 1976-1983, Agricultural statistics collection, SCEES studies, 
Paris, 268, 104 p.

n Data sources and methodology

Authors: Françoise Le Jeannic (SSP-Maaf), Marie-Françoise Slak and Ingrid Bonhême (IGN)

www.agreste.agriculture.gouv.fr
www.insee.fr
www.ign.fr
http://www.statistiques.developpement-durable.gouv.fr/
www.onf.fr
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6.11. Forests with cultural or spiritual value

Purpose of the indicator
The cultural or spiritual value of forests is without doubt very important for the populations but also very 
difficult to measure. The aim of this indicator is to count the forest sites with a recognized cultural or spiritual 
nature and if possible give their surface area (6.11.a). The sites considered here have received a label or 
officially-recognized international or national classification. 

Forests with particular cultural or spiritual leanings can therefore be identified.

6.11.a. Forest sites with recognized cultural or spiritual value

n Results 

See next page
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 6.11.a. Forest sites with recognized cultural or spiritual value
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The law defines classified sites as sites where 
conservation or preservation is of general interest from 
an artistic, historical, scientific, legendary or scenic 
viewpoint. Some sites fall under several criteria. All 
forestry work likely to alter the state or appearance 
of the classified site must have a permit issued by the 
Minister responsible for the sites. The surface areas 
of State-owned and municipal forests under forestry 
regulations in classified sites account respectively 
for nearly 90,000 ha, i.e. about 5% of State-owned 
forests and 3% of municipal forests. This is a significant 
proportion and illustrates the protective role of the 
forestry regulations in conserving forest massifs 
in sensitive areas subject to major land pressure: 
peri-urban areas, coastal areas and mountain and 
Mediterranean areas.

French arboretums are a biological heritage which can 
sometimes be undervalued. They have an enormous 
biological diversity, rare species (endangered, 
vulnerable or symbolic) and very special ecosystems. 
In France, 144 arboretums are in public forests and 
are managed by the National Forest Office. They vary 
in size, origin and design and therefore have different 
features. All arboretums were analyzed in 2006-2007. 
They were rated using three criteria deemed decisive in 
identifying sites of national interest:

 – conservation interest (at least ten wild species 
classed as threatened or extinct included on the 
National Red List of threatened species, with 
each one having at least ten individuals);

 – scientific interest (presence, with at least 
ten individuals, of at least one species of 
known origin in at least one other arboretum 
with interesting characteristics is terms of 
forthcoming changes in climate);

 – heritage interest: interest linked to the variety 
of the collection, the history, the presence 
of unusual individuals or attraction of the 
landscape. In State-owned forests, this inventory 
has identified fifteen arboretums of potential 
national interest and as such justifies a specific 
management policy.

The National Forest Office launched the unusual trees 
inventory in public forests in 1996. They are defined 
using dendrological (size, age), aesthetic (stem 
shape, foliation, roots) or cultural (historical, religious, 
ethnographic value) criteria.

These trees are generally not legally protected but 
they are taken into account in forest management 
plans. The National Forest Office thus conducted local 
inventories with regional and national harmonization 
and four interest levels. Around 181 trees and groups 
of trees and 14 unusual stands and tree rows were 
recognized as being of national interest in State-
owned forests.

The Forêt d'Exception® qualification is based on 
confirmed and shared values of the forest heritage: 
biodiversity, landscapes, cultural and forest elements 
and social heritage. The sites involved are designated 
to form a network representative of the wealth and 
diversity of State-owned forests. These emblematic 
forests have a recognized heritage foundation and 
testify to the continuous, marked relationship between 
man and the forest over the centuries. Four labels have 
been awarded between 2012 and 2015 (State-owned 
forests of Fontainebleau, Verdun, Grande Chartreuse 
and Rouen). 

n Analysis
The cultural and symbolic dimensions of the forest feature highly in the imagination of French people. The majority 
portrayal of the forest as “heritage to be passed on to future generations” and as a “nature reservoir” testifies to this, as 
underlined in a survey by ONF and the University of Caen in 2004 and 2010 (Dobré, 2006; Granet, 2012). Forest sites with 
strong cultural or symbolic value include sites classified as partially wooded, arboretums in public forests, biosphere 
reserves, world heritage sites, unusual trees and stands and forêts d'Exception in State-owned forests.
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Criterion 6 

 Producer of data
National Forest Office – <http://www.onf.fr> 

Unesco-Man and Biosphere – <http://www.mab-france.org/fr/reserves-de-biosphere/>

National Inventory of the Natural Heritage – <http://inpn.mnhn.fr>

National Institute of Geographic and Forestry Information – <http://www.ign.fr>

  Methodology 

National Forests Office
Data on historical monuments, arboretums and unusual trees or stands in State-owned forests have not been 
updated since the last version of SMI. These data are internal to ONF (with cross-references to the Mérimée base 
for the historical monuments).
The Forêt d'exception® label in State-owned forests is recent. It is appearing in the SMI for the first time. It is a label 
specific to State-owned forests and the Labelling Committee is made up of representatives of bodies outside ONF.
The public forest areas in classified sites come from GIS cross-referencing by ONF between the national forest layer 
under forestry regulations (source ONF) and the boundary limits of classified or registered sites (source Dreal).

UNESCO – Man and Biosphere
Current biosphere reserve numbers are provided by MAB France.

INPN-IGN
Biosphere reserve forest areas
Using the geographical information layer on the INPN Internet site, a statistical forest area is calculated by crossing 
them with the IGN forest inventory points on these boundaries. As many inventory campaigns available as 
possible (campaigns 2005 to 2013) have been used to make the value more accurate. The INPN layer used includes 
the following reserves: Bassin de la Dordogne, Cévennes, Camargue, Iroise Sea, Lubéron, Marais audomarois, 
Mont Ventoux, Mont Viso, Pays de Fontainebleau, Vallée du Fango, Vosges du Nord. The last reserve created in 
2015, the Gorges du Gardon, is not included in the INPN layer. All biosphere reserve areas are taken into account 
(cooperation area, buffer zone and central zone).

Forest areas in the natural World Heritage Sites
The forest area has been calculated in the same way as for the biosphere reserves. Given that few national forest 
inventory points fall in these areas, it is impossible to give a precise forest area in these sites.

  Bibliography 
Dobré M., Lewis N., Granet A.H., 2006. How French people view forests and their management. Les rendez-vous 
techniques de l’ONF, 11, 55-63.

Granet A.M., 2012. Forest visitor numbers and representations in France. Knowing and understanding the 
relationship between forests and society for management purposes. Revue forestière française, 3, 397-408.

n Data sources and methodology

Authors: Anne-Marie Granet, Christèle Gernigon and Thomas Bouix (ONF)
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Forest management: Mandatory management 
document for every public forest (State-owned and 
municipal forests) which, based on an analysis of the 
natural environment and the economic and social 
context, sets out the long-term objectives for the 
forest stands and the action plan (cuts, works, etc.) 
to be implemented over fifteen to twenty years, in 
compliance with the forestry policy and sustainable 
management principles (source: ONF).

Dominant trees of quadrats: Tree which is one of the 
six largest trees in the inventory quadrat and located in 
the dominant stage of the quadrat, i.e. with privileged 
access to light and an unrestricted position (source:  
IGN).

Other public forests: See public forest 

Other wooded land (or shrubland of more than 
50 areas): Land that does not qualify under the ‘forest’ 
category which covers an area of over 0.5 ha and 
is over 20 m wide and contains trees of over 5 m tall 
with 5-10% tree cover, or trees capable of reaching 
these levels in situ, or mixed cover with over 10% 
shrubs, saplings or trees. Lands predominantly used 
for agricultural or urban development purposes are 
excluded (source: IGN).

Other land with tree cover: Land predominantly used 
for agricultural or urban development purposes with 
blocks of wooded vegetation covering an area of more 
than 0.5 hectare with a forest cover of more than 10% 
of trees capable of reaching 5 meters tall when fully 
grown. It includes forest and non-forest tree species 
(source: FRA 2015).

Marketed timber: Timber destined to supply a timber 
primary processing unit or sold to an individual (nor-
mally as firewood). This timber is inventoried via the 
annual forest logging branch surface (source: SSP).

Standing deadwood: A tree showing no sign of life 
taller than 1.3 m but which is still standing, whether 
or not broken at its stem or crown. By convention, 
it is considered that all deadwood (with no sign of 
life above 1.30 m tall) standing at a tilt angle of over 
30° relative to the ground surface can be classified 
in this category. Two age modalities can be used to 
distinguish between deadwood: deadwood of less 
than five years (including in the annual mortality 
calculation) and deadwood of more than five years 
(excluded from the annual mortality calculation). 
Windfalls (see windfall) and lying deadwood are not 
part of the standing deadwood (source: IGN).

Lying deadwood: Piece of wood (branch or trunk) 
detached naturally or artificially from its stump, or 
dead windfall tree, whether or not in contact with 
the ground, with all its remaining branches attached, 
regardless of the age of death (source: IGN).

Non-marketed timber = self-consumed wood: Wood 
for domestic use mainly as firewood. This wood is 
estimated from the Insee housing survey (source: SSP).

Thickets: Thickets are stands with an absolute tree 
cover rate of over 40%, on an area ranging from 0.05 to 
0.5 ha and a width of over 20 m (source: IGN).

Activity branch: A branch (or activity branch) 
groups homogeneous production units, i.e. which 
manufacture products (or render services) which 
belong to the same item in economic activity 
nomenclature in question. Conversely, a sector groups 
businesses classified according to their main activity 
(source: Insee). 
For a business, sales are broken down into its various 
activities. All business fractions relating to a same 
activity constitute the branch. Thus, a business falls 
under as many branches as it carries out activities 
(source: SSP).

Windfall: A windfall is a living or dead tree that is no 
longer standing following an accident that occurred 
less than 5 years previously. By convention, it is 
considered that any living or dead tree standing at a 
tilt angle of less than 30° relative to the ground surface 
(due to an accident) is classified in this category 
(source: IGN). 

Diameter class: The circumference of trees eligible 
for inventory is measured in the field to the nearest 
centimeter at a height of 1.30 m using a tape measure. 
This circumference is converted into diameter by 
dividing it by the number π. The diameters can be 
then be grouped to culminate, for example, in the 
dimension classes: 

 – small trees: 7.5 cm ≤ diameter <22.5 cm;
 – medium-sized trees: 22.5cm ≤ diameter 

<47.5cm;
 – large trees: 47.5cm ≤ diameter <67.5cm;
 – very large trees: 67.5 cm ≤ diameter

(source: IGN).

Apparent consumption: Is defined as the net national 
production of exports increased by imports (source: 
Insee).

Appendix 1.  
Definitions
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Intermediate consumption: Value of goods and 
services processed or consumed fully during the 
production process. The wear of fixed assets used is not 
taken into account in the intermediate consumption; 
it is recorded in the fixed capital consumption (source: 
Insee).

Code of Best Forest Practice: Document setting 
out a presumption of guarantee of sustainable 
management compliant with the regional forest 
management scheme, approved in each region by 
the State representative and relating to private forests 
not subject to a simple management plan. Prepared 
by the Regional Forest Ownership Center, the Code of 
Best Forest Practice lays down, for one or more natural 
regions, the rules of conduct for each large type of 
forest stand (source: Forestry vocabulary, IDF-APT).

Species: Species normally refers to a species of tree but 
can sometimes mean a sub-species or variety of special 
interest or several species (see Appendix 2) (source: 
IGN).

Main species: The main species at a sampling point is 
considered to be the main species in the layer eligible 
for inventory, when it is described, or failing that the 
main species in the layer ineligible for inventory. The 
main species of each of these layers is considered to 
be the species with the highest relative free cover in 
the layer. This rate may be very high (e.g. 100% in a 
maritime pine plantation) or relatively low (e.g. 20% in 
a mixed stand with several species) (source: IGN).

Roundwood equivalent (EQ): Initial volume of 
roundwood required to produce a volume of industrial 
products (e.g. 2 m3 of roundwood for 1 m3 of sawn 
timber) (source: Lef, Inra-APT).

Gross operating surplus (EBE): Indicator of 
profitability. The gross operating surplus is the 
balance of the operating account for the companies. 
It is equal to the added value, reduced by employees’ 
remunerations and other taxes on production (see 
Taxes on production and imports) and increased by 
operating subsidies. The balance of the operating 
account for individual companies is the mixed revenue. 
The operating surplus can be calculated net by 
deducting the fixed capital consumption (source: Insee).

Logging potential: Five criteria relating to the 
conditions in which timber can or cannot be logged 
determine the logging potential of a stand: the hauling 
distance, the presence of hauling roads, the maximum 
hauling slope, the bearing capacity and unevenness 
of the ground (the last two variables are combined 
into one line “terrain” in the table). These criteria are 
recorded directly in the field and combined to define 
four national logging potential classes – easy, average, 
difficult and very difficult (see table below) (source: 
IGN).

Forest  
Before 2005
Forest is a territory covering an area of at least five 
ares containing trees capable of becoming more than 
seven meters tall when fully grown in situ, with over 
10% tree cover and at least 25 meters wide. Sites which 
are momentarily deforested or being regenerated are 
classed as forest even if they have less than 10% cover 
when the inventory is taken.
N.B. : Poplar plantations (more than 75% of relative free 
cover rate of cultivated poplars) are not included in the 
forest definition. Walnut and sweet chestnut groves along 
with cultivated truffle plantations and orchards are also 
excluded (agricultural productions). Thickets (surface 
area between 5 and 50 ares) are included in the forest 
definition.

Since 2005
Forest is a territory covering an area of at least fifty 
ares containing trees capable of becoming more than 
five meters tall when fully grown in situ, with over 10% 
tree cover and at least 20 meters wide on average. 
Sites which are momentarily deforested or being 
regenerated are classed as forest even if they have less 
than 10% cover when the inventory is taken.
It excludes land used predominantly for agricultural or 
urban development purposes.
N.B. : Poplar plantations (more than 75% of relative free 
cover rate of cultivated poplars) are included in the forest 
definition. Thickets (surface area between 5 and 50 ares) 
are not included in the forest definition.

(source: IGN).

Not necessary 
or non-existent

Track to be created

Inaccessible

Logging itinerary
Land

Slope
0-15% 15-30% > 30% 0-15% 15-30% > 30%

Practicable 
(even and load bearing)

Impracticable 
(uneven or soft)

200-1000 m

1000-2000 m

> 2000 m

random

< 200 m

random

Logging distance

Loggability Easy Moderate Difficult Very difficult
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Production forest
Before 2005
A forest available for wood supply is a forest where 
logging is possible (without consideration for the 
economic viability margin), while being compatible for 
other possible functions.

Since 2005
The forest available for wood supply is land with a 
surface area at least equal to 50 ares and at least 20 m 
wide where trees grow with an absolute cover rate of 
at least 10% which can be used to produce timber. This 
means that the land must allow a wood supply without 
any other use or physical conditions which prevent 
logging (strict reserve, inaccessible area, etc.).

(source: IGN).

State-owned forest: See public forest

Closed forest: Closed forest corresponds to forest with 
an absolute tree cover rate of over 40% (source: IGN).

Forest not available for wood supply: Land with a 
surface area at least equal to 50 ares and at least 20 
m wide where trees grow with an absolute cover rate 
of at least 10% and which is not available to produce 
timber (see production forest) (source: IGN).

Open forest: Open forest corresponds to forest with 
an absolute tree cover rate of between 10 and 40% 
(source: IGN).

Public forest: Land is said to be public when governed 
by the forestry regulations. Among the public lands, 
the State-owned lands (State-owned forests) belong 
to the State. The other public lands normally belong 
to municipalities (municipal forests) as well as to other 
local authorities or public establishments (source: IGN).

Private forest: All forest land not governed by the 
forestry regulations are called private (source: IGN).

Semi-natural forest: Forest not created by planting 
(source: IGN).

High forest: High forest trees grow from a single seed 
and only have a single stem. High forest stands have a 
relative cover rate of high forest trees of at least 75% 
(source: IGN).

Large ecoregion (GRECO): The 86 silvoecoregions 
(see silvoecoregion) are grouped into eleven large 
ecoregions, to which must be added all recent alluvia 
(source: IGN).

Mortality: Like biological production and fellings, 
mortality is an annual flow. It is calculated from the 
volume of dead trees standing for less than five years 
and coppice trees (which by definition are always less 
than five years old). It is expressed in volume per year 
or in number of stems per year, for example.
N.B. : Mortality is assessed from observations and 
measurements of dead trees. The actual date of death, 
which is assessed by sight by field agents, remains vague.
(source: IGN).

Poplar plantation
Before 2005
In a poplar plantation, cultivated poplars account for 
at least 75% of the stand's cover. When the majority of 
trees are ineligible for inventory, there must be at least 
100 stems per hectare. The cultivated poplar plantation 
is a wooded formation made individual by the specific 
silviculture applied to it (plantation with definitive 
density and short cycle).

Since 2005
A poplar plantation is land with a surface area of 
50 ares or more and at least 20 m wide. Here are grown 
cultivated poplars, be they planted or from suckers (for 
a second-generation poplar plantation), with a relative 
cover rate of at least 75% and where the absolute tree 
cover rate is more than 10%. 
When the majority of trees are ineligible for inventory, 
there must be at least 100 stems per hectare. The 
cultivated poplar plantation is a wooded formation 
made individual by the specific silviculture applied to it 
(plantation with definitive density and short cycle).
IGN draws up an inventory of popular plantations 
differently from other forests. Production is not 
estimated in the same way (no measurement of radial 
growth). Similarly, there are no ecological and floristic 
records. They are therefore sometimes excluded from 
national results despite being forest available for wood 
supply. However, the poplar plantation inventory 
protocol tends to be close to that of other forests 
available for wood supply, which means that they are 
integrated more frequently with the national results.

(source: IGN).
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Plantation
Before 2005
A plantation is a stand in which the seedlings account 
for more than 75% of the free cover. Plantations with 
a density of more than 500 seedlings per hectare are 
deemed to be forest. Wide-spaced plantations (density 
of more than 300 seedlings per hectare) and very 
widely-spaced plantations (maples, walnut trees, wild 
cherries, umbrella pines, etc.) are also deemed to be 
forest.

Since 2005
During field work, IGN determines in the forest 
inventory points (including poplar plantations) 
whether the stand has been formed by planting. The 
observation relates to a quadrat of 20 ares surrounding 
the point. The age of the stand is not taken into 
account and the observation is only made by field 
observations, without searching in management 
documents.

(source: IGN).

Simple management plan (PSG): Simplified 
management document adapted to private forests 
with a surface area greater than a threshold set at 
departmental level (between 10 and 25 ha), approved 
by the Regional Forest Ownership Center and targeting 
sustainable development (source: Forestry vocabulary, 
IDF-APT).

Fellings: Fellings are estimated in forests available 
for wood supply. They relate to the standing stem 
volume of living trees eligible for inventory during 
the campaign t-5 which have been felled between t-5 
and t, whether or not cleared away. This involves an 
overbark volume which includes neither the branches 
nor potential fellings in trees less than 7.5 cm in 
diameter at 1.3 m. They are expressed in cubic meters 
per year (source: IGN).

Annual gross production: The annual gross 
production relates to the average increase in the 
overbark timber volume in one year. It relates to the 
sum of the growth and the annual recruitment. It is 
calculated over the five years preceding the survey 
year. It is expressed in cubic meters per year.
The annual growth in volume relates to:

 – the growth of trees eligible for inventory, i.e. the 
annual average gain in volume of trees eligible 
for inventory;

 – the increase in volume brought by the felled 
trees and windfall trees less than five years old to 
the stand whilst they were still alive. 

The annual recruitment relates to the average gain in 
the volume of trees which have crossed the eligible 
for inventory threshold during the five-year period 
defined above
(source: IGN).

Annual net production: Annual gross production 
reduced by the mortality (source> IGN).

Sawmill by-products: Products remaining after 
sawing, i.e. bark, sawdust, shavings and sanding dust, 
offcuts and edgings (source: DRAAF Auvergne).

Gross domestic product (GDP): Economic indicator 
measuring the wealth produced within a country. It is 
the final result of the production activity of resident 
producing units. It can be defined in three ways:

 – the GDP is equal to the sum of gross added 
values of different institutional sectors or 
different activity branches, increased by taxes 
and minus the subsidies on products (which 
are not allocated to the sectors and activity 
branches);

 – the GDP is equal to the sum of final internal uses 
of goods and services (actual final consumption, 
gross formation of fixed capital, stock variations), 
plus the exports, minus the imports;

 – the GDP is equal to the sum of uses of operating 
accounts of institutional sectors: remuneration 
of employees, taxes on production and imports 
minus the subsidies, gross operating surplus and 
mixed revenue.

(source: Insee).

Artificial regeneration: All forestry interventions in 
renewing a forest stand by sowing seed or by planting 
(source: IGN).

Natural regeneration: Spontaneous or assisted 
natural process whereby a forest stand is renewed by 
seeds from standing trees or by suckers, when coppice 
rejuvenation is not included in a separate category 
(source: IGN). 

Standard management regulation (RTG): 
Sustainable management document compliant with 
the regional forest management scheme. Approved by 
the Regional Forest Ownership Center in private forests, 
for forests not subject to a simple management plan, 
the RTG defines, for one or more natural regions, the 
rules of conduct for each large type of stand (source: 
Forestry vocabulary, IDF-APT).

Water capacity: Amount of water which can be used 
by the plants contained in the thickness of the soil 
that can be explored by the roots. A soil pit is used to 
find out the pebble load of the soil and the depth and 
texture of soil horizons. A coefficient is then allocated 
to each texture to calculate the water capacity (source: 
IGN).
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Restoration of mountain lands: Mountain forestry 
discipline addressing the sciences and techniques of 
soil protection (erosion, land movements) and natural 
risk prevention (torrent correction, avalanches, falling 
blocks). The actions call on civil and biological engi-
neering (source: Forestry vocabulary, IDF-APT).

Activity sector: A sector groups manufacturing, 
trading or service companies with the same 
main activity (in terms of the economic activity 
nomenclature in question). The activity of a sector is 
therefore not entirely uniform and includes secondary 
productions or services falling under items in the 
nomenclature other than in the sector in question. 
Conversely, a branch groups uniform production units 
(source: Insee). 

A company's core activity (APE) is determined from a 
breakdown of its sales into miscellaneous classes and 
sub-classes in the French activity nomenclature (NAF) 
according to rules published in the Official Journal 
of the French Republic (see NAF rev. 2, 2008 edition). 
All companies with the same core activity are classed 
in a whole called a sector. A company belongs to one 
sector and one only (source: SSP).

Forest structure
The forest structure is determined for closed forests 
only (absolute cover rate of more than 40%). Open 
forests are therefore by nature “without structure”. 
The forest structure of a stand is determined from the 
relative cover rates of living high forest and coppice 
sub-stands and, in cases in which there is less than 25% 
coppice, the vertical distribution of the high forest. 
High-forest and coppice sub-stands are defined by the 
origin of the trees: seed for high forest and sucker for 
coppice. Trees more than 22.5 cm in diameter, however, 
(average, large and very large trees) are all counted as 
high forest, regardless of origin. Only clumps with trees 
of less than 22.5 cm diameter (small trees) are counted 
in the coppice.
The potential modalities of this variable are therefore 
as follows:

 – regular high forest: relative cover rate of the 
coppice less than 25% with a high stage taller 
than or equal to two-thirds in the high forest;

 – irregular high forest: relative cover rate of the 
coppice less than 25% with a high stage shorter 
than one-third in the high forest;

 – mixed high forest and coppice: both the relative 
cover rate of the coppice and the relative cover 
rate of the high forest are at least 25%;

 – coppice: relative cover rate of the high forest 
below 25%.

Care must be taken in using this datum as it describes 
a stand according to the rules listed above and, under 
no circumstances, does it relate to information on the 
forest management of the stand (source: IGN).

Subericulture: cork-oak forestry (Quercus suber) 
(source: Larousse).

Basal area: The basal area of a tree is defined as its 
section at 1.3 m above the ground, bark included. This 
section is calculated on the basis of the circumference 
measurement of the tree at 1.3 m tall. The calculated 
values are then used to estimate unit area values 
according to the quadrat dimensions and the weight of 
the sampling points (source: IGN).

Silvoecoregion (SER): The largest geographical zone 
on French territory within which factors that determine 
forest production or the distribution of large types of 
forest habitat vary uniformly between specific values 
according to a combination of values that differ from 
those that characterize adjacent silvoecoregions 
(source: IGN).

Coppice: Coppice trees come from the stump (suckers) 
and included one or more stems. Coppice stands have 
a relative cover rate of high forest trees of less than 
25% (source: IGN).

Stem eligible for inventory: Eligible for inventory 
means any stem with a circumference of more than 
23.5 cm at 1.3 m tall. Mensuration measurements 
are taken on stems eligible for inventory exclusively 
(source: IGN).

Added value: Financial indicator measuring the 
wealth created by the activity of a company. It is equal 
to the production value (turnover) reduced by the 
intermediate consumption (purchases) (source: Insee).

Windbreak: A windbreak is a tree broken by natural 
phenomena, without human intervention (source: IGN).
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Appendix 2. Cross-reference between tree species and sub-spe-
cies in the IGN forest inventory data

Species Grouped tree species
Pedunculate oak Pedunculate oak

Sessile oak Sessile oak

Northern red oak Northern red oak

Pubescent oak Pubescent oak

Holm oak Holm oak

Pyrenean oak Pyrenean oak

Cork oak Pseudo cork oak, Cork oak

Beech Beech

Chestnut Chestnut

Hornbeam Hornbeam

Birch Pubescent birch, Silver birch

Large alder White alder, Corsican alder, Black alder

Locust tree false acacia Locust tree false acacia

Large maple Norway maple, Sycamore maple

Hackberry tree Hackberry tree

Ash Common ash, Flowering ash, Narrow-leafed ash

Elm English elm, White elm, Wych elm

Cultivated poplar Cultivated poplar

Lime tree Large-leaved lime, Small-leaved lime

Small maple Hedge maple, Montpellier maple, Italian maple

Cherry or wild cherry Cherry, Choke cherry, Wild cherry, Black cherry

Other fruit tree Almond, Whitebeam, Broadleaved whitebeam, Mougeot’s whitebeam, American mountain ash, Common fig, Almond-leaved pear, 
Common pear, Plum, Plymouth pear, Crab apple, Oak-leaved mountain ash, Rowan, Swedish Rowan

Aspen Aspen

Willow Almond willow, Laurel willow, White willow, Gray willow, Eleagnus willow, Daphne Willow, Brittle willow, Pussy willow, Bog willow, 
Large gray willow, Osier, Red willow

Plane London plane-tree, American sycamore, Oriental plane

Walnut Common walnut, Black walnut

Olive Olive

Other exotic broadleaved 
species

Other broad-leaved, Tree-of-heaven, Carob tree, Scarlet oak, Pin oak, Catalpa, Manitoba maple, American ash, Casuarina, Sweet gum, 
Horse chestnut, Mimosa, Date plum, Paulownia, Pistachio, North American lime tree, White lime tree, Green lime tree

Hazelnut Hazelnut

Hop hornbeam Hop hornbeam

Non-cultivated poplar White poplar, Gray poplar, Black poplar

European turkey oak European turkey oak

Eucalyptus Eucalyptus

Green alder Green alder

Large laburnum (common) Scots laburnum, Common laburnum

Cornelian cherry Cornelian cherry

Strawberry tree Strawberry tree

Wild service tree Wild service tree

Tulip tree Tulip tree
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Species Grouped tree species
Other indigenous broad-
leaved

Azarole hawthorn, English hawthorn, Common hawthorn, Alder buckthorn, Box, Quince, Orange, Citron, Mandarin tree, Judas tree, 
Tree heath, European spindletree, Narrow-leaved mock privet, Mock privet, Holly, Persimmon, Laurel, White mulberry, Paper mulberry, 
Black mulberry, Oleaster, Osage orange, Apricot, Briançon apricot, Cherry plum, Mastic, St Lucie cherry, Snow pear, Blackthorn, Turpen-
tine tree, Mediterranean buckthorn, European buckthorn, Alpine buckthorn, Staghorn sumac, Black elderberry, Red elderberry, French 
tamarisk, African tamarisk, True lacquer tree

Maritime pin Maritime pin

Scots pine Scots pine

Corsican pine Turkish pine, Corsican pine, Salzmann pine

Austrian pine Austrian pine

Umbrella pine Umbrella pine

Weymouth pine Weymouth pine

Aleppo pine Aleppo pine, Turkish (or) Eldar pine

Mountain pine Mountain pine

Arolla pine Arolla pine

Creeping pine Creeping pine

Silver fir Silver fir

Common spruce Common spruce

European Larch European Larch

Douglas fir Douglas fir

Atlas cedar Atlas cedar

Cypress Cypress

Taxus Taxus

Other exotic conifer Arizona cypress, Cyprus cedar, Bald cypress, Himalayan cypress, Japanese cedar, Port Orford cedar, Monterey cypress, Serbian spruce, 
Murray River pine, Monterey Pine, Colorado Fir, Giant Sequoia, Cilician fir, Evergreen Sequoia, Canadian thuja, Giant thuja, Western 
hemlock, Eastern hemlock, Other conifers

Juniper Thuriferous juniper, Common juniper, Prickly juniper

Mediterranean fir Turkish fir, Greek fir, Andalusian fir

Nordmann fir Nordmann fir

American fir Noble fir, Vancouver fir

Sitka spruce Sitka spruce

Exotic larch Hybrid larch, Japanese larch

Cedar of Lebanon Cedar of Lebanon

Loblolly pine Loblolly pine
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Appendix 3. Dates of departmental field surveys 
under previous forest inventory method

Forest available for wood supply excluding poplar plantations

Administrative 
region

(before 2016)
Department

Mean years
1981 1986 1991 1996

Dates of field surveys to record data

ALSACE
67 BAS-RHIN 1979 1989 1989 2002

68 HAUT-RHIN 1978 1988 1988 1999

AQUITAINE

24 DORDOGNE 1982 1992 1992 1992

33 GIRONDE 1977 1987 1987 1998

40 LANDES 1978 1988 1988 1999

47 LOT-ET-GARONNE 1979 1989 1989 2000

64 PYRÉNÉES-ATLANTIQUES 1985 1985 1995 1995

AUVERGNE

03 ALLIER 1987 1987 1987 2001

15 CANTAL 1977 1989 1989 1989

43 HAUTE-LOIRE 1979 1991 1991 2002

63 PUY-DE-DÔME 1976 1988 1988 1988

BASSE-NORMANDIE

14 CALVADOS 1987 1987 1987 2001

50 MANCHE 1975 1987 1987 2001

61 ORNE 1975 1988 1988 2001

BOURGOGNE

21 CÔTE-D'OR 1980 1990 1990 1990

58 NIÈVRE 1985 1985 1996 1996

71 SAONE-ET-LOIRE 1980 1989 1989 1989

89 YONNE 1986 1986 1986 1999

BRETAGNE

22 CÔTES-D'ARMOR 1981 1981 1995 1995

29 FINISTÈRE 1981 1981 1996 1996

35 ILLE-ET-VILAINE 1980 1980 1995 1995

56 MORBIHAN 1980 1980 1998 1998

CENTRE

18 CHER 1986 1986 1986 1999

28 EURE-ET-LOIR 1977 1992 1992 1992

36 INDRE 1973 1988 1997 1997

37 INDRE-ET-LOIRE 1985 1985 1985 1999

41 LOIR-ET-CHER 1982 1982 1982 1998

45 LOIRET 1979 1979 1992 1992

CHAMPAGNE-ARDENNE

08 ARDENNES 1987 1987 1987 1998

10 AUBE 1983 1983 1994 1994

51 MARNE 1986 1986 1986 1997

52 HAUTE-MARNE 1985 1985 1997 1997

CORSE
2A CORSE-DU-SUD 1977 1988 1988 1988

2B HAUTE-CORSE 1977 1988 1988 1988

FRANCHE-COMTÉ

25 DOUBS 1982 1982 1994 1994

39 JURA 1980 1980 1992 1992

70 HAUTE-SAÔNE 1984 1984 1996 1996

90 TERRITOIRE DE BELFORT 1984 1984 1984 1996

HAUTE-NORMANDIE
27 EURE 1975 1988 1988 2003

76 SEINE-MARITIME 1976 1989 1989 2002
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ÎLE-DE-FRANCE
75 PARIS AND ITS SUBURBS 1979 1979 1994 1994

77 SEINE-ET-MARNE 1978 1978 1993 1993

LANGUEDOC-ROUSSILLON

11 AUDE 1978 1989 1989 1989

30 GARD 1982 1982 1993 1993

34 HÉRAULT 1983 1983 1997 1997

48 LOZÈRE 1979 1979 1992 1992

66 PYRÉNÉES-ORIENTALES 1980 1991 1991 1991

LIMOUSIN

19 CORRÈZE 1980 1990 1990 2003

23 CREUSE 1981 1991 1991 1991

87 HAUTE-VIENNE 1981 1991 1991 1991

LORRAINE

54 MEURTHE-ET-MOSELLE 1980 1990 1990 1990

55 MEUSE 1980 1980 1991 1991

57 MOSELLE 1982 1982 1993 1993

88 VOSGES 1981 1981 1992 1992

MIDI-PYRÉNÉES

09 ARIEGE 1978 1990 1990 1990

12 AVEYRON 1981 1981 1994 1994

31 HAUTE-GARONNE 1975 1987 1987 2000

32 GERS 1979 1989 1989 2001

46 LOT 1980 1990 1990 2002

65 HAUTES-PYRÉNÉES 1974 1986 1997 1997

81 TARN 1979 1992 1992 1992

82 TARN-ET-GARONNE 1979 1989 1989 2001

NORD-PAS-DE-CALAIS
59 NORD 1986 1986 1986 2000

62 PAS-DE-CALAIS 1986 1986 1986 2000

PAYS DE LA LOIRE

44 LOIRE-ATLANTIQUE 1985 1985 1985 2000

49 MAINE-ET-LOIRE 1983 1983 1997 1997

53 MAYENNE 1983 1983 1983 1999

72 SARTHE 1984 1984 1984 1999

85 VENDÉE 1984 1984 1994 1994

PICARDIE

02 AISNE 1977 1991 1991 1991

60 OISE 1976 1990 1990 2001

80 SOMME 1976 1989 1989 2002

POITOU-CHARENTES

16 CHARENTE 1983 1983 1993 1993

17 CHARENTE-MARITIME 1984 1984 1993 1993

79 DEUX-SÈVRES 1985 1985 1995 1995

86 VIENNE 1986 1986 1996 1996

PROVENCE-ALPES-CÔTE D'AZUR

40 ALPES-DE-HAUTE-PROVENCE 1984 1984 1984 1999

05 HAUTES-ALPES 1983 1983 1983 1997

06 ALPES-MARITIMES 1985 1985 1985 2002

13 BOUCHES-DU-RHÔNE 1977 1988 1988 1988

83 VAR 1986 1986 1986 1999

84 VAUCLUSE 1986 1986 1986 2001

RHÔNE-ALPES

01 AIN 1983 1983 1995 1995

07 ARDÈCHE 1981 1981 1995 1995

26 DRÔME 1982 1982 1996 1996

38 ISÈRE 1984 1984 1997 1997

42 LOIRE 1981 1981 1993 1993

69 RHÔNE 1982 1982 1994 1994

73 SAVOIE 1985 1985 1985 2000

74 HAUTE-SAVOIE 1975 1987 1987 1998
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Department Cycle
Year of 

reference
Volume 

inventory
Department Cycle

Year of 
reference

Volume 
inventory

GIRONDE 1 1961 NO SEINE-ET-MARNE 1 1978 YES

LANDES 1 1961 NO BAS-RHIN 1 1979 YES

GERS 1 1962 NO GERS 2 1979 YES

LOT-ET-GARONNE 1 1962 NO LOIRET 1 1979 YES

LOT 1 1963 NO LOT-ET-GARONNE 2 1979 YES

TARN-ET-GARONNE 1 1963 NO PARIS 1 1979 YES

DORDOGNE 1 1964 NO TARN 2 1979 YES

MEUSE 1 1964 NO TARN-ET-GARONNE 2 1979 YES

PUY-DE-DÔME 1 1966 NO CÔTE-D'OR 2 1980 YES

CHARENTE 1 1967 NO ILLE-ET-VILAINE 1 1980 YES

CHARENTE-MARITIME 1 1968 NO JURA 2 1980 YES

LOIRE 1 1968 NO LOT 2 1980 YES

LOIR-ET-CHER 1 1969 NO MEURTHE-ET-MOSELLE 2 1980 YES

SAÔNE-ET-LOIRE 1 1969 NO MEUSE 2 1980 YES

JURA 1 1970 NO SAÔNE-ET-LOIRE 2 1980 YES

MEURTHE-ET-MOSELLE 1 1970 NO AVEYRON 2 1981 YES

TARN 1 1970 NO CÔTES-D'ARMOR 2 1981 YES

VENDÉE 1 1970 NO LOIRE 2 1981 YES

CÔTE-D'OR 1 1971 NO DORDOGNE 2 1982 YES

PYRÉNÉES-ATLANTIQUES 1 1971 NO DRÔME 2 1982 YES

DEUX-SÈVRES 1 1972 NO LOIR-ET-CHER 2 1982 YES

MAYENNE 1 1972 NO MOSELLE 2 1982 YES

RHÔNE 1 1972 NO RHÔNE 2 1982 YES

SARTHE 1 1972 NO AIN 2 1983 YES

AIN 1 1973 NO AUBE 2 1983 YES

INDRE 1 1973 NO CHARENTE 2 1983 YES

ISÈRE 1 1973 NO MAINE-ET-LOIRE 2 1983 YES

LOIRE-ATLANTIQUE 1 1973 NO MAYENNE 2 1983 YES

MAINE-ET-LOIRE 1 1973 NO CHARENTE-MARITIME 2 1984 YES

MOSELLE 1 1973 NO HAUTE-SAÔNE 2 1984 YES

AUBE 1 1974 NO ISÈRE 2 1984 YES

CALVADOS 1 1974 NO SARTHE 2 1984 YES

DRÔME 1 1974 NO TERRITOIRE DE BELFORT 2 1984 YES

NORD 1 1974 NO VENDÉE 2 1984 YES

PAS-DE-CALAIS 1 1974 NO CHER 2 1985 YES

VIENNE 1 1974 NO DEUX-SÈVRES 2 1985 YES

EURE 1 1975 NO HAUTE-MARNE 2 1985 YES

HAUTE-GARONNE 1 1975 NO INDRE-ET-LOIRE 2 1985 YES

HAUTE-MARNE 1 1975 NO LOIRE-ATLANTIQUE 2 1985 YES

MANCHE 1 1975 NO PYRÉNÉES-ATLANTIQUES 2 1985 YES

ORNE 1 1975 NO SAVOIE 2 1985 YES

SAVOIE 1 1975 YES NORD 2 1986 YES

YONNE 1 1975 NO PAS-DE-CALAIS 2 1986 YES

CHER 1 1976 YES VIENNE 2 1986 YES

(contd.)
Poplar plantations
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Department Cycle
Year of 

reference
Volume 

inventory
Department Cycle

Year of 
reference

Volume 
inventory

HAUTE-SAÔNE 1 1976 YES INDRE 2 1988 YES

INDRE-ET-LOIRE 1 1976 YES LANDES 3 1988 YES

OISE 1 1976 YES YONNE 2 1986 YES

PUY-DE-DÔME 2 1976 YES ORNE 2 1988 YES

SEINE-MARITIME 1 1976 NO ALLIER 3 1987 YES

SOMME 1 1976 YES PUY-DE-DÔME 3 1988 YES

TERRITOIRE DE BELFORT 1 1976 NO BAS-RHIN 2 1989 YES

AISNE 1 1977 YES HAUTE-MARNE 3 1996 YES

GIRONDE 2 1977 YES VIENNE 3 1996 YES

MARNE 1 1977 YES INDRE 3 1997 YES

ALLIER 2 1978 YES ISÈRE 3 1997 YES

ARDENNES 1 1978 YES MAINE-ET-LOIRE 3 1997 YES

ARIÈGE 2 1978 YES MARNE 3 1997 YES

HAUT-RHIN 1 1978 NO ARDENNES 3 1998 YES

LANDES 2 1978 YES GIRONDE 4 1998 YES

GERS 3 1989 YES LOIR-ET-CHER 3 1998 YES

LOT-ET-GARONNE 3 1989 YES CHER 3 1999 YES

SAÔNE-ET-LOIRE 3 1989 YES INDRE-ET-LOIRE 3 1999 YES

SEINE-MARITIME 2 1989 YES LANDES 4 1999 YES

SOMME 2 1989 YES SARTHE 3 1999 YES

TARN-ET-GARONNE 3 1989 YES YONNE 3 1999 YES

ARIÈGE 3 1990 YES BAS-RHIN 3 2000 YES

CÔTE-D'OR 3 1990 YES CALVADOS 3 2000 YES

LOT 3 1990 YES HAUTE-GARONNE 3 2000 YES

OISE 2 1990 YES LOIRE-ATLANTIQUE 3 2000 YES

AISNE 2 1991 YES LOT-ET-GARONNE 4 2000 YES

MEUSE 3 1991 YES MAYENNE 3 2000 YES

DORDOGNE 3 1992 YES NORD 3 2000 YES

JURA 3 1992 YES PAS-DE-CALAIS 3 2000 YES

LOIRET 2 1992 YES SAVOIE 3 2000 YES

TARN 3 1992 YES ALLIER 4 2001 YES

CHARENTE 3 1993 YES GERS 4 2001 YES

CHARENTE-MARITIME 3 1993 YES MANCHE 3 2001 YES

SEINE-ET-MARNE 2 1993 YES OISE 3 2001 YES

AUBE 3 1994 YES ORNE 3 2001 YES

VENDÉE 3 1994 YES EURE 3 2002 YES

AIN 3 1995 YES SEINE-MARITIME 3 2002 YES

CÔTES-D'ARMOR 3 1995 NO SOMME 3 2002 YES

DEUX-SÈVRES 3 1995 YES TARN-ET-GARONNE 4 2002 YES

HAUTE-SAÔNE 3 1995 YES AISNE 3 2003 YES

PYRÉNÉES-ATLANTIQUES 3 1995 YES PUY-DE-DÔME 4 2003 YES

DRÔME 3 1996 YES SAÔNE-ET-LOIRE 4 2003 YES

ARDENNES 2 1987 YES CÔTE-D'OR 4 2004 YES

CALVADOS 2 1987 YES PARIS 3 2004 YES

GIRONDE 3 1987 YES SEINE-ET-MARNE 3 2004 YES

HAUTE-GARONNE 2 1987 YES

MANCHE 2 1987 YES

MARNE 2 1987 YES

EURE 2 1988 YES

HAUT-RHIN 2 1988 YES
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1999* 2008*

Department Date of aerial photo 

01 Ain  2005  (v.2)

02 Aisne  1999 (v.1)  2010 (v.2)

03 Allier  1997 (v.1)  2008 (v.2)

04 Alpes-de-Haute-Provence  1994 (v.1)  2009 (v.2)

05 Hautes-Alpes  1993 (v.1)  2009 (v.2)

06 Alpes-Maritimes  2004  (v.2)

07 Ardèche  2007  (v.2)

08 Ardennes  2005  (v.2)

09 Ariège  2001 (v.1)  2011 (v.2)

10 Aube  2005  (v.2)

11 Aude  1999 (v.1)  2012 (v.2)

12 Aveyron  1990 (v.1)  2008 (v.2)

13 Bouches-du-Rhône  1997 (v.1)  2008 (v.2)

14 Calvados  1998 (v.1)  2009 (v.2)

15 Cantal  2000 (v.1)  2010 (v.2)

16 Charente  2002 (v.1)  2011 (v.2)

17 Charente-Maritime  2003 (v.1)  2010 (v.2)

18 Cher  2005  (v.2)

19 Corrèze  1999 (v.1)  2012 (v.2)

2A Corse-du-Sud  2000 (v.1)  2011 (v.2)

2B Haute-Corse  2000 (v.1)  2011 (v.2)

21 Côte-d'Or  2000 (v.1)  2010 (v.2)

22 Côtes-d'Armor  2003 (v.1)  2011 (v.2)

23 Creuse  2000 (v.1)  2010 (v.2)

24 Dordogne  2000 (v.1)  2009 (v.2)

25 Doubs  2000 (v.1)  2010 (v.2)

26 Drôme  2006  (v.2)

27 Eure  2000 (v.1)  2009 (v.2)

28 Eure-et-Loir  2001 (v.1)  2012 (v.2)

29 Finistère  1993 (v.1)  2005 (v.2)

30 Gard  2000 (v.1)  2012 (v.2)

31 Haute-Garonne  1996 (v.1)  2010 (v.2)

32 Gers  1998 (v.1)  2011 (v.2)

33 Gironde  1995 (v.1)  2009 (v.2)

34 Hérault  2002 (v.1)  2012 (v.2)

35 Ille-et-Vilaine  2003 (v.1)  2010 (v.2)

36 Indre  2004  (v.2)

37 Indre-et-Loire  2002 (v.1)  2011 (v.2)

38 Isère  1993 (v.1)  2009 (v.2)

39 Jura  2000 (v.1)  2010 (v.2)

40 Landes  1997 (v.1)  2009 (v.2)

41 Loir-et-Cher  2002 (v.1)  2011 (v.2)

42 Loire  2006  (v.2)

43 Haute-Loire  1999 (v.1)  2010 (v.2)

44 Loire-Atlantique  1996 (v.1)  2009 (v.2)

45 Loiret  2001 (v.1)  2010 (v.2)

1999* 2008*

Department Date of aerial photo 

46 Pilot  1999 (v.1)  2012 (v.2)

47 Lot-et-Garonne  1997 (v.1)  2009 (v.2)

48 Lozère  2000 (v.1)  2012 (v.2)

49 Maine-et-Loire  1994 (v.1)  2009 (v.2)

50 Manche  1998 (v.1)  2010 (v.2)

51 Marne  1995 (v.1)  2004 (v.2)

52 Haute-Marne  2006  (v.2)

53 Mayenne  2006  (v.2)

54 Meurthe-et-Moselle  2001 (v.1)  2009 (v.2)

55 Meuse  2003 (v.1)  2011 (v.2)

56 Morbihan  2004  (v.2)

57 Moselle  2001 (v.1)  2009 (v.2)

58 Nièvre  2007  (v.2)

59 Nord  1998 (v.1)  2009 (v.2)

60 Oise  1999 (v.1)  2010 (v.2)

61 Orne  1998 (v.1)  2010 (v.2)

62 Pas-de-Calais  1998 (v.1)  2009 (v.2)

63 Puy-de-Dôme  2000 (v.1)  2009 (v.2)

64 Pyrénées-Atlantiques  1992 (v.1)  2008 (v.2)

65 Hautes-Pyrénées  2006  (v.2)

66 Pyrénées-Orientales  1999 (v.1)  2012 (v.2)

67 Bas-Rhin  1997 (v.1)  2007 (v.2)

68 Haut-Rhin  1997 (v.1)  2007 (v.2)

69 Rhône  1990 (v.1)  2008 (v.2)

70 Haute-Saône  2003 (v.1)  2011 (v.2)

71 Saône-et-Loire  1999 (v.1)  2011 (v.2)

72 Sarthe  2005  (v.2)

73 Savoie  2006  (v.2)

74 Haute-Savoie  1995 (v.1)  2008 (v.2)

75, 78, 91, 92, 
93, 94, 95

Paris 
and Western Ile-de-France

 2000 (v.1)  2011 (v.2)

76 Seine-Maritime  2000 (v.1)  2012 (v.2)

77 Seine-et-Marne  2000 (v.1)  2012 (v.2)

78  2011 (v.2)

79 Deux-Sèvres  2007  (v.2)

80 Somme  1999 (v.1)  2011 (v.2)

81 Tarn  1987 (v.1)  2006 (v.2)

82 Tarn-et-Garonne  1998 (v.1)  2010 (v.2)

83 Var  1995 (v.1)  2008 (v.2)

84 Vaucluse  2005  (v.2)

85 Vendée  2006  (v.2)

86 Vienna  1993 (v.1)  2007 (v.2)

87 Haute-Vienne  2000 (v.1)  2010 (v.2)

88 Vosges  2004 (v.1)  2010 (v.2)

89 Yonne  1996 (v.1)  2007 (v.2)

90 Territoire de Belfort  2002 (v.1)  2013 (v.2)
Clarifications: * In mean year 1999, the national map brought together the departmental maps of versions 1 and 2 (the detail of versions 
used is given in the table). In mean year 2008, the departmental maps are all version 2.

Appendix 4. Dates of aerial photographs used to create the for-
est mapping
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This list was created initially for the SMI 1995 edition with the assistance of Mr Jean-Claude 
Rameau (AgroParisTech) using two sources: the National Forest Inventory lists and the “French 
forest flora, an illustrated ecological guide”, published by Rameau et al., 1989 and 1993. It has been 
supplemented by Inra and FCBA. This choice has resulted in a certain number of exotic species 
being ignored, normally presented in small, more or less experimental areas.
Indigenous tree species are defined as species which have colonize the metropolitan territory by 
natural means or thanks to human factors, but where the presence is in all cases confirmed prior 
to 1492. 
For the SMI 2015 edition, the “trees acclimatized in France” and “exotic trees occasionally found 
in forests” have been renamed respectively “non-indigenous trees frequently planted in forests” 
and “non-indigenous trees sometimes encountered in forests”, meaning that certain species have 
changed categories. The laburnum and Portugal laurel have been acknowledged as indigenous, 
unlike the white lime tree. The Portuguese oak and holm oak have been added. The nomenclature 
follows the taxonomic and nomenclature baseline of the Flore de France (TaxRef v8, MNHN 2014). 
Synonyms have been indicated when they are also used commonly. The distinction between 
Corsican and Turkish pines have been maintained.

  Conifers
Abies alba Mill. Silver fir
Cupressus sempervirens L. Italian cypress
Juniperus communis L. Common juniper
Juniperus communis L. Prickly juniper
Juniperus communis L. Thuriferous juniper
Larix decidua Mill. European Larch
Picea abies (L.) H.Karst. Common spruce
Pinus cembra L. Arolla pine
Pinus halepensis Mill. Aleppo pine
Pinus mugo subsp. uncinata (Ramond ex DC.) Domin Mountain pine
Pinus mugo Turra subsp. mugo Creeping pine
Pinus nigra subsp. salzmannii (Dunal) Franco Salzmann pine
Pinus nigra var. corsicana (J.W.Loudon) Hyl. Corsican pine
Pinus pinaster Aiton Maritime pine
Pinus cembra L. Umbrella pine
Pinus sylvestris L. Scots pine
Taxus baccata L. Common taxus

n List of indigenous trees found in metropolitan French forests

Appendix 5. Nativeness of tree species found 
in metropolitan forests
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  Broad-leaved
Acer campestre L. Hedge maple
Acer monspessulanum L. Montpellier maple
Acer opalus Mill. Italian maple
Acer platanoides L. Norway maple
Acer pseudoplatanus L. Sycamore maple
Alnus cordata (Loisel.) Duby Corsican alder
Alnus glutinosa (L.) Gaertn. Black alder
Alnus incana (L.) Moench White alder
Arbutus unedo L. Strawberry tree
Betula pendula Roth Silver birch
Betula pubescens Ehrh. Pubescent birch
Carpinus betulus L. Hornbeam
Castanea sativa Mill. Chestnut
Cornus mas L. Cornelian cherry
Crataegus monogyna Jacq. Common hawthorn
Fagus sylvatica L. Beech
Fraxinus angustifolia Vahl Narrow-leafed ash
Fraxinus excelsior L. Common ash
Fraxinus ornus L. Flowering ash
Ilex aquifolium L. Holly
Juglans regia L. Common walnut
Laburnum anagyroides Medik. Laburnum
Malus sylvestris Mill. Crab apple
Olea europaea L. Olive
Ostrya carpinifolia Scop. Hop-hornbeam
Populus alba L. White poplar
Populus nigra L. Black poplar
Populus tremula L. Aspen
Populus x canescens (Aiton) Sm. Gray poplar
Prunus avium (L.) L. Wild cherry
Prunus lusitanica L. Portugal laurel
Prunus padus L. Choke cherry
Pyrus communis L. Common pear
Pyrus spinosa Forssk. Almond-leaved pear
Quercus cerris L. European turkey oak
Quercus ilex L. subsp. ilex Holm oak
Quercus ilex subsp. ballota (Desf.) Samp. Holm oak 
               syn. Quercus rotundifolia Lam.             (or “soft acorns”)
Quercus faginea Lam  Portuguese oak
Quercus petraea Liebl. Sessile oak
Quercus pubescens Willd. Pubescent oak
Quercus pyrenaica Willd. Pyrenean oak
Quercus robur L. Pedunculate oak
Quercus suber L. Cork oak
Salix alba L. White willow
Salix caprea L. Pussy willow
Salix daphnoides Vill. Daphne willow
Salix fragilis L. Brittle willow
Salix pentandra L. Laurel willow
Salix viminalis L. Osier
Sambucus nigra L. Black elderberry
Sorbus aria (L.) Crantz Whitebeam
Sorbus aucuparia L. Rowan
Sorbus domestica L. American mountain ash
Sorbus latifolia (Lam.) Pers. Broadleaved whitebeam
Sorbus mougeotii Soy.-Will. & Godr. Mougeot’s whitebeam
Sorbus torminalis (L.) Crantz Wild service tree
Tamarix gallica L. French tamarisk
Tilia cordata Mill. Small-leaved lime
Tilia platyphyllos Scop. Large-leaved lime
Ulmus glabra Huds. Mountain elm
Ulmus laevis Pall. White elm
Ulmus minor Mill. English elm
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  Conifers
Abies nordmanniana (Steven) Spach Nordmann fir (1900)
Cedrus atlantica (Manetti ex Endl.) Carrière Atlas cedar (1886)
Larix kaempferi (Lindl.) Carrière Japanese larch (1900)
Larix x marschlinsii Coaz Hybrid larch (1960)
Picea sitchensis (Bong.) Carrière Sitka spruce (1845)
Pinus nigra J.F.Arnold subsp. nigra Austrian pine (1830)
Pinus nigra var. calabrica (J.W.Loudon) G.Schneid. Turkish pine (1900)
Pseudotsuga menziesii (Mirb.) Franco Douglas fir (1842)

  Broad-leaved
Populus spp. Hybrid poplars (late 17th)
Populus deltoides Bartram ex Marshall Eastern cottonwood (1892)
Populus trichocarpa Torr. & A.Gray ex Hook. Balsam poplar (1892)
Quercus rubra L. Northern red oak (18th)
Robinia pseudoacacia L. Locust tree false acacia (1601)

n List of frequent non-indigenous trees in metropolitan forests
 (with presumed date of introduction)

  Conifers
Abies bornmuelleriana Mattf. Turkish fir
Abies cephalonica J.W.Loudon Greek fir
Abies cilicica (Antoine & Kotschy) Carrière Cilician fir
Abies concolor (Gordon & Glend.) Lindl. ex Hildebr. Colorado fir
Abies grandis (Douglas ex D.Don) Lindl. Vancouver fir
Abies numidica Lannoy ex Carrière Algerian fir
Abies pinsapo Boiss. Spanish fir
Abies procera Rehder Noble fir
Calocedrus decurrens (Torr.) Florin Incense cedar
Cedrus deodara (Roxb. ex D.Don) G.Don Himalayan cedar
Cedrus libani A.Rich. Cedar of Lebanon
Cedrus libani var. brevifolia Hook.f. Cyprus cedar
Chamaecyparis lawsoniana (A.Murray) Parl. Port Orford cedar
Cryptomeria japonica (L.f.) D.Don Japanese cedar
Cupressus arizonica Greene Arizona cypress
Cupressus atlantica Gaussen Moroccan cypress
Cupressus dupreziana A.Camus Saharan cypress
Cupressus macrocarpa Hartw. Monterey cypress
Cupressocyparis x leylandii (A.B.Jacks. & Dallim.) Dallim. Leyland cypress
                   syn Cupressus leylandii Rushforth
Metasequoia glyptostroboides Hu & W.C.Cheng Dawn redwood
Pinus brutia Ten. Turkish pine
Pinus brutia var. eldarica (Medw.) Silba Eldar pine
Pinus contorta Douglas ex J.W.Loudon Twisted pine or Murray River pine
Pinus radiata D.Don Monterey pine
Pinus rigida Mill. Pitch pine
Pinus strobus L. White pine or Weymouth pine
Pinus taeda L. Incense pine
Populus nigra var. italica Münchh. Lombardy poplar
Sequoia sempervirens (D.Don) Endl Evergreen sequoia
Sequoiadendron giganteum (Lindl.) J.Buchholz Giant sequoia
Taxodium distichum (L.) Rich. Bald cypress
Thuja plicata D.Don ex Lamb. Giant thuja
Tsuga heterophylla (Raf.) Sarg. Western hemlock

n List of rare non-indigenous trees in metropolitan forests
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  Broad-leaved
Acacia dealbata Link Mimosa
Acer negundo L. Manitoba maple
Aesculus hippocastanum L. Horse chestnut
Ailanthus altissima (Mill.) Swingle Tree of heaven
Celtis australis L. Hackberry tree
Eucalyptus spp. Eucalyptus or Gum
Gleditsia triacanthos L. Honey locust
Juglans nigra L. Black walnut
Liquidambar styraciflua L. Sweet gum
Liriodendron tulipifera L. Tulip tree
Platanus orientalis L. Oriental plane 
Platanus x hispanica Mill. ex Münchh. Hybrid plane
Prunus serotina Ehrh. Black cherry
Quercus palustris Münchh. Pin oak
Tilia tomentosa Moench White lime tree

The full list of wooded species found in French forests (metropolitan and overseas) can be consulted on the 
Internet site of the Ministry of Agriculture, Agrifood and  Forestry, at the address: 
<http://agriculture.gouv.fr/inventaire-ressources-genetiques-forestieres>

http://agriculture.gouv.fr/inventaire-ressources-genetiques-forestieres
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Scientific name Common name Category France

Genista aetnensis Mount Etna broom CR

Helichrysum arenarium Dwarf everlast CR

Lavatera trimestris Annual mallow CR

Cistus inflatus Cistus inflatus EN

Daphne striata Daphne striata EN

Erica lusitanica Portuguese heath EN

Erinacea anthyllis Blue broom EN

Helianthemum lunulatum Helianthemum lunulatum EN

Nerium oleander Oleander EN

Phyllodoce caerulea Blue heath EN

Plagius flosculosus Plagius flosculosus EN

Polygonum scoparium Polygonum scoparium EN

Teucrium fruticans Tree germander EN

Anagyris foetida Anagyris foetida VU

Anthyllis cytisoides Anthyllis cytisoides VU

Artemisia arborescens Tree wormwood VU

Astragalus tragacantha Astragale de Marseille VU

Cotoneaster delphinensis Cotoneaster delphinensis VU

Cytisus ardoini Cytisus ardoini VU

Echinospartum horridum Echinospartum horridum VU

Erica erigena Irish heath VU

Euphorbia corsica Euphorbia corsica VU

Genista delphinensis Genista delphinensis VU

Genista linifolia Flax broom VU

Genista radiata Rayed broom VU

Hormathophylla lapeyrousiana Hormathophylla lapeyrousiana VU

Hormathophylla pyrenaica Hormathophylla pyrenaica VU

Limoniastrum monopetalum Limoniastrum monopetalum VU

Scientific name Common name Category France

Acer obtusatum Syrian maple EN

Quercus crenata Pseudo cork oak EN

Creeping pine Mountain pine VU

Scientific name Common name Category France

Filago neglecta Filago neglecta EX

Viola cryana Cry violet EX

Bromus bromoideus Brome of the Ardennes EW

Tulipa aximensis Tulipa aximensis EW

Tulipa marjolleti Tulipa marjolleti EW

Tulipa mauriana Tulipa mauriana EW

Allium trifoliatum Pink garlic RE

Anacamptis collina Anacamptis collina RE

Androsace chamaejasme Sweet flower rock jasmine RE

Botrychium lanceolatum Lance-leaf grapefern RE

Botrychium multifidum Leathery grapefern RE

Bromus grossus Bromus grossus RE

Scientific name Common name Category France

Limonium strictissimum Limonium strictissimum VU

Potentilla fruticosa Shrubby cinquefoil VU

Prasium majus White hedge nettle VU

Prunus lusitanica Portugal laural VU

Prunus prostrata Prostrate cherry VU

Rhododendron hirsutum Hairy alpenrose VU

Silene velutina Silene velutina VU

Staphylea pinnata European bladdernut VU

Teucrium brachyandrum Teucrium brachyandrum VU

Teucrium pseudochamaepitys Teucrium pseudochamaepitys VU

Thymelaea ruizii Thymelaea ruizii VU

Viola arborescens Tree violet VU

Appendix 6.  
Lost of threatened forest species

(as per IUCN methodology) 
Extinct species: EX: extinct worldwide; EW: extinct in the wild; RE: extinct regionally.
Threatened species: CR: critically endangered; EN: endangered; VU: vulnerable.

n Vascular plants: species classed as threatened or extinct in the National Red List 
of threatened species in France

  1) Strictly forest species or found more frequently in forests

  2) Species with mixed behavior, found more or less equally in forests and open areas 

Trees

Scientific name Common name Category France

Chimaphila umbellata Pipsissewa RE

Cypripedium calceolus Lady’s slipper orchid VU

Dryopteris cristata Crested wood fern VU

Gagea spathacea Belgian gagea VU

Polystichum braunii Braun’s shield fern VU

Herbaceous

Shrubs

Herbaceous
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Scientific name Common name Category France

Cuscuta monogyna Cuscuta monogyna RE

Diphasiastrum complanatum Creeping jenny RE

Gastridium scabrum Gastridium scabrum RE

Linaria triphylla Linaria triphylla RE

Linum nodiflorum Linum nodiflorum RE

Minuartia stricta Bog stitchwort RE

Rumex tuberosus Rumex tuberosus RE

Saxifraga cuneata Saxifraga cuneata RE

Saxifraga seguieri Saxifraga seguieri RE

Scirpus radicans Scirpus radicans RE

Succisella inflexa Succisella inflexa RE

Allium suaveolens Allium suaveolens CR

Allium tenuiflorum Allium tenuiflorum CR

Anchusa crispa Anchusa crispa CR

Armeria belgenciensis Armeria belgenciensis CR

Artemisia insipida Artemisia insipida CR

Asplenium cuneifolium Asplenium cuneifolium CR

Astragalus epiglottis Astragalus epiglottis CR

Bellevalia trifoliata Bellevalia trifoliata CR

Carex glacialis Glacial sedge CR

Carpesium cernuum Carpesium cernuum CR

Cyclosorus pozoi Cyclosorus pozoi CR

Cyperus flavidus Yellow flatsedge CR

Dryopteris pallida Dryopteris pallida CR

Ephedra negrii Ephedra negrii CR

Eryngium pusillum Eryngium pusillum CR

Eryngium viviparum Eryngium viviparum CR

Filago carpetana Filago carpetana CR

Geranium bohemicum Geranium bohemicum CR

Gladiolus imbricatus Gladiolus imbricatus CR

Jacobaea persoonii Jacobaea persoonii CR

Lathyrus amphicarpos Lathyrus amphicarpos CR

Lathyrus inconspicuus Lathyrus inconspicuus CR

Limonium dubyi Limonium dubyi CR

Lysimachia tyrrhenia Lysimachia tyrrhenia CR

Nigella arvensis Nigella arvensis CR

Notobasis syriaca Syrian thistle CR

Primula halleri Primula halleri CR

Ranunculus sylviae Ranunculus sylviae CR

Romulea arnaudii Romulea arnaudii CR

Rouya polygama Rouya polygama CR

Saxifraga hieraciifolia Saxifraga hieraciifolia CR

Saxifraga hirculus Marsh saxifrage CR

Silene muscipula Silene muscipula CR

Stachys maritima Stachys maritima CR

Stipa parviflora Stipa parviflora CR

Tanacetum annuum Blue tansy CR

Trifolium squarrosum Squarrose clover CR

Tulipa didieri Didier’s tulip CR

Tulipa montisandrei Tulipa montisandrei CR

Tulipa planifolia Tulipa planifolia CR

Tulipa platystigma Tulipa platystigma CR

Tulipa rubidusa Tulipa rubidusa CR

Vicia glauca Vicia glauca CR

Viola hispida Viola hispida CR

Woodsia ilvensis Oblong woodsia CR

Scientific name Common name Category France

Woodwardia radicans Chain fern CR

Acis nicaeensis Winter snowflake EN

Alkanna lutea Alkanna lutea EN

Allium consimile Allium consimile EN

Antinoria agrostidea Antinoria agrostidea EN

Aristolochia clusii Green-flowered birthworth EN

Armeria soleirolii Armeria soleirolii EN

Asplenium lepidum Spleenwort EN

Astragalus alopecuroides Astragalus alopecuroides EN

Bifora testiculata European bishop EN

Biscutella divionensis Biscutella divionensis EN

Biscutella rotgesii Biscutella rotgesii EN

Bromus fasciculatus Bromus fasciculatus EN

Bupleurum subovatum Lanceleaf thorow-wax EN

Calamagrostis stricta Slim-stem small reed grass EN

Campanula cervicaria Bristly bellflower EN

Carduus fasciculiflorus Carduus fasciculiflorus EN

Carex buxbaumii Club sedge EN

Carex chordorrhiza Creeping sedge EN

Carex heleonastes Hudson Bay sedge EN

Centaurium chloodes Centaurium chloodes EN

Centaurium favargeri Centaurium favargeri EN

Centaurium scilloides Perennial Centaury EN

Centranthus trinervis Centranthus trinervis EN

Cerastium comatum Mouse-ear chickweed EN

Cerinthe tenuiflora Cerinthe tenuiflora EN

Cheilanthes guanchica Cheilanthes guanchica EN

Cirsium italicum Cirsium italicum EN

Cynomorium coccineum Maltese mushroom EN

Danthonia alpina Danthonia alpina EN

Diphasiastrum issleri Issler's clubmoss EN

Diphasiastrum zeilleri Diphasiastrum zeilleri EN

Draba incana Hoary whitlow grass EN

Elatine brochonii Elatine brochonii EN

Elatine triandra Elatine triandra EN

Fuirena pubescens Fuirena pubescens EN

Gagea pomeranica Gagea pomeranica EN

Galium rubioides European bedstraw EN

Galium trifidum Threepetal bedstraw EN

Garidella nigellastrum Garidella nigellastrum EN

Geum heterocarpum Geum heterocarpum EN

Gladiolus palustris Sword lily EN

Hammarbya paludosa Bog orchid EN

Helianthemum aegyptiacum Helianthemum aegyptiacum EN

Herniaria litardierei Herniaria litardierei EN

Hymenophyllum wilsonii Wilson's filmy fern EN

Hypecoum imberbe Sicklefruit hypecoum EN

Ipomoea sagittata Saltmarsh morning glory EN

Isatis alpina Isatis alpina EN

Isooetes boryana Isooetes boryana EN

Juncus fontanesii Juncus fontanesii EN

Kadenia dubia Kadenia dubia EN

Lactuca quercina Wild lettuce EN

Limonium bonifaciense Limonium bonifaciense EN

Limonium duriusculum European sea lavender EN

Limonium humile Lax-flowered sea lavender EN

Limonium patrimoniense Limonium patrimoniense EN

Limonium portovecchiense Limonium portovecchiense EN

Herbaceous (continued)
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Scientific name Common name Category France

Linnaea borealis Twinflower EN

Lolium parabolicae Lolium parabolicae EN

Lolium temulentum Darnel EN

Lythrum thesioides Lythrum thesioides EN

Malcolmia nana Malcolmia nana EN

Malope malacoides Hairy mallow EN

Matthiola valesiaca Matthiola valesiaca EN

Medicago rugosa Rugose medic EN

Mercurialis corsica Mercurialis corsica EN

Minuartia setacea Minuartia setacea EN

Morisia monanthos Morisia monanthos EN

Nepeta agrestis Nepeta agrestis EN

Odontites cebennensis Odontites cebennensis EN

Ononis diffusa Ononis diffusa EN

Ophrys aveyronensis Ophrys aveyronensis EN

Ophrys eleonorae Ophrys eleonorae EN

Orobanche bartlingii Orobanche bartlingii EN

Polycnemum arvense Field needleleef EN

Potamogeton praelongus Long-stalked pondweed EN

Potentilla multifida Potentilla multifida EN

Ranunculus lateriflorus Ranunculus lateriflorus EN

Rhaponticoides alpina Rhaponticoides alpina EN

Romulea ligustica Romulea ligustica EN

Senecio rosinae Senecio rosinae EN

Senecio ruthenensis Senecio ruthenensis EN

Senecio sarracenicus Broadleaved ragwort EN

Seseli praecox Seseli praecox EN

Silene coelirosa Rose of Heaven EN

Silene requienii Silene requienii EN

Sisymbrium polyceratium Sisymbrium polyceratium EN

Stachys brachyclada Stachys brachyclada EN

Sternbergia colchiciflora Sternbergia colchiciflora EN

Subularia aquatica Water awlwort EN

Tephroseris palustris Swamp ragwort EN

Tulipa agenensis Tulip of Agen EN

Tulipa clusiana Lady tulip EN

Tulipa lortetii Tulipa lortetii EN

Tulipa raddii Tulipa raddii EN

Verbena supina Trailing verbena EN

Veronica longifolia Speedwell EN

Viola pumila Meadow violet EN

Achillea atrata Black yarrow VU

Achillea moschata Simple-leaved milfoil VU

Acis fabrei Acis fabrei VU

Adonis pyrenaica Adonis pyrenaica VU

Aethionema thomasianum Aethionema thomasianum VU

Agrostis durieui Agrostis durieui VU

Agrostis tenerrima Agrostis tenerrima VU

Allium corsicum Allium corsicum VU

Allium lineare Allium lineare VU

Allium moly Golden garlic VU

Allium nigrum Black garlic VU

Allium siculum Sicilian honey garlic VU

Althenia filiformis Althenia filiformis VU

Alyssum cuneifolium Alyssum cuneifolium VU

Alyssum loiseleurii Alyssum loiseleurii VU

Scientific name Common name Category France

Alyssum robertianum Alyssum robertianum VU

Ambrosina bassii Ambrosina VU

Ampelodesmos mauritanicus Mauritanian grass VU

Anacamptis longicornu Long-spurred orchid VU

Anarrhinum laxiflorum Anarrhinum laxiflorum VU

Androsace lactea Milkwhite rock jasmine VU

Androsace septentrionalis Pygmy flower rock jasmine VU

Andryala ragusina Andryala ragusina VU

Anemone palmata Yellow anemone VU

Anthemis secundiramea Prostrate Chamomile VU

Antinoria insularis Antinoria insularis VU

Aquilegia litardierei Aquilegia litardierei VU

Arenaria bertolonii Arenaria bertolonii VU

Arenaria ligericina Arenaria ligericina VU

Aristolochia tyrrhena Mountain thrift VU

Armeria malinvaudii Armeria malinvaudii VU

Armeria pungens Spiny thrift VU

Artemisia atrata Dark Alpine wormwood VU

Artemisia molinieri Molinier’s wormwood VU

Arundo plinii Pliny's reed VU

Asperula capillacea Asperula capillacea VU

Asplenium balearicum Asplenium balearicum VU

Asplenium fissum Asplenium fissum VU

Asplenium sagittatum Mule’s spleenwort VU

Aster pyrenaeus Michaelmas daisy VU

Aster willkommii Aster willkommii VU

Astragalus boeticus Yellow milk vetch VU

Astragalus glaux Astragalus glaux VU

Astragalus leontinus Astragalus leontinus VU

Atractylis humilis Atractylis humilis VU

Bassia laniflora Bassia laniflora VU

Bellis pappulosa Bellis pappulosa VU

Biscutella neustriaca Biscutella neustriaca VU

Botrychium matricariifolium Chamomile grapefern VU

Botrychium simplex Little grapefern VU

Brassica insularis Brassica insularis VU

Buglossoides gastonii Buglossoides gastonii VU

Bupleurum gerardi Bupleurum gerardi VU

Calla palustris Water arum VU

Campanula albicans Campanula albicans VU

Campanula baumgartenii Bellflower VU

Campanula jaubertiana Campanula jaubertiana VU

Cardamine chelidonia Cardamine chelidonia VU

Cardamine crassifolia Cardamine crassifolia VU

Cardamine graeca Southern bitter cress VU

Carduus aurosicus Carduus aurosicus VU

Carex atrofusca Dark brown sedge VU

Carex firma Carnation grass VU

Carex fritschii Carex fritschii VU

Carex grioletii Carex grioletii VU

Carex melanostachya Carex melanostachya VU

Carex microglochin Fewseeded bog sedge VU

Carex mucronata Carex mucronata VU

Carex vaginata Sheathed sedge VU

Carlina biebersteinii Carlina biebersteinii VU

Carthamus caeruleus Carthamus caeruleus VU

Herbaceous (continued)
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Scientific name Common name Category France

Centaurea corymbosa Centaurea corymbosa VU

Centaurea napifolia Centaurea napifolia VU

Cephalaria transylvanica Cephalaria transylvanica VU

Cerastium ligusticum Large-flowered mouse ear VU

Cerastium soleirolii Cerastium soleirolii VU

Chaerophyllum nodosum Chaerophyllum nodosum VU

Cheilanthes hispanica Cheilanthes hispanica VU

Chenopodium foliosum Leafy goosefoot VU

Cirsium echinatum Hill thistle VU

Cirsium glabrum Cirsium glabrum VU

Colchicum corsicum Autumn crocus VU

Coleanthus subtilis Coleanthus VU

Consolida hispanica Eastern larkspur VU

Corispermum gallicum Corispermum gallicum VU

Cortusa matthioli Alpine bells VU

Cosentinia vellea Cosentinia vellea VU

Crepis rhaetica Crepis rhaetica VU

Crocus ligusticus Fall crocus VU

Cyclamen balearicum Wild cyclamen VU

Cynoglossum pustulatum Cynoglossum pustulatum VU

Cyperus serotinus Tidalmarsh flat sedge VU

Cystopteris diaphana Greenish bladder fern VU

Delphinium montanum Zigzag larkspur VU

Delphinium pictum Spotted larkspur VU

Delphinium staphisagria Lice-bane VU

Dianthus gyspergerae Dianthus gyspergerae VU

Dioscorea pyrenaica Yam VU

Diphasiastrum oellgaardii Diphasiastrum oellgaardii VU

Diphasiastrum tristachyum Blue clubmoss VU

Doronicum clusii Doronicum clusii VU

Draba hoppeana Whitlow grass VU

Draba loiseleurii Draba loiseleurii VU

Draba subnivalis Draba subnivalis VU

Dracocephalum austriacum Dracocephalum austriacum VU

Dryopteris ardechensis Dryopteris ardechensis VU

Echium calycinum Cretan viper's bugloss VU

Echium sabulicola Sand viper's bugloss VU

Elatine hydropiper Eight-stamen waterwort VU

Elytrigia corsica Elytrigia corsica VU

Endressia pyrenaica Endressia pyrenaica VU

Erigeron paolii Erigeron paolii VU

Erodium laciniatum Cutleaf Heron's bill VU

Erodium rodiei Erodium rodiei VU

Euphorbia cuneifolia Euphorbia cuneifolia VU

Euphorbia peplis Purple spurge VU

Festuca breistrofferi Festuca breistrofferi VU

Festuca lahonderei Festuca lahonderei VU

Fritillaria orientalis Slender fritillary VU

Gagea mauritanica Gagea mauritanica VU

Gagea minima Gagea minima VU

Gagea polidorii Gagea polidorii VU

Gagea x luberonensis Luberon Gagea VU

Galium caprarium Galium caprarium VU

Galium minutulum Galium minutulum VU

Gentianella ramosa Gentianella ramosa VU

Geranium argenteum Silvery crane’s bill VU

Geranium divaricatum Fanleaf geranium VU

Geranium endressii Crane’s bill geranium VU

Scientific name Common name Category France

Geranium macrorrhizum Perennial geranium VU

Geropogon hybridus Goat's beard VU

Geum hispidum Geum hispidum VU

Glinus lotoides Lotus sweetjuice VU

Halimione pedunculata Pedunculate sea-purslane VU

Heliotropium supinum Dwarf heliotrope VU

Helosciadium crassipes Helosciadium crassipes VU

Heracleum alpinum Alpine cow parsnip VU

Heteropogon contortus Spear grass VU

Hierochlooe odorata Holy grass VU

Hippocrepis multisiliquosa Many-flowered horseshoe vetch VU

Hyoseris scabra Annual hyoseris VU

Hypecoum pendulum Nodding hypecoum VU

Hypericum corsicum Hypericum corsicum VU

Hypochaeris uniflora Hypochaeris uniflora VU

Iberis carnosa Pruit’s candytuft VU

Inula helenioides Inula helenioides VU

Iris aphylla Stool iris VU

Iris xiphium Spanish iris VU

Isooetes echinospora Spiny quillwort VU

Isooetes setacea Iberian quillwort VU

Jacobaea uniflora Haller’s ragwort VU

Juncus littoralis Mountain rush VU

Knautia lebrunii Knautia lebrunii VU

Kosteletzkya pentacarpos Seashore mallow VU

Kundmannia sicula Kundmannia VU

Laser trilobum Horse caraway VU

Legousia scabra Legousia scabra VU

Lens ervoides Lens ervoides VU

Lens lamottei Lens lamottei VU

Lepidium villarsii Lepidium villarsii VU

Leucanthemopsis tomentosa Leucanthemopsis tomentosa VU

Leucanthemum burnatii Leucanthemum burnatii VU

Leucanthemum meridionale Leucanthemum meridionale VU

Limonium companyonis Sea lavender VU

Limonium diffusum Limonium diffusum VU

Limonium dubium Limonium dubium VU

Limonium normannicum Alderney sea lavender VU

Limonium obtusifolium Limonium obtusifolium VU

Linaria micrantha Linaria micrantha VU

Linaria spartea Ballast toadflax VU

Lindernia palustris Lindernia palustris VU

Liparis loeselii Fen orchid VU

Lobelia dortmanna Water lobelia VU

Loeflingia hispanica Loeflingia hispanica VU

Lomelosia simplex Lomelosia simplex VU

Lysimachia ephemerum Willow-leaved loosestrife VU

Malva cretica Cornish mallow VU

Marsilea strigosa Marsilea strigosa VU

Medicago ciliaris Ciliate medick VU

Medicago polyceratia Medicago polyceratia VU

Medicago secundiflora Medicago secundiflora VU

Medicago soleirolii Medicago soleirolii VU

Medicago tenoreana Medicago tenoreana VU

Melilotus siculus Melilotus siculus VU

Melomphis arabica Melomphis arabica VU

Merendera filifolia Merendera filifolia VU

Mesembryanthemum crystallinum Ice plant VU
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Scientific name Common name Category France

Moehringia lebrunii Moehringia lebrunii VU

Myosotis soleirolii Myosotis soleirolii VU

Myosotis speluncicola Myosotis speluncicola VU

Nananthea perpusilla Nananthea perpusilla VU

Narcissus minor Dwarf daffodil VU

Narduroides salzmannii Narduroides salzmannii VU

Neotinea conica Neotinea conica VU

Nepeta latifolia Catmint VU

Nigella gallica Nigella gallica VU

Nonea echioides Nonea echioides VU

Odontites glutinosus Odontites glutinosus VU

Omphalodes linifolia Venus’ navelwort VU

Ononis aragonensis Ononis aragonensis VU

Ononis mitissima Mediterranean restharrow VU

Ononis ornithopodioides Bird restharrow VU

Onopordum acaulon Stemless thistle VU

Onopordum eriocephalum Onopordum eriocephalum VU

Onosma helvetica Onosma helvetica VU

Ophrys speculum Mirror orchid VU

Ophrys tenthredinifera Sawfly orchid VU

Orchis pauciflora Sparse-flowered orchid VU

Oreochloa disticha Oreochloa disticha VU

Orobanche pubescens Hairy broomrape VU

Orobanche sanguinea Bloody broomrape VU

Oxytropis foucaudii Oxytropis foucaudii VU

Papaver lapeyrousianum Sierra Nevada poppy VU

Papaver occidentale Arctic poppy VU

Papaver pinnatifidum Mediterranean poppy VU

Pedicularis recutita Beakless red lousewort VU

Persicaria salicifolia Willow-leaved knotgrass VU

Phalaris brachystachys Confused canary-grass VU

Phelipanche lavandulacea Phelipanche lavandulacea VU

Phleum subulatum Phleum subulatum VU

Phyla nodiflora Frogfruit VU

Phyteuma cordatum Phyteuma cordatum VU

Picris rhagadioloides Picris rhagadioloides VU

Pilularia minuta Dwarf pillwort VU

Pimpinella lutea Pimpinella lutea VU

Pimpinella siifolia Pimpinella siifolia VU

Plantago cornutii Plantago cornutii VU

Polygonum robertii Polygonum robertii VU

Potamogeton compressus Grass-wrack pondweed VU

Potentilla delphinensis Potentilla delphinensis VU

Primula allionii Allioni's primrose VU

Prospero corsicum Prospero corsicum VU

Pteris cretica Cretan brake fern VU

Puccinellia foucaudii Puccinellia foucaudii VU

Pulicaria sicula Pulicaria sicula VU

Ranunculus angustifolius Ranunculus angustifolius VU

Ranunculus bullatus Autumn buttercup VU

Ranunculus clethraphilus Ranunculus clethraphilus VU

Ranunculus garganicus Gargano buttercup VU

Ranunculus macrophyllus Large-leaved Buttercup VU

Ranunculus rionii Water crowfoot VU

Rhaponticum cynaroides Rhaponticum cynaroides VU

Rhinanthus pseudoantiquus Rhinanthus pseudoantiquus VU

Roemeria hybrida Violet horned poppy VU

Romulea assumptionis Romulea assumptionis VU

Scientific name Common name Category France

Romulea florentii Romulea florentii VU

Rumex aquaticus Scottish dock VU

Rumex aquitanicus Rumex aquitanicus VU

Rumex rupestris Shore dock VU

Saponaria bellidifolia Alpine soapwort VU

Saponaria caespitosa Tufted soapwort VU

Saponaria lutea Saponaria lutea VU

Sarcocapnos enneaphylla Sarcocapnos enneaphylla VU

Saussurea discolor Saussurea discolor VU

Saxifraga bulbifera Bulbous saxifrage VU

Saxifraga florulenta Saxifraga florulenta VU

Saxifraga hariotii Saxifraga hariotii VU

Saxifraga mutata Encrusted saxifrage VU

Saxifraga rosacea Irish saxifrage VU

Saxifraga valdensis Saxifraga valdensis VU

Scabiosa corsica Scabiosa corsica VU

Scandix stellata Stellate shepherd's needle VU

Schismus barbatus Common Mediterranean grass VU

Scolymus grandiflorus Large-flowered golden thistle VU

Scorzonera parviflora Scorzonera parviflora VU

Securigera securidaca Goat pea VU

Sedum amplexicaule Sedum amplexicaule VU

Sedum litoreum Sedum litoreum VU

Selaginella helvetica Selaginella helvetica VU

Serapias nurrica Serapias nurrica VU

Serratula lycopifolia Serratula lycopifolia VU

Seseli djianeae Seseli djianeae VU

Sesleria insularis Sesleria insularis VU

Sesleria ovata Sesleria ovata VU

Silene bellidifolia Silene bellidifolia VU

Silene borderei Pyrenean catchfly VU

Silene neglecta Silene neglecta VU

Silene petrarchae Silene petrarchae VU

Silene sedoides Hairy catchfly VU

Sinapis pubescens Sinapis pubescens VU

Sisymbrium strictissimum Sisymbrium strictissimum VU

Smyrnium perfoliatum Perfoliate Alexanders VU

Soldanella villosa Soldanella villosa VU

Spergularia diandra Alkali sand spurry VU

Spiranthes aestivalis Summer lady's-tresses VU

Stachys marrubiifolia Stachys marrubiifolia VU

Stachys ocymastrum Hairy woundwort VU

Succowia balearica Succowia balearica VU

Tanacetum audibertii Tanacetum audibertii VU

Taraxacum bessarabicum Taraxacum bessarabicum VU

Taraxacum cucullatum Taraxacum cucullatum VU

Taraxacum serotinum Taraxacum serotinum VU

Tephroseris balbisiana Tephroseris balbisiana VU

Teucrium aristatum Teucrium aristatum VU

Thalictrum tuberosum Thalictrum tuberosum VU

Thesium humile Field bastard toadflax VU

Tofieldia pusilla Scottish asphodel VU

Trifolium diffusum Diffuse clover VU

Trifolium pannonicum Hungarian clover VU

Trifolium phleoides Trifolium phleoides VU

Trifolium retusum Teasel clover VU

Trifolium saxatile Trifolium saxatile VU

Trisetum conradiae Trisetum conradiae VU

Herbaceous (continued)
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Scientific name Common name Category France

Trisetum gracile Trisetum gracile VU

Tulipa billietiana Tulipa billietiana VU

Umbilicus horizontalis Horizontal navelwort VU

Urginea fugax Urginea fugax VU

Utricularia intermedia Flatleaf bladderwort VU

Utricularia stygia Arctic bladderwort VU

Valantia hispida Hairy valantia VU

Valeriana celtica Alpine valerian VU

Valerianella echinata Valerianella echinata VU

Veratrum nigrum Black false hellebore VU

Vicia argentea Silvery vetch VU

Vicia cusnae Vicia cusnae VU

Scientific name Common name Category France

Neptis rivularis Hungarian glider RE

Coenonympha hero Scarce heath CR

Euphydryas maturna Scarce fritillary EN

Euphydryas intermedia Asian fritillary VU

Scientific name Common name Category France

Austropotamobius torrentium Stone crayfish CR

Astacus astacus European crayfish EN

Austropotamobius pallipes White-clawed crayfish VU

  2) Species with mixed behavior, found more or less equally in forests and open areas 

(as per IUCN methodology) 
Extinct species: EX: extinct worldwide; EW: extinct in the wild; RE: extinct regionally.
Threatened species: CR: critically endangered; EN: endangered; VU: vulnerable.

n Butterflies: species classed as threatened or extinct in the National Red List of 
threatened species in France

  1) Strictly forest species or found more frequently in forests

Scientific name Common name Category France

Vicia laeta Vicia laeta VU

Viola pinnata Finger-leaved violet VU

Viola pseudomirabilis Viola pseudomirabilis VU

Viola roccabrunensis Viola roccabrunensis VU

Xatardia scabra Xatardia scabra VU

Zannichellia obtusifolia Zannichellia obtusifolia VU

Zannichellia peltata Zannichellia peltata VU

According to
IUCN France, FCBN, MNHN, 2012. Red List of threatened spe-
cies in France - Chapter on vascular flora in metropolitan France: 
 first results for 1,000 species, sub-species and varieties.

(as per IUCN methodology) 
Extinct species: EX: extinct worldwide; EW: extinct in the wild; RE: extinct regionally.
Threatened species: CR: critically endangered; EN: endangered; VU: vulnerable.

n Freshwater crustaceans: species classed as threatened or extinct in the National 
Red List of threatened species in France

According to
IUCN France, MNHN, OPIE, SEF, 2012. Red List of threatened species in France 
- Chapter on rhopalocera in metropolitan France.

According to
IUCN France, MNHN, 2012. Red List of threatened species in France - Chapter 
on fresh water crustaceans in metropolitan France.

Herbaceous (continued and end)
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Scientific name Common name Category France

Lanius minor Lesser grey shrike CR

Elanus caeruleus Black-winged kite EN

Sylvia conspicillata Spectacled warbler EN

Lanius excubitor Great gray shrike EN

Pandion haliaetus Osprey VU

Circus pygargus Montagu’s harrier VU

(as per IUCN methodology) 
Extinct species: EX: extinct worldwide; EW: extinct in the wild; RE: extinct regionally.
Threatened species: CR: critically endangered; EN: endangered; VU: vulnerable.

n Birds: species classed as threatened or extinct in the National Red List of 
threatened species in France

  1) Strictly forest species or found more frequently in forests
Scientific name Common name Category France

Ciconia nigra Black stork EN

Hieraaetus pennatus Booted eagle VU

Pyrrhula pyrrhula Eurasian bullfinch VU

Glaucidium passerinum Eurasian pygmy owl VU

Bonasa bonasia Hazel grouse VU

Muscicapa striata Spotted flycatcher VU

  2) Species with mixed behavior, found more or less equally in forests and open areas 

Scientific name Common name Category France

Tetrao urogallus Western capercaillie VU

Dendrocopos leucotos White-backed woodpecker VU

Picus canus Grey-headed woodpecker VU

Phylloscopus sibilatrix Wood warbler VU

Sitta whiteheadi Corsican nuthatch VU

Scientific name Common name Category France

Hippolais icterina Icterine warbler VU

Carduelis cannabina Common linnet VU

Milvus milvus Red kite VU

According to
IUCN France, MNHN, LPO, SEOF, ONCFS, 2011. Red List of threatened  
species in France - Chapter on birds in metropolitan France. Paris, France. 28 
p.

Scientific name Common name Category France

Bombina variegata Yellow-bellied toad VU

  2) Species with mixed behavior, found more or less equally in forests and open areas 

(as per IUCN methodology) 
Extinct species: EX: extinct worldwide; EW: extinct in the wild; RE: extinct regionally.
Threatened species: CR: critically endangered; EN: endangered; VU: vulnerable.

n Amphibians: species classed as threatened or extinct in the National Red List of 
threatened species in France

According to
IUCN France, MNHN, SHF, 2009. Red List of threatened species in France - 
Chapter on reptiles and amphibians in metropolitan France. Paris, France. 8 p.
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Scientific name Common name Category France

Testudo hermanni Hermann's tortoise VU

Scientific name Common name Category France

Mustela lutreola European mink EN

Ovis gmelinii Mouflon VU

Myotis capaccinii Long-fingered bat VU

  2) Species with mixed behavior, found more or less equally in forests and open areas 

(as per IUCN methodology) 
Extinct species: EX: extinct worldwide; EW: extinct in the wild; RE: extinct regionally.
Threatened species: CR: critically endangered; EN: endangered; VU: vulnerable.

n Reptiles: species classed as threatened or extinct in the National Red List of 
threatened species in France

According to
IUCN France, MNHN, SHF, 2009. Red List of threatened species in France - 
Chapter on reptiles and amphibians in metropolitan France. Paris, France. 8 p.

(as per IUCN methodology) 
Extinct species: EX: extinct worldwide; EW: extinct in the wild; RE: extinct regionally.
Threatened species: CR: critically endangered; EN: endangered; VU: vulnerable.

n Mammals: species classed as threatened or extinct in the National Red List of 
threatened species in France

  1) Strictly forest species or found more frequently in forests

  2) Species with mixed behavior, found more or less equally in forests and open areas 

Scientific name Common name Category France

Ursus arctos Brown bear CR

Lynx lynx Eurasian lynx EN

According to
IUCN France, MNHN, SFEPM, ONCFS, 2009. Red List of threatened  
species in France - Chapter on mammals in metropolitan France. Paris, 
France. 12 p.
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Protected areas FRA 2015 use class

MCPFE 
protection 

class

IUCN 
class

(source:  
INPN site)

Availability of 
geographical 
information 

data (or other 
in brackets)

Strict biological reserves Conservation of the biodiversity and 
Forest areas inside protected areas

1.2 Ia for RBI yes

Strict parts of nature reserves Conservation of the biodiversity and 
Forest areas inside protected areas

1.2 not completed yes

National parks: core areas Conservation of the biodiversity and 
Forest areas inside protected areas

1.2 II yes

Sensitive natural sites Conservation of the biodiversity and 
Forest areas inside protected areas

1.3 not completed no

Biosphere reserves, central area Conservation of the biodiversity and 
Forest areas inside protected areas

1.3 not completed yes

Managed biological reserves Conservation of the biodiversity and 
Forest areas inside protected areas

1.3 IV yes

National nature reserves Conservation of the biodiversity and 
Forest areas inside protected areas

1.3 III or IV yes

Regional nature reserves Conservation of the biodiversity and 
Forest areas inside protected areas

1.3 III or IV yes

Corsican nature reserves Conservation of the biodiversity and 
Forest areas inside protected areas

1.3 III or IV yes

Biotope protection prefectural orders Conservation of the biodiversity and 
Forest areas inside protected areas

1.3 IV yes

National hunting and wildlife reserves Conservation of the biodiversity and 
Forest areas inside protected areas

1.3 not completed yes

Ramsar sites Conservation of the biodiversity and 
Forest areas inside protected areas

1.3 not completed yes

Ecological protection forests Conservation of biodiversity 1.3 not completed no (figures)

Special protection areas (SPA) Conservation of biodiversity 1.3 not completed yes

Special areas of conservation (SAC) Conservation of biodiversity 1.3 not completed yes

Classified and registered sites Multiple-use forest 2 not completed no

Biosphere reserves, buffer zone Multiple-use forest 2 not completed yes

National parks: surrounding areas Multiple-use forest 2 V yes

Regional nature parks Multiple-use forest 2 V yes

Mountain/dune protection forests Protection of soil and water 3 not completed no (figures)

Peri-urban protection forests Multiple-use forest 3 not completed no (figures)

Natural area protection agencies Multiple-use forest 3 IV and V yes

Coastal Protection Agency Multiple-use forest 3 not completed yes

State-owned forests in the immediate 
and nearby perimeters of drinking water 
catchment areas

Protection of soil and water 3 not completed no (figures)

State-owned forests in the mountain land 
restoration perimeters: surface areas at 
high, medium or low risk (exclusion of 
surfaces with zero risk)*

Protection of soil and water 3 not completed no (figures)

*According to the FRA and SoEF reports, the State-owned forests in the mountain land restoration perimeters have been added to the MCPFE category 3, whilst 
the surface areas in the biosphere reserve peripheral areas have been deleted from category 3.

Appendix 7. Classification and definitions of national protected 
areas in the FRA, MCPFE and IUCN
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n Definitions of the Forest Resource Assessment (FRA) survey 2015

Definitions FRA tables 
Primary designated function
The primary function or management objective assigned to a management unit either by legal prescription, documented decision of the 
landowner/manager, or evidence provided by documented studies of forest management practices and customary uses. 
Explanatory notes:
1.  In order to be considered primary, the designated function should be significantly more important than other functions. 
2.  Nationwide functions established in general clauses of national legislation or policies (e.g. “all forest land should be managed for produc-

tion, conservation and social purposes”) should not be considered as designations.

Tables 4a, 5a and 6

Production forest
Forest area designated primarily for production of wood, fiber, bio-energy and/or non-wood forest products.
Explanatory note(s):
1. Includes areas for subsistence collection of wood and/or non-wood forest products.

Table 4a

Multiple-use forest
Forest area designated primarily for more than one purpose and where none of these alone is considered as the predominant designated 
function.
Explanatory notes:
1.  Includes any combination of: production of goods, protection of soil and water, conservation of biodiversity and provision of social services 

and where none of these alone is considered as the predominant function.
2.  Clauses in national legislation or policies stating an overarching objective of multiple use (such as e.g. “all forest land should be managed 

for production, conservation and social purposes”) should not generally be considered as designated for multiple use

Table 4a

Protection of soil and water
Forest area designated or managed for protection of soil and water.
Explanatory notes:
1.  It may include areas that are primarily managed for other values such as timber production.
2.  National or state legislation or regulations often provide for the protection of soil and water values through land use zoning or prescrip-

tions in management plans or other mechanisms for best practices. Areas covered by such regulations and plans should be considered as 
designated or managed for protection of soil and water.

Table 5a

Ecosystem services, cultural or spiritual values
Forest area designated or managed for selected ecosystem services or
cultural or spiritual values. 
Explanatory note:
1.  These areas may overlap with other designation or management functions.

Table 5b

Conservation of biodiversity
Forest area designated primarily for conservation of biological diversity.
Includes but is not limited to areas designated for biodiversity conservation
within the protected areas.

Table 6

Protected areas
Areas especially dedicated to the protection and maintenance of biological diversity and
of natural and associated cultural resources, and managed
through legal or other effective means.

Forest areas within the protected areas
Forest area within formally established protected areas,
independently of the purpose for which the protected areas were established.
Explanatory notes:
1.  Includes IUCN Categories I - IV.
2.  Includes IUCN Categories V - VI.

Source: Terms and definitions, FRA 2015
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n Definitions of MCPFE categories 

Definitions Forest Europe 
tables

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

Table 4.9

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
• Fire intervention
• Non-destructive research not detrimental to the management objective
• Subsistence resource use /

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

Table 5

Source: MCPFE 2003 repeated in Forest Europe 2015
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n Definitions of IUCN categories 
Category Ia: Strict nature reserve
Category Ia are strictly protected areas set aside to protect biodiversity and also possibly geological/geomorphical 
features, where human visitation, use and impacts are strictly controlled and limited to ensure protection of the 
conservation values. Such protected areas can serve as indispensable reference areas for scientific research and 
monitoring.

Category Ib: Wilderness area
Category Ib protected areas are usually large unmodified or slightly modified areas, retaining their natural 
character and influence without permanent or significant human habitation, which are protected and managed so 
as to preserve their natural condition.

Category II: National park
Category II protected areas are large natural or near natural areas set aside to protect large-scale ecological 
processes, along with the complement of species and ecosystems characteristic of the area, which also provide a 
foundation for environmentally and culturally compatible, spiritual, scientific, educational, recreational and visitor 
opportunities.

Category III: Natural monument or feature
Category III protected areas are set aside to protect a specific natural monument, which can be a landform, sea 
mount, submarine cavern, geological feature such as a cave or even a living feature such as an ancient grove. They 
are generally quite small protected areas and often have high visitor value.

Category IV: Habitat/species management area
Category IV protected areas aim to protect particular species or habitats and management reflects this priority. 
Many Category IV protected areas will need regular, active interventions to address the requirements of particular 
species or to maintain habitats, but this is not a requirement of the category.

Category V: Protected landscape or seascape
A protected area where the interaction of people and nature over time has produced an area of distinct character 
with significant, ecological, biological, cultural and scenic value and where safeguarding the integrity of this 
interaction is vital to protecting and sustaining the area and its associated nature conservation and other values.
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