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Summary 
 
During the last decades, biological and landscape diversity have become key issues in 
forestry. Biological and landscape diversity protection result in a range of possible impacts on 
the economic use of forest resources. These impacts vary substantially from country to 
country, and sometimes even from region to region. With respect to wood supply, these 
impacts can be negligible – when protection does not lead to any management restriction – to 
substantial – when strict protection forbids any economic exploitation of forests. This study 
aimed to provide an estimate of the area, wood volume and biomass affected by management 
restrictions due to biological and landscape diversity protection in Europe. 
 
The extent of protected forest areas (PFAs) in the EU-27 and in Norway and Switzerland were 
derived from two harmonised, European-wide databases. The volume of wood that could not 
be felled in these protected areas was assessed by estimating the unconstrained felling 
potentials of the PFAs (i.e. disregarding all forms of protection or limitations to mobilise 
these resources), which were assumed to be equal to the average net annual increment. These 
potentials were then reduced by applying felling restrictions related to biological and 
landscape diversity protection, which were derived from a database with timber harvesting 
restrictions in all European PFA types. 
 
Protected forests in Europe covered 29.2 million ha in 2005 of which 11.9 million ha was 
protected for preserving biodiversity and the remaining area for protecting landscapes. This 
corresponded to 7.1% of all European forests. The extent of protected forest areas and the 
felling restrictions imposed on these forests varied considerably across Europe. Restrictions in 
Eastern European countries were stricter than they were in other parts of Europe. On average 
48% of the volume cannot be harvested in forest areas protected for biodiversity and 40% in 
forests protected for landscapes. Consequently, 67.8 million m3 of wood could not be felled 
from these protected forests.  
 
It is concluded that protecting forests for biological and landscape diversity has a clear effect 
on the potential supply of wood in Europe. We discuss the uncertainties that could affect our 
estimates and that there are various other compulsory and voluntary protection and protective 
schemes in Europe that limit the potential supply of wood. 
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1. Introduction 
During the last decades, biodiversity has become a key issue in forestry. In 1992, the 
European Union ratified the UN convention on biological diversity, which stated that in 
ratifying the Convention, the parties have committed themselves to undertaking national and 
international measures aimed at its achieving three objectives: the conservation of biological 
diversity; the sustainable use of its components; and the fair and equitable sharing of benefits 
arising out of the utilization of genetic resources (UN 1993). At the pan-European level the 
objectives of this convention have been taken into account in a resolution on conservation of 
biodiversity of European forests by the 2nd Ministerial Conference on the Protection of 
Forests in Europe (MCPFE 1993) and by the development of a Pan-European Biological and 
Landscape Diversity Strategy (PEBLDS) during the 3rd Ministerial Conference ‘Environment 
for Europe’ (PEBLDS 1995). According to the MCPFE biodiversity resolution, the 
conservation and appropriate enhancement of biodiversity should be an essential operational 
element in sustainable forest management and this should be implemented at the appropriate 
(local, regional or national) level. The main challenge to be addressed by the Pan-European 
Biological and Landscape Diversity Strategy is to encourage conservation and sustainable use 
of the (wider) natural environment. This Strategy aims to stop and reverse the degradation of 
biological and landscape diversity values in Europe. 
 
Forest protection is one of the most commonly implemented measures to protect biological 
and landscape diversity. Protected forest areas (PFAs) have been established over a long time 
and new areas are still being designated for protection purposes due to the abovementioned 
conventions and processes at various (i.e. European, national and regional) levels. 
Consequently, these policies and measures can vary substantially from country to country, 
and even from region to region (e.g. in countries with federal decision-making). 
 
Biological and landscape diversity protection measures result in a range of possible impacts 
on the economic use of forest resources. With respect to wood, these impacts can be 
negligible – when protection does not lead to any management and exploitation restrictions – 
to substantial – when strict protection rules forbid any economic exploitation of forests. Forest 
protection measures therefore affect the amount of wood that forest owners can harvest and 
the supply of wood to forest industries (Bolkesjø et al. 2005; Hänninen and Kallio 2007; 
Leppänen et al. 2005; Linden and Uusivuori 2002, Kallio et al. 2006). Recently, forest 
biomass has become increasingly important for bio-energy production, leading to increasing 
removals of wood in several European countries (UNECE/FAO 2007). Though there is a 
potential to sustainably increase wood removals in Europe (EEA 2006; MCPFE 2007), 
limitations on wood supply set by biodiversity and landscape protection may conflict with 
these developments in the long run. 
 
Several studies have attempted to assess the economic impacts of setting aside additional 
forests for conservation purposes both at the national (Bolkesjø et al. 2005; Hänninen and 
Kallio 2007; Leppänen et al. 2005; Linden and Uusivuori 2002), the European (Kallio et al. 
2006) and global level (Sohngen et al. 1999), but we are not aware of any studies that have 
attempted to assess the wood volumes currently affected by protection schemes across 
Europe. This study aimed to provide an estimate of the area, wood volumes and biomass 
affected by exploitation restrictions in Europe due to biological and landscape diversity 
protection schemes. 
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2. Methods 
2.1 General approach 
The estimate of the forest area, wood volumes and biomass affected by exploitation 
restrictions was confined to PFAs with biological or landscape diversity protection as primary 
objective. The PFAs were further limited to PFAs with a legal basis, a long term commitment, 
and an explicit designation (see Parviainen and Frank 2006). Several sources report the area 
of protected forests in Europe and distinguish between different protection categories. The 
volume of wood that cannot be harvested from these protected areas was assessed by 
estimating the unconstrained potentials for wood fellings (i.e. disregarding all forms of 
protection or limitations to mobilise these resources) and by reducing this potential by 
applying felling restrictions to the protected areas. These felling restrictions were estimated 
from studies on protected forest areas. Our study covered the EU-27 and Norway and 
Switzerland. The approach that we applied in this study is schematically presented in Figure 
2.1 and is described in more detail in Chapter 2.2. 
 
 

 
 
Figure 2.1. Schematic overview of the approach applied within this study to assess impacts of 
mandatory measures on wood availability. 
 
 

2.2 Protected forest area 
In Europe, a wide range of terms is used to denominate PFAs (Frank et al. 2007). All these 
PFAs are subject to national and sometimes regional legislation and therefore may differ in 
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their restrictions on forest management. To estimate the area of forests subject to felling 
restrictions for biological and landscape diversity protection, this study was limited to forest 
areas that were classified according to an internationally accepted system. At the European 
level there is one main classification system related to PFAs: Assessment Guidelines for 
Protected and Protective Forest and Other Wooded Land in Europe by MCPFE (2002). The 
MCPFE classification was used as main term of reference in the calculation of felling 
restriction in protected areas. Another classification is available from the International Union 
for the Conservation of Nature and Natural Resources (IUCN 1994), but this classification 
system was not designed for Europe; it covers protected (forest) areas all over the world. 
 
The Assessment Guidelines by MCPFE distinguish two different classes of protected forests 
in Europe (and a third class for protective forests). The first class focuses on biodiversity and 
is split up in three sub-classes; 1.1: No Active intervention; 1.2: Minimum intervention; and 
1.3: Conservation through active management. The second class focuses on protection of 
landscapes and specific natural elements. Table I (Annex) provides an overview of the classes 
(for a more detailed overview see Parviainen and Frank 2006). The forest area included in 
these sub-classes is available from MCPFE (2007). In this study we refer to these data as the 
MCPFE dataset. 
 
The guidelines by IUCN distinguish six different classes of protected areas worldwide. Three 
of these classes are considered to be comparable with the MCPFE class 1, but there exists 
some discussion about this (see e.g. Dudley and Stolton 2003; Frank et al. 2007). These three 
classes are I: Strict nature reserve / Wilderness area; II: National park; IV: Habitat / species 
management area. The classes are described in Table II (Annex) and a comparison between 
the MCPFE classes and the IUCN classes is presented in Table 2.1. The classification system 
is not limited to forests, but covers all kinds of protected areas. The estimate of the PFAs 
classified within the IUCN system required that the forest area in these protected areas were 
known. The area of protected forests covered within this system has been assessed by UNEP 
(2000) to which we refer to as the UNEP dataset. In the UNEP dataset the IUCN guidelines 
have been applied to assess the PFAs. The data by UNEP provide the aggregated area of 
protected forests for IUCN classes I-IV. A full comparison of MCPFE classes 1 and 2 with 
UNEP data was not possible, because the UNEP dataset did not provide data on IUCN classes 
V and VI. 
 
 
Table 2.1. Comparison of MCPFE classes and IUCN classes (MCPFE 2003) 
MCPFE classes IUCN classes (applied by UNEP for forests) 
1.1: No active intervention I: Strict nature reserve / Wilderness area 
1.2: Minimum intervention II: National park 
1.3: Conservation through active management IV: Habitat / species management area 
2: Landscapes and specific natural elements III: Natural monument 

V: Protected landscape 
VI: Managed resource protected area 

 
 
The results are presented in relative terms to the total forest area to better compare the areas of 
protected forest among countries. Total forest area was taken from MCPFE (2007). 
 
The EEA (2007a) maintains a database on nationally designated areas, which contains spatial 
information about protected sites. The database follows the IUCN classification system, but it 
did not allow separating protected forests from other protected areas in all countries. Though 
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containing valuable information, it could not be used in the analysis. 
 

2.3 Felling potentials 
To assess the felling potential in PFAs, first a maximum, unconstrained felling potential was 
calculated for PFAs and all forests. This upper limit does not take into account management 
restrictions due to biological and landscape diversity protection that may apply in PFAs and 
also does not take into account other environmental, social and economical factors that may 
limit the felling potential. The unconstrained felling potential therefore reflects a theoretical 
maximum volume that is available, but lacks practical significance in current forestry (cf. 
Eriksson et al. 2007). 
 
There are several approaches to estimate a sustainable felling potential (see e.g. Baader 1945; 
EEA 2007b) and many of these approaches rely on the volume increment. However, many of 
these approaches do not include potentials from thinnings or require data that is generally 
unavailable in harmonised European-wide datasets. Further, the formulas used to calculate 
harvest potentials often aim to maximise some specific functions or to optimise the structure 
of the forest to obtain e.g. a constant yield (e.g. Heyer formula to obtain an even distribution 
of area over age-classes). This study did not aim to maximise any specific forest function, but 
aimed to assess a theoretical unconstrained felling potential and the reduction of this felling 
potential due to biodiversity constraints. The most straightforward approach was therefore to 
use the Net Annual Increment (NAI) to calculate the current maximum timber felling 
potential. NAI served as an upper limit in this study, because annual fellings should not 
exceed the annual increment to assure long-term sustainability (MCPFE 2003). The balance 
between NAI and annual fellings of wood is also one of the indicators for sustainable forest 
management accepted by the MCPFE (2002). In some countries annual allowable cuts are 
calculated and serve as a maximum amount of wood that can be felled each year. Annual 
allowable cuts usually take all restrictions on fellings into account. To determine only impacts 
of biodiversity policies and schemes and to avoid double counting, we did not use national 
annual allowable cut estimates. 
 
NAI is available at the European level within the TBFRA (Temperate and Boreal Forest 
Resources Assessment; UNECE/FAO 2000). More recent estimates are currently not 
available for the total forest area. 
 

2.4 Felling restrictions 
Data on felling restrictions in forests protected for biodiversity aims were collected from the 
COST Action E27 study on PFAs in Europe (Frank et al. 2007), from which summary tables 
are available for 22 countries (Latham et al. 2005; EFI 2007). The tables include 254 
international, national and regional PFA types and consider a wide range of interpretations of 
protection (Latham et al. 2005). Relevant data for the current study were numbers and area of 
PFAs, their place within IUCN and MCPFE classifications, the motivation for their protection 
and restrictions to conventional management practices in protected forest areas. Concerning 
the management restrictions, the summary tables contain quasi numeric scores that allow a 
quantitative analysis (Frank et al. 2007). Restriction are given on a scale of 1–4, where 1: 
activity is strictly prohibited; 2: activity is usually prohibited, but with some exceptions or 
conditions; 3: activity is usually allowed, but with some exceptions or conditions; 4: activity 
is allowed with no restrictions. These data provided a basis to estimate national average 
felling restrictions in PFAs. From now on we refer to this data as the COST E27 dataset. 
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Based on the restriction levels for each individual PFA type in the dataset, we calculated 
national average timber felling restrictions, using the forested area of a protected site as a 
weight. For biodiversity protection, we selected only PFAs that were classified as IUCN class 
I, II, or IV, or MCPFE class 1.1, 1.2 or 1.3, or when the primary motivation for protection of 
the PFA was related to biodiversity. For landscape diversity protection, PFAs were selected 
that were classified as IUCN class III, V, or VI, or MCPFE class 2, or when the primary 
motivation for protection of the PFA was related to landscape protection. In some cases the 
size of a PFA was not available and instead the size of the whole protected area (PA) was 
used, assuming that 60% (average of the dataset) of each PA was covered with forest. In some 
cases both the size of the PFA or the PA was not available and these cases have been left out 
of the analysis. PFAs larger than five times the total maximum area reported by MCPFE 
(2003) or UNEP (2000) were excluded from the dataset as outliers. After calculating weighted 
averages of the national restriction levels – that had values between one and four – they were 
converted into a percentage. In this way, average restriction levels corresponded with: 1: 0% 
of the potential can be harvested; 2: 33% of the potential can be harvested; 3: 67% of the 
potential can be harvested; 4: 100% of the potential can be harvested. Shortly, our approach 
thus implied assuming an equal class width. National restrictions on timber harvesting in 
PFAs with a biodiversity protection objective and a landscape diversity protection objective 
were calculated separately. For countries not included in the dataset we used the felling 
restrictions from neighbouring countries, thereby assuming that similar legislation applies in 
these countries. For Hungary, Poland and Slovakia we used the restriction level calculated for 
the Czech Republic, for Estonia and Latvia we used the value from Lithuania and for 
Luxembourg we used the value from France. For Belgium, felling restriction for landscape 
diversity protection could not be calculated; instead the restriction from the Netherlands was 
applied. 
 

2.5 Linkage of datasets 
The datasets described in the previous Chapters are combined as shown in Figure 2.1 to 
estimate the impacts of mandatory schemes on wood availability. The datasets on protected 
forest areas from MCPFE and UNEP were combined with the data on felling potentials of the 
total forest area to estimate the unconstrained felling potential of the total forest area and of 
PFAs. The wood volumes affected by biodiversity measures and policies were then estimated 
by reducing the unconstrained felling potential in PFAs by taking into account the felling 
restrictions derived from the COST E27 dataset. Based on this, the unavailable felling 
potentials were estimated in m3 and in tonnes of aboveground biomass. To provide a biomass 
estimate we calculated national, aboveground biomass expansion factors from MCPFE 
(2007). These factors were then used to convert volumetric felling potentials to biomass-based 
felling potentials. 
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3. Results 

3.1 Protected forest area 
About 5.1 to 11.9 million ha of European forests are covered by protection schemes with 
biodiversity as main objective. This corresponded to 3.1% (UNEP) and 7.1% (MCPFE) of all 
European forests (Figures 3.1, Annex: Table III), but with considerable variation among the 
countries. 
 
Considerable differences could be observed in PFAs for biodiversity as reported in the 
MCPFE and UNEP datasets. For some countries (e.g. Austria, Bulgaria, Czech, France, 
Hungary Ireland and Sweden) the data seemed to match quite well, but data for other 
countries were quite different. Overall, the UNEP dataset included about 43% of the area 
extent according to the MCPFE dataset for class 1. 
 
A breakdown of PFAs to different MCPFE protection classes is shown in Figure 3.2a. 
Protected forests where fellings are prohibited are included in MCPFE class 1.1. Forests in 
this class and covered 15% of all the forests protected for biodiversity and were mainly 
located in Finland (41%). The level of protection decreases in forests of MCPFE classes 1.2 
and 1.3 and they cover 34% and 51% resp. MCPFE 1.2 class forests were mainly located in 
Italy (32%) and 44% of the MCPFE class 1.3 forests were located in Germany. 
 
In addition, large tracts of forest land have been protected for landscapes and specific natural 
elements (Figure 3.2b). About 17.3 million ha were protected for this purpose. Landscape 
diversity protection prevailed in Central and Western Europe; Austria, Czech Republic, 
Poland, Portugal, and France all have more than 15% of their forests protected for landscape 
and natural elements but less than 5% for biodiversity. A possible explanation is that these 
countries consider biodiversity is a component of the wider landscape. 
 
 

 
Figure 3.1. Protected forest areas with biodiversity as main objective as a percentage of the 
total forest area (MCPFE 2007; UNEP 2000)
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a) 
 

b) 
Figure 3.2. Protected forest areas with (a) biological and (b) landscape diversity as main aim 
as a percentage of the total forest area (MCPFE 2007) 
 
 

3.2 Unconstrained felling potentials 
The unconstrained felling potentials, which were assumed to be equal to the net annual 
increment, are presented in Figure 3.3 and Table IV (Annex). The largest unconstrained 
felling potentials were located in Central and Western Europe. On average, about 4.4 m3 ha-1 
yr-1 could potentially be felled in the whole study region, which correspond to 722 million m3 
over the total forest area and 20 (UNEP) to 59 (MCPFE) million m3 in forests protected for 
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biodiversity and 106 million m3 in forests protected for landscape. 
 
When these average potentials were combined with the data on PFAs, the unconstrained 
potentials of PFAs could be calculated. Unconstrained potentials of forests protected for 
biodiversity represented about 2.8% (UNEP) to 8.1% (MCPFE) of the total forest 
unconstrained potentials and forests protected for landscape represented about 15%. 
 
 

 
Figure 3.3. Unconstrained felling potential in European forests (derived from UNECE-FAO 
2000) 
 
 

3.3 Felling restrictions 
The felling restrictions in PFAs for all countries in the COST E27 dataset are presented in 
Figure 3.4. The strongest limitation on fellings in protected areas with biodiversity as main 
aim was in Belgium and the least strong were in Spain, Denmark, Germany and France. The 
average felling restriction over 22 countries is 48%, i.e. 52% of the wood volume in these 
PFAs can potentially be felled. 
 
Strikingly, there did not appear to be a relation between the intensity of protection within the 
country (i.e. distribution of area over MCPFE classes; Figure 3.2a) and the national average 
restriction level in PFAs, illustrating the differences in intensity of protection among different 
countries. Generally, stronger restrictions applied in PFAs in Eastern European countries than 
they did in other parts of Europe. 
 
Felling restrictions applied as well to the forests protected for landscape diversity (Figure 
3.4b). The restrictions on fellings appeared to be at the same level or less than were the 
restrictions applicable to forests protected for biodiversity. Especially in Switzerland and 
Austria extensive forest areas have been designated to protect landscape and natural elements, 
but little constraints are applied to the volumes of wood that can be felled in these areas. The 
average restriction level in Europe was around 40%. Ranking countries according to their 
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felling restriction level for biodiversity and for landscape protection yielded approximately 
the same results. This implied that countries that apply strong restrictions forests protected for 
biodiversity also apply strong limitations on the amount of wood that can be felled in forests 
designated to protect landscape. 
 

a) 
 

b) 
Figure 3.4. Ranking of average felling restrictions allowed in PFAs with (a) biological and 
(b) landscape diversity protection as primary objective (calculated from: Latham et al. 2005; 
EFI 2007). 
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3.4 Unavailable wood 
When the datasets on PFAs, felling restrictions and the unconstrained potentials were 
combined, it was estimated that the volume of wood that could no longer be felled due to 
biodiversity protection comprised 11 to 30 million m3 according to the UNEP and MCPFE 
datasets on PFAs resp. (Table 3.1). The wood volumes that could potentially be felled are 
presented in Table V (Annex). Similar to what could be observed for the unconstrained 
potentials, an ample range existed in the unavailable wood volumes among countries. In Italy, 
as much as 21% of the total potential could not be harvested, while in Portugal 0.1% is 
unavailable. The ranking of countries (not shown) followed more or less the same order as the 
ranking of countries according to their share of protected forest areas (Figures 3.1 and 3.2), 
indicating that the extent of the protected areas was of great importance to the availability of 
wood. 
 
In addition to protection of biodiversity, about 37.6 million m3 of wood could not be felled 
due to landscape diversity protection in European forests (Table 3.2). The large amount of 
unavailable wood resources was due to the extensive forest areas that are under this protection 
category, especially in Germany. 
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Table 3.1. Unavailable wood and biomass from PFAs 
Biodiversity Landscape 

UNEP 
(IUCN classes I–IV) 

MCPFE 
(class 1) 

MCPFE 
(class 2) 

Country 

1000 m3 1000 tonnes 1000 m3 1000 tonnes 1000 m3 1000 tonnes 
Austria 511.9 259.3 430.9 218.3 696.6 352.9
Belgium 8.2 5.9 83.7 60.1 108.4 77.8
Bulgaria 325.6 217.1 342.3 228.3 292.1 194.8
Cyprus n.d. n.d. 12.2 6.4 0.0 0.0
Czech 390.9 275.8 422.9 298.4 1774.5 1252.0
Denmark 32.2 16.9 224.7 117.7 0.0 0.0
Estonia 227.0 131.5 687.0 398.1 267.7 155.1
Finland 1986.5 1278.8 4207.0 2708.2 1103.5 710.4
France 355.4 253.6 367.0 261.8 6435.7 4591.4
Germany 646.6 384.5 7896.3 4694.9 14160.0 8419.1
Greece 76.3 42.2 110.5 61.2 n.d. n.d.
Hungary 234.5 150.6 271.9 174.6 774.1 497.0
Ireland 14.2 7.2 12.4 6.3 n.d. n.d.
Italy 1151.0 829.0 6366.9 4585.9 2190.3 1577.6
Latvia 157.5 93.9 871.8 519.6 283.1 168.7
Lithuania 211.7 110.6 615.4 321.6 204.6 106.9
Luxembourg 1.0 0.6 77.9 47.2 0.0 0.0
Malta 0.0 0.0 0.0 0.0 0.0 0.0
the Netherlands 48.9 33.4 194.1 132.7 112.2 76.8
Norway 252.5 167.3 193.5 128.2 n.d. n.d.
Poland 464.3 275.0 926.1 548.5 2594.9 1536.9
Portugal 65.1 27.1 20.7 8.6 1310.1 545.0
Romania 563.3 375.7 1074.3 716.5 366.3 244.3
Slovakia 755.3 509.9 1505.2 1016.2 1329.3 897.5
Slovenia 158.1 101.4 51.4 33.0 151.9 97.4
Spain 502.6 336.2 103.5 69.2 899.2 601.5
Sweden 2065.8 1188.9 2288.0 1316.7 131.9 75.9
Switzerland 140.3 77.4 268.0 147.9 121.4 67.0
United Kingdom 39.7 22.2 569.3 318.1 2337.1 1306.0
Total 11386.6 7073.8 30194.9 18758.3 37644.7 23386.4
n.d.: no data 



Verkerk et al. 16 

4. Discussion 

4.1 Impacts of forest protection 
This study attempted to estimate the area, wood volumes and biomass affected by exploitation 
restrictions in Europe due to biological and landscape diversity protection. We estimated that 
out of a total forest area of 166.3 million ha in Europe about 5.1 to 11.9 million ha is 
protected for biodiversity and an additional 17.3 million ha is protected for landscape 
diversity. As a result 11 to 30 million m3 of wood could not be felled anymore due to 
biodiversity protection and nearly 38 million m3 of wood due to landscape diversity 
protection. The total of 68 million m3 is approximately equal to the combined annual 
roundwood production (overbark) of Germany and Italy in 2005 (FAOSTAT 2007). These 
areas and volumes are likely to increase due to current and new schemes to protect forests. 
E.g. in Sweden the extent of protected forests will increase, because 900,000 ha productive 
forests is being set aside until 2010 (Swedish Forest Agency 2005). 
 
When interpreting the results of our study, it should be taken into account that in addition to 
the constraints examined, there are areas covered by other mandatory protection and 
protective schemes (MCPFE 2007), which limit the availability of wood even further. These 
schemes aim at protecting soil, water etc., and also limit the availability of wood. Besides 
explicit designation of an area for biological or landscape diversity protection, several 
countries have developed management guidelines and/or forest legislation, which affect the 
availability of wood as well, e.g. by green tree retention. Eriksson et al. (2007) estimated that 
the Swedish forestry Act reduces the potential supply of wood in Sweden by 6.5%. 
 
In addition to mandatory protection and protective schemes and management guidelines, 
several voluntary protection measures exist as well; e.g. forest certification. Forest 
certification was not developed to protect biological and landscape diversity as such; instead it 
is a market driven tool addressing the multiple functions of forests, of which biological and 
landscape diversity are two examples. The main certification schemes at the European level 
are Forest Stewardship Council (FSC) and Programme for the Endorsement of Forest 
Certification (PEFC), which cover about 79 million ha (FSC 2007; PEFC 2007). Eriksson et 
al. (2007) and SAVCOR (2005) estimated that the restrictions set by certification standards 
lead to a reduction of 13% of available forest area in Sweden, which could be translated in a 
reduction of felling potential of 15% in comparison to the maximum economic potential from 
productive forests (Eriksson et al. 2007). Forest certification may therefore also reduce the 
availability of wood in Europe. However, the results for Sweden cannot be extended to other 
countries, because certification requirements vary among countries. An analysis of such 
voluntary protection measures in different European countries is currently not available and 
should be subject of further investigations. 
 
In this study, we aimed to provide an estimate of the area and wood volumes affected by 
exploitation restrictions in Europe. These restrictions affect the wood that can be harvested by 
the forest owners and consequently the amount of wood available to industry. Several studies 
aimed to quantify the impacts of conservation on forest owners and industry. Economic 
impacts of increasing conservation (and certification) on forest owners seems to be limited, 
because the reduced harvest volumes are generally compensated by increased timber prices, 
due to the reduced availability of wood (Bolkesjø et al. 2005; Hänninen and Kallio 2007; 
Kallio et al. 2006; Leppänen et al. 2005; Linden and Uusivuori 2002). The biggest economic 
impact of increasing conservation (and certification) seems to be on the forest industries that 
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rely on roundwood as a raw material, because they need to pay higher prices. The pulp and 
paper industries also face reduced availability of wood, but the economic impacts appear to be 
smaller, because the roundwood costs represent a quite small share in the total production 
costs (Hänninen and Kallio 2007; Kallio et al. 2006; Schwarzbauer and Rametsteiner 2001). 
 

4.2 Uncertainties 
The estimates of impacts of protection schemes on wood availability presented in this study 
can be seen as the best available estimate, considering the incomplete and often 
heterogeneous underlying data. Several studies have compared available data on PFAs across 
Europe and highlight the wide variety in terminology used to denote protected areas and an 
even greater variety in silvicultural implications (see e.g. Frank et al. 2007). This complicates 
comparisons and impact assessments at the European level. We therefore decided to use 
European-wide datasets with common definitions, but also these databases have limitations. 
For instance, in the area estimations of PFAs, we found considerable differences in the 
estimates of PFAs in the UNEP and MCPFE datasets. Frank et al. (2007) compared the 
MCPFE dataset with protected areas in UNECE-FAO (2000) and explained the differences by 
differences in interpretation of the descriptions of the protection classes, different agencies 
reporting on PFAs, and differences in years for which data are presented (Frank et al. 2007). 
These factors may explain some of the differences observed in the MCPFE and UNEP 
datasets as well. Additionally, different classification systems (and their criteria) result in 
different area estimates of protected forests. The IUCN system includes especially larger 
entities of single protected areas. The MCPFE classification includes also smaller areas and is 
therefore better suited for the European situation (Parviainen and Frank 2006). For these 
reasons we consider the estimate based on MCPFE dataset of wood volumes affected by 
forest biodiversity protection schemes as most reliable. 
 
Another decision we had to take was related to the question how to calculate the 
unconstrained potentials in PFAs. Our decision was based on reasons indicated in Chapter 
2.3, but also on available data (i.e. TBFRA dataset). According to the definitions, most 
protected areas should be concentrated in forest not available for wood supply. The average 
increment in forests not available for wood supply is usually less than is the increment in 
production forests (i.e. forest available for wood supply) (UNECE-FAO 2000; Annex: Table 
IV), because it includes also forests that are located in less productive regions. Protected 
forests may also be located in these less productive areas; for instance Finland’s and 
Sweden’s protected areas are mainly located in the Northern parts (Peltola 2007; Loman 
2007), with typically low productivity. However, data on the exact location of all protected 
forests in Europe are not available, or not complete (see Chapter 2.2). The increment of 
protected forests may therefore exceed the average increment of forests not available for 
wood supply, but is probably less than the increment of production forests. Other important 
factors are that protected forests are usually older than are production forests and therefore 
less productive, but they may also represent a larger felling volume potential due to their age-
structure. We therefore decided to use an average increment, based on the total forest area. 
 
Related to the issue on the location of protected forests is the question whether a (protected) 
forest is economically accessible. A forest that is included in the total unconstrained potential 
may be economically inaccessible, thus reducing the potential supply of wood from forests. 
However, when a protected forest would be located in an inaccessible area, then the impact of 
a protection policy could be considered negligible. The wood could not be felled in such a 
case, regardless of its protection status. 
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The felling restrictions in PFAs in Europe are based on assessments by national experts and 
offer a unique source of information on felling restrictions in PFAs. The felling restrictions 
represent the limitations in wood extraction in comparison to a baseline management. This 
baseline can correspond to a maximum sustainable felling potential (e.g. the net-annual 
increment as in our study) or to the national management practices in productive forests, 
according to national or regional legislation. For instance, it was already mentioned that in 
Sweden the forestry act reduces the supply of wood by 6.5% compared to the total economic 
potential of productive forests (Eriksson et al. 2007). The COST E27 dataset used in this 
study to calculate the felling restrictions in PFAs does not clarify what baseline management 
is considered for comparison. Thus it is likely that the application of a baseline different from 
the unconstrained potential used in our study affects our estimates. 
 
 
Box 4.1. Summary of study limitations 

The assessment of impacts of biological and landscape diversity measures on the availability of 
wood required several assumptions, mainly due to information gaps. These assumptions produce 
uncertainties and, consequently pose limitations to the study. 
Possible factors that could lead to an overestimate of the reduction in wood supply: 
• The maximum unconstrained felling potential is assumed to be equal to the NAI, but this 

theoretical potential is probably higher than the real potential because it does not take into 
account technical, economical and social constraints that might reduce the amount of wood that 
can be extracted; 

• Protected forest areas are often located in areas with lower site quality and they could therefore 
represent a smaller potential than the potential of an ‘average’ forest; 

• Protected forests are often not cut and may therefore be older and have a lower increment and 
consequently represent a lower felling potential; 

• It is unclear to what extent forest protection limits wood supply in comparison to restrictions 
set by forest management guidelines. Forest management guidelines may also impose 
restrictions on management. If a forest would not be protected, than it would still be subject to 
these management guidelines; 

Possible factors that could lead to an underestimate of the reduction in wood supply:  
• The study is limited to protected forest areas. Impacts of management restrictions related to 

biodiversity and landscape protection on wood supply from production forests were not 
assessed; 

• Temporarily, and in a limited number of cases, annual allowable cuts may exceed the 
maximum potential in this study when management aims to change the forest structure (i.e. 
when the annual allowable cut exceeds the net annual increment); 

• Net annual increments (m3 ha-1 yr-1) are increasing in most countries (MCPFE 2007) and 
therefore the felling potentials may be higher as well; 

Other factors that could result in uncertainties: 
• Different figures are provided by different data sources; the most updated dataset (MCPFE 

2007) was judged most reliable; 
• Converting semi-quantitative restriction classes (COST E27 dataset) to percentages of felling 

restriction required assuming equal class widths; 
• Some countries were missing in the COST E27 dataset and felling restrictions from other 

countries had to be applied. 
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5. Conclusions 
 
Protection of biological and landscape diversity in forests clearly has an effect on potential 
supply of wood from European forests. The extent of protected forest areas and the felling 
restrictions imposed on these forests vary considerably across Europe. There does not seem to 
be a relation between the level of protection (i.e. distribution of PFAs over MCPFE classes) 
and the average felling level in PFAs. Overall, restrictions in Eastern European countries are 
stricter than they are in other parts of Europe. 
 
Based on available data and their compatibility with the often small-sized protected forest 
areas in Europe, we estimate that about 29 million ha of forests is protected in the 29 
countries included in our study. On average 48% of the volume cannot be felled in forest 
areas protected for biodiversity and 40% in forests protected for landscape diversity. 
Consequently, the potential supply of wood from European forests is reduced by 68 million 
m3 due to biological and landscape diversity protection. 
 
An increasing share of forests is managed according to certification standards and several 
countries have developed management guidelines or legislation. Both the certification 
standards and the management guidelines focus inter alia on biological and/or landscape 
diversity. The requirements set by certification schemes or management guidelines result in 
an additional reduction of the available forest area and of the potential supply of wood. 
Further study is required to provide a more complete overview of area and wood volumes 
affected for maintaining or enhancing biological and landscape diversity in European forests. 
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Glossary 
 
Constrained felling potentials (m3 o.b.) 
Wood volume that can be felled after taking into account felling restrictions set by biological 
and landscape diversity protection or certification schemes (management restrictions resulting 
from other forest functions and economical/social factors limiting accessibility are not taken 
into account). The volume includes trees or parts of trees (e.g. stumps, stem tops, large 
branches, etc.) that are felled, but usually not removed from forest. 
 
Felling restriction (%) 
Restrictions applied to comply with biological and landscape diversity protection or forest 
certification requirements that limit the volume of wood that can be felled. 
 
Net annual increment (m3 o.b. ha-1 yr-1) 
The net annual increment is the average annual volume increment over a given reference 
period less the volume of natural losses on all trees to a minimum diameter of 0 cm diameter 
at breast height (after UNECE-FAO 2000). 
 
Unavailable felling biomass (tonnes) 
Living biomass above the soil, including stem, stump, branches, bark, seeds and foliage 
(MCPFE 2007) that cannot be felled due to restrictions set by biological and landscape 
diversity protection or forest certification schemes (management restrictions resulting from 
other forest functions and economical/social factors limiting accessibility are not taken into 
account). 
 
Unavailable felling volume (m3 o.b.) 
Stem volume that cannot be felled due to restrictions set by biological and landscape diversity 
protection or forest certification schemes (management restrictions resulting from other forest 
functions and economical/social factors limiting accessibility are not taken into account). The 
volume includes trees or parts of trees (e.g. stumps, stem tops, large branches, etc.) that are 
felled, but usually not removed from forest. 
 
Unavailable removal volume (m3 o.b.) 
Stem volume that cannot be removed due to restrictions set by biological and landscape 
diversity protection or forest certification schemes (management restrictions resulting from 
other forest functions and economical/social factors limiting accessibility are not taken into 
account). The volume excludes trees or parts of trees (e.g. stumps, stem tops, large branches, 
etc.) that are felled, but usually not removed from forest. 
 
Unconstrained felling potentials (m3 o.b. or m3 o.b. ha-1) 
A theoretical maximum wood volume that can be felled not taking into account felling 
restrictions, management restrictions due to other forest functions, and economical/social 
factors limiting accessibility. The volume includes trees or parts of trees (e.g. stumps, stem 
tops, large branches, etc.) that are felled, but usually not removed from forest. 
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Annex 
Table I. Description of protected forests within the MCPFE classes 1 and 2 (MCPFE 2003) 
MCPFE class 1.1 MCPFE class 1.2 MCPFE class 1.3 MCPFE class 2 
No active intervention Minimum intervention Conservation through 

active management 
Landscapes and 
specific natural 
elements 

The main management 
objective is biodiversity

The main management 
objective is biodiversity

The main management 
objective is biodiversity

The main management 
objective is protection 
of landscapes and 
specific natural 
elements 

No active, direct human 
intervention is taking 
place 

Human intervention is 
limited to a minimum 

A management with 
active interventions 
directed to achieve the 
specific conservation 
goal of the protected 
area is taking place 

The use of forest 
resources is restricted 

Activities other than 
limited public access 
and non-destructive 
research not 
detrimental to the 
management objective 
are prevented in the 
protected area 

Activities other than 
those 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 

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 

Interventions are 
clearly directed to 
achieve the 
management goals of 
landscape diversity, 
cultural, aesthetic, 
spiritual and historical 
values, recreation and 
specific natural 
elements 
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Table II. Description of protected areas within the IUCN classification system (IUCN 1994) 
IUCN category Ia IUCN category Ib IUCN category II IUCN category III IUCN category IV 
Strict nature reserve Wilderness area National park Natural monument Habitat/species management 

area 
Area possessing some 
outstanding or representative 
ecosystems, geological or 
physiological features and/or 
species, available primarily 
for scientific research and/or 
environmental monitoring 

Large, unmodified or slightly 
modified area retaining its 
natural character and 
influence, without permanent 
or significant habitation, 
which is protected and 
managed to preserve its 
natural condition 

Natural area designated to 
protect ecological integrity of 
on or more ecosystems, 
exclude exploitation, and to 
provide a environmentally 
and culturally compatible 
foundation for spiritual, 
scientific, educational, 
recreational and visitor 
opportunities 

Area containing specific one, 
or more, natural/cultural 
feature, which is of 
outstanding or unique value 
because of its inherent rarity, 
representative or aesthetic 
qualities or cultural 
significance 

Area subject to active 
intervention for management 
purposes to ensure 
maintenance of habitats 
and/or to meet the 
requirements of specific 
purposes 

Objectives: 
• Preserve habitats, 

ecosystems and species 
• Maintain genetic resources 
• Maintain ecological 

processes 
• Safeguard landscape 
• Secure natural environment 
• Minimise disturbance 
• Limit public access 

Objectives: 
• Ensure availability of areas 

largely undisturbed by 
human action for future 
generations 

• Maintain essential natural 
attributes and qualities 

• Provide public access at 
appropriate levels and 
maintain wilderness for 
present and future 
generations 

• Enable indigenous human 
communities to maintain 
their lifestyle 

Objectives: 
• Protect natural and scenic 

areas of (inter)national 
significance 

• Perpetuate physiographic 
regions, biotic 
communities, genetic 
resources and species 

• Manage visitor use 
• Eliminate and prevent 

exploitation inimical to 
purposes of designation 

• Maintain respect for 
attributes that warranted 
designation 

• Take into account needs of 
indigenous people 

Objectives: 
• Protect or preserve 

outstanding natural features 
• Provide opportunities for 

research, education, 
interpretation and public 
appreciation 

• Eliminate and prevent 
exploitation inimical to 
purposes of designation 

• Deliver benefits to resident 
population consistent with 
other management 
objectives 

Objectives: 
• Secure and maintain habitat 

conditions 
• Facilitate research and 

monitoring together with 
sustainable resource 
management 

• Develop areas of public 
education and appreciation 

• Eliminate and prevent 
exploitation inimical to 
purposes of designation 

• Deliver benefits to 
inhabitants consistent with 
other management 
objectives 
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Table III. Forest areas with biological and landscape protection as primary objective in 2005 
(MCPFE 2007; UNEP 2000) 

Biodiversity Landscape 
diversity 

MCPFE UNEP (IUCN) MCPFE 
Class 1.1 Class 1.2 Class 1.3 Class 1 Classes I-IV Class 2 

Country 

1000 ha 
Austria 0 28 89 117 139 902
Belgium 0.8 4.7 6.8 12.3 1.2 27.3
Bulgaria 33 115 2 150 142.7 128
Cyprus 4.8 15.7 0 20.5 n.d. 0
Czech 15 0 67 82 75.8 584
Denmark 6 5 81 92 13.2 0
Estonia 131 43 115 289 95.5 165
Finland 713 715 252 1680 793.3 476
France 8 95 75 178 172.4 3171
Germany 0 130.5 2634.1 2764.6 226.4 5007
Greece 159 n.d. n.d. 159 109.8 n.d.
Hungary 3.4 8.1 61.2 72.7 62.7 351.3
Ireland 5.7 n.d. n.d. 5.7 6.5 n.d.
Italy 240 1295 1399 2934 530.4 1019
Latvia 9 154.9 132.3 296.2 53.5 140.9
Lithuania 26 0 167 193 66.4 94
Luxembourg 2 0 27.9 29.9 0.4 0
Malta 0 0 0 0 0 0
the Netherlands 3 28 23 54 13.6 33
Norway 0 156 0 156 203.6 n.d.
Poland 69 0 226 295 147.9 1403
Portugal 0.9 8.9 n.d. 9.8 30.8 938.4
Romania 136.2 83.8 178.4 398.4 208.9 140.5
Slovakia 81.9 15.5 237 334.4 167.8 501.3
Slovenia 9.6 0 6 15.6 48 51.3
Spain* 4.1 100 32.3 136.4 662.3 1205.2
Sweden 78 1055 42 1175 1060.9 68
Switzerland 11.9 16.9 64.4 93.2 48.8 227.4
United Kingdom 7 3 135 145 10.1 646
Total 1758.3 4077 6053.4 11888.7 5091.9 17279.6
* Data from 2000 
n.d.: no data 
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Table IV. Net annual increment and unconstrained felling potentials (UNECE/FAO 2000) 
Forest available for 

wood supply 
Forest not available 

for wood supply 
Total forest area Country 

m3 o.b. ha-1yr-1 

Austria 8.16 1.02 7.2
Belgium 8.04 5.85 8.0
Bulgaria 3.28 3.73 3.3
Cyprus 1.03 0.62 0.8
Czech 7.95 5.07 7.9
Denmark 7.27 0.00 7.2
Estonia 3.69 3.75 3.7
Finland 3.51 0.99 3.4
France 6.38 1.33 6.2
Germany 8.78 2.76 8.4
Greece 1.14 1.11 1.1
Hungary 5.83 3.84 5.7
Ireland 5.95 4.55 5.9
Italy 3.11 3.07 3.1
Latvia 4.58 4.56 4.6
Lithuania 5.04 4.47 5.0
Luxembourg 7.78 0.00 7.8
the Netherlands 7.02 4.92 6.9
Norway 3.33 1.12 2.8
Poland 4.75 5.35 4.8
Portugal 6.80 0.95 4.2
Romania n.d. n.d. 5.1
Slovakia 7.23 4.91 6.9
Slovenia 5.92 3.23 5.8
Spain 2.73 0.50 2.2
Sweden 4.02 1.44 3.5
Switzerland 7.69 6.13 7.5
United Kingdom 6.92 0.28 5.9
n.d.: no data 
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Table V. Constrained wood potentials from PFAs 
Biodiversity Landscape diversity 

MCPFE UNEP (IUCN) MCPFE 
Class 1 Classes I-IV Class 2 

Country 

1000 m3 1000 tonnes 1000 m3 1000 tonnes 1000 m3 1000 tonnes 
Austria 417.3 211.4 495.8 251.2 5842.2 2959.9
Belgium 14.8 10.7 1.4 1.0 110.4 79.3
Bulgaria 158.0 105.4 150.4 100.3 134.8 89.9
Cyprus 3.6 1.9 n.d. n.d. 0.0 0.0
Czech 223.0 157.3 206.1 145.4 2825.4 1993.4
Denmark 436.3 228.6 62.6 32.8 0.0 0.0
Estonia 381.3 220.9 126.0 73.0 342.2 198.3
Finland 1448.5 932.5 684.0 440.3 498.8 321.1
France 727.8 519.2 704.9 502.9 13066.3 9321.9
Germany 15437.8 9178.8 1264.2 751.7 28100.7 16707.8
Greece 70.0 38.8 48.3 26.8 n.d. n.d.
Hungary 143.3 92.0 123.6 79.4 1232.5 791.4
Ireland 21.3 10.8 24.3 12.3 n.d. n.d.
Italy 2713.7 1954.6 490.6 353.3 963.4 693.9
Latvia 483.9 288.4 87.4 52.1 361.8 215.6
Lithuania 341.6 178.5 117.5 61.4 261.5 136.6
Luxembourg 154.6 93.7 2.1 1.3 0.0 0.0
Malta 0.0 0.0 0.0 0.0 0.0 0.0
the Netherlands 176.8 120.9 44.5 30.4 114.4 78.2
Norway 243.4 161.3 317.6 210.5 n.d. n.d.
Poland 488.2 289.2 244.8 145.0 4131.6 2447.1
Portugal 20.7 8.6 65.2 27.1 2659.9 1106.5
Romania 941.2 627.7 493.5 329.1 344.5 229.8
Slovakia 793.5 535.8 398.2 268.8 2116.6 1429.1
Slovenia 38.6 24.8 118.8 76.2 144.0 92.4
Spain 200.3 134.0 972.7 650.7 1785.5 1194.3
Sweden 1768.4 1017.7 1596.7 918.9 102.8 59.2
Switzerland 435.0 240.1 227.8 125.7 1593.9 879.6
United Kingdom 293.4 164.0 20.4 11.4 1506.5 841.9
Total 28576.3 17547.3 9089.3 5678.9 68239.8 41867.3
n.d.: no data 
 




