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Alterra is the main Dutch centre of expertise on rural areas and 
water management. It was founded 1 January 2000. Alterra 
combines a huge range of expertise on rural areas and their 
sustainable use, including aspects such as water, wildlife, forests, the 
environment, soils, landscape, climate and recreation, as well as 
various other aspects relevant to the development and management 
of the environment we live in. Alterra engages in strategic and 
applied research to support design processes, policymaking and 
management at the local, national and international level. This 
includes not only innovative, interdisciplinary research on complex 
problems relating to rural areas, but also the production of readily 
applicable knowledge and expertise enabling rapid and adequate 
solutions to practical problems. 

The many themes of Alterra's research effort include relations 
between cities and their surrounding countryside, multiple use of 
rural areas, economy and ecology, integrated water management, 
sustainable agricultural systems, planning for the future, expert 
systems and modelling, biodiversity, landscape planning and 
landscape perception, integrated forest management, geo-
information and remote sensing, spatial planning of leisure 
activities, habitat creation in marine and estuarine waters, green belt 
development and ecological webs, and pollution risk assessment. 

Alterra is part of Wageningen University and Research Centre 
(Wageningen UR) and includes two research sites, one in 
Wageningen and one on the island of Texel. 
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Abstract 

The aim of the work underlying this thesis was to develop an approach for making 

projections of the European forest resource. It was also to perform such analyses of the 

future development and management of European forests under possibly conflicting 

demands for nature and wood products, under the assumption that a change towards 

a nature-oriented forest management would become increasingly important. 

The approach taken was a quantitative modelling study of the forest resource, its 

management and the forest sector. The modelling involved simulating the development 

of a (delineated) forest area under alternative management regimes. This approach had 

to allow the outcome of alternative forest management regimes to be quantified, given 

certain national or European level goals. The outcomes had to provide reliable 

information on wood supply, biodiversity value as revealed by indicators, and the 

sustainability of the management. 

It was shown that a nature-oriented forest management is very feasible in 

European forests. The local changes in management will lead to higher biodiversity 

value at the sites where they are applied and will not lead to shortfalls in wood 

production in the short to medium term. A striking - quantified - finding is the inertia 

of a large forest resource, i.e. (modest) changes in management affect the autonomous 

development of a forest resource to a certain extent only. Management changes 

beginning today will only show a visible impact after some 5 to 6 decades. These 

characteristics of European forests provide owners and policy makers with considerable 

freedom in how to use their forests. 

Although the forest resource in Europe is large and increasing, the results have 

shown that felling levels and mortality rates will be very close or in some cases above 

the net annual increment. This is paradoxical: a large and increasing forest resource, yet 

difficulties in producing sufficient amounts of wood to meet demand. Nature-oriented 

management not only leads to increased biodiversity values at the sites where it is 

applied, but may also endanger the sustainability of the forest management in other 

regions, because the same amount of wood has to be produced in a smaller area. 
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1 European forests in the 21st century: impacts of 

nature-oriented forest management assessed 

with a large-scale scenario model 

1.1 Introduction 

1.1.1 Background 

The title on the cover of this thesis could just as well have been 'Society wants it all'. 

That would reflect the increasing types of demands that the urbanised societies of 

Europe are making of their forests. These urbanised societies have often lost touch with 

their dependence on their natural resource base. Thus they regard their natural 

resources in a romantic way as 'wild and pristine nature'. At the same time they 

consume far more of its products than their rural based ancestors. The challenge for 

forest managers is to meet this growing and diversifying demand for forest-based 

products in a manner that is economically, socially, and environmentally sustainable, to 

ensure that future generations enjoy the same benefits from the forest that we enjoy 

today. 

The global forest resource is huge; it was 3.45 billion ha in 1995, which is 27% 

of the total land area (FAO 1997b). With annual global fellings of industrial 

roundwood amounting to 1.4 billion m 3 yr and a net annual increment in temperate 

and boreal forests alone of as much as 2.5 billion m 3 yr"1, unsustainable pressure and 

conflicts concerning the use and preservation of the forest ecosystems seem unnecessary 

and unlikely (UN-ECE/FAO 2000c). Unfortunately, this is far from the case, as is very 

clearly shown by the annual net decrease in world forest area of 11.3 million ha (FAO 

1997b). 

The global forest sector finds itself evolving dynamically in a rapidly changing 

world. The United Nations Conference on Environment and Development 

(UNCED), held in Rio de Janeiro in June 1992, provided impetus and commitment 

to international activity focused on the world's forests. This has intensified in recent 

years. Never before has so much attention been paid to global forest issues in the 

popular press, and have there been so many regional and international initiatives on 

various aspects of forest conservation and management, and so many demands made 

on forests to address the multitude of needs and concerns of diverse interest groups. 

The context and the expectations facing forestry today and in the future are complex 

and challenging (FAO 1997b). 

The often conflicting demands come together very clearly in the European 
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forests, the most intensively managed world forest region. The primeval forests that 

once covered most of this land area have been being degraded for thousands of years, 

starting more than 5000 years BR However, in the early 19th century a process of 

spontaneous and sometimes deliberate afforestation started, because less land was 

needed for agriculture. The result is a forest resource in Europe that today amounts to 

149 million ha of forests available for wood supply (UN-ECE/FAO 2000c). 

The present area of remaining primary forest is estimated at around 350 000 ha 

and the area of natural forests at around 3 million ha (Diaci 1999). The afforestation 

has resulted in a forest cover of 34% of the land area in Europe and in the current 

average age of a forest estate being 57 years. The average standing volume is 142 m3 ha"1 

and the net annual increment is 4.6 nr'ha'^vr"1 (Schelhaas et al. 1999; UN-ECE/FAO 

2000b). The annual net forest area increase in European countries is very small, 

amounting to 0.51 million ha yr"1 (UN-ECE/FAO 2000b), despite an annual 

deforestation of 0.075 million ha yr"1 in the EU countries (Liski et al. 2000). 

This thesis deals with the issue raised above and tries to provide insight into 

long-term European forest development under alternative demand and management 

scenarios. The introduction to this synthesis outlines global and European forest 

management issues, section 1.1.7 then explains the paradigm 'nature-oriented forest 

management'. The aim of this study is described in section 1.1.8, on the basis of some 

of the issues. The methods and data used in the European Forest Information Scenario 

Model (EFISCEN) are given in section 1.2, after which results are presented for each 

section of the study (section 1.3). Overall results are discussed in section 1.4, together 

with an evaluation of the approach. 

1.1.2 Wood supply and demand 

Europe was 85% self-sufficient in wood until the mid 1990s, but at present is a small 

net exporter (UN-ECE/FAO 1996; COMTRADE 1998). It is very difficult to predict 

how the demand and supply will develop. On the supply side a decline of the global 

forest resource is apparent, which may put more pressure on wood production from 

European forests in the future. On the other hand, fewer forest owners in Europe 

depend on the forest for their income and forest ownership is changing. For example, 

in some countries, more and more forest is being acquired by nature conservation 

organisations which, after an initial period in which they remove exotic tree species 

rapidly, may not be willing to harvest wood. 

But ownership changes may also have the opposite effect. Privatisation of forests 

in eastern Europe and in the newly Independent States has in some cases led to sharp 

increases in the number of forest owners and in the level of harvesting, with a possible 

continuing financial interest in forests (Csoka 1998). Furthermore, when the Russian 

forest sector recovers from its present recession, it could flood the European wood 
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market and wood prices might fall (Anttonen & Petrov 1997). Additionally increased 

recycling of abandoned wood products may reduce the demand for raw material. 

Changes may occur in the near future on the demand side too. Impacts on the 

demand may result from the European Commission's goal to double the share of 

renewable energy - partly wood-based - to reach 12% by the year 2010 (European 

Commission 1997). Studies suggest this may enhance demand by 163 million rrr yr"1 

and raise roundwood prices (Dielen et al. 2000). In addition to the impacts of such a 

new policy, demand may also increase with increasing GDP. For example, Tremborg et 

al. (2000) project that between 1994 and 2101, consumption of wood products in 

Europe will increase annually by between 0.78 and 2.77%, depending on commodity. 

For the USA, Haynes et al. (2000) project an overall consumption increase of 0.9% yr"1 

until 2050. Last but not least is the increasing consumer interest in sustainably 

produced timber which may give European wood an advantage over wood from other 

regions in the world. Furthermore, policy makers have recognised that forests are our 

only renewable resource that is able to produce environmentally friendly wood-based 

products in perpetuity. In some countries this, has already led to programmes 

stimulating the use of wood products. The net result of a combination of developments 

mentioned here is highly uncertain. 

1.1.3 Biodiversity and conservation issues 

Forests are generally seen by the public as refuges for nature in Europe, even though 

due to continuous management activities the European forests deviate from the 

potential natural vegetation (Uuttera et al. 1997). Other reasons in addition to 

management that have brought about the deviation from potential natural vegetation 

are environmental degradation and the isolated location of forests as patches in an 

agricultural and urbanised landscape. On the other hand, the managed forest is also 

reported to be more diverse at the landscape scale, and in many cases the long history 

of management has created very rich cultural forest types (Kirby & Watkins 1998). In 

general it is widely agreed that the nature conservation and biodiversity function of 

European forests is becoming more important (Glück et al. 1999; Farrell et al. 2000). 

As a result, the perception of forest management and the philosophies underlying it are 

gradually changing (Kennedy et al. 1998). This gradual change in perception is being 

strengthened by local problems with monocultures (Klimo et al. 2000). 

All over Europe, forest management aims to enhance the nature conservation 

value of forests (Pelkonen et al. 1999). Some of the important underlying driving 

factors are post-modernization tendencies in societies and the continuing alienation of 

people from their land base. Such nature-oriented management philosophies are 

reflected not only in the highly urbanised societies, but also in traditional forest 

dependent economies. On a small scale at local level these changes will most likely lead 
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to a major change in the constitution of the European forests, particularly when backed 

up by a European forest policy strategy (Fischler 1998) or international conventions 

such as the Habitat Directive, the EU Biodiversity Strategy and the NATURA 2000 

programme. This may result in shifts in the main wood-producing regions in Europe 

and thus in the international trade flows in wood products. 

1.1.4 Environment and carbon sequestration issues 

Environmental changes (e.g. climate change) will have large implications for the long-

term development and existence of the forest resource. Small changes in precipitation 

pattern, temperature and the occurrence of storms will affect critical processes such as 

regeneration and seedling establishment, occurrence of insects and fungi, soil organic 

matter decomposition, nutrient availability, competition between tree species, and 

stability of mature stands (Kirschbaum et al. 1996; Kellomäki et al. 2000). Climate 

change will thus affect the role that European forests play in the future terrestrial 

biospheric carbon balance. European forests are currently estimated to compensate for 

11% of Europe's C 0 2 emissions from fossil fuel (Nabuurs et al. 1997; Martin et al. 

1998; Liski et al. 2000; Valentini et al. 2000). That is almost double the emission 

reduction that the EU is committed to in the Kyoto Protocol (Watson et al. 2000). 

Whatever forest management regime might finally be adopted under the Protocol, 

measures to continuously increase the standing volume or at least keep it on the present 

level, seem likely responses. This may generate a new source of finance for forestry. For 

example, through the introduction of C 0 2 emission taxes carbon has acquired a 

monetary value, estimated at 57 Euro per ton C 0 2 in Norway and comparable to the 

stumpage value of wood as a raw material (Solberg 1995). Owners may therefore start 

looking at their forest not only as a raw material for industry but also as a reserve of 

carbon. 

Other environmental issues are: 

An ongoing defoliation of the forests in Europe. In 1999 almost a quarter of all 

trees inventoried in Europe were classified as moderately to severely damaged 

(UN-ECE 2000a); 

In recent decades the increment of European forests has increased, though not 

all the causes for this are known (Spiecker et al. 1996; Karjalainen et al. 1999); 

In some years storm damage has been equivalent to 1/3 of the total European 

fellings (Schelhaas et al. in prep; UN-ECE/FAO 2000b). 
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1.1.5 Employment and rural development issues 

Since 1987 there has been a downward trend in the number of farms possessing forest 

(Wermann 1999). That is partly caused by the poor profitability of European forests, 

which averages Euro 65 ha^yr"1 (Pelkonen et al. 1999; Niskanen pers. com.). But that 

latter factor also depends on the changing character of the private ownership: namely 

that fewer owners depend on the forest for their income (Peck 1998). In many 

countries ownership is dominated by the state, but in others, such as Finland and 

Sweden, a large proportion of the forest is owned by forest industry. Yet even in those 

two countries where the forest is close to 70% of the land area, forestry accounts for 

less than 5% of national employment (Päivinen et al. 1999). On the other hand, forests 

provide financial benefits to a much wider community than just the forestry sector. 

Through recreation and tourism the existence of forests provides substantial financial 

benefits to regional economies, thus keeping the rural areas alive. 

1.1.6 Addressing issues with large-scale scenario models 

The advent of computerised simulation techniques has enabled several of the issues in 

forests and forestry mentioned above to be analysed at a multitude of scales. These 

studies are being carried out in increasing detail for ever more complex problems. These 

scales of study can range from the individual stand and forest company to national and 

sometimes continental levels. Eleven European countries have or have had a national 

forest resource model that traditionally analysed the wood supply to the industry 

(Nabuurs & Päivinen 1996). These eleven countries cover less than half of the 

European forests and each national model has been designed to deal with specific 

national circumstances, national data availability, and national forestry-related 

problems. Thus, there is no such thing as 'the best model' and none of the models 

provides the final answer. For example, in the USA, where several models are available 

for forest resource assessments, controversy over the sustainability of the harvesting 

level seems merely to have intensified (Nilsson et al. 1999), and projected harvesting 

levels are insufficient to meet domestic demand (Haynes et al. 2000). 

Outputs of European national forest resource models are difficult to compare 

between countries because of differences in the level of detail, differences in input 

variables and the modelling methods. The national models are now generally evolving 

to consider a wider variety of issues. 

European-scale forest scenario studies have rarely been carried out. One 

exception is the study by Nilsson et al. (1992). Another is the European Timber Trend 

Studies, the fifth of which was completed in the early 1990s (Pajuoja 1995; UN-

ECE/FAO 1996). However, the latter used a rather simple and static approach for the 

forest resource projection. Also, the methods differed greatly between the countries. 
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This leaves a large gap in forest resource analyses in Europe, between the local studies 

(Pukkala et al. 1997) and the global forest sector studies (e.g. FAO 1997a; Tremberg et 

al. 2000). 

1.1.7 Defining nature-oriented forest management 

Nature-oriented forest management is a broad term that includes a wide variety of 

forest management strategies that optimise the maintenance, conservation and 

utilisation of forest ecosystems in such a way that the ecological and socio-economic 

functions are sustainable and profitable. It is advocated under a variety of names as 

Naturgemäss, Pro Silva, close to nature forestry, and others. Many of the ideas 

underlying these forestry strategies are already decades to a century old, but its 

widespread adoption becomes apparent only recently. Nature-oriented forest 

management always aims at a certain naturalness of the state and dynamics of the 

forests that is thought to be closer to the potential natural vegetation: the combination 

of species that eventually come into existence under the environmental conditions of 

today if man no longer exerts any influence and if the plant succession had time to 

reach its final stage. 

According to Pro Silva principles (one of the forms of nature-oriented forest 

management), forests provide four categories of benefit to society. These are: 

conservation of ecosystems, protection of soil and climate, production of timber and 

other products, and recreation, amenity and cultural aspects. A nature-oriented 

management implies that the silvicultural system changes from traditional (often) 

clear-cut management focussing on economically sustainable timber production, to an 

approach that values all categories of benefits of forests to society in an equal way 

(Larsson 1999). 

The final result of these changes may differ from case to case, but some 

similarities are obvious. All plans to create a more nature-oriented forest management 

(Table 5.1) include at least some goals about species, rotations, scale of forest 

operations, type of regeneration, level of game, use of herbicides and pesticides, use of 

natural processes, set-aside of forests for reserves, corridors between isolated patches of 

forest, avoidance of problems with monocultures, economic sustainability, and/or the 

amount of dead wood (Anonymous 1998; Farrell et al. 2000; De Goede 2000; Klimo 

et al. 2000; Naeset 1997; Schmidt 1998; Umans & Vandenbosch 1999). Because of the 

variety of goals and the fact that the changes in management take place gradually and 

its impacts are not that obvious for a long time, it is impossible to quantify the fraction 

of the European forests in which nature-oriented management is applied today. But, 

probably in more than half. 

Nature-oriented management however, does not necessarily mean abandoning 

all management practices, designating forests as strict reserves or reducing harvesting 
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levels. Sudden abandonment of all management can also decrease biodiversity value for 

a long time and nature-oriented management is therefore often accompanied by a 

transition period in management (Carlsson et al. 1997; Fries et al. 1998; Olsthoorn & 

Oosterbaan 1998). Up to now the forests designated as a strict reserve were developed 

where location or site quality is less suitable for exploitation, e.g. riparian zones, steep 

slopes, and northern boreal sites (Carlsson et al. 1997; Fries et al. 1998; Nassset 1997). 

This may change to a network of forest reserves that is representative for almost all 

types of potential natural vegetation in Europe. 

1.1.8 A im 

The aim of the work underlying this thesis was to develop and establish an approach 

for European forest resource analyses that would allow the analyses of several of the 

issues mentioned in the introduction. In addition, the present study aimed to perform 

such analyses of the future development and management of European forests under 

possibly conflicting demands for nature and wood products. Of all the issues 

mentioned in the introduction, the central one, in which several of the issues converge, 

was considered to be the change in management towards a nature-oriented forest 

management. This change in management has to do with trends in markets for wood 

products, with ideas in society being reflected in forest policy making, and with forest 

owners' objectives and choices. Furthermore it was also considered an issue that is not 

just a fad, but that would develop fast and have a large impact on the state of the 

European forests, their biodiversity and the assortments produced. 

The specific aim of each study was: 

To select a large-scale forest scenario model and apply it to a test region (chapter 

2); 

To validate the accuracy of the projections made with the selected model, the 

European Forest Information Scenario model (EFISCEN), to improve the 

model if necessary, and to simulate the forest development of one European 

country until 2050 (chapter 3); 

To amass a detailed and up-to-date European forest resource database and to 

simulate the development of the whole of the European forests until 2050, 

taking into account alternative scenarios of demand for wood products and 

nature in each country separately (chapter 4); 

To assess, using trade preferences for wood products, the international impacts 

of nature-oriented forest management in Europe until 2090 (chapter 5). 
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1.2 Methods and data 

As already noted, the approach followed was a quantitative modelling study of the 

forest resource, its management and the forest sector. The modelling entailed 

simulating the development of a (delineated) forest area under alternative management 

regimes. This modelling approach had to permit the outcome of alternative forest 

management regimes to be quantified, given certain national or European goals. The 

outcomes had to provide reliable information on wood supply, biodiversity value as 

revealed by indicators, and sustainability of the management. 

After reviewing the large-scale forest scenario models (Nabuurs & Päivinen 

1996), one modelling approach was selected and tested for the Leningrad region in 

Russia (section 1.3.1). This was done for the 3.8 million ha of forest land that is mostly 

under supervision of the Forest Committee. The study focuses on the difficulties in 

modelling increment on the basis of Russian forest inventory data. Furthermore it deals 

with the present recession in Russian economy and the current controversy about the 

sale of logging concessions in Russia. It also examines economic recovery scenarios and 

how those may affect the forest resource. 

Since the increment modelling was such a critical component, the complete 

model was validated using Finnish historical forest inventory data (section 1.3.2). In 

this, the first ever validation of the model, the model was parameterised with data from 

the Finnish inventory of the 1920s, and the results were compared with successive 

inventories up to 1992. The outcomes were used to refine the net annual increment 

modelling by incorporating regrowth after thinning and the ageing process. This 

improved EFISCEN model was reparameterised with the 1992 data and used to make 

a projection of these Finnish forests (19.6 million ha of exploitable forests) until 2050. 

The results were compared with the outcomes of the Finnish national forest resource 

model MELA (Siitonen & Nuutinen 1996). 

Next, a new detailed European forest resource database was amassed from 30 

countries (Table 4.2) and a projection of the total European forests was made for 1990 

- 2050 under alternative forest management regimes including nature-oriented 

management (section 1.3.3). The database reflects the situation of European forests 

around the late 1980s to the mid 1990s. Per country, forest types were distinguished 

by region, owner, site class, and tree species. This EFISCEN's European Forest 

Resource Database (EEFR) contains the area, growing stock, and net annual increment 

data per age class in each of these forest types. A total number of 2689 forest types were 

distinguished in the 138.9 million ha of usually exploitable forest that was covered 

(UN-ECE/FAO 1992). The growth functions were fitted on these inventory data, and 

thus represent the growth rates of the late 1980s to mid 1990s. Furthermore, data were 

gathered on the management regimes. 

In contrast to the previous areas, where the evenaged approach was followed, in 
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parts of Belgium, Italy, France and all of Spain (i.e. 20.9 million ha) a diameter 

distribution approach was used (Buongiorno & Gilless 1987; Buongiorno et al. 1995; 

Volin & Buongiorno 1996). A diameter distribution model was applied to the forest 

inventory data where the forest state is described by the distribution of the number of 

trees over diameter classes. 

Four scenarios that were thought to reflect the issues mentioned in the 

introduction were designed: 

1. Business as usual: here it is assumed that the present (1990) total national felling 

levels will stay the same throughout the simulation period. Management regimes 

are applied as they are today. This scenario attempts to find out what will happen 

to European forests if current management continues. 

2. Efiscen-ETTS: this assumes the felling levels projected by the UN-ECE/FAO s 

European Timber Trend Studies V (ETTS-V) for the period 1990-2040 (Pajuoja 

1995). The aim is to assess the forest development (e.g. growing stock, age 

classes, increment) under the felling levels as the UN-ECE foresees them and 

thus to verify those results. 

3. Maximum sustainable production: to find a maximum felling level under which 

the average standing volumes are maintained at present levels. 

4. Multifunctional scenario: a realistic increase in fellings is combined with changes 

in management that reflect a more nature-oriented management, e.g. fewer clear 

fellings, longer rotations, designation of reserves, tree species change. 

To address the international aspects of nature-oriented forest management, the model 

was elaborated with a dynamic trade module (section 1.3.4). With this module, runs 

are no longer made for individual countries; instead, management changes (and 

possible shortages of wood) have an influence on other European countries' forest 

management through wood products trade. A simple multiple-flow market-share trade 

model was built. Attempts were made to meet consumption in Europe by increasing 

national production or by adjusting import and export relations for the period 1990 -

2090. The forest resource projection was done for 21 countries (covering 98.3 million 

ha), while the trade relations were modelled for the thirty European countries. The 

trade flows of wood products, the trade preferences between European countries, and 

inertia were derived from a trade database and were assumed to represent the many 

factors that determine trade. The main interest lay in the development of the forest 

resource, its biodiversity value, the forest management, shortages that may occur 

through changes in this management, and how these shortages are distributed 

internationally. There is again then the link with some of the issues in the Russian case 

study described in chapter 2. 
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1.3. Results 

1.3.1 Testing a large-scale scenario model in the Leningrad region 

In the Russian forest inventory, the increment of a stand is derived from the estimation 

of growing stock. The mean annual increment (MAI), as it is called in Russia, is 

computed by dividing the net difference in growing stock at two points in time by the 

time period. When derived in this way, the values for increment are usually 2.5 to 3 m 3 

ha"1 yr"1 for the Leningrad region (Figure 2.4). This Russian MAI, however, takes no 

account of the natural mortality or decrease of volume brought about by thinnings 

(which together are called the Gross Annual Increment; GAI). Figure 2.5 therefore 

gives the current net annual increment (NAI) per tree species as derived from the yield 

tables and as it was used in the modelling approach. Thus the increment used in the 

simulation includes the increment of thinned trees as well (= NAI) and amounts to 4.1 

m 3 ha"1 yr"1 for the whole region. 

The scenario that assumes a recovery of the Russian economy and at the same 

time takes into account nature conservation value, shows that in the Leningrad region 

it is possible to return to the late 1980s felling levels within 20 years' time and to 

achieve a 2% production increase per year thereafter until at least 2030. This is 

possible, even if the older age classes (100 years and more for birch and aspen, 150 

years for spruce and pine) are set aside and more thinnings are used instead of clear-

cuts. In 2040 the average growing stock may be 276 m 3 ha"1. However, the managed 

part of the forest has a much lower average stock than the unmanaged part. The area 

of strict reserves has increased to 1.16 million ha by 2040. This 'recovery with nature 

conservation' scenario also resulted in a significantly larger forest area in the older age 

classes in 2040 compared to the recovery scenario (Figure 2.12). Partly due to this age 

class development, the average net annual increment decreases from 4.2 m 3 ha^yr"1 in 

1991 to 3.6 m3 ha '^r"1 by 2040. 

The impact of this scenario can also be seen in the figure displaying the forest 

area annually affected by management (Figure 2.11). This area increases from 39 000 

to 94 000 ha, partly because a larger volume is logged, but also because in this scenario 

it was stipulated that 50% of the total volume would have to come from thinnings. 

These thinnings, which mimic small-scale management and selective logging systems, 

thus affect a much larger forest area than if clearfellings had been carried out. 

1.3.2 Validating the model with historical Finnish forest inventory-

data 

The simulation of Finnish forests from 1923 to 1992 showed several deviations from 

what the inventories reported for that period. In some cases the age class distribution 
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simulated for 1963 deviated strongly from the inventory data, partly due to deviations 

in the way the matrix was initialised for the volume distribution per age class (Figure 

3.3). This appeared to be a consequence of a combination of the volume distribution 

and its development through time, but also of the way forest management was 

parameterised - namely as a final felling regime with the probability of felling 

increasing concomitantly with age and only defined by age, irrespective of the volume 

classes. Thus, areas with low volumes of wood are harvested at the same frequency as 

areas with high volumes. This, plus the fact that in an area matrix model the areas 

always disperse in the matrix more than might be desirable, creates a large area with 

regeneration fellings. Another cause of the deviation is the fact that EFISCEN 

calculated with 5-year time steps while the inventory data are given for 20-year age 

classes. This caused some areas to age too fast. Furthermore, the age class development 

and average volume per age was not simulated correctly because of limitations in 

parameterising management regimes that accurately reflect practice. 

The increment as simulated by the model for 1925 was 2.52 m3 ha"1 yr"1 (Figure 

3.6). Calculated from the forest inventory input file; the average annual increment was 

also 2.52 m 3 ha yr" . However, after 1963 the increment level as reported by the 

inventories starts to increase due to more intensive management. This transient 

increase was not simulated, so therefore the increment in the 1980s and 1990s was 

greatly underestimated. However, even taking into account the ageing difficulties and 

the transient growth changes, the model still underestimated increment by up to 17% 

(for Scots pine) in 70 years' simulation time (Figure 3.8). 

In response to the reported shortcomings, the model was improved in terms of 

the regrowth after thinning, the ageing, and the growth in high volume classes. It was 

then used to make a projection until 2050. This showed that a maximum sustainable 

felling level of 70.6 million m 3 yr"1 can be reached in Finland. Under that felling level 

the increment remains stable at 3.7 m 3 ha yr"1 and the average growing stock 

increases only slightly, to 106 m 3 h a . Under this scenario the age class distribution 

shifts strongly towards younger forests. In 1990, 10.3 million ha were younger than 60 

years, compared with 14.9 million ha in 2050 under the maximum sustainable scenario 

(Figure 3.7). Under the multifunctional forest management regime, the area of strict 

reserves gradually increases over time to an area of 1.4 million ha (or 7% of the 

exploitable forest). This comes about because not all ageing forests are harvested and 

they thus exceed the reserves limit of 170 years. Despite this, the total felling level is 

still 57.4 million m 3 yr"1, which is fairly realistic, and the growing stock increases to 

160.5 m 3 ha"1 (Figure 3.5). 

Comparing the results found with the Finnish national forest resource model 

MELA provided the following insights. At a national felling level of 70 million m 3 yr"1 

MELA shows that the growing stock declines slightly to 89 m 3 ha"1 (Ministry of 

Agriculture and Forestry 1999). At that felling level we found a growing stock 
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