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PREFPREFPREFPREFPREFAAAAACECECECECE

The world is faced with an increasing demand for resources. At the same time the
concerns about the environment, human well-being and nature conservation is increasing.
Forests play a substantial role in providing resources and environmental services. But how
should the forests in Europe look if they are to provide the highest ecological, economical
and social values in a sustainable way?

There are principally two approaches possible: One approach is to emphasize specific
aims at different locations. This segregative approach is investigated by the EFI Project
Centre IEFC “Institut Européen de la Forêt Cultivée”. A second approach aims to take into
account various strategies at the same location. This multifunctional and close-to-nature
approach is investigated at the EFI Project Centre ConForest “The question of conversion
of conifer forests naturally dominated by broadleaves”.

ConForest was founded in 2000 and is based in the Institute of Forest Growth at the
University of Freiburg. The main objective of the PC is to develop an integrated evaluation
of conversion strategies for secondary coniferous forests with respect to the ecological,
economic and social goals of forestry. Conversion in this context means the introduction
of additional species and / or the gradual change of vertical structure. This process aims
to reduce risks for damage as well as to improve sustainability of forests and their
multifunctional use on the European level. ConForest has over 80 actively participating
scientists involved, with 30 member institutes from 20 countries. The research of
conversion is pursued through the following 10 working groups: WG 1: Data Collection /
Inventory Data; WG 2: Inventory Methods; WG 3: Conversion Techniques; WG 4: Stand
Structures and Dynamics; WG 5: Soil and Water; WG 6: Biodiversity; WG 7: Carbon
Cycling / Sequestration; WG 8: Risk ; WG 9: Managerial Economics; WG 10:
Environmental Economics.

The IEFC, whose headquarters are in Bordeaux, researches the value of production
using plantation forests, and has 28 member institutes from countries on the Atlantic Arc
of Europe. The IEFC is an association that brings together research organisations,
Universities, technology transfer organisations and professional organisations who wish to
be involved in scientific cooperation and in the transfer about cultivated forests. This
network was the result of an initiative of the South Europe Foresters Union, and its
members are institutions from the Atlantic Arc. The research into cultivated or plantation
forests is split into six research groups: 1: Models; 2: Economics and Politics; 3: Genetics;
4: Forest Health; 5: Soils; and 6: Silviculture and Products.

The two Project Centres deal with the evaluation of forests for sustainability, though
clearly, under opposite principles. It is the common theme to which the PCs are
researching, i.e. that of forest products and services, which will be highlighted in this
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discussion paper. It creates a forum, where the validation of key parameters common to
both themes can be tested and compared.

The two Centres organized a joint conference on 21–23 May 2006 in Freiburg,
Germany: “Plantation or Conversion the Debate!”. Six important areas were identified: (1)
Inventory Methods, (2) Forest Production (Conversion Techniques), (3) Soil and Water, (4)
Biodiversity, (5) Forest Health (Risk) and (6) Economics. For each of these areas experts
of both Centres presented, compared and discussed their ideas. The summaries of these
presentations are printed in this volume. A summary of the discussions that arose between
the two centres during the conference is also presented.

Freiburg, 25 June, 2007.

Stuart Dedrick
Coordinator of ConForest

Heinrich Spiecker
Chairman of ConForest
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The subject of conversion is one that has increased in its relevance over the last few
decades. Since the Middle Ages and into the 20th century, human forest management has
expanded the borders of coniferous species beyond their respective natural range. Norway
spruce and pine species were notably promoted in this process, which was motivated by
widespread over-exploitation and devastation of forests, as well as the fear of timber
shortage. Consequently, extensive coniferous forests are presently found in many
European countries and have changed the natural species composition to the detriment of
native broadleaf forests. In recent years, forest disturbances caused by abiotic or biotic
influences, for example storms, insect attacks, and so on have brought about large scale
salvage cuts, in pure and commonly, even-aged coniferous stands. These occurred often on
sites that were naturally dominated by broadleaves. In some European regions, the volume
of the impact of these events is so high, that stability and resilience of the stands are
affected. Negative effects of coniferous forest, linked to the possibility of soil degradation,
endangers continuous and multifunctional forest use, and may also impact landscape
aesthetics and the sustainable development of certain (e.g. rural) areas.

However, the demands placed upon the forests by an increasingly large world
population dictate that there also need to be plantations of fast growing timber. Therefore
plantations and convertible forests are juxtaposed in their cycle of forest growth. This
implies that the societal demands placed on forests must in some way be placated and that
the doctrines of both systems must encompass all required facets. The most popularly used
term describing these needs is “Multifunctionality”. With the topics at hand, a key
question is “Where is the balance between segregative and integrative approaches to
multifunctionality?”.

Initial phases of the discussion identified that there was a great deal of overlap between
the apparently simple task of defining the two terms. Plantation forestry is open to the use
of natural regeneration in order to achieve sustainability. Close-to-Nature forestry uses
advanced planting of regeneration to overcome the initial period of forestation after large
areas become open, after storms, for example. It is also used as a method of introducing
species where seed trees are no longer part of the species demographic. Close-to-Nature
forestry also uses fertilisation techniques as well as other soil amelioration regimes, for
example, liming to increase soil pH. Therefore, in the drive for sustainability and
multifunctionality, there appears to be a high degree of cross-over between the two
seemingly opposing forestry techniques. To provide a definition from which the reader
may base their understanding in the context of this discussion paper:

INTRINTRINTRINTRINTRODUCTIONODUCTIONODUCTIONODUCTIONODUCTION
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Plantation forestry: the management of forests where the principle aim is to produce high
quantities of timber using market driven species in a sustainable way.

Close-to-Nature forestry: the management of forests where the principle aim is to provide
timber using site adapted species with self-regulating systems that are ecologically robust.

The delineation between the two regimes can therefore appear to be somewhat blurred –
the answer to the question of where is the balance between segregative and integrative
approaches and to which school it is most easily attributed is not an easy task. In addition
to this, there is the state of transition between a traditional plantation of monocultural,
non-native and anthropogenically forced forests, into the Close-to-Nature forests through
the exercise of conversion. This can in some instances go even further to mist the
boundaries between the schools. Conversion alters plantations in three principle ways: 1:
Species change; 2: Structural change; 3: Species and structure change. The aim of 1 is the
movement away from non-site adapted species e.g. spruce monocultures, by way of
introducing either native or site-adapted species that will fulfil the definition of Close-to-
Nature forestry as previously cited. The aim of 2 is the movement away from
homogeneous, one layer stands by increasing complexity of height classes within a given
area of forest. This can range from less than 0.25 ha for Plenterwald, to large areas of
group selection of up to 2 ha. The aim of 3 is a combination of both 1 and 2, though the
principles that can be used are different. For example, a species conversion alone would
start with light tolerant species e.g. birch. The combination approach would have to use at
least partially shade tolerant species, such as Silver fir or European beech.

A further consideration is forests from the human lifespan point of view – the usual
perception is that they are a fixture of the landscape, have always been there, will always
be there, and will never change. The short-scale temporal axis in which societies values
change, economies change and environmental conditions change, contrasts the speed in
which forests change. Hence there can be public dissatisfaction when large areas of forest
disappear whether it be through clear-felling, storm damage or the removal of trees to
reduce the impact of biotic degradation. The real change of forests is in actuality very slow
– even with some short-term plantations, the rotation length is roughly analogous with a
human lifetime, often longer. The conversion of a forest changes the management from a
stand rotation principle to an individual tree principle, and the change can take up to 150
years. Clearly, the imposition of the human temporal mindset differs from the development
of forests. The fast rates of change required of forests to accommodate the changes
required by society are neither analogous nor intrinsically intertwined. But the question
still remains as to how these requirements are to be met, and by which system? It is the
intention of this paper that new insights into both systems can be gained, and that the
development of the discussions may go some way to answering this critical question.



Inventories





© European Forest Institute, Discussion paper 13, 2007
Plantation or Conversion – The Debate!
Stuart Dedrick, Heinrich Spiecker, Christophe Orazio, Margarida Tomé, Inazio Martinez (eds.)

H. Sterba

ABSABSABSABSABSTRATRATRATRATRACTCTCTCTCT

The necessity of the conversions of conifer forests on sites originally dominated by
broadleaves is based mainly on site description. The options for conversion have to be
described in terms of the risks, which may follow conversion measures, like snow
breakage, wind throw and pests and the economic parameters describing the costs of
conversion and the value of the assumed conversion target. Finally to describe conversion
success, changes in species composition and/or stand structure, changes in stem quality
and regeneration success have to be monitored. For the evaluation of the site descriptors,
needed to judge the necessity of conversions it is imperative to use valid, accurate and –
because of the inventory costs – efficient site descriptors. To evaluate different options of
conversion, models are needed to enable the comparison between different options, i.e.
different conversion measures applied at different time schedules. Inventories in this case
may serve as the data base to develop and parameterize such models. The design of
inventories to monitoring conversion success must be based on permanent plots to
maximize the precision for the estimated changes (differences).

Compared with inventories in plantation forests, the observation of stand structure
including species composition, of stem quality, and the assessment of natural regeneration
are more important.

Keywords: permanent inventories; stem quality; natural regeneration; forest structure

INTRINTRINTRINTRINTRODUCTIONODUCTIONODUCTIONODUCTIONODUCTION

The main reasons for the conversion of coniferous forests on sites originally dominated by
broadleaves are anticipated risks in conifer stands. Risks of storm and snow damage, of
bark beetles and fungi, and soil degradation which may decrease growth. These risks will
be enhanced under the conditions of climate change affecting the suitability of sites for
certain tree species. While these latter risks do mainly concern forest owners directly, loss

INVENTINVENTINVENTINVENTINVENTORORORORORY METHODS TY METHODS TY METHODS TY METHODS TY METHODS TO INVESO INVESO INVESO INVESO INVESTIGTIGTIGTIGTIGAAAAATE THE NECESSITTE THE NECESSITTE THE NECESSITTE THE NECESSITTE THE NECESSITY OFY OFY OFY OFY OF,,,,,

THE OPTIONS FTHE OPTIONS FTHE OPTIONS FTHE OPTIONS FTHE OPTIONS FOR AND THE SUCCESS OF FOR AND THE SUCCESS OF FOR AND THE SUCCESS OF FOR AND THE SUCCESS OF FOR AND THE SUCCESS OF FORESORESORESORESORESTTTTT

CCCCCONVERSION ON A LONVERSION ON A LONVERSION ON A LONVERSION ON A LONVERSION ON A LARARARARARGER SCGER SCGER SCGER SCGER SCALEALEALEALEALE
ConForest
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of biodiversity, change of water quality, habitat quality for wildlife, and amenity are of
interest for other stakeholders and the society too.

Not all of these factors can be sufficiently evaluated by inventories. Individual examples
and experiments for conversion can be followed and evaluated in many details and to every
detail. Process oriented models to predict site quality changes in terms of nutrition and water,
will be needed. Based on net primary production, they will need links to statistical growth
models for biomass allocation and to implement forest management in an appropriate way.
Such “statistical” models need to be parameterized based on representative data, which in turn
can best be found in inventories, if their design is statistically sound. If conversions are
discussed or already performed on a larger scale sampling designs for inventories on the
enterprise level, regional level, and national level will be needed, even going beyond the
forest edge, i.e. taking the landscape level into consideration.

Thus, there are so many aspects to be taken into consideration, which generally are
subject to the validity, accuracy and efficiency of all multi-purpose inventories. Therefore
this discussion paper will only concentrate on a few topics, typical for monitoring
conversion on a larger scale, namely the observation of natural regeneration success, of
wood quality, and of changes of stand structure.

NANANANANATURAL REGENERATURAL REGENERATURAL REGENERATURAL REGENERATURAL REGENERATION SUCCESSTION SUCCESSTION SUCCESSTION SUCCESSTION SUCCESS

If conversions are intended in stands able to supply natural regeneration, the species
composition and vitality of natural regeneration is important to be monitored on
permanent plots. Several investigations showed that assessing percent cover of
regeneration by species and height classes is not reliable. Results vary largely by the
investigating teams (Wildt 1995; Windhager 1996). Thus, counting of individuals in small
plots seems to be more efficient (Hasenauer and Kindermann 2002). But even counting of
individuals by species and height classes is not enough to monitor natural regeneration,
because observed changes are the combined result of growth, mortality and ingrowth. To
distinguish growth from mortality height growth of marked individuals must be observed
(Utschig 1995, 1997). It is not yet clear if the observation of a few representatives per
species and height class, or the retrospective observation of terminal shoot are sufficiently
reliable (Golser and Hasenauer 1997) and can replace the straight forward approach of
repeated observations of marked individuals in very small circles. The latter approach is
sure the soundest design for inventories. Their efficiency and costs depend very much on
the definition of the lower height limit of individuals observed. The smaller this limit the
more expensive will the observation be, because mortality increases tremendously with
decreasing height.

MONITMONITMONITMONITMONITORINORINORINORINORING WG WG WG WG WOOD QUOOD QUOOD QUOOD QUOOD QUALITALITALITALITALITYYYYY

In discussing the economic results of Plantation forestry and of mixed species and/or
uneven-aged forestry, wood quality plays an important role. On the one hand, trees being
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suppressed under older trees for a long time are subject to natural pruning (Schütz 2001),
and thus enhance wood quality, on the other hand, comparisons of uneven-aged forests
with even-aged single species forests are reported to have contradicting results (Dittmar
1990; Gerold and Biehl 1992). Large scale representative investigations on how stem
quality depends on species mixture and stand structure are still missing. National
inventories may provide appropriate data for such studies. In a promising example of the
Austrian National Inventory Vospernik (2006) developed equations to predict the
probability of trees of different stem quality depending on site and stand variables, breast
height diameter and tree height (Vospernik 2006). Assuming that the height curves in
uneven-aged stands are steeper than in even-aged stands, these equations indicate
expectedly that for smaller diameters stem quality is better in even-aged stands, while
starting with dbh~35 cm, it is better in uneven-aged stands (Figure 1).

Finally it must be seen that stem quality assessment in permanent inventories does not
necessarily result in valid estimates of the quality of logs from these trees. From the data
of repeated inventories in four forest enterprises and the book keeping in these enterprises,
Sterba et al. (2006) could show that at least there are significant correlations between the
quality of the sold logs and the assessment of stem quality, if additionally stem damages
are recorded too in the inventories. These correlations are quite good as long as conifers
are considered. Correlations between stem quality assessment and final log quality are
only poor in broadleaves, although significant.

MONITMONITMONITMONITMONITORINORINORINORINORING SG SG SG SG STRTRTRTRTRUCTURAL CUCTURAL CUCTURAL CUCTURAL CUCTURAL CHANHANHANHANHANGES IN SGES IN SGES IN SGES IN SGES IN STTTTTANDSANDSANDSANDSANDS

Conversions might not only be aiming at changing tree species and their proportions but as
well in achieving more structured stands instead of single layered stands in order to enhance
diversity (Pommerening 2006). Thereby it is important to notice that for larger scale diversity
not only within stand diversity, but as well between stand diversity has to be taken into
account for habitat quality aspects as well as for amenity aspects (Sterba and Ledermann
2006). In order to follow structural changes a large number of different indices have been

Figure 1. Height-diameter curve (left), probability of stem quality A divided by the
probability of stem quality C (P(A)/P(C) for Norway spruce (middle), and probability of
stem quality A or B in Common beech (right) from Vospernik (2006), based on the data of
the Austrian National Forest Inventory.
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developed and recommended. In a study with 57 large stands, Sterba and Zingg (2006) could
show that (i) not all of these indices are meaningful in the context of describing forest types
which are considered to have different structure, and (ii) that many of the spatially explicit
indices are well correlated with spatially inexplicit indices (Figure 2).

Stoyan and Pommerening (2006) dealt with the problem of edge effect biases if these
indices are evaluated in samples. Their result indicated that plots should either have at
least 100 trees, or if smaller should additionally include the nearest neighbours of the trees
in the plot, even if these neighbours are not situated within the plot itself. Thus, for
monitoring forest structure in large scale inventories we are left with two options, (i)
choose larger plot sizes than in inventories for volume or growth, or (ii) choose usual
inventory designs like rather small fixed radius plots or point samples and additionally
record the nearest neighbours of the “in-trees”. The necessary sample sizes and the
optimum sampling design are still needed to be studied.

CONCONCONCONCONCLCLCLCLCLUSIONSUSIONSUSIONSUSIONSUSIONS

Besides methodological problems for large scale inventories that conversion forests and
plantation forest have in common, the monitoring of natural regeneration, of stem quality
and of structural changes in stands are especially crucial for conversion forests. There are
already a few case studies with promising results for all three questions available.
Nevertheless for general recommendations more studies are necessary. The investigation
of national inventories concerning their design of natural regeneration inventories, and
concerning the relationships between stem quality and structure and their change will be
promising data sources for such studies. Large stands with tree maps and repeated
observations will be an appropriate data source to study efficient designs for structural
change monitoring.
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Margarida Tomé

Forest inventories, providing information about the forests and forest resources, are
essential to support decision making in forest management and/or for the definition of
forest policies. This is true for all types of forests, from highly protected conservation
forests to productive, short rotation planted forests. However forest inventories appeared
in relation to an increased use of forests by human, therefore forest inventories and
cultivated forests developed in parallel. The first forest inventories for management
purposes based on sound statistical principles and techniques for measuring tree variables
were already made in the beginning of the 19th century. At that time the main object of the
forest inventories was the evaluation of the growing stock, as the main requirement of
society from the forests was wood production. With the evolution of forestry towards the
present concept of multifunctional sustainable forest management, the amount of
information that is intended from a forest inventory is increasing every day. A full
characterization of the ecosystem is nowadays a requirement.

The contrast between forest inventories in wood-oriented plantations and conversion
forests does not deal with forest inventory techniques per se but with the different
requirements of information from the two types of forest management. In fact, the first
step in any forest inventory is the information needs assessment. The important questions
in the very beginning are: “for what purpose?” and “who will use the results?” (Päivinen
et al. 1994). Let’s try to answer to the first of these two questions in relation to plantations.
The second question is not relevant in the present context as the results of forest
inventories for management support are obviously used by the managers.

There are many reasons why forest inventories are conducted in plantations, but the
most common are:

• to estimate the amount and quality of “products” available every year for harvest.
When plantations are managed focusing the production of a certain product, for instance
pulp wood or cork, the estimation of this product in the cropping years is needed with a
high precision. This is one of the characteristics of forest inventories in plantations, the
need to conduct intensive samplings of the final product close to the cropping year, with
reasonable sampling errors, in order to guarantee good estimates of the product availa-
ble. This result is important for the owners of the plantations, for trade purposes, but also
for the industry that will use the products.

• to obtain the input for forest management decisions, in particular when they are support-
ed by growth models and decision support systems

FORESFORESFORESFORESFOREST INVENTT INVENTT INVENTT INVENTT INVENTORIES FORIES FORIES FORIES FORIES FOR MANOR MANOR MANOR MANOR MANAAAAAGEMENT PURPOSESGEMENT PURPOSESGEMENT PURPOSESGEMENT PURPOSESGEMENT PURPOSES

IN PLIN PLIN PLIN PLIN PLANTANTANTANTANTAAAAATIONSTIONSTIONSTIONSTIONS
IEFCIEFCIEFCIEFCIEFC
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The use of growth models and decision support systems to support decision making in
forest management is becoming quite popular for the management of large holdings or
for the common management of areas of small landowners, usually named as manage-
ment unit. The complexity of the present forest management cannot be addressed empir-
ically but requires advanced decision support tools that may effectively integrate multi-
ple objectives. The use of these tools implies the simultaneous characterization of each
stand inside the management unit. One problem to solve is: what is the sampling error
that should be aimed for when characterizing each stand? In principle the precision re-
quired in this case is not as high as in the forest inventories conducted for products esti-
mation but the precision has to be such that does not affect the management decisions.
It has been common that forest inventories of large management units are based on the
subdivision of the forest into blocks that are not simultaneously sampled; this type of in-
ventory does not provide the information needed for decision support systems. Current
research is considering the combined use of multiple sources, such as growth and yield
models and remote sensing in order to project the results from all the inventories to a
reference year.

• to estimate a large range of indicators of sustainable forest management
The need to estimate a large range of indicators of sustainable forest management is
nowadays a pre-requisite for the monitoring systems of all types of forests. However this
requirement is particularly important in plantations due to the certification requirements
from the users. The estimation of a reasonable list of indicators of sustainable forest
management strongly increases the forest inventory costs. One idea that is being consid-
ered is to focus the estimation of some of the indicators on a set of plots considered as
representative of the conditions present in the management unit.

Due to the importance of forest inventory as a support to forest management in
plantations, numerous studies have been made in order to find the most appropriate
sampling design (plot size, cluster versus single plot sampling units, need for stratification,
etc.) that guarantees the optimization of the ratio cost/precision. However these studies
have mainly dealt with the wood and non-wood products and the current sampling designs
may not be appropriate for the evaluation of the many indicators that are needed
nowadays.

As a summary, it can be said that forest management has been used to support forest
management of plantations since the beginning of the 19th century. The evolution of
forestry implied an increasing number of parameters (indicators) to be assessed which
points out for the need to adapt the existing forest inventory methods.

RRRRRefefefefeferererererenceenceenceenceence

Päivinen, R., Lund, H. Gyde, Poso, S. And Zawila-Niedzwiecki, T. 1994. IUFRO international guidelines
for forest monitoring. IUFRO World Series Vol. 5. IUFRO secretariat Vienna, Austria.



© European Forest Institute, Discussion paper 13, 2007
Plantation or Conversion – The Debate!
Stuart Dedrick, Heinrich Spiecker, Christophe Orazio, Margarida Tomé, Inazio Martinez (eds.)

M. Tomé, H. Sterba, C. Deleuze-Brezins, J. Jankovi , S. Miscicki and H. Spiecker

The characterization of forest ecosystems is achieved through forest inventories. A forest
inventory makes use of several techniques and methodologies, from cartography and field
measurement of trees and other vegetation to more or less sophisticated statistical tools to
process the data. Several topics should be discussed in relation to a forest inventory:

• Scale (from stand to enterprise/management unit to regional and national)
• Sampling design, including shape and size of plots and the sampling layout (systematic

or random, unrestricted or stratified, multi-stage sampling, etc.)
• Selection of parameters to be measured (other than trees)
• Details about field measurements, namely the tree diameter threshold
• Costs and accuracy (precision and bias)
• Periodicity and the study of growth (permanent versus temporary or semi-temporary

plots)

The objective of this paper is to compare the details of forest inventories carried out in
plantations and conversion forests, identifying similarities/agreements and differences/
disagreements. Future research avenues are also identified.

SIMILSIMILSIMILSIMILSIMILARITIES/AARITIES/AARITIES/AARITIES/AARITIES/AGREEMENTGREEMENTGREEMENTGREEMENTGREEMENTSSSSS

The discussion between experts in both types of forests led to the identification of the
following similarities/agreements:

• Forest inventories are needed at different scales, from stand to national or higher levels
in both systems;

• In both systems it is desirable that every tree is measured, diameter threshold is a mat-
ter of cost;

• Stem quality assessment is desirable in both systems but the kind of assessment (classi-
fication) may be different;

• Assessment of ecological parameters and soil inventory are important for both systems
but the intention of assessment might be different (certification and sustainability of the
ecosystem in plantations and also for multipurpose forestry in conversion forests), sub-
sampling may be a solution;

• Permanent plots are important for both systems.

FORESFORESFORESFORESFOREST INVENTT INVENTT INVENTT INVENTT INVENTORIESORIESORIESORIESORIES
Joint Workshop
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DIFFERENDIFFERENDIFFERENDIFFERENDIFFERENCES/DISCES/DISCES/DISCES/DISCES/DISAAAAAGREEMENTGREEMENTGREEMENTGREEMENTGREEMENTSSSSS

The following differences/disagreements were identified:

• Size and number of plots (larger and possibly less plots in conversion forests, minimum
100 trees);

• Natural regeneration inventory is not relevant in plantations and is crucial in conversion
forests;

• Interest in deadwood is high in conversion forests and not so much in plantations;
• Age is known in plantations and can be used for stratification and not so relevant in con-

version forests;
• Height measurements are needed for every tree in conversion forests and can be ob-

tained from height-diameter curves in plantations;
• Stratification is more difficult in conversion forests (no age, site quality is difficult to as-

sess).

FUTURE RESEARFUTURE RESEARFUTURE RESEARFUTURE RESEARFUTURE RESEARCCCCCH AH AH AH AH AVENUES – ASSESSMENT OF NVENUES – ASSESSMENT OF NVENUES – ASSESSMENT OF NVENUES – ASSESSMENT OF NVENUES – ASSESSMENT OF NON-ON-ON-ON-ON-TRADITIONTRADITIONTRADITIONTRADITIONTRADITIONALALALALAL
INVENTINVENTINVENTINVENTINVENTORORORORORY PY PY PY PY PARAMETERSARAMETERSARAMETERSARAMETERSARAMETERS

The need to study sampling designs, accuracy and validity of the assessment of non-
traditional inventory parameters (including the possible use of remotely-sensed
assessments) was identified during the discussions, with emphasis for the following topics:

• To study the costs of assessment of non-traditional parameters;
• Development of good indirect measures of diversity with reasonable costs;
• Special designs to assess regeneration;
• Reliability and efficiency of stem quality assessment;
• Site quality assessment in conversion forests;
• Stratification in conversion forests;
• Plot size to study the evolution of diameter distributions.



Forest Production





© European Forest Institute, Discussion paper 13, 2007
Plantation or Conversion – The Debate!
Stuart Dedrick, Heinrich Spiecker, Christophe Orazio, Margarida Tomé, Inazio Martinez (eds.)

K. von Teuffel

Forests in Germany have been over-utilized for a very long period of time stretching from
the late Middle Ages into the 18th century. Rebuilding these exploited forests into well
built and productive stands was the hour of birth of regular forestry. Re-establishing
forests went along with a remarkable shift in tree species composition. The forests
originally dominated by broad leaved species were turned into forests strongly dominated
by conifers, namely spruce and Scots pine. The reasons for this are obvious. Both spruce
and Scots pine are robust species easy to cultivate. They are rather unsusceptible to game
browsing. More importantly, they are fairly fast growing in comparison to broad leaves and
generate a great deal of favourable assortments. Thus in less than a century tree species
composition in Germany was turned from roughly 2/3 broad-leaved forests into 2/3
coniferous.

It was only decades later that foresters discovered the negative aspects of this
conversion process into conifer dominated forests: Increasing parts of the annual fellings
were unintended, due to storm, snow breakage and following insect infestations. In some
parts of Germany today, salvage cuts add up to an average of more than 40% of the
allowable cut. Under the auspices of an ongoing global warming these numbers are
considered to more likely further increase than drop. Altogether the motivation to abandon
even-aged coniferous stands and turn to mixed forests with rich structures were:

• the wish to increase stability/natural resilience towards abiotic disturbances such as
storm, snow breakage often followed by severe insect infestations,

• a concern to jeopardize soil fertility in the long run due to repeated conifer plantations,
• a wish to create a more close-to-nature forest management for reasons of nature protec-

tion,
• a more favourable assortment structure, namely the production of attractive large size

timber,
• higher financial returns.

The starting point of the conversion efforts in vast areas of Central Europe today are
forests with a very high level of growing stock of more than 300 or even 350 cubic metres
per hectare of growing stock over all age classes and species. The forests in the State of
Baden-Wuerttemberg for example show a remarkable annual increment of 12.9 cubic
metres/ha/year. Moreover forest management aiming at the production of large size timber
has been successful over the past decades. Consequently we today find a considerable

PRPRPRPRPRODUCTION IN REGULODUCTION IN REGULODUCTION IN REGULODUCTION IN REGULODUCTION IN REGULAR AND CONVERSION STAR AND CONVERSION STAR AND CONVERSION STAR AND CONVERSION STAR AND CONVERSION STANDS OFANDS OFANDS OFANDS OFANDS OF
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amount of growing stock in large size timber namely in southern Germany and
Switzerland.

A comparison between the production cycles of even-aged, regular forests compared to
uneven-aged, mixed forest under the aspect of structural differences can be characterized
as follows:

• Even-aged forests inevitably show a narrower spectrum of genetic diversity, both in tree
species composition and genetic diversity within the same species, due to the use of gen-
erally more selected material, less natural regeneration and even-aged structure.

• In even-aged forests artificial regeneration in rotation cycles is predominant, whereas
uneven-aged forests show spontaneous and continuous regeneration.

• By definition age class forests consist of trees with low variation in diameter and height,
while uneven-aged forests vary widely in diameter and all tree heights can be found on
a very small area (> 0.5 ha).

• Horizontal crown closure and thus a strong competition between tree individuals char-
acterize even-aged forests. In uneven-aged forests production is individualized with no
crown closure as a prevailing indicator.

• Consequence, branchiness in regular forests is limited, while branch size in uneven-aged
stands shows a considerably higher variability including the possibility of smaller branch
diameters on average.

• In regular forests biomass is accumulated over decades and abruptly reduced strongly
with final harvest whereas uneven-aged forests aim at a more or less continuous level of
growing stock and increment over long periods of time.

• Along with the previous facts there are dramatically changing eco-physiological condi-
tions in regular forests while they remain rather stable under the production conditions
of uneven-aged forests.

These structural differences have many consequences with respect to multifunctionality of
forests which are depicted in the following articles of this discussion paper.

Management of uneven-aged forests is very different from regular forests. This is true
especially for the planning instruments. While even-aged forests are planned with the main
characteristics area and age of the respective stands, these figures are more or less
meaningless in uneven-aged forests: They are better characterized with the level of
growing stock and periodical increment. This requires advanced inventory methods
generally based on systematic sampling.

Additionally management objectives in uneven-aged forests differ considerably from
those in even-aged ones. A predominant objective is the minimisation of risk due to storm,
snow breakage and insect populations. This is sought to be achieved with the creation of
heterogeneous eco-physiological conditions on a stand level supposed to create a higher
degree of elasticity towards both biotic as well as abiotic disturbances. Adaptability both
with respect to timber markets as well as ecological conditions is seen as an important
aspect of uneven-aged forest management. Another management objective is striving for
more biological diversity on stand basis including a close to nature species mixture. At the
landscape level biodiversity is reached with a high degree of site adaptation as well as the
integration of the above mentioned natural disturbances in the management of forests. The
mosaic structure of the so managed forests is meant to provide for sustainability on a
potentially very small area of some 0.5 ha under optimal conditions. Taken all these
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aspects together protagonists of uneven-aged forests consider them to better fulfil
multifunctional forest use.
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Native maritime pine forests are generally seral communities in areas dominated by
broadleaved, evergreen or deciduous trees, although they can also be considered as stable
stand types, especially in areas with soil limitations. In Spain Pinus pinaster Ait. is the
second most important forest species, in terms of extension, after the evergreen oak
(Quercus ilex). It presently occupies a total surface of 1,680,000 ha, of which 1,060,000
are covered by stands dominated by maritime pine, and 620,000 ha covered by stands of
pine in co-dominance with other species (DGCONA 2000). This area is formed both by
natural pinewoods and plantations. Maritime pine is the most commonly used species for
afforestation in Spain, and between 1940 and 1983, an area estimated to comprise
680,000 ha was planted (Solís 2003), although part of this has since been lost through
forest fires. The Second Spanish Forest Survey (IFN2) (1986–1996) distinguished
between two subspecies, which can be recognized by their location, morphology and
growth rate: the Atlantic subspecies, or Galician pine, that can be considered as fast
growing, and the Mediterranean subspecies (Pinus pinaster subsp. Mesogeensis), that has
a broad range of races and thus adaptation to different forest uses. A short plantation
rotation has traditionally been applied in northern forests, and Maritime pine has been
considered as a fast growing species, similar to radiata pine. In the rest of Spain multiple-
use management has been the rule, with the main goals varying from resin production to
conservation. Despite many stands deriving from afforestation programs, the need to
adapt a silvicultural system that has been developed in a different situation and with
different goals (Schütz 1990) is a rule nowadays in the management of this species.

POSSIBLE CONVERSION NEEDSPOSSIBLE CONVERSION NEEDSPOSSIBLE CONVERSION NEEDSPOSSIBLE CONVERSION NEEDSPOSSIBLE CONVERSION NEEDS

In the case of Maritime pine and for the whole area of Spain it is possible to identify stand
conditions that make conversion of the structure desirable:
1. The exploitation of resin was extremely important in Spain for several decades. The

maximum production of crude resin was 40,000 t in Spain, in 1961, corresponding to
270,000 ha of tapped forests (Serrada 2004). However international competition, in-
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creasing labour costs and unwillingness among workers to carry out tapping led to a de-
cline in resin production, and the management has been geared towards multiple-use,
conservation and timber production. From a silvicultural point of view, these stands are
over-mature, with most of the area occupied by tapped trees, which are more suscepti-
ble to diseases such as Armillaria mellea, uprooting or snapping by wind, and to fires,
due to lack of brush cleaning.

Regeneration fellings are often advanced, and in many cases clearfellings with arti-
ficial regeneration, soil improvement by ploughing, or leaving seed bearers for natural
regeneration are applied. The presence of stump shoots or suckers of Quercus ilex,
Quercus pyrenaica or Quercus faginea are favoured in order to diversify the stand and
improve the soil. A substantial improvement in the stem shape is obtained in the trans-
formed compartments, where close spacing is maintained, with an increased possibility
of wood production.

2. Instability of plantation forest. Forest disturbances are more frequent due to a strict
even-aged structure. Stagnation problems also occur where tending and pre-thinning
operations have been neglected. Problems of decay occur in some plantations where
Maritime pine is not adapted to site: deep clay horizon, lack of rainfall, climatic
change, poor choice of provenance.

3. A third situation that is related to the need of conversion is the desirable regeneration
after a fire. Although maritime pine has a good ability to regenerate after fire, regenera-
tion failure and formation of bare land covered by shrubs in case of frequent fires.
There is then an interest to promote the presence of re-sprouting broadleaves to assure
regeneration. The conversion process has to consider that vertical continuity of fuel is
related to the likelihood of crown fires, and that heavy thinnings can promote invasion
of light demanding shrubs.

MANMANMANMANMANAAAAAGEMENT ALGEMENT ALGEMENT ALGEMENT ALGEMENT ALTERNTERNTERNTERNTERNAAAAATIVESTIVESTIVESTIVESTIVES

Some alternatives of management that are currently being applied in relation to the
conversion process are the following:
1. Thinning in afforested areas where soil protection is the main objective. In this case the

target usually considered is to diversify and naturalize the stand structure, in a trend to
more mature and stable stages. The importance of thinning to regulate water balance,
maintain stand vigour, increase cone production and promote shrubs to favour wildlife
is well recognized at present. Similarly, since maritime pine plantations are mainly es-
tablished for conservation purposes, their management is being geared towards achiev-
ing mixed stands through the application of heavy thinnings at pole stage when early
installation of Quercus species becomes evident. After these thinnings the conversion to
mixed pine-Quercus uneven-aged stands could be completed by clearfelling in groups,
starting at two thirds of the pine rotation age (Solís 2003).

2. Regeneration fellings in the Mediterranean subspecies. The shelterwood uniform sys-
tem is applied in Castilla where the pine is well adapted and a mixture of species is de-
sired after regeneration (JCYL 2003); this method also offers aesthetic advantages. In
the natural pinewoods of Sierra Blanca and Bermejas this system is applied in sub-
blocks, and good regeneration is established after 13 to 15 years (Junta de Andalucía
2002a). Seeding felling removes 40% of the growing stock, a second felling removes
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30% and the final felling removes the remaining 20%, with protection from livestock
required for 5 years. There is a trend towards simplification of the system, involving
only two fellings, as in the case of Sierra Nevada pinewoods (Cano et al. 1998), with a
seeding felling that removes 50-60% of the growing stock and a final felling that per-
manently reserves 15% of the trees, including several complete groups.

The group selection system is applied by felling gaps of less than 1 ha in a single
clear-cut or leaving some seed trees. This system has been strongly favoured in Anda-
lucía in recent years, where a small number of trees are maintained indefinitely, to al-
low compatability between production and conservation interests and to prevent nega-
tive visual impacts in Natural Parks in which recreational use is important (Sierras de
Cazorla-Segura), and also in the Sierra Morena plantations (Junta de Andalucía 2000,
2002b). Regeneration has been successful in most cases, even at high densities of live-
stock and wildlife, i.e. 0.5–1 goats per ha and 10 Red or Roe deer per 100 ha in the Al-
cornocales Natural Park (de Benito 1994, 1998).

3. Regeneration fellings in northwestern Spain: alternatives for clearfelling. The seed tree
method has been proposed for Galician and Asturian pinewoods, mainly because the re-
served trees (30 to 50 per ha) can produce a replacement seed crop if the young seed-
lings are destroyed by fire, rather than because of their contribution to the seedling
stock. The shelterwood system has recently been considered for reasons of aesthetics in
forests used for recreational purposes (Vega, 1992), and it has been shown that light
seeding felling favours oak regeneration. This may sometimes be a management objec-
tive, and has even been considered as advantageous when mixed forests are preferred
(García Borregón 1953).

COMPCOMPCOMPCOMPCOMPARISON OF TIMBER YIELDS IN THE CARISON OF TIMBER YIELDS IN THE CARISON OF TIMBER YIELDS IN THE CARISON OF TIMBER YIELDS IN THE CARISON OF TIMBER YIELDS IN THE CASE OF AASE OF AASE OF AASE OF AASE OF ATLTLTLTLTLANTIC PINEWANTIC PINEWANTIC PINEWANTIC PINEWANTIC PINEWOODSOODSOODSOODSOODS

Small forest properties often have an uneven-aged structure derived from successive
regeneration following fellings. High grading has been often applied in Atlantic areas,
leaving trees that have been suppressed for a long time as growing stock, leading to much
slower future growth. However, in non stagnant pinewoods, maintenance of the uneven-
aged structure is a possibility as yet not fully developed. Group selection systems can be
applied to enhance the vigour of natural restocking, maintaining the growing stock at a low
general level. This type of management is clearly of interest in small private forests,
because the felling cycle may be short, whenever the trees removed are selected on the
basis of silvicultural criteria. Models obtained from a continuous forest survey allow
simulation of harvesting scenarios that are of relevant productive interest (Sánchez and
Rodríguez 2002). Mean annual increments from 5 to 7.5 m3/ha/year have been estimated
for a 5 year felling cycle and a target diameter of 60 cm. A balanced diameter structure is
achieved when the basal area before harvesting is less than 20 m2/ha. This system favours
regeneration of broadleaved species, which become dominant when light conditions allow
or no felling is carried out. If a balanced structure of species and age classes is devised,
harvesting should reduce the presence of young broadleaved species. The yield obtained
in this group selection system is lower than that for even-aged stands in similar
productivity sites, since MAI values of 12 to 15 m3/ha/year can be achieved. Sánchez et al.
(2004) studied for the group selection system the optimal residual growing stock and
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cutting cycle, finding that the combination of felling every 5 years with a residual stock of
133 m3/ha was the better option for a discount rate of 4%, this value changing when a
sensitive analysis was made changing the discount rate. Calculations of LEV indicate that
on low productivity sites the CCF management was similar or even superior to RFM,
whereas in productive sites RFM gave higher returns. This evidently means the possibility
to grow higher timber grades in the case of group selection system. These comparisons
refers to different sylvicultural systems, but not to the process of conversion from
plantations to CCF.

RECENT EVRECENT EVRECENT EVRECENT EVRECENT EVOLOLOLOLOLUTION OF UNEVEN-UTION OF UNEVEN-UTION OF UNEVEN-UTION OF UNEVEN-UTION OF UNEVEN-AAAAAGED MARITIME PINE SGED MARITIME PINE SGED MARITIME PINE SGED MARITIME PINE SGED MARITIME PINE STTTTTANDS IN PRIVANDS IN PRIVANDS IN PRIVANDS IN PRIVANDS IN PRIVAAAAATETETETETE
OOOOOWNERSHIPWNERSHIPWNERSHIPWNERSHIPWNERSHIP

The results of the comparison of the first Spanish forest map (1987), the second forest map
(1998) and information taken by a flight from 2003 indicate a trend to plant more
productive species in areas of unven-aged stands of Maritime pine and broadleaves in the
pilot area of the FORSEE project in Galicia (www.iefc.net). Progressively, more
plantations of Radiata pine, Eucalyptus nitens and, in coastal areas, Eucalyptus globulus,
are spreading very fast due to the very important rates of growth. Radiata pine can reach
in the area of MAI from 15 to 25 m3/ha year, whereas preliminary results on Eucalyptus
nitens indicate a range from 25 to 35 m3/ha year. This points out the productive importance
of plantations.

RESEARRESEARRESEARRESEARRESEARCCCCCH LINES CH LINES CH LINES CH LINES CH LINES CONSIDERED IN THE CONSIDERED IN THE CONSIDERED IN THE CONSIDERED IN THE CONSIDERED IN THE CASE OF CASE OF CASE OF CASE OF CASE OF CONVERSION FONVERSION FONVERSION FONVERSION FONVERSION FORESORESORESORESOREST INT INT INT INT IN
SPSPSPSPSPAINAINAINAINAIN

1. Size and shape of the gaps (groups) to be open by fellings and evaluation of the regen-
eration of tree species and re-invasion of light demanding bushes.

2. Single tree distance-dependent growth models able to simulate the conversion process.
3. Definition of spatial structures and its influence to stand development.
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INTRINTRINTRINTRINTRODUCTIONODUCTIONODUCTIONODUCTIONODUCTION

In the context of ongoing discussions about the relative merits of plantation forests and of
conversion of regular stands to Close-to-Nature forestry as means of achieving the
objectives of multifunctional forestry in Europe, one of the critical issues is to find suitable
measures for comparing these different management approaches. This issue is the more
problematic because the techniques used in both Plantation forestry (PF) and Close-to-
Nature forestry (CNF) have evolved in recent decades and some of the conclusions
reached in previous eras (e.g. in the Dauerwald discussions of the 1920s and 1930s) may
no longer be relevant. A further complication arises because discussion of both PF and
CNF often concentrates upon the stand level whereas many of the non-market services
provided by multifunctional forests are delivered at a landscape scale.

From an economic point of view, one of the main ways of comparing PF and CNF is to
consider their relative impacts upon timber production that ultimately determines the
returns to the grower. Timber production has to be considered in the widest possible sense,
taking into account the quality of the timber that is produced as well the quantities
(volumes) provided over time. In addition, production has to be related to harvesting
methods to ensure that the products of the different approaches can efficiently brought to
the market place. The purpose of this workshop was to consider the available evidence
base for evaluating the impacts of PF and CNF upon timber production (broad sense) and
to highlight topics meriting more detailed examination including further research.

PRPRPRPRPROBLEM STOBLEM STOBLEM STOBLEM STOBLEM STAAAAATEMENTTEMENTTEMENTTEMENTTEMENT

The issue addressed by the members of this workshop was formulated as follows:
1) to consider the management and associated processes involved in plantations and close-

to-nature forests, and analyse the resulting impacts upon timber production, including
any interaction with harvesting methods;

2) to take account of qualitative and quantitative aspects of timber production in the
analysis;

3) to allow for examination of effects at both stand and landscape levels.

FORESFORESFORESFORESFOREST PRT PRT PRT PRT PRODUCTIONODUCTIONODUCTIONODUCTIONODUCTION
Joint Workshop
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METHODSMETHODSMETHODSMETHODSMETHODS

The group adopted a ‘brainstorming’ approach to the topic, focussing initially upon the
measures and/or criteria that could be used to compare and evaluate timber production in
PF with that in CNF. A distinction was drawn between the criteria that apply primarily at
a stand level as against those which are more important at a landscape scale. Once an
exhaustive list of these criteria had been developed, participants ranked the criteria in
order of importance. They also sought to examine some conceptual problems that
hampered the development of a shared research agenda. Finally, they proposed a list of
potential research topics that could be used to inform the timber production aspect of the
contrast between PF and CNF and ranked these in order of importance.

MEASURES AND CRITERIAMEASURES AND CRITERIAMEASURES AND CRITERIAMEASURES AND CRITERIAMEASURES AND CRITERIA

The following measures were proposed for the stand level:

• Characteristics based on tree and/or stand measurement such as: height and diameter
growth, current annual increment (CAI) vs. mean annual increment (MAI), crown di-
mensions, and tree age;

• Others relating more directly to the timber outturn and its quality such as: log dimen-
sions, assortments, and types of products produced;

• The labour inputs involved in management of the stands and harvesting costs associat-
ed with removal of the products;

• The markets for the different types of timber and demand for the various species that
might be grown;

• The stability and/or resilience of the stands to biotic/abiotic disturbances, and the con-
sequent flexibility of management;

• Aspects related to stand dynamics such as the type of structures that might develop and
their impact on understorey light regime;

• Any soil constraints upon stand management.

Those identified at the landscape level were:

• diversity in terms of tree species and of stand structure (including age structure);
• the sustainability of production over time (sustained timber yield) and the annual amount

of timber harvested;
• the species suitability for timber production and the availability of improved genotypes

to improve quality;
• the different types of owner(s) present;
• the road/track infrastructure required in the forest;
• the labour resource available;
• the balance between forest and non-forested areas as well as public perception of the dif-

ferent measures;
• the effect of timber production upon other forest functions and services.
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After discussion, the six criteria felt to be of greatest utility for comparing PF and CNF in
terms of timber production and independent of stand/landscape scale were, in decreasing
order of importance:
1) the stability and/or resilience against disturbances;
2) mensurational measures of stand productivity such as CAI and MAI;
3) indicators of stand structural diversity;
4) costs involved in all aspects of the production cycle such as management, harvesting,

and regeneration;
5) measures of the quality of timber produced;
6) the sustained timber yields produced.

DEVELDEVELDEVELDEVELDEVELOPINOPINOPINOPINOPING A SHARED RESEARG A SHARED RESEARG A SHARED RESEARG A SHARED RESEARG A SHARED RESEARCCCCCH AH AH AH AH AGENDGENDGENDGENDGENDAAAAA

Participants recognised that the differences between forest types in Europe made it
unrealistic to consider a single approach to comparing timber production in the two
approaches to management. For example, a boreal forest type composed of light
demanding species would have different structures and outputs compared to one in central
Europe with predominantly shade tolerant species. While plantation forests might be
similar between these types, it was far from clear what CNF structures might be
appropriate and what the similarity might be across types. Therefore, it was felt that the
main research question was:

“to identify and test appropriate indicators of stand productivity to compare silvicul-
tural systems within a given forest type and on a particular site type”.

RESEARRESEARRESEARRESEARRESEARCCCCCH TH TH TH TH TOPICSOPICSOPICSOPICSOPICS

The six research topics for comparing timber production between PF and CNF and to
answer the research question above that were given the highest ranking were as follows,
again in decreasing order of importance:
1. Timber quality differences between the two approaches and the possibility of adapting

systems to optimise quality;
2. Analysis of management costs in each of the two approaches;
3. Maximising benefit/cost ratios at a landscape scale;
4. The interaction between these management approaches and their sensitivity to climate

change;
5. Better understanding of the interaction between site properties, management, and

sustained yield;
6. Interaction of the effects of stand management upon system resilience and/or stability.
Among other topics listed but which did not attract as high a ranking were: risks of fire
under different scenarios and the impact upon regeneration, costs associated with
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regeneration, measures of tree and stand growth, nutrition, indicators of productivity and
stability, the ability of different stands to regenerate and costs of different conversion
scenarios, the desirability of carrying out a meta-analysis of existing productivity data.

CONCONCONCONCONCLCLCLCLCLUSIONSUSIONSUSIONSUSIONSUSIONS

The results of any workshop such as this can only be indicative and depend upon the
knowledge and experience of the participants. This workshop had most of its members
drawn from the Conforest project centre and only one person from southern Europe. This
may explain the relatively low priority given to fire related aspects in the list of research
priorities. It also suggests that it would be worth confirming these conclusions with a
different group of participants before reaching definitive conclusions.

Despite this limitation, it is clear from the above, that comparison of the two systems
needs to pay at least as much attention to those aspects which influence wood quality and
operational considerations rather than relying purely upon considerations of growth and
volume. Thus the topic relating to timber quality was given much higher weighting than
any topic which covered growth and productivity while the second ranked subject was to
compare management costs. This suggests that a useful first step in developing an
appropriate analysis might be to carry out a review of published and grey literature which
present results allowing comparison of timber properties and operational costs under PF
and CNF.
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Norway spruce (Picea abies) forests below elevations of 700 m must be considered
manmade and, depending on the applied definition, are comparable to Plantation forestry.
As was pointed out before, conversion of these secondary coniferous stands to mixed
species stands is a current issue in Europe (Plantation forestry may be initiated by a
conversion in the opposite direction). Hypotheses related to possible benefits of a
conversion are tested and research needs are defined, based upon selected case studies of
participating working group members (basically all authors of the cited literature except
Binkley and Giardina). Their research focused mainly on pure and mixed stands of spruce
and beech (to a lesser extent on pine).

There is a large body of scientific work comparing the mineral nutrition and nutrient
cycling in pure spruce and pure beech stands. The chemically and mechanically well
protected, long-living foliage of spruce decomposes slowly, resulting in build-up of forest
floor humus and sequestration of nutrients in organic matter, acidification of the top soil
and subsequently shallow rooting and reduced activity of soil macro fauna. Beech, the
“mother of the forests” as it is often called in popular German forest writing, is said to
counteract soil degradation by faster decomposition of its litter (beech foliage contains
more basic cations, in particular Ca) and by recycling of nutrients from deeper soil
horizons through its deeper root system. However, studies on the effect of spruce-beech
mixtures are very rare.

Hypothesis A: Carbon input by litter and roots to different soil horizons has marked
effects on C and N stores and is a function of tree species. This hypothesis seems justified,
however, tree species effects are partly contradictory. Several studies (Berger et al. 2002;
Lesná and Kulhavý 2003; Klimo and Kulhavý 2006) indicate that spruce accumulates
significantly higher C and N stores than beech, not only in the humus layer but even down
to deeper mineral soil horizons (increased sequestration due to retarded decomposition
and mineralization) while Wilpert (2005) measured significantly higher C and N stores
under broadleaved than under coniferous stands (input of C and N by deeper rooting
broadleaves, e.g. beech). Hence, it is concluded that total organic carbon (TOC) of soil is
not necessarily a useful indicator for forest transformation processes, since it is a
comparatively stable parameter. It is suggested that additional soil indicators for C and N
turnover dynamics, which encompass more active and easily available C and N fractions,
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have to be taken into consideration for this purpose. Koch and Makeschin (2004) found
higher TOC pools probably caused by higher litter production under deciduous forest
cover but higher ratios of microbial biomass C (Cmic) to TOC, indicating higher turnover
rates of organic matter. Lesná and Kulhavý (2003) measured the degree of humification
(portion of TOC that has been transformed to humic substances) and Q4/6 ratios (optical
properties of humic acids: transmittance at wavelength of 465 and 665 nm) which
indicated higher turnover rates and better quality, respectively, under beech than under
spruce. In a current research project on decomposition and nutrient release of mixed
stands Berger (2006) proposed to use CO2 emissions of soils under different tree species
as well as of manipulated litter, mass and nutrient loss of different mixtures of beech and
spruce litter (litter bag method) and N mineralization rates under varying stand
compositions (buried soil bag method) as indicators of C and N turnover dynamics related
to forest conversion.

Hypothesis B: Spruce acidifies the soil and beech does not only counteract soil
acidification but is a true Ca-pump. In fact, soil acidification is both caused by spruce
(comparison of spruce with beech: Lesná and Kulhavý 2003; Berger et al. 2004) as well
as by conifers in general (comparison of coniferous and deciduous stands: Wilpert 2004).

The Ca-pump theory of beech (second part of hypothesis B) was confirmed by Berger
et al. (2006) as follows: Chemical analyses of the soil from up to 28 neighbouring stands
of pure spruce and mixed spruce-beech stands showed a marked enrichment of Ca in the
O-horizon of the mixed stands as well as much wider Ca/Mg and Ca/K ratios. Because in
mixed stands the Ca/Mg and Ca/K ratios in the O-horizon reflected the Ca content of the
subsoil, the authors hypothesized that this relative Ca enrichment results both from higher
transpiration of beech and uptake of water from deeper soil horizons, where the soil
solution is expected to contain more Ca (Ca-pump of beech hypothesis). However,
dendrochemical analyses justify the conclusion that acidification caused by pure spruce
mobilizes base cations, increasing Ca stem wood concentrations. According to these
studies they suggested that top soil mobilization of Ca by acidifying effects of spruce is the
main Ca source. Higher Ca soil solution concentrations in deep soil horizons under pure
spruce than under mixed stands agreed with this revised hypothesis. Comparisons of 87Sr/
86Sr ratios of tree leaves and roots at different depths indicated that beech is indeed a real
Ca-pump. This method confirmed that Ca of the current foliage is mainly of atmospheric
source, due to similar 87Sr/86Sr ratios as measured in precipitation, and is hardly supplied
by bedrock weathering. Berger et al. (2006) conclude that even in mixed spruce-beech
stands Ca is leached in high amounts together with NO3, SO4 and organic anions through
the shallow top soil, which is rooted by spruce. Uptake of Ca in deep soil layers by beech
minimizes substantial loss of Ca and other base cations, which would be inevitable under
pure spruce stands.

Hypothesis C: Deposition of atmospheric pollutants increases with increasing admixture
of spruce, adding to higher losses of base cations via soil solution and higher nitrate levels
in the groundwater. At the Höglwald site, throughfall fluxes of N and S under a spruce-
beech stand increased linearly with increasing proportion of spruce (Rothe 1997). Rothe et
al. (2002, 2004), Rothe and Mellert (2004) and Berger et al. (2006) measured significantly
higher NO3 and SO4 concentrations in seepage water in the spruce stands than in the beech
stands. Nitrate, SO4, and organic anions are critical ions in leaching of base cations from the
soil. Within the Convent Forest Ecosystem Study (Wilpert and Zirlewagen 2005), a pure
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spruce stand and an adjacent mixed beech-fir-spruce stand showed substantial differences in
flux densities with the seepage water. While the input (deposition in the open) / output
(seepage at 180 cm soil depth) balance was almost zero for the mixed stand, the seepage
flux density of the pure spruce stand was 3.75-fold higher (4.5 kmolc ha-1 yr-1) than
deposition flux density. The higher mobilization rate of spruce was found to be caused by
up to five times greater amounts of NO3 in the soil solution. Since the spruce stand
characteristically has flatter root networks, the probability of NO3 to override the uptake by
the roots increased, evading internal biological cycling. In the mixed beech stand nearly all
NO3 and accompanying base cations disappeared along the flow path from the soil water,
which was probably taken up by the trees.

Research needs (critical reviewing): There is no evidence that deciduous admixture
improves foliar nutrition of conifers (Rothe et al. 2003), since soil nutrient pools are not
necessarily linked with nutrient levels. Norway spruce grows better in the pure stand than
in an otherwise comparable mixed species stand (Sterba et al. 2002). These spruce trees in
mixed stands have a very shallow rooting system and therefore suffer from water stress,
caused by competing European beech. This fact is in accordance with Binkley and
Giardina (1998), who concede acidification by spruce but question its negative
consequences on soil degradation or growth. Aboveground net primary production is
higher in spruce forests than in beech. Hence, a conversion of coniferous to broadleaved
stand needs critical reviewing.

Finally, if a conversion is planned the applied silvicultural technique may have a big
impact on the nutrient status of the next forest stand generation. Compared to clear-cut a
continuous cover forestry (shelterwood-cut) helps to prevent high nutrient losses (N, Mg,
Ca) from the soil during the first years after initializing regeneration with beech (Weis et
al. 2006).
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Traditionally sustainable management of soil has been defined around the idea of non-
declining productivity over time. Since the need to include all relevant soil functions is
now generally recognized, sustainable soil management has been defined as the capacity
of soils to support plant growth, their ability to act as a filter and protect other
compartments of ecosystems (water quality and carbon sequestration) and to support
human health (Harris et al. 1996). Intensive forest management and especially Rotation
Forestry (RF) involves the manipulation of soil and stand conditions to ameliorate the
factors that limit tree growth. Common silvicultural practices include site preparation,
planting, introduction of exotic species and/or genetically improved material, control of
competing vegetation, fertilization along with thinning and pruning. Other operations such
as drainage or terracing were more common in past decades and have played an important
role in shaping some forested landscapes. Not surprisingly, many researchers have
expressed their concerns about soil sustainability of intensively managed plantation
forests, especially on some vulnerable soils (Eisenbies et al. 2006). Recognized risks to
soil sustainability are related to nutrient depletion mainly in oligotrophic soils, organic
matter (OM) loss, mainly on sandy and podzol soils; soil disturbance produced in forest
operations and increased erosion from stands and road networks. These impacts on the soil
systems could produce declines in soil fertility, greater exports of nutrients and sediments
to water ecosystems and a reduction of soil C stocks, thus affecting all components of soil
sustainability (Nambiar 1996). As opposed to Rotation Forestry, Continuous Cover
Forestry (CCF) is perceived as Close-to-Nature forestry and is considered sustainable.
Researchers regularly use semi-natural or CCF forests soils as benchmarks for soil quality
assessment. However, CCF means management, and no forest management activity is
possible without some degree of soil disturbance. CCF may affect soil condition when the
harvesting is done through nutrient exports and soil disturbance due to machinery traffic
or access road building. In respect to soil conservation, main differences between RF and
CCF refer to: i) clear-cut vs. partial harvests, ii) site preparation and planting vs. natural
regeneration, iii) inputs of fertilizers and weed control in RF and iv) monocultures of
genetically improved/exotic species in RF vs. mixed stands with native species in CCF.
Some of these management practices may have negative impacts in long term soil quality.
However, it must also be considered that intense management can lead to dramatic
increases in productivity fully realizing site potential. This can be seen as the true
benchmark for sustainability in a crowded, resource demanding world (Beets et al. 1994).
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Higher productivity may also have favourable effects on soil quality through greater C
inputs or vigorous root growth, increasing opportunities for soil quality accretion. Is then
CCF a better management option for soil sustainability than RF?

CRITERIA FCRITERIA FCRITERIA FCRITERIA FCRITERIA FOR SUSOR SUSOR SUSOR SUSOR SUSTTTTTAINAINAINAINAINABLE MANABLE MANABLE MANABLE MANABLE MANAAAAAGEMENT OF FGEMENT OF FGEMENT OF FGEMENT OF FGEMENT OF FORESORESORESORESOREST SOILT SOILT SOILT SOILT SOILSSSSS

In a very practical approach, soil sustainable forest management has to focus on two
effects: 1) maintaining long term soil productivity and 2) minimize offsite impacts so that
intensive management does not detrimentally impact adjacent ecosystems (Fox 2000).
Offsite impacts of forestry are mainly related to sediment and nutrient exports to water
systems and CO2 emissions from increased OM mineralization rates. Neither side of
sustainability is easy to measure directly. Borrowing concepts form agricultural research,
four basic and interrelated criteria may be used to examine sustainability of soils under
intensive forest management (Vance 2000): i) Long term productivity, ii) Long term
changes in soil properties, iii) Mass balance of soil and nutrients and iv) efficiency of
management

LONLONLONLONLONG TERM PRG TERM PRG TERM PRG TERM PRG TERM PRODUCTIVITODUCTIVITODUCTIVITODUCTIVITODUCTIVITYYYYY

Long term productivity is not only important for wood production and business
profitability. It is also a key component of ecosystem functioning, that integrates many soil
processes and that signals a relevant direction of change in response to perturbations
(Kimmins 1994). Unfortunately, in most cases long term productivity data is not available
or is difficult to interpret because of multiple interactions between soil properties, climate
and management practices. Productivity declines in rotation forestry were first reported in
sandy soils in southern Australia (Keeves 1966). Subsequent research demonstrated that
the decline was triggered by the burning of logging slash, which led to nutrient and
moisture stress and that growth of second rotations could exceed that of first rotations with
proper management practices (Smethurst and Nambiar. 1990). Similarly, other works have
shown increased second rotation productivity with fertilization, weed control and other
management techniques (Long 1997). Similarly, long-term agricultural trials show that
productivity can be maintained for long periods (>70 yrs) of annual crops when crop
residues are left on site. On the other hand, many short-term studies have shown both
reductions and increments of forest productivity after soil disturbance and compaction.
Available knowledge can be summarized in the following statements: i) there is no direct
evidence of a general long term productivity decline in rotation forestry, ii) available data
is not conclusive and productivity decline may occur; iii) when management is adapted to
site conditions, productivity can be maintained for long periods of time and iv) until hard
data is available, long term changes in productivity should be inferred from changes in soil
properties.
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Organic matter and soil Biology: Harvests remove high amounts of organic matter, both
on CCF and RF. This may have impacts on long-term sustainability in both cases but it has
not been properly measured yet. The Long Term Soil Productivity experiment (Powers et
al. 2005) measured 13% lower C concentrations ten years after total above ground organic
matter removal at harvest, with no effect on productivity in the absence of compaction or
soil displacement. It seems that the influence of pulse removals in rotations forestry will
depend on site, rotation length, residues management and forest floor conservation.
Rotation forestry has also raise concerns because of changes in soil climate and reduction
of fresh organic matter inputs for a variable period of time. This affects N mineralization
and it may lead to increased leaching and acidification (Prescott 2002). In addition,
changes in litter quality brought in by exotic coniferous monocultures may produce
nutrient immobilization, affect decomposition rates and alter structure and function of
microbial communities (Leckie et al. 2004). However, these changes generally fall within
natural boundaries of variation and resilience and are viewed as non-relevant to soil
quality (Prescott 2002). For example, published effects of RF practices on soil biology
indicators are site specific, may be highly reversible and difficult to evaluate in terms of
sustainability FPLA (Leckie et al. 2004), CLPP (Stevenson et al 2004, enzymatic activities
(Hassett and Zal 2005)). On the other hand, the level of soil disturbance at logging and site
preparation may have long-lasting effects on soil SOM (Merino et al. 2004). The amount
of SOM removed in these RF practices is considered a key element of soil sustainability.

Soil chemistry: Enhanced productivity may impact long term soil chemistry through
nutrient depletion. Declines in soil chemical fertility have been considered as very relevant
in tropical plantations but reversible with proper use of manures and fertilizers (Hartemink
2005). Research supports a similar conclusion in temperate plantations. In respect to
species change, the most clear trend detected is a lower cation base saturation under
conifers than under broadleaves (Stevenson et al. 2004). Again, these differences may be
of little relevance to sustainability when compared to natural variation of soil properties.

Physical parameters: One of the most important concerns for long term soil
sustainability is related to the use of heavy machinery in forest operations. Traffic,
especially in wet periods, may cause compaction, soil displacement, increased erosion and
SOM removals. These changes may have negative impacts on available water capacity, air
filled porosity and mechanical impedance to root growth, decreasing soil fertility and
increasing soil erodability (Gent et al. 1984). The amount and severity of soil disturbance
depends on soil type, and moisture content, type of equipment, and operation procedure
(i.e. number of machine passes). On the other hand, site preparation has also some
potential for alleviating soil physical constrains, and for increasing productivity (Fox
2000). Sustainable forest management requires minimizing soil disturbance and this can
be achieved greatly matching site prescriptions to soil and site conditions (Beets et al.
1994). Mechanical site preparation is distinctive of RF and may produce severe
disturbance through windrowing, scalping, ripping, bedding, shearing, burning etc.
Literature reports a broad range of soil responses to site preparations from undetectable to
severe soil disturbance and from significant increases to significant decreases in
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productivity. Harvest disturbance, on the other hand, is common to RF and CCF. It is
greater at the clear-cut, but is also relevant in thinnings. Data from other systems indicates
that severity of impacts of forest harvesting practices follow the sequence clear-cuts >
shelterwood > selection forestry. We may argue that cumulative disturbance of several
partial CCF cuts will be similar to that produce in RF as long as total volumes extracted
and forestry operations are similar.

Mass balance of soil and Nutrients and Resource efficiency: Intensification of
management increases nutrients demands form soils and nutrient exports in harvests. In
some RF plantations yearly nutrient removals may approach that of agricultural crops
(Vance 2000). Short-term nutrient balances and long-term nutrient modelling have been
used to assess the relevance of this nutrient removals on sustainability with inconclusive
results (Schoenholz et al. 2000). On the other hand, empirical data form long term
agricultural trials have shown that productivity may be maintained with proper fertilizers
and residues management. However, concern should be maintained since some questions
are still to be answered: In the absence of fertilizer would productivity maintain pre
intensive-management levels? Can it be sustainable to use in forestry scarce fertilizers (i.e.
phosphorus) that may become critical for food production in a few generations?

Despite the popular belief that forestry protects soil per se, research literature shows
that erosion and sediment exports are important aspects of sustainable forestry. What is
relevant for this discussion may be summarized briefly: i) at clear-cut and subsequent
years there is an increased in sediment yields generally above the ones produced in shelter
wood or other CCF harvests ii) even in steep terrain, erosion at clear-cut can be low (1-
0.002 Mg ha-1 yr-1) when understorey is present and soil disturbance is low (Carling et al.
2001). iii) the road and trail networks are primary sources sediments (Carling et al. 2001),
with no advantage of CCF over RF.

CONCONCONCONCONCLCLCLCLCLUSIONUSIONUSIONUSIONUSION

Rotation Forestry has greater risks of soil disturbance and erosion at the inter-rotation
period, greater nutrient extractions and greater need for agrochemicals, fertilizers and
other inputs. These risks may increment under market trends favouring total tree harvest,
mechanized forest operations, cost reductions or afforestation of vulnerable soils. On the
other hand, Rotation Forestry is better suited for realizing full site growth potential and for
rehabilitation of formerly degraded soils. It can make, in this way, a great contribution to
global sustainability in a resource-demanding world.

Available knowledge shows that matching management to soil and site condition is the
most relevant factor for soil sustainability. It is not fair to dismiss the risks of rotation
forestry based on best management examples as it is not to declare it unsustainable based
on the worst management practices. It is of paramount importance to detect risks and to
minimize them through sound management and a wise distribution of RF and CCF stands
in the landscape.
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INTRINTRINTRINTRINTRODUCTIONODUCTIONODUCTIONODUCTIONODUCTION

Sustainable (forest) system management is one of the main needs that is targeted by
“close-to-nature forest management” (CTN-FM) and by “Plantation forestry” (PF). Both
are convinced of their capacity to mange systems in a sustainable way; for both main
criteria for sustainability are the maintenance or restoration of soil fertility and soil
functionality and the stabilization of the water balance at least on stand level. This
comparable understanding however leads in both cases into different management targets:

• CTN-FM intends to work with stands which are site potential adapted considering their
structure and tree species composition to ensure sustainability at ecosystem level and to
enable the integration and use of natural processes in adapted management measures.

• In comparison the targets of PF when considering soil and water are simply to achieve
fertile and productive (wood, biomass) stands while sustaining soil fertility and while
minimizing risks for soil and water through high technical input.

The self-understanding of PF is to be precision forestry, which immediately raises the
question of why the simple use of natural potentials and processes cannot also be precise?

EVEVEVEVEVALALALALALUUUUUAAAAATION OF THE PRTION OF THE PRTION OF THE PRTION OF THE PRTION OF THE PROCESSOCESSOCESSOCESSOCESS

To clarify the differences and common points between CTN-FM and PF, a moderated
discussion was used, where statements considering definitions and understanding, starting
situation, techniques and production cycle, target situation, problems and their
countermeasures as well as main hypothesis for the discussion paper and key criteria for
sustainability and the future research needs were given, noted and commented by the
group. Ten members of CONFOREST and one member of IEFC participated at this
workshop – provoking at the workshop the question of whether soil and water are probably
of lower relevance for Plantation forestry.
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PRPRPRPRPROBLEM STOBLEM STOBLEM STOBLEM STOBLEM STAAAAATEMENTTEMENTTEMENTTEMENTTEMENT

One of the main obstacles in the discussion between CTN-FM and PF is the different
interpretation of the meaning and understanding of sustainability and of a close to nature
(natural) situation. Consequently, some basic definitions from both parts were put at the
beginning of the discussion process.

• Sustainability: coming from Plantation forestry, this means a sustainable provision of all
soil functions, like production (plant growth), filter/ buffer and protection; from the part
of near to nature forestry sustainability is defined as natural « perpetuum mobile » of nu-
trient availability (matter fluxes) and stocks, which guarantees that nutrient needs are at
any time covered by weathering release.

• Natural: from part of near to nature forestry “natural” is considered as equilibrium of
nutrient output from harvesting and release from weathering.

Furthermore, starting situation, management goals and the “life cycle” of stands in both
approaches are different and needed to be clarified at the beginning of the discussion in
order to better understand the agreements and disagreements. A simple reduction of the
discussion on the rotation period is not sufficient, as (a) also in CTN-FM short rotation
periods might be possible in case of some special tree species (noble hardwood e.g.) and
(b) type and intensity of the management measures are decisive for the evaluation of the
effects on soil and water sustainability.

Considering “conversion” as the most suitable way to come to stands, which are well
adapted to the actual and future conditions and thus are the basis for CTN-FM, this special
type of CTN-FM starts logically with forests, whereas Plantation forestry can start either
with non-forest land as well as with preliminary plantations. Table 1 compares the
resulting steps in the life cycle of both (forest) management approaches.

Table 1. Life cycle of CTN-FM and PF.

steps CTN-FM (conversion) PF

1. start stabilization of the stand (thinning) clear-cut (if former plantation)
OR planting (seedlings, cuttings)
shelterwood cutting / group selection
OR
clear-cut + planting / natural regeneration

2. site preparation facultative mechanical site preparation

3. fertilization usually not facultative

4. tending measures facultative control of unwanted species facultative control of
unwanted vegetation

5. silvicultural measures thinning thinning
pruning pruning

6. regeneration planting / natural regeneration planting (seedlings, cuttings)
OR
combination of both
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AGREEMENTAGREEMENTAGREEMENTAGREEMENTAGREEMENTS AND DISS AND DISS AND DISS AND DISS AND DISAAAAAGREEMENTGREEMENTGREEMENTGREEMENTGREEMENTSSSSS

Agreements and disagreements of CTN-FM and PF are not easily separated when
considering the topic soil and water because often both points of views are very similar
and differences are only obvious in some details. Consequently, a joint discussion of both
– agreements and disagreements regarding risks, problems and countermeasures as well as
working hypothesis is given in the following text.

RiskRiskRiskRiskRisks, Prs, Prs, Prs, Prs, Problems and Countoblems and Countoblems and Countoblems and Countoblems and Countererererermeasurmeasurmeasurmeasurmeasureseseseses

Both CTN-FM and PF expect main risks and problems for soil sustainability and water
quality in the so called “transition period”, i.e. the period where the new (forest) ecosystem
is established. Both highlighted the risk of water quality changes (i.e. by NO3

- leaching)
and nutrient leaching. In case of clear-cut in CTN-FM e.g., Weis (2006) showed that the
EU-threshold for Nitrate is clearly surpassed in the first 15–20 years after the harvesting,
whereas in case of continuous cover forestry this threshold was never surpassed. For CTN-
FM changes in the water balance on stand level and for PF erosion are some additional
risks to be taken into account. Here, Weis (2006) highlighted in the discussion that the
work with continuous cover leads to a better balanced water regime regarding the evapo-
transpiration ratio in stand level. Regarding soil sustainability and functionality, both
parties are concerned with physical soil properties, where the mechanical impact from
harvesting and bad adapted trail and skidding systems are believed to be the most
endangering factors. From point of view of CTN-FM, the uncertainty of duration and soil
processes and well as the impact of climate change on the development of soil and water
related functions are additional points to be mentioned, whereas changes in organic matter
dynamics and nutrient losses due to whole tree harvesting are the special concerns of PF.
Chertov (2006) could prove that the length of the rotation period and the question of whole
tree harvesting or leaving harvesting residuals are the decisive factors for C-balance and
the height of the total C-stock in forest soils.

Considering countermeasures, PF focuses on fertilization as key measure against
nutrient leaching / nutrient losses and water quality changes. Additionally, a clear
focussing of all driving activities on a permanent skid trails is requested. This however can
in case of PF only be realized in the context of harvesting measures, as the site preparation
provokes a mechanical input on the total area. CTN-FM agrees on focussing on permanent
skid trails, but considers additionally long term measures, i.e. a slow move from the former
to the actual forest system as best practice for minimizing risks and avoiding extremes in
the transition period.

Soil and WSoil and WSoil and WSoil and WSoil and Watatatatater Suser Suser Suser Suser Sustttttainabilityainabilityainabilityainabilityainability

Regarding water quality, CTN-FM and PF are both concerned on the effects of
management measures on landscape level, while CTN-FM is mainly focussing on the
effects on stand level. It seems that conversion improves the stand climate (humidity) and
decreases sensitivity against drought. On landscape level, both are convinced that the
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water balance and water quality is improved in the long run by their type of forest
management, while PF compares the effects with non-forest land-use types and CTN-FM
looks at a comparison with worse structured forest types. In the short run, PF admits a
possible temporary lowering of water quality by erosion processes and sediment output
after clear-cut, whereas conversion in case of clear-cut might provoke a possible lowering
of water quality as result of nutrient and NO3

- leaching.
Both parties assume that at a glance no negative effects on the nutrient budget and soil

fertility are feared and conversion is even expected to improve the mobility and
availability of nutrients. Considering the C-sequestration ability, PF sees a clear
improvement compared to non-forest land use and expects to reach a comparable level as
CTN-FM forests. Conversion is additionally expected to support the move of C from
humus to the mineral layer and thus to increase the long term stored C in forest soils,
whereas at a glance, the total height of C-stock is not expected to be changed dramatically
under continuous forest cover. Chertov (2006) concluded from modelling results that a
short rotation period of 15 years. and whole tree harvesting are the worst case for C-
sequestration in forest ecosystems, while rotation periods over 45 years. and leaving the
harvesting residuals in the forest are good preconditions for stabilizing the C-balance.

In case of soil physics, PF expects a slight negative impact (physical degradation) in the
long run, whereas conversion is believed to contribute to an improvement of the rooting
penetration of forest soils due to the use of deeper rooting deciduous tree species.

Both parties consider the effects on soil biology / biota to be difficult to be evaluated. PF
assumes that the balance between soil biota groups (fungi  bacteria) is probably changed,
whereas conversion is expected to improve the biological activity and biodiversity.

KKKKKeeeeey cry cry cry cry critititititerererereria fia fia fia fia for tor tor tor tor tesesesesesting hting hting hting hting hypoypoypoypoypottttthesishesishesishesishesis

Both PF and CTN-FM came to the agreement to use the same key criteria for testing on
stand and landscape level if soil and water sustainability are influenced by the
management measures. The key criteria, which can e.g. be part of a common metadata
base (e.g. in CONFOREST), are listed in Table 2.

RESEARRESEARRESEARRESEARRESEARCCCCCH REQUIREMENTH REQUIREMENTH REQUIREMENTH REQUIREMENTH REQUIREMENTSSSSS

Both CTN-FM and PF naturally see different focal points in future research. In case of PF,
the most important research topic is the question of physical soil properties and the
recoverability of negative impact from management measures. Further important research
questions comprise the long term development nutrient balance when doing whole tree
harvesting and the long term development of C-stocks (labile / stable fractions).

In case of CTN-FM, a comparison of the effects of tree species changes versus structural
changes on water quality, nutrient cycling and C-sequestration is of main importance.

Both however also identified also one common research question: Do monocultures
(conifers), managed with stand-wise clear-cut really have a negative impact on soil quality
on a regional scale?
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CONCONCONCONCONCLCLCLCLCLUSIONSUSIONSUSIONSUSIONSUSIONS

Management intensity and the degree of technical input as well as the life cycle period are
quite different for PF and CTN-FM. Both however seem to have rather similar points of
view on soil and water sustainability and both are convinced that these are not heavily
endangered by their type of management. One problem in the comparison of both
approaches might be that effects on soil and water are often measured plot to stand wise –
especially in case of CTN-FM, whereas a real evaluation of soil and water sustainability
can only be carried out on landscape or catchment area level. Furthermore, a comparison
of the costs for maintaining soil and water sustainability against possible economic
benefits from differing harvesting regimes is still outstanding and could be topic of further
discussions. And last but not least, the question of possible combinations of PF and CTN-
FM would be an interesting while economically and ecologically relevant aspect, when
aiming in the future for integrated forest management approaches.
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Table 2. Common key criteria for soil and water sustainability.

Biomass related parameters Soil related parameters Water related parameters

· Age / development phases · Soil types · Precipitation (mm / a)
· Vegetation composition · Texture · Throughfall (stemflow)

(stand, ground vegetation) · Structure · Evapotranspiration
· Structure (diff. indicators) · Humus form · Water (storage) capacity

=> input from WG Inventory · Organic stock (t/ha) · Seepage water (mm / a)
· Natural tree species · Soil-N (humus layer, · Soil solution concentration

composition (if available) upper mineral horizon) (N, macronutrients, H+) (mg / l)
· Biomass volume · C/N ratio in humus layer · Base cation / Heavy metal

(above ground) · Cmic / TOC leaching
· Stand volume · Soil pH (H2O / KCl / CaCl2) · Nitrogen input (total deposition,
· Ground vegetation · Base saturation dry/ wet deposition, kg / ha * a)
· Nutrition status · CEC · Nitrogen output in seepage water

(leaf / needle content in stand) (concentration of NO3- mg / l)
· Biomass increment (t / ha * a) · Other deposition (P10, P5, P2.5,

or tree growth (m3 / ha * a) P1, PAH, PCB, heavy metals)
 · Derived parameters

(acidification rate, etc.)
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Since the second half of the 19th century, conifer plantations have been established
throughout Europe on open, less productive land. Next to this, already existing semi-
natural forests were to some extent converted to plantations as well. Due to a changing
socio-economic context and increasing environmental concerns, the conversion of these
plantations to more natural forest types became an issue from the end of the 20th century
onwards. The need for the conservation and restoration of forest biodiversity has been of
major importance in this respect. In this contribution we therefore take a critical look at
this aspect of conversion and discuss under which conditions biodiversity gains are
expected and under which would not. The first step that needs to be taken is to set an
appropriate reference for restoration. We suggest that natural forest (i.e. forest in which
human disturbances have been restricted to a strict minimum) occurring on the same sites
is the best candidate as it can be expected that these forests harbor the most representative
set of native biodiversity. It should be stressed that this does not necessarily mean that
conversion from a biodiversity perspective should encompass the transformation of all
forests in reserves. With this reference in mind one can then assess (1) the extent to which
biodiversity differences exist between these two forest types and (2) identify the elements
responsible for this difference. The first question has been answered many times before,
and it is indeed well-established that the numbers and abundances of especially forest
specialist species are lower in plantations compared to natural forest on the same site.
With respect to the second question, four elements seem to account for the differences in
biodiversity, notably the poor vertical and horizontal structure, the presence of one or a
few, often exotic species in plantations, the absence of decay stages and the altered
disturbance regimes in plantations.
(1) It has been shown that structurally diverse forests harbor more species than poorly

structured stands and hence conversion should strive for an intimate mixture of diame-
ter and/or age classes;

(2) In general, more species are associated with broadleaves than with conifers, especially
if the latter are non-natives. Conversion should therefore aim for a shift to native
species and mixtures thereof that would naturally dominate the site;

(3) A large fraction of the forest biodiversity is associated with decay stages and ignorance
of these elements in the conversion process would mean that a whole guild of species

WHICWHICWHICWHICWHICH BIODIVERSITH BIODIVERSITH BIODIVERSITH BIODIVERSITH BIODIVERSITY GAINS (AND LOSSES) ARE EXPECTEDY GAINS (AND LOSSES) ARE EXPECTEDY GAINS (AND LOSSES) ARE EXPECTEDY GAINS (AND LOSSES) ARE EXPECTEDY GAINS (AND LOSSES) ARE EXPECTED

WHEN CONIFER PLWHEN CONIFER PLWHEN CONIFER PLWHEN CONIFER PLWHEN CONIFER PLANTANTANTANTANTAAAAATIONS ARE CONVERTIONS ARE CONVERTIONS ARE CONVERTIONS ARE CONVERTIONS ARE CONVERTED TTED TTED TTED TTED TO MOREO MOREO MOREO MOREO MORE

NANANANANATURAL FORESTURAL FORESTURAL FORESTURAL FORESTURAL FOREST TYPES?T TYPES?T TYPES?T TYPES?T TYPES?
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will not be able to recover. Hence, dying and dead wood amounts should be considera-
bly increased during the conversion process;

(4) A fourth, and most crucial, element to be restored during the conversion process is the
disturbance regime. Plantations are characterized by cutting cycles that often have little
resemblance to the naturally occurring disturbance regimes.

A tenet of biodiversity conservation in forestry for many decades has been that
management practices are modelled on, and essentially mimic, natural disturbance
processes. Hence, appropriate disturbance regimes which mimic the natural ones in terms
of frequency, extent and intensity should be restored as well as they will guarantee that
diversity will be restored not only at the stand scale but also at the landscape scale, by
generating shifting mosaics of different successional stages. In this respect, continuous
cover forestry may not always be the best option to convert to. This system does create
structurally diverse stands, but if this small-scaled structure is repeated over and over, the
landscape or beta diversity will inevitably be low. In systems that are naturally
characterized by large-scaled disturbances such as hurricanes and fires, continuous cover
forestry may not be the best option from a biodiversity perspective. It is important to note
that many advocates of conversion to date generally concentrate on the restoration of the
first two elements, and especially on the first one. This is because other forest functions
need to be considered, and compromises between different goals have to be found.
However, one should realize that the restoration of structure and composition alone may
not be enough to make the difference for biodiversity. Although the general principles for
biodiversity restoration through conversion are clear, its implementation in the field
remains challenging. Below, a non-exhaustive list of issues that complicate the
implementation and evaluation of conversion are given:
(1) Natural disturbance regimes?

In most parts of Europe, forests have been intensively managed for many centuries and
truly unmanaged forest reserves of sufficient size are hardly existent (e.g. an estimated
0.2% of deciduous forest area in central Europe). Hence, it’s a challenge to restore
appropriate disturbance regimes, particularly in north-western Europe.

(2) How much is enough?
Non-linear species responses to the amount and spatio-temporal distribution of suitable
habitats are more the rule than the exception. Hence, scientific underpinning of species
responses and eventual thresholds values to changes in composition, structure, decay
stages and landscape dynamics is needed. This is of major importance as it is a key for
an optimal compromise between biodiversity restoration and other forest functions.

(3) How to deal with the legacy of past land-use?
Many plantations were established on former non-forest land and hence many typical
forest species may not have colonized these forests yet, sometimes irrespective of the
management system. Many forest species, in particular specialists, are dispersal limited
and will therefore not be able to colonize all potentially suitable habitats when they
become available. It is therefore often difficult to distinguish whether a species is
absent in a plantation due to the lack of suitable habitat or due the fact it has not been
able to reach the site. This may on the one hand lead to an underestimation of the
biological potential of plantations and on the other postpone the species responses to
restoration actions that have taken place.
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Another legacy of past land-use is that some species associated with non-forest or early-
successional habitat types may have persisted in the plantations due to clear-cuts and short
rotations as plantations have often been established on sites with semi-natural vegetation
types. The latter have become rare in the present-day landscape and therefore nowadays
have a high conservation value. Conversion may be detrimental for these species and
special actions may be necessary to conserve them.

In conclusion, we advocate the use of natural forest occurring on the same sites as a
reference for conversion and not to confine the conversion to the restoration of a more
diverse structure only, but to restore tree species compositions, decay stages and more
natural disturbance regimes as well. However, questions remain on the nature of the
disturbance regimes and on the exact way how to implement them (i.e. how much is
enough?). One should also realize that significant time lags in biodiversity restoration
following conversion can exist and that in some cases one has to deal with the biological
legacies of past, non-forest land-use.
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Forests and most other natural ecosystems are faced with an unprecedented loss of
species, mainly due to human activities. Because forests harbour a major part of terrestrial
biodiversity they are the focus of many conservation programmes. Although a substantial
area of native forest is now protected, such reserves are often too small or too isolated to
adequately protect biodiversity. At the same time, the global estate of plantation forests is
growing worldwide, particularly in Asia and South America, mainly in the developing
countries that have an increasing demand for wood and fuel. Expansion of planted forests
and intensification of their management has raised concerns among forest managers and
the public over the implications of these trends for sustainable production and
conservation of forest biological diversity. In some cases the establishment of plantation
forests has been at the expense of native forest and this resulted in a loss of biodiversity.
However, in other cases plantation establishment occurred in abandoned agricultural land
and it has been argued that such plantations are beneficial because they provide additional
forest habitat and because they may reduce pressure to harvest remaining natural forests.
These are some of the key arguments in a controversial debate about the relative threat or
benefit of tree plantations to biodiversity. Another issue in the debate about planted forests
and biodiversity is related to recent findings that species diversity can increase ecosystem
productivity and resistance to insect outbreaks. Furthermore, it has been proposed that the
maintenance of biodiversity becomes a standard for forest certification. For both
pragmatic and ecological reasons, greater attention to biodiversity conservation is
therefore given in Plantation forestry.

Plantations can have either positive or negative impacts on biodiversity at the tree,
stand or landscape level depending on the ecological context in which they are found.
Objective assessments of the potential or actual impacts of planted forests on interspecific
biological diversity at different spatial scales require appropriate reference points. In this
regard, it is important to consider in particular the biodiversity status of the site and
surrounding landscape prior to establishment of planted forests, and the likely alternative,
land-use options for the site (i.e. would or could a site be managed for biodiversity
conservation and other environmental services or be converted to agriculture or other non-
forest uses?). For example, the establishment of an industrial plantation on a particular site
will clearly have a more negative impact on stand-level biodiversity if it replaces a healthy,
diverse, old-growth native forest ecosystem than if it replaces a degraded abandoned
pasture system that was the result of earlier forest conversion. Thus, the ecological context

BIODIVERSITBIODIVERSITBIODIVERSITBIODIVERSITBIODIVERSITY AND PLY AND PLY AND PLY AND PLY AND PLANTANTANTANTANTAAAAATION FORESTION FORESTION FORESTION FORESTION FORESTTTTTS: AN OVERS: AN OVERS: AN OVERS: AN OVERS: AN OVERVIEWVIEWVIEWVIEWVIEW
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of planted forest development, as well as the social and economic context shaping land-
use change, must be considered in the evaluation of biodiversity impacts.

The need to pay more attention to biodiversity issues in plantation design and
management is supported by observational, experimental and theoretical studies that
indicate that biodiversity can improve ecosystem functioning. That is, it is not just the
importance of biodiversity per se but its role in improving the overall resilience of the new
ecosystem. While plantation monocultures have economic advantages, the need to ensure
their long-term sustainability argues for greater research effort to develop design and
management strategies that enhance plantation understorey and soil biodiversity as well as
their functional benefits. Many plantations are being established for the contribution they
can make to overcome ecological degradation (e.g. soil salinity, erosion) and improve the
long-term sustainability of land uses such as agriculture. Faced with the unpredictable,
enhancing species diversity may improve adaptability of all managed forest ecosystems to
changing environmental conditions.

The primary management objective of most plantation forests has traditionally been to
optimise timber production. This will continue to be the primary objective in most
industrial plantation programs but it will not necessarily be the case in many smaller scale
plantations owned by farmers and other non-industrial groups. In these circumstances the
management objectives may place greater weight on the provision of non-timber products
and ecological services such as biodiversity. This will require the development of a new
range of silvicultural tools to establish and manage these plantations.

Where managers are seeking to produce goods as well as ecological services, there are
invariably difficulties in making the necessary trade-offs. These trade-offs operate at all
levels of biological diversity. In the case of genetic diversity, for example, a balance must
be struck between the need to identify the most productive forest reproductive material to
plant at a particular site and the desire to re-establish the biodiversity represented in the
original genotypes. Should a manager use highly productive planting material with a
narrow genetic base that has been developed from an intensive selection program, clonal
material or even genetically modified varieties? Or, should one rely instead on natural seed
sources with a wider genetic diversity because these may confer greater resilience to the
plantation enabling it to cope better with future environmental changes such as insect
attacks or climatic events? Judicious use of relevant, well-known tree breeding strategies
and gene conservation strategies can greatly facilitate efforts by managers to maintain
genetic variability of plantation species over several generations and thus achieve better
balance between economic and environmental benefits and risks.

Likewise, at the species level, should managers establish plantation monocultures or
should they give greater emphasis to multi-species plantations? There are, of course, no
simple answers to questions such as these because much depends on the fertility of the
soils being planted (are they still able to support the original native species and the soil
biota required for maintaining soil fertility and nutrient cycling processes?) and on the
present objectives of the landowner. Usually some compromise between the two extremes
is chosen.

A critical issue for the future of plantation forests is how to combine biodiversity
maintenance and wood production at various spatial scales, i.e. at stand, forest, and
landscape levels. One way to achieve a balance between biodiversity and productivity/
profitability is through improved practices at the stand level or alternative silvicultural
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regimes (species mixture at different scales from individual trees to compartments of
different sizes, age and clone mosaic) combined with biodiversity management at
landscape level which is arguably the most relevant spatial scale to address biodiversity
conservation. This would include, for example, modification of extensive clear-cut
practices to reduce group or patch sizes (i.e. plan for smaller compartments of same-aged
stands that are dispersed within the plantation landscape) to achieve a better balance
between economic and environmental objectives. Thus, it may be possible to achieve a
degree of biodiversity at the landscape scale through diversification of plantation
landscapes to create mosaics of different planted forest and natural vegetation habitats,
even if each of the individual plantation stands within that landscape are established as
simple monocultures. In many parts of the world, this will require a reorientation of
current practices and, in particular, a shift from a stand-level to a forest- or landscape-level
approach where a spatial partition of forest objectives can be made, for instance by the
juxtaposition of natural reserves and productive matrix. Managing plantations to produce
goods such as timber while also enhancing ecological services such as biodiversity
involves trade-offs which can only be made with a clear understanding of the ecological
context of plantations in the broader landscape, and agreement among stakeholders on the
desired balance of goods and ecological services from plantations.
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The following discussion is based on the findings of a workshop who worked on the issues
raised in the keynote presentations given by Kris Verheyen of ConForest and by Jean-
Michel Carnus of the IEFC.

The key parameters of the discussion were firstly the comparative analysis of the
different components and levels of biodiversity in a plantation / rotation system, and a
forest system after conversion. Secondly was the identification of issues that are in conflict
or in harmony with the two systems. Thirdly was the clarification of areas within these
realms that required further detailed analysis.

INTRINTRINTRINTRINTRODUCTIONODUCTIONODUCTIONODUCTIONODUCTION

It was established fairly early on that the definition of the term “Close-to-Nature” forestry
when used in the context of biodiversity required further clarification. Although various
publications have made strong distinctions in the definition of what purports to be a
“close-to-nature” forest (site adapted species, natural systems govern the replacement of
trees for example), there appeared to be a considerable overlap in the capacity of both
plantation and conversion arguments to encompass each others forestry systems. This can
be shown with the example of the plantation systems using the natural regeneration of
stands as a management tool in a similar fashion to some techniques used on forests
undergoing conversion. Contrastingly, the conversion forests use advance regeneration
techniques to facilitate conversion by underplanting in a similar vain to Plantation forestry.

The resolution pertinent to accurate contrasts between the two systems should be taken
at not only stand level, but, more importantly, also at landscape level. The variability of
biodiversity within the systems can often depend very much on the scale the observer uses,
and as such would have a profound effect on the product of research and analysis. This can
be observed in the point raised that if conversion is limited to the improvement of
structural diversity within forest stands, the product of this conversion does not necessarily
result in the improvement of biodiversity. In fact, the opposite may occur when a particular
stand type is established and maintained at the scale of the entire forest thereby generating
an extremely low, so-called beta-diversity.
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It also was noted that the subject of biodiversity is only one of a suite of dimensions
strongly investigated within the science of conversion due to its pluralistic nature. It
should therefore not be considered as an independent key to the decision making process
when considering conversion.

GENETIC DIVERSITGENETIC DIVERSITGENETIC DIVERSITGENETIC DIVERSITGENETIC DIVERSITYYYYY

It appeared that the subject of genetic diversity was generally well managed and
documented in plantations. It is known that the plantation systems can have a faster, more
reactive adaptation to genetic resources, and though it is acknowledged that they reduce
the available gene-pool, the risks associated with this can apparently be minimised.
Conversely, the capacity for the forest gene-pool to become enriched is somewhat
increased in a forest system that is based on conversion. However, the full implications of
this are as yet still to be evaluated.

SPECIES DIVERSITSPECIES DIVERSITSPECIES DIVERSITSPECIES DIVERSITSPECIES DIVERSITYYYYY

The diversity of the species found in both concepts should be considered not only in relation
to the dynamics of the potential natural vegetation, but should also encompass the future
displacement of species likely to result through climate change. This element goes back to
one of the originally stated precept of Close-to-Nature forestry, in that it should be built on
the foundation of site adaptedness of species. Therefore, not only should scientists look to
historical precedents when planning and researching appropriate management regimes, but
also to the trends that are becoming apparent. In this dimension, the relevance of many
species-based indicators is becoming questionable. Furthermore, the promulgation of
emblematic species may not be always appropriate for species diversity maintenance.
However, the use of target species on a local or at eco-region level could remain justifiable.
Both plantation and close-to-nature systems require a focus on functional groups.

LANDSCLANDSCLANDSCLANDSCLANDSCAPE DIVERSITAPE DIVERSITAPE DIVERSITAPE DIVERSITAPE DIVERSITYYYYY

It was noted that the quality of the structural diversity matrix was one of the main goals,
where the role of the plantation forests can be enhanced in their use as connectors between
biodiversity hot-spots. The conservation of habitats can be enhanced through the
appropriate use of reserves, where each type of forestry has a role to play. Various
attributes of conservation can be unknowingly lost, where for example, the use of
continuous cover forestry reduces, and may even completely dispense with the periodicity
of canopy openness vital to the habitat of some (forest) species. The optimisation of the
mixture between conversion scenario and plantation type forests is required in order to
fully realise the biodiversity potential available on a landscape resolution.
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CONFLICTING ISSUESCONFLICTING ISSUESCONFLICTING ISSUESCONFLICTING ISSUESCONFLICTING ISSUES

The issues that arose that appeared to be in conflict with the systems at hand did not
appear to be too numerous. The key inputs were the volumes of deadwood found. In a
plantation system, deadwood makes up a comparatively small volume of the total biomass
available to the enhancement of biodiversity, and misses out the potentials of saproxylic
profiles, for example.

The issues of naturalness at the reference point to take for what characterises a natural
forest system were also in conflict. Depending on the development phase of the forest, the
general definition of plantation with its homogenous attributes can be seen in natural
environments next to the close-to-nature scenarios of a diameter class structure portraying
an inverse exponential curve.

EXAMPLES OF RESEAREXAMPLES OF RESEAREXAMPLES OF RESEAREXAMPLES OF RESEAREXAMPLES OF RESEARCCCCCH NEEDSH NEEDSH NEEDSH NEEDSH NEEDS

What follows is a list of the ideas and concepts that the workshop merited with some
future research concern.

• Thresholds for various biodiversity indicators
• Impacts of conversion on genetic diversity
• Advantages and disadvantages of segregation strategies for biodiversity conservation
• The optimal spatio-temporal distribution of plantations and conversed stands in the land-

scape
• Conflicting goals and how to weight different indicators in MCA analysis
• How to assess (functional) diversity
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Natural tree composition has been dramatically changed in central Europe. Monocultures
of spruce and/or Scotch pine in central Europe are under pressure of defoliators, bark
beetles and/or abiotic injurious factors. During the last outbreak of Nun moth, several
million hectares of spruce and pine stands in central Europe had to be aerially treated. The
amount of trees infested by bark beetles reaches several million m3 in Europe. The main
problem is scale of man-made forests. There are countries where more than 50% of natural
tree composition has been changed in the past. Present problems in Norway spruce man-
made forests consist of several interconnected problems. Among them, the change in
climate conditions might become increasingly important. The CCCM2000 model used to
derive the predictive spatial climate models in Slovakia indicated that temperature optima
of the spruce will be shifted to higher elevations and if weather trends are maintained, the
whole area covered by spruce will grow out of optimum in 100 years. These predictions
are only indicative, because we cannot assess the trend of weather and we are also not able
to understand the mechanism of impact of climate change to Norway spruce monocultures.
What we know is that spruce is extremely sensitive to periods of drought and drought
decreases transpiration and sap flow, which might decrease resistance of trees. An
additional problem might be large scale stochastic damage of forests (wind mainly),
induced by climate change. Evolutionarily, the eastern continental coasts (Japan, eastern
USA) suffer from strong wind permanently and trees are adapted by their lower tree
height. Western continental coasts have suffered from strong wind rarely in past and the
impact of these winds to the forest is now devastating. Close-to-nature forests (mixture or
broadleaf) are not destroyed completely even by these disasters and there is lower chance
of subsequent insect outbreak. The examples of such disasters in recent decades are Lothar
and other storms in the High Tatras in Slovakia in autumn 2003. The situation in the High
Tatras covered by monoculture spruce stands in majority is critical 3 years after the
windstorm, when large areas of remaining spruce stands were attacked by bark beetles.
Another group of serious problems is caused by spruce yellowing and other similar
phenomena. The trees in those forest stands are often damaged by both, infestation by
fungi and attacked by bark beetles, which have no barriers to spread from areas of origin
to neighbouring stands. The yellowing is usually recorded on large areas and often
connected to bark beetles and/or defoliators outbreaks (which are in permanently high
abundance). Bark beetles and defoliators keep frequent cycling of outbreaks in their
optima and periodicity in outbreaks is quite regular. Conversely, it is known that outbreaks
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are less regular in areas out of insect optimum. Thus, close-to-nature forests are usually
more resistant to weather extremes and so also to yellowing, and they are more resistant
again to subsequent impact of pests and diseases. Fluctuation dynamics of Ips typographus
in Slovakia in the period 1981-2005 (data NLC Zvolen) suggests regularity in periods of
low and high amount of attacked trees, with an enormously increasing trend toward the
present. The mechanism of this phenomenon might have an explanation in mentioned
climate change, when spruce stands, when growing outside its optimum, are a suitable
source of food to bark beetles. On the other side, the mild winters and hot and dry
summers might have positive effect on population growth of bark beetles.

Previously written theses indicated the main advantages of close-to nature forests:

• They should be more resistant to climate change, because of their higher adaptability.
• They are more resistant to weather extremes and also against subsequent impact of pests

and diseases.
• The forests decline has a lower impact on sustainability of these forests, because they are

less available for spreading of specific insects and pathogens.
• The insects form outbreaks less frequently in these forests and their extent is smaller.

The key period from forest health point of view is transition period when monocultures are
converted to close-to-nature stands. Risks of abiotic damage and insect/fungi outbreaks are
increasing in this period. To minimize and/or eliminate the risk to acceptable levels, the
permanent identification of key biotic pests/diseases and survey of their abundance is
highly needed. The necessary steps might follow subsequent scheme:

• Identification and survey of presence and strength of key injurious factors in the area
where conversions planned to be applied.

• Spatial distribution of injurious factors.
• Analysis of historical data of injurious factors and forecast of their dynamics.
• Building the risk model.

Spatial distributions of conversion from the point of forest health might use analytical
tools (e.g. age and tree composition, infestation by bark beetles, selected environmental
parameters, spatial distribution of pheromone captures of bark beetles etc.) and also
synthetic tools (as implementation of topographic aspect, the facing of forest edge and risk
and needs for control measure) to complex integrated pest management systems. The
design of conversions might use the following rules:

• Timing of conversion should minimize negative impact of injurious factors.
• In the opposite case, conversions increase risk and make stands unstable.
• Prior to conversion, it is recommended to make a survey of key injurious factors.
• The main factors should be: bark beetles, static stability, fungal diseases and game.

The conversion of each tree species has to fulfil different requirements, because
probabilities of destruction of various tree species are different. There are several rules
how to prevent the risk of devastation of stands which are perspective for conversions:

• To increase static stability of artificially regenerated spruce stands it is necessary to start
very early – when top height reaches 10 m. The basic rule is that denser stands have to
be managed earlier.

• If conversion is started in older stands, the risk of destabilization of the stand on large
areas increases rapidly.
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The optimal time for the beginning of conversions from the point of view of bark beetles
is shortly after previous outbreak of bark beetles, when population needs some time to
build-up itself and environment is saturated by efficient complex of parasitoids and
predators.

In finding an answer to the question “Close-to-nature forests or plantations?”, perhaps
the question is not quite correct. The plantations might bring high profit with save
production (in some conditions), but might also bring high level of hazard. The close-to-
nature forests might bring a saving to production, but profit might be lower (in some
conditions) and this might bring economical and social imbalance. To optimise production
of forest, both strategies should be applied in well-balanced design. The close-to-nature
forests might produce higher sustainability of production and minimize human input to
forest, and plantations might fulfil the requirement of higher profit.

The transition from plantations to closer-to-nature forests might increase risk of large-
scale damage of forests in some cases (like spruce forests). Previously stated arguments
show that tools for making decisions to minimize impact of injurious factors must be
applied here.
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Plantation is the technique more frequently used to re-establish the forest ecosystem in
deforested areas. After the disappearance of the forest due to natural or man-made
disasters, the evolution of the vegetation is quite different in areas under diverse climate
conditions. In warm and humid countries, the natural forest may be easily restored thanks
of the natural regeneration that remains effective. However, in some dry areas of Europe,
the consequences of a natural or man-made disaster, such as a fire, may only overcome by
way of plantation activities. Forest plantations are quite effective when it comes to
avoiding the problems of erosion in areas where the natural regeneration is not efficient,
like the Mediterranean countries. The advance of deforestation can only be effectively
controlled in these areas by using this procedure. This fact is of particular importance in
southern European countries where the advance of the desertification is a serious threat for
the forest ecosystems. Furthermore, in terms of economic interest, forest plantations may
act as a carbon drain after the absorption of gas by tissues. The selection of fast-growing
provenances may provide the plantations with higher carbon storage possibilities than
those of the natural forest. Currently, this characteristic of the plantations has a great value
under the new conditions of the global climate change and the Kyoto protocol.

After over a century of Forest Management in Europe, many countries across the
continent have areas covered by plantations with autochthonous species and less with
foreign species. Currently, many of these plantations are reaching the end of their rotation,
and foresters are evaluating the possibility of transforming them into close-to-nature forests
by changing the species and age composition of the stand. However, to perform this
conversion we firstly need to study the possible consequences on e.g. carbon fixation,
biodiversity, soil, socio-economics and, of course, the forest health, which may condition
the persistence of the forest. Considering forest health, a change in the tree species
composition will cause an increase in forest diversity and also in the genetic variability of
the stand. Thus, the increase in the species composition after the conversion process will
increase the resistance of the stands to forest diseases by enhancing the germplasm diversity.
Taking into account the age and the specialization of several forest insects and fungal
pathogens in some specific stages of the forest cycle a conversion from even to uneven-aged
trees may make the forest more prone to different pathogens and may reduce at the same
time the intensity of the attack because of the lack of homogeneity in age. However, specific
problems may arise after the process of age conversion in a forest. Thus, the existence of
adult trees growing protected under the high density conditions of the plantations and, after
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a clear-cutting, with the bark exposed to new conditions may make these trees more prone
to the attack of different organisms, mainly the bark beetles. Some species such as Ips
typographus are intensely attracted by the bark of conifers’ high exposure to the sun after
the cuttings, causing epidemic attacks that may cause the disappearance of many thousands
of hectares of forest. Another important problem related to the conversion of even to
uneven-aged forests is fire. Most fires start at the ground and burn herbaceous plants and
shrubs in the understory of the forest plantations as they spread, because it is difficult for the
flames to reach the crowns of mature trees. However, a change in the age composition of the
forest species may create a continuous fuel area that will easily spread the fire from the
ground to the crowns, causing partial loss of the forest. This is a very important problem in
Mediterranean countries like Spain, where they suffer from the effects of fire regularly.
Forest plantations are traditionally associated with low diversity and high sensitivity to pest
and diseases. Therefore, the progression of a harmful organism will theoretically be faster
in a stand with low germoplasm variability than in a natural forest with higher diversity.
However, this is not always true. In fact, a clonal plantation, such as the poplar plantations
in which all trees are the same clone is quite different from a conifer seed-derived plantation
with an adequate selection of the seed provenance. In the poplar plantations, the low genetic
diversity may frequently lead to a high increase in damage from pests such as Leucoma
salicis or diseases such as Venturia populina because the homogeneity in the germoplasms
permits a rapid progression of the damaging organism. However, in a well managed pine
plantation, a close-to-nature genetic diversity may be obtained, assuring a satisfactory
response against forest pests and diseases. Moreover, even in a clonal plantation an
adequate increase in the biodiversity may be obtained by mixing a considerable number of
clones. Another useful practice, such as leaving some dead trees inside the stand, can
increase the forest biodiversity, providing worse conditions for the spread of fungal diseases
or insects. The damage caused by pests and diseases, and the variability in the germoplasm
of the host is a closely related factor. The best example is the second pandemic of the Dutch
Elm Disease, one of the more devastating tree diseases that killed millions of trees in the
Northern hemisphere. Recently, it has been demonstrated that the damage caused by the
DED pathogen Ophiostoma novo-ulmi in some countries like Spain was due to the lack of
variability in the host. The molecular analysis showed that the elm species known as U.
procera was in fact a clone widespread by man for use in vinegars. However, the host is
only one of the three factors that affect forest health, after the pathogens and the
environment. Consequently, the existence of a close-to-nature variability in the germplasm
is often not enough to avoid forest health problems. Many aggressive pathogens such as the
fungus Fusarium circinatum cause damage to the trees, irrespective of the germplasm
variability. Other examples of primary pathogens are Ceratocystis fagacearum in North
America and the pine wood nematode Bursaphelenchus xylophilus. The environment is
another factor affecting the pathologies related to the characteristics of plantations or close-
to-nature forests; some significant aspects of the pathologies, like temperature or humidity,
are different between the even-aged and uneven-aged forest, where air currents and sun
exposure are more frequent. The advantages of the close-to-nature forest compared to the
plantations in terms of forest health or biodiversity have been traditionally accepted. Thus,
all the researchers have assumed that more close-to-nature forests means more biodiversity
and also less susceptibility to pests and diseases because of the higher diversity of
parasitoids, predators or antagonists. However, this issue is not very clear and many
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researchers have found different results when comparing the behaviour of biodiversity and
forest health in both scenarios. At present, many works show, for example, that the number
of different species and the number of individuals sampled in plantations were higher that
those obtained in the close-to-nature forest, which contrasts with the results previously
found by other authors and the general public opinion. However, these works also show that
the number of rare species was higher in the close-to-nature forest than in the plantations,
where their presence was frequently zero. In addition, the results show that these rare
species were inversely related to the presence of forest pests and diseases; hence, when the
number of rare species was very low or the rare species did not exist, the frequency and
effect of pests and diseases was higher, and vice-versa.

More research on the susceptibility of plantations and close-to-natural forests must be
carried out in order to consider the possible consequences of a global conversion process
in the different areas of Europe.
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INTRINTRINTRINTRINTRODUCTIONODUCTIONODUCTIONODUCTIONODUCTION

Both plantations and close-to-nature forests exist in the variety of tree species,
environmental conditions, and management and silvicultural systems and also under
pressure of territorially specific pests/diseases/ injurious factors, which results in a diverse
status of forest health.

Natural tree composition has been dramatically changed in Central Europe.
Monocultures of spruce and/or Scots pine are under pressure of defoliators, bark beetles
and/or abiotic injurious factors. During the last outbreak of nun moth, several million
hectares of spruce and pine stands had to be aerially treated. The number of trees infested
by bark beetles reached several million m3 in Europe. An important factor is the extent of
man-made forests, which were badly affected. At present, there are countries where more
than 50 % of natural tree composition has been changed.

Present problems in Norway spruce man-made forests consist of several integrated
problems, especially the climate change issue. In addition to the continuous change of
essential climatic parameters, risk management strategies should also consider the
tendency of large-scale stochastic damage of forests. Another serious problem is spruce
yellowing and other similar phenomena. The trees in those forest stands are often damaged
by both fungi and bark beetles, where there are few barriers to prevent their spread from
areas of origin.

From the forest health point of view, the transition period when monocultures are
converted to nature-closer stands is crucial. In this time, the risk of abiotic damage and
insect/fungi outbreaks can increase dramatically.

SHORSHORSHORSHORSHORT RISK ANT RISK ANT RISK ANT RISK ANT RISK ANALALALALALYYYYYSISSISSISSISSIS

The working group evaluated the level of risk in different types of forest management
strategies. Taking into account different effects of the conversion in different types of
forest, the working group defined the six kinds of plantation having various responses to
the conversion. Thus, the effect of the conversion was studied over the (1) Short rotation
broadleaved forest on dry stands (eucalypts), (2) Short rotation broadleaved forest on wet
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stands (poplars), (3) short rotation pines (radiata pine), (4) long rotation pines (Scots pine,
Austrian pine…), (5) Spruce, and (6) Mixed Forest. In each one of these types of forest
plantation, the effect of the possible risk of the conversion was discussed concerning to (a)
impact of climatic factors, (b) static stability, (c) anthropogenic factors – e.g. air pollution,
(d) insect pest, (e) diseases, (f) game (deer) and (g) fire. The risk was scored as low (1),
medium (2), and high (3). As mentioned above, in some cases the risk has been different
in various regions of Europe, thus it was evaluated in the span of several levels. The
results are given in Table 1.

COMMUNCOMMUNCOMMUNCOMMUNCOMMUNALITIESALITIESALITIESALITIESALITIES

Several areas connected to forest health problems are similar in both strategies. Firstly, the
risk of plantations and risk of the conversion process of non-natural to close-to natural
forests might be similar. The transition process takes place from over a few years to
several decades, in which resistance of forest stands decreases rapidly in dependence on
abiotic and/or biotic factors.

Both strategies must keep a complementary design of forest stands to fulfil
requirements of both: save production and profit needed. The goal is the same, but
methods are quite different.

This issue is quite important mainly in the conversion from homogenous even to
uneven-aged spruce forest. Much evidence exists about the high susceptibility of the trees
to bark beetles after exposure to the sun after opening the canopy. Additionally, the weak
bark is formed when the trees are growing at high densities and thus easily affected by the
sun causing its frequently drying and attracting many injurious insects (e.g. Ips

Table 1. The level of risk evaluated for various types of forest management.

Eucalyptus Poplar Short rotation Long rotation Spruce Mixed
pine pine monocultures  forests

Impact of 2–3 2–3 2 2–3 3 1–2
climatic factors

Static stability 2 2 1–2 1 3 1–2

Anthrop. factors 1 2 1 1–2 3 1

Insect 3 2–3 2–3 2 3 2

Diseases 3 3 3 2 3 2

Wild game 1 1 1 3 3 3

Fires 2 1 3 3 1 1–3

Total 14–15 13–15 13–15 14–16 19 11–14
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typographus). The damage caused by this may be very devastating, with possible losses
thousand of hectares. Oppositely, the existence of similar problems in broadleaved species
is not very well known.

There is another method detailing how to increase stand stability. It is generally
recognized that high homogeneity of forest stands provides better conditions for spreading
the pests and/or diseases. To cope with this problem, we should focus on the conversion
toward provenances better adapted to local conditions. Currently, there are problems
appearing in the Polish forests related to German provenances. Just the introduction of
local provenances can help to cope with this problem, thus it should be included into the
conversion.

Both strategies believe that higher risk generally decreases profit and so, natural limits
exist for both of them. There are environmental conditions, historical data about pest
outbreaks, information about life-style and population dynamics of insect pests/diseases/
abiotic injurious factors, which indicate where plantations might serve efficiently and
where nature-to close forests have to be preferred.

The final agreement pointed out is that similar and/or the same pests/diseases damage
the same trees in plantations and in close-to-nature forests and similar same control
measures are applied to protect them. However, the potency of pests or diseases is
different in each strategy. The communities of pests will possibly be richer in artificial
forests and the range of damage will be lower in close-to-nature forests.

DIVERSITIESDIVERSITIESDIVERSITIESDIVERSITIESDIVERSITIES

The disagreements between plantations and close-to-nature forests result from different
approaches caused by natural conditions, historical development and social needs.
Plantations are more accepted by society in Southern Europe, close-to-nature forests are
much more preferred in the Central and Northern Europe. Natural conditions in the south
better fulfil requirements for shorter rotation of forest due to higher pressure of injurious
factors at an older age. Conversely, the conditions in Central and Northern Europe allow
using long rotation management with control measures able to eliminate negative impact
of pests. The conversion process should be adequate in plantations of long rotation forest.
However, this is not useful in short rotation plantations as poplars (with 14 years rotation)
or eucalyptus (with 9 years rotation) in countries of Southern Europe as Portugal or Spain.
The rotation time is clearly not enough to perform one adequate conversion project and
economic problems caused by the transition from even-aged to uneven-aged forest may
cause production losses. On these bases, the plantation appears to be the best method to
maintain the short rotation. Definitively, this may be considered as another kind of
agricultural crop.

Plantations need relatively intensive input to forest to keep its good health status,
because they offer optimal conditions for spreading the insect pests and diseases. On the
other hand, short rotation does not allow development of long-term outbreaks because of
short existence of optimal environment. Nevertheless, even short-term outbreaks might be
devastating. Close-to-nature forests need less intensive inputs, because of their higher
resistance and more complicated relationships between individual trophic levels. On the
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other hand, long rotation allow establishment of pest populations and permanent presence
of some of diseases and these forests need higher input when mature.

Short-term rotation makes drastic changes in the environment and thus it does not allow
permanent settlement of natural enemy populations and establishment of efficient,
complex bio-regulation. Close-to-nature forests might have well-developed communities
of natural predators and parasitoids, because long-term rotation and elimination of clear-
cutting system makes smooth changes in environment and give chance of adaptation. The
relationships between trophic levels are better defined and thus more stable.

Plantation owners/managers realize that homogeneity of stands decreases their stability,
thus they prepare strategies minimizing this impact. The mixture of stands is reached on
regional levels by planting the broadleaved tree species or tree species suitable for
parasitoids and predators among the blocks of plantations. Oppositely, close-to-nature
forests build up the mixture of stands on individual, group and/or stand level, making the
spatial structure of stands much more variable in smaller area. One of the conversion
strategies is to change age structure from even-aged forest to uneven-aged forest.
However, this simple transformation may not be adequate in terms of forest health,
because it sometimes might not protect the stand against to the attack of forest pest and
diseases.

The previous statements indicate that there is general focus from which these
differences originate. In fact, plantations are predominantly far from the natural
equilibrium, which causes all the raised issues. Contrarily, close-to-nature forests have
tendency to reach equilibrium and they have chance to retain an permanent element of
“forests mode”.

RECRECRECRECRECOMMENDOMMENDOMMENDOMMENDOMMENDAAAAATIONSTIONSTIONSTIONSTIONS

One of the more interesting results of the debate was that we need much detailed
information minimizing/eliminating risk in the conversion process. We might start with the
conversions, however we are not able to estimate the hazard connected to this process. The
result might be a random pattern of conversion success from the point of forest health.
This means that conversions will be successful in some areas, but disaster injury to
transited forests will be recorded in other ones. It is essential to have funding for additional
research in this topic to find answers before a conversion process starts at a great scale.

One of the most important information is temporal and spatial pattern of injurious
factors. At present, we do not have enough information and if so, they have not been
analysed in an appropriate way. Also the knowledge about the real effect of the conversion
concerning biodiversity, and indirectly concerning pest and disease damage is insufficient
and its continuous development is highly needed.

The research must be focused on the development of simplified “life-tables” of various
forest types under different environmental conditions. This research is needed at regional
and continental scale (to study the species x location interaction), using the e-databases of
environmental parameters and historical records about injurious factors. The part of
system must be a research of acceptable disturbances in the conversion process.
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We have to accept that current natural conditions are not static and climate change and
subsequent changes in insect pests population dynamics, fungal diseases and abiotic
factors attach high importance to the conversions.

Genetic variability of forests and definition of its minimal and optimal thresholds are
highly needed in both strategies. Its optimisation from the point of minimal input to
control measures might allow us minimizing the risk. We agreed that high genetic
variability in the forest populations means high resistance to pests and diseases. Then, the
susceptibility of the plantations may be greater than that in the natural forest concerning
to the resistance of the trees by genetic variability. Thus, the germoplasm in the plantations
is more homogenous than that in the natural forest avoiding the rapid spread of a pathogen
once introduced. This is mainly important in the clone plantations as poplars, where the
total homogeneity of germoplasm made higher damage after an insect or fungal attack.

CONCONCONCONCONCLCLCLCLCLUSIONSUSIONSUSIONSUSIONSUSIONS

• Conversions are highly needed from the point of view of forest health in spruce monoc-
ultures immediately. They are the most risky forest stands across Europe and expected
climate change might cause large disaster if conversion does not accept some rules.

• Short-term rotation plantations are less endangered than spruce stands and needs of their
conversions is not so urgent, or sometimes not necessary.

• It is necessary to clearly define, that the transition from plantations/monocultures to
more close-to-nature forests has to be a longer transition period, where the risk of dam-
age to the forest stand increases rapidly with increasing spatial extent of conversions.

• There is high need for additional research to understand all mechanisms which might in-
fluence the conversions from the view of forest health.
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When we are comparing forest management systems like plantations and conversion it
very often becomes clouded when talking about the economic impacts. Therefore some
main distinction has to be made. The aim of this presentation is to highlight the important
economic criteria when discussing conversion and then to describe qualitatively what we
do know of the different components.

First of all it is important to be very clear in defining what we are converting the forest
into. This means both defining the aim with the future forest (wood production,
biodiversity protection, recreation, etc.) and the expected characteristics of it in terms of
e.g. structure, species composition. The next question is how we are going to reach this
final stand. This period will be named the conversion period in the following. As it lies
closer to the present it will be more important for the profitability of conversion than the
actual final stand. Maybe the final stand would be desirable, but it could be too costly or
too risky to ever get there.

This leads us to discuss the economic criteria to be used in the evaluation of the
economics of conversion. First of all economic assessments has an ‘owner’ from whose
perspective the attractiveness of conversion is seen. We often focus on the owner of a
certain forest as they are the most direct decision maker and the one who primarily
benefits (or loses) from having the forest. But other people in a given society benefit (or
lose) from a forest – both directly by having recreational possibilities, etc., and more
indirectly from the products being produced in the forest, like timber, habitat reserves, etc.
Therefore it is useful to distinguish between managerial economics, i.e. the economics
seen from the forest owner’s business perspective, and welfare economics, i.e. seen from
the society’s point of view (the society as a whole). The focus in the following will be on
managerial economics and the welfare economics will only be touched briefly.

Basically it is worth distinguishing between profitability and liquidity. The profitability of
producing wood from the forest is most often measured by land expectation value (LEV) or
expectation value (EV) in case there are already trees growing on an area (see Jacobsen et
al 2004 for further definition). LEV or EV thus measures the expected future net revenue
from producing forest forever (discounted). In a conversion context this means considering
first the conversion phase and then the final phase repeated until infinity. As the conversion
period lies earliest, what happens here will be more important for the profitability than what
happens in the final stand. The rationale behind this is, that alternative investments exists –
and the money used on producing wood could be invested somewhere else where it would
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earn a higher interest, potentially to the benefit of the future generations. The basis for a
profitability calculation is a calculation of cash-flow, i.e. the revenue minus the cost at each
point in time. Again this will differ between the conversion phase and the final stand. The
economic reasoning for conversion is, that some of the components which constitute the
cash-flow will change to the better. Below is a list of components and their expected effect
on profitability. But this is highly case specific (e.g. depending on the exact aim of
conversion) and much uncertainty exists according to their size.

• Lower regeneration costs in future generations +
• Changed growth +/-
• Fewer thinnings = more efficient use of area +
• Increased harvesting cost –
• Increased thinning cost –
• Risk of calamities (windthrow, insect & fungi outbreaks) +/-
• Size of loss if calamities +
• More tree species => risk diversification +
• Adaptation possibilities +
• Larger standing volume –

As is seen the result is ambiguous and has to be quantified for specific cases.
Two aspects seem particularly important when assessing the economic effect of

conversion – risk and flexibility. Economic evaluation of risk should be included in the
profitability measures as this is often highly determining for the real output of a forest.
From an economic point of view this means estimating both the risk of a calamity
occurring and the size of the loss in case a calamity occurs. Often the focus is on the direct
loss (in terms of lost timber) but it can be as important to look at the derived costs. Often
we would expect more ‘near-natural’ forest to provide lower re-establishment cost, higher
cost of extraction of damaged timber, higher damage on remaining trees than in a
plantation.

Flexibility is extremely relevant as forestry, and not least when talking about
conversion, implies taking decisions which determines output far out in the future. The
question is of course if a converted forest (or a forest in conversion) is more flexible than
a plantation forest. Aspects to consider here are, e.g. species change and risk of climate
change (e.g. Jacobsen and Thorsen 2003), variation in assortment if we have a different
assortment distribution in the compared management systems and the question of having
larger standing volume (e.g. Jacobsen and Helles 2006). All these managerial economic
aspects should be considered when discussing conversion and their size estimated. This
does not mean that the result should alone decide the best option – to convert or not. But
if properly estimated it can at least show the cost of deriving from what is economically
optimal. A main reason for conversion is often not only related to the economic
performance of wood production, but as much to the welfare economic aspects. Welfare
economic estimates should be included in decision making on national levels, not only
related to direct externalities of forest (recreation, ground water protection, habitat
protection, etc) but also to derived effects (labour market, sawmilling industry, etc). A
delayed production due to conversion could be crucial for a local sawmilling industry as
they could go bankrupt without sufficient wood. A problem with conversion is that we
decide now what will be the benefit in the future. Therefore we have to keep in mind that
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what we think we are converting into is not necessarily what the future will demand.
Therefore we need to focus on the output in the near future as well. However, managing
forests for long term goals is necessary – and the reason for survival of forestry. As long
as we remember to adjust our management as we become wiser and not sticking to rigid
management rules. To do this requires a sound economic intuition (and as presented
elsewhere, also a sound intuition of the biological processes behind).
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Plantation forestry may be considered as the most intensive type of forestry when
compared with forestry principles applied to irregular or mixed stands of the Close-to-
Nature forestry. Indeed, the impacts of the forester are obvious in the case of Plantation
forestry which has been developed mainly for economic reasons and for wood production
through optimised management practices (e.g. site preparation, breeding, etc.).

The sustainability of Plantation forestry is the main issue under debate: from the
example of one of the largest mono-specific planted forest in Europe (the maritime pine
forest of the “Landes de Gascogne”, South-West France), we suggest that this issue is
addressed through two main questions:

- would it be good to convert the maritime pine plantations into irregular stands?
- Can the maritime pine “Landes of Gascony” forest meet the Helsinki’s criteria require-

ments?

A rapid description of the specificities of this cultivated forest gives an idea of the artificial
context of the maritime pine development. The natural distribution and provenance of
maritime pine were geographically limited to the coastal area and along the rivers. Besides
the sand dunes, about 1 million ha of swamps were extensively used by sheep farmers
until the nineteenth century. Then the government of Napoleon III decided to develop this
region and set up a network of roads and drainage system through this wide desolated area.
The promotion of drainage allowed the pines to grow, with human health benefits (control
of mosquitos populations, diseases…). The economic added value came from resin
production (until the 1950s), cellulose (from the 1920s) and sawing wood (from the
1950s). This production clearly relies on the development of intensive silviculture
combining site preparation (surface drainage and ploughing) and – to a minor extent –
fertilization. The economic forest wood chain is thus based on the development of regular
high forest systems.

Since the 1960s the genetic improvement has been gradually arising, leading now to
huge gains in growth and straightness (today + 40% for both vs. unimproved material).
The diffusion of the genetic gain is correlated with the extension of the plantation
technique itself, to the difference with the natural regeneration that was used before.

Full sib families then clonal varieties (somatic embryos) are the future basis for the
regular increase in the genetic gain, thus for the competitiveness and profitability, but also
for the adaptability to the site and the climate (dryness, stress…).
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Differences three times higher can be observed when comparing contrasted plots:
“unfertilized seedlings without ploughing” versus “fertilized cultivated plantation”. When
practiced, the fertilization consists in single application of phosphorous acid at 60 units/
ha, for a 40–50 year old rotation period on average.

Since the 1960s the average productivity of the cultivated maritime pine has been
dramatically increasing from 5 to 10 m3/ha/year today, and we expect this average
production to reach 12.5 by 2030. For the next twenty years, the additional increase of the
harvested volume due to the genetic breeding can be estimated between 10 and 15 M m3,
which roughly corresponds to 400–500 M € of additional gains for the forest owners.

The competitiveness of the maritime pine wood chain is also based on the optimisation
of the tending and harvesting costs, with the rationalization allowed by the plantations set
on lines. This also leads to a regular and rather high level of harvested wood per hectare
for an average logging operation (70 m3/ha including thinnings and clear-cuts) that
probably could not be reached by an irregular stand management. Then the production of
regular homogeneous and standard wood assortments within a well organized wood chain
gives a chance for a competitive sustainable industrial development. The needs of the
market is clearly orientated towards well calibrated wood assortments of medium diameter
logs, able to meet the industrial standards (dimensions, diameter and type of knots,
straightness…) for a wide range of traditional products (building, flooring, packaging…)
and also increasing demand for more elaborated products.

The research can provide the stakeholders with operational support for the volume
prediction as well as for the quality (wood and fibre properties), the yield and the
profitability, but also the flexibility by changing easily the targeted unit volume at the final
cut. The flexibility seems easier to manage on large areas with regular stands, with long
term planning of the thinning operations. The economic drawback is more linked with the
cash flow availability for small forest ownership.

But does plantation mean intensive management? If it is understood as a high level of
input (costs, manpower…) this does not seem obvious. The plantation techniques and the
silvicultural operations can be optimised, with a highly advanced monitoring system
(planning of production and operations, modern logistics, fire and risk supervision…),
whereas irregular stand management requires high degree of monitoring and expertise at
the within-stand level.

If we have a look at a wider scale, only 20% of the French forests can be considered as
plantations (pines, firs, spruces, poplars…) but with a major impact on the wood chain
(volume, value, employment). The same conclusions can be drawn worldwide with
Eucalyptus, Pinus taeda, P. radiata, P. patula… concentrating the production on a limited
area. This also means a decreasing human pressure on natural forest areas where other
functions can be optimised for different externalities.

Then, is the plantation so bad regarding the ecological issues and the social
acceptability of the forest practices? Let’s consider the six MCPFE Helsinki criteria.

For C1 (forest resources and carbon sequestration), a Life Cycle Analysis can easily
demonstrate the superiority of a rapid forest growth, as well as a higher harvesting rate,
with limited energy inputs (small amount of fertilizers for instance, and optimised logistics
for tending and logging operations). If less carbon can be stored per ha in the standing
biomass and in the soil with Plantation forestry, much more carbon can be stored in the
wood raw material.
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For C2 (forest health and vitality) we observe a decreasing risk of fire with (i) regular
tending, and (ii) economic activity generating a modern and well organized monitoring
and prevention system. If forest health can be improved through the specific diversity, the
promotion of diffused or linear broadleaves stands within a dominant species matrix can
lead to similar advantages than mixed species stands (Jactel, comm..pers.). Concerning the
windthrow risk, a recent national study after the Dec. 1999 Hurricane concluded to a
similar impact of irregular / regular management, the tree dimension and the H/D factors
discriminating much better the damages.

C3 (production of goods and services) has already been discussed.
If the biodiversity criterion (C4) is appreciated at a between-stand level, there is no

evidence of higher biodiversity with irregular management, while regular management can
be associated with a mosaic of ages and species. Moreover, the clear-cut system in the
Landes never breaks the forest continuum. The cultivated plantations lead to a specific
flora and fauna, well adapted to opened areas within the Landes of Gascony forest. Great
care is also given to the within-species genetic diversity of the maritime pine by the tree
breeders who promote a recurrent selection schedule, able to combine favourable alleles
without decreasing the nucleotidic diversity.

C5 (protective functions): the maritime pine forests have been used to prevent the dunes
from moving, which is also of great value for conservation issues. The fertility of the sandy
soils of the South West region can be maintained through regular and moderate phosphorous
fertilization, which does not move to the groundwater. The quality of the groundwater is
maintained with maritime pines land cover compared to any other land uses.

C6 (socio-economic benefits): In the Landes region, the regular stands system is part of
the local patrimony and brings a cultural value in itself. Inquiries prove walkers and urban
people to prefer “clean” forests (“friendly forest”), and the presence of large opened areas
(clear-cuts) within the pine forest.

All those criteria can be objectively compatible with the “artificial” plantation
techniques, within the PEFC process which collectively guarantees the environmental
protection of our forests.

Finally, the Precision Forestry is a recent concept which aims to promote highly
advanced technology in the forest management. This can be applied easily on large
homogeneous areas, as the maritime pine forest in the Landes, resulting in higher benefits
(reducing the costs, optimising the input) and better protection. For instance planning and
implementing forest operations will soon take into account weather forecast, abiotic and
biotic risks, protection areas, machine travel and soil bearing capacity, improved matching
of varieties and cultivation with site…

Plantation forestry can be a sustainable form of management, and should not be
systematically opposed to irregular stand management considered more ecological. Forest
plantation claims its economic logics (in Aquitaine, it contributes to maximise added value
for the wood chain) with technological input that brings difference with more “close to
nature” schedules. But it can also meet the modern environmental requirements.

JP Leonard (2000) helps us to consider this discussion about conversion / plantation
within the frame of historical and geographical references. According to this author, forest
types depend mainly on two parameters: density of the population on one hand, GDP on
the other hand. For instance, European forests moved from “subsistence forest” in the
Middle Ages to “industrial forests” (coppice of chestnut for iron production…), and high
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forest system for shipping and housing, then “sanctuary” forest or “fallow forest” when
GDP and density of population became very high. In France, the moderate level of density
and high level of GDP let us hesitate between plantation / fallow / sanctuary. The social
pressure and the energetic context will be the driving force to give more emphasis to one
or the other of these functions. Let’s take the perspective to consider plantations as a
possible way to meet the expectations of the citizens of today and tomorrow.
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INTRINTRINTRINTRINTRODUCTIONODUCTIONODUCTIONODUCTIONODUCTION

The following contribution of the discussion group “Economics” is based on two keynotes
by Jette Bredahl Jacobsen and Guillaume Chantre and the discussion during the workshop.
The discussion had the following structure:
1. Criteria for business economic evaluation
2. Welfare economic consequences
3. Agreements
4. Disagreements
5. Lack of knowledge / research needs

11111..... CRITERIA FCRITERIA FCRITERIA FCRITERIA FCRITERIA FOR BUSINESS ECOR BUSINESS ECOR BUSINESS ECOR BUSINESS ECOR BUSINESS ECONONONONONOMIC EVOMIC EVOMIC EVOMIC EVOMIC EVALALALALALUUUUUAAAAATIONTIONTIONTIONTION

The following criteria were discussed: Profitability; Risk; Liquidity; Flexibility; Level
(scale) of investigation

2.2.2.2.2. PRPRPRPRPROFITOFITOFITOFITOFITABILITABILITABILITABILITABILITYYYYY

When we look at profitability, we consider the forest under investigation to be an
investment. The economic indices that are usually calculated when looking at profitability
are the Land Expectation Value (LEV), which depicts the potential of production on bare
land until infinity, and the Expectation Value (EV), which includes the value of the already
existing trees on the ground and therefore depends on the age of the forest stand under
investigation. Another index that is often calculated is the Internal Rate of Return (IRR).
This index is compared to the interest rate that is adopted for the investment calculation.
Although the applied interest rate depends on the owner’s decision, one is not completely
free in the choice of this parameter. The adoption of an interest rate of 0% e.g., when
calculating LEV or EV for an infinite time horizon gives an infinite value for these
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parameters. The choice of the interest rate, whether using IRR, LEV or EV, expresses a
time preference of the forest owner and indicates that the investment in the forest
competes against other investments. When doing an investment calculus, the interest rate
should be subject to a sensitivity analysis that must be understandable for the decision
maker who uses the results of the calculations. Beside Cost and Revenue which are
important aspects of the profitability of an investment project such as forest
transformation, the Revenue Forgone is often calculated to describe the deviation of a
management alternative of the optimum e.g. from the “optimum rotation” by premature
felling. Especially in a transformation period the revenue forgone may be important.

2.2.2.2.2.11111 RiskRiskRiskRiskRisk

A common definition of financial risk is: financial loss * probability. Including risk in a
calculation should lead to an adjustment of the adopted interest rate called “risk adjusted
interest rate”. This indicates that the risk is assumed exogenous. The essential question is
how risk should be assessed (see research needs). Two principal components of risk can
be distinguished:

• the direct loss of an asset, (e.g. stand growth, timber quality due to damage,…)
• the market risk (e.g. volatility of stumpage prices in the aftermath of a large disturbance)

Direct loss such as increased harvesting cost after a storm is easier to assess than the
market risk. A decision maker should at least be able to define a worst case scenario based
on a risk analysis. Shorter rotation times can minimise risk. Risk can increase with
increasing diameter due to a loss of quality of the timber. A risk analysis should be
included in every profitability and liquidity calculation (see next section).

2.1.1 Liquidity (Cash-flow)
Liquidity or a sufficient cash-flow is the basis for profitability of a forest enterprise. The
necessary amount of liquidity depends on the needs of the owner. A problem of Plantation
forestry could arise if a forest owner is forced to postpone necessary (pre-commercial)
thinnings due to liquidity problems, leading to stand instability. Uneven-aged forest
management may therefore be advantageous as timely thinning in these systems is less
critical. However, the competition between trees in the uneven-aged system might also be
of importance for the possibilities of postponing or hastening interventions due to liquidity
needs.

2.1.2 Flexibility
The question that is asked when dealing with flexibility is: How open is the system to
changes in production goals? Species enrichment generally enhances flexibility. A high
standing volume might also lead to higher flexibility, although this is limited by the risk
of losing growing stock due to abiotic or biotic disturbances and it will have a high capital
cost. Concerning market related flexibility, there is no difference between forests with an
even-aged and uneven-aged structure. Usually, uneven-aged management is assumed to
produce a wider range of assortments compared to even-aged Plantation forestry, where,
at least at the time of final harvest the produced timber is rather uniform. However, as
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timber prices between different assortments correlate very well, we cannot expect a forest
enterprise with uneven-aged forests to be more flexible than one with even-aged forests.

2.22.22.22.22.2 LeLeLeLeLevvvvvel of inel of inel of inel of inel of invvvvvesesesesestigtigtigtigtigationationationationation

When comparing plantation forests to close-to-nature forests we have to be aware of the
level we are looking at. The level of investigation reaches from the stand level, the forest
enterprise, which is probably the most interesting for business economics, the regional
level, to the national or even the global level. Especially when discussing risk, liquidity
variation and flexibility the level becomes determining. The level which is correct to use
will depend on the aim of the analysis. Comparisons of different stand treatments within a
property, a profitability calculation for a single forest owner, and an analysis of local
timber supply will require different levels. The higher the level, the more important are
aspects of welfare economics. Aspects of welfare economics rise in importance with an
increase in investigation level.

2.32.32.32.32.3 WWWWWelfelfelfelfelfararararare economic conseqe economic conseqe economic conseqe economic conseqe economic consequencesuencesuencesuencesuences

Welfare economics covers timber production as well as all the other forest functions which
are often non-market goods such as “ecological” functions, recreation, etc The questions
that we have to ask when considering welfare economics are: What are the expectations of
society? What are the preferences of the different stakeholders? Which utilities can we
derive? This is still little investigated within forestry. Another important question is what
degree of multi-functionality a forest owner wants to reach for his property. There is a
wide range of possible management strategies reaching from full integration (all the forest
functions have to be taken into account on the same forest area) to complete segregation
(different forest functions are separated on different forest areas). Funding programs might
create values for non-market goods but usually have limits due to budgetary reasons. Other
aspects of welfare economics are the consequences of different management strategies on
labour intensity, the national/regional account, for the sawmill industry and for further
processing of the produced timber (e.g. construction timber, furniture).

2.42.42.42.42.4 AAAAAgggggrrrrreements and disageements and disageements and disageements and disageements and disagrrrrreements concereements concereements concereements concereements concerning plantning plantning plantning plantning plantation vation vation vation vation vs. close-ts. close-ts. close-ts. close-ts. close-to-naturo-naturo-naturo-naturo-natureeeee
(continuous co(continuous co(continuous co(continuous co(continuous covvvvver) fer) fer) fer) fer) forororororesesesesestrtrtrtrtryyyyy

a) Agreements

Hypothesis I:
If mass production is the primary goal of forest management (e.g. with maritime pine),
Plantation forestry may be more profitable. As the main driving factors are high input
(fertilization, pesticides, genetic improvement, …) and reducing costs this type of
management might be more efficient in plantation forests.
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Hypothesis II:
If large timber dimensions and low (energy) input forestry are primary goals of forest
management, continuous cover forestry might be more profitable than Plantation forestry.

However, this is certainly highly dependant on site, tree species, risk, choice of interest
rate, etc. and both systems are very difficult to compare from an economic point of view.

Hypothesis III
Species enrichment enhances flexibility while an uneven structure, compared to a regular
structure, does not (see flexibility).

b) Disagreements

Hypothesis I:
Harvesting costs are lower in Plantation forestry compared to continuous cover systems
(CCF). Here, we have to take into consideration that the volume per tree in CCF is usually
higher compared to plantation forests. However, the volume per intervention is lower in
CCF, as no clear-cuts are taking place. Besides that, the organisation of the single-tree
harvesting in CCF is more difficult.

Hypothesis II:
Transformation from conifers to hardwoods decreases profitability even taking into
account risk. We have to ask if risk is properly assessed and especially if market risks
(decrease of timber price) are taken into account.

3.3.3.3.3. LALALALALACCCCCK OF KNK OF KNK OF KNK OF KNK OF KNOOOOOWLEDGE/RESEARWLEDGE/RESEARWLEDGE/RESEARWLEDGE/RESEARWLEDGE/RESEARCCCCCH NEEDSH NEEDSH NEEDSH NEEDSH NEEDS

One major research question that is still not solved is how to compare the different
systems. Especially, the criteria for a correct comparison have to be worked out. It must be
clarified how to properly design case studies and scenarios in order to have a fair
comparison of the two systems. The framework conditions (e.g. rotation time vs. target
diameter, …) have to be defined such that neither of the two systems is penalised. The goal
of the forest owner has to be taken into account and the risk of the different systems
(including natural risk and market risks) must be analysed in detail. There is still a lack of
decision tools for managers that are applicable in practice.

Furthermore there is a need of growth and yield models that are able to simulate both
management systems, the main tree species involved and the conversion from even-aged
to uneven-aged forests.

The valuation of non-market goods (other forest functions – see welfare economics) is
still not yet analysed in detail.
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