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Abstract
Based on the results of research and on the experience gained after the storm Vivian, the Swiss
Forest Agency has developed a decision-support tool for managing windthrow in mountain
forests. It helps to reach a transparent, replicable decision as to whether, on a specific windthrow
area, the fallen timber should be harvested or left. Our present knowledge of the relevant criteria,
such as hazardous natural events, forest damage, forest management, nature conservation, social
aspects, costs and profitability, is compiled. For each criterion, a list of possible arguments 
supporting either harvesting or leaving the fallen timber on the ground is given. All the issues 
relevant to the specific windthrow area are recorded and evaluated in a checklist, which provides
a visual impression of the pros and cons of the final decision.
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1 Introduction

In winter 1990, the storm Vivian caused the most extensive windthrow hitherto experienced
in Swiss mountain forests (WANDELER and GÜNTER 1991). It struck our forests at a time
when Swiss forest policy was undergoing a radical change. While forestry and the timber
business were increasingly struggling to cope with a steady decline in profits, there was a
clear rise in society’s wide-ranging demands on forests (SANDRI et al. 1990). Thus, it came as
no surprise when there was also widespread public controversy in Switzerland about the
way the forestry sector tried to deal with the extensive damage to forests in the aftermath of
Vivian (BROGGI 1990). The increasing complexity of our society’s wide-ranging require-
ments is clearly making it more difficult for foresters to act in a way that is both responsible
and economically viable.

These facts were the impetus behind the project “Implementation of the Insights from
Research and Practice after the Storm Damage of 1990”, which was launched in 1996 by the
Swiss Forest Agency. The aim was to draw conclusions from the information already avail-
able and make use of the experience gained as quickly as possible, despite the short period
of observation after Vivian. Based on a summary of the knowledge gained from research
and practice, a decision aid was developed to assist forest managers in the political and oper-
ational management of large-scale damage in mountain forests. In particular, it was intended
to support them in reaching decisions as to whether fallen timber should be removed from a
specific windthrow area or left (BUWAL 2000b).
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2 Organisation and scope of work

At the beginning of the project, a project management group and an advisory expert group
were set up, representing the forest service, private forest owners, administrators, scientists,
teachers and environmentalists. A forest engineer was commissioned to work out the pro-
posed decision aid.

As their first task, the expert group compiled a list of meaningful criteria to satisfactorily
describe the consequences of the measures “harvest fallen timber” or “leave fallen timber
on site” for forest products and services.

In order to collect available information relevant to our list of criteria, we interviewed
forest managers and organized several workshops with scientists from the Swiss Federal
Research Institute WSL and with representatives of the national nature conservation organ-
isations. Additionally, a literature search was conducted and much information was found
based on practical experience and scientific work.

The method we chose to evaluate the different criteria and to relate them was that of the
comparative-value analysis (HIRT 1989).

We sent a draft and then revised draft of the decision aid to the advisory and expert
groups requesting their opinions. Their answers helped us in refining the evaluation method
to develop a practical and useful decision-support tool for handling damaged forest after
future windthrow events.

3 Contents of the decision-support tool

The decision aid consists of three parts:
– A checklist (part A),
– Arguments (part B), and
– Background information (part C).

The checklist is the actual working instrument. It is a table containing a list of six main crite-
ria, each subdivided into one to four sub-criteria, which may have a significant influence on
the decision whether or not to harvest the fallen timber (Table 1):
1. “Natural hazards”. In mountain regions the protection of villages or transport routes

against natural hazards, such as snow avalanches, rockfall or landslides, is often the most
important function of the forest. Therefore, we have placed these aspects first. These cri-
teria are often the most crucial for the measures to be taken after windthrow.

2. “Forest damage”. After storm damage there is a high risk that there will be substantial
losses, especially in Norway spruce forests, caused by insects such as the eight-spined
spruce bark beetle (Ips typographus) (NÜSSLEIN 1997). Measures to avoid such sub-
sequent damage have to be considered if they promise to be efficient and appropriate.

3. “Forest management” includes the safety of the forest worker, the special situation of the
timber market and silvicultural aspects. Harvesting storm-damaged trees is especially
dangerous if the labour-intensive clearing work cannot be done with the help of
machines, or if there are workers without forestry training involved (BUWAL 2002). This
could be a major reason for leaving a windthrow area unharvested. Also the impacts of
either harvesting or leaving the fallen timber on forest regeneration and on the ungulates
in the forest have to be considered, even though many unknown and unpredictable factors
are involved.
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4. “Nature conservation”. Coarse woody debris is an indispensable habitat for thousands of
insect species and fungi (ALBRECHT 1991). Therefore leaving fallen timber abundantly
on site can contribute significantly to boosting regional biodiversity.

5. “Society”. Forests that are frequently visited for recreational purposes should remain
accessible. On the other hand, it can be of educational value for people to have a small
spot of “wild forest” near where they live.

6. “Costs/profit”. The difference between the harvesting costs and the proceeds from selling
the timber is often an important criterion in deciding whether the fallen wood should be
left or harvested.

Table 1. Example of a completed checklist for a windthrow area. For each windthrow area the forest
manager checks criterion by criterion the extent to which the applicable arguments, indicated in the
third column by lower-case letters, speak for or against leaving or clearing the fallen timber. At the end
the advantages and disadvantages of the two evaluated options become visible. If, according to the 
forest managers, one or more criteria should be weighted higher than the others he can mark them
accordingly in the far right column “Decisive criteria” of the checklist.

Main criterion Criterion Supports
Leaving Harvesting

1. Natural hazards 1.1 Avalanches a x
1.2 Rockfall and timber fall a x
1.3 Erosion, landslides and slope debris a x
1.4 Blockages and debris flow c x

2. Forest damage 2.1 Eight-spined spruce bark beetle b x
2.2 Forest fire a x

3. Forest 3.1 Safety during timber harvest a x
management 3.2 Timber production and timber market c x

3.3 Preconditions for forest regeneration h x
3.4 Influence on game and game damage a x

4. Nature 4.1 Natural development cd x
conservation 4.2 Short-/long-term impact on the habitat a x

5. Society 5.1 Society’s demands on forests f x
5.2 Promotion of ecological awareness bc x

6. Costs/profit 6.1 Stumpage value a x x

In addition, the table includes special evaluation columns where the evaluator indicates, for
each sub-criterion, to which degree the chosen arguments, listed in part B, support either
harvesting or leaving the fallen timber. This weighing-up of interests refers to the particular
situation of the specific windthrow area being evaluated.

Part B of the decision aid provides for each criterion a list of possible arguments to be
used as a basis for the evaluation. The individual arguments in favour of either leaving the
windthrown timber on site or harvesting it are presented for each sub-criterion. They result
from part C and have to be considered as a selection list. For a particular windthrow area,
only some of the arguments will apply. Table 2 presents the arguments for the criterion of
avalanche risk as an example.
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Table 2. List of arguments for the example criterion “Avalanches”. The arguments applicable to the
evaluation of a specific windthrow area are identified and indicated on the checklist (Table 1). It is 
indicated for each argument whether it speaks for or against leaving or clearing the fallen timber. The
arguments do not stand in isolation but are laterally linked with the detailed background information
(Part C of the decision aid).

Arguments concerning avalanches: Conclusion:

a) There is no risk of avalanche release.
b) There is no damage potential.

c) Despite the steep gradients of the slopes, dangerous avalanches are not to
be expected from the uncleared areas; only the layer of snow which would
come to lie significantly higher than the working height of the tree trunks
could possibly slide.

d) Smaller snow slides are quickly blocked by the fallen timber left lying on
the ground.

e) The costs of clearing and protection measures bear no relation to the gains
to be made in terms of safety as opposed to leaving the fallen timber.

f) Due to the gradient of slopes, the wood is lying in a stable position,
however the extreme snow depth that has to be expected within the time
corresponding to the predicted regrowth period required for an effective
young protection forest, greatly exceeds the height of timber.

g) Given the steep gradients of the slopes in the windthrow area (over 100%
[45°]), there is a risk that the additional snow load would result in the 
entire layer with the wood slipping.

Criterion
not relevant

Supports 
leaving

Supports 
clearing and
protection
measures

⇒

⇒

⇒

The detailed “Background to the Arguments” provided in Part C of the decision aid gives
the forest manager relatively rapid access to up-to-date information about each criterion to
facilitate the weighing up of the relevant interests. It comprises a wealth of expert know-
ledge and insight from research and practice. A separate Chapter is devoted to each of the
15 criteria.

The Chapters on natural hazards specify that special protection measures only have to be
taken if both a danger and a considerable damage potential exist. For example, it is discussed
for windfall areas with danger of avalanches where and for how many years the lying stems
will still prevent avalanches from starting, or where it will be necessary to clear the wind-
throw area in order to build avalanche protection structures (see FREY and THEE this issue).

In the Chapter about the criterion “eight-spined spruce bark beetle”, the evaluator will
find a description of the biology of this forest insect as well as an appraisal of the possible
measures to be taken and their efficiency in avoiding or minimizing subsequent forest damage
by the beetle. Some examples of experiences after the storm Vivian give an idea about the
possible effects of a bark beetle outbreak.

The Chapter on forest regeneration discusses the factors that are essential for the estab-
lishment of seedlings and saplings and the influence of harvesting or leaving fallen timber on
regeneration.
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Another Chapter discusses the impact of browsing ungulates on forest regeneration and
whether fallen timber can keep them away from a windthrow area.

This information and much more can be found in Part C of the decision aid. Close co-
operation with the other authors who have published the results of their research in this
issue of Forest Snow and Landscape Research enabled key contributions to be made to the
contents of Part C.

4 How to use the decision aid

On the checklist the evaluator records the arguments relevant to “his/her” windthrow area
using the lower-case letters provided to define the arguments in Part B (Table 2). The
strength of the chosen arguments for or against the option of “harvesting” or “leaving” has
to be indicated on the line of the relevant criterion by checking either “strong”,“medium” or
“weak”. When the evaluation has been completed for all of the specified criteria, the check-
list provides a visual representation of the weightings given to the relevant arguments of
each criterion (Table 1). A decision can then be taken on the basis of this distribution. It is,
however, possible for a single criterion or argument to be of such importance that it domi-
nates the decision-making. In keeping with the transparent nature of the decision-making
processes, a column is also provided on the far right of the checklist for indicating such decis-
ive criteria (see Table 1, where the decisive factor in the example is 6.1). The final decision is
formulated on the work sheet under the checklist and any additional considerations can also
be recorded here. This provides an opportunity, for example, to specify any measures which
could be implemented in response to any foreseeable negative effects which may arise as a
result of the decisions made.

5 Implementation of the decision aid

The manuscript of the decision aid (BUWAL 2000b; OFEFP 2000) was published mid
January 2000 shortly after the storm Lothar hit Switzerland and also placed on the BUWAL
homepage. The national management team Lothar, which was set up immediately, deter-
mined that measures for the protection of people, key infrastructure and unaffected forests
would be given priority (BUWAL 2000a). It announced the availability of the decision aid as
a support tool for decision-makers, giving guidance not only on the question of whether 
timber should be harvested or not, but also on which cases needed supplementary measures
to be taken.

There was considerable demand for the decision aid from the forest service even prior its
release. Individual cantons introduced their forest services to it in different ways. Some 
cantons gave it directly to the foresters, held courses to promote the application or produced
brief instruction plans with the help of the decision aid. Many forest managers in the storm-
affected regions were under high pressure and too busy handling the damage to take the
time for a detailed application of the new support tool. In many cases, only the checklist was
used without consulting the instructions in parts B and C further. Even so, it proved its 
usefulness in helping to produce clear and transparent decisions. It was also successfully
used to explain the decisions made to the population. It was noted by the media that the
management team’s instructions and the decision aid helped to reassure the public and to
avoid major conflicts with the nature conservation organisations (NZZ 2000).

The decision aid is not legally binding. It does not have the power to override the forest
owners’ right to decide how to manage their forests unless there are legal grounds for inter-
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vention (e.g. to ensure protection against a natural hazard). It can, however, help to make
decisions transparent and verifiable. It supports the forest services in taking measures which
are in the public interest and therefore subsidised by the state and the cantons. In this way, it
contributes to the economic and target-oriented use of public funds. The forest legislation
allows considerable scope with respect to management decisions. The decision aid does not
restrict this in any way, as it merely creates greater transparency.

The decision aid has not fundamentally changed the way in which storm damage is dealt
with. It has, however, provided an important stimulus to the discussions about the suitability
and economic viability of different measures implemented in the aftermath of major storms.
The advantages and disadvantages of leaving windthrown timber on site have been aired.
The limited options for counteracting the rapid multiplication of bark beetles are recognised
and not simply suppressed through ineffective activism. There is a marked tendency towards
adopting a more ecological approach, whereby the ability of natural processes to restore the
forest and preserve its services is increasingly respected. In many cases, adopting an ecological
approach also helps in finding solutions which are more economical.

No systematic assessment has yet been made on how the decision aid was applied.
Nevertheless, there is evidence that it has been widely used. The activities of the cantons
have already been mentioned. Some foresters gave written feedback to the publisher with
recommendations for further improvement, calling inter alia for the inclusion of more
regional aspects. The task force on mountain forest tending tested the applicability of the
decision tool in a practical workshop on managing a selection of affected areas with partici-
pants from every canton. During summer 2002, the task force for forest protection made
enquiries among all the cantonal commissioners for forest protection, in order to collate
their experiences with the decision aid. This will be fed into a first revision of the decision
aid, planned after the end of the current Lothar research programme.

6 Discussion and outlook

After evaluating different types of cost-benefit analysis, we came to the conclusion that we
need an approach which allows the user to take into consideration the local characteristics
of the specific situation of a windthrow area. At the same time, however, the unavoidable
subjectivity must be made transparent and limited by the rules of the decision aid.

The implementation of the decision-making process using this decision aid will not render
the forest manager’s final decision unassailable. It will, however, ensure that such decisions
are both transparent and comprehensible. Thus, in the event of discussions surrounding a
particular decision, a technically recognised foundation exists which can be used as a con-
crete basis for explaining decisions and steering the debate. Even years after the event, the
forest manager will also be able to trace the reasons for his/her initial action and thus monitor
the success of the measures implemented.

The decision aid was created on the basis of the experience gained in dealing with the
storm damage of 1990 and the research projects carried out in its aftermath.At that time, the
damage mainly occurred in the mountain forests. Other criteria, which have not yet been
developed, would be applicable in part when dealing with damage in the lowlands. This
includes, for example, the compaction of the soil as a result of the use of heavy forest
machinery or the threat to ground water as a result of nutrients leaching from the exposed
soil. Thus, a four-year research programme was initiated under the management of the Swiss
Forest Agency. Its results are intended to be used as a basis for the revision and improve-
ment of the decision aid.
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The fact that monitoring has only been carried out for ten years since the storm Vivian
represents a weakness in the decision aid in its present form. Whether, for example, the pro-
tection against avalanches provided by the fallen trees will be sustained over the next 20
years remains uncertain.

The optimisation of measures in the event of major storm damage will, therefore, remain
an important task in forthcoming decades and may even gain in relevance if the greenhouse
effect causes an increase in the frequency of severe storm events in Central Europe (OcCC
2002).
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