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Expression of regret and actual
faith in future

Stanislav Sever, Tibor Pentek

You have in your hands the result of work that
started more than 11 years ago at the IUFRO XX
World Congress (International Union of Forestry Re-
search Organizations) held in August 1995 in Tam-
pere, Finland. At the final meeting of all participants,
the Congress adopted a five-year programme of re-
search and workgroup meetings. Thus for the five-
-year period between two Congresses, in the list of
meetings for the year 1999 preceding the Congress,
as one of two proposals of Division 3 of IUFRO Forest

Operations and Techniques, the proposal was also in-
troduced of its Research Groups, 3.06.00 Forest Oper-

ations under Mountainous Condition and 3.07.00 Ergo-

nomics, to nominate Croatia for the organisation of
the Conference entitled Emerging Harvesting Issues in

Countries in Transition. In order to avoid the misinter-
pretation of »transition« as a social or political term,
in July 1998 at the meeting of officers of Division 3 in
Zurich, the name of the Conference was changed to a
more adequate one: Emerging Harvesting Issues in

Technology Transition at the End of Century, and partic-
ipation in the work of the Conference was accepted
as well as the Research Group 3.04.00 Operational

Planning and Control; Work Study. The Faculty of For-
estry of the University of Zagreb was directly in
charge of the organisation, and Mr. S. Sever, who is
one of the signatories hereof, was appointed project
leader by IUFRO, and in the period between 1995
and 2000 he was the Deputy Coordinator of IUFRO
Research Project 3.06.00. It should be noted that the
proposal was given and decision made in August
1995, at the time when Croatia was liberating the last
parts of a third of its country, which had been occu-
pied for years, in the military action called »Storm«.
The time and place of the Conference were accepted:
September-October 1999 in Opatija. On-site pro-
gramme was to be held at the working sites of
Gorski Kotar. Implementation programme, as well
as the final name of the Conference, was confirmed
at the above mentioned Zurich meeting (IUFRO Mid
Term Meeting) of IUFRO officers (co-ordinators and
vice co-ordinators) of IUFRO Division 3 Research

Projects, and it was harmonised and adapted to IUFRO
organisational changes. The confidence shown by the
oldest international forestry organisation IUFRO in
young, just liberated, independent Republic of Cro-
atia, looks as a significant acknowledgement and
support even from this time distance. At that time
quite different opinions could also be heard but not
by IUFRO officers.

And there was also a serious generation gap be-
tween the two signatories – during the IUFRO XX
World Congress 1995 one signatory was starting his
last five-year period of work before retirement,
while the other just graduated from the Faculty of
Forestry in Zagreb. It should be noted that until the
meeting date and the beginning of fulfilment of the
last obligation, publication of proceedings, the work
was carried out as scheduled. However, near the end
of the century, new circumstances and events arose
that prevented publishing of the expected proceed-
ings for years. The elder signatory of this Introduc-
tion expresses his sincere regret for not having ful-
filled his obligations with an apology to all authors,
Conference participants, IUFRO officers, etc. A new
generation of the Croatian foresters, who were gain-
ing their education at the time of the Conference and
many transitions, living under different conditions
caused by events beyond our control, restored faith in
a better future for the Croatian forestry and its con-
nections with IUFRO, at least corresponding to the
level achieved in 80s and 90s. By their participation
in this project, they proved to be able to cope with
the most demanding global requirements of scien-
tific promotion of forestry. Although there are many
persons who took part in the preparation for pub-
lishing the proceedings and have not been officially
acknowledged, two names should absolutely be
added: Ru`ica Beljo-Lu~i} and Stjepan Dekani}. I
would like to thank them as well as those officially
engaged in publishing the proceedings!

Although the papers in front of you are the result
of researches carried out at the end of the 20th cen-
tury, and at the time being we are in the second half
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of the first decade of the 21st century, it can be stated
that many foresters are still far away from helicop-
ters, harvesters and even openness of their forests
achieved and described in some papers: such papers
can be their guideline. On the other hand for those
who have gone much further, publishing of their pa-
pers should encourage them to speed up and reach
new achievements. I would like to thank them for
their patience and help, as partly due to their papers
and publication of these Proceedings after the vol-
ume 25 of the journal Mehanizacija {umarstva (For-

estry Mechanisation), the life of journals continued
through the Croatian variant of Nova mehanizacija

{umarstva (New Forestry Mechanisation), as well as the
English one: Croatian Journal of Forest Engineering –

CROJFE. You will be welcome on the pages of these
journals if you find time and motive to publish any
of your papers.

In this Introduction, we would also like to thank
all who helped in any way with holding the Confer-
ence, both from Croatia and abroad. Here are the
names of some of them who supported and encour-
aged us by excellent cooperation during the organi-
sation, which then obliged us not to give up publish-
ing of papers even seven years after the Conference.
First of all our thanks go to IUFRO General Execu-
tive Secretary, Mr. Heinrich Schmutzenhofer, dipl.
ing., retired since 2003; Dr. sc. Ewald Pertlik, IUFRO
representative for the organisation of the Confer-
ence; our late Professor Dr. sc. Simeun Tomani}, for
many years IUFRO’s associate member and officer,
who was granted the Distinguished Service Award
by IUFRO Executive Board as the first Croatian for-
ester since the establishment of the independent Re-
public of Croatia at the meeting in Opatija, who in-
troduced many of us in this leading and respectable
world forestry organisation since mid 70s; reference
should also be made of those who were not in a posi-
tion to take part at the Conference personally, but

gave their support in writing or in some other way
wishing all the best to the meeting of foresters com-
ing from all over the world: Mr. H. Höfle, Chairman
of Joint Committee FAO/ILO/ECE; Mr. K. Dummel,
Director of Kuratorium für Waldarbeit und Fors-
ttechnik – KWF; the late Mr. U. Bort, Vice President
of the University of Rottenburg); Mr. D. Guimier,
Manager of Eastern Division of Forest Engineering
Research Institute of Canada – FERIC; Mr. S. Baldini,
University of Tuscia, Italy; Mr. H. Phillips, Ireland;
Mr. Jannusz M. Sowa, Forest Faculty, University of
Agriculture, Kraków, Poland; Mr. A. Me{trovi}, De-
puty Minister of Forestry of B&H Federation, Sa-
rajevo, B&H, and many others. We would like to ex-
press our sincere thanks to all contributors men-
tioned above as well as those not mentioned who
remembered us at that time, regardless of the im-
proper delay of this publication. Special thanks go to
our colleagues from Slovenia! Eleven scientists from
Slovenia gave their contribution to new knowledge
and valuable meeting. Among registered scientists
from 16 countries of all over the world, from New
Zealand to USA, 27 participants out of 82, from 12
countries, arrived and took active part in the work of
the Conference. Many of them sent their contribu-
tions to the Conference, as they could not personally
attend the Conference for different reasons (illness,
new job, difficulties with visas of the African col-
leagues, etc.). Although 63 papers of 87 authors were
presented at the Conference in one way or another
(talk, poster), these Proceedings only contain a smal-
ler number, as some authors gave up their prepara-
tion for publishing or informed the Editorial Board
of having published the paper in another journal.
And finally, the Editorial Board would like to apol-
ogy to the authors if any typing, printing or author
error occurred despite proofreading and reviewing
both in the Croatian and English version.
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Forest Work Science at The End of
The 20th Century – The Current State

and Development Trends

Simeun Tomani}

Abstract

The article scans the state of development of the forest work science at the end of the 20
th

cen-

tury, examines the challenges and obstacles this science must tackle and, finally, proposes

some future development trends.

State of development. From a global perspective the forest work science shows significant

disparity in terms of development. Of the numerous causes of this disparity the author sin-

gles out the following: forest and environment diversity in terms of terrain and climate, bio-

logical features of forest stands, the role of forests and forestry in a country’s economy, the

impact of science in general and forest work science in particular in a given society, the ex-

tent to which forest work science contributes to practical use in forest work, creative capabil-

ities of the scientists involved in research of forest operations and techniques.

Challenges. A sound and intensive use of forest resources can ensure a growing benefit to so-

ciety. The demand for such use is constantly rising. The prerequisites for an increased effi-

ciency of forest work are: the development of new forest operation methods, tools and equip-

ment; replacing man as a source of operational energy by new technical devices; increasing

forest work productivity; providing for the safety and health of forest workers; increasing

workers’ standard of life and, accordingly, their work motivation within forestry; protecting

the forests, the soil, and the environment from damage during forest operations; ensuring

progressive and sustainable forest management.

Resistance and obstacles must be considered in future research of forest work, particularly in

practical application of scientific discoveries. The most prominent causes of resistance, re-

gardless of the discovery value, are: Conflicting interests of the users of forest resources.

Eternal distrust in validity of new scientific discoveries. Unwillingness to take the risk

when investing in research and/or applying research results.

Development trends. No spectacular changes should be expected to mark the beginning of

the new millenium. Future development of forest work science will continue in accordance

with the rules and trends in this decade. To ensure future development it is necessary to:

Stimulate scientific discoveries and inventions which will contribute to the advance of forest

practice. Provide researchers with a fast and easy access to information by further develop-

ing international cooperation and use of modern information technology in order to avoid

unnecessary duplication of research. Create specific work methods and technical devices for

particular work conditions. Increase forest work science efficiency by constantly monitoring

and supporting application of new scientific discoveries.

Key words: work study, forest operations planning and control, ergonomics, forest workers

1. Introduction

The end of the 20th and the beginning of the 21st

century, and the transition to the third millennium,
present a significant moment in the history of man-

kind in which to consider and evaluate numerous
aspects of spiritual and material life. It is an occasion
in which to review the achievements of science and
practice in the past, to make an assessment of the
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current state of science and the quality of life, and to
attempt to anticipate the development in the for-
seeable future. Forestry shall, undoubtedly, partake
in and contribute to these activities.

The XXI IUFRO World Congress, to be held in
2000, will provide an extraordinary opportunity for
the world’s forest science to envisage global visions
for forestry, its strategic tasks, and its role in satisfy-
ing the needs of society for forest resources. Also, the
year 2000 will see between 60 and 70 international
IUFRO meetings that will gather between 2000 and
3000 scientists from all over the world. These meet-
ings will, too, provide opportunities for making valu-
able contributions to the assessment of the achieve-
ments of forest science and practice, and to anticipate
future development trends.

The aim of this paper is to scan the state of devel-
opment of the forest operations science at the end of
the 20th century, to present certain challenges and
obstacles that confront this science, and to point at
possible ways of development of this particular field
in the future.

In the past opinions were much divided on the is-
sue of forest operations, and their place and status
within the forest science and practice. Since forest
operations appeared in most branches of forestry,
and since they were based solely on experience and
skill, they were attributed little or no scientific im-
portance. In the course of the past two centuries sci-
entific research of forest operations began and ex-
tended, thus inducing the appearance, development
and formation of related scientific disciplines. Sig-
nificant contributions were given to the foundation
of forest work science (Hilf 1957), to the discovery of
the law of discontinuity in evolution of forest ope-
raions methods and techniques (Samset 1967), to de-
velopment and use of winch and draw-mills in lum-
ber transport (Samset 1985), and to directions of de-
velopment in scientific research of forest operations
in Europe, Canada, USA, and Japan (Sundberg
1988).

In the second half of the 20th century scientific re-
search of forest operations has suddenly expanded
in most countries and institutions – members of
IUFRO. In that period Ivar Samset assumed a lead-
ing role in the development and rigorous evaluation
of scientific relevance, and determination of the sta-
tus of science of forest operations and technique
within the forest sciences. This field was established
as the Division 3 of IUFRO’s eight divisions. An esti-
mated 20% of all forest scientists have interest in or
are involved in the research of forest operations and
technique.

2. Forest operations science
– State of development

The current state of development of the forest op-
erations science can be assessed by using a number
of different indicators and their combinations. In sci-
ence of science it is difficult to find a scientific field or
discipline which would systematically analyze all
significant indicators and their cross-combinations,
and which would offer an integral evaluation of the
development of science on a national, regional, and
global level. Such analysis and evaluation are, un-
doubtedly, a prerequisite for pursuing a sensible
policy in scientific research and in increasing the
contribution of science to the total growth of the so-
ciety. This applies to each particular scientific branch,
field and discipline, as well as to science as a whole.

IUFRO world congresses provide convenient op-
portunities for evaluation of the state of develop-
ment of scientific disciplines in forestry. There are
neither obligatory nor voluntary surveys of global
and integral range which could show: 1. the extent to
which these opportunities are taken to make such
evaluations, 2. the validity of such evaluations, 3.
whether investors, scientific institutions, and scien-
tists apply such evaluations and recommendations
in order to determine priorities in planning scientific
research on national and regional levels. When en-
deavouring to envisage new aims and useful sub-
stance of IUFRO world congresses, creating a meth-
odology for making such evaluation as well as for
monitoring its application and recommendations for
planning scientific research would increase the effi-
ciency of IUFRO congresses and the entire forest sci-
ence.

Figure 1 shows trends of development of IUFRO
from the initiative for its foundation in 1890 until
2000. Forest operations science has followed the de-
velopment of IUFRO and of science in general.

In the process of evaluation of the state of devel-
opment of the forest operations science the follow-
ing data and indicators can be used:

• Number of scientists engaged in research of forest
operations. This number can be shown as: 1. an
absolute figure for each particular scientific disci-
pline; 2. relative figures for each particular disci-
pline and the total number of scientists in all dis-
ciplines; 3. relative figures among particular dis-
ciplines, and in relation to the total number of
workers employed in forestry. It is particularly
interesting to compare the percentage of scien-
tists in the total number of workers employed in
forestry to the percentage of scientists in other
trades (industry, agriculture, medicine, etc., as
well as in all trade branches together).
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• Financial resources allocated annually for scien-
tific research. These amounts can be shown as: 1.
an absolute figure for an individual researcher,
for each particular scientific discipline, and for all
disciplines; 2. a percentage of the total income
from forestry for all research and for each particu-
lar discipline. Data and indicators for each coun-
try can be shown in respective national currency.
For calculations and comparisons on a regional
or international level, data from all countries
should be converted to a single currency (e.g.
US$ or Euro).

• Value of equipment and facilities provided for scien-
tific reasearch. This value can be shown as: 1. an
absolute figure; 2. percentage with which each
particular scientific discipline or field participat-
es in the total value allotted for all disciplines
covered by a given scientific institution. Correla-
tions between the values for forestry and for
other trades can be interesting in terms of analy-
sis and evaluation of the current state.

• Range of the field covered by scientific research.
This range is determined by the number of disci-
plines involved in field research and their defini-
tions, as well as time and space in which research
is carried out. Scientific discipline involves ef-
forts to make a venture into the unknown (into
»no man’s land«) with the intention to discover
concepts and laws as yet unknown, and to sys-
tematically interpret methods that have been ap-
plied and knowledge that has been acquired.
Samset (1992) considers the term operation to refer
to any work or activity in motion. Consequently,
forest operations science refers to all activities per-

formed by forest workers using their tools or ma-
chinery. This includes establishment, cultivation,
and protection of forest stands, maintenance of
growing stock, and forest harvesting. Also in-
cluded are environmental protection, working
conditions, ergonomics, engineering, forest ro-
ads, and economics of forest operations.

• Number of scientific discoveries in a field covered by
forest operations provides a reliable foundation
for evaluation of a scientists, a scientific disci-
pline, or a scientific field. Value of a scientific dis-
covery is determined on the basis of: 1. the area it
covers and the duration of its application; 2. its
contribution to a better use of resources in for-
estry; 3. its impact on increase in work quality
and productivity; 4. its contribution to human-
ization of forest work; 5. its impact on increase of
economic efficiency of forest operations in prac-
tice; 6. possibilities to predict situations of crisis
in the foreseeable future and ways to avert them.

• Number of published scientific papers in a given pe-
riod of time is used in evaluation of a scientists, a
scientific discipline, or a scientific field. The cor-
relation of numbers of scientific papers publish-
ed by scientists, in various scientific disciplines,
fields, and regions, as well as their trends in given
periods of time, can be used in evaluation of sci-
entific achievement. This kind of indicatior is eas-
ier to calculate, and their use is more frequent,
but their validity is inferior to that of the evalua-
tion of scientific discoveries.

Current state of the forest operations science is
marked by an enormous span in the levels of devel-
opment. In some places ancient methods are used,
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together with tools that date back several thousand
years. Scientific research in these places are only
symbolic or totally non-existant. At the same time, in
other places, work- and production processes em-
ploy the most recent achievements of the human
mind. Work processes are carried out in most diffi-
cult conditions in terms of terrain and climate with
the aid of highly sophisticated machines and the
newest information technology devices. Highly skil-
led workers sit in comfortable cabins and operate
machines performing forest operations. Workers in
the field are able to constantly communicate among
themselves and with their superiors by using com-
puter or telephone network. This enables fast ex-
change of information, speeds up problem solving
and decision making, and ensures high work pro-
ductivity and high economic efficiency of forest op-
erations.

The old fashioned manual work with the aid of
hand tools and animal power is still performed in
poor and underdeveloped countries where human
labour is cheap. The most recent achievements of the
forest operations science are applied in developed
countries which lead the way in forest science and
practice. This broad span includes various levels of
development of forest operations and techniques,
combinations of old fashioned solutions and more
recent findings, as well as their intertwining in cer-
tain areas. The difference in the levels of develop-
ment stems from diversity of terrain, climate, and
vegetation, as well as technical, historic, economic
and other features that influence forestry in its set-
ting.

3. Challenges to the forest
operations science

The demand for the uses of forests and forestry is
constantly increasing. This includes all uses, regard-
less of their type or value. The demand is increasing
because Earth’s population increases progressively.
The standard of living is constantly raised, and that
causes greater and more versatile human need for
the uses of forests and forestry. This coincides with
the expansion of farmland at the expense of forests,
and this in turn results in significant pressure on for-
est eco-systems and their environment. Researching
the balance between the growing demand for the
uses of forests and ensuring a progressive and sus-
tainable forest management presents an important
challenge to entire forest science, and especially to
the forest operations science.

A sound and intensive utilization of forest re-
sources can ensure significantly more benefits than
society currently has. Finding answers to the ques-

tion how to achieve this goal presents a challenge to
both those who endeavour in the devolopment of
forestry and those who expect to benefit from the
forest resources. One of the important prerequisites
for successful development of forest production is
an increased efficiency of forest operations. This can
be achieved in several ways. Here are some exam-
ples:

• Development of new forest operations methods which
will enable faster production of the same or com-
pletely new products and goods. This also in-
cludes improvement of current methods which
increase economic efficiency in forestry.

• Development of new tools and equipment for forest
operations enables covering of larger areas, re-
duces the duration of work operations and global
production processes. By using multipurpose
forest machinery, limitations of energy supply for
forest operations begin to cease. This opens new
possibilities for development of new methods
and techniques.

• Increasing work productivity is possible with: a)
practical application of the existing scientific dis-
coveries; and b) new discoveries and their appli-
cation. Intertwining of these two factors is possible
in all cases, regardless of the level of develop-
ment of the given country or region, and regard-
less of the differences in natural, technical, eco-
nomic, and social features.

• Ergonomic research in forestry.Its aim is reduction
in number and degree of injuries, and of profes-
sional diseases of forest workers. Most forest op-
erations involve high-risk because of the number
and degree of injuries, physical strain in manual
and moto-manual work, terrain and climatic fea-
tures of working conditions, and dangers to which
workers are exposed. Application of results of er-
gonomic research in forest operations contributes
to protection of life and health of the workers,
and to an increase of their life expectancy and
their active life. This is an important challenge to
scientists, forest workers, and employers. Bal-
ance between investments in occupational safety,
and losses due to injuries, illnesses, reduced pro-
ductivity, and shortening of workers’ active life
makes a good criterion in deciding whether to in-
vest in ergonomic research. This criterion covers
the interests of employees, employers, and re-
searchers alike.

• Raising living standards of forest workers, replac-
ing man as a source of work power by multipur-
pose forest machines, application of the »less
sweat – more knowledge« rule at work, salaries
sufficient to motivate workers to keep their jobs
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and not to search for better paid jobs outside for-
estry – these considerations will contribute to hu-
manization of forest operations. This approach to
forest workers and their work will increase their
motivation to work in forestry, and this will en-
sure sufficient workforce for forest operations.

• Protecting forests, forest soil, and environment from
damage during forest operations should ensure
stability of forest eco-systems. Most forest opera-
tions disrupt this stability. Interventions in forest
eco-systems are carried out in order to regulate
biological and technical processes for the pur-
poses of forest management. They result in posi-
tive stimulation and not in the disruption of the
stability of forest eco-system which would lead to
its destruction. The ability to act in such a way, es-
pecially in unpredicted emergency situations,
present a challenge for scientists and profession-
als gifted with creative inspiration.

• Progressive and sustainable forest management is a
basic condition for performing valid and accept-
able forest operations, regardless of the ephem-
eral interests of forest owners, entrepreneurs, or
any other subject. Uses of forests and forestry are
a permanent and growing need of all genera-
tions. Forest operations misjudged due to igno-
rance, selfish interests or greed may cause dam-
age beyond repair. Multidisciplinary team work
of scientists and field professionals in search for
new concepts and in practical application of new
discoveries provides an essential foundation of
progressive and sustainable forest management.

4. Resistance and obstacles in research
of forest operations

Resistance and obstacles are a constant compan-
ion to scientific research, discoveries, inventions,
and their application in practice. Their most signifi-
cant causes are:1. unpredictability of ventures into
the unknown; 2. conflicts of interest; 3. distrust in the
validity of new scientific discoveries; 4. unwilling-
ness to risk investing in research and practical appli-
cation of research results.

• Unpredictability of ventures into the unknown. Each
venture into the unknown, into »no-man’s land«,
is accompanied by numerous questions, sur-
prises, groping in the dark, and failed attempts.
Prerequisites for a scientific discovery, or inven-
tion, or an improvement are creative inspiration,
imagination, curiosity, necessary equipment, and
numerous attempts. Even with these prerequi-
sites scientific research is often followed by failed
experiments, mistakes, and disappointments.

Strong motivation, willingness to work, persis-
tence in effort, and even good luck, contribute to
the probability of a scientific discovery or inven-
tion.

• Conflicts of interest. There is a great number of re-
searchers and potential beneficiaries of the same
or different uses of forests and forestry. Their in-
terests may be identical, different, or conflicting.
Their rights and responsibility in terms of forest
resources may also be different. Therefore, their
relations to forest eco-systems, forest operations
and techniques differ significantly. A contractor
carrying out forest operations in someone else’s
forest will endeavour to achieve maximum work
productivity and make maximum profit in the
least possible time, regardless of the damage to
forest stand, roads, and environment, or ergo-
nomic working conditions. If an owner carries
out forest operations in his own forest, in most
cases he will act as a good manager: he will pro-
tect the forest and the facilities from damage, he
will ensure progressive and sustainable forest
management, and he will satisfy his need for the
uses of forest. It is possible to say that the number
of interests equals the number of beneficiaries. In
addition, the number of beneficiaries and their
interests are subject to change in time and space.
Elements of forest eco-systems also changes, and
so do work methods and equipment, and their re-
lations. All these factors, as well as many others
not mentioned here, cause resistance to scientific
discoveries and obstacles in their practical appli-
cation. If there is a conflict of interest among the
beneficiaries, the advancement of one will cause
resistance in others because of their relative stag-
nation or falling behind. If their interests are
identical, the advancement of one will cause re-
sistance in others because of envy, unsuccessful
competition, or loss of reputation.

• Distrust in the validity of scientific discoveries is a
constant companion to all research. Distrust in
the new breeds resistance. Resistance to scientific
discoveries and inventions, and their application,
results in idleness of mind, dull-wittedness, ac-
ceptance of the current conditions regardless of
their level and efficiency, inclination towards the
inherited work methods and techniques, and
poor motivation for work. Discoveries and in-
ventions, and their application in practice, re-
quire additional efforts to accept, to understand,
to master, and finally to apply the new knowl-
edge. This disturbs the peace of old ways, it re-
quires change of habits, and causes insecurity in
one’s competence. All these things cause dis-
trutst and resistance to new ideas.
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• Unwillingness to take risk. Since investing in re-
search cannot guarantee certainty of success, in-
vestors often hesitate to take a risk by making
such investments. Practical application of scienti-
fic discoveries and inventions involves numerous
difficulties, particularly in the period of training
and establishing a new routine. Some discoveries
and inventions require modification and impro-
vement during application in practice. This, too,
requires the risk to be shared between the re-
searcher and the investor.

5. Forest operations in the future
– development trends

It is a thankless task to make any kind of predic-
tion. At the time of prediction we do not have ade-
quate information about conditions in which the
predicted events, forest operations, or any kind of
change will take place in the future.The quality and
quantity of information on future events decreases
with the length of time to which the prediction re-
fers. This reduces the probability and reliability of
the prediction. Some predicted events will never
take place. Some will, but in unpredicted circum-
stances. Also, some events will take place that have
not been predicted at all. However, not to make any
predictions would mean to await for the future
wearing a blindfold. Therefore, predicting the devel-
opment trends in forest operations and technique is
a vital necessity, and this applies to all other fields in
forestry as well as to other fields in general.

Study of development trends in forest operations
and technique in the past can help make sufficiently
reliable predictions for such trends in the near fu-
ture. Most scientists researching the prediction of
science development think that the rules and trends
of development in the next decade will resemble
those of the current moment (Dobrov 1966). Possible
exceptions in a certain discipline or region do not al-
ter the general trends. Still, opinions of scientists on
the subject of long term predictions of science devel-
opment differ significantly (Bronowski 1973). Tak-
ing these opinions into consideration, no spectacular
changes in the development of forest operations and
technique should be expected in the near future. Fig-
ure 2 shows a realistic expectation for the beginning
of the next century in terms of levels and rules of de-
velopment trends.

The trends for the number of published units for
the second part of the 20th century (Figure 2) have
been determined on the basis of data of the CAB – In-
ternational. Published units have been divided into
six groups: A – Forest work study; B – Forest work-
ers; C – Forest equipment; D – Working conditions; E
– Forest operations planning and control; F – Opera-
tional efficiency. The criteria for classification were:
the title, the key words, the main subject of research,
and the year of publication. Trends for the number of
published units are drawn in different lines. There
are small circles on each of the lines. The section of
the line between two circles shows the time in which
the number of published units has doubled (redou-
bling time). Redoubling time shows the intensity of
development. The shorter the redoubling time, the
higher the intensity of development of a certain dis-
cipline or branch, and vice versa. Redoubling time in
forestry disciplines is sighificantly longer than in
chemistry, physics, mathematics, medicine, etc. This
comparison and the causes of difference are not the
subject of this paper. However, significant differ-
ences have been observed. It would be useful to re-
search these differences, their causes and consequ-
ences, especially from the point of view of forestry.

All trends on Figure 2 show a growth tendency.
Forest work study and forest operations planning
and control show the highest growth rate, followed
by research in working conditions and operational
efficiency. The lowest growth rate can be seen in the
research of equipment in forestry and forest work-
ers. In the next decade a similar order and correla-
tion of the researched trends can be expected. It is
possible than some of the trends changes direction,
but it is difficult to believe that their order could be
altered or that their correlation could be significantly
disrupted.
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6. Conclusions

The end of the 20th century and the beginning of
the 21st, and the transition to the third millennium,
present a significant opportunity to consider and
evaluate numerous aspects of material and spiritual
life. It is an occasion for us to review the achieve-
ments of science and practice in the past, to make an
assessment of the current state, and to attempt to an-
ticipate the development in the forseeable future.
Forestry shall partake in and contribute to these ac-
tivities.

The XXI IUFRO World Congress and many scien-
tific symposiums to be held in 2000, will provide an
extraordinary opportunity for the world’s forest sci-
ence to envisage global visions for forestry, to define
strategic tasks of scientific research, and its role in
satisfying the needs for forest resources.

Scientific research of forest operations and tech-
nique follow the development of IUFRO. In the sec-
ond half of the 20th century the range of scientific re-
search of forest operations has suddenly expanded
in most countries and institutions – members of
IUFRO. Evaluations of scientific relevance of forest
operations and control appeared in the same period
and were recognized. The status of forest operations

science and technique within forest sciences was deter-
mined. IUFRO, which is divided into eight divi-
sions, assigned Division 3 to this field (IUFRO Divi-
sion 3).

Creating methodology for making an evaluation
of the state of development of forest operations as
well as monitoring its application and international
recommendations for planning scientific research
would increase the efficiency of forest operations sci-
ence and of the entire forest science.

• The current state of development of the forest op-
erations science can be assessed by using the fol-
lowing data and indicators: 1. the number of sci-
entists involved in research, in absolute and relati-
ve figures; 2. financial resources allocated annually
for scientific research; 3. value of equipment and
facilities provided for scientific reasearch; 4. range
of field and types of activity covered by forest op-
erations; 5. number of scientific discoveries and
their value in terms of improving the efficiency of
forest operations; 6. number of published scien-
tific papers in a given period of time and their
cat egories.

Current state of the forest operations science and
practice is marked by an enormous span in the levels
of development. Ancient methods are still used, as
well as tools that date back several thousand years.
At the same time, in other places, work- and produc-
tion processes employ the most recent achievements

of the human mind. This broad span includes various
levels of development of forest operations methods
and techniques with combinations of old fashioned
solutions and more recent findings. The difference in
the levels of development of forest operations and
technique is a consequence of diversity of terrain,
climate, and vegetation, as well as technical, historic,
economic, and other features that influence forestry
in its setting.

The most important challenges to the forest oper-
ations science are the following: 1. development of
new methods; 2. development of new tools and
equipment; 3. replacing man as a source of work
power by multipurpose forest machines; 4. faster
output of old and brand new forest products, and
other benefits of forest; 5. increasing work produc-
tivity; 6. minimizing hazards in forest operations; 7.
health care and prolongation of life expectancy and
of active life of forest workers; 8. raising living stan-
dard and humanization of work of forest workers; 9.
protecting forests, forest soil, and environment from
damage during forest operations; 10. increasing eco-
nomic efficiency of forest operations and technique;
11. ensuring progressive and sustainable forest man-
agement.

The causes of resistance to the research of forest
operations are: 1. unpredictability of new scientific
findings; 2. conflicts of interest among the beneficia-
ries of the same or different uses of forest, and be-
tween the owner of the forest and the contractor per-
forming forest operations; 3. resistance to change
and acceptance of the current state; 4. eternal dis-
trust in the validity of scientific discoveries; 5. un-
willingness to take risk on account of possible fail-
ures which accompany all scientific research.

It is necessary to predict the development of for-
est operations methods and technique, regardless of
the degree of reliability of such predictions. No spec-
tacular changes should be expected in the develop-
ment of forest operations methods and technique in
the near future. Realistic expectations are that in the
beginning of the next century development trends
will continue in accordance with the rules and trends
of this decade. Possible exceptions in a certain disci-
pline or region will not alter general trends signifi-
cantly.
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Cost and Production Modeling Tool for
Wood Procurement Logistics

Esko Mikkonen, Zhangren Lan

Abstract

In a European Union financed study project “PromotE” a production cost calculation

and production estimation procedure was developed for wood harvesting. The model

utilises basic cost calculation principles and allows as many as 36 cost factors to be in-

cluded. Used variables can be selected as the necessary basis. Investment, interest rate,

service life, scheduled hours a year, and utilisation factors must be given, however. Pro-

duction estimates can be calculated for the most common forest machines such as

feller-bunchers, harvesters, forwarders etc. Those are based on the production functions

published in recent literature. By combining these two items the unit cost of production

can be estimated. The computer program “ProCost” has been programmed with

Borland Delphi utilising its database features.

Key words: modelling, costs, production, wood procurement, logistics

1. Orientation

The identification and optimization of a sound
harvesting system is based upon the specification of
timber harvesting machine chain options by means
of the costs calculation and analysis of harvesting
machine. In principle, the machine chain options in
harvesting system are primarily concerned with
comparing alternative machines on the basis of an
economic measure of effectiveness, which could go
further to finalize the harvesting-transporta-
tion-wood handling options. The modeling of har-
vesting machine cost calculation is based on the win-
dow-based programming procedure. Friendly user
interface development environment could facilitate
the data input from users and communications
among the routines, especially with a harvesting
machine database system.

2. Objectives

It is of importance that harvesting operations be
conducted as efficiently as possible in a target area of
harvesting timber in any case. The objective of mod-
eling harvesting machine chain options is to develop
a graphical interface model of harvesting machine
costs. Such costs of a specific machine are useful in

selecting the best cost effective equipment for the
conditions encountered on a given operation area.
This model is used to generate the actual data by
simulation for the general purpose harvesting sys-
tem optimizer (GPHMO).

3. Methodology

To provide useful efficiency data about harvest-
ing operations, specific time and cost study and
analysis must be made. In general, harvesting ma-
chine costs consist of four main kinds:

1) Labor cost;

2) Depreciation and purchases of harvesting ma-
chine;

3) Materials and supplies; and

4) Overhead.

Machine purchases involve the investment of
considerable sums before the actual operations. This
part of costs is based on the depreciation schedule
within an operating life of 1 to 5 years or longer, de-
pending upon the particular items. Labor costs in-
clude all wages and salaries, and such indirect items
such as payroll taxes for social security benefits as
well as machine operator’s compensation premiums
and other fringe benefits. Materials and supplies in-
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clude items used up or consumed in the operation.
Overhead costs are related to those that are not di-
rectly incurred by the harvesting machine operation.

Cost and efficiency analyses could reveal true re-
lationships between alternative methods of harvest-
ing machine performing the same function. The
value of timber products from harvesting area and
the costs of harvesting machines, and labor costs
should reach such proportion to make inefficiency
very costly and unacceptable. A measure of produc-
tion output and the cost of performing the operation
are directly regarded as a machine rate, which is ex-
pressed as the costs of operating a unit of production
on an hour basis.

The procedure of machine cost calculation and
data exchange among them will be accomplished
under the control of friendly graphical user inter-
face.

4. Detail description of programming

A cost calculation model has been developed to
generate the actual data as the input in the General
Purpose Harvesting Method Optimizer (GPHMO).
The procedure of a cost calculation could be carried
out in three different ways, i.e.

1) cost calculation for single machine
2) machine combination, meaning that it in-

cludes both base machine and its appliances
3) several machines included in production

chain, e.g. harvester and forwarder etc.

4.1. Interface design

Main window in the cost calculation model is
shown in Figure 1. Pulling-down menu items in-
clude ’Input Data’, ’Basic Machine’, ’Combination’,
’System Chain’, and ’Help’. Menu ’Basic Machine’
includes different types of machine to be selected in
a cost calculation procedure, which are:

• Harvester

• Forwarder

• Feller-buncher

• Processor

• Skidder

• Slasher

• Multi-Logger

• Loader

• Chipper

• Chain saw

• Other

Atable has been stored in harvesting machine da-
tabase system (HMDBS) for each type of machine.
Individual machine can be selected by browsing
navigator-button in the window, by which simple at-
tributes of the machine are displayed beneath the
navigator-button; i.e.,

1) Model type of machine

2) Engine power

3) Machine size with dimension, and

4) Machine costs.

Graphical display shows the picture of each ma-
chine corresponding to the selection in naviga-
tor-button click. In addition, interface also includes
two items of information display to show the basic
assumption of cost calculation, which can be
changed in data-input and specification window.
Before going to the following step, there are four
items within separate ’box’ that should be checked.
Those are shown as below,

1) Interest formula
• Short term

• Long term, or

• Annually

2) Residual value scheme
• Salvage

• Decreasing-in-value

3) Depreciation scheme
• Even sum yearly

• Degressive

• Progressive

4) Monetary unit
• Euro

• USD

• FIM
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Figure 1 Main window for a cost calculation model



• DM
• Skr, or
• Other

4.2. Data structure and input

Click menu ’Data input’ in main window. Inter-
face for machine data input is shown as Figure 2. In
this window, pulling-down menus are itemized
with the following.

1) Data file: open existing file, save new data file
etc.

2) Edit: general file editing function
3) Machine types: selection of machine which is

connected with main window
4) Analysis: machine cost analyses function in-

cluded
5) Report: final reports of machine costs.

Interface has been designed as a series of data to
be input in cost calculation model. It consists of five
groups of machine cost calculation and analyses fac-
tors. Each group is presented with more detail be-
low.

1) Basic assumption setting
• Hours a year if working in one shift

• Number of cold months a year

• Working months per year

• Days per month

• Hours per day

• Percentage for depreciation (%)

• Machine utilization (%)

• Moving time (%)
• Machine life (years)

2) Machine price
• Model type of machine: connected with main

window
• Machine price
• Its appliance
• Interest rate (%)
• Residual value or value used in decrease-in-

-value calculation

3) Consumption figures
• Social security cost (%)
• Contractor risk cost (%)
• Fuel consumption per hour: including fuels,

lubricants, and hydraulic oils
• Per diem cost items: including follows,

¿ Operator driving, units per year
¿ Diem per year
¿ Times of trip to home per year
¿ Contractor driving, units per year

4) Wages and fringe benefits
• Wages: hourly rate, or accord rate
• Extras per hour: for shift work, for cold wea-

ther, or for mechanic work
• Fringe benefits: costs of a car (per unit dis-

tance), per diems, or home trip cost

5) Cost figures
• Overhead costs yearly
• Repair and service yearly
• Special items yearly
• Insurance per year: including fire, traffic, and

other etc.
• Fuel and lubricant price per unit: including

fuel, lubricant, and hydraulic

Once individual machine is selected and data in-
put, click button ’Calculate’ and results of machine
total costs per year and hour costs can be displayed
in the box ’Costs results’. Machine hour costs can
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Figure 2 Window for data input and machine cost calculation

Figure 3 Standard dialogue window for import of data



also be saved to database system by clicking the but-
ton ’Save to database’. In the pulling-down menu
item ’Data file’, data input and costs results for indi-
vidual machine can be saved as a specified ’file’.

And by opening a standard dialogue box as fol-
low (Figure 3) the import of data file can be done for
cost calculation of a specified machine that was
saved in previous calculation.

4.3. Connection to harvesting machine
database system (HMDBS)

HMDBS, as a module, has been built in the
GPHMO (PromotE Task 4.2 report) software pack-
age. Cost calculation model has always been con-
nected with the machine database system. In the
windows (as Figure 1 & Figure 2), machine type or
individual machine selected is always from a single
table stored in database. Field (attribute) ’Machine
Cost’ in the table would store a data saved from the
result of cost calculation procedure, or edited di-
rectly from user through the editing or updating
function situated in the database system. Being
aware of GPHMO in the Task 4.2, cost calculation
module has been integrated together with other pro-
cedures. However, in any case of harvesting ma-
chine operation, cost calculation module could be
employed alone to carry out the options of harvest-
ing machine chain. In this case, as a single software
package of cost module to be installed, HMDBS is a
non-visual component that can not be activated as a
single window within the cost calculation module it-
self.

4.4. Analyses of cost items and parameters

In the window ’Machine Data input’, click menu
’Analysis’ item system will open a window ’Variable
Analysis’ (as shown in Figure 4). There are two kinds
of procedure of variable analyses, i.e. one way and
two ways in different cases, which can be selected by
simple click radio-box ’Analysis way’.

4.4.1. One way analyzing method

One way method will only activate main cost
item box. In the cost item box, one cost variable can
be selected, and at the same time ’Lower bound’,
’Upper bound’ and points of analyses must be de-
fined. For instance, select the price of machine and
set:

• Lower bound: 75000

• Upper bound: 135000, and

• Points of analyses: 8

As shown in the table display of the window. Fi-
nal results of analysis indicate the ranges of machine

costs relating to different machine prices within the
bounds.

4.4.2. Two ways analyzing method

Two ways analyses involve main cost item and its
related item that is also related to item’s ’Lower’ and
’Upper’ bound to be defined. Clicking two ways
method will activate main cost item and its related
item. Once two key items are selected and corre-
sponding bounds are defined respectively, results
will show the ranges of machine costs within the
bounds of cost items.

4.4.3. Display of analyzing results

As shown in window Figure 4, display of analyz-
ing results can be both table type and graphical type.
In table display, results can be saved to database as a
table and printed out, too. In graphical display, users
can easily change the type of graphical display by
clicking the corresponding button as shown in the
window design.

4.5. Machine cost report

The report of machine costs data can be printed
out. Simple click of ’Report’ menu will open a report
window as shown in Figure 5.

In this window, users can select one item in Ra-
dio-Button box and print its results out. Final report
of machine cost calculation has been formatted in
one page, which includes items as follows,
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1) Machine price

2) Salvage value and depreciation scheme

3) Working time

4) Consumption figures and unit price

5) Costs: including fixed costs and variable costs

6) Total costs annually, and

7) Per unit costs: machine hour.

5. Discussion and conclusion

This graphical software for calculating harvest-
ing machine cost can be run alone for the purpose of
harvesting-transportation-wood handling options or

work together with software package of GPHMO for
optimizing harvesting system. Modeling of harvest-
ing machine cost calculation may be summarized as
follows,

This model can be used in different countries and
circumstances. Graphical user interface design of
software is easy for users to input data and report fi-
nal results of harvesting machine cost at a harvesting
company level.

Based on the principle of cost calculation me-
thod, this model could be applied for different type
of forest machines and its related equipment, for in-
stance, to be employed in both ground-based har-
vesting system and cable logging system etc.

Machine hour cost is calculated in certain circum-
stances of machine operation. Harvesting machine
chain options in cost-effective way should be based
upon the degree of similarity in terms of harvesting
machine productivity.
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Work Study – A Forgotten
Scientific Branch in Forestry?

Boštjan Košir

Abstract

The paper deals with the situation of work-study branch in forestry today in view of the

transition situation in Slovenia. The result of work-study is work simplification, shown

through the reduction of standard times, improvement of working time utilization and low-

ering the costs per unit of production. Standard times enable comparisons among different

technologies and international comparisons as well, the latter however not being very favor-

able for Slovenian forestry. A relatively low productivity causes high production costs,

which means that forest enterprises will manage production successively only if they gain

positive stumpage price for the owner by choosing and selling best quality of the timber.

Thinnings and working units with low wood concentration will not be of interest and there-

fore these operations will be avoided. This will be much more relevant in private forests

where the forest owner’s will and his needs are of the uttermost importance. Today’s practice

of establishing the input variables for standard times computation in Slovenia does not cor-

respond to the theory of work organization and work-study. At the time when forest enter-

prises and private entrepreneurs have to work in most unstable and unpredictable condi-

tions, the following simplified equation could be derived: Savings due to management’s

measures>Savings due to production improvement. Different management activities re-

garding sales, market, involvement of politics, different institutions etc. are far more impor-

tant than concerns about the production improvement. It could be assumed that Optimal

strategy = Success of managerial activities + (Production improvement = near zero) or: Op-

timal strategy � Success of managerial activities. The last equation is also proven by the

fact that since 1990 forest enterprises have not been supporting projects and other activities

in the field of work-study. We can expect better co-operation between forest enterprises and

research teams when the economical and political situation is stable and both sides of the

above equation are in dynamical balance i.e.: Optimal strategy = Success of managerial ac-

tivities + Production improvement. There are many ways of overcoming the present situa-

tion, some of them being discussed in the paper.

Key words: work organisation, work study, transition, Slovenia

1. Introduction

Work-study is a scientific branch, which has been
developed for work simplification based on study-
ing working processes. It is based on the concept that
time means money and thus time became one of the
basic parameters of industrialization and develop-
ment of technology in different fields including for-
estry. The question is how to increase the working
time utilization and how to simplify the present op-
erations so as to get maximum output in relation to
the input of energy, material and information. The
first work-studies in the field of forestry appeared at

the beginning of the century, but later on special re-
search teams were established in many countries
dealing with the problem of work-study in forestry
(Sundberg and Silversides 1988). Subsequently the
field has been divided to work time, work method
studies and payment.

Research activities in the field of forestry tech-
niques and operations included work-studies and
especially time measurements. A part of the studies
was included in postgraduate studies. There have
never been professionals to deal only with work-
-studies in Slovenia. Despite this we were able to sat-
isfy the needs for accurate time studies in forest en-
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gineering for a long period of time. On the other
hand the standard times of different silvicultural
work or forest protection operations have always
been statistical or based on experience. The delay in
following up and changing the existing standard
times on scientific base has started with the break-
down of the normal technological development.
There have always been ways to adapt the existing
and sometimes not any more accurate standard
times to practical use. Proper standard times can be
used for many purposes and therefore it would be
necessary to start using them again.

2. Development

The development of work-study branch has al-
ways been closely connected with the time measure-
ments, method studies and ways of payment. In
many decades of work-study development different
scientific branches have been included and contrib-
uted much to the quality of results. Work measure-
ment with standardized procedures does not repre-
sent the scientific challenge any more (Košir 1996).
This does not mean that work-study is not any more
at the top of professional specialization in forestry.

The biggest problem of this field is the compara-
bility of studies conducted by national institutions
with different approaches. Great efforts were made
to standardize internationally the work-study terms,
the division of the calendar time and measurement
procedures (Bjorheden and Thompson 1995, Košir
1996). Work-study remains a professional branch,
which should also have our full attention in the fu-
ture – just like cost calculations, which have never
been compared between different countries.

Every new technology, new machine or new form
of work organization brings something new to our
knowledge that has important impact on practical
life. Those impacts affect the worker who is most fre-
quently paid by piece rate, the employer because of
different unit costs and the forest owner who gets
higher or lower forest rent. The state should not be
indifferent and not only because it is the biggest for-
est owner but because the state should take care of
the benefit of all citizens. It is not just the same how
high the hourly production is, and – the result of
work-studies are always a simplification of working
processes, better organization and consequently –
lower costs per unit of production.

Consequently pretty accurate methods of me-
thod study, time study and job evaluation have been
developed, which are the tools of professional re-
search teams in the framework of different research
projects. They use all available modern equipment
as hand-held computers, video, proper software etc.

Single study could also last for several months or
even more if it is connected with excessive field
work and depends upon the production system bor-
ders and demanded accuracy. The professional time
study experts are included in this process, which is
full of small and deep traps despite its tricky sim-
plicity.

Methods of method and time study are the scien-
tific approach to work organization. Accurately de-
fined procedures help us to look into the working
processes, measure them and make proper analyti-
cal conclusions. The approach is crowned with the
synthesis to achieve minimal goals and estimation of
simplification. When performing work studies we
urgently need good staff – specialized work-study
experts – as we frequently meet working processes
that are not yet stabilized or are quite new and not
well known. In conducting such studies there is al-
ways the need for changes, for transformation of less
efficient processes to more efficient processes. Expe-
rienced researchers with wide knowledge of techno-
logical processes in forestry are indispensable for
achieving success. Work-study today also includes
some other scientific branches and the cooperation
of different specialists in research team is of essential
importance. The measurements are not cheap, but
high costs have a quick return.

3. Present

A number of cases show extremely inappropriate
attitude towards work-study, although this has been
the subject of lectures at the Forestry Department of
the Biotechnical Faculty in Ljubljana for almost thir-
ty years. At postgraduate level special emphasis is
placed on work-study for the students who wish to
improve knowledge of forest engineering, work or-
ganization and economics. According to the For-
estry Act standard times of forest operations should
be prepared by Forestry Institute of Slovenia. De-
spite this – if we have in mind professional teams –
organized work-studies have not been established
yet. In the last several years not a single original
study has been carried out with the purpose of set-
ting standard times. There are a lot of excuses for
this, and today we have pretty old standard times in
official use not to mention the missing time studies
for new machines and other changes in forest opera-
tions.

There is no trace of the tripartite system of accept-
ing new standard times, which are used in state for-
ests (Košir et al. 1992). The actual standard times
were determined by the Ministry of Agriculture,
Forestry and Food and are too old, and therefore not
accurate, but they are still the best indicators of pro-
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duction times of various forestry work operations.
Standard times for cutting are over twenty years old
and almost the same problem is met with tractor
skidding. There are no standard times for downhill
cable skidding and the rest of standard times needs
check studies as many processes and equipment
have been already slightly changed.

Whose interest is then to improve standard times
and make their use proper? It seems nobody’s! Most
important entries to standard times are determined
by the professionals, who are in no way dependent
upon the accuracy of their use and success in forest
production. Many of them are even not experienced
enough in this respect as they belong to the Public
Forestry Service, which has many other tasks to per-
form. For many of these professionals the accuracy
of standard times is not an issue at all and they con-
sider the difficulty of finding entries far more impor-
tant. However strange it may sound, the state office,
which manages the state forests, obviously does not
wish to know the normal production rates and nor-
mal costs. On the other hand it is also strange that
trade unions and employers are satisfied with this
practice, although the existing standard times are
the measure of normal work specified by bilateral
contract between them. In the multitude of not
enough defined relations, poor standard times are
obviously not the major problem as nobody does
have serious objections.

Standard times also enable international compar-
isons between forest operations in different condi-
tions and the productivity of different technologies.
Open market in the European Union and neighbor-
ing countries considers such analysis very impor-
tant, but at this moment nobody cares about the fact
that the results of comparisons are not very favor-
able for Slovenian forest enterprises (Košir 1997). A
relatively low productivity causes high production
costs, which means that forest enterprises will suc-
cessively manage production only if they gain posi-
tive stumpage price for the owner by choosing and
selling the best quality of timber. Thinnings and
working units with low wood concentration will not
be of interest and therefore such operations will be
avoided. This may not be quite true in state forests
where the influence of the Public Forest Service is
higher, but much more in private forests where the
will of forest owner is of the uttermost importance.

Daily productivity of chain saw cutting is about
2 m3/h (conifers, small wood) or 0.5 h/m3. The diffe-
rence between their productivity and the productiv-
ity of Slovenia – annual cut in Slovenian state forests
– accounts for around 500 mill. SIT. If we consider
other more advanced technologies of tree felling and
processing the difference would become much high-

er. There is another example: if the allowable cut
were defined higher by only 5 % in average the dif-
ference in cutting costs would amount to some 80
mill. SIT, which is very a high amount in comparison
with the annual funds intended for research pro-
gram in forestry (which does not include any work-
-study). Who does not still care about checking and
following up the standard times?

The practice of defining the entries to the stan-
dard times interferes with reason and with the pro-
cedures we know from the past, as well with any
practice applied abroad. This practice also does not
correspond to the theory of work organization and
work-study. In the eighties the practice was quite
different. The entries to the standard times were de-
fined as a part of operational planning by forest tech-
nicians and forestry engineers who dealt with the
production process. Through operational control the
feedback information and interactions between the
real operations and men who made operational
plans were always available. Technological maps
based on terrain classification were drawn for some
state forests. Some of them were accurate enough to
help finding some of the entries for the cutting units
even without field work. When some errors were
made – that was found pretty quickly – as forest
rangers had permanent contact with the top forest
enterprise administration and with the workers in
forest production. Today the problem is that forest
rangers, employed by the Public Forest Service, do
not have so important feedback information of the
actual use of standard times. How could they de-
velop, especially young foresters, the necessary
knowledge if they can not follow the effects of their
efforts?

In the industrial world the standard times are
neither a habit nor a custom or rules of good behav-
ior, which could be slightly broken here and there.
They origin from clearly recognized effects of their
use not only to the employers but also to the employ-
ees and to the state. When starting with new stan-
dard times the interest of the employer and employ-
ees are a priority. The state should interfere only
when the conflict between parties is not so easy to
overcome. The basic rule is that the one who needs
the standard times should also care for their proper
use and control of the effects. The state should take
care of justice in the practical use. The discrepancy
between the state and the internal company’s stan-
dard times should not increase too much. Each party
looks at standard times with different eyes, and their
objections are clearly understandable. Maturity of
all parties will start when they understand that it is
impossible to cheat the other party forever. That is
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why the just use of independently established stan-
dard times is of such importance for everybody.

The companies can survive in the recent econom-
ical and political situation in different ways with
various perspectives in the nearest future. When for-
estry enterprises are threatened not only with com-
petition among them, but even more with unpredict-
able moves of forestry politics, the following simpli-
fied equation could be accepted:

Savings due to management’s measures �
Savings due to production improvement.

The position of the company, which struggles for
survival is almost entirely dependent upon the ac-
tivities of its top management as lobbying, active
work in political parties, charges in the court and
similar. These moves of the company’s leadership
are far more important then real development in the
technological core of the organizations. Higher pro-
ductivity would require important investments in
knowledge and equipment, which carries some risk
by definition. Forestry companies are much more
ready to invest in machines than in human resources
or even in some disputable studies of working pro-
cesses. The stress is placed on present productivity
without much concern about the future. The share of
technical development in the company’s success is
very modest compared with the meaning of top
management activities. the following equation can
be derived:

Optimal strategy = Success of managerial
activities + (Production improvement = near zero)

or:

Optimal strategy� Success of managerial
activities.

Among other consequences of this equation there
is also the fact that since 1990 the forest enterprises
have not financed the work-study projects and other
related activities. Only several of them have per-
formed such studies by themselves for their own
needs. They searched for internal reserves and they
found them in the reduction of the number of work-
ers in production and administration, in geograph-
ical restructuring and repositioning of their func-
tional units, while the technologies have remained
the same. Fair play in negotiating for stumpage pric-
es with forest owners, lobbying and marketing of
their services bring more economical stability then
investment in research work, waiting for uncertain
results, which are often limited in practical use con-
sidering the possibilities of the research teams. The
results often develop solutions without finding the
way to achieve the goal.

Better cooperation between research teams and
forest enterprises could be expected when economi-
cal and political situation is stabilized to the degree
to provide dynamical balance between the sides in
the above equation. For forestry it will be when the
approximate market shares of each forest enterprise
are known. The efforts for spreading the single mar-
ket share will be transferred to special domains,
work in private forests, as well as to the actual tech-
nological development.

Optimal strategy = Success of managerial
activities + Production improvement.

Some signs of the needs for cooperation between
research institutions and forest companies become
more and more evident, although they are still too
rare and vague to speak about renovation optimisti-
cally. We are still deeply in the transition, which
gives new opportunities and chances for better life
to many people, but compelling them to the struggle
for the positions without any compromise. Today it
is true for the individuals and enterprises, but to-
morrow it will also be true for the state in the society
of much stronger allies.

4. Tomorrow

The Forest Act separated the inseparable – plan-
ning and executing – and the consequences will re-
main for a long time since the connection between
Public Forest Service, forest owners, administration
of the state forest and private companies are being
established very slowly. There should be a concerted
action to overcome, more or less, normal problems
of this transitional period. Our forestry should not
be left without some important knowledge. The
ways for improving the present situation are vari-
ous, but some of them might be the following:

• It should be the concern of the Ministry to intro-
duce work-studies in Forestry Institute of Slo-
venia providing funds for financing at least one
specialist. The studies envolving ergonomics, sa-
fety at work, economy and environmental friend-
liness of processes should be encouraged.

• The working group for standard times with For-
estry Institute of Slovenia should be reshaped,
and particular tasks should be assigned specify-
ing responsibility and status. The first task should
be the establishing of DAA system (development,
accepting, accompanying, Košir et al. 1992).

• A part of DAA system accepts new standard tim-
es, which is to be done by the Ministry and
should be accomplished quickly after completing
the proposal.
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• WGST should give the priorities of standard time
renewing, check studies, regarding available time
and funds.

• WGST should be informed of the results follow-
ing up the use of standard times, eventual diffi-
culties, errors or similar.

• State Forest Offices should be responsible for su-
pervising and checking the proper use of stan-
dard times for operational planning purposes,
among other activities. Financing of the neces-
sary check studies is expected.

• Trade unions should also pay more attention to
work-study results and normal use of standard
times for labor assessment and payment. Safety
at work and ergonomics should be among their
priority interests.

• The Public Forestry Service should also be in-
volved in work-studies. This organization covers
the whole country with good information system
and good personnel. It would be a pity not to use
this potential.

Forestry companies hide a great potential – like a
compressed spring. The economy is always rational
in view of the present priorities and emergencies.
Nobody can be forced to manage rationally or invest
unselfishly in knowledge without instantaneous
benefits. Managerial teams in forest companies have
not yet passed their test in front of the boards of their
shareholders. They will take the future courses of ev-
ery single forest company with changing interest in
collaboration between the company and research
teams, according to the current company’s needs. It
would be right if companies appeared at this mo-
ment as partners in establishing the new approach to
work-study. Many of them follow closely their pro-
ductivity and the use of their internal standard
times, but this is – form the point of view of work-
-study– not enough. True simplifications of working
processes are gained by minute studies of work
place time and its comparison with the existing – as-
sumed – standard times used in state forests. The
difference would motivate the entrepreneurs to achi-
eve better productivity and the State Forest Office
would be motivated to check and change the exist-
ing standard times. And where is the end of this cir-
cle? Obviously nowhere and never as this is contrary
to the basic elements of searching for better technol-
ogies. Yet this looks like development, which is not
enough for defeating the adversary, but enough to
give priority to the actual productivity improve-
ment.

5. Conclusion

The use of standard times remains an important
part of the profession with great economical impact
on the State Forest Office, forest owners, forest work-
ers and on forest enterprises. Correct standard times
should work as a compass among different catego-
ries of subjects involved in forest production, as they
are the measure of normal work at present. Today’s
situation in forestry does not support the need for
accurate standard times and their use since it is
much easier to achieve the economical effects by lob-
bying, speculation and similar. There is no motiva-
tion for new work-studies or even for check studies
of working processes in forestry at present. This is
the only possible explanation for using pretty old
standard times for most frequent forestry work, not
to mention that for some operations there are no
standard times at all. Forestry companies cannot be
expected to finance the extensive work-study pro-
jects. The responsibility lies with the Ministry and
the State Forest Office, which are expected to pro-
vide balanced financing of research teams. New
wave of studies is expected in the years to come in-
volving ergonomics, economics of working pro-
cesses, safety at work and environmental impact of
the operations.
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Low Cost Harvesting for Small Scale
Forestry in Japan

Hideo Sakai

Abstract

Forestry in Japan has fatally serious problems. 1) About half of slopes exceed more than 25

degrees. 2) Planted young conifers, less than 50 years old, cover about a quarter of the land.

3) The individual forest makes about 60 % of the forest area and there are few owners of large

forests.

These features make high-standard road construction difficult. Various kinds of small for-

estry vehicles and narrow strip roads of less than 3 m in width play an important roll in

small-scale forestry in Japan. The method of hanging a block to pass a cable from the winch

through under the arm of the grapple crane to haul thinned logs was invented by some for-

warder operators about ten years ago. This method promoted the development of a domestic,

small, mobile tower-yarder, which was suitable for Japanese operational conditions. A tower

yarder of 200 m mainline capacity is installed on a four- or six- wheel-drive mini-forwarder

with a 60 horsepower engine. It is equipped with an interlocked hydraulic winch, which

transfers torque between the haulback drum and the main drum, enabling the yarder to be

smaller and powerful. It is only 1,500 mm wide, so that it can move on strip roads of 2 m in

width. Its yarding cost, f(L) (yen/m3), can be calculated by f(L) = 7.21 L + 2130/L + 377,

where L (m) is the maximum yarding distance. Even though the road construction cost is

15,000 yen/m, the total cost, including the road cost, can be minimized at 1,576 yen/m3 by a

road density of 105 m/ha or L = 83 m. Dense low-standard road networks realize frequent

access to forest and adequate thinning, which brings the growth of stands and undergrowth.

This has a beneficial effect on environmental protection.

Key words: small scale forestry, harvesting cost, forwarder, tower yarder, forest road network

1. Introduction

In Japan, 67 % of the land is forested and for a
number of reasons, the forestry industry suffers gra-
vely and has serious problems. 1) Slopes are steep,
about half of them exceeding 25 degrees. 2) Conifer-
ous trees have been planted since the 1950s and coni-
fers less than 50 years old occupy about a quarter of
the land. These planted forests have required thin-
ning since the 1970s. 3) Individual forests make
about 60 % of total forest area and there are few large
forest owners. These features make high-standard
road construction and forestry mechanization diffi-
cult. Only twenty years ago, manual operations such
as sled or animal skidding could often be seen. Vari-
ous kinds of small forestry vehicles and narrow strip
roads of less than 3 m in width play an important
role in small scale forestry in Japan.

This paper intends to show the status of small
forestry machines in Japan and analyze the harvest-
ing costs of using a domestic, small, mobile tower-
-yarder.

2. Small forestry vehicles

Since the 1970s, various kinds of small forestry
machines including monorails and zig-zag mono-
-cable systems have been developed and used through-
out small scale forestry. Figure 1 shows the relation-
ship between engine power and payload capability of
Japanese forwarders. The smallest forwarder of 5 kW
(7 PS) and 1.2 m in wide is installed on rubber tracks.
Forwarders of less than 7 kW (10 PS) are bought by
small forest owners. Forwarders of 22–59 kW (30–80 PS)
with a payload capability of 2000–2500 kg are popu-
lar among forest owner’s associations. Now, grapple
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cranes play an important role on such vehicles as
they facilitate loading. Recently, rubber tracked for-
warders of more than 74 kW (100 PS) have become
popular. Some of them are not equipped with loader
cranes because they are used in combination with
processors or log-loaders. A hybrid type forwarder
of 1.85 m in width with front wheels and rear rubber
tracks has been introduced. Rear rubber tracks re-
duce the ground pressure caused by heavy loads
and recover the road surface disturbed by the front
wheels. The machines are so narrow that a road
width of 3 m is sufficient to accommodate them. Re-
lationships between road width and the machines
used in Japan are shown in Table 1.

Now, a processor of 55 kW (75 PS) and 1.88 m in
width has been developed for thinning (Figure 3). As
the power of traditionally used excavators of the
same size is about 41 kW (56 PS), this small processor
may be said to be equipped with a high power engine
to supply hydraulic power to delimb thinned logs.

3. Cost analysis of a mobile tower yarder

Cable logging skills are traditionally highly de-
veloped in Japan. A method of hanging a block to
pass a cable from the winch through under the arm
of the grapple crane to haul thinned logs was in-
vented by forwarder operators about ten years ago.

This method promoted the development of a domes-
tic, small, mobile tower-yarder suitable for Japanese
operational conditions. A tower-yarder of 200 m
mainline capacity is installed on a four- or six-wheel-
-drive forwarder with a 24 kW or 44 kW (33 or 60 PS)
engine. It is equipped with an interlocked hydraulic
winch, which transfers torque between the haulback
drum and the main drum, enabling the yarder to be
smaller and more powerful (Shishiuchi et al. 1993).
The maximum pulling force is 1,500 kg. Being only
1,500 mm wide, it can move on 2 m in wide strip
roads.

Based on an experiment carried out at the thin-
ning site of a 27 year-old Sugi (Cryptomeria japonica)
stand, this machine’s yarding cost, f(L) (yen/m3),
can be calculated by use of the equation

f(L) = 7.21 L + 2130/L + 377

as shown in Figure 2, where L (m) is the maximum
yarding distance (Sakai et al. 1989). A survey of the
main data is given in Table 2.

Annual road maintenance costs are estimated to
0.4 % of the road construction cost of current prices

24 Meh. {umar. 2001-2004, Special Issue of the Journal Nova meh. {umar., Vol. 26(2005), Issue 2

H. SAKAI Low Cost Harvesting for Small Scale Forestry in Japan (23–26)

Figure 1 Relationships between engine power and payload capability
of Japanese forwarders

Table 1 Relationships between road width and machines used in Japan

Road
width

Vehicles
width Example of

vehicle type
Notes

m

1.5 1.2 Rubber tracks

2 1.26 Three-wheeled

2.3 1.4 Four- or six-wheeled

2.5 1.85
Hybrid of front wheels
and rear rubber tracks

1.65 2 ton truck Road bed must be stable

2.7 2.3 0.28 m
3
back hoe

3.0 2.3 Wheel skidder Tree length logging

2.4 Rubber tracks

2.14 4 ton truck Radius of curve must be great

2.5 0.50 m
3
back hoe

Table 2 Main data for cost calculation

Machine price (=M), yen 10 million

Depreciation and maintenance cost, yen/day 0.000 733 M

Labor cost, yen/man·hr 2000

Average payload, m3 0.3

Cycle time of yarding, sec 1.333 L + 57

Rigging time per line, sec 7.5 L + 230

Fuel and oil cost, yen/m3 0.63 L + 27

L – maximum yarding distance, m
1 USD = 100–110 yen



in Japan (Sawaguchi and Ohkawabata 1993). Road
density (m/ha) can be derived from the maximum
yarding distance, L (m), by 5000 × k / L, where k is a
correction factor of road space (Dietz et al. 1984). As-
suming that the annual growth in stand volume is v

(m3/ha), road cost (yen/m3) can be calculated by
0.004 × r × 5000 × k / (v × L), where r is the road con-
struction cost (yen/m). By adding this road cost to
the above f(L), the total cost (yen/m3) can be ob-
tained.

Even though the road construction cost, r, is
15,000 yen/m, the total cost including road cost can
be minimized to 1,576 yen/m3 by maintaining a road
density of 105 m/ha or restricting L to 83 m, where k

is 1.75 and v is 11 m3/ha (Figure 3). As a result, when
road construction cost is low, very cheap logging
costs with high road density can be achieved.

4. Environmental protection by use of
tower yarder

Dense low-standard road networks realize fre-
quent access to forest sites and enable adequate thin-
ning, which promotes growth of both stands and un-
dergrowth. Well thinned forests not only increase
the stand volume but also eradicate surplus evapo-
ration by thinned trees, which retains water in the
forest soil. Established undergrowth prevents soil

erosion. These effects are beneficial to environmen-
tal protection.

Even though roads of 3 m in width are con-
structed with a density of 100 m/ha, the loss of
growing site is about 7 % on slopes of 25 degrees
(Sakai and Kobayashi 1997).

5. Conclusions

The introduction of large-scale machines is in-
tended with the aim of achieving cost-effective log-
ging. But there is the possibility of utilizing small-
-sized, high performance forestry machines. The
simplest, easiest and safest systems are required for
future operations.
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Figure 2 Yarding cost of a mobile tower yarder on a thinning site

Figure 3 Total cost of yarding cost and road cost
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Logging Operations in Small
Private Forests in Slovenia

Jurij Maren~e

Abstract

In a highly fragmented private forest property, timber is not logged on a large scale and

hence the amount of timber there is much smaller than in state-owned forests. The great ma-

jority of forest owners have a small holding and consequently the level of utilization of their

machinery is low as well. The scope of work depends primarily on the size of the forest they

manage. Utilization level of machines has a considerable impact on the cost of their use.

Tractors are used primarily for agricultural production, as well as for forest work. The ex-

tent of forest work depends on the size of forest property. In the study the index of operating

efficiency (Kg) represents the proportion as to which the costs of felling and skidding wood

are covered by timber price on a truck road. Regardless of which machine was used, in a

small forest holding (less than 5 ha) Kg is less than 1. The low level of utilization of machines

requires the use of simple, least expensive skidding machinery. It is true that in such a case

the use of small wheeled tractors is the least expensive, but they are limited in terms of appli-

cation. The problem of uneconomical forest work, carried out by owners of a small holding in

particular, could be solved by contracting out such tasks to forest work contractors, who

would do the work at a lower price. Their machinery is better utilized, therefore the costs of

felling and skidding are lower in a small private holding as well.

Key words: small-scale forestry, forest work, logging, efficiency

1. Introduction

The majority of forests in Slovenia are private. We
estimate that after denationalization is completed,
80% of forests will be privately owned and there will
be 300,000 owners.

Besides being predominately privately owned,
forests are also characterized by their small size.
Most forest small-holdings are less than 5 hectares in
size. 85.4% of small-holdings fall into this category
and they cover 38.6% of privately owned forest area.
(Table 1).

Besides their small size, another characteristic of
forest properties is their scattered plots. The average
size of a forest plot is only 0.82 ha with each owner
having on average 3.8 plots (Winkler 1995).

The highly scattered nature of the forest small-
-holdings, differences in how well equipped and
trained the forest owners are and, primarily, the dif-
ferent extent of work undertaken due to the size of
the property are the principal factors characterizing
work carried out in privately owned forests.

2. Problem definition

Certain studies on private forests carried out so
far (Ju`ni~ 1990, Medved 1995) have shown that
chain saws and tractors are poorly utilized in small
forests due to the minimum capacity for work. Own-
ers use them in their forests for only a few days a
year. Due to this, the profitability of work in small
private forests is questionable. This is particularly
the case on small, scattered forest plots.
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Table 1 Private forests by size

Category of forest property, ha
%

owners forest area

< 4.9 85.4 38.6

5–14.9 11.7 34.9

15–29.9 2.3 16.3

> 30 0.6 10.2

Total 100.0 100.0



The principal aim of this paper is to show the
level of equipment utilization used in small forest
properties (category 1–4.9 ha) and the profitability of
work in such conditions.

3. Work methods

Data on the amount of equipment used in forests
and farms and property size is derived from a sur-
vey carried out in Slovenia in 1995 (Winkler and
Medved 1996). Table 2 shows the average size of for-
est and farm property for various categories of forest
estate. With respect to this area, meaning a certain
extent of work for the owner, we obtained figures for
the utilization of machinery and for comparing the
price of wood on forest roads and the costs of felling
and skidding. For the purpose of this study, we were
only interested in forest property in the category
1–4.9 hectares.

We took into account that certain machinery is
used only in the forest (chain saws) and other, be-
sides being used in forestry work, is mainly used on
the farm (tractors). For our calculations we assumed
an average volume of marked trees in a stand to be
0.5 m3 and relatively easy terrain with slopes to 35%
and open to skidding trails or forest roads.

4. Owners’ mechanization and machine
utilization in small forest properties

Chain saws are used for felling. Small tractors,
with an average engine power of 31.9 kW are used
for skidding. These are farm tractors, manufactured
for farm work with one differential and rear-wheel
drive. For work in the forest, they are equipped with
simple accessories. Only 26% of owners use a tractor
winch (in average 31 kN). Two-drum winches are
used in only 10% of cases (Maren~e 1977).

The size category of forest dealt with in this study
has an average 2.46 hectares of forest (Winkler and
Medved 1996). We concluded from the survey that
the average age of chain saws in the private sector
was about 10 years. We used this age in our calcula-

tions for chain saw working hours and life span irre-
spective of whether their lifetime capacity was uti-
lized or not (Maren~e 1997). We calculated that, due
to the small amount of work, a chain saw was used
to only 7% of its capacity within its lifetime (Figure
1).

In analyzing the efficiency of tractors, it was nec-
essary to take into account that the tractor, besides
working in the forest, was principally used for farm-
-work. The extent of work performed in the forest
was dependant on the size of forest property. In our
calculations we used a lifetime of 12 years for trac-
tors.

Tractors were only used to 37% (forest, field) of
their capacity within their lifetime (and only 3%
working in the forest).

5. Calculation of operating efficiency

The utilization of machinery decisively affects
the operating efficiency of work where it is used. In
calculating the depreciation of chain saws, we took
into account the number of their operating hours.

In tractor skidding all operating hours were con-
sidered both in the forest and on the farm. The total
forestry work undertaken used only the hours per-
formed in the forest.

The price for wood on the forest road is one of the
factors decisively affecting the operating efficiency
of work in the forest. This price of wood was com-
pared to the cost of felling and skidding to find the
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Table 2 Average sizes of forests and farms

Category of forest property, ha Farm area, ha Forest area, ha

< 4.9 4.24 2.46

5–14.9 7.34 8.78

15–29.9 10.56 20.28

> 30 13.09 51.34

Figure 1 Utilization of machinery within their lifetime



operating efficiency of forestry work. This was ex-
pressed as a coefficient of operating efficiency (Oe):

Oe = price of wood on forest road /
cost of felling and skidding

Calculations show that prices cover only 33% of
costs (Figure 2).

On the basis of these calculations, the following
can be concluded:
• On small forest properties, the use of such ma-

chinery is not economic.

• Medium-sized tractors, the most common type
used by forest owners, are suitable for light work
and relieve significantly hard physical work but
for achieving economic effects higher amounts of
work are required.

• In larger forests, work is becoming gradually more
economical. In average stand conditions (medi-
um volume of trees marked for felling is 0.5 m3)
the break-even point for operating efficiency us-
ing such mechanization only occurs in forest es-
tates of 15 to 29.9 ha meaning 10.56 ha farm and

20.28 ha of forest area – see Graph 2 (Maren~e
1997).

6. Conclusions

Unprofitable work in small forest properties could
be solved by allowing forestry work to be contracted
out to less expensive operators. Machinery would be
more economically used due to greater capacities
and provide cheaper felling and skidding.

The work of forest owners could be more eco-
nomical if they used machinery (chain saws, tractor
winches for gathering wood) jointly as their use
would cover larger amounts of work and they would
be better utilized and cheaper.

At present the structure of properties and the
habits of forest owners prevent such working condi-
tions and most owners continue to use their own
machinery only in their own forests, which is uneco-
nomic.
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Figure 2 Operating efficiency of work with respect to size of forest
property
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Environmental aspects in
forest machine business

Arne Bergmann

Abstract

The role of wood as a renewable natural resource has been emphasised in recent years.

Currently, people have a strong feeling for the environment and the use of natural re-

sources. However, logging operations are frequently confronted with considerable resis-

tance. There is an increasing pressure on manufacturers to develop logging technology

that is not only capable of cost-efficiently producing high-quality wood, but that is also

more environmental friendly than before. It is essential that the environmental impact

of logging needs to be significantly reduced in the future, which necessitates a new tech-

nological approach.

Key words: wood as a renewable resource, environment, new technological approach

1. Introduction

The role of wood as a renewable natural resource
has been emphasized in recent years. Currently, peo-
ple have a strong feeling for the environment and the
use of natural resources. However, logging opera-
tions are frequently confronted with considerable re-
sistance; 2 years ago German TV broadcast a report
on boreal forests, in which harvesters were pro-
nounced as »Taiga Terminators«. Logging is rather a
negative term in the public opinion and even among
a lot of foresters. This fact is known as the slaughter-
house paradoxon.

Of course, we – the manufacturers, are also af-
fected by this; there is a rather increasing pressure to
develop logging technology not only aimed at cost-
-efficient producing of high-quality wood but also
aimed at being more environmentally friendly than
before. In a number of regions the industry still
makes use of technology that is rapidly becoming
obsolete and, therefore, it can be described as ineffi-
cient, frequently hazardous to the health of people
involved and insensitive to environmental issues. In
Europe, where forests are extensively used for recre-
ational purposes, the well-being of forests cannot be
over-emphasized. It is essential that the environ-
mental impact of logging needs to be significantly
reduced in the future, which necessitates a new tech-
nological approach.

2. Mechanical logging methods
currently in use

There are two dominant logging methods em-
ployed today; the Full Tree method (FT) or the tree-
-length-method, and the Cut-To-Length method
(CTL). In the FT method, trees are felled and then
skidded to the roadside. As for the CTL method, on
the other hand, trees are cut, delimbed, and bucked
at the stump and after that they are carried to the
roadside by specially designed machines. In the
Nordic countries mechanized logging systems ac-
count for more than 90 percent of all cuttings. Glo-
bally, the share of the FT method is still three-quar-
ters of the world’s industrial cuttings, but CTL is
gaining ground rapidly. To a certain extent, this is
because it is more environmentally friendly, e.g. a
number of studies clearly indicate that the CTL
method causes less damages to the stands. The FT
line machines on the other hand tend to be large and
heavy, prone to inflicting damage on the working
site.

3. Development of forest
machine technology

The forest machine industry is relatively young if
compared to several other industrial sectors. For ex-
ample, the car industry is more than 100 years old,
whereas the first forest machines were built in the
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1950s. The first machines were based on farm trac-
tors, but it very soon dawned upon those involved
that such machines could not last in tough forest
conditions. A tremendous input of technological de-
velopment has been needed in order to upgrade the
machines to the technology level of today.

Since the performance of the FT machines was
not satisfactory, the forwarder evolved in the Nordic
countries. An all-out effort was made to enhance the
productivity and reliability of the prime mover and
cranes in the 1970s. As soon as performance reached
the level targeted, more emphasis was placed on er-
gonomic aspects such as machine vibration, the seat,
visibility, noise, control levers, and pedals. This pha-
se of development resulted in a sophisticated, high
standard tractor cab. Finally, starting in the late
1980s, the focus of development has been on design-
ing environmentally sound forwarders by employ-
ing computer controlled power transmission sys-
tems, balanced weight distribution, a multi-wheel
drive, wide tires, cranes with a long reach, a good
load-to-machine ratio, and the utilisation of bio-flu-
ids.

4. Timberjack’s environmental focus

This modern CTL method is an efficient and envi-
ronmentally friendly way of operation when em-
ployed in a proper way. However, especially when
the circumstances are difficult, it is the poor or insuf-
ficient or inexperienced management of forest oper-
ations that is to blame for the majority of the damage
inflicted on soil and trees. Even though the develop-
ment of technology is important, it has to be pointed
out that most important factors having an impact on
the environmental issues related to logging are plan-
ning and the selection of harvesting methods.

4.1. Harvester simulator

The operator of the machine plays a very impor-
tant role when trying to minimize the damage in-
flicted on the environment. In order to teach basic
operator’s skills without the risks of damaging the
stand, malfunctions and without putting an expen-
sive machine out of productive work, Timberjack
was first on the market with a forest machine simu-
lator.

In the military and aviation industries the use of
simulators has been known for a long time—nobody
would let a fresh trainee take a plane to the skies and
start learning the art of flying with an expensive air-
craft and passengers. Something very similar can
also be said about mechanized harvesting; the ma-
chines are a major investment and require scrupu-
lous handling. In timber harvesting the realm of re-

sponsibility does not involve passengers, but it is the
stand of trees, valuable end product and the envi-
ronment instead.

The harvester simulator is a training tool that ap-
plies virtual reality to train harvester operators. Apart
from a realistic and accurate simulation of machine
functions, the simulator provides the possibility of
defining individual stands and terrain conditions,
uses the same on-board-computer system like the
real harvester, and provides accurate analysis of the
trainee’s results during the session.

4.2. Environmental focus on present products

Some day the trainee will operate a real machine
and because of the simulator training he has already
basic skills about felling techniques and knows how
to avoid damage to trees and soil. And the machine
he uses has a lot of features designed with the focus
on environmental issues:

Ground pressures: Because of a vast variety of
various tire options, Timberjack forest machines can
operate on different working sites causing minimum
damage to the ground. For the sake of comparison:
the ground pressure on the rear tire of a bicycle with
a 90-kg person is about 40 kPa.

Balanced bogie axles: A bogie is not a bogie, they
have to be optimally balanced in order to minimize
the damage to the ground dividing the ground pres-
sure equally between the front and rear tire of the
bogie. Our bogies still have a slight tendency to lift
the front wheel, which improves mobility and re-
duces injurious effects on the soil.

Boogie design: The ground clearance is as big as
possible. This design enables less damage in the
stands due to better possibility of maneuvering es-
pecially in dense stands.

Different frame lengths: Timberjack offers dif-
ferent frame length depending on the assortments or
the terrain conditions. Different frames means dif-
ferent machine behavior and it is possible to choose
the best adapted alternative regarding the terrain.

Bio fluids: Timberjack machines are capable of
using Bio-fluids, i.e. engine oils, hydraulic oils, oils
in the axle case and also coolants. Furthermore, Ex-
traction and refill pumps provide optimum safety in
case of hydraulic system harzards.

Low emission engines: Timberjack uses most mo-
dern engines, which provide minimum fuel con-
sumption and emissions.

This list can be continued. It is just a summary of
the most important environmental issues in Present
Product Engineering.
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4.3. Environmental aspects in manufacturing

Another very important issue is the environmental
aspect in manufacturing: Timberjack manufacturing
plants are using increasingly the Environment Man-
agement Systems (EMS) for process control with re-
gard to environmental issues. For example every
Timberjack plant is today preparing for an ISO 14001
certification. Joensuu factory in Finland will get the
certificate this autumn. Joensuu will then be the first
forest-machine factory, which has implemented an
EMS. In Filipstad/Sweden they will be ready for the
certification next year and Woodstock/Canada has
also started the process.

Furthermore, there are two different kinds of re-
search projects going on, dealing with Life Cycle
Analysis and recycling of forest machines. The latter
one is almost ready and we hope to be able to use
that information rather soon in development and
design of our products.

4.4. The walking machine

However, the most advanced approach of the de-
sign focused on environmentally friendly machines
is the first walking harvester in the world introduced
by Plustech in June 1995. This work was also recog-
nized and awarded when the company received the
European Better Environment Award for Industry
(EBEAFI) in Ireland on July 15, 1996. The media suc-
cess of the walking machine with more than 400 arti-
cles and numerous TV programs has been remark-
able and is also a good example of the importance of
environmental consciousness today in the world.

When it comes to the technique of interacting
with the ground, walking vehicles are radically dif-
ferent from traditional machinery because the fun-
damental approach is so unique. A walking machine
adapts itself to the features of the terrain. It does not
matter if the ground underneath the machine is ir-
regular for every leg is perfectly capable of finding
support at the very height level they make contact
with the soil.

The use of a walking prime mover opens up new
possibilities when considering the dilemma involv-
ed in mechanized forest operations. The benefits of
walking technology are most obvious when the ma-
chine operates in environmentally sensitive terrain
where ground disturbance must be minimized. Sim-
ilarly, the advantages enjoyed by the walking config-
uration are evident on terrain with irregular or steep
features.

5. Conclusion

After approximately 40 years, the history of me-
chanized harvesting is a relatively short one. The last
ten years have seen progress made at a very fast pace
and this increasing trend will continue. Nowadays,
the development of forest machinery requires a high
level of expertise in mechatronics, power transmis-
sions, control technologies, computer sciences, ma-
terial sciences, machine dynamics, multimedia, etc.
Different technologies have to be incorporated in or-
der to be able to design products that meet customer
demands. The level of technology involved in these
products is relatively high when compared to other
mobile work machines.

However, a forest machine is a small link in tim-
ber harvesting systems, which involve a large num-
ber of factors, not all of them being technical. As for
forest machinery, the future developments will gre-
atly depend on how the needs of the forest industry
are altered with regard to logistics and to the quality
of processing (this includes cross-cutting, for instan-
ce). Similarly, the trends of machine design will be
strongly influenced by the need to protect the envi-
ronment and by the accompanying changes in forest
operations. Laws and statutes or the developmental
objectives of separate areas may be clearly dissimilar
from each other, resulting in different methods being
used in separate areas. This is why one of the goals
should be to design machines that are capable of ful-
filling special requirements of different areas with-
out any need for excessive modifications. It is the fi-
nancial pressure of ever-increasing costs that would
be relieved as a result. Even here we nevertheless as-
sume that the productivity and quality of the work
will not be compromised.

New technology provides considerable potential
in the face of future challenges. Focusing the changes
in the right direction entails not only higher effi-
ciency but also more profound co-operation betwe-
en all the groups involved. This is essential if we are
to succeed – within a sufficiently long period of time
– in defining and concentrating on what is vital in
the development process. Furthermore, we must
also get rid of old prejudices if we are to discover
new, unconventional approaches. The walking tech-
nology and training simulators serve as examples of
a new approach. The years to come will show how
these new products find their place in everyday har-
vesting.
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Analysis of forest harvesting technologies
with minimum impact on soil by means

of multicriterion evaluation technique

Oscar Bustos, Rodolfo Neunschwander, Rodrigo Baltra

Abstract

At the moment, forest-harvesting planning is focused on the issues of environmental

protection, especially soil compaction. The present study deals with the development and

application of a methodology for the selection of adequate machinery and harvesting systems

complying with the economic, productive and environmental requirements. It is aimed at

choosing machines and systems that produce least damage to the environment, specifically

to the soil, this being an important resource for the development of the productive forest of

Pinus radiata D.Don. in the VIII region, Chile.

By means of a database selected from different studies and terrain evaluations of various

harvesting systems, the main soil variables were obtained as well as the machinery directly

related to productivity of the forest harvesting systems and the changes they cause in the

environment. The integration of this database was made by means of the Multicriterion

Evaluation Techniques.

In accordance with the above-mentioned, a comparative quality analysis of the harvesting

systems and the models of the different machines was carried out. It was assumed that each

of them was superior to the rest in all approaches used for their evaluation. In this way every

alternative was superior to the rest in at least one criterion. Therefore, the selection of an

appropriate alternative depends on the objectives of the expert. The results reached by this

study point out that the system involving chainsaw, yarding by aerial cable systems,

bucking with chainsaw and use of front loader cause minor damage to the soil. It was also

determined that among the evaluated models of forest harvesting machines, those with the

best productive characteristics and minor damage to the environment were: grapple skidder

Caterpillar 528, feller buncher Timberjack 2628, forwarder Timberjack 1210B, harvester

Ponsee ERGO HS16, and the logger Bell 220C.

Key words: Chile, techniques, harvesting, machinery

1. Introduction

Planning of harvesting operations traditionally
takes into consideration effectiveness and efficiency,
as well as engineering and economic features of forest
production. Actually the enterprises in our country
focus their interest increasingly on the effects of har-
vesting on the environment and on the way to re-
duce them. This analysis must take into account the
costs and benefits of this labor in the entire system.

In the last ten years many forest enterprises in
our country have elaborated a high mechanization

program in the forest work to confront the increase
of the production requirements. This has required a
collateral aspect analysis of the use of mechanization
in this type of labor and its effects on the soil, the soil
being an important resource for the productivity of
the forest site and the growing stock of a productive
forest (Gayoso 1997).

A wrong selection of forest harvesting machinery
and systems will provoke negative impacts on phy-
sical and chemical features. Alterations in soil physi-
cal and chemical features cause a productivity decre-
ase of the forest sites. For this reason it is necessary to
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identify and to select the machines and harvesting
systems that produce minimal impact on the en-
vironment (Gayoso 1996).

It is not simple to make the right selection of a
machine type or forest harvesting system. It involves
different criteria of different nature meaning that the
description and evaluation of the same characteristic
is not carried out from a single point of view, but
from multiple perspectives or aspects. Moreover all
considerations in an evaluation do not have the same
significance. For this reason a methodology should
be applied, which permits assigning of a definite
value or consideration to each criterion from the
point view of a decisive entity. It is done with the
objective of joining the criteria so that the solution
for the selected alternative can be fulfilled on the
basis of the aims being planned by the decision-
making person or persons.

The solution to this problem is the use of the
multicriterion evaluation techniques, a tool orientat-
ed to assist in the decision making procedure. With
these techniques it is possible to make a more ade-
quate selection of machines and crop systems, based
on the involved criteria in the evaluation.

The present study pretends to identify the metho-
dology, which provides the selection of systems or
machines for forest crop (skidder, feller buncher,
forwarder, harvester and three-tires) in accordance
with productive, economic and environmental cri-
teria. They are going to present different levels of
importance in view of priorities in the process of
decision making and selection. It also, give a survey
of the analyses of a series of forest soils, aimed at
determining which of them are more susceptible to a
possible mechanical intervention of forest harvest-
ing as a result of their inherent physical-chemical
characteristics.

The general objective is to elaborate, by means of
Multicriterion Evaluation, a general rule that quanti-
fies the impact on soil of different machines and forest
harvesting systems, obtaining those alternatives that
produce the minimum damage to this resource.

2. Methodology

2.1. Information summary

By mean of a bibliographic compilation the princi-
pal variables of soil affected by mechanized harvest-
ing were determined. To achieve this, a comprehen-
sive bibliographic compilation was performed of the
systems and harvesting technologies used in Chile,
as well as in other countries with a high forest de-
velopment regarding productivity and environmental
protection. In addition, information about machines

actually being used in our country was obtained
from the main crop machinery representatives and
suppliers.

When these pieces of information were compiled,
the values and restrictive measures were obtained,
which were integrated by mean of multicriterion
evaluation (M.C.E.)

The themes that were integrated by use of M.C.E.
techniques were the following:

a) Selection of crop systems more adequate in
view of productive, economic and environ-
mental criteria.

b) Selection of the most adequate model of Skid-
der, Feller Buncher, Forwarder, Harvester and
Three-Tires on the basis of productive, eco-
nomic and environmental criteria.

c) Selection of forest soil series better adapted to
harvesting operations with regard to physical
and chemical criteria.

2.2. Multicriterion Evaluation

Initially a numeration of m points was establish-
ed that represented the possible alternatives or elec-
tions reachable for the decisive entity (A1, A2,..., Aj,...,
Am). Three types of alternatives were considered, the
reference ones to the used harvesting systems, the
machines actually used in harvesting works in our
country, such as skidder, harvester and three-tires,
and those which refer to the description of soil sus-
ceptibility.

A conjoint of n points (C1, C2,..., Cj,..., Cn) was also
required that represents the attributes or relevant
criteria for the correspondent decision problem. Three
series of criteria were analyzed, a series for the har-
vesting system, one for the machinery and another
for the soil analysis. For the systems and harvesting
machines the following criteria with respective sub-
criteria were established: productive, economic and
environmental. For the soil analysis the criteria were
physical and chemical.

When the concepts and alternative dimensions
and criteria were described, the pieces of informa-
tion determining and defining them were adequate-
ly structured. In the first place, a conjoint of m per n
points (R11,..., Rij,..., Rmn), which represented the re-
sult reached for each alternative or election of each
attribute or criterion, was considered. In case of har-
vesting systems, the matrix was 5x3, for different
machines the matrixes varied in their size in accor-
dance with the number of their alternatives and cri-
teria, for the skidder – 18x9, for the feller – 12x9, for
the forwarder – 13x11, for the harvester – 6x11 and
for the three-tires – 4x10. In the case of soil series of
the VIII region, the matrix dimension will corres-
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pond to the one of 16x13. On the other side, Wj

weights were considered grouped in the so-called
weight vector, which intended to represent the struc-
ture of the decision maker’s preferences (Barba-Ro-
mero 1996).

For this purpose, a multicriterion decisional pro-
blem can be represented by means of a matrix with
the structure as shown in Figure 1.

This matrix is designated as the matrix of de-
cision, which describes each alternative considered
in the function of the criteria and represents the
starting point of any multicriterion decisional ana-
lysis of discrete type (Barba-Romero 1996).

3. Results and discusion

Once completed the data matrix, which gathers
the alternatives – the criteria and the evaluations (in
its natural measuring scale), the weights were as-
signed to distinct criteria and sub-criteria involved
in the evaluation of the harvesting systems. For this

purpose, experts, who had come to some results in
their research of this subject before, were consulted.
In accordance with their experience and knowledge
in this matter, the values expressed in comparative
matrixes were determined by pairs for the distinctly
evaluated criteria levels as shown in the following
tables.

In Table 1, it can be seen that the environmental
criterion is of the utmost importance for the decisive
entity (56.95), since the alteration degree upon the
soil that the evaluated harvesting systems represent
depends on it. These alterations affect the producti-
vity of future cycles, and besides, it is a factor of
capital importance within the machinery selection.
Regarding its importance it follows closely the pro-
ductive criterion (33.31), because due to it the enter-
prises must fulfill the pre-established production
demands.

And finally there are the economic criteria (9.74).
In this case it is supposed that the environmental
and productive acquisition of these systems is more
interesting. As the consistence coefficient value ranges
between 0.02 and 0.10, the obtained value judge-
ments are consistent.

Within the productive sub-criteria, the yield (Scp1)
is the most important for the decisive entity. It reaches
a major weigh (41.82), due to its direct relation to the
performance of the planned goals before harvesting.
It is followed by sub-criterion fare (Scp2) with an in-
ferior weight to the previous one (27.07) since the
value of the production volume in m3 depends on it.
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Figure 1 Work model of EMC; Where:Rij = rating of i alternative with
respect to criterion j, Wj = weight of j criterion.

Table 1 Matrix for establishing the weight of the criterion in the selec-
tion of a more adequate harvesting system. Criterion fathers (CP)

CP1 CP2 CP3 Xij Weights

CP1 1 0.3331

CP2 1/4 1 0.0974

CP3 2 5 1 0.695

Table 2 Matrix to establish the weight of selection criterion for a more
adequate harvesting system. Productive sub-criterion (Scp)

Scp1 Scp2 Scp3 Scp4 Weights Xij

Scp1 1 0.4182

Scp2 ½ 1 0.2707

Scp3 ½ 1/2 1 0.1906

Scp4 1/3 1/2 ½ 1 0.1205

Table 3 Matrix to establish the weight of criteria in the selection of a
more adequate harvesting system. Environmental sub-criterion (Sca)

Sca1 Sca2 Sca3 Sca4 Sca5
Weights

Xij

Sca1 1 0.1688

Sca2 1/2 1 0.0789

Sca3 1/2 2 1 0.1557

Sca4 3 4 2 1 0.3767

Sca5 2 3 1 1/2 1 0.2199



Then there is the hour hand cost (Spc3 (19.06)) and fi-
nally the slope rank (Scp4 (12.05)), a less important
sub-criterion, inasmuch as all evaluated alternatives
have a similar rank. The value for the consistence co-
efficient ranges between 0.03 and 0.10 and hence the
assigned judgements are consistent.

In the environmental sub-criteria, the pressure
over soil (Sca4) is the criterion with major weight
(37.67), followed by the sediment production crite-
rion (Sca5 (21.99)) and increase of the apparent den-
sity (Sca1 (16.88)). End finally there are the criteria of
cone index increase (Sca3 (15.57)) and of porosity re-
duction (Sca2 (07.89)).

The criterion related to the pressure over soil was
given serious consideration because it is the factor
directly related to one of the alternatives of major
importance with regard to the soil – the compaction
of the upper layer, which affects the soil productivity
in future cycles.

The sediment production is another outstanding
factor, because it is related to the loss of soil layer and
nutrient exportation, which brings to infertile soils
of low productivity. The apparent density is related
to the loss of porosity, causing insufficient aeration
of the soils. The sub-criteria of cone index and re-
duction of porosity are related to sub-criteria of the
pressure over soil and apparent density, respective-
ly. The consistence coefficient value ranges between
0.04 and 0.10 and therefore the assigned value judge-
ments are consistent.

Table 4 analyzes the importance of environmental
criteria, the increase of the apparent density and the
deep level at which this alteration is produced. It
takes into consideration the fact that the first layer
(0–15 cm.) is more important than that the layer
ranging between 15 and 60 cm, as the first layer is
where the tree developing begins.

In relation to Table 5, the reduction of porosity is
outstanding in soil aeration and infiltration, and there-
fore it was considered that the upper levels (10–15 cm.)
have major importance for the development of a
new forest than deeper layers where a minor altera-
tion is produced.

Table 6 shows the importance of environmental
sub-criteria – the increase of cone index at deeper
level where this alteration is produced. It must be
taken into consideration that the first layer (0–15 cm)
is more important because high cone index values
indicate a porosity reduction, increase of apparent
density, decrease the infiltration level and reduction
of the root expansion area, which affects adversely
the yield level of the new plantation.

What occurs in the first soil layer is of utmost
significance for the environmental sub-criteria – ap-
parent density, porosity and cone index. It is right
there that major nutrients are concentrated and the
needed conditions of aeration, drainage and soil struc-
ture for a new plantation begin.

In this way the decision matrix is obtained for the
systems of forest harvesting, in which data appear
presented in their natural measuring scale. Further-
more it is determined for each criterion whether it is
increasing or to be maximized, or decreasing or to be
minimized, the type of measuring scale for the data
normalization procedure and parameter values of
the measurement scales.

The productive criteria, yields and slope rank,
are the criteria to maximize, because the higher they
are the better the work characteristics of the system.
In fact for the yield criterion, the measuring scale of
the a-b type for increasing criterions was chosen.
Their evaluations go from those with major value,
assigning it the maximum evaluation (10) to those
having minimum evaluation (0), distributing pro-
portionally the rest of the alternatives. For the in-
creasing criterion, rank of slope, a min-max scale
was chosen, since the systems can work between a
minimum slope (0%) and a maximum slope (100%)
with the major evaluation (10), distributing propor-
tionally the rest of ranks that have any evaluated
crop system.

The rest of the criteria (fare, hour cost, investment,
apparent density, porosity, cone index, pressure over
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Table 4 Matrix to establish the weight of criteria in the selection of a
more adequate harvesting system. Environmental sub-criteria 1(Ssca).
Apparent density.

Ssca1.1 Ssca1.2

Ssca1.1 1

Ssca1.2 1/4 1

Table 5 Matrix to establish the weight of criteria in the selection of a
more adequate harvesting system. Environmental sub-criteria 2 (Ssca).
Porosity.

Ssca2.1 Ssca2.2

Ssca2.1 1

Ssca2.2 1/3 1

Table 6 Matrix to establish the weights for criteria in the selection of
more adequate harvesting system. Environmental sub-criteria 3 (Ssca).
Cone index.

Ssca3.1 Ssca3.2

Ssca3.1 1

Ssca3.2 1/5 1



soil and sediment production) are to be decreased or
minimized, since lower their value, the better their
evaluation. In the criteria: fare, hour cost, investment
and sediment production, an a-b scale type was us-
ed. As already mentioned, their evaluations go from
those with a major value, assigning the maximum
evaluation (10) to minimum values, with the mini-
mum evaluation (0), distributing proportionally the
rest of the alternatives.

For the criteria such as the increase of apparent
density, porosity reduction, increase of cone index
and mean pressure over the soil, the min-max measur-
ing scale was used. As it corresponds to values in
percentage, the maximum evaluation was assigned
to the value of 0% and the minimum evaluation to
the value of 100% (for them being decreasing cri-
teria), distributing proportionally the rest of the
evaluations.

These data cannot be compared because of their
different nature and therefore their normalization
was effectuated. This is why the measurement scale
method was used, which can maintain the propor-
tion between values within the same criterion. Be-
sides, the weights are brought to summative 1. The
data are now in condition of being applied to the
lineal ponderate summative, in which the summa-
tive is realized by multiplication between each indi-
vidual pointing of the alternative with the respective
weight involved, obtaining the global ordination that
grants the final ordination of the alternatives (Table 7).

The final ordination of the Table 7 shows that the
first system is the more adequate and in accordance
with the criteria taken into account for their evalua-
tion. That does not mean that this alternative is to be
better related to all the criteria, but only that the
global summative of all the criteria by their respec-
tive weight is better than the rest of the alter-
natives.This ordination does not show what the

optimal system to utilize is, but only the one having
better characteristics according to the importance
assigned to the criteria.

If system 1 (felling with chainsaw, logging with
yarder and loading with front loader) is not the best
one related to all the criteria involved in the evalua-
tion, it is still good for the majority of them. How-
ever, it is not highly assessed because of the criteria,
which have to be minimized such as the fare, hour
cost, percentage of apparent density increase, per-
centage of porosity reduction, increase of cone in-
dex, pressure upon soil and sediment production.
Furthermore, the importance of the slope rank must
be taken into account. It is only exceeded by other
alternatives in the yield criteria and investment costs.
The first is inferior to all other alternatives, but the
second, although inferior to some alternatives, is
definitely not inferior to all of them.

None of the alternatives here evaluated depends
upon one another, that is, at least one of the criteria
involved in the evaluation, is superior to the rest of
the alternatives, which permits it to continue being
involved in further evaluations.

4. Conclusion

The principal soil variables affected by the mecha-
nized harvesting are the porosity, the drainage, the
apparent density, the depth, the field capacity, the
permanent wilting percentage, the organic matter
percentage and the macro and micro nutrients con-
tent.

The system of forest harvesting causing only mi-
nor damage to the soil, is that conformed by chain-
saw felling, yarding by suspended log, crosscutting
with chainsaw at the landing and the use of front
loader in loading, in accordance with the Multicrite-
rion evaluation techniques.

Meh. {umar. 2001-2004, Special Issue of the Journal Nova meh. {umar., Vol. 26(2005), Issue 2 39

Analysis of forest harvesting technologies with minimum impact on soil… (35–40) O. BUSTOS et al.

Table 7 Decision matrix for the system of forest harvest

Criterion CP1 CP2 CP3

Final
Punctua-

tion

Weight =1 0.3331 0.974 0.695

Subcriterion Scp1 Scp2 Scp3 Scp4 Sce1 Sca1 Sca2 Sca3 Sca4 Sca5

Weight =1 0.1393 0.0902 0.0635 0.0401 0.0974 0.0961 0.0449 0.0887 0.2145 0.1253

Subcriterion Ssca1.1 Ssca1.2 Ssca2.1 Ssca2.2 Ssca3.1 Ssca3.2

Weight =1 0.1393 0.0902 0.0635 0.0401 0.0974

A1 0.00 0.00 0.00 9.00 3.02 9.77 9.89 9.88 9.94 10.00 10.00 10.0 10.00 6.15

A2 5.78 10.00 9.53 2.50 10.00 8.32 9.00 8.21 9.02 0.58 6.16 3.00 5.22 5.91

A3 2.32 6.56 6.11 3.50 9.38 8.51 9.15 8.77 9.26 0.95 7.44 3.50 6.35 5.20

A4 10.00 9.71 11.37 3.50 2.46 8.42 9.47 8.42 9.49 0.91 6.57 1.00 1.73 5.09

A5 6.94 8.44 9.11 2.50 0.00 7.99 8.77 8.01 8.87 0.15 5.75 1.50 0.00 3.89



In the case of prevalently lowland terrain on
which harvesting operations are being performed
and where the issues of sediment production are
minimum, the most adequate alternative would be
the Nº2, that is, the system composed of felling with
feller buncher, logging with grapple skidder and
loading with frontloader.

If it were to choose a system in which the en-
vironmental criteria have major relevancy than the
productive or economic system would be found as
the most adequate. It is the system, which causes the
least damage to the soil of all evaluated harvesting
systems in adequate land conditions.

Now, if the soil damage were not a first priority,
since soil characteristics present a minor degree of
alteration and productivity is the criterion of major
importance for the decisive entity, the systems with
better evaluations of these criteria would be chosen.
They are namely the Nº4 system (harvester-forwarder)
and the Nº5 system, (felling with feller, logging with
grapple skidder and forest loader).

The model of skidder, feller buncher, forwarder
and loggers with the best characteristics in view of
economic, productive and environmental criteria us-

ed for their evaluation was the grapple skidder Ca-
terpillar 528, feller buncher Timberjack 2628, for-
warder Timberjack 1210B, harvester Ponsee ERGO
HS16, and the logger Bell 220C.

This type of analysis should be implemented at a
determined site, where all characteristics are known.
After comparing different harvesting systems, quanti-
fying the alteration level generated in a determined
area of study, the system causing minor damage to
the environment should be selected.
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Preparation of stands in mechanized wood
harvesting – effects on performance, costs

and silviculture

Ulrich Bort

Abstract

Altogether we can say that reduced expenditures in stand preparation induces reduced har-

vesting produce, more stand damage and distinct changes in silvicultural results. On the

other hand, we may not underestimate the expenses for stand preparation, particularly if we

are dealing with first thinnings with small yields per hectare.

Key words: silviculture, harvesting, costs

1. Introduction

The use of forest resources according to sustain-
able and ecological forestry is one of the principal
demands of forestry objectives. In this respect, cau-
tious regulations in wood harvesting are of crucial
importance. Modern harvesters offer the possibility
to fulfil these requirements on a cost efficient and
ergonomically favorable basis, also providing work
safety and causing a low degree of damage to the
tree stands.

A reduced supply of staff in forestry enterprises
makes rationalization necessary at all possible levels
and hence also in the preparation of stands for har-
vesting. Short term changes on the wood market and
the always increasing demand for »just in time« sup-
ply call for flexible structures in technical produc-
tion.

2. Objectives

The topic of a diploma thesis was to examine how
a different intensity of stand preparation in devel-
oped stands influenced the work result. The initial
idea was that a first thinning and pre-structuring of
stands turns them into a kind of goods store accessi-
ble for vehicles.

The question is whether, with the short-term de-
mand for wood, the preparation of stands with posi-
tive marking of the crop trees and negative marking
of the trees to be cut is necessary. An alternative the-

ory pose the question whether a lasting crop tree
marking would be sufficient for controlling forest
production or whether the harvester-driver with the
help of a written silvicultural work order should
alone be responsible for realizing the silvicultural
goals in a satisfactory quality.

3. Testing environment

The sampling area was a 35-year-old spruce
stand with 10% of pine and an average diameter at
breast height (DBH) of 16 cm. The stand had been in-
tensively developed and was thinned 6 years ago by
means of a fully mechanized first thinning. 2,011
trees per hectare showed slight damages caused by
snow break and forked stem deformation. We were
dealing with a typical silvicultural stand, which uti-
lization was possible, but not urgent.

On an area of 17.9 hectares, 3 test options were in-
stalled:

• crop tree-selection and negative marking,

• only crop tree selection or

• no stand preparation whatsoever.

Silvicultural data were collected and damages to
stands noted in 30 test areas. The markings were in-
visible to the harvester operator.

After the silvicultural situation had been record-
ed, the management in charge worked out detailed
silvicultural objectives and prepared a work order.
All over the sampling area, crop trees and removable
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trees were marked at the bottom of the trunk for con-
trol purposes, the marking being invisible to the har-
vester operator. In the option »positive-negative mark-
ing« an additional marking was done in accordance
with common standards. In the option »only crop
tree-marking« only the crop trees were additionally
and visibly marked.

The written work order was discussed with the
harvester operator in great detail while looking at
the stands. The test-driver was a trained forestry en-
gineer holding a diploma and having sufficient ex-
perience in wood processing of all three options.

Aharvester Timberjack 870 with a Timberjack 743
processing head processed standard lengths of 4.5 m,
3.0 m and 2.0 m of pulpwood respectively. The for-
warding was carried out with the Timberjack 1110
Forwarder.

4. Results

A time study following the moment method, in
which 3,000 cycles were observed, lead to the follow-
ing results.

As shown in Table 1, the effective working time
(PWT) per tree without marking was 20% higher
than in the option with positive and negative mark-
ing. Special increase of time required for driving in
the stand for orientation, before the next tree could
be grasped, was noted. It was also noted that the per-
sonal distribution time (usually short breaks) in-
creased in the options providing preparation of low-
er intensity.

The mental stress was – according to the subjec-
tive view of the driver – much higher with the non-
-marked test option than with the other two.

By looking at the measured results obtained so
far, this seems very plausible. Backhaus (1994) re-
ported up to 6000 control and steering maneuvers
per harvester shift and stated that »the psychologi-
cal strain that the traditional lumberjack has to en-
dure reaches a so far unknown peak.« The results of

a multi-dimensional measuring concept confirm the
significantly increased psychological stress. (Bölz
1988, Schmidt-Vielgut 1988). Backhaus (1994) there-
fore pleaded in favor of a shift rotation every three
hours at the latest in order to avoid overstraining.

Besides the already existing mental stress caused
by machine controlling, the driver is faced with an
additional psychological task in the second option –
the selection of those trees that are to be extracted.
Ebert (1995) looks upon the negative marking of
stands as an exhausting activity and demands that it
should not be carried out for longer than two or
three hours at a time.

One of the chief objectives of the ergonomic de-
sign of the working site – i.e. the reduction of one-
-sided strain – cannot be attained if we abandon the
marking of the trees that are to be extracted. In practi-
ce, the rotation of the workers that has been assumed
is not a rule. Machine controlling and the selection of
trees usually have to be done during a complete
shift.

There is a negative correlation between intensity
of stand preparation and stand damage. On the whole,
stand damages caused by the harvester are at a low
level, in all options only increased by 1 % through
forwarding. If crop trees are distinctly marked, they
will be less damaged. Without crop tree marking,
10 % of the crop trees are damaged.

The silvicultural results (Table 2) of »positive and
negative marking« option differs significantly from
the third one. For example, in the crop tree marked
option the average DBH is at about 17.5 cm, while in
the unmarked option, it increases to 19.2 cm. In this
case the harvester operator selects the »thickest« tree
and extracts one of its oppressors. The distance be-
tween crop tree A and crop tree B is difficult to be es-
timated when sitting in the cabin. Even more so be-
cause before the next operation the machine has to
be moved. This leads to a significant increase of crop
tree numbers. In the non-marked option, the in-
crease was about 68% above 200 crop trees per hect-
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Table 1 Performance/damages

Crop tree selection and
negative marking

Only crop tree selection No stand preparation

PWT/tree (effective working time) Min. per tree 1.02 1.10 1.18

Driving % PWT 20.5 32.7 36.4

pers. distribution time % GAZ 3.9 9.0 9.3

trees/GAZ* piece/h 56 48 44

damage whole stand (damage > 10 cm
2
) % 1.9 2.3 3.6

damaged crop trees % 0 1.8 10.7

*GAZ – total vorking time



are that were actually aimed at. Moreover, almost
60% of removed trees are to be found within a range
of 0 to 5 meters from the middle of the skidding line
and hence within the area that is susceptible to dam-
age caused by the crane (Bort et al. 1993, Bort and
Pfeil 1993). In the option with positive and negative
marking, only 40 % of the crop trees are to be found
within that zone.

Where only crop trees had been marked, the har-
vester-driver normally extracted more oppressors
per crop tree, but with a smaller diameter. This af-
fects the number of stems and harvesting costs (Ta-
ble 3).

A comparison with the covered silvicultural
marking carried out by the forest station showed sig-
nificant deviations in »Only crop tree selection« op-
tion and »No stand preparation« option. This, how-
ever, does not necessarily give reliable information
about the silvicultural quality of the operation.

The direct harvesting costs (coverage 1) are the
lowest in »positive and negative marking« option at
20.46 �/m3. On the »Only crop tree selection«-marked
areas, they are the highest (24.03 �/m3). In the non-
-prepared option, the higher piece volume resulting
from the increased DBH could not completely com-
pensate for higher driving and distributing times. If
we compare them to the option with thorough prep-
aration, the direct harvesting costs increase by 15%
or about 3.0 �/m3.

In an economical evaluation, the costs for stand
preparation must be taken into account. For positive
and negative marking, about 4-man hours/hectare
were needed and for the mere crop tree selection
about 1.7 hours/hectare sufficed. This conforms to
the results of other authors. Ebert, for example,
found out that, for subsequent thinnings without
crop tree selection, 2.0 to 2.5 hours/hectare were
needed.

With an extracted volume of 35 m3/ha and 43.37 �/
hour of wages for an engineer of forestry (Ministry
of Finance Baden-Württemberg 1998) 2.38 �/m3 for
crop-tree selection and 2.69 �/m3 for the negative
marking were to be expended in option 1.

Contrary to the calculation supplied by the har-
vesting contractor (coverage 1), the non-prepared
option 1 is the most advantageous for the forest en-
terprise (coverage 2). The cost-saving of about 8% on
one hand must however be considered along with
clear cutbacks on the fulfillment of silvicultural ob-
jectives. To mark only crop trees (option 2) proved to
be the most costly option. Compared with a com-
plete stand preparation (option 1), the expenses of
the contractor are higher by 17% and those of the for-
est owner by 3%.

More severe cuttings reduce the expenditure for
stand preparation/cubic meter through volume di-
gression. According to estimates of the forestry ad-
ministration Baden-Württemberg, it usually takes
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Table 2 Silvicultural Results

Crop tree selection and
negative marking

Only crop tree selection No stand preparation

crop tree DBH cm 17.6 17.3 19.2

crop trees/hectare piece/hectare 206 223 335

thereof »real crop trees« % 96 90 65

cutt trees piece/hectare 309 446 335

cutt trees DBH cm 15.5 14.4 15.5

coverage with invisible marking % 91 63 47

Table 3 Harvesting costs

Crop tree selection and
negative marking

Only crop tree selection No stand preparation

harvester performance m
3
/h 8.9 6.4 7.0

processing costs �/m
3 14.34 17.91 17.49

skidding costs �/m
3 6.12 6.12 6.12

coverage 1 �/m
3 20.46 24.03 23.61

stand preparation costs �/m
3 5.07 2.38 –

coverage 2 �/m
3 25.53 26.41 23.61



2.4 minutes/m3 for marking (Ebert 1995). If we multi-
ply these figures with the above hourly wages, we
get the cost of approximately 1.79 �/m3 for the nega-
tive marking of the average stand in the country, the
latter being clearly stronger if compared with the re-
sults of the investigation.

5. Consequences for practical use

The renunciation of marking of extractable trees
in option 3 increases the ergonomic stress for the ma-
chine operator.

From his harvester cabin, it is not possible for the
operator to accomplish the silvicultural task in favor
of a crop tree oriented incrementation in the same
quality as the case is with crop tree marking in the
stand. Quality and distribution of potential crop tre-
es cannot be judged well enough from the machine.
Still, an almost regular reduction of stem numbers
all over the area is possible.

There are significant losses in the performance of
the harvesting system, which cannot even be wholly
compensated for by the potential liberty to extract
bigger trees. For the contractor, the economical value
of the intervention is reduced.

For the forest owner, the lack of positive/nega-
tive marking leads to clearly different silvicultural
results. The number and distribution of crop trees
change. The risk of stand damage is enhanced and
without crop tree marking the control of stand dam-
age is hardly possible.
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Thinning trials with a dedicated
steep-terrain harvester

Raffaele Spinelli, Bruce Hartsough

Abstract

The study reports on two thinning trials carried out with the Valmet 500T dedicated

steep-terrain harvester. The trials were conducted in California, on two different conifer

stands: a second-growth natural forest dominated by white fir, and a young ponderosa pine

plantation.The terrain was considerably steep, with an average slope gradient of 30% and

peaks around 60%. The characteristics of both the stand and the terrain resembled those

found on the European mountains, and especially on the Alps. The harvester proved capable

of negotiating rough terrain, while remaining flexible enough to harvest different stand

types. The plantation was much more difficult to harvest, due to the thick undergrowth and

to the low branching of the trees. Productivity reached 25.1 m3/PMH in the natural stand

and 11.3 m3/PMH in the young plantation. CTL technology is very interesting, because it

offers the benefits of limited environmental impact, simpler logistics and increased operator

comfort. Modern self-leveling carriers and efficient harvesting heads can take CTL technol-

ogy to rough terrain and selection cuts, once considered beyond its range of applications.

Key words: steep-terrain harvester, Valmet 500T, thinning, plantation, natural forest

1. Introduction

Cut-to-Length (CTL) harvesters are sophisticated
and expensive machines. Ideally, a sophisticated
machine should operate within its own range of
optimum working conditions, and if it is expensive
it should also maintain a high annual output.

Aiming to increased diversity, modern silvicul-
ture can hardly offer such ideal working conditions.
This results in an eclectic use of forestry equipment,
which is often pushed far beyond its optimum work-
ing range.

In order to accumulate a sufficient annual output,
forest machines are increasingly taken to inacces-
sible sites and into a number of different stands.
Originally designed for clearcutting uniform stands
in even terrain, harvesters are now used for the
selective thinning of many forest types under varied
terrain conditions – including steep slopes.

Carried out in America, this study aims to pro-
vide more hard data on the performance of a self-
leveling harvester when used for the selective thin-
ning of two different stand types under variable
terrain conditions.

The machine selected for the study is a Valmet
500T – a best seller in America and an interesting mix
of American and European technology.

2. The Valmet 500T

The Valmet 500T is a purpose-built harvester,
especially designed for steep-terrain operations. It
consists of a heavy-duty Caterpillar 325 undercar-
riage, connected to the main rotating platform through
a self-leveling joint. The platform can tilt 27° to the
front, 7° to the rear and 20° on both sides. The plat-
form carries a 126 kW Cummins engine, a sturdy
safety cab and a Cranab 1400 two stage telescopic
boom.

A Valmet 965 harvester head is mounted at the
end of the boom. This is a European-style dangle
head with 5 limbing knives and a hydraulic chain-
saw.

Adescription of the machine is provided in table 1.

3. Materials and methods

The authors carried out a time-motion study, de-
signed to evaluate machine productivity and to iden-
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tify those variables that are most likely to affect it.
Cycle times were split into a number of time ele-
ments considered as typical of the working process.

Time elements were recorded with a Husky Hun-
ter hand-held field computer. The computer ran a
Siwork3 timestudy software.

Daily output was estimated by measuring a sam-
ple of logs from the amount produced each day.
Total length and mid-diameter were used to calcu-
late log volume. The sample would include batches
of large sawlogs, small sawlogs and pulpwood, se-
parated by species. The daily sample would be ap-
plied to the log count of that day only.

Individual trees were assigned a branching class,
meant to reflect the density and dimension of their
limbs (Table 2). Values were attributed through eye-
estimates. Discrete branching coefficients have been
used in a few other studies concerning CTL harvest-
ers (Emeyriat et al. 1997, Raymond et al. 1988).

Stand data were recorded with traditional men-
suration tools: caliper for tree diameters, tape mea-
sure for distances and clinometer for slope gradient.

The machine selected for the study belonged to a
Californian company that had used it for about two
years. During the study, the company was harvest-
ing a stand in the Stanislaus National Forest, near
Cabbage Patch, Alpine County, California. A Valmet
862 six-wheeled forwarder moved the logs to road-

side. The whole operation consisted of two machi-
nes only – the harvester and the forwarder – which
were able to maintain a balanced working pace.

During the trials, the company harvested two
different stands, both growing on Public Land, at an
altitude of about 2,070 m asl.

The first stand was a naturally-regenerated high-
elevation mixed conifer forest. True firs (Abies con-

color Engelm., Abies amabilis Forbes) constituted the
main species, accompanied by dominated incense
cedar (Calocedrus decurrens Florin) and sugar pine
(Pinus lambertiana Dougl.). Tall stumps and large de-
caying logs would often hinder the advance of the
harvester. Slope gradient averaged 30%, with peak
values of 57%.

The current operation aimed at reducing fuel
build-up and consisted of an intense low thinning.
This followed a selective criterion, whose goal was
to maintain 5 m between the drip lines. The Forest
Service had marked all removal trees above 30 cm
DBH, but the operator was free to choose among the
smaller ones. The thinning removed two thirds of
the trees and about one third of the basal area. Re-
moval tree size was 0.391 m3 for the firs and 0.229 m3

for the cedars.

The second stand was a 23 years old Ponderosa
pine (Pinus ponderosa Dougl.) plantation, divided in
two strips, placed inside the larger natural stand.
Both strips had the same density and age, but one
was much more developed than the other. Slope gra-
dient averaged 19%, with peaks at 40%. Removal
tree size was 0.144 m3 for the pines and 0.230 m3 for
the merchantable invading firs and cedars. The thin-
ning removed about half of the trees and of the basal
area. The harvester operator would choose removal
trees, picking defective and undersized specimens.

Adescription of both stands is provided in Table 3.

The study lasted 5 days and was carried out in
the week between August 9 and August 13, 1999.
The machine was operated by its owner, an expe-
rienced driver who had used it for the last two years.
A study outline is shown in Table 4.
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Table 1 Machine description

Carrier type Valmet 500T

Configuration Tracked self-leveling

Undercarriage Caterpillar 325 (D6)

Approx. Weight kg 21,500

Engine Cummins 6BTA 5.9 lt. Turbo

Power kW 126@2100 rpm

Width cm 290 (610 mm tracks)

Length cm 437

Height cm 376

Ground clearance cm 66

Head type Valmet 965

Approx. Weight kg 1,150

Max cutting capacity cm 63

Sawbar cm 75«

Feed-rollers n. 2

Feed-rollers type Solid rubber w/ basket chains

Knives n. 5

Hydraulic requirements l/min 260

Hydraulic requirements MPa 24

Table 2 Branching class: definition and distribution in our sample

Class Branch
density

Max. branch
Ø

(at the trunk)

Frequency %

(sample 1065 trees)

Frequency %

(sample 415 trees)

Natural forest Plantation

1 light < 5 cm 14.5 1.2

2 dense < 5 cm 37.6 66.7

3 light > 5 cm 29.3 23.1

4 dense > 5 cm 14.8 4.6

5 malformed 3.8 4.4



A substantial portion of the total work time was
excluded from the pool of valid observations. This
was due to the need for the studyman to collect other
data, to the difficulty of recording all cycles in proper
detail, to the elimination of anomalous cycles and to
the exclusion of the productive time when the machi-
ne was used for other works than harvesting.

The operator would harvest parallel strips, about
15 m wide. He would proceed uphill, starting from
the road and going all the way to the ridge. After he
had reached the top boundary, he would track his
way back to the road without harvesting.

Non-merchantable trees were to be cut and lop-
ped, to accelerate mineralization. Top and lop would
be dropped before the tracks, to reduce soil distur-
bance and limit track slippage.

Our timestudy form split the work cycle accord-
ing to this routine, and a precise description of the
individual time elements is reported in Appendix A.

4. Results

The main results of the study are shown in Table
5. A utilization rate of 65% was assumed (Brinker
et al. 1989). In the natural stand, the harvester aver-
aged a net productivity of 70 trees/PMH, equal to
25.1 m3/PMH. In the plantation, productivity still
reached 70 trees/PMH but volume output dropped
to less than half, due to the much smaller tree size.

These values are consistent with those in other
CTL studies conducted in western US and Canada
(Drews et al. 1998, Hartsough et al. 1977, Hunt and
Mithell 1995, Kellogg and Bettinger 1994, Schroder
and Johnson 1997, Spinelli and Hartsough 1999).

The effect of rugged terrain and uneven stand
characteristics is clearly visible: moving represents
25 to 30% of the total cycle time and brushing ac-
counts for another 10%. Other tasks constitute a
further 15% and include moving logs, placing slash
under the tracks and looking for marked trees.

Basically, about half of the cycle time is spent
preparing for productive work, rather than working.
Felling and processing use very little time. Delimb-
ing is very fast, unless the tree is big or the branching
is bad. When the limbing resistance increases, the
rollers tend to slip and tear the bark. In turn, loose
bark interferes with the log length reading. The en-
coder wheel »jumps« over hanging bark and even-
tually loses its measurement. The operator then has
to repeat the whole procedure. At these elevations,
August is the sap season and therefore the test was
carried out at the most unfavorable time for the
processor.

For the rest, the Valmet head could handle even
malformed trees. Narrow forks were managed by
slightly opening the knives, so that they could hit the
forks higher up and break them. If this maneuver
wouldn’t do, the operator could always drop the
tree and reposition the head with the saw towards
the fork, in order to cut it. The two tops would then
be handled individually.

The average cycle time is almost identical for trees
grown in a plantation and trees grown in a natural
stand. Element breakdown is different, however.

In the plantation, thick undergrowth and low
branching had the strongest effect on time consump-
tion. Both reduced visibility, increasing the time re-
quired to locate marked trees and to move towards
them. Indeed, most of the time described as »other«
consisted in looking for target trees. Brushing time
was twice as high in the plantation as in the natural
stand, and positioning time was also longer – due to
the low branching. On the other hand, felling, limb-
ing and processing went somewhat faster, since the
trees were much smaller and had lighter branching.
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Table 3 Stand composition before and after the treatment

Naturally regenerated
forest – 97 years

Plantation – 23 years

Trees
per ha

BA

m2/ha

% BA DBH

cm

Trees
per ha

BA

m2/ha

% BA DBH

cm

Before Before

All 455 54.1 100.0 34.0 893 32.0 100.0 20.1

Firs 47.2 4.7

Cedar 41.1 0.9

Pine 11.7 94.4

After After

All 156 36.5 100.0 52.8 471 14.9 100.0 18.3

Firs 53.4 8.4

Cedar 32.5 2.0

Pine 14.1 89.6

Table 4 Study outline

Natural
forest

Plantation

Study duration days 3 2

Total observation time hours 32.8 9.8

Total work time (excl.meals) hours 29.2 8.6

Rest breaks hours 2.1 0.5

Maintenance and repairs hours 7.6 1.7

Mech. Availability % 74.0 80.2

Valid observations n. 1,065 415

Total time of valid obs. hours 15.5 5.9

Trees harvested (valid obs. only) n. 1,065 415

Volume harvested (valid obs. only) m3 381 67



One problem with chainsaw-type harvester heads
is the intrinsic vulnerability of the cutting chain. Our
study checked that too, and the results are shown in
table 6. A new chain can take 80 to 130 trees before it
needs to be replaced. During this time, the chain
may come off about 3 times, and putting it back on
the bar takes about 2–3 minutes each time. Neither
chain wear nor slip-off rate seem to be higher than in
motor-manual processing. Much depends on visi-

bility. In the plantation, thick undergrowth and low
branching made it difficult for the operator to detect
obstacles near the tree butt, which explains a higher
frequency of both slip-offs and chain replacements.

Data were analyzed statistically, to reveal rela-
tionships that govern the harvesting process. On this
basis, we developed a series of regression models
that can help predict time consumption as a function
of the most significant independent variables.
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Figure 1 Harvesting cycle: time-element breakdown

Table 5 Productivity of the Valmet 500T harvester

Natural forest Plantation

Observations (n.) 1065 415

Time Element Mean Std.Dev. % of cycle Mean Std.Dev. % of cycle

Move (cmin) 22.7 35.1 26.6 26.3 31.5 30.8

Brush (cmin) 4.3 10.3 5.1 11.3 21.8 13.3

Position (cmin) 8.0 5.3 9.4 8.9 5.0 10.4

Fell (cmin) 4.4 3.0 5.1 3.6 1.8 4.2

Handle (cmin) 13.7 15.9 16.0 10.2 12.8 11.9

Limb (cmin) 13.3 14.4 15.6 11.5 12.1 13.4

Crosscut (cmin) 5.6 5.1 6.6 4.1 3.7 4.8

Other (cmin) 13.3 24.2 15.6 9.6 25.2 11.2

Total cycle time (cmin) 85.3 85.4

Logs/Cycle (n) 1.6 1.6

Volume/tree (m3) 0.357 0.363 0.161 0.122

Trees/PMH 70.3 70.2

Trees/SMH 45.7 45.6

m3/PMH 25.1 11.3

m3/SMH 16.3 7.3



The prediction models obtained from our study
are shown in Table 7. All the terms in the equations
are highly significant (p < 0.01), but few can account
for more than half the variability. This is logically as-
sociated to a highly variable process, affected by a
number of factors that could not be all included in
our data collection.

The time spent handling, delimbing and cross-
cutting a tree is closely related to the characteristics
of the tree – namely to its volume and branching.

These two characters seem to compound their
effects, since we obtained the strongest correlations
with functions of the »volume x branchiness« varia-
ble. That means that time consumption is high for
large trees and for branchy trees, and much higher
for those trees that are both large and branchy.

No significant difference was found for the handl-
ing, delimbing and crosscutting times of different
tree species: the other variables in the equations
already accounted for specific characters (i.e. size,
branchiness) that affect the duration of these time
elements.

ANOVA tests also showed that a number of time
elements are longer for plantation trees than for na-
turally-regenerated trees.

The graphs in figure 2 are based on these re-
lationships and allow predicting net productivity as
a function of tree size and branchiness.

5. Conclusions

The Valmet 500T can negotiate rough terrain and
it is flexible enough to harvest different stand types.

During the study, the machine handled steep slo-
pes and thinned both a natural stand and a young
plantation.

The plantation was much more difficult to har-
vest, due to the thick undergrowth and to the low
branching of the trees. Productivity was further li-
mited by the very small tree size.

Harvester productivity depends on a number of
factors, among which tree size and shape are the
most important ones. The study provided a set of
equations that allow calculating productivity as a
function of tree size and branchiness. The results are
shown in graphic form for immediate use.

The working pace of the machine is very fast,
which helps when processing small trees. Loggers
think that a CTL harvester will earn its pay as long as
the harvested tree yields at least one small sawlog.

As to the upper limit, the machine could harvest
trees larger than 1.6 m3. Natural stands may contain
some trees that exceed this limit: they should be
felled and processed motormanually by an operator
hired for the purpose.

The hydraulic chainsaw mounted on the Euro-
pean-style harvester heads is somewhat more vul-
nerable than the disc saws found on feller-bunchers
or on some American harvesters. The study checked
that too, indicating that the problem is not too serious
and it is often exaggerated.
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Table 7 Productivity relationships

Time (cmin) Regression r2 number of observations

Move = 22.65 + 4.92 (plant. dummy) – 1399

Brush = 4.32 + 6.27 (plant. dummy) – 1399

Position = 8.04 + 0.87 (plant. dummy) – 1399

Fell = 2.82 + 1.41 (Br *Vol) 0.419 1399

Handle = 1.69 + 1.34 (Br) + {8.12 + 5.65 (plant.dummy)}*Br*Vol 0.472 1399

Limb = –0.55 + 2.36 (Br) + {0.41 + 9.53 (plant.dummy)}*Br*Vol 0.541 1399

Crosscut = 1.23 + 4.94 (Vol) + 0.40 (Br) + {1.41 + 1.41 (plant.dummy)}*Br*Vol 0.553 1399

Other = 13.30 – 4.37 (plant.dummy) 1399

Where: Vol = tree volume (ft3)

Br = Branching (coeff.)

plant.dummy = Plantation dummy = 1 if trees are pines from plantation, otherwise 0

Table 6 Saw chain duration and maintenance

Stand Natural forest Plantation

n of trees 1065 415

n of chains 8 5

n of slip-offs 19 15

trees/chain 133.1 83.0

trees/slip-off 56.1 27.7

time to reinstall/event (cmin) 332.9 211.1



CTL technology is very interesting, because it
offers the benefits of limited environmental impact,
simpler logistics and increased operator comfort.
Modern self-leveling carriers and efficient harvest-
ing heads can take CTL technology to rough terrain
and selection cuts, once considered beyond its range
of applications.
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Figure 2 Productivity as a function of tree volume for each branching class
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Appendix A

Time
elements:

move = any moment tracks are rolling

brush = removal of undergrowth and unmerchantable trees

position = from when tracks stop (or brushing ends) to when the chainsaw begins cutting

fell = from when the chainsaw begins advancing to when the tree starts to fall

handle = any movement of the boom while the head holds a cut tree, provided the machine is not doing any other job (i.e. limbing etc.)

limb = cut tree being propelled through the knives’ embrace

crosscut = any time one the saw is being operated to crosscut

other = any other productive time, mostly clearing the path from obstacles, re-handling, piling slash, ejecting tops and trying to locate the next target tree





Performance of Shovel Logging in
a Partially Harvested Appalachian

Hardwood Stand

Andrew F. Egan

Abstract

The steep, uneven terrain of central Appalachia (USA) offers significant challenges to con-

ventional ground based logging systems. Rubber-tired skidding, by far the most common

means of yarding wood in the region, generally involves the construction of expensive forest

access systems that expose surface soils, increasing the potential for erosion and sedimenta-

tion. In addition, clearcutting is only rarely practiced in the region and most of the

forestland is owned by nonindustrial private forest owners who value the amenities associ-

ated with partial harvests.

Shovel logging, a ground-based method that uses an excavator fixed with a grapple instead

of a bucket, offers the potential to yard felled wood with less impact to forest soils than con-

ventional rubber-tired skidding methods. Contingency table analyses suggested (a) a mod-

erate level of dependence between the shovel and skidder treatments and the frequency of re-

sidual trees exhibiting bole damage, with the shovel logging treatment areas containing a

greater number of residual trees with bole damage than the skidder logged areas; and (b) that

the amount of »severe« bole damage was independent of yarding treatment. Analysis of

variance revealed no significant difference between the two treatments in the size of bole

damage wounds (p = 0.730). In addition, although neither conventional nor shovel logging

methods can be recommended over the other based solely on short-term impacts to soil bulk

density, shovel logging resulted in significantly less surface soil disturbance.

Based on the results of this study, shovel logging may be a viable alternative to conventional

rubber-tired skidding in some situations, but the system should be used cautiously in order

to reduce the frequency of residual tree damage. The use of shovel logging can minimize skid

trail construction, particularly in mountainous conditions such as those found in much of

Appalachia, riparian zones, and areas where sensitive surface conditions exist due to high

water tables. Moreover, in the northern US, shovel logging may help to extend the logging

season into the spring mud season, when conventional operations that rely on rubber-tired

skidding can no longer operate without significant soil disturbance.

Key words: shovel logging, soil bulk density, soil disturbance, residual stand damage

1. Introduction and background

Like much of central Appalachia, West Virginia’s
steep and uneven topography contributes to some of
the most difficult logging conditions in the eastern
US. Although cable logging systems have been used in
the region, their efficacy has met with mixed results
and little enthusiasm by the logging community, and
conventional ground based yarding systems using
rubber-tired skidders and/or dozers continue to
predominate. Unfortunately, conventional tractive

yarding methods often require expensive bulldozed
skid roads (Layton et al. 1992) that may consume
over ten percent of the timber sale area (Kochen-
derfer 1977, Mitchell and Trimble 1959). In addition,
construction of these roads often causes shallow
subsurface water to be converted to surface flow
over exposed soil, increasing the potential for ero-
sion and sedimentation (Egan 1999a). Although West
Virginia’s Best Management Practices (BMPs) have
been shown to be effective in controlling nonpoint
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source pollution from logging (Kochenderfer et al.

1997), and compliance with BMPs in the state ap-
pears to have increased over the past fifteen years
(Egan et al. 1998), concerns within the forestry com-
munity about the adverse effects of forest road con-
struction persist (Egan et al. 1996).

As in much of the central Appalachian region,
nonindustrial private forest (NIPF) owners hold
most of the commercial timberland in West Virginia
(Birch et al. 1992). Although income drives most
NIPF owners’ decisions to harvest (Egan and Rowe
1997), clearcutting is only rarely practiced in the re-
gion, since most NIPF owners place a high value on
the amenities associated with maintaining a contin-
uous canopy, particularly recreation and aesthetics
(Birch 1996). As a result, diameter-limit harvesting
appears common among the region’s NIPF owners
(Raschka 1998), despite questions about the method’s
effect on forest quality and sustainablility among
many in the professional forestry community (Dwy-
er and Kurtz 1991).

Given these circumstances, research on alterna-
tive ground-based logging methods that both limit
road building and are effective in partial harvests is
timely. Shovel logging, a ground-based method also
known as hoe-chucking, that uses an excavator fixed
with a grapple instead of a bucket, has been investi-
gated by other researchers (Brown et al. 1993, Fisher
1987, Floch 1988, Kockx 1990). With few exceptions
(Sloan 1992, Egan 1999b), this research has been con-
ducted in clearcuts in the western US and Canada,
and research on the efficacy of the method in partial
harvests appears to be limited to a study on the ef-
fects of shovel logging on residual stands in the cen-
tral Appalachian region (Egan 1999b). Yet the sys-
tem’s ability to reach, lift, and forward felled trees to
either a landing or a bunching location for subse-
quent ground skidding or pre-hauling implies a po-
tential for a wide range of logging applications.

The objectives of this research were to compare
residual stand damage and surface soil disturbance
effects and damage after yarding using shovel log-
ging and conventional rubber-tired skidding. The
silvicultural method applied was a deferment har-
vest, developed as an even-aged, aesthetic alterna-
tive to clearcutting. This method, more commonly
applied in forests of Europe than those of the US,
leaves a basal area of approximately 20 ft2 per acre in
high quality dominants and co-dominants. Leave
trees are then recovered when the regenerated stand
is at the end of its rotation. Therefore, deferment
trees are generally selected based on seed produc-
tion, phenotype, and anticipated longevity.

2. Methods

Three � 5-acre replicates each of shovel logging
and conventional rubber-tired skidding were ran-
domly assigned in a partial harvest of an Appala-
chian hardwood stand in northern West Virginia.
The study area was dominated by the Gilpin-Cul-
leoka-Upshur soil association, described as moder-
ately to very steep, well drained, upland soils (USDA
Soil Conservation Service 1982). The slope of the
treatment area ranged from 2–18 percent, with an
average slope of over 8 percent. Boundaries of each
of the six treatment areas were surveyed to approxi-
mate five acre treatment areas, and two-chain (132
foot) wide uncut buffers were maintained between
each contiguous treatment area. Each treatment block
was cruised before harvest using nine 0.1 acre sam-
ple plots per area. Results of the cruise indicated
that, although treatment area number 1 had the
highest and area number 4 the lowest stocking levels
of any blocks, stocking on the other four blocks was
comparable (Table 1).

Timber within each treatment area was marked
for a deferment harvest. The post-harvest goal was a
residual stand of approximately 20 ft2 of basal area
per acre, mimicking the range of stocking that may
also be left after a seed tree harvest, latter stages of a
shelterwood system, or a deferment harvest (Smith
et al. 1989). The following timber marking guidelines
were developed:

• only vigorous, long-lived trees with future tim-
ber potential should comprise the residual stand;

• residual trees should be 12 to 17 inches dbh;
trees either smaller or larger than this range
may be left to obtain adequate spacing; and

• average spacing between crop trees should be
50 to 60 feet.

In the summer, 1996, trees to be left were marked
and all unmarked trees were to be either felled and
removed, or felled and left on site if they were un-
merchantable. After marking, but before timber was
harvested, field crews numbered each marked tree
inconspicuously with an aluminum tag at its base.
At that time assessments were made of tree species,
dbh, and the condition of the bole and crown. The
timber on all six blocks was sold on a competitive
bid basis to a logging contractor who owned an ex-
cavator fixed with a grapple attachment, a Hydro-
-Ax 411 feller-buncher, and several grapple skidders.
Logging occurred on all six replicates during the fall,
1996. Trees were directionally felled using a feller-
-buncher as well as a chain saw for larger diameter
trees. Felled trees were then delimbed and topped
using a chain saw. The shovel logger began at the in-
terior of each of the three shovel treatment areas,
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picking up and swinging logs toward a skid road ad-
jacent to all six treatment blocks. From here, logs
were then conveyed by grapple skidder to a com-
mon landing for wood from both treatments. In the
skidder treatment areas, a rubber-tired grapple skid-
der yarded tree-length logs to the same common
skid road and continued to the landing.

2.1. Field data collection

2.1.1. Stand damage

Stand damage data were collected on all residual
trees in the six replicates immediately after the com-
pletion of harvesting. In addition, residual stand
damage in the three shovel treatment areas was as-
sessed immediately following felling, but before tre-
es had been yarded. Post-felling-only assessments
could not be safely made in the skidder treatment ar-
eas because yarding followed too closely behind fell-
ing in those treatments. All residual trees were as-
sessed for damage to the bole and crown. Only open
wound bole damage (i.e., wounds in which the bark
had been removed by logging and wood was ex-
posed, referred to as exposed sapwood wounds by
Lamson et al. (1984) was measured in square inches.

The log position of the wound was also recorded.
When wounds were inaccessible to the field crew be-
cause they were too high on the bole, estimates of
their surface areas were made.

2.1.2. Surface soil disturbance

After logging, the type of soil disturbance was
determined and measured on linear transects lo-
cated perpendicular to contours. By locating the
transects in this fashion, they were more likely cross
skidroads and excavator tracks, since these features
were typically located along contours. The azimuth
used for each block was predetermined so that it
would run perpendicular to the contour, but would
not cross the main skid road adjacent to the sample
blocks. Transects were spaced at 50’ (15.24 m) inter-
vals, the first transect in each block located 25’ from
the main haul road. The beginning of all transects
was marked with a numbered stake. A 300’ (91.44 m)
measuring tape was extended along the predeter-
mined azimuth, and only disturbance types encoun-
tered along the measuring tape were recorded. Mea-
sured disturbance classes, modeled after Martin
(1988), included:

1) no evidence of vehicular traffic;

2) trafficked by logging equipment: (a) primary
skid trail (a major yarding artery with exposed
surface soil); (b) secondary skid trail (a feeder
trail with surface soil generally not fully expos-
ed); (c) excavator trail; and (d) feller-buncher trail;

3) compaction by logs;

4) coverage by slash: (a) light (few or no limbs); (b)
medium (some ground visible or large limbs);
and (c) heavy (ground generally not visible—tree
tops);

5) nonsoil (e.g., stumps, large rocks); and

6) percent disturbance of leaf litter: (a) 0–25% re-
moved; (b) 26–75% removed; and (c) > 75% re-
moved.

As each new disturbance class (with the excep-
tion of heavy slash and nonsoil) was encountered
along a transect, a random selection system was
used to determine whether a soil bulk density core
was to be sampled at that location. The selection
method allowed for a one in four chance of sampling
at each change in disturbance class. This procedure
resulted in a total of 271 soil cores sampled over both
treatments. A metal extractor with removable sam-
ple cylinders was used to collect the soil samples.
For each soil sample location, three collection sites
(one for »no traffic« areas) were located along the
tape. In skidder- and shovel-logged sites, cores were
taken in each track made by the skidder tires/shovel
undercarriage. In large areas of feller-buncher dis-
turbance, cores were collected in the depressions left
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Table 1 Random treatment assignments, treatment areas, and pre-har-
vest trees per acre, basal area per acre, and volume per acre, with asso-
ciated standard errors and coefficients of variation

Treatment Trees

Area
Treatment

Area Number
of trees
per acre

Basal area Volume

acres ft
2
/acre cords/acre

1 skidder 4.96 106.67 140.96 13.32

standard error 8.50 14.81 1.97

cv, % 23.90 31.53 44.48

2 skidder 4.87 77.78 100.14 8.98

standard error 6.19 10.04 1.27

cv, % 23.86 30.08 42.37

3 skidder 4.84 73.33 102.69 9.95

standard error 6.67 8.59 1.32

cv, % 27.27 25.11 41.38

4 shovel 5.05 67.50 76.47 6.07

standard error 9.01 8.28 0.77

cv, % 37.77 30.62 35.78

5 shovel 4.84 70.00 91.44 8.76

standard error 12.82 12.56 1.77

cv, % 51.79 38.85 56.99

6 shovel 4.78 80.00 93.97 8.61

standard error 7.56 9.23 1.34

cv, % 26.73 27.78 44.05



by the machine’s tires. If organic matter were present
on a core site, it was carefully moved (trying not to
cause compaction) so that the core would contain
only mineral soil. Since rock fragments have a higher
density than soil, care was taken to avoid soil sam-
ples with rock fragments. If a large rock fragment
were encountered, another core was taken next to
the original core.

To remove a core, the extractor was held verti-
cally and driven into the soil far enough to fill the
sample cylinder. The extractor was then carefully re-
moved from the soil. The sleeve at the bottom was
removed, as were the sample cylinder and spacing
cylinder. The two cylinders were separated and a
knife was used to trim any soil extending past the
ends of the sample cylinder. The soil in the sampler
was transferred into numbered plastic reclosable
sandwich bags for transport to the laboratory.

2.1.3. Laboratory procedures

In the laboratory, soil samples were placed into
weighed and numbered baking tins. The tins were
placed in an oven at 105 °C until constant weight
was reached (Blake and Hartage 1986). After having
been placed in the oven for about 14 hours, each of
the tins containing the soil was cooled to room tem-
perature and weighed. The tins were returned to the
oven for a minimum of three additional hours before
they being removed, cooled, and weighed for a sec-
ond time. The weights were recorded and bulk den-
sity was determined by the relationship:

bulk density =
oven dry mass (g

volume (cm )3

� )

3. Results and discussion

As planned, the residual stands for the two treat-
ments were very similar. There were 17.4 trees per
acre left in the skidder treatment areas and 16.9 trees
per acre in the shovel treatment areas after logging.
The mean residual tree dbh over both treatments
combined was 14.9 inches (standard error = 0.10
inches), with a range of 9.5 to 21.7 inches. The mean
dbh was 14.6 inches in the shovel treatment (stan-
dard error = 0.15) and 15.2 inches (standard error =
= 0.13 inches) in the skidder treatment (Table 2).

3.1. Stand damage

The average extent of damage to injured tree
boles in both treatments combined was 28.0 in2

(standard error = 3.05 in2), while the average by-
-treatment damage per tree was 29.0 in2 (standard
error = 4.49 in2) for the shovel logging treatment and
26.9 in2 (standard error = 4.16 in2) for the skidder

treatment. Approximately 32.5 percent of the resid-
ual trees in the skidder treatment areas experienced
bole damage. These residual stand damage results
agree closely with deferment harvest trials in West
Virginia that found that 31 percent of deferment
trees had at least one exposed sapwood wound
when conventional ground skidding was employed
(Smith et al. 1989). Moreover, Nichols et al. (1994)
found that 22–44 percent of residual trees was wo-
unded when chain saws and cable skidders were
used in a partial harvest of northern hardwoods. In
the same study, 20–31 percent of residual stems were
wounded when mechanized felling and grapple
skidding were employed.

Approximately 28 percent of wounded trees (9.0
percent of all residual trees in the treatment) had
wounds of greater than 100 in2 and were rated as
»severe« and likely to result in decay (Nyland and
Gabriel 1971). Approximately 41 percent of the re-
sidual trees in the shovel treatment areas experi-
enced bole damage; 20.8 percent of these (8.5 percent
of all residual trees in the treatment) had wounds
greater than 100 in2 (Table 2). In contrast to the fre-
quency of severe damage found in this research,
Smith et al. (1989) reported that 13 percent of residual
deferment trees in their study had severe wounds.

3.2. Analysis of bole damage

No blocking effect was apparent in this study.
Contingency table analysis indicated independence
between blocking and whether a tree was damaged
(chi-square p-value = 0.242; G-squared p-value =
= 0.233) (Table 3). In addition, analysis of variance
indicated no significant difference among the six
replicates in the amount of damage per tree bole (F =
= 1.501; p-value = 0.188).
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Table 2 Summary of post-harvest stand conditions by treatment: number
of trees, trees per acre, average dbh, basal area, and bole damage

Atribute
Treatment

Skidder Shovel

Number of trees 255 248

Trees per acre 17.38 16.90

Average dbh, inches 15.23 14.65

Basal area, ft
2
/acre 22.19 19.78

Average bole damage per tree, in
2

26.91 29.02

Percent of trees with bole damage 32.5 40.6

Number of trees with < 100 in
2
bole damage 60 80

Percent of trees with < 100 in
2
bole damage 23.5 32.2

Number of trees with severe (> 100 in
2
) bole damage 23 21

Percent of trees with severe (> 100 in
2
) bole damage 9.0 8.5



However, a relationship between treatment (skid-
der vs. shovel logging) and whether a tree was dam-
aged (chi-square p-value = 0.062; G-squared p-value
= 0.062) was suggested by contingency table analy-
sis (Table 3). When bole damage was categorized by
(a) no damage, (b) < 100 in2 of damage, and (c) > 100 in2

of damage (»severe«), contingency table analysis in-
dicated a moderate relationship between treatments
and damage classification (chi-square p-value = 0.097;
G-squared p-value = 0.096) (Table 3). Cell chi-squares
for this analysis, however, revealed close agreement
between observed and expected »severe« damage
by treatment (Table 4). Finally, analysis of variance
indicated no significant difference (alpha = 0.05) be-
tween treatments in the average amount of damage
per tree (F = 0.120; p-value = 0.730).

Of the other variables studied, residual tree dbh
appeared to be related to (a) whether a tree was dam-
aged (log likelihood ratio test: chi-square = 4.616;
p-value = 0.032); and (b) levels of severity of damage
(log likelihood ratio test: chi-square = 5.937; p-value
= 0.051). However, when the logistic regression anal-

ysis was partitioned by treatment, dbh was not sig-
nificantly related (alpha = 0.05) to the frequency of
bole damage for either the skidder treatment (logis-
tic likelihood ratio p-value = 0.316) or the shovel
treatment (logistic likelihood ratio p-value = 0.096).

In addition, proximity to the nearest harvested
tree appeared unrelated to (a) whether a tree was
damaged (log likelihood ratio test: chi-square =
= 0.528; p-value = 0.468; or (b) levels of severity of
damage (log likelihood ratio test: chi-square = 0.698;
p-value = 0.705). Although this latter result may not
appear intuitive, the use of a feller-buncher to direc-
tionally fell and organize most harvested trees for
subsequent yarding may explain the lack of a rela-
tionship between bole damage and the proximity of
the nearest cut tree.

3.3. Pre-harvest – post-felling – post-yarding
damage comparisons

In order to accurately and reliably describe dam-
age attributable only to the shovel logging process
and distinct from that deriving from either pre-har-
vest agents (e.g., ice) or felling, shovel treatment re-
sidual trees were assessed for damage before har-
vest, immediately after felling but prior to yarding,
and after yarding. Results indicated that (a) there
was no pre-harvest bole or crown conditions in any
of the treatment areas that might mimic damage due
to some aspect of the harvest cycle; and (b) shovel
logging did not cause mechanical damage to tree
crowns beyond that caused by felling. Trees num-
bered 26, 33, 34, and 52 in block 4; number 58 in block
5; and 10 in block 6 experienced some crown damage
from felling. These trees exhibited the same crown
damage upon post-yarding inspection, as expected,
but no additional crown damage was found on ei-
ther these or any other residual trees in the shovel
treatment areas.

Post-felling-only bole damage was not found on
any residual trees in block 4, but was found on trees
numbered 5, 16, 17, 29, 42, 50, 58, 5, 70, and 71 in
block 5, and 3, 5, 6, 11, 14, 25, 44, 46, 47, 58, 68, 81, and
88 in block 6. In all cases in which it occurred,
post-felling-only bole damage was found in the first
8-foot log, and was classified as »severe« in three (13
percent) of the trees injured. After shovel yarding,
bole damage was found on an additional 33 residual
trees in block 4; 23 trees in block 5; and 22 trees in
block 6.

3.4. Surface soil disturbance

Analysis of variance (AOV) and logistic regres-
sion were used to analyze litter disturbance and soil
bulk density data.
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Table 3 Contingency table analysis of the relationship between experi-
mental blocks and whether a tree was damaged (a dichotomous yes/no
variable); and shovel and skidder treatments and (a) whether a tree was
damaged (a dichotomous yes/no variable) and (b) amount of damage
in three categories: no damage, < 100 in2, and > 100 in2 (severe)

Variables
Chi-square G-squared

p-value

Block x damage (yes/no) 0.242 0.233

Treatment x damage (yes/no) 0.062 0.062

Treatment x damage category 0.097 0.096

Table 4 Observed and expected frequencies and cell chi-square results
of contingency table analysis for treatment x bole damage category: no
damage; < 100 in2 of damage; > 100 in2 of damage. Total chi-square
for the analysis = 4.677; chi-square p-value = 0.096

Treatment

Bole damage category

No bole
damage

£ 100 in
2

damage
> 100 in

2

damage

Skidder

Observed frequency 172 60 23

Expected frequency 162 71 22

Cell chi square 0.629 1.1657 0.024

Shovel

Observed frequency 148 80 21

Expected frequency 158 69 22

Cell chi square 0.645 1.697 0.025



3.4.1. Litter disturbance

Results of Sheffe’s multiple comparisons test in-
dicated (a) significant differences in surface soil dis-
turbance (alpha = 0.05) on untrafficked areas vs. that
found on secondary skid trails, excavator trails, and
feller-buncher tracks; and (b) differences of border-
line significance in soil surface disturbance between
excavator and both feller-buncher disturbance (p =
= 0.053) and primary skid trails and untrafficked ar-
eas (p = 0.054). In addition, logistic regression analy-
sis revealed that both the type of treatment (skidder
vs. shovel logging) (chi-square = 63.33; p < 0.001) and
amount of slash cover (chi-square = 1305.51; p <
< 0.001) were significant in explaining the amount of
litter disturbance (likelihood ratio <0.0001; r2 = 0.46).
There was a larger percent of skidder treatment area
with greater than 75 percent litter removed (23.5 per-
cent) than for the shovel treatment (7.7 percent) (Ta-
ble 5). Moreover, AOV also revealed significant dif-
ferences in the amount of litter disturbance by skid-
der vs. shovel logging treatment (p < 0.0001).

3.4.2. Bulk density

Although analysis of variance revealed a signifi-
cant difference in average bulk density (F = 7.460; p <
< 0.001) among all disturbance classes studied (Table
5), there was no significant difference between sam-
ple bulk densities on combined primary/secondary
skid trails (average = 1.11 g/cm3) and sample bulk
densities on shovel trails (average = 1.23 g/cm3) (F =
= 0.114; p = 0.737). Average bulk density over all
samples in both treatments was 1.052 g/cm3. How-
ever, the highest bulk densities were found on sec-

ondary skid trails (average = 1.15 g/cm3), while the
lowest were on areas that were not trafficked (aver-
age = 1.02 g/cm3) (Table 6).

4. Conclusions

The value of shovel logging in clearcuts, espe-
cially on some sensitive sites, has been demonstrat-
ed in several studies, mostly in the western US and
Canada. Using shovel logging in partial harvests
that reduce residual stand stocking to 25 ft2 per acre
or less – as might occur in a deferment harvest, seed
tree harvest, and latter stages of a shelterwood sys-
tem – may be a viable alternative to more conven-
tional ground skidding methods, especially on sites
where there are concerns about soil disturbance and
skid road building costs. This study, however, raises
some questions about the use of the system in partial
harvests where concern about damage to residual
stands exists. Although it was clear that there was (a)
no difference between treatments (skidder vs. shov-
el) in the average amount of bole damage per tree,
and (b) no relationship between treatment and the
frequency of severe bole damage, the nature of the
relationship between treatment and the frequency of
any bole damage was less conclusive. Contingency
table analysis suggested a moderate relationship be-
tween shovel logging and rubber-tired skidding
treatments and the frequency of trees damaged.
However, the percentage of deferment trees with
bole wounds considered »severe« in either yarding
treatment was less than that reported in other defer-
ment harvest trials in the region using conventional
ground skidding (Smith et al. 1989).

In addition, our analyses indicated that neither of
the logging methods studied – rubber-tired skidding
and shovel logging – can be recommended over the
other based solely on short-term impacts to soil bulk
density. Further studies of soil structural resiliency
(i.e., the ability of the soil’s structure to reform after
degradation (Pierce and Lal 1994)) for each treat-
ment, however, may be warranted in order to quan-
tify potential differences in long-term soil bulk den-
sity effects. In addition, future studies of the effects
of changes in bulk density on residual tree growth
and vigor will be undertaken on the treatment sites
described in this study.

However, where mitigating litter disturbance is
an objective, our results indicate that shovel logging
has significant advantages over rubber-tired skid-
ding. Shovel logging may be the better alternative
when harvesting in streamside management zones,
for example, where states’ BMP guidelines often li-
mit surface soil disturbance (e.g., Maine Department
of Conservation 1994, West Virginia Division of For-
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Table 5 Percent litter disturbance by treatment1

Treatment

0–25 percent litter
removed

26–75 percent
litter removed

> 75 percent litter
removed

(Percent of transect lenght disturbed)

Skidder 37.8 17.1 23.5

Shovel 43.5 19.8 7.7

1 Percents do not add to 100 because of areas in both treatments that were covered
by slash or were non-soil

Table 6 Average bulk density by disturbance class

Disturbance Bulk density, g/cm
3

No traffic 1.015

Primary skid trail 1.093

Shovel 1.123

Secondary skid trail 1.147



estry 1996). Perhaps equally compelling from both
environmental and economic standpoints, however,
may be the use of shovel logging as a substitute for
excessive skid trail construction, particularly in mo-
untainous conditions such as those found in much of
Appalachia, as well as areas where sensitive surface
conditions exist due to high water tables. In the
northern US, for example, shovel logging may help
to extend the logging season into the spring mud
season, when conventional operations that rely on
rubber-tired skidding can no longer operate without
significant soil disturbance.

We found that approximately 31 percent of the
skidder yarded treatment areas was occupied by pri-
mary skid trails. In mountainous regions in Appala-
chia, this type of trail would normally be construct-
ed with a dozer blade, exposing surface soil to the
potential for erosion (Egan 1999a). No such trails
were constructed on the shovel treatments or for sec-
ondary skid trails. In addition, from an operations
and equipment investment perspective, shovel sys-
tems may have additional merit in the region, since
when not used for yarding, the excavator may be
used for other logging-related tasks, such as road
building and loading. A complete economic analysis
of the costs and benefits of such an investment ap-
pears warranted.

Finally, although a time and motion study was
not performed during these comparative logging tri-
als, conversations with the logging contractor indi-
cated that shovel logging under the conditions de-
scribed was at least as profitable as skidding using
conventional methods. In addition, other shovel log-
ging studies that have employed a time and motion
component (e.g., Brown et al. 1993) have found that
the method was economical. However, these studies
were performed in clearcuts, suggesting that timing
studies of shovel logging in partial harvests are also
warranted.

Given these results, it is recommended that shovel
logging may be an appropriate alternative to rubber-
-tired skidding in heavy partial harvests of Appala-
chian hardwoods. However, the use of shovel logging
in partial harvests should be approached cautiously.
Marking stands to accommodate the excavator and
its boom may be one way of mitigating stand dam-
age levels over those experienced in conventional
yarding systems. This may be accomplished, for ex-
ample, by leaving trees in groups rather than evenly
scattered throughout the sale unit.

In addition, advances in shovel logging technol-
ogy should enhance its efficacy in partial harvests.
Smaller shovel logging equipment with shorter bo-
oms and no tail swing (a model with a 34-foot live-
-heel boom is now being marketed by a forestry

equipment manufacturer) may help to reduce the
frequency of residual stand damage under condi-
tions similar to those in this study. To determine the
merit of the method over a broad spectrum of condi-
tions, further studies of shovel logging operating in
a variety of residual stand densities and soil and
slope conditions are warranted.
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Helipace, Helicopter Logging Production
and Cost Estimation

Anika Juras, Steve Martin, Donald K. Nearhood

Abstract

Helicopter logging can be a cost-effective and environmentally sound method of harvesting

wood. When helicopter logging is being considered for a particular site, planners need tools

for estimating production rates and costs. Helipace, Helicopter Logging Production and

Cost Estimation, is a computer program that was developed to implement the estimation

process used by helicopter logging experts. The model emulates helicopter loggers’ methods

of evaluating proposed operations for individual harvest units. Through prompts and de-

tailed online help, the program guides the user in how to think about the proposed operation

to develop reasonable input values and results. The online help provides the user opportuni-

ties to learn about the questions that need to be answered and how experts think about the

questions using descriptions, photos, and ranges. Helipace was developed in 1990, and has

been revised several times in the following years. An update to the program will begin in Oc-

tober 1999. This update is a cooperative effort of USDA Forest Service (USFS), Aerial For-

est Management Foundation (AFMF), and Food and Agriculture Organization (FAO,

Rome). Helipace has proven to be a useful analysis tool for western United States and west-

ern Canada. The methodology implemented in Helipace is transferable to other geographic

areas; however, cooperators in other areas are needed to provide helicopter production statis-

tics and costs. Because the weight of wood to be harvested and the residual canopy closure

are significant analysis factors, a companion program, ForSee (Stand Visualization and

Volume /weight Analysis) was developed to assist users in designing helicopter logging op-

erations which are both economically and environmentally viable.

Key words: helicopter, logging, harvest, cost estimating, planning

1. Introduction

Foresters use various and continually developing
technologies. Among these technologies for harvest-
ing are high technology harvesting systems, such as
helicopter logging, and logging systems computer
analysis programs. These analysis programs may be
developed from work-study research and/or from
expert knowledge. For example, Heinimann and Ca-
minada (1996) studied and analyzed helicopter log-
ging operations in Switzerland and developed a pro-
ductivity model based on these work-studies. The
Helipace program is based on expert professional
helicopter logging experience.

Harvest planners must design harvest scenarios
that meet timber harvest goals and maintain envi-
ronmental objectives within economic constraints.
Helicopter logging is one alternative harvest plan-
ners may consider. Cost is a concern when helicopter

logging is considered, but helicopter logging can be
economically smart when road costs are high or the
volume to be harvested is scattered.

Harvesting cost is only one harvesting consider-
ation, one factor among others such as silvicultural
objectives, environmental objectives, and timber va-
lue. The cost of harvest operations is one factor that
may be significantly controlled by harvest planners.
Good planning can reduce costs and increase bene-
fits. For helicopter logging operations, planning based
on knowledge of the factors that affect costs can sig-
nificantly reduce harvest costs.

In order to do good planning, the harvest planner
needs knowledge of factors that affect cost and sa-
fety to do good unit layout. »However, experience
and ability to plan for the use of helicopters in log-
ging has been concentrated in the individuals who
work in the helicopter logging industry. Public and
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private planners have been unprepared to estimate
helicopter logging feasibility and associated cost.
Even planners who have had experience with previ-
ous helicopter logging jobs are lacking in knowledge
and skill to correctly estimate new jobs, because of a
lack of understanding of how the new variables will
affect costs. Consequently, adequate consideration
of helicopters for logging has not always occurred
during the planning process. Because factors that
critically affect costs have not been understood by
area and sale planners, the use of helicopters has
largely been a measure of last resort, leading to inef-
ficient and lost application of helicopter capabili-
ties.« (Lambert and Juras 1992).

2. Helipace

Helipace, Helicopter Logging Production and Cost
Estimation, is a computer program that was devel-
oped to implement the production and cost estima-
tion process used by helicopter logging experts. The
model emulates helicopter loggers’ methods of eval-
uating proposed operations for individual harvest
units. »Although there have been several studies of
helicopter logging operations by university, govern-
ment, and industry researchers, much of this re-
search has not been utilized, at least with respect to
improving Forest Service cost estimating methods.
Current methods usually predict a relatively narrow
range of costs, often either too high or too low in the
judgement of helicopter logging experts.« (Gonsior
et al. 1992) This assessment of available methods
provided an impetus to find a better tool. Helipace
was developed through close cooperation between
industry (the Helicopter Loggers Association through
it’s support of the Aerial Forest Management Foun-
dation), a major forestland manager (USDA Forest
Service Pacific Northwest Region) and the Pacific
Northwest Forest and Range Research Station.

The Helipace model is based on nearly 30 years
of experience by several helicopter logging compa-
nies. Commercial helicopter logging began in 1971
in the United States following experimental demon-
strations beginning about 1960 (Binkley 1961, 1972).
This experience is incorporated into the program al-
gorithms, program data (design loads and costs),
and the program help. »Helipace is unique in that it
emulates the analysis process used by helicopter
loggers in assessing proposed logging operations. It
incorporates their experience and expertise to derive
production and cost estimates which they would de-
duce themselves, given the same information« (Gon-
sior et al. 1992).

3. Model overview

Helipace is based on relatively simple, straight-
forward logic. It estimates a range of production
rates and costs for falling, yarding, and loading tim-
ber with an aerial logging system. The aerial yarding
subsystem, a helicopter and its crew, is the critical
component of the system. Remaining system com-
ponents (i.e., sawyers, riggers, loaders, etc.) are »tai-
lored« by the Helipace user to match the yarding
subsystem’s performance.

The focus of analysis with Helipace is on the har-
vest unit and its associated landing. With an esti-
mate of the total weight to be yarded from a unit to a
landing, and an estimate of the average payload for
the aerial yarding system, the required number of
trips is estimated. The design load capacity of the
aircraft depends on the elevation of the logging op-
eration. However, expected average payload will of-
ten be less than the design capacity, depending on
availability or abundance of logs and interference of
residual standing trees. The Helipace user is pro-
vided guidance in estimating expected payloads
ranges based on stand characteristics and cutting
specifications.

Multiplying the estimated total number of re-
quired trips by the average time per cycle yields an
estimate of the total yarding time for the unit. Part of
cycle time is determined by the distance between the
unit and landing, based on cruise speed. The re-
mainder of cycle time entails accelerations and de-
celerations at the beginnings and ends of flight seg-
ments, vertical maneuvering to retrieve loads from
the unit and to release them at the landing, and time
spent by the pilot in searching for loads that are ob-
scured by residual stand canopy. Flight distance is
established by the unit and landing coordinates or
directly by the Helipace user. Cruise speeds, acceler-
ation and deceleration times, and basic hooking and
unhooking times are incorporated in the model and
need not concern the user. But the user must provide
estimates of extra searching and maneuvering time,
based on expectations about residual stand charac-
teristics. Helipace help guides the user in making
such estimates.

Dividing total required yarding time by the aver-
age available time for yarding in a workday yields
the total number of workdays required to yard the
unit. This enables expression of mean daily produc-
tion rate in terms of conventional volume units,
which guides estimation of the number of sawyers,
loaders, and other support equipment and person-
nel needed to sustain it. Helipace provides help to
the user in making these estimates.
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With appropriate daily costs for each subsystem
component, a total daily system cost is derived,
which is then divided by the estimated daily pro-
duction to get production cost for the unit. Normally
a range of production costs is estimated by Helipace,
reflecting ranges in expected average payloads as
well as variations in daily system cost.

Finally, Helipace combines performance and cost
estimates for individual units and produces a sum-
mary for the entire project. (Gonsior et al. 1992).

4. Design load

Through aeronautical engineering, we know the
theoretical lift capacity of a helicopter. But what we
really want to know is what is the best working load
for a given situation and elevation. The best working
load is the load that will put the most timber on a
landing in a given day. Helipace predicts a design
load for an aircraft at a given elevation.

The design load is the mean load expected at an
elevation based on the experience of expert helicop-
ter loggers. The variables of temperature, humidity,
and barometric pressure are incorporated into this
mean.

Helipace contains design load information for six
helicopters, which have a design payload capacity
range of 1600 kilograms to 10400 kilograms at sea
level. The associated system cost data are updated
using a specific cost collection methodology approx-
imately every two years.

5. Helipace Help

The help built into Helipace is a very important
part of the program. To assist the user in taking the best
advantage of the productivity model, the program in-
cludes help that guides the user in how to think about
the proposed operation to develop reasonable input
values and results. The user is encouraged to think in
ranges of best to worst cases and to develop the situa-
tion recognition that experts use. The help content was
written based on interviews with helicopter logging
experts and logging systems experts.

The help contains 181 topics, approximately 30,000
words, 52 photographs, 20 charts/figures, indexed
by 126 keywords, and a text search index.

The help function is available at all times to assist
the program user in thinking through a harvesting
situation. The example help screens on this page
provide some insight to the process used in Helipace
to the important variables of cycle time, payload,
and wood weight per volume unit.
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Helipace Help Screen Example

Design load is the load which, for the given
aircraft and given elevation, results in optimum
performance of the system (i.e., least production
cost).

Design load is not the rated load capacity of
the aircraft; it is an optimal load that is based on
operators’ experience.

Helipace determines the design load for each
unit. For a given unit, the aircraft’s design load is
the average load that it can be expected to carry at
the highest mean elevation that it will encounter
in the yarding process. For uphill yarding, this is
the landing elevation. For downhill yarding, this
is the unit centroid elevation.

The Mean Target Load is the weight of logs (in
pounds or kilograms) that is desirable for the air-
craft to carry in each turn to achieve the best pro-
duction rate. Helipace computes the mean target
load from the design load for the aircraft and the
remaining crown closure.

Mean target load decreases as remaining crown
closure increases, because the residual crowns in-
terfere with turn retrieval and less logs will be car-
ried out in each turn.

When you assess wood availability, you are es-
timating probable turn weights with the mean tar-
get load as the absolute upper limit, but depend-
ing on conditions, not necessarily the upper limit
you can expect to achieve.

An example of general help available

When using Helipace to estimate logging costs,
the user should keep in mind that maximizing
payload will not give the best production rate or
cost. Rather, it is the proper combination of pay-
load and turn times that maximizes production.
The user also needs to consider landing sizes and
safety.

Factors That Affect Turn Times

Yarding distance � It’s obvious that longer yard-
ing distances require longer turn times.

Residual trees � This is a not so obvious, but very
important factor for two reasons:

Search time: the more trees that are left on the
stand, the harder it is for the pilot to find turns.

Vertical ascent: when there are residual trees, the
pilot must maneuver in and out of the canopy,
as opposed to an open area where he can swoop
in and out.



6. Program structure

The Helipace analysis is presented in a familiar
spreadsheet-like interface. The focus of the analysis
is an individual harvest unit. Planners may analyze
alternative layouts for each harvest unit to meet har-

vest cost or value objectives. Each alternative analy-
sis consists of a harvest unit, log landing, selected
aircraft, and a cutting specification. Planners may
consider different methods of achieving objectives
and easily analyze the costs of these different alter-
natives. Harvest unit information may be accumu-
lated to provide a planning area summary, including
costs that are not harvest unit specific, such as land-
ing construction costs and mobilization costs.

7. Program implementation

Helipace operates on the common Windows com-
puters. Current users include forest management
agencies, private consultants, and forest industry
companies. USDA Forest Service uses Helipace as
the official appraisal tool for helicopter harvested
timber sales.

The majority of the users are in the western
United States but the technique used in Helipace
should be applicable in any helicopter harvesting
environment. Heinimann and Caminada (1996) found,
where comparisons were possible, that Helipace re-
sults compared very well with detailed work-study
results in Switzerland.

The program has been freely distributed within
federal forest management agencies, especially USDA
Forest Service and Bureau of Land Management.
Copies are available from the Aerial Forest Manage-
ment Foundation for a nominal fee.
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Landings � Landing sizes, shapes, and approac-
hes can all affect turn time. The use of multiple
landings tends to increase turn times.

An example of a help screen explaining
terminology and concerns

Factors That Affect Payload

Density altitude � Elevation and temperature af-
fect helicopter lift capacity. When elevations
are entered in Helipace, the program adjusts
the design load to one that gives the best per-
formance for that elevation. Since it’s not pos-
sible to know what the temperatures will be
when a sale is logged, the design load in Heli-
pace has temperature considerations factored
in.

Residual trees � Residual trees can interfere with
hooking and lifting turns, especially multiple
log turns. The interference results in lower
turn payloads. For example, imagine needing
6 logs to make up a full turn, and that there are
30 logs on an acre with 200 standing trees. In
order to lift the turn out of the residual, fewer
logs will be carried.

Log availability � This is the hardest estimate to
make. It answers the question »will there be
enough weight in the logs available for a turn
to make up a full turn?« The Helipace help
topics contain guidelines and examples for as-
sistance in making this estimate.

Weight / payunit � How much weight has to be
moved to produce products (payunits) greatly
affects the cost of an operation. If most of the
weight yarded is lumber or veneer logs, the
cost per payunit will be less. If the weight
yarded includes a large amount of additional
fiber, the cost per payunit will be higher.

Safety

Limbs are the biggest safety issue in helicopter
logging. Snags can be unsafe, but they can be seen
and avoided. Limbs that may fall when turns are
lifted through the canopy cannot be seen until it is
too late to avoid them. There is a very simple
safety rule about limbs to use…

Figure 1 This graphic is an example of the Helipace interface with the
automatic help screen that may be made available to the user at each
row in the spreadsheet



8. Future development

Helipace will be revised during the next year to
address several desired additions:

• More helicopters

• Additional and updated help items

• Updated cost and production data

• Use of grapple in addition to the standard hook
system

• Improved use of metric measurements

• Address user questions

• Broaden applicability to more forest environ-
ments and geographic areas

• Update to Windows 95/98/NT/2000 operat-
ing systems

The development cooperators of this Helipace
update, USDA Forest Service (USFS), Aerial Forest
Management Foundation (AFMF), and Food and
Agriculture Organization (FAO, Rome), welcome
cooperation of any organization with an interest in
improving helicopter harvesting operations and
planning. Please contact one of the paper authors for
more information.
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Figure 2 Helipace structure encourages the user to take advantage of helicopter logger expertise through text, graphics, and photographs
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Helicopter logging

Valéria Messingerová, Tibor Luká~

Abstract

The paper presents the results of the analysis of helicopter logging issues, as well as the re-

sults of my own research elaborated on the basis of the practical use of a given technology in

the selected localities under conditions of forest management in Slovakia. The paper in-

cludes the assessment and possibilities of rationalization of technological method, as well as

the indices of helicopter efficiency in yarding felled timber (on the basis of measurements in

Belianske Tatry) and timber in purposeful main felling (protected landscape region Polana).

In the region of Belianske Tatry 612 m3 of timber was yarded by use of MI-8 helicopter.

The yarding distance was 700 m with the average time consumption of 6.46 min. per

working cycle, the average load volume of 2.78 m3 and the efficiency of 135.25 m3 in a

shift made of 50 turns. At the same time the assessment of the outside noise on the forest

area network was carried out and the map of noise spreading was drawn. The maximum

noise measured under the helicopter was 100 dB, while it was 85–88 dB at the distance

of 50–60 m. 1,061 m3 of timber from main felling was yarded by means of helicopter in

PLR Polana. The average cycle time was 4.8 min at the yarding distance of 800 m.

Daily volume of yarded timber was 178 m3 and the average load volume was 2.4 m3. The

contracting price for timber yarding was SKK 1000 per 1 m3 of softwood and SKK 1300

per 1 m3 of hardwood. Such economically demanding technology is applied in specific

conditions of mountain regions.

Key words: helicopter, logging

1. Introduction and issues

At present serious emphasis is placed on ecologi-
cal characteristics of forest ecosystems such as bio-
diversity, forest health-state and sustainable forest
functions. Various natural conditions such as ter-
rain, soil condition, accessibility, fragmentation of
stands intended for logging can arise interest in non-
-traditional transportation methods. In the countries
with developed economy and ecology timber log-
ging by helicopters, particularly in mountainous ar-
eas, has been increasingly used and it is becoming a
current operational technology rather than an ex-
traordinary measure (Messingerová 1994).

The results of the analysis aimed at helicopter
logging abroad as well as our own experiences and
research show that the interest in this transportation
method has been growing. The technology of heli-
copter logging has been used in many European
countries with developed forestry such as Switzer-
land, Austria, Russia, Norway, Germany and Fran-
ce. In Canada and the USA the share of this technol-
ogy in the total volume of timber yarding is even

more significant. In this paper the authors deal with
technical parameters of various types of helicopters,
performance characteristics, economic efficiency as
well as the impact of the technology on the environ-
ment. Emphasis is placed on the selection of stands
and preparation of terrain plan. High professional
level of helicopter pilot and other operators is an im-
portant precondition, as this technology is demand-
ing in view of labor safety (Sperisen 1990). The Swiss
Helicopter Company – AG Heliswies, has been deal-
ing with timber yarding for more than 10 years. To
reach the performance of 20 flights per 1 hour a
well-skilled team of forest workers and good organi-
zation of work is necessary (Mayer 1981). Koval, I.P.,
Solncev, G.K. (1992) review the application of vari-
ous logging methods in the forests of Northern Cau-
casus where helicopter is used for yarding. They
compare the damage to the environment caused by
various technologies of timber yarding. In the USA
and Canada helicopter technology with the helicop-
ter load capacity of 2.5–10 tons has been used. Tim-
ber is yarded to the distance of about 1500 m with
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120–150 turns (cycles) per one shift. Mean perfor-
mance per shift is 200–470 m3 of timber.

In the forestry of Slovakia MI-8 helicopter with
the load capacity of 3 t (Figure 1) has been used for
timber yarding. Working procedures and technical
equipment are derived from the experience with
load transportation in industry. Specialized private
companies are engaged for the work. Mean daily
performance ranges between 200 and 250 m3, mean
time consumption per 1 m3 of timber is about 10% of
the time necessary for other timber yarding technol-
ogies.

2. Methods

The research of the technology was carried out in
several localities in the period 1992–1999. Time mea-
surements of particular working operations and per-
formance per shift were carried out. Economic anal-
ysis was made with the aim to assess the perfor-
mance. Measurement methodology was based on
traditional methods of work assessment.

Simultaneously external noise was measured at
the working site as well as in the surroundings, na-

mely in the forest area network to the distance of
2 km. The measurements were processed into noise
maps. The survey of the results from the locality in
the High Tatras (Správa TANAP, LS Javorina) con-
ducted in June 1999 is given in the paper. The model
of noise transmission in a particular locality was de-
rived from the measured values.

3. Results

High performance technology requires high qua-
lity technological preparation of the working site.
Short time consumption per working cycle requires
perfect work organization and the observance of
safety at work rules applicable for aerial operations.

The requirements are as follows:

• preparation of the working site,

• preparation of sufficient amount and suitable
location of log yards,

• fulfillment of technical requirements for heli-
copter operation.

Technological procedure should be adapted to
terrain conditions, particularly to the type of log-
ging. Whole-trees, whole-stems or assortments can
be yarded by helicopter.

The operations carried out in the stand aimed at
providing timber from salvage felling are namely
delimbing and separating of stem from root collar.
Salvage felling proceeds from the lower part of the
slope and preparatory works must be performed
prior to timber yarding. If the volume of stems is not
high bucking of stems must be performed on the
stand and suitable conditions must be provided for
safe tying of stems and helicopter flight. If the timber
to be logged is dispersed in the stand, the helicopter
can also easily lift the stems from a particular place.

Technological procedure of helicopter yarding of
trees in the stand (intentional regeneration felling)
can affect considerably the efficiency and safety of
this technology. By securing directional felling, opti-
mum load weight for the helicopter can be provided
in accordance with its load capacity. At the same
time the risks of work safety can be minimized. In
contrast to processing timber from salvage felling,
other yarding and skidding equipment is mostly not
necessary. Larger stems must be shortened to com-
ply with the helicopter limiting load values. The
length of logs depends on the species, volume we-
ight of tree species, timber moisture and kind of as-
sortment.

The performance of helicopter technology in tim-
ber yarding is considerably affected by the quality
and readiness of preparatory operations in the stand.
Preparation for helicopter yarding already during
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Figure 1 Helicopter MI-8 in operation above the yarding site



logging can affect time consumption necessary for
tying the load and thus also the duration of the
whole working cycle. Time consumption for respec-
tive operations of the working cycle is given in Fig-
ure 2, 3 and Table 1.

The helicopter crew consists of three operators (2
pilots and 1 navigator). The load is prepared, tied
and untied in the log yard (unless the load is untied
automatically) by other operators specially trained
for the operation of load hanging below the helicop-
ter.

Timber should be yarded outside the residential
areas and industrial areas so as not to put at risk peo-
ple, buildings or any equipment by load untied by
accident. The working site must be protected against
the presence of unwanted people. Timber yarding
by helicopter must comply with applicable rules for
aerial transportation and it cannot be performed in
fog and strong wind. The slope and configuration of
terrain as well as rain do not interfere with helicop-
ter operation but make the work of the operators on
the ground more difficult.

The performance of helicopter depends on the
time of the turn, size of load per one cycle and forced
idle time. The duration of working cycle depends on
the performance of workers tying the load, on their
ability to determine the load weight, to tie stems
quickly and to prevent repeated untying in case of
overload. Each helicopter is equipped with a device
for measuring the weight of load by dynamometer.
This equipment is used for checking the proper load
weight.

Load untying can be done manually, mechani-
cally or automatically. The size of load depends es-
pecially on the helicopter load capacity, season and
daytime depending on temperature conditions. With
lower temperatures lifting capacity is higher. It is
better if the load consists of smaller number of stems
because a shorter time is necessary for tying. Fur-
thermore, tying is safer and the chances of accidental
untying are smaller.

The load is tied to the helicopter either to the
winch rope or more frequently to the fixed rope of
the helicopter because lifting of load by winch is
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Table 1 Mean time consumption per respective phases of working cy-
cle in timber yarding by helicopter in protected landscape area Polana
for mean yarding distance 800 m

No Working operation
Time consumption

(min)

1. Flight without load into stand 1.16

2. Flying down into stand 0.29

3. Load tying 0.62

4. Lifting of load in stand 0.38

5. Flight with load 1.61

6. Flying down into log yard 0.33

7. Load untying 0.29

8. Load lifting 0.18

Duration of working cycle 4.83

Number of flights per 1 day 72

Time consumption per fuelling 11.23

Time consumption per daily maintenance of helicopter 45.20

Table 2 Indicators of performance in timber yarding by helicopter

Performance indicator Mean value

Daily volume of yarded timber (m3) 178.08

Number of stems in one load (pcs) 1.61

Volume of one load (m3) 2.10

Volume of one yarded stem (m3) 1.38

Time consumption per 1 m3 of timber (min) 2.48

Figure 2 Structure of helicopter time consumption in timber yarding

Figure 3 Total time consumption per 1 m
3

depending on the size of load



slower than by fixed rope. Moreover winch decre-
ases the useful helicopter weight. Fixed rope is long
30–50 m.

It is possible to perform timber yarding from any
place. It is better if the timber is placed on a more
open area, for example on the border of the stand but
the load in the stand can also be lifted by helicopter
moving above the stand.

From technological viewpoint the most demand-
ing operation is tying of the load in the stand. This
operation must be performed as quickly and safely
as possible. Particularly during processing the tim-
ber from salvage felling the conditions for tying are
demanding and difficult. It is, therefore, recom-
mended to prepare at least two working sites on a
particular plot (with 2 operators tying the load in
each working site). It creates time reserve for the
preparation of the following loads. The co-ordina-
tion of the whole team is implemented with the help
of transmitters. Forest workers must wear ear pro-
tectors and safety helmets. Upon tying the load into
the choker, forest workers must move away quickly
to the safe distance as the velocity of air circulation
below the helicopter is 220 km h–1. It is also a good
precaution against accidental untying of the load.

Selection of sufficient log yards and localization
of log yards play an important role in the technologi-
cal preparation of the working site. The location of
log yard must provide the conditions for putting
down the load without any time or spatial restric-
tion. The size of log yard depends on the amount of
timber and the requirements on timber sorting, for
example by tree species or assortments. Though
time consumption per working cycle is low with the
yarding distance of 700–800 m it enables partial
skidding up of stems by tractors in the yard.

From the viewpoint of technical safety it is neces-
sary to choose a safe place for the fuel tank, which
must be also suitable for fuelling.

4. Impact of helicopter noise
on forest environment

The advantages of helicopter logging in eliminat-
ing the damage to forest environment are beyond
dispute. Forest soil is not disturbed and conditions
for precipitation erosion are not created. However,
helicopter noise affects adversely the environment.

Noise measurements were carried out by means
of Bruel and Kjaer equipment with A weight filter.
Noise was measured on the ground at the working
site and in the surroundings according to the proce-
dure specified by respective hygienic standard. The
helicopter noise was assessed as its effect on workers

(noise at the working site) and on others (noise out-
side the working site). In the first case the limiting
value of the noise is Lp = 80 dB(A) with the correction
of the basic level – 5 dB because we can consider the
work of workers tying the load strenuous and de-
manding on the accuracy and concentration. In sec-
ond case we can use the value 55 dB(A) as the high-
est permitted level of noise for aerial operation
(Konrád and Messingerová 1993). If the helicopter is
hanging over the working place (the length of rope is
50 m) the noise in that place is 93–100 dB(A). Per-
mitted level of 80 dB(A) was found at the distance of
100–250 m depending on terrain configuration. The
distribution of noise in greatly broken terrain with
noise shadows (after the ridge, in dense stand)
shows different distribution than in the open area.
Therefore in this area the workers must wear ear
protectors. The value of noise in the surroundings, in
slightly broken terrain, shows that the limiting val-
ues of noise were found at the distance of 1.0–1.5 km.

Last measurements of noise were conducted in
the High Tatras in June 1999. The model of noise
level was derived from the results depending on the
helicopter distance and height (Figure 4). Figure 5 il-
lustrates the noise intensity in the given locality.

The helicopter technology achieves 8–10 times
higher performance than tractor technology and 20
times higher performance than cableway. Consequ-
ently, the noise during helicopter operation affects
forest environment for a substantially shorter period
of time. This fact is important particularly in pro-
tected areas. Furthermore, the noise was measured
under the most unfavorable conditions. During the
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Figure 4 Model of the intensity of helicopter noise in dB(A)



helicopter flight the level of noise on the ground is
substantially lower.

Analysis of time consumption for respective op-
erations was carried out. Periods of the impact of di-
rect noise on the workers on the ground were pro-
cessed. Noisy and silent intervals were calculated
for the workers operating on the ground. The results
presented in Table 3 show that only during a short
part of the working cycle the workers tying and un-
tying the load are subjected to excessive noise.

Forest workers tying the load are subject to injuri-
ous effects of noise for about 97 minutes per shift
and forest workers untying the load for about 43
minutes.

Another issue is the effect of excessive noise from
the viewpoint of disturbing the fauna, especially in
protected areas. In the selection of time period it is
necessary to take into consideration the periods of
birds nesting and game mating and to agree the term
of helicopter yarding with the governmental author-
ities for environmental protection.

The results show that noise exceeds the limiting
values but tractors used in timber yarding also ex-
ceed these limits. Exceeding these limits is less sig-
nificant for helicopters. The change of exceeded lev-
els is not so quick and excessive noise was only mea-

sured in areas close to the tractor. At the distance of
2 m from the tractor the noise is 90–95 dB(A) and at
the distance of 20 m about 75 dB(A) (Konrád 1973).

5. Conclusion

As shown by the analysis of timber yarding ab-
road and by our own experience, helicopter technol-
ogy is a high performance and environmentally fri-
endly technology. It is advantageous because roads
need not be constructed, timber is transported with-
out damage to forest stands and timber yarding can
be performed in the stands with difficult access or
with no access. In such areas traditional ways of log-
ging cannot be used and therefore production poten-
tial of such stands has been decreasing.

Helicopter technology ensures elimination of soil
erosion, quick yarding of large volumes of timber
processed from salvage felling and timber utiliza-
tion without any quality reduction.

Under condition that good planning and work
organization are provided and taking into consider-
ation safety and noise impact on the environment it
is possible to obtain good results in spite of the fact
that compared to traditional technologies helicopter
logging is the most risky one.

Despite high costs of helicopter technology, this
technology is supposed to be very promising in
stands where requirements on the preservation of
environmental stability are dominant.
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Table 3 Noisy and silent intervals during helicopter operation

Working operations %

Cycle Shift

noise
(min)

silence
(min)

noise
(min)

silence
(min)

Helicopter operation 100 5.92 300.0

Above the site of tying 32.2 19.1 4.01 96.6 203.4

Above the site of untying 14.4 0.85 5.07 43.2 256.8

Figure 5 Map of isolines of helicopter noise intensity in dB(A)
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Delay in introducing high technologies
in wood production in Slovenia – reasons

and possibilities for their elimination

Edvard Rebula, Igor Poto~nik

Abstract

New technologies in wood production from boreal coniferous forests were introduced in

Slovenia with a certain delay. When introducing manual mechanised work phases (power

saw, manual debarking and partly mechanised hauling, manual loading) the delay was 15 to

20 years. Full mechanisation (long assortments, central mechanised yards, mechanised

hauling and loading-unloading of wood assortments) was introduced with a 10-year delay.

Thus the central mechanised yard in Maribor was put into operation only in 1972. Up to the

early '80s 50% of conifers roundwood was processed in central mechanised yards. High

technologies (phase of automation in forestry) have not been introduced yet in Slovenia. The

exceptions are some attempts (wood chipper in Postojna in 1987, processor in Celje in 1989,

harvester in Ljubljana in 1996) where good results have been achieved. In this field the delay

is 20 years and it still continues. There are several reasons for the delay:

• type and characteristics of our forests: mostly broadleaved, higher diameter trees, steep

and rocky terrain, lower secondary accessibility;

• forest management: ban on clear cutting, mostly selective and multiple-aged forests,

natural regeneration, tree management, multiple-purpose role of forests, emphases on

environmental and social functions of forests, selection and hierarchy of management goals

and activities for their implementation;

• economical: the price of wood, labour and productivity;

• environmental: impact of high technologies on soil and stands;

• social: situation and organisation of forestry, living standard, transition.

Although the attempts of introducing high technologies gave positive results and showed

that their implementation in appropriate stands and terrain conditions is competent and

rational, we can not expect their fast and broad application. Besides the characteristics and

functions of our forests, the reasons for their unsatisfying use also lie in low living standard

(high share of unemployment, cheap and poorly organised labour force), small-scaled forest

property, uncertain situation and position of forest enterprises in state forests, lack of

investments and development of high technologies, etc. We estimate that 10 harvesters and

processors would be enough to provide sustainable, economical and environmentally sound

forest operations in Slovenia.

Key words: high technologies, wood production, Slovenia

1. What is high technology and reasons
for its introducing?

High technology in wood production is work with
modern machines for timber felling and wood pro-
cessing (harvesters), machines for branching, bucking

and transverse cutting (processors), wood chipping for
boards and cellulose in forest and wood hauling with
appropriate vehicles (forwarders). Some working pro-
cedures based on such technologies are automated
and therefore some authors (Krivec) recognised them
as phases of partly automated forest harvesting.
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New technologies are introduced for economical
reasons. When work productivity increases the in-
crease of work costs follows and then new techno-
logies are introduced so as to provide economical
work. The situation is present everywhere and Sam-
set (1977) expressed it in the law of discontinued
evolution in forestry. The situation in Slovenia re-
garding that law is shown in Figure 1.

The difference of forest workers productivity in a
working day is shown in view of implementation of
modern technologies. The productivity kept increas-
ing up to 1980. After 1980 the technology has not
changed. Due to smaller rationalisations the pro-
ductivity still increases and it is close to 6 m3/day.
Acrording to out estimation the increasing trend of
productivity will stop soon and forest work will be-
come too expensive – we are already facing this
problem with thin wood. The costs of harvesting
wood of less than 30 cm in diameter is not economi-
cal any more (Rebula 1998). If we take into account
investments in forests the economical level is be-
tween 35 and 40 cm. Therefore, only trees with high-
er diameter ensure economical harvesting. The last
results show (Rednak 1999 b) that forestry in state
forests is not economical any more. This should be
an impulse for changes of technology.

The next reason is ergonomics. All workers engag-
ed in harvesting are over-loaded with noise and
vibrations. Lumbermen are exposed to especially
high vibrations. They work on branching with power
saws up to 70% of productive time. High technology

is appropriate for thin wood and problems of ergo-
nomics and economy could be solved.

Figure 1 shows that full mechanisation of forest
harvesting was reached 20 years ago. At that time
some high technologies were introduced in some
countries. So we are 20 years late and our delay is
increasing.

2. Reasons for delay

There are several reasons for not having intro-
duced high technologies in Slovenia yet. Some of
them are caused by natural conditions and charac-
teristics of our forests. The problems are steep, rocky
terrain and trees with higher diameter. It is certain
that under the said conditions high technology will
not be applied; mostly because of lower economical
effects. But such difficult terrain is quite rare. It is
less complicated to carry out timber processing than
skidding on forest roads.

Other reasons arise from our relationship toward
our forests, management goals, social relations, po-
sition of forestry, living standard, organisation of
workers, etc. These reasons could be changed in
time; they could become even more important or
disappear completely. We believe that such reasons
are the main obstacle for introducing high techno-
logies in Slovenian forests.

The type of forest management is crucial. En-
vironmentally sound management is an obligation
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Figure 1 Productivity of forest workers (h/m
3
) – Forest Enterprise Postojna



provided by low. Clear cuttings are not allowed. The
regeneration is mostly natural. We aim at diversity
from any point of view (number of trees, age diver-
sity, dimension diversity – selective or multiple-aged
forests). We manage each tree. Silvicultural goal is
the forest with higher diameter trees. Forest ma-
nagement is multi-purpose, not exclusively focused
on productive and economic role of forest. Even in
the Forest Act the productive function is always the
last one. All forest activities should be oriented to
nursery. The highest attention should be paid to
trees left in the stand after felling. Therefore, the
goals of management, forest activities and technolo-
gies depend on such approach. Also the environ-
mental criteria for evaluating damages caused by
harvesting are very high.

All the above mentioned was accepted by fo-
resters. However the problem arises when such ma-
nagement has to ensure profit, expected even by the
state for state-owned forests (Rednak 1999a, 1999b).
Only forest owners take into consideration the eco-
nomic aspect of their work.

High technologies in forestry are among the ca-
pital, intensive branches of economy. They are very
expensive. They are profitable if high daily work
productivity, annual productivity and amortisation
are ensured. High technologies are applied in the
following areas: clear cutting economy, large areas of
even-aged forests, even-diameter and thin forests,
high intensity of thinning.

The main reason for not having introduced high
technologies yet is economical. The problem of the
actual technologies is not in the efficiency but in the
obstacles caused by extremely emphasised ecolo-
gical and social functions of forests as shown in
Figure 2.

Figure 2 comes from the harvester work-study
(Timberjack FMG 1270 in 1996 in forest district Rav-
nik) written by Maru{i~ (1998). There are added hy-
pothetical costs in cases where 1.5 and 2 trees would
be processed from the same standing. We estimated
that the processing time (the main productive time)
for 1 tree and for moving it from the first to the sec-
ond standing is the same as in the study. The study
covered the problem of harvesting young planted
spruce stand (growing stock 100–130 m3/ha) affected
by snow-break. There were 804 trees cut per 1 hect-
are or 93.2 m3 (70 % of all trees). Of course the inten-
sity of felling was extremely high – it was up to 3.4
times higher than normally in similar stands.

Figure 2 shows that:

• under these conditions harvester operations
were less expensive (we assume at least 500
hours of operational hours per year). If 1400
operational hours per year are reached, the
machine work is 40 % less expensive than the
manual one.

• during the working day when from one stand-
ing 3.6 trees were processed the costs were 25%
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Figure 2 Cost of assortments processing (DEM/m
3
) with harvester Timberjack FMG 1270 in relation to number of trees processed from one standing and

number of annual working hours – average tree 0.088 m
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higher than in the case when from one standing
5.9 trees were processed. In the first case 1.20
min. was needed to process one tree (with 47 %
of auxiliary productive time). In the second
case the same share was 28 % and 0.94 min. was
needed to process one tree.

• when processing less than 2 trees from the same
machine standing manual work is more eco-
nomical.

However, the investigated harvester is not the
best suitable for thin trees and less heavy machines
would be more effective. Despite it all, the relations
expressed in Figure 2 show the impact of silviculture
on high technology implementation. According to
our estimate if harvesters used only skidding roads,
with the usual intensity of felling (for Slovenia),
there would be less than 2 trees processed from the
same standing and more time for processing would
be necessary. Therefore such technology is too ex-
pensive even in the case of 1400 of operational hours
per year, which is hard to expect. Considering our
organisation and working habits only 1000 opera-
tional hours per 1 year can be expected.

The next reason for the delay is the price of im-
plementing high technologies (expensive compared
to manual work), problems with repairs and spare
parts. Some of the other reasons are lower living
standard, cheap labour power, high share of un-
employment, fear of losing jobs, etc. Wages decrease
relatively slowly and nowadays they are at the level

of the early '80s (see Figure 3). Wages of forest work-
ers represent only 30–35% of wages of forest workers
using high technologies.

Other reasons for the delay are also changes (po-
litical and economical) in the new country after 1991.
Here are the questions of organisation of forestry,
uncertainty concerning forest enterprises, denatio-
nalisation and liberalisation of forestry. The amount
of state forests was reduced due to the process of
denationalisation where forest enterprises perform
harvesting operations. On the other hand mainly
smaller owners will be given 150–180,000 ha of forests
(50–60 % of former state forests). Also the amount of
felling decreases. There are still some problems (po-
litical) about concession in state forests. Due to all
these facts the amount of felling per forest enterprise
was reduced by 50 % (45,000 m3). Therefore forest
enterprises are not highly motivated for introducing
(expensive) high technologies, as their economy is
uncertain. To achieve economical work each har-
vester should process at least 14–17,000 m3 of as-
sortments. Considering our working conditions and
intensity of felling (thinning) there are 450–800 ha of
forests appropriate for applying high technologies
(in the stands or by the forest road – processors
where whole trees should be transported to the fo-
rest road) – which is hard to reach. However high
technologies will be introduced – sooner or later and
the sooner the better. Some researches also prove
(Tomani} 1998) that at the same place (state, society)
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Figure 3 Average gross wages per month (DEM/month) and indexes of real wages



and time all harvesting technologies are used, from
those most simple to those highly developed.

There are also some signs showing better pro-
spective of introducing high technologies; the most
important were given by silvicultural experts. It is
recognised (Diaci 1996) that silvicultural goals from
the past are not in contradiction with the results of
modern forestry. Even though forest nursery is not
focused only on wood quantity and quality, the pro-
ductive function of the forest is still the most im-
portant function in highly industrialised European
countries.

As every investment should be economically ef-
fective the forest nursery should also meet the same
goal. The fact is that incomes from wood selling
cannot cover the expenses of nursery and prove
social and ecological functions. So some extra funds
(public) should be ensured and rationalisation of
nursery should be implemented (Diaci 1999, Ott
1998). At this point we have to decide whether to
insist on the actual nursery concepts and its ex-
penses or to adopt the new concept and introduce
high technologies due to economical reasons. Of
course these goals must be achieved within the
framework of ecological acceptability and econo-
mical effectiveness.

The experience on implementation of high tech-
nologies in neighbouring countries is positive. About
800 harvesters and 2000 forwarders operate in Ger-
many. Their work is economical, especially in sani-

tation after calamities. Good results were establish-
ed in Germany (Dummel 1999, Pausch 1999) in view
of productivity, expenses and ecological acceptabili-
ty of several harvesters – even of the heaviest among
them. Beside the economic aspect, the ecological as-
pect is also acceptable. Between 1.5 and 2 million m3

of wood in Austria is processed by 110 harvesters
economically and environmentally acceptable – they
invested DEM 55 million in high technologies. By
using harvesters, stand thinning became economi-
cally positive (Becker 1995).

There are also some experiences in Slovenia. Years
ago the processor was used along with the harvester
(Figure 2). Processor was investigated in terms of
felling and whole trees hauling (Rebula 1990a), pro-
ductivity (Rebula 1990b) and economy (Rosenstein
1990). Processor was economically effective and eco-
logically acceptable. The economy of processor KP40
is shown in Figure 4.

We can conclude that the processor operation
was economical, very much like that of the harvester
(Figure 2). The economical effectiveness depends on
an average tree volume and amount of work per
year. The highest economical effect is achieved at the
tree volume of 0.20 m3/tree (diameter 20–25 cm).

Expenses of the work are increasing in Slovenia,
too and some forest enterprises are not profitable
any more. The same conclusion is implied by Figure
5 which shows the amount of working hours (ave-
rage) covered by 1 m3 of sold wood. The average
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Figure 4 Processor KP40 expenses compared with manual work (related to tree volume and operational hours/year)



price of wooden assortments is also presented in
Figure 5.

It can be concluded that nowadays only 70–80 %
of the price is achieved compared with the early
‘80s. The real value is still lower due to inflation
impact. And what is more, nowadays with 1 m3 of
assortments we can buy only 50% of workers’ hours
compared with the situation we had 15 years ago.
And this trend continues.

The last problem we want to point out is the issue
of defining forest regions appropriate for high tech-
nologies from technical and ecological point of view.
It has been estimated for Croatia that 54% of the
annual cut can be harvested with the use of high
technologies (Bojanin and Krpan 1997). We can es-
tablish that 80 % of forests are suitable for tractor
skidding and most skidding roads are already built.
The productive function is emphasised in 82 % of
forests and only 6 % of forests have additional ecolo-
gical or social function. Only in the period 1986–1988
5 200 ha of spruce stands were established and plant-
ed. It seems that 10 processors and harvesters could
work economically – and even more so in case of ice-
and snow-breaks.

3. Conclusion

High technology was not introduced in wood
production in Slovenian state forests due to many
reasons: type of forest management, inexpensive la-

bour power and uncertain situation in forest enter-
prises. However, economical situation, decrease of
wood process and increase of wages imply the ne-
cessity of introducing high technologies. Performed
investigations come to the conclusion that high tech-
nologies are economically and ecologically accept-
able. It is estimated that at least 10 high technology
machines could work effectively under actual con-
ditions in Slovenia.
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Strategies for utilization of forest biomass
in the Republic of Croatia by 2030

Julije Domac, Stjepan Risovi}, Stanislav Sever

Abstract

Strategy for the development of energy sector in the Republic of Croatia involves the period

up to 2030, focusing its interest primarily on the increase of energy efficiency. Increase of ef-

ficiency of forest biomass utilization offers a direct, cost-effective and environmentally

friendly option. The Republic of Croatia is ranked as the country with significant percentage

of forests per capita with its 43.5 % of forestland and about 1/3 of the total state territory

covered with forests. Total growing stock in Croatia amounts to 324,256 million m3. This

guarantees the possibility for a bigger share of forest biomass in total energy balance. In

1995, the share of forest biomass in total technical potential (39,059 PJ) amounted to 24,840 PJ

or 63.59 %. Researches conducted so far indicate that further potential of biomass of forest

origin, for the use of which certain requirements must be met, is 10,800 PJ or 98.13 %. It has

been estimated that the share of forest biomass, as potential energy source in the Republic of

Croatia, might reach 58 PJ by 2025, as a result of afforestation and regular activities in Cro-

atian forests, stipulated by economic policies. In identifying the energy needs of the Republic

of Croatia, forests, as potentially renewable source of biological matter, may be a continuous

source of fuelwood – the primary energy. The strategy for the energy source development in

the Republic of Croatia recognizes forest biomass as the most important renewable source of

energy apart from large hydroelectric power stations. Recent researches conducted in the

first half of 1999 confirm the above stated.

Increased energy production from forest biomass based on known and recognized ways of

utilization and technologies, theoretical bases and experimental verifications, could in the

long run contribute to: the increase of energy production from forest biomass; increase of en-

ergy efficiency and decrease of energy sources import. It could also provide regular supply; a

significant decrease in the impact energy sector has on environment; new job opportunities

and investments into the state welfare sector; development of legal bases and incentive mea-

sures for individual energy units and beyond.

Experience of the industrialized countries has shown that it is necessary to create one’s own

energy policy, responding to the demand for the development of a new economic system in

energy sector. Still, experience of the industrialized countries in the utilization of forest bio-

mass, even of the countries with a well designed energy policy, can only be used as assistance

in our own search for the most favorable options.

Key words: strategy, forest biomass, wood surplus, environmental protection, bioenergy power

plant, energy efficiency

1. Introduction

The application of high technology in the use of
forests and communications opens new possibilities
of acquiring and use of biomass for energy purposes.
Changes in energy sector will not occur by them-
selves and great effort will be required to develop an
organized system of energy management. In base of

the experience of industrialized countries, the right
balance must be established between the market and
government incentives, technical-technological stand-
points of energy management and social aspect of
energy management. The strategy of acquiring and
use of forest biomass based on sustainable develop-
ment and environmental protection makes part of
the draft Strategy of Energy Development in the Re-
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public of Croatia and of the National Energy Pro-
gram within PROHES Program. When analyzing
this strategy, the following factors were taken into
consideration: increase of energy efficiency, safe en-
ergy market supply, possibilities of joining the Euro-
pean pilot projects in the field of new technologies,
adaptation to regional, European and global trends.

2. Experiences of other countries in
utilization of biomass energy

In EU countries more than 1,700 PJ of energy was
produced out of biomass, i.e. 59.5% of all renewable
sources in 1995. It is estimated that by 2010 the pro-
duction of biomass energy will have increased to
5,500 PJ, thus reaching the share of 73% (Table 1) in
relation to other renewable sources.

The experiences of industrialized countries (Aus-
tria, Finland, Sweden, etc.) show that biomass from

forestry and waste in wood processing plants, by im-
plementation of high technologies, are highly ranked
in the energy balance and economically well as-
sessed. Thus, e.g. in Finland in 1994, the share of en-
ergy obtained from wood was 14% or approximately
4.3 Mt (Mt – megaton of the equivalent or equally
valuable oil) with the intent to increase the share of
biological origin fuel by 25% up to 2005. In Austria
the share of biomass is approximately 14% in the
production of primary energy while in Sweden in
1998 more than 18% of total energy consumption
was provided from biomass. It is estimated that by
2002, the production of electric energy from biomass
will have reached approximately 3,000 GWh per
year (Tegner 1998).

3. Forest biomass

In Croatia the area covered by forests and forest-
land is 2,485,611 ha or 44% of the surface of the conti-
nental territory of the country. Table 2 gives the survey
of surfaces regarding the ownership (Anon. 1996A).

The division of covered forestland in view of
silvicultural forms is significant for energy biomass,
e.g. high forests, coppice forests, macchia, garrigue,
bushes, cultures and plantations and in the world
there are also energy forests, still not known in Croatia
(Table 3).

There are approximately 12,300 km2 of highly
valuable high forests and 5,049 km2 of low or cop-
pice forests. There are 3,299 km2 of different de-
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Table 1 The use of biomass in EU countries in 1995 and the assessment
for 2010 (Anon 1998)

Form of biomass energy use 1995 2010

Family houses heating 301.8 TWh 707.8 TWh

Regional heating and processing heat 116.0 TWh 464.0 TWh

Electric energy production 53.4 TWh 221.6 TWh

Liquified bio-fuel production 5.8 TWh 127.6 TWh

TOTAL 477.0 TWh 1521.0 TWh

Table 2 Groups of forestland cover for three types of ownership over them

Category of forestland cover

Ownership
TOTAL

»Hrvatske {ume« Other companies Private

ha % ha % ha % ha %

Forest 1,592,869 79.99 31,278 90.00 454,133 98.48 2,078,289 83.61

Non-forested
land

Productive 323,130 16.22 1,229 3.73 6,975 1.51 331,334 13.33

Non-productive 14,490 0.73 107 0.32 20 ~ 0 14,618 0.59

Barren soil 61,048 3.06 314 0.95 8 ~ 0 61,370 2.47

Total 1,991,537 100.0 32,928 100.0 461,136 100.0 2,485,611 100.0

Table 3 The share of covered forestland in view of silvicultural form, in ha

Ownership High forests Coppice forests Bushes Thicket Macchia Garrigue Plantation TOTAL

»Hrvatske {ume« 1,018,054 252,137 258,129 6,900 29,255 13,072 15,322 1,592,869

Other companies 25,582 2,404 1,202 0 1,569 132 398 31,287

Private 183,905 250,360 19,688 0 0 0 181 454,133

TOTAL 1,227 541 504 901 279 019 6,900 30,824 13,203 15 901 2,078,289



graded formations such as macchia, garrigue, bush-
es and thicket and the area covered with poplar and
willow plantations amounts to 0.159 km2.

The growing stock of the Croatian forests is
324,256 �106 m3, and total forest increment in Croatia
is approximately 9.6 million m3 (2.96 %). By increas-
ing the increment by different measures, it is quite
reasonable to expect the possibility of the increase of
the available biomass for energy purposes.

The part of growing stock planned for felling, the
so-called annual cut for the period 1996–2035 is
shown in Table 4, broken down according to forest
yields for all owners.

A forty-year period is taken into consideration, in
which for the first ten years everything is specified
and for the following thirty years it is scheduled. The
average felling in the first (half)period amounts an-
nually to 5.35 million m3 and by the end of the said
period 6.45 � 106 m3 per year. The achieved annual
cut or the so-called realized annual cut, usually dif-
fers from the possible annual cut.

On the basis of the quantities and shares of as-
sortments in total annual cut of all owners for (half)-
periods from 1996 to 2035, Table 5 shows the results
of the calculation of total energy potential of slightly
dried (W = 15 %) cordwood for energy and waste.
The same Table also shows the energy potential of a
part of wood matter in sawmill processing. When
speaking about wood processing within wood-in-
dustrial companies, the utilization of wood can be
increased for energy purposes by transforming the
waste into heating energy or some other kind of en-
ergy. In sawmill processing, a 30 % residue is left af-
ter sawing 1 m3 of conifers (15 % – saw dust, 15 %
chips), and with broadleaved timber 40% (20 % –
saw dust, 20 % chips). The waste with veneer pro-
duction is 20 %.

The available surface of forestland, as shown in
Table 2 – 331,334 ha of non-forested productive fo-
restland in the Republic of Croatia, is the significant
base for the assessment of forestland primarily in-

tended for wood as energy source. Biomass obtained
from special purpose forests, fire-burned forests, etc.
should also be taken into account. Assuming that en-

ergy forests could be established on 30% of the said
land, with a 5-year production period and biomass
production of approximately 12,000 kg/ha x year of
dry matter, the annual growth of 1,200 x 106 kg/y can
be expected with adequate investments on an area of
100,000 ha. Such annual growth could be »harvest-
ed« by use of mechanization.

Apart from the above said, by investments into
degraded forests, the quality and quantitiy of the grow-
ing stock of bushes, thicket, macchia, etc. can be in-
creased. In only 30% of approximatelly 330,000 ha of
such forests, an increment of approximately 5 to 8%
could be obtained, increasing thus the annual growth
by approximately 643,000 m3/a.

It is estimated that approximately 2,043,000 m3 of
biomass for energy purposes could be obtained an-
nually by adequate investments into afforestation
and increase of production and quality of degraded
forests.

3.1 Processing of fuelwood

Processing of forest biomass into a form suitable
for use is a complex task. Along with machine bio-
mass chipping, handling during the process, involv-
ing transfer, trasport, storing, drying, etc. is also of
considerable significance. Technological processes
of fuelwood processing are partly carried out out-
door in the stand and partly in the industrial plants.
Basically three operations can be distinguished in
the process of forest biomass production:

• felling and bunching,

• chipping, condensing, palettizing, etc.

• transport of the produced energy source.

While the first and the third phase make part of
the general forest harvesting activities, in the second
phase specific machines and units are used for the
production of the energy source. The use of alterna-
tive work methods depends on the used technique,
tradition, economic conditions and other factors.
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Table 4 Possible annual cut of Croatian forests according to the forest
yield for periods 1996–2005, 2006–2015 and 2016–2035.

Forest yield
Possible annual cut for the given periods, m

3

1996–2005 2006–2015 2016–2035

Main 22,082,122 24,961,210 69,274,365

Previous 16,860,187 16,001,623 27,777,325

Selection forest 14,597,867 16,156,318 31,984,340

Total 53,540,176 57,119,151 129 016,030

Annual average 5,354,018 5,711,915 6,450,802

Table 5 Energy potential of cordwood for energy and waste and a part
of wood matter in the Republic of Croatia for (half)periods 1996-
–2005, 2006–2015 and 2016–2035.

Energy source
Average (half)period energy potential, TJ/year

1996–2005 2006–2015 2016–2035

Fuelwood 16,324.85 17,732,50 20,330.76

Waste 6,990.64 7,409.43 8,574.67

Total 23,315.49 25,141.93 28,905.43



Jakupovi} (1990) in accordance with Bojanin (Fig-
ure 1) sets forth the basic methods for biomass chip-
ping carried out in order to achieve chips for the re-
quirements of energy production.

As shown in Figure 1, it can be seen that timber
suitable for fuelwood can be obtained from planta-
tions, from natural forest trees and from waste left
after setting apart wood assortments. In the latter
case, timber and bark are chipped if involved by
technological process. Otherwise timber is chipped
together with the bark.

Generally timber can be left as larger assortment
(split-wood, cleft-wood etc.), it can be turned into
charcoal, fuelwood, gas, briquette, pallet, etc. As a
result of wood processing, shavings, sawdust and
grindings or chips can be obtained.

The development of forestry in the 20th century
has gone through step-by-step changes in view of
applied technologies and work methods. Technol-
ogy is characterized by the place of processing – as-
sortments cut at the felling site, the so-called cut-
-to-length method, at landing and in the mill storage.
On the other hand, work methods are determined by
the form and size of assortments transported out of
the forest: assortments, semi and full lengths, stem,
whole tree and parts of tree (Sever 1989). In order to
increase energy biomass, the chipping method was in-
troduced into forestry practice. The following chart
shows the flow of the change of activities in forest
harvesting with the change of working site (Figure
2).

In forest harvesting in countries such as Croatia,
where beech is the most frequent tree species, the
methods for producing fuelwood from 1 m of split-
-wood and from chips have been considerably de-
veloped. The share of cordwood in biomass with this
species (beech) is 45 to 58 % and with the oak it is 35
to 45 %, while with conifers it is approximately 7 %.

As in Croatia broadleaved species make up to 86 %
of the total growing stock, any improvement of tech-
nology or work method results in the increase of the
percentage of forest bioamass as well as in the de-
crease of production costs and humanization of work.

In countries where forest biomass is largely used
as the primary energy source, several ways of achi-
eving increased share of forest biomass in the energy
balance are known (Anon. 1992). The process of pro-
ducing chips depends on the site of its production.
Chipping can be carried out at the felling site – di-
rectly on the place of felling and cutting, on skid
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Figure 1 Basic processing technologies applied for chipping trees biomass

Figure 2 Some different logging systems following the transfer of pro-
cess from forest to mill storage

Table 6 Possible ways of production of fuel chips

Felling (1) Felling (2) Felling (3) Felling (4) Felling (5)

Bucking Bucking Chipping Bucking Drying

Skidding Skidding Container transport Chipping Bucking

Transport Landing Container transport

Inter-storage

Transport Skidding

Unloading

Chipping

Transport Reloading, transport
to the user

User’s storage Chipping

Storage Storage Transport

Reloading

Transport

User’s
storage

1 – Inter-storage chipping
2 – Fixed silo chippers
3 – Movable chippers
4 – Chipping on skid trail
5 – Chipping on forest road



trails or along forest roads i.e. along the roads used
for transporting timber out of forest but also right
next to the heating unit.

Timber chipping is carried out by chippers, which
provide final fragmentation of wood waste. Chip-
pers are divided into three groups according to their
size (Hamm et al. 1994). The first group is made of
small-size chippers, usually installed on a three-po-
int linkage tractor. Their loading is always perform-
ed manually, the efficiency is low and therefore they
are used for the preparation of chips for small heat-
ing units, e.g. individual households. Middle-size
chippers are installed on agricultural tractors or equ-
ally suitable special forest tractors. Large-size chip-
pers are always installed on forest third generation
tractors or on their own vehicles. The machine is
loaded exclusively by hydraulic crane.

For chips produced in forest, transport to the user
must be provided. When designing and organizing
the transport looseness of chips must be taken into
consideration.

4. Conclusion

If we accept the fact that the European Union
(EU) gives general guidelines in view of renewable
energy sources, then biomass acquires an important
role. Forestry and wood waste in wood processing
can achieve the quickest increase of the share of for-
est biomass in total national energy consumption
from the current 4.5% to 10% by applying their own
solutions and by establishing good links between
production procedures. This will become even more
important following the initiative for establishing
energy forests on productive non-forested forest-
land. In the Republic of Croatia, the following facts
should be noted regarding the supply of wood as en-
ergy source:

• 80% of forests and forestland are state owned,

• a single enterprise manages state-owned for-
ests,

• inseparability of forest silvicultural activities
and activities of forest harvesting,

• available surfaces can be used for establishing
energy forests,

• procedures for obtaining primary and second-
ary energy sources have been acquired.

Based on the above factors and some others not
stated, it can be said that extended use of wood as
energy source depends primarily on decisions be-
yond forestry influence, such as government strat-
egy and relationship towards renewable energy so-
urces, environmental protection, desired standard of
living in village family houses, etc.
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Social and Economic Aspects of Biomass
Usage Projects in Croatia

Branka Jelavi}, Julije Domac

Abstract

Economic development is closely correlated with the availability and utilization of modern

energy sources. It is now clear that current approaches to energy are non-sustainable and

not renewable. Together with hydro, wind, solar and geothermal energy sources, biomass is

considered as the essential factor of the future renewable energy strategies. Use of biomass

and different biofuels offers a wide range of social and economic benefits and effects espe-

cially for the development of remote and rural areas. One of these additional benefits, which

gained attraction, is the opportunity to create new, local jobs. It is obvious that high rate of

unemployment in most parts of Croatia and associated high costs and loses, should lead to

increased interest for creating new permanent jobs that are economically and socially useful.

There are many difficulties in summarizing or comparing the effects of biomass use due to

differences in biofuels supply systems, ways of calculation, definitions of limits, technology,

etc. To calculate the manpower requirement in a new rapidly developing branch of business

is no exact science, but rather a qualified estimate, especially in Croatian conditions. This

paper deals with preliminary estimation of biomass usage contribution to creation of new

jobs in Croatia. These results are a part of activities of the BIOEN Program (National energy

program of biomass and waste use) and they are recognized and evaluated in recently pub-

lished Energy Strategy of the Republic of Croatia.

Key words: biomass, employment, energy

1. Introduction

Opening of new jobs is one of the priorities of the
Croatian economic and social policy. Using biomass
energy, apart from enabling effective waste manage-
ment and energy recovery with minimal environ-
mental impacts, also provides new job opportuni-
ties.

In the history of energy use, the humankind made
several significant turns. Each turn was heavily con-
ditioned by social factors. Although this is a major
simplification of complex historical processes, the
following illustration may serve as justification:

Energy was not the cause of industrial revolu-
tion; however, industrialization required a change in
the use of energy. At the simplest level possible, the
need to bring industrial facilities closer to sources of
raw materials (not only sources of energy) or labor
markets, required easy transportation of energy
sources. This change incited the use of coal instead
of timber, and, finally, of electricity.

Mobility, both commercial and individual, im-
plying the possibility to travel, transport and com-
mute, is one of the most valued advantages of a de-
veloped society, which at the same time called for a
concentrated energy source. Locomotives drove on
coal more efficiently than on timber and oil fuels
were a key to the development of automobiles.
However, one should bear in mind that coal and oil
did not influence the desire for mobility; on the con-
trary – the inclination towards and the need for mo-
bility have caused the development of energy sys-
tems to make mobility possible.

Personal comfort is nowadays also reflected in
simple heating, cooling and lighting systems, and
the possibility of global information exchange via
the TV and electronic mail. A strong desire for per-
sonal comfort has brought about the advancement of
technology, and of energy use methods to make it
possible. The natural consequences are the develop-
ment and reliance on electricity and natural gas.
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At present, humanity is facing a new change.
Lately, it is becoming obvious that future energy
supply would have to be both economically and eco-
logically absolutely sustainable. The use of renew-
able energy sources and formation of a closed cycle
of production, recycling and waste energy recovery
is becoming the stronghold of all future develop-
ments and energy supply strategies. As far as energy
output evaluation is concerned, special importance
is assigned to forestry waste and timber residues,
which can be seen both as industrial waste and as re-
newable energy source.

There are different ways of solving the problem
of managing forestry and forest industry waste bas-
ed on the experience of developed countries (Aus-
tria, Finland, Sweden, etc.) through economic evalu-
ation, bringing along a range of additional positive
impacts. Total energy recovery from forestry and
forest industry waste or biomass shows an increas-
ing trend in Sweden. In 1998 more than 18% of the
total energy for consumption were recovered from
biomass. Estimates for 2002 show an increase in bio-
mass electricity production to 3000 GWh per year
(Tegner 1998). Finland is the leading country in the
world in view of energy recovery from biomass, us-
ing mostly forest biomass, peat and municipal
waste. The biomass today satisfies 20% of primary
energy consumption, with the Finnish Government
setting the target of 25% in the year 2005. Overall,
biomass in Finland satisfies over 10% of electricity
requirements (Heikkinen 1998).

Due to the nature of energy recovery from bio-
mass (smaller, decentralized consumption systems,
local collection and distribution), advantages lie not
only in waste management opportunities, but also in
numerous positive social-economic effects. Apart
from the direct impact on employment trends, i.e.
new job opportunites, biomass utilization adds to
the local and regional economic activity, keeping fi-
nancial resources and their circulation within the lo-
cal community, as well as to the development of
small entrepreneurship.

2. Possible impacts of biomass use on
new job opportunities in Croatia

Impact of energy output evaluation of biomass
on employment trends is dependent on a number of
factors: applied evaluation methods (co-generation
plants, boiler plants, small centralized heating sys-
tems, etc.), characteristics of biomass generation (typ-
es, collection methods and areas,), and organization
and implementation of energy evaluation.

The above factors are difficult to define in detail
and they may differ significantly from one country

to another. However, based on the research and anal-
yses carried out to date, both in Croatia and globally,
the quantity of labor force required for certain tech-
nologies can be assessed (Figure 1), having direct im-
pact on new job opportunities. Possibilities for addi-
tional employment created by forest activities or
timber industry requirements shall not be consid-
ered separately in this paper. The need for new jobs
will nevertheless remain, due to biomass energy out-
put evaluation, which could contribute not only to
the creation of new jobs, but also to maintaining of
the existing ones.

The first step in the assessment of likely impact of
energy output evaluation of biomass on the open-
ings of new job in Croatia was the estimate of waste
quantities and of biomass energy output potential.
Both a survey and an expert evaluation, involving
all biomass types, have been carried out. All relevant
factors have been analyzed: annual log treatment or
the production of wood assortments, timber residue
quantities, amount of other biomass types and cur-
rent utilization of this residue (in-plant boiler-ro-
oms, briquetting, distribution, disposal, etc.). The re-
sults point to the conclusion that we are dealing with
a considerable energy output potential remaining
unutilized, but also to its current inadequate and
disturbing biomass management situation. Based on
the total energy potential of different biomass types
in Croatia, amounting to approximately 50 PJ (Dom-
ac 1998), it is possible to assess the likely impact on
new job opportunities. Research conducted at the
national level, in accordance with the above men-
tioned Energy Development Strategy and possible
energy development scenarios (Grani} et al. 1998),
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Figure 1 Annual employment requirements for different bioenergy sys-
tems (Hakkila 1997)



shows total achievements and possible contribution
of biomass utilization to the creation of new jobs in
Croatia (Figure 2). It is important to note that the
term »biomass« in the above research includes not
only forestry waste and timber residues but also
waste from agriculture, foodstuffs industry, and the
production of gaseous and liquid bio-fuels and che-
micals. Preliminary results show that energy pro-
duction from biomass could offer approximately
5000 new jobs in the year 2020 in Croatia.

Similar considerations are present in industrial
countries as well. The European Union plans to re-
cover 113 Mt of energy from biomass in 2020, which
would create conditions for opening as much as
1,500,000 new jobs. Total investment requirements
for opening approximately 1 million direct new jobs
(funding to open indirect jobs shall be automatically
earmarked from private investments) is expected to
decrease by approximately 250 billion ECU in rela-
tion to the planned 345 billion ECU paid in the form
of subsidies and fees for around 1.5 million unem-
ployed during the twenty years of minimum life cy-
cle of investment (facility) (Grassi 1997).

According to the report of the US Department of
Energy (DOE), economic activities related to bio-
mass energy recovery in the USA directly support
approximately 66,000 jobs, the majority of which is
in rural areas. It is expected that a capacity of over
30,000 MWel would be installed to run on biomass by
2020. More than 60% of fuel for the planned installa-
tions would be in the field of energy output plants,
which would create over 260,000 new jobs and sig-

nificantly contribute to the rehabilitation of rural
economies.

3. Social and economic aspects of
bioenergy systems – a new international

research cooperation within IEA
bioenergy

Biomass utilization, bioenergy technologies, the-
ir market share, and research interests in these issues
vary considerably between different countries. Nev-
ertheless, in most of the countries social and eco-
nomic benefits of bioenergy use can clearly be iden-
tified as a significant driving force in increasing the
share of bioenergy in the total energy supply. In most
countries regional employment opportunities and
economic gains are probably the two most impor-
tant issues regarding biomass use for energy pro-
duction.

Social aspects of bioenergy systems mean any
impact or contribution of biomass production and
use for energy on employment, education, health
and other social factors while economic aspects of
bioenergy imply any contribution or benefit from
biomass production and use for energy in terms of
financial benefits, local industry creation, infrastruc-
ture development, and other economic factors.

The overall aim of the new IEA Bioenergy Task is
to promote the use of biomass for energy over fos-
sil-based competing fuels in the participating coun-
tries through achieving a better understanding of
the social and economic impacts of bioenergy sys-
tems at the local, regional, national, and interna-
tional level. The major objectives of this Task are:

• to determine the economic contributions (fi-
nancial, local industry creation, infrastructure
development, …) resulting from the deploy-
ment of bioenergy systems;

• to determine the social impacts (employment,
education, health, …) resulting from the de-
ployment of bioenergy systems;

• to encourage the exchange of information and
Task results between participants and also with
countries in transition.

Task collaborators will collect, collate and syn-
thesize information to fulfill given objectives. In par-
ticular they will design and develop easy-to-use tools
and guidelines needed to estimate real and complete
characteristics and consequences of using biomass
instead of fossil fuels for energy. Although the Task
is focused mainly on the local/regional level, full ac-
count will be taken of the overall national and inter-
national framework, within which the region must
necessarily work. This has particular relevance when
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considering issues like tariffs, taxes, government in-
centives, regulations, organizational structures, and
similar matters. The primary means to achieve the
overall Task objectives is a series of annual work-
shops, e-mail conferences and Internet presenta-
tions. Invited and volunteer scientific and other ex-
perts will present papers and contribute to assess-
ments and discussions.

This 'club project’ started on January 1, 2000 and
will go on for three years and will reach the value of
some US$ 250,000 and will initially involve: Croatia,
UK, Austria, Sweden, Canada and Japan. Italy and
New Zealand are also likely to join and Slovenia,
South Africa and India will be observers to the work.

4. Conclusion

Internationally adopted need to control and re-
duce greenhouse gas emissions has brought new life
into biomass, the world’s oldest energy source used
by man. Biomass utilization in energy recovery, ex-
cept in cases of felling of forests not scheduled for re-
forestation, does not contribute to an increase in
greenhouse gas emissions and could be considered
as CO2 neutral. Biomass is an important energy
source for developing countries, and its share in en-
ergy production in industrial countries has shown
recently an increasing trend, somewhere even ac-
counting for a considerable portion of total primary
energy consumption.

New job opportunities, especially in rural areas
outside large towns, are one of the priorities of the
Croatian economic and social policy. Utilization of
biomass energy potential provides multiple bene-
fits: it not only enables energy production with mini-
mum environmental impact, but it also offers possi-
bilities for more job opportunities, which has been

recognized as one of major advantages of the BIOEN
National Energy Program.

Utilizing biomass energy potential offers consid-
erable opportunities for new jobs and can positively
affect local and national economy. Preliminary re-
sults show that energy production from biomass
could offer approximately 5000 new jobs in the year
2020 in Croatia. Industrial EU countries and other
developed countries of the world are aware of these
positive aspects and give significant support to pro-
jects of biomass energy utilization.
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Method of laying out
environmentally friendly forest

roads using the genetic algorithm

Tetsuhiko Yoshimura

Abstract

It is well known that computing shortest paths over a network is an important task in many

transportation-related analyses and genetic algorithm is one of the methods used for such

purposes. In this study, a GIS-based expert system for laying out environmentally friendly

forest roads was developed by using genetic algorithm. We defined environmental sensitive-

ness of each site as the site-sensitivity index which was calculated based on three factors

such as types of vegetation, distance from rivers and the potential degree of slope failure oc-

currence. Vegetation was classified into two types of man-made and natural forests and, we

believe, natural forests require protection more often than man-made forests. In addition, ri-

parian areas should be protected as such areas often affect water quality and ecosystem of

rivers. Furthermore, slope failures or landslides should be avoided as they damage forest en-

vironment and its ecosystem severely. Basically, environmentally sensitive sites, as men-

tioned above, should not be crossed by forest roads and environmental impacts caused by

road construction should be minimized. In this study, suitable route was determined by use

of computer, taking into account the site-sensitivity index and environmentally friendly for-

est roads were successfully laid out using genetic algorithm.

Key words: forest roads, ecology, GIS

1. Introduction

It is well known that computing shortest paths
over a network is an important task in many trans-
portation-related analyses and the genetic algorithm
(GA) is one of the methods used for such purposes.
In this paper, the basic concept of a GIS-based expert
system to lay out environmentally friendly forest
roads using the genetic algorithm was studied. The
site-sensitivity index was defined as environmental
sensitiveness of each site obtained based on three
factors such as types of vegetation, distance from
streams or lakes and slope stability. Vegetation was
classified into three types: plantation, natural and
virgin forest. Generally, natural forests require pro-
tection more often than plantation forests. In addi-
tion, riparian areas should be protected as such areas
often affect water quality and ecosystem of streams
or lakes. Furthermore, slope failures or landslides
should be avoided as they damage forest environ-
ment and its ecosystem severely. Basically, environ-

mentally sensitive sites, as mentioned above, should
not be crossed by forest roads and environmental
impacts caused by road construction should be min-
imized. This study showed the basic concept of the
method of laying out environmentally friendly for-
est roads taking into account the site sensitivity in-
dex.

2. Method

2.1. Site-sensitivity index

We proposed that the site sensitivity index should
incorporate the following factors:

• Types of vegetation

• Distance from streams or lakes

• Slope stability

• Gradient of a forest road

Vegetation was classified into three types: planta-
tion, natural and virgin forests. We believe that natu-
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ral forests require protection more often than planta-
tion forests because more plants and animals live
there and biodiversity is preserved. Virgin forests
would be much more precious. Therefore, site sensi-
tivity index related to vegetation (Ve) was determin-
ed as shown in Table 1. In this table, the areas, which
should be protected and should not be crossed by
forest roads, have higher scores.

Riparian areas are important because they pro-
tect water from pollution sources on the land and
they provide food, cover and travel corridors for
wild life. Furthermore, riparian vegetation shades
streams and provides organic debris to feed the aqu-
atic ecosystem. In that context, environmental im-
pacts on such areas caused by road construction
should be minimized. Therefore, site sensitivity in-
dex related to riparian areas (Ri) was determined as
shown in Table 2.

In Japan, the topography is very steep and slope
failures often occur. Once slope fails, large forested
areas are damaged. Therefore, slope instability must
be evaluated and unstable areas should not be cros-
sed by forest roads, which often cause slope failures.
We have conducted the precedent study to evaluate
slope failure potentials, based on which we pro-
posed the site sensitivity index related to slope sta-
bility as shown in Table 3. When calculating the site
sensitivity index related to slope stability, the score
of inclination (In) and that of slope cross-section (Cr)
were considered.

The gradient of a forest road is an important pa-
rameter although that is actually not related to site
sensitivity. If the gradient of a forest road is higher
than the maximum for car traffic, the forest road is of
no use. Therefore, a parameter related to the gradi-
ent of the forest road was determined as shown in
Table 4.

Finally, site sensitivity index is obtained as the to-
tal score of each place. The parameter related to the
gradient of the forest road is also added to the total
score. For example, the site sensitivity index (SI) of a
site with the following features can be calculated us-
ing the equation (1).

• Natural forest

• 85 meters from streams

• Inclination of 32 degrees

• Convex slope

• Forest road gradient of 10 %

SI
V R I C G

e i n r r�
� � � �

� � � � � � �
50

6 5 7 0 0

50

18

50
0 36.

(1)

2.2. Laying out a forest road using
a genetic algorithm

2.2.1. Outline of the genetic algorithm

Genetic algorithms have recently received much
attention because of their ability to solve difficult
problems, just like for example neural networks. Al-
though they are completely different, they both have
their origin in biology. There are even cases where
both algorithms are used to complement each other.
In general, a genetic algorithm works as follows. In
the first population, all chromosomes are generated
randomly. Their fitness is then determined. At this
point, the genetic algorithm can start generating

92 Meh. {umar. 2001-2004, Special Issue of the Journal Nova meh. {umar., Vol. 26(2005), Issue 2

T. YOSHIMURA Method of laying out environmentally friendly forest roads using the genetic algorithm (91–95)

Table 1 Site sensitivity index related to types of vegetation (Ve)

Types of vegetation Score

Plantation forest 0

Natural forest 6

Virgin forest 10

Table 2 Site sensitivity index related to distance from streams and lakes
(Ri)

Distance from streams and lakes Score

Within 50 m from streams or lakes 10

51–100 m from streams or lakes 5

Over 100 m from streams or lakes 0

Table 3 Site sensitivity index related to slope stability

Factors Categories Score

Inclination (degrees) (In) 0–10 0

11–20 2

21–30 4

31–35 7

36 – 10

Slope cross-section (Cr) Concave 10

Parallel 2

Convex 0

Table 4 Parameter related to the gradient of the forest road (Gr)

Gradient of the forest road, % Score

0–10 0

11–15 4

16–20 10

>21 999



new populations. Usually, the population size is kept
constant for convenience. Reproduction consists of
three distinct steps:

Selection represents a very important aspect of the
genetic algorithm: survival of the fittest. This is usu-
ally implemented as a weighed selection, which
means that individuals with a higher fitness have a
better chance of being chosen. It is possible for an in-
dividual to be selected more than once, or not at all.

Crossover is the most important mechanism of the
algorithm. It makes two new individuals by combin-
ing two old ones. There are several variations of
crossover. The simplest version is one-point cross-
over. It works by selecting a point at which the chro-
mosomes are cut off randomly. The parts that are cut
off are then switched to make two new chromo-
somes (Figure 1).

Mutation introduces random changes to chromo-
somes. It is a mechanism that has only a small
chance of occurring. It simply flips a bit in a chromo-
some, or if the chromosome is made out of numbers,
it changes a number (Figure 2). This simple process
is repeated until the entire population is reproduced.
The new population is decoded and the fitness of the
newly created individuals is calculated. At this
point, the process starts all over again.

2.2.2. Application to laying out a forest road

In Figure 3, S is the starting point and E is the end-
ing point. Node number is given to each point. The
site sensitivity index is also given to each line be-

tween two of these nodes. The route with the least
sum of these values is regarded as the best route. In
this figure, there are two routes, which are shown as
solid and broken lines. With node numbers, the solid
one is expressed as follows:

31-25-26-20-14-15-16-17-18-12-6 (2)

Similarly, the broken one is expressed as follows:

31-32-33-27-21-15-9-10-11-5-6 (3)

Each line is an individual with chromosomes. In
the first population, 10 individuals are generated
randomly.

Next, crossover happens in the selection of two
individuals. Selection was carried out using the to-
urnament method. At first, the fitness value (FV) for
each individual is calculated as follows:

FV
SI

�
�
1

1
(4)

Table 5 shows an example of the fitness values for
10 individuals. Individual 1 is the fittest one. Con-
versely, individual 5 has the lowest fitness value of
almost 0.
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Figure 1 Crossover

Figure 2 Mutation

Figure 3 Layout of forest roads

Table 5 Parameter related to the gradient of the forest road (Gr)

Number of individual 1 2 3 4 5 6 7 8 9 10

Fitness value 0.147 0.119 0.126 0.142 0.001 0.134 0.117 0.111 0.098 0.074



Then, 10 individuals for the next generation are
selected according to the tournament method. In this
method, three individuals are selected randomly and
the one, which has the maximum fitness value among
these three, is selected for crossover process. In the
same way, one more individual is selected for cross-
over process. If these two individuals do not have
any common nodes except the starting and the end-
ing points, crossover does not happen and these two
individuals are put in the next generation as they
are. If they have common nodes besides the starting
and the ending points, crossover happens as follows:

• the individuals (2) and (3) will be transformed
into the ones (5) and (6), respectively and the re-
sult is shown in Figure 4.

31-25-26-20-14-15-9-10-11-5-6 (5)

31-32-33-27-21-15-16-17-18-12-6 (6)

This result also means that the size of each indi-
vidual is variable. Crossover is repeated until the
next generation, which consists of 10 individuals,
has been created.

In this study, mutation also happens and muta-
tion probability is 0.03 for each chromosome. In this
study, mutation is defined as follows: when muta-
tion happens at the point of 26 on the solid line in
Figure 4, the point will be moved to the point of 19.
When mutation happens at the point of 16 on the
solid line, it will not move. This whole process is re-
peated.

3. Results and discussion

The first generations consisting of 10 individuals
are determined as follows:

No. 1:
31-32-33-34-35-36-30-29-28-22-16-10-11-5-6 (7)

No. 2:
31-25-26-20-21-22-23-24-18-12-6 (8)

No. 3:
31-25-19-13-7-8-14-20-21-15-9-10-11-12-6 (9)

No. 4:
31-32-26-27-28-22-16-10-11-5-6 (10)

No. 5:
31-25-26-27-21-15-9-3-4-5-6 (11)

No. 6:
31-32-26-20-21-15-16-17-18-12-6 (12)

No. 7:
31-32-26-25-19-20-14-8-9-15-16-17-11-5-6 (13)

No. 8:
31-32-33-34-35-29-28-27-21-22-23-24-18-12-6 (14)

No. 9:
31-32-33-27-26-25-19-13-14-8-2-4-10-11-5-6 (15)

No. 10:
31-32-26-27-33-34-28-22-16-15-9-10-11-17-23-
29-30-24-18-12-6 (16)

Then, the fitness value of each individual was
calculated as shown in Table 5 and these individuals
were processed with the above-mentioned method.
Test field is shown in Figure 5. In this figure, node
numbers and site sensitivity indices are also shown.

In the seventh generation, all individuals have
come to convergence and become the one shown as
follows:

31-25-26-27-21-15-9-10-11-5-6 (17)

The changes of the best, mean, worst fitness val-
ues are shown in Figure 6. According to this figure,
these fitness values improved as generations were
renewed. Particularly, the worst fitness value im-
proved rapidly because the tournament method was
applied. However, the individual shown as (17) is
not the best one although it is a rather good one. The
algorithm and parameters applied in this study still
have to be improved.

Our next targets of this study are:

• To increase mutation probability

• To simulate this genetic process in larger areas
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Figure 4 Individuals after crossover



• To continue this genetic process for more gener-
ations

• To develop more sophisticated genetic process
coping with multiple criteria

We will show the results of the improved method
in the near future.
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Spatial Decision Support System for
Laying Out Forest Roads on the Basis

of Skidding Distances Modelling

Ján Tu~ek, Erich Pacola

Abstract

Theoretical elements of cartographic tractor skidding distance model, skyline skidding dis-

tance model and their implementation on raster digital elevation model (DEM) within

Arc/Info environment are presented in this paper. Modules for calculating skidding dis-

tances are programmed by Arc Macro Language (AML). Cumulative slope length has been

the largest problem in using cartographic tractor skidding distance model. Map algebra

tools and hydrological functions are used for calculating cumulative downhill and cumula-

tive uphill slope length. Development diagrams of algorithms are introduced and some ex-

amples are discussed in relation to graph theory. Slope distance of line of sight checked in

terms of the terrain and intervisibility has been the largest problem in using cartographic

skyline skidding distance model. The calculation is based on map algebra tools and surface

functions of TIN module of Arc/Info. Figures of cartographic module are introduced and

some examples are discussed in relation to model development. Concept of Spatial Decision

Support System (SDSS) for laying out forest roads under economic and technological crite-

ria is also introduced. Cartographic models of skidding distances are the most important

data sources for it. Powerful tools of map algebra programmed by AML implementing fuzzy

logic are used in data processing in menu driven – interface designed environment.

Key words: skidding distance, cartographic model, digital terrain model, Arc/Info, spatial deci-

sion support system, fuzzy logic

1. Introduction

The primary issue related to laying out forest
roads in Slovakia is not to develop a road network in
previously inaccessible areas. On the contrary, trans-
port planning in these conditions is focused on (1)
laying new hauling roads on the existing forest road
network in areas are not fully opened, (2) the recon-
struction of selected skidding roads and some sec-
ondary hauling roads to main hauling roads and (3)
the sanitation of skidding roads, which are not per-
spective in view of their rebuilding and using sky-
line technologies. Transportation planning is fo-
cused, in these cases, on judging the efficiency of the
existing forest network. One of the basic criteria for
making this judgement is the skidding distance.

In previous studies (Tu~ek 1994, Tu~ek 1995, Tu-
~ek and Pacola 1999) we focused our interest on the
evaluation of skidding distance using DEM. The

proposed skidding distance models created to be
linked with IDRISI geographic information system
were not automating and optimizing models for for-
est opening up. A program was lacking which could
rapidly develop and evaluate route location based
on digital elevation model.

In this study we have focused on removal models
limitation described in Tu~ek and Pacola 1999. At the
same time, we developed the theory of cartogra-
phing skidding distance model building, according
to the following theory described by Tomlin (1990).

2. Method

The described modules were developed for the
environment ESRI’S UNIX based on ArcInfo. Power-
ful tools of map algebra, tools for surface modeling
and Arc Macro Language (AML) were used in the
process of building the specific models.
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The analytical process can be simply presented as
follows. The source of information for building DEM
was a forest topographic map 1:10000 in scale with
contour 20-m intervals. Contours and geographic
objects (compartment boundaries, roads, stream net-
work) were on-screen digitised in the environment
of ArcView 3.0a. DEM used for calculating tractor
skidding distances was built by applying an interpo-
lation method for developing hydrologically correct
DEM (Hutchinson 1989). This method is integrated
in the ARC module called Topogrid (see Esri 1996)
We used this method because of similarity of analyti-
cal processes for deriving hydrological phenomena
and processes of tractor skidding distance modeling.

In the process of skyline skidding distance calcu-
lation we used LATTICE data structure together
with GRID structure. Using the lattice data struc-
ture, tools for performing complicated operations of
line-of-sight analysis could be applied.

3. Cartographic model of tractor
skidding distances

The cartographic model of tractor skidding dis-
tances can be envisioned as a map of distances mea-
sured from each cell of the raster digital elevation
model in the direction of maximum uphill slope to
the nearest road or wood yard (Tu~ek and Pacola
1999). The cartographic model is the result of data

processing methods (operations and procedures)
developed on a series of maps (Figure 1). Each of
these layers describes specific information pertain-
ing to a common site (digital elevation model – flow
downhill direction – slope length for individual cells
– cumulative downhill slope length). The analogy
between downhill water movement and downhill
skidding under rough terrain conditions can be seen
from the flowchart illustrating the method for model
calculation (Figure 2).

Suddart and Herrick (1964), Greulich (1980) speci-
fied correctly the mathematical model of average
yarding distance (AYD). The formula for setting the
area »A« is:

� 	AYD
A

x A

A

� 

1

f d

where »x« is the length of the direct yard from the
point in the setting to the landing. AYD in their for-
mula is defined as the ratio between the integral
summation of distance function f(x) and considered
total area. Just as the integral of the mathematical
function can be regarded as a measure of the area un-
der function’s curve between the points on its inde-
pendent axis, each value generated by cartographic
model (uphill spreading in DEM layer) can be re-
garded as a measure of the area under DEM surface
along a minimum-cost path. The developed carto-
graphic model of skidding distances results from the
following assumptions:

1) Average skidding distance can be accurately
computed for the areas of irregular shape. Ac-
curacy of this calculation depends only on ras-
ter resolution,

2) Terrain features (steep slopes, streams and rid-
ges) are taken into consideration and their in-
fluence on resulting skidding distance depends
on DEM accuracy,

3) Landing can be located anywhere and fixed
tractor skidding distance (distance traveled by
skidder from the landing over the skidding
roads to reach the compartment boundary) is
calculated on indirect path following skidding
road direction.

Model of tractor skidding distances is a network
model. In the graph theory, network is called a
graph. In our example, a graph is defined as a sys-
tematically formulated collection of nodes located in
the center of cells. Links are defined as connections
between neighboring nodes only. Therefore, a node
can have eight links at the most with its neighboring
nodes. Typical feature of these links is their orienta-
tion on the graph, which defines the direction of the
maximum slope downhill gradient. Every node has
been assigned its non-cumulative slope distance
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from original eight links for which maximum down-
hill gradient was calculated. In the last step of calcu-
lation, individual slope distances are cumulated
through links. Rules that control the process of cu-
mulating can be defined as follows:

• summing non-cumulative slope lengths begin-
ning from the cell which flows down to the
road, or from the cell which represents the land-
ing,

• summing following the uphill flow direction,

• in areas with converging flows, the shortest cu-
mulative slope length takes precedence,

• summing non-cumulative slope length ends at
the cell representing topography line (ridge).

Based on the above mentioned fundamentals,
two core programs have been made for solving the
subsequent problems:
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UP_HILL.AML – the output of this module is the
set of tractor skidding distances measured to the
nearest road,

LANDING_HILL.AML – calculates the distances
measured to the nearest wood landing. The program
includes the combination of procedures, which are
able to model the actual routes of skidder move-
ment. In this module, a distinction is made between
ground distance (the distance the skidder actualy
travels from the cell representing forest compart-
ment to the skidding road) and fixed tractor skid-
ding distance (the distance travelled by the skidder
from the landing over the skidding roads to reach
the compartment boundary). The output distance is
a fixed skidding distance summed over ground dis-
tances.

4. Cartographic model of skyline
skidding distances

The cartographic model of skyline skidding dis-
tances can be envisioned as a map of distances mea-
sured from every cell as a length of the line of sight
over the terrain to the nearest road cell (distance be-
tween the centre of the processed cell and the centre
of the nearest road cell) (Tu~ek and Pacola 1999). The
cartographic model is the result of data processing
methods developed on a series of maps and each
layer conveys the following information: digital ele-
vation model – aspect grid – cost allocation grid (for
each cell defines the zone that achieves the mini-
mum distance in order to reach the cell) – line of
sight intervisibility – slope distance of line of sight
(Figure 3). Intervisibility between the processed cell
and the deviation of the line of sight from gradient
curve (aspect of cells are checked under the line of
sight) are checked in the process of cartographing
modeling which proved to be the main problem.

Skyline skidding distance model is a network
model similar to the previous tractor model. However,
both models are markedly different in the concept of
skidding distance calculation. This new approach
shows up the differences between main skidding tech-
nologies. Figure 4 shows the basis for calculating sky-
line skidding distance in Arc/Info environment.

The possibility of laying out skyline skidding
paths is as follows:

1) The skyline tower in the cell of road and the
tail spar in the cell of forest compartment are
defined. If the distance between the above two
mentioned cells exceeds the technological length
of a cable-way system, laying out of skyline
skidding path for the calculated combination
of cells will not be possible. The signal value,
which shows that the cell has not been reached

in skyline logging operations, will be assigned
to the cell (Figure 5).

2) If the two analyzed cells can »see each other«
(Figure 6) and the angle deviation of the line of
sight from the gradient curve (Figure 7) does
not exceed the user defined limit, then laying
out of skyline skidding path will be possible
for the considered combination of cells.

3) Skyline skidding distance will be calculated
only for the two cells, which fulfill both men-
tioned conditions (point 1, 2), but at the same
time the calculated distance is the shortest dis-
tance from all considered combinations, which
permits to lay out the skyline skidding paths
from the terrain cell to road cells.

4) If the conditions of intervisibility between two
cells mentioned in point two is not fulfilled, a
different signal value will be noted to the cell.
This value of the signal shows that tree jack
must be used in the skyline skidding path.
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The described approach in the above mentioned
four assumptions concur with the reality that sky-

line skidding paths are laid out in the direction of
gradient curve or in the permissible angle from gra-
dient curve (parallel, not fan out routes).

5. Conclusions

We have developed a cartographic model of skid-
ding distances for the environment ESRI’S UNIX
based on ArcInfo. All problems arisen in skidding
distance modeling when using Turbo Basic environ-
ment, i. e. limited raster spatial resolution, total eval-
uated area and length of computer processing time
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Figure 4 Flowchart illustrating the method for calculating the value of
skyline skidding distance from a DEM

Figure 5 Looking for road cells which can be reached in skyline skidding

Figure 6 Line of sight intervisibility



were eliminated. The results can be directly used by
the system, which lays out forest hauling roads auto-
matically according to technological and terrain cri-
teria. All presented models can be a basis for future
Spatial Decision Support System designed in order
to meet the needs of end users – forest engineers in
planning forest road networks.
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Implementation of new technologies
in opening up of forest

Dragutin Pi~man, Tibor Pentek

Abstract

Forests and forestlands cover about 44 % of the Croatian area. About 78 % of the total forest

and forestland area in Croatia are managed by the Public Company »Hrvatske {ume« (Cro-

atian Forests), Zagreb, through its 16 Forest Administrations all over the country.

It is a very heterogeneous area with regard to soil, its composition, climate, ecological, social,

economical and other conditions. In general this region can be divided into Panonic area

with even-aged forests, Dinaric area with uneven-aged forests and Mediterranean and

Sub-Mediterranean area where we can find both even-aged, and uneven-aged forests.

In accordance with this diversity of conditions, forest experts and designers have to face dif-

ferent requirements when opening these forest regions through forest roads. Opening of

mountainous forest regions such as the Dinaric area of Gorski kotar, Velebit, Velika Kapela,

Mala Kapela, Plje{ivica, mountains of Central Lika, and single mountain ranges in other

parts of Croatia are especially demanding.

This paper presents the actual state of openness of the whole country as well as the data on

the openness that should be achieved in the future. The survey is given of up-to-date technol-

ogies and working methods used for opening forests in the world. The possibility of imple-

mentation of these or similar technologies and working methods in the Republic of Croatia

as well as of methods developed by Croatian experts are also considered in this paper.

Key words: opening up of forests, Croatia

1. Introduction

Forest roads are the entrance into the forest and
represent their lifelines. Their openness must be
suitable for a rational management of the area re-
gardless of their purpose – economic forests as well
as protection forests. In the past, the deficiency or ab-
solute lack of forest roads, especially in the Adriatic
region, caused clear cutting and disappearance of
forests.

In opening forests through forest roads i.e. in try-
ing to find the best possible solutions, forestry ex-
perts have to maintain the balance between eco-
nomic, technologic and technical, ecological, social
and aesthetic requirements. It is very difficult to
bring into line the above factors and choose the best
option from all points of view. At the same time the
optimum forest roads density of a certain area, cal-
culated mathematically, must be taken into consid-
eration, with the use of the model of minimum total
expenses.

Nowadays, when the use of personal computers
has entered into all segments of our life, it is almost
unthinkable to talk about planning the road open-
ness of a certain forest area, about spacing and de-
signing the selected forest roads, without a general
support of PC-s. The use of personal computers for
forestry purposes, as a very efficient means for de-
signing forest roads, started in 1970’s. At the very be-
ginning, PC-s represented just a replacement for the
traditional way of preparing the project documenta-
tion. Today, however, the use of personal computers
has a much wider range and comprehensive and
complete projects of forest openness of an area are
performed particularly with the implementation of
new technologies and methods.

2. Scope of research

2.1. The openness of forests

The openness of forests can be divided into two
levels of opening:
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• primary or rough opening of forests through
forest roads

• secondary or fine opening of forests through
skid trails

In accordance with the above division, there are
two types of openness of a forest area and hence two
mathematical equations to express this openness; for
the calculation of the openness through forest roads
the following equation is used:

O
d

P
C

C� m/ha

and for the openness through skid trails:

O
d

P
V

V� m/ha

where:
Oc = the openness of the forest area through for-

est roads, m/ha
Ov = the openness of the forest area through skid

trail, m/ha
dc = the volume of forest roads, m
dv = the volume of skid trails, m
P = the surface covered by forest roads, ha

The measuring unit for expressing the openness
of an area is m/ha or km/1 000 ha, and it is also pos-
sible to use m/m2, i.e. km/km2.

Tables 1 and 2 show the minimum actually speci-
fied openness of forest areas and planned future
openness of forest areas in the Republic of Croatia.

2.2. Systems of forest openness

In view of the terrain configuration in the process
of forest opening, we can speak of lowland region,
foothill region, foothill-highland region, mountain
region and karst region. It is very important to deter-
mine properly the region in which the opening of
forests is carried out since a typical form of arrang-
ing forest road network, adapted to the actual terrain
conditions, is generally applied to each of the said
regions.

Thus the lowland regions are usually opened
through parallel forest roads, equally spaced betwe-
en each other, which cross the existing openings and
enclose the surfaces of very regular forms. In karst
regions without distinct ridges and steep slopes, the
process of opening is also carried out through closed
forest roads but with very irregular forms of the en-
closed surfaces.

In foothill-highland and mountain regions with
wider and steeper slopes the so-called »story« forest
roads are designed almost parallel and placed in ac-
cordance with layers. Diagonal roads are built be-
tween the »story« roads to connect them. In moun-
tain regions with developed hydrography, the lines
of forest roads follow the water flows and have the
form of veins or feathery leaves. At the end of the
valley, forest roads acquire the form of a fan.

Hence, we can distinguish two main groups of
developing forest roads network in opening up the
stands in different regions. (Jeli~i} 1988):

• closed net-like lines,

• veins with side-roads branching from the main
road.

2.3. Factors affecting opening up of forests

Among many factors affecting the arrangement
of forest roads, the effect of those most dominant
ones should first be identified, then selected, defined
and determined in terms of quantity. Pentek (1998)
sets forth that the factors affecting most the regional
arrangement of forest roads network can be divided
in the following groups:

• factors connected directly to the forest region
opened through forest roads network,

• factors of standardized technical characteristics
for a specific category of forest,

• factors of forest stands on the opened area,

• factors of the applied method and work tech-
nology for felling and cutting,

• factors of technical means used in the II phase
of harvesting,

• factors of the existing infrastructure (forest and
public roads),
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Table 1 The least openness of forests of a certain area of the Republic
of Croatia ([iki} et all. 1989)

Forest area of the Republic of Croatia The least openness, m/ha

Lowland region 7.00

Foothill-highland region 12.00

Mountain region 15.00

Table 2 Planned openness of forests of the Republic of Croatia in cer-
tain areas in 2010 (Izvje{}e o problematici gradnje i odr`avanja
{umskih prometnica i stanju otvorenosti {uma, 1997)

Forest area of the Republic
of Croatia

Planned openness in 2010,
m/ha

Lowland region 15

Foothill region 20

Highland and mountain region 25

Karst region 10



• factors of generally beneficial forest functions,

• ecological factors,

• climate factors,

• social factors

3. Results of research

3.1. Up-to-date technologies and working
methods in opening up forests

The latest information technologies are used to-
day for opening up forest areas in the leading Euro-
pean countries. They are:

• GIS – geographic information system,

• DTM – digital terrain model,

• GPS – global positioning system,

• network analyses,

• special computer programs,

• mathematical algorithms.

In Croatia, some working technologies and meth-
ods have been developed in base of the use of the
above said ones and others were designed from the
very beginning. Here, we talk primarily of the me-
thod of the so-called bordered areas (»buffers«) based
on GIS-technology, which uses previously created
computer GIS databases and prefers the method of
relative openness to the traditional one.

The computer program »TRO[AK« (COSTS) has
been written in the program language C++. This
program can calculate the costs of the construction
of forest road, i.e. the costs directly affected by the
transversal slope of the ground or the terrain config-
uration. By entering the basic components of the
usual average profile of the forest road, the trans-
versal slope of the ground and working costs, it is
possible to obtain very quickly total costs of the
works for each segment of the zero line. In the de-
signing phase the zero line represents the forest
road. The comparison between total costs of several
variations of forest roads can be obtained very
quickly and in base of it the best option can be cho-
sen, taking into consideration, of course, other fac-
tors.

3.2. Possibility of implementation of up-to-date
technologies and working methods in the
Republic of Croatia

Up-to-date technologies and new working meth-
ods can be widely applied in the field of opening for-
ests. They are also applied, directly or indirectly, to
the entire process of wood harvesting and even to
the complete intensive and at the same time rational
management of the forest eco-system. The most im-

portant possibilities of application of the modern
achievements so far in the Croatian forestry, unfor-
tunately still not accepted, are as follows:

• analysis of the efficiency of the actual forest
road network,

• planning and optimization of future forest road
network,

• selection of the most favorable option of the fu-
ture forest road and the computer simulation,

• designing of the actual forest road,

• determining of the mean skidding distance (geo-
metrical and actual),

• preparing several options of the zero line and
the selection of the most favorable one,

• completing the land-registry of the existing for-
est roads,

• designing thematic computer data bases for de-
cision making in opening up of forests,

• numerous other possibilities.

4. Final considerations

The possibilities of implementation of up-to-date
technologies and methods in the process of forest
opening are huge, but limited by technical and tech-
nological development of hardware support, soft-
ware solutions of computer programmers and lack
of inventiveness and ideas of forestry experts. The
said technologies and working methods should be
introduced in the Croatian forestry quickly and com-
prehensively if it wishes to maintain its role among
the leading countries of the European forestry.

Modern technologies and methods offer simpler,
better and quicker solutions but in our country the
implementation of up-to-date technological and tech-
nical achievements in forest opening is limited to sci-
entific research and these and such scientifically de-
veloped theoretical models and methods should by
all means be introduced in practice.

It is necessary to develop new computer models
for opening forests based on properly selected input
parameters.

And finally, the following procedures of opening
forests can be distinguished:

• traditional opening,

• opening by application of up-to-date technolo-
gies (GIS, GPS, DTM, etc.),

• combined opening.

Traditional opening has few promoters in mod-
ern forestry. This makes sense due to the general in-
troduction of information technology in all seg-
ments of human life including forestry, of course.
However, it is not sufficient just to follow the general
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trend of using computers and information technol-
ogy and claim that forestry, too, or to be specific
planning of forest roads, must take into account
up-to-date tendencies.

Justification for using modern technologies in
planning the optimum forest road infrastructure lies
in considerable number of factors, which have to be
synchronized, and to achieve this synchronization, it
is necessary to process a large number of relevant in-
formation.

Combined planning is the ideal solution as it is
based on the interaction of up-to-date technologies
and forestry knowledge, competence and experi-
ence. It is beyond doubt that the best solutions can be
determined only by testing theoretical computer
models on site and in practice. Apart from checking
the obtained results, it is also necessary to check the
input data, as they are the key for selecting the opti-
mum solutions.
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Simple reinforcement of forest roads
using recycled construction material

Adolf Schlaghamersky

Abstract

In the Federal Republic of Germany, the primary construction of state forest road infrastruc-

ture (logging roads) has reached a sufficient level for forest technicians. Several roads are yet

to be constructed in the municipal forests and in private forests. Here, building forest roads

will always remain a financial problem.

The optimal infrastructure construction and fine works remain important factors, as these

must meet the new harvesting demands. Guidelines for fine infrastructure construction of

forests in Germany differ in each province. In planned forest harvest of trees between 30 and

60 years in age, work using ropes has been replaced by work using cranes. The final harvest-

ers who used logging trucks have introduced a new procedure of tree harvesting, which for

the most part preserves both stands and trees. Productivity is much higher than with the

older technology. However, certain shortcomings have arisen. For example, heavy equip-

ment burdens the ground, causing compression. In clay-based soils, the soil structure is al-

tered. Large pores are displaced and soil density is increased. As such, the intervals between

driving lines plays an important role. A Swedish study (Linquist 1989) states that the driv-

ing surface should not exceed 20% of the total stand surfaced. The harvest crane reach totals

8–9 m. From this, the intervals between driving lines is 20–25 m. As such, the space can eas-

ily reach the limit of 20%, which in term reduces the important productive area in the stand.

Intervals of driving lines should not in any case be less than 20 m. With certain, sensitive

soils, a semi-rigid and semi-flexible system of detailed municipal and infrastructural equip-

ping can be a solution for soils that are driven upon. Here certain sections of the driving line

and driving paths are heavily burdened and, in times of poor weather, can be muddy and

very deformed. These sections require simple reinforcement. Such a procedure may be ques-

tionable, as this requires a new investment that was not previously needed. Simple removal

(also when referring to sections) is possible in places where the soil underlayers have a poor

carrying capacity, i.e. sand, mixed with loam and clay, clay, that contains loam and wet

brown soil. Reinforcing the driving lines and roads for transport using penetration brush-

wood matting is advantageous, under the condition that there is a sufficient quantity of

brushwood. Where heavy machinery has passed several time over wet soil, deep tracks are

left behind, and this can cause erosion on slopes. These paths can turn into hollow tracks

which are very difficult to repair and which then remain closed to further transport. The cost

of repairing such roads, which are deformed to a great extent and often filled with water, is

then questionable.

The use of narrow rolling devices or reinforcing the tracks is recommended for their repair.

Some forest offices in Germany and the Czech Republic have tried the procedure of simple re-

inforcement; this paper presents those results.

Key words: infrastructure construction in forests, roads, machinery routes, driving lines, rein-

forcement using recycled construction material, recycled material, reinforcing tracks
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1. Materials

Foresters have long been seeking an answer to
the question: How to properly reinforce forest roads?
There are three possibilities:

• own pit with road gravel (with unsorted stone
material),

• quarry waste, pre-sifted,

• broken construction waste (recycling material).

The latter material has shown to be promising,
and has been tested in the Forestry Office in Münster
(Schleswig-Holstein province), and in the School Fo-
rest of the Office of the Faculty of Forestry in Brno
(Czech Republic). Remains of construction material
had characteristics described here in detail. In the
first two cases, waste from rock crushing activities
was suitable (previously sifted and unsorted mate-
rial from own pits) referring to materials composed
of varying grain size. To reinforce tracks, a grain size
of 0/56 is used for the bearing layer and 0/22–0/32
for the surface layer. Reinforcement composed of a
single layer is also possible, i.e. reinforcement with
0/32 material. With unsorted rock, grain size can be
used to 0/150. Previously sifted material is more
commonly used now, as this is cheap and very ap-
propriate, though as such, its price is on the rise.

A novelty for reinforcing tracks on forest paths is
using recycling materials made up of construction
waste materials. The production of construction ma-
terials in the procedure of recycling in the newly de-
veloped waste treatment plants has opened new
possibilities for saving thanks to the use of natural
rock, gravel and sand. Recycling materials, made up
of construction waste, can complete replace gravel
or sand material of varying particle size. Using recy-
cling material preserves the environment, preserves
natural resources and prevents the use of transport
paths that increase costs. If the transport trail is ex-
tended while the quantity of natural construction
material is reduced, considering that production ar-
eas are far away, the costs of constructing paths is
enormously increased. With respect to the municipal
and infrastructural equipping, add to this the in-
creasingly comprehensive and expensive regulations
by government bodies competent for environmental
protection and those competent for landscape pro-
tection.

In the production of recycling materials (remain-
ing construction waste), there are two main types:

• mixed of ruins, composed of full bricks, rocks,
natural rock, construction concrete, roof tiles,
bricks, ceramics, mortar and undesirable pieces
of plastic, rubber, glass, cables and wood

• material that arose in digging up streets, com-
posed of cement slabs, construction concrete,
layers with rock gravel, layers of cement or sta-
bilizing lime. Most commonly, the asphalt ma-
terial and casement layers are separated and
processes (without tar).

The mixture that is considered based on its price
for road reinforcement should be composed of con-
struction waste and can either include foreign ob-
jects or not. Construction waste is a mineral material
that arises with the destruction of a structure or part
of a structure, is not contaminated and is predomi-
nantly made up of concrete, rocks and bricks. Ac-
cording to the expert opinion of the Minister for Na-
ture, the Environment and Urbanist Development of
the Schleswig–Holstein province (1993), recycling
materials may have a small degree of foreign sub-
stance pollution. Construction waste, dug-up ground
and waste at the construction site must be differenti-
ated according to the content of foreign materials
(Ministry Ordinance in Schleswig–Holstein province).

The share of foreign matter depends for the most
part on the sorting machine, which is part of the
crushing machine. In the crushing procedure, for-
eign objects should be broken up into the desired
particle size, otherwise these foreign objects (parts of
cable and plastic) will stick out of the body found on
the road and will look unusual.

This foreign matter should, as a rule, make up
only 5% of the volume of the mineral construction
matter. The foreign matter must not contain any
toxic substances. The crushed matter is subject to
testing by government authorities competent for na-
ture protection. Crushed construction waste should
not contain composite parts larger than 10–15 cm. If
the sorting machine that is part of the crushing ma-
chine cannot properly separate the crushed matter,
then these parts must be manually removed.

2. Method

In the Neumünster forest office, 3 test sections
each with 3 segments 50 m in length were set up. The
base soil in test section 1 (a, b, c) section 21d/22b is
Gley-Podsol, which is made up of sand containing
water from melting ice, with sand mixtures in the
upper soil later brought in by wind and a deep water
table. The ground has a high load capacity. Trial sec-
tion 2 (a, b, c), area I 100: in the main segment, the
same base material as in section 1 is present, but with
a high water table. This is soil type Gley-Podsol,
with very strong water table oscillations. A strong
»swampy« base of 50–60 cm on completely com-
pacted soil underlayers has made the old trail im-
passable.
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Test section 3 (a, b, c), section 280/281 in the
Bordersholm area. The soil forms a base of moraine
with a loam underlayer. This is a deep pseudoglay
on loam slopes, above the marly slopes as the base
material forming the soil (Barfold 1993). Due to the
high loam content, the soil can occasionally absorb
large amounts of water, making it impossible to
move the water to the sides. The soil surface is, in
general, wet.

In this way, three basic areas with differing load
capacities were selected for the construction of test
sections. The first segments were reinforced for a
length of 50 m. The remaining sections were rein-
forced as skid trails. The test sections on roads with
tracks transverse profiles were set up every 5 m and
measured in order to compare the differences before
and after construction.

3. Work procedure

Two road widths (3.5 and 4 m) were built onto
each test section. The upper soil layers, without load
capacity, had to be pushed to the side into the stand.
The depth of the excavation averaged 20–25 cm. The
width of the excavation for the road was 4.5 and 5.5
m. Uneven holes were filled with recycling material
0/25 and were compacted using the vibrating roller
Dynapack cH 47 (weight 10.0 t). Finally the bearing
layer was laid (0/56) and the surface layer laid
(0/25) and both layers were compacted. Tracks in
the field were conducted without digging with the
help of a truck bearing a heavy load. Material was
filled into the tracks from the back of an independent
truck. Material was distributed with the help of a
special road sled (with a wedge plate) by the com-
pany Hassler-Krebs. These road sleds are mounted

onto a front loader. Thanks to the wedge-shaped
plate, the material on the road is evenly distributed
into the tracks. In this way, there is no loss of material
on either side of the road.

Table 1 (Barfold 1993) shows the loss of material
by individual sections. It is clear that the spent mate-
rial (Table 1) in sections 2 and 3 is higher. These are
underground soil sections with a high water content,
where once only log embankments were built over
marshes) and paths reinforced with bundles of brush-
wood. The great need for filler material is under-
standable, given that the upper part of the road is
vaulted above the level of the border surfaces.

In the test sections of paths with tracks, prior to
construction lateral profiles were built in at an inter-
val of 5 m and measured. Finally, after reinforcement
and passage with the vehicle, the tracks were again
measured using the Mini-Bruunett forwarder, which
has a net weight of 15 t. Changes in the profile were
measured after 1, 3, 5, 10 and 20 m2 of driving over
the ground.

4. Rezultati mjerenja

The load capacity of the underlying soil layers
(CBR value) was measured from the right to left axis
of the road, on the tracks using the Harrnel (WES)
penetration meter. The achieved load capacity (after
construction) related to compaction, was established
by the company Asphalt-Labor in Wahlstedy on
their own trial sections using a trial slab.

If the trial segments are classified by the guide-
lines for building rural roads, then the skidding
paths must be put in the V class (up to 100 trucks
with more than 5 t load of cargo per day). The mea-
sured CBR value was high at all places. The defor-
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Table 1 Material requirements per trial segment

Trial segment No.
Road width

Bearing layer
(0/56)

Surface layer
(0/56)

Fill material
(0/56)

m t

1a *3.5 26.0 27.8 0

1b 4.5 37.3 28.2 42.4

1c 5.5 49.6 25.9 52.6

2a *3.5 72.3 28.5 0

2b 4.5 47.6 28.7 45.9

2c 5.5 52.9 39.7 102.1

3a *3.5 34.3 15.1 0

3b 4.5 44.7 28.4 49.8

3c 5.5 49.0 14.8 74.0

* road with tracks



mation module Ev2 at the excavation (on the plane)
was between 78 and 148 MN/m2, which falls into the
recommended levels (Dietz and Kol 1984). The mea-
surement area 0+10, left track, section 3b was an ex-
ception with Ev2 = 54 MN/m2. This area was likely
not properly compacted.

Simple reinforcement of trails with tracks shows
a deformation module Ev2 to be at low values: 27.4,
33.7, 34.4, 44.6 and 32.3 MN/m2. However, these val-
ues are sufficient for the passage of heavy forestry
machinery and for skidding, provided that weather
conditions are favourable.

When changes to the lateral profiles on the skid-
ding roads that are not reinforced are considered, af-
ter about 10 times of driving over this ground, sub-
stantial soil structure changes are observed, and the
tracks begin to show the first signs of breaking. After
the 20th time, hollows about 20 cm deep appear in
the ground, with breaking in the tracks at places.
Such strong ground breakage does not appear in re-
inforced skidding tracks.

Changes to the lateral profiles in the reinforced
paths with tracks show the first deformations after
the 20th time of driving over the ground. The com-
paction of the reinforcement increases proportion to
the number of times the road is driven on. The fol-
lowing factors impact the skidding road condition:

• total vehicle weight,

• type of soil,

• soil moisture content,

• weather conditions,

• wheel contact surface,

• size of opening,

• manner of vehicle driving and

• tree harvest frequency.

Under the assumption that errors in construction
can occur, already constructed trails with tracks
were measured. The main road was tested, built in
1991 using the remains of construction materials on
sand containing water from ice melting and which is
strongly influenced by the water table. No deforma-
tions were found in the lateral profile, with a defor-
mation module of 46.9 MN/m2. Further measure-
ments with the trial plate were conducted in 1975 on
trails with tracks where the upper layer is made up
of natural rock. The deformation module was at its
lowest, at 34.9 MN/m2. According to this value,
trucks cannot drive on this trail without causing
great deformation to the reinforcement.

According to the valid Agricultural Roads Gu-
idelines (RWL – 1975), and the minimum values
listed within for the deformation module, trails with
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Table 2 Measurement results with trial plate at two measurement sites on roads with tracks built in different ways

Trial segment No.
Measurement place

m
Value of CBR

%
Deformation module

Ev2
Coagulation indicator

Ev1/Ev2

1a
0+10 m right 59 27.4 2.06

0+40 m left 61 33.7 1.62

1b
0+10 m right 56 89.7 2.45

0+40 m left 58 59.4 2.08

1c
0+10 m right 58 83.0 1.48

0+40 m left 60 77.6 1.65

2a
0+10 m right 57 49.1 2.92

0+40 m left 66 34.4 2.23

2b
0+10 m right 57 113.4 3.03

0+40 m left 60 122.1 3.91

2c
0+10 m right 57 102.9 2.22

0+40 m left 58 127.6 2.57

3a
0+10 m right 57 44.6 2.08

0+40 m left 55 32.3 1.63

3b
0+10 m right 55 54.1 3.36

0+40 m left 57 109.7 6.57

3c
0+10 m right 56 107.6 2.48

0+40 m left 51 148.0 3.58



tracks are not required to have a load capacity to
support truck transport. However, all trails with
tracks that were constructed earlier with an upper
layer of recycling material did not show any signifi-
cant deformation. After inquiring with neighbour-
ing forest offices which manage similar trails with
tracks, it was found that there too there were no de-
formations from regular transport use. It is assumed
that the border limits of the deformation module Ev2
have been set too high. The problem of ground de-
formation during the delivery of construction mate-
rial for these tracks remains. Additional material is
required to fill in the deep tire tracks.

In excavating the lateral profiles of roads with
tracks, it was seen that the majority of the material
remains and that on the sides a flat bulb-shape is
formed, corresponding to proper transfer of wheel
pressure on the ground. The elasticity of the rein-
forcement in the longitudinal direction also has posi-
tive significance in the transfer of weight to the up-
per layer. At the achieved results in the test seg-
ments, at intervals of 100 m, the costs of road
reinforcement were 20 to 40% lower than the costs of
standard procedures. The test sections in the School
Forest of the Krtiny Forest Office at the Faculty of
Forestry in Brno (Czech Republic), reinforced using
leftover construction materials, did not show signifi-
cant deformation even after six years.

5. Conclusions

According to experience, the technical properties
of harmless recycling materials with a varying grain
size correspond to the loads in forestry transport
without deforming the bearing layer and the surface
layer. The material is only further compacted with
transport. The material with a varying grain size
(0/16, 0/25, 0/26) allows for proper compaction due
to the high degree of hygroscopity, thereby giving it
an excellent load capacity.

In the case of a large amount of precipitation and
with a great increase in the water table, when other
roads are visibly wet and softened, roads reinforced
with leftover construction materials remain dry and
solid, even in zones of a high water table. As was
seen with the excavation of lateral profiles in road
with tracks, the hollow area in the top bearing layer
is filled in with crushed construction material that

are not rigid (i.e. parts of bricks) and are solidly
forced in with a wedge between other solid parts.
The share of clay and fine parts are in the area which
is free from frost, and no frost damage was observed.
The load capacity and the compaction of recycling
materials from construction waste were measured
with pressure plates. The deformation module Ev2
measured for the standard reinforcement (bearing
layer and surface layer) satisfied the minimum re-
quirements for load capacity in agricultural road
construction. In roads with tracks the module Ev2
did not meet the minimum RWL requirements. De-
spite this, they could carry forestry transport over
longer time periods, without any significant mainte-
nance measures (Barfold 1993).

In the Neumünster Forestry Office (Schleswig-
-Holstein province), the construction of roads with
tracks began in 1980, with recycling material exclu-
sively used as a building material. The use of left-
over construction materials has resulted in conser-
vation of natural materials.
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Forest roads

Slavko [unji}

Abstract

This paper deals with the issues of forest opening by forest roads. The starting point of all ac-

tivities is the current opening in forest administrations, forest offices and management

units. In the last decade the overview of investments into the construction of roads has been

changing from satisfying to disturbingly slow. Damages to roads and other infrastructure

facilities caused by war, as well as about ten percent of mined forest roads, are a serious ob-

stacle to forest management. Insufficient funds meant inadequate road maintenance or com-

plete lack of road maintenance with adverse economic effects. Large share of external services

provided by private contractors also caused problems: poor surveillance of works, non-reli-

ability in providing services within set time limits, neglecting the sensitivity of forest envi-

ronment, etc. Cutting down expenses in the implementation of the procedure, manner of

work and construction, are further problems that result in being slow. Nevertheless, the ob-

jectives remain the same or just slightly lower; the intent is to build 0.3 m/ha of roads annu-

ally, which means 500 km of new roads, of which 300 km can be reasonably expected. The ef-

fects of laws and regulations related to licences for constructing and designing forest roads

are still unknown, and especially so after the amendments of the Construction Act and Reg-

ulations on Engineering Chambers.

Key words: Croatian state forests, forest opening, development of conditions

1. Introduction

The forestry of the Republic of Croatia has a long
tradition in designing and building forest roads.
Classes such as mechanics and civil engineering
were taught at the Faculty of Economy and Forestry
as early as 1860 and in 1895, within the subject of for-
est civil engineering, marking of forest roads and
railways was taught as well as designing and build-
ing of bridges.

After World War II foresters were among the first
to build roads in these areas. A large number of
roads, both local and main roads, were built as forest
roads.

Today’s Project Office Zagreb founded in 1954
employed 18 graduated forestry engineers and it has
made projects for 1,500 km of forest roads and 490 km
of public roads, from local ones to highways.

2. Openness

The openness of forests in our Enterprise at the
end of 1998 is 7.27 m/ha, and the total length of for-
est roads we manage is 14,477 km, which represents
more than 50% of public, i.e. state roads.

Generally lower openness of forests is caused by
low openness of Split Forest Administration i.e. the
karst region, which is lower than 3 m/ha.

In the continental part of the country, the open-
ness varies in different regions depending on natural
conditions, species and quality of forest stands, level
of equipment and way of harvesting as well as on
the attitude of some forestry experts toward build-
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Table 1 Openness of forests by forest roads

Year
Lenght of roads Openness

km m/ha

1991 12 753.70 6.45

1992 12 982.80 6.57

1993 13 241.90 6.70

1994 13 581.10 6.87

1995 13 799.90 6.94

1996 14 095.80 7.08

1997 14 202.91 7.13

1998 14 476.69 7.27*

* Openness of forests in 1998 was calculated in base of the total surface of
1,991,528 ha of the forest-economic base of the Croatian territory.



ing forest roads. Certain forest administrations have
come close to optimum openness typical for the Eu-
ropean industrial countries (Na{ice, Delnice, Senj).
Other forest administrations have a relatively good
openness considering the general conditions and
state of economy, while the region of Lika, i.e. Gospi}
Forest Administration, lags far behind.

3. Investments in roads

According to the Development Program the an-
nual volume of building forest roads was almost
reached in the period 1992–1995 when 7–12% of the
total income was set aside for investments, of which
more than 40% was used for building forest roads.

Only after the end of war in the Republic of
Croatia, the effects of terrible destruction and devas-

tation of infrastructure, equipment, machines and
entire forest complexes were felt in the whole coun-
try as well as in our Enterprise.

Consequently all funds were used for repairing
the damages and for providing all kinds of aid for
the employees of the Enterprise and people in gen-
eral.

From 1996–1998 only slightly more than 3% of
the total income was set aside for investments in
contrast to high 12% in 1993. Building of forest roads
was, therefore, reduced in the same ratio. Thus in
1993 approximately 500 km of forest roads were
built and in 1997 less than 100 km.

Apart from the World Bank loan for the renewal
of coastal forests, also providing the construction of
approximately 500 km of fire-protection roads, ev-
erything else is build at the sole expense of the Enter-
prise.

4. Maintenance

The same conditions applying to construction
possibilities also go for maintenance of forest roads.

Due to inaccessibility caused by occupation and
mines, some forest roads have not been maintained
for more than 10 years. In some cases entire trees
have grown up on the road or on its shoulder. On
some roads, drainage ditches, pipelines, bridges, etc.
have been completely destroyed. The problem is
also that some forest administrations, mostly those
not having civil engineering units, have not got ma-
chinery for the maintenance of forest roads. Expen-
sive stone and long distance transport also affect the
possibility of maintenance.
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Table 2 Investments in lower layer (LL) and upper layer (UL) of forest
road out of amortization

Year
LL UL Amount

km 10
3

DEM 10
3

kn

1991 173.4 173.4 6 014 22 253

1992 229.1 229.1 9 835 36 390

1993 257.8 259.1 22 640 83 770

1994 149.8 220.8 11 438 42 321

1995 90.3 86.2 5 552 20 544

1996 91.5 90.3 6 266 22 322

1997 43.0 94.4 5 182 18 423

1998 164.9 117.3 5 788 20 953

Total 1 199.8 1 270.6 72 717 266 976

Table 3 Investments in lower (LL) and upper (UL) layer of forest roads
built as fire protection openings with elements of forest roads

Year
LL UL Amount

km 10
3

DEM 10
3

kn

1991 12.3 – 242 896

1992 452.4 67.3 3 974 14 705

1993 274.0 68.4 4 573 16 920

1994 375.6 120.4 7 391 27 347

1995 320.1 130.7 6 482 23 986

1996 151.0 28.1 4 305 15 337

1997 64.1 63.6 2 969 10 557

1998 48.2 37.8 2 131 7 716

Total 1 697.7 516.3 32 070 117 464

Together T.2 + T.3 2 897.5 1 669.6 104 787* 384 440

* Mean exchange rate for DEM was 362.0029 HRK in 1998

Table 4 War damages

No. Type of good
Direct damage

10
3

HRD 10
3

DEM 10
3

kn

1 Land

2 Building facilities 287 087 41 012 147 645

3 Equipment 304 308 43 473 156 501

4 Long-standing plants

5 Forests and game 933 637 133 377 480 156

6 Cattle

7 Working capital

8 Cultural monuments

9 Other means and goods 219 612 31 373 112 943

Total 1 744 644 249 235 897 245



5. Contractors

Our own civil engineering team established in 6
civil engineering operational units carries out the
construction of roads. Private contractors are en-
gaged for a smaller part of civil engineering activi-
ties, usually those having machines we need.

At the time of intensive construction activities in
past years, we carried out 48% of works by ourselves
and 52% by engaging third party contractors.

A good relationship and co-operation with pri-
vate contractors has never been established. They of-
ten leave us in spite of the contracted work and go to
better paid jobs. This is especially frequent at the
time of seasonal agricultural works (transport of tur-
nip, cereals), and with large state civil engineering
operations (highways, etc.).

The civil engineering operational units have also
been affected by reduced investments so that in the
last 6 years not one civil engineering machine has
been purchased. The average machine age exceeds
16 years.

6. Technology

Different conditions cause different types of for-
est roads construction. In lowland region, the con-
struction is very expensive due to long distance be-
tween stone-pit and building site (mostly more than
100 km).

After having built the basic road network with
different types of soil stabilization and drainage,
nowadays building is mostly carried out by use of
geo-synthetic (geo-textile, geo-net).

In highland region, building is carried out by use
of large-size bulldozers for breaking through the
marked line, and then graders and rollers for buff-
ers. In mountain region and in karst region, due to
larger quantities of stones, building is performed by
use of bulldozer and excavator equipped with hy-
draulic hammer for breaking through the marked
line and grader and roller for the buffer.

Mining and explosive devices are almost com-
pletely out of use except in some rare cases when it is
impossible to break the rock with the pneumatic
hammer.

7. Objective

Data on the openness and transportation length
in »Hrvatske {ume« show that we lag behind the in-
dustrial countries in such an extent that it will take
us years of intensive building to reach their current
degree of openness. And these countries still invest a
lot in building forest roads.

According to the Development Program of »Hr-
vatske {ume« (1991–2025) building of 0.3 m/ha or
approximately 500 km of forest roads is scheduled
per year. Thus, in 25 years to come, optimum open-
ness would be reached in some forest administra-
tions.

The tendency is to invest more in poorly opened
areas and to improve (pave with asphalt) the basic
directions in better opened forests.

As the Program was developed before the war in
Croatia and due to its effects, it has to be reduced to
rational limits and build at least half of what was
projected or 300 km a year.

8. Difficulties

After 100 years of designing and building roads
and facilities in forestry, the Law on Building of 1 Oc-
tober 1999 specifying that only graduated engineers
of architecture and civil engineering can deal with
such activities is about to come into effect. To be spe-
cific, only they can get the license issued by the
Chamber of Engineers.

Graduated engineers of forestry, agronomy, geol-
ogy, mining, etc. cannot be members of the Chamber
of Engineers.

The Law on Building and the Law on Chamber of
Engineers were prepared without the participation
of the above said experts.

An increasing area of forests is transforrmed into
national parks and parks of nature where foresters
are not required.

To resume, soon there will be no need for the Fac-
ulty of Forestry as an increasing number of biolo-
gists, legal experts and doctors work in forests and
protect them from foresters. Many of them have
hardly ever heard of biocenosis.

Water resources management use more than
64,000 ha of forest areas as retention, where water is
directed when there is too much of it in the forest
and out of where it is brought when forest requires
it. For this »service« we pay DEM 8 million a year.

In most hunting grounds we do not know whom
to charge for the damage done by game.

All of this probably happens because we, forest-
ers, do not have our lobby. We could perhaps find it
in you.
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Forest roads in Turkish forestry

H. Hulusi Acar, Selçuk Gümüsz

Abstract

Exploitation of forests requires intensive forestry practice, rational and appropriate for

achieving forestry aims. Forest roads enable the transportation of wood, personnel, materi-

als and equipment. On the other hand, they provide traffic facilities and recreation for forest

visitors. Thus, forest roads create economical, social and cultural benefits. In Turkey,

17-million m³ of logs are transported on forest roads each year. Furthermore, they play an

important role in other forestry activities such as forest protection, forest management,

silvicultural activities, protection from erosion and plantation. Forest road construction is

more expensive in mountainous areas such as Turkey is. Systematic forest road network

planning studies started in 1964 and completed in 1974 by General Directories of Forestry.

In these studies, a total of 144,425 km of forest roads have been planned for productive forest

areas. These plans, however, had to be revised due to the development of forestry technology,

requirements of the national forestry and the actual practice. According to the revision, the

total length of planned forest roads amounts to 201,810 km. Up to 1994 a total of 121,503 km

of forest roads were constructed, which is 60.21 % of the total road length. The planned for-

est road density is 20 m/ha. The growing need to control the costs of forest operations moti-

vates forest managers to develop efficient methods for forest road networks planning, so as to

minimise the total cost of logging, truck transportation, road construction and mainte-

nance. Due to the difficulty arising from complexity and variability of the forest environ-

ment, experienced personnel using non-optimising rules of thumb usually carry out the

planning of forest road networks. Geographical Information System was used successfully

during forest road planning and organisation of transportation of forest products. Recently,

in Turkey the investigation has been carried out in which the geographical information sys-

tem (GIS) was used for planing forest road routes and determining road structure. But, it

has not yet reached an adequate level. Planning of the required forest networks for the whole

country should be completed in a short time by the use of the method, which is the subject of

these investigations.

Key words: Turkey, forest roads, GIS, planning, construction and maintenance

1. Introduction

Global forests decrease in area and number daily
by human pressure and natural disasters such as for-
est fire. In Anatolia, forests have been damaged on a
large scale, too. Moreover, easily accessed areas have
been partially destroyed and only the forests on dif-
ficult terrain conditions could keep their natural
form.

Forest harvesting and transport operations are
essential components of sustainable forestry enter-
prise. Total annual harvesting of wood from world
forests has reached the level of 3,470 million m3. Re-
cent FAO projections suggest that the annual global

harvesting will reach 5,100 million m3 by the year
2010 (FAO 1995).

Forest areas in Turkey decrease continuously the
same as the world forests. The forest area in Turkey
covers 20.7 million hectares and 50.7 % of the total
area is productive. Grove forest rate is 66.8 % in pro-
ductive areas. Turkish grove forest consists of 71.5 %
of conifer, 18.7 % of hardwood and 9.8 % of mixed
type forests. Pinus sylverstris, Pinus brutia, Pinus nigra,

Picea orientalis, Abies sps, and Cedrus libani are the
most frequent trees in conifer forests and Quercus sp.,

Fagus orientalis and Castanea sativa are hardwood
species.

Turkish government is the owner of almost all
forests in Turkey. Turkish forests are run by Govern-
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ment Forest Enterprises. For this reason planning,
construction and maintenance of fixed type forest
roads is the most important under structure estab-
lishment. Turkish Government carries it out along
with other forestry operations. All forestry opera-
tions are made difficult because forests are generally
located on mountainous areas.

Exploitation of forests requires intensive forestry
practice, rational and appropriate for achieving for-
estry aims. For this reason, forest roads are one of the
most important necessary tools. They enable the trans-
portation of wood, personnel, materials and equip-
ment. On the other hand, forest roads provide traffic
facilities and recreation for forest visitors. Thus, forest
roads create economical, social and cultural benefits
(Erdas et al. 1995).

2. Forest roads in Turkey

In Turkey, forestry operations are carried out on a
forest area of approximately 20 million ha, located in
different parts of the country and under different
conditions. Only the best forest road network can
provide conditions for working in these wide, scat-
tered and difficult mountainous areas. In Turkey, ap-
proximately 17 million m³ logs are transported on
forest roads each year. Furthermore, they have an
important role in other forestry activities such as for-
est protection, forest management, silvicultural ac-
tivities and plantation. Forest road construction is
more expensive in the mountainous areas of Turkey.

In Turkey, forest road network plans have been
made in accordance with the principle of the bulletin
No. 202, published by General Directorate of For-
estry. They take into consideration a continuous trans-
portation aimed at meeting forestry transport re-
quirements for all types of forest products and suit-
able for other forestry services providing connection
between main and secondary roads such as valley
roads, side roads, ridge roads, logging roads and
connection roads (OGM 1984).

Systematic forest road network planning studies
started in 1964 and completed in 1974 by General Di-
rectories of Forestry in Turkey. In these studies, a to-
tal of 144,425 km of forest roads have been planned
for productive forest area. These plans, however,
had to be revised due to the development of forestry
technology, requirements of the national forestry
and the actual practice. According to the revision,
the total length of planned forest roads amounts to
201,810 km. Up to 1999 a total of 132,693 km of for-
est roads were constructed, which is 65.75 % of the
total road length. The planned forest road density is
20 m/ha.

Considerable improvement has been achieved in
forest road construction in our country. On the other

hand, this improvement must be discussed techni-
cally and economically. As a matter of fact, approxi-
mately 250,000 ha (1.25 % of all country forests) of
productive forest areas have been lost so far as
125,000 km of constructed forest roads pass trough
forest areas and 20 m forest area is required for a 4 m
road width. The loss of productive forest areas is an
important issue nowadays when such a point is
made of afforestation in our country. In this respect,
the loss of forest area due to forest road construction,
which is indispensable from the point of view of for-
est management, must be reduced or used rationally.

3. Forest roads evaluation from
sustainable forestry point of view

3.1. Evaluation from the point
of view of planning

Planning of forest road network in harmony with
nature from ecological point of view is the most im-
portant condition because making a mistake in plan-
ning phase of forest roads that has fixed structure
can not be corrected or is too difficult, too expensive
and time consuming. From this point of view maxi-
mum attention is needed in the planning phase. On
the contrary, planning mistakes that can be made
might cause negative results on road route and
around its natural environment.

Ecological criteria made of forest natural condi-
tions such as survey structure, soil type, silviculture,
protection and animals as well as technical and eco-
nomical criteria must by all means be taken into con-
sideration when planning forest roads. For example,
do not cause loss of forest area by excavation mate-
rial in road construction, do not construct roads
above needs, do not plan construction in sensitive
area from the point of view of silviculture, erosion
and landslide or take some precautions in planning.

65 % of total road construction can be completed
after many years in Turkey. Forest roads can be con-
structed and than new plans must be developed tak-
ing into consideration ecological, technical and for-
estry conditions instead of plans based only on the
requirements of 1960’s. From this point of view, old
plans must be evaluated and forest road networks
must be seriously corrected in the course of time.

Firstly, functional planning will be made by eval-
uating functional values of forests and according to
this forest road networks must be planned during
planning phase. Over needed road planning that
will cause forest cutting must not be neglected. Pos-
sibility of transportation as well as terrain conditions
and silvicultural methods that will be used must be
taken into considerations. At the same time, plan-
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ning must be revised so as to cause minimum dam-
age of nature.

3.2. Technical development of forest
road planning

Nowadays, multiple use and sustainable forestry
operations are of utmost importance. Multiple use
requires a planning that includes not only log pro-
duction but other forest function, too.

Forest functions are evaluated under three as-
pects as production forest, protection forest and na-
tional parks from the point of view of forest road net-
work planning in Turkey (Yolasigmaz 1998, Eraslan
1982). New approaches must be acquired in accor-
dance with the evaluation of these functions and dif-
ferent road density for each function that has been
investigated while planning the general forest road
network.

Forest transportation plans must be take into
consideration for the best benefit of forest roads
while forest road planning. This condition is essen-
tial point of view performing duty from forest roads
in production forests.

Forest transportation plans are developed after
preparing forest products for transportation in ac-
cordance with road network plan, management and
silviculture plans, terrain conditions, available ma-
chine park, work volume, worker capacity and work
output. Plans must include care to avoid damage of
transported logs, trees in stands, regeneration, forest
soil and work power. It is a model that selects the
best transportation form taking into consideration
the order, timing and type of extraction from com-
partment as well as transport with trucks on forest
roads.

Geographical Information Systems have become
an important tool that has been used frequently in
decision making process recently. Geographical In-
formation Systems (GIS) is a system in which graph-
ical and non-graphical data exist and can answer
various spatial query.

Initial usage of geographical information sys-
tems in forest road network planning studies started
at beginning of 1990’s. In initial studies, it is aimed at
developing product plans as quickly and accurately
as possible by means of obtaining values for forest
road planning from geographical information sys-
tems database. Cut and fill volume estimating, the
short pat determining between two fixed points, etc.
a lot of analyses could be performed easily and
quickly by usage of digital terrain models. But, re-
searches are doing their best to improve this analy-
sis.

Recently geographical information systems have
been used for selecting the best forest road routes
and determining the necessity for road building in
Turkey (Acar and Gümüsz 1998a, 1998b). In an inves-
tigation, 107,706-m of forest roads have been plan-
ned in Trabzon Forest District. Road density, road in-
terval and the rate of forest access were determined
respectively 20.40 m/ha, 490.19 m, 93.27%. With these
roads, 4,923.27 ha out of 5,278.27 ha of forest area
were used for exploitation. A total of 701,151,880 m³
stand volume of forests and 14381.548 m³ of incre-
ment was obtained on these forest access areas. In
addition, only 58 % of the total area have been deter-
mined as the best area for forest road access (Figure
1) (Gümüsz 1997).

3.3. Evaluating of forest roads from
construction and maintenance point
of view

Forest roads are the most important infrastruc-
ture establishment based on forestry operations. Ac-
cording to Bayoglu, the exclusive use of bulldozers
for leveling road construction operations along the
road creates big damages in addition to wrong plan-
ning of forest roads. This application, causing loss of
terrain or damaging forest cover under the road, is
increasingly used in mountainous region (Bayoglu
1989).

Approximately 32 m wide soil material and 20 m
wide rocky ground of forest area are destroyed by
construction of a 4 meter forest road on an average
70 % slope terrain. Thus, 8,000 m3 of soil ground and
3,300 m3 of rocky ground are cut for 1 km of forest
road (FAO 1985).

General Forestry Directorate will prepare new
rules on application in accordance with the determi-
nation of technical improvements taking into ac-
count the environmental aspects of present condi-
tions. Concrete and asphalt roads must be con-
structed only on short distances and the issues of
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nature destruction and cost must also be taken into
consideration.

Both, harmony of nature and technical compli-
ance, must be taken into consideration in water con-
struction planning. If there is any deficiency of water
construction in beforehand plans, these must be re-
moved.

Forest roadsides must be suitable for technical
equipment and natural structure and if it is neces-
sary, technical supports such as afforestation and
strengthening must be supplied. Superstructure and
ditch that extend life of roads must be established es-
pecially on points where this is necessary.

If it is necessary, we must take benefits from
mechanization in road construction. For this reason,
excavation + dumper truck combined operation
must be applied as practiced in developed country.
It is important to use bulldozer only on soft soil.
Qualified operators must be employed. If necessary,
precautions for reducing damages to environment
must be taken. Explosive techniques and material
that do not damage environment must be used while
passing rocky areas.

Maintenance of forest roads and water construc-
tion must not be ignored. Their maintenance must be
done periodically at last twice a year firstly before
rains at spring and after transportation at autumn.

4. Results and suggestions

In Turkey, high portions of forest roads have been
constructed but negative phenomena such as insect
disaster and landslides, etc. have not been prevent-
ed. Terrestrial evaluating is still insufficient even
though great attention has been paid to environmen-
tal protection in planning stage. Forest road con-
structions have generally been made somewhat
sloppily and hastily and taken into consideration
right before production. Water constructions have
been built only where momentarily required. Their
maintenance has not been good enough.

As a result, available road network plans must be
evaluated again from the point of view of functional
planning and transport planning and constructions
must continue in accordance with the new plan
made for the period after 2000. Planning of roads
damaging the natural environment and aimed only
at achieving production, road construction with

bulldozer, passing the rocky areas by dynamite, in-
adequate water construction and untidy mainte-
nance works must be reorganized by using geo-
graphical information systems in planning opera-
tions.
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The effects of forest roads and harvesting
operations on natural environment

H. Hulusi Acar

Abstract

The damage of the environment caused by forest road constructions and forest harvesting

operations has been put on the agenda together with the increase of insect damages, hazard

of seed stands, annihilation of natural regeneration on down-slope roads and decrease of for-

est area.

In the developed countries, this issue has been given the necessary importance along with

the environmental approach. The technical development including road construction with

excavator and dumber-trucks, decreasing of dynamite damages in the process of passing the

rocks, use of modern forest transportation techniques such as skylines and log-lines have

been put into practice.

The forest roads have not been fully completed in Turkey by 1995 and 40 % of them are still

to be finished so as to achieve the minimum production and harvesting in our country. How-

ever, these operations must be carried out more carefully so as to protect the natural environ-

ment.

Functional planning must be prepared first and then ecological, technical and forestry con-

ditions must be taken into consideration for developing forest road network plans. Further-

more, the success of forest engineering and forest operations must be evaluated especially

with respect to environmental effects. Furthermore, it is necessary to work with high-qual-

ity personnel and to use modern tools and devices to construct roads without causing the en-

vironmental damages.

Key words: forest roads, forest harvesting, forest operations, natural environment, environmen-

tal damages

1. Introduction

Natural environment has been continuously da-
maged for quite a long time by forest harvesting ope-
rations and forest road constructions. This issue was
considered together with the increasing insect dam-
age, hazard of seed stand, annihilation of natural re-
generation on down-slope roads and decreasing of
forest area after forest road constructions.

In the developed countries, these environmental
protection issues have been given the necessary im-
portance. The environmental experts have devel-
oped road construction with excavators and dumber-
-trucks, decreasing dynamite damages in mining the
rocks. Forest harvesting has also been up-graded by
use of modern forest transportation techniques such
as skylines, log-lines, monorails, harvesters and

walking machines in view of environmental protec-
tion.

Sixty percent of forest roads in Turkey have been
completed but according to Acar and Szentürk (1993),
an important part of forest roads still remains to be
constructed so as to achieve a minimum production
and harvesting level in forest areas in Turkey each
year. These operations and investigations must be
considered more carefully in order to protect the nat-
ural environment.

Forest roads are the most important foundation
for sustainable forestry operations. At the same
time, forest roads are the first step in providing for-
est fire-protection in the shortest time and conse-
quently they play an important role in the environ-
mental protection.
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2. Forest roads and environmental
protection

Apart from damages caused by forest road plan-
ning, environmental damages appear on seed stands,
natural regeneration areas, rocky-mountains, land-
slide regions, etc. In the phase of forest road plan-
ning, road slopes must be carefully taken into con-
sideration because otherwise environment can be se-
riously affected.

Moreover, insufficient number of built roads and
poor road maintenance has been causing erosion
and landslides on forest roads. Therefore, natural
conditions are especially important for the selection
of the type of road construction.

Rolling down of the remnant material from the
forest road after construction causes the most impor-
tant damage during the construction of forest roads.
This is particularly unpleasant in mountainous re-
gions and the damage increases with rocky materials
(Bayoghlu 1989). These phenomena affect adversely
the nature resulting in the annihilation of natural re-
generation, damage of insects and trees, soil com-
paction and of course the decrease of productive for-
est areas.

The construction of 1 km of forest road requires
the excavation of 8,000 m3 on unrocky areas and
3,000 m3 on rocky areas on a 70% slope and 4 m wide
forest road as stated by FAO.

Development of forest road construction has
been restricted in Turkey. But, this must be discussed
from technical and ecological point of view. Nowa-
days, the productive forest areas are covered with
125,000 km of forest roads. By the time the construc-
tion of all forest roads will have been completed,
productive forest area will have decreased by ap-
proximately 250,000 ha. This is 1.25 percent of Turk-

ish forest area (Acar 1999-Kütahya). That is why it is
very important to minimise the loss of the forest area
by rational forest road planning.

The value of the actual forest roads in Turkey is
approximately US $ 1 billion milliard. The construc-
tion of forest roads is expensive but also necessary
for forestry. This is why it is very important to plan
the right forest road networks so as to cause mini-
mum damage to environment during construction
of forest roads.

Flowing of sand and gravel on forest roads is an
important problem for natural soil structure in the
stand. They cause finger and carve erosions espe-
cially in runny regions of unsuitable slope and inad-
equate ditch width etc., i.e. unsuitable environment
for road construction (Acar 1993).

In the process of road construction, mechanisa-
tion has an adverse effect (noise, vibration etc.) on
wildlife and chemical residues destroy the soil struc-
ture.

Insufficient annual road maintenance jeopardises
road structures and causes erosion and landslide at
the same time. So far only 15 % of forest road con-
structions and superstructures has been completed
in Turkey. This affects adversely the natural environ-
ment.

3. Effects of forest harvesting operations
on natural environment

In Turkey, approximately 10 million m3 of indus-
trial wood and 15 million m3 of fuel-wood are pro-
duced annually. Generally these activities cause
damage of the environment.

Forestry production mostly affects regeneration
and other trees upon felling. These damages have
been causing deaths or loss of quality or infestation
by insects.

Forest transportation activities include the ex-
traction within the forest and transport by trucks on
forest roads. The extraction stage is more damaging
for the environment. Out-of-date forestry tech-
niques such skidding by manpower, controlled or
uncontrolled sliding, rolling, etc. have been causing
the damages to plants, animals and soil.

Skidding by animals is a better-controlled trans-
port technique. For this reason, the skidding tech-
nique causes less damage apart from the erosion on
skidding routes.

The wrong route selection during tractor opera-
tions is very bad for skidding on the forest road or
cable pulling. These damages have been severely af-
fecting regeneration and trees causing soil and water
erosion on the route upon harvesting.
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Skyline is the least damaging method for the en-
vironment but it requires cutting of a large corridor
to provide transport by air. This corridor causes con-
siderable loss of the productive forest area. Skidding
by skyline causes regeneration damage and erosion
on the route.

Other extraction methods such as log-line, rail
system, transporting by water, balloon and helicop-
ter are suitable natural techniques and give better re-
sults as far as environment is concerned.

4. Environmental protection during
forest road construction and harvesting

operations

Constructions of new forest-roads must continue
in accordance with new plans, which take into con-
sideration ecological, technical and forestry condi-
tions. If it is necessary, wrong road network plans
must be revised.

It only takes time and care to revise the road
plans. It is, however, very difficult and high costing
to implement those changes.

Functional values of forests must be determined
first and then functional plans must be developed.
After that, forest road network plans must be pre-
pared. It must be remembered that unnecessary road
planning will cause the loss of productive forest
area. The forest road network planning must take
into consideration the environmental protection.
Consequently they must take into account topo-
graphic conditions, silviculture methods, transpor-
tation possibilities. The concrete and asphalt roads
must be only applied for necessary and short dis-
tances, because they are expensive and damaging.

Generally, Lucci and Yoshimura met erosion and
material flowing on skidding roads. There are a lot
of factors, such as topography, road slope, road age
and road maintenance, which can cause erosion on
forest roads. This is why, Packer proposed the use of
drainage ditches and protection bands.

Plans for superstructure, ditches, road buildings
and bridges must take into consideration technical
and natural aspects. The road slopes must be in ac-
cordance with the nature and constructed soundly, if
it is necessary. The maintenance of forest roads and
buildings must not be neglected.

Forest road construction must be carried out by
use of a combination of excavators and dumpered
trucks as practised in developed countries. Dozers
must only be used on soft soils. Only highly quali-
fied operators must be engaged. Temporary mea-
sures must be taken to decrease the environmental
damages during road construction. Explosive mate-

rials and exposing methods for mining the rocks
must be carefully chosen in order to cause the least
possible damage.

The most important environmental damage in
forestry takes place on regeneration and trees upon
felling. For this reason, as a rule only qualified oper-
ators and workers should be engaged. The felling
route must be determined so as to cause minimum
environmental damage. In addition modern ma-
chines must be used, if possible.

Nature viable transportation techniques cause
minimum environmental damage in harvesting op-
erations. Transport by tractors should be realised on
natural tracks. The skylines are the best method for
forest transportation, but they require good route se-
lection and transport planning.

Transportation by log-line, rail systems, river
system, monorail, helicopter and balloon are high
costing methods. But, they give positive results re-
garding the environment in comparison with the
others. Harvesting operations on snow must be sup-
ported.
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Transport possibilities must be taken into consid-
eration when selecting the silvicultural methods.
Machines must support harvesting operations on
difficult topographic and regeneration areas.

A transport plan developed by Bayoghlu was
aimed at developing rational harvesting methods
and decreasing the damages of forest soil and stand.

5. Results and recommendations

A lot of damages at differental figures has come
into being on natural environment during forest
road planning, construction and maintenance with
forest harvesting operations. The most important
damages has been the losses of forest areas, wound-
ing after insects, erosion and landslipes, felling and
skidding damages.

The forest road net plans must be planned with
ecological, technical and all other forestry condi-
tions, the forest functional values must be taken into
consideration, difficult terrains, and should be care-
fully evaluated unnecessary forest road net should
not be planned.

The forest roads must be constructed with exca-
vator and dumpered truck. Bridge and road build-
ing’s planning should take into consideration the
technical and natural. The maintenances of forest
road and buildings must not be neglected.

It must be basic to work with qualified operators
and workers during all harvesting operations. They
give the possitive results skidding on snow, trans-
porting by rail, log-line or river methods which are
natural methods.

As a result, the forest roads are the most impor-
tant infrastructure for forestry and a piece of country
road net at the same time, it is very important that
the environment damages occur during the forest
road planning, and construction and forest harvest-
ing operations. For this, shortly; it is necessary quali-
fied workers, to work with modern machines and

methods using nature during the forest road con-
struction and forest harvesting, to establish the add
buildings for minimum environmental damage and
especially to evaluate as natural the succsesfull dur-
ing all forest operations.
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Skidding technologies in Croatian
mountainous selection forests – actual

situation and possible future development

Tomislav Por{insky, Ante P. B. Krpan, Marijan [u{njar, @eljko Ze~i}

Abstract

Due to the impact of slopes and stand conditions of Croatian selection fir-beech forests the

choker skidder and cable yarder are the most common means of extraction. This paper analy-

ses the performance of the LKT-80 choker skidder while skidding long fir-tree roundwood in

three different situations with or without secondary openness achieved through a network of

strip roads and under different slopes. It also gives a survey of results of research on cable

yarding beech logs with a mobile tower yarder KSK 16 as a possible alternative to the choker

skidder (Variant 4). Daily efficiency, standard times and costs per unit were determined for

extraction distances of 300 m for each variant:

Variant 1: skidding with the LKT-80 choker skidder in a stand without secondary openness

and with a slope gradient of 19–38%: 79.5 m3/day; 6.04 min/m3; 22.5 kn/m3

Variant 2: skidding with the LKT-80 choker skidder in a stand with secondary openness and

with a strip road slope gradient of max. 36%: 97 m3/day; 4.95 min/m3; 18.3 kn/m3

Variant 3: skidding with the LKT-80 choker skidder in a stand with secondary openness and

with a strip road slope gradient of max. 25%: 127.7 m3/day; 3.76 min/m3; 14.0 kn/m3

Variant 4: cable yarding with the KSK 16 mobile tower yarder in a stand without secondary

openness and with a slope gradient of 50–90%: 80.6 m3/day; 5.96 min/m3; 47.3 kn/m3

The load volume was the highest in Variant 3 (6.8 m3) and then in Variant 2 (5.2 m3), Vari-

ant 1 (4.1 m3) and Variant 4 (2.1 m3). The allowance of 20 % and 24 % of the effective time

was applied for the LKT-80 skidder and the KSK-16 cable yarder, respectively.

Key words: choker skidder extraction, cable yarding, slope, secondary openness, selection forest

1. Introduction

The complexity of terrain conditions for carrying
out forest works determines the accessibility of vehi-
cles and people (Mellgren.1980, Conway 1984, Berg
1992). In timber skidding in the Croatian mountain-
ous selection forests, the most important factors of
forest off-road accessibility are slope gradient, sur-
face obstacles and soil bearing strength. Due to high
impact of terrain slope gradient on the Croatian se-
lection fir-beech forests, the choker skidder and ca-
ble yarder are the only choice for wood extraction.

Today in such severe work conditions, choker
skidders prevail and since 1970 they have practically
eliminated the use of yarders for operational pur-
poses. Further reasons for the current sporadic use
of the yarder in Croatia are primarily its high pur-

chase price, high operating costs in comparison with
the skidder and its requirement for highly organized
and trained group of operators.

However, the ecological and esthetic elements of
up-to-date forest management pave the road for the
comeback of cable yarding (Wasterlund 1996, Krpan
1997), as it causes no soil compaction and generally
no damage to trees in the stand.

This paper shows some results of investigation of
timber skidding by the LKT 80 skidder in the stands
of more or less equal slope gradient, with or without
secondary openness provided through a network of
strip roads of different slope gradient and timber
yarding by mobile tower yarder, the Steyr KSK 16, in
fir-beech selection forests.
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2. Methods and sites of investigations

The performance of the skidder and mobile tow-
er yarder was investigated by use of work and time
study. The operating time of both means of extrac-
tion was split into three operating elements with
some constants determined in advance in accordan-
ce with the set goal of research. Time consumption of
operating elements was recorded by use of repetitive
chronometry timing method along with recording
the working day. The distances of unloaded and
loaded travel were measured by use of tape, slope
gradient of the terrain and of strip roads was mea-
sured by clinometer and the load data were collected
by measuring the diameter and length of each piece
of roundwood.

The obtained data were processed by mathemati-
cal-statistical methods with the use of personal com-
puters. After having processed and analyzed the
data, the results of research were synthesized and
they are presented further in the text.

2.1. Skidding wood by cable skidder LKT 80

The investigation of skidding long fir roundwood
by the LKT 80 cable skidder was conducted in moun-
tainous conditions of fir-beech selection forests in the
area of Delnice Forest Office, Delnice Forest Adminis-
tration. The investigation was carried out in two
stands with the slope gradient of maximum 40 %,
with terrain obstacles made of stones and stumps, on
dry soil and skidding downhill. A chokersetter as-
sisted the tractor driver by pulling out the rope from
the winch and attaching and removing logs.

In the first stand (Delnice Management Unit,
Compartment 39) the second openness had not been
carried out and consequently the tractor drove off-
-road through the forest (Variant 1). The growing
stock of the Compartment was 368 m3/ha, of which

the share of fir was 71% and the rest was beech. Har-
vesting density of selection felling was 92 m3/ha, i.e.
58 trees/ha. The volume of the average mean cubic
tree was 1.59 m3 and the average distance between
felled trees was 13 m.

In the second stand (Podvodenjak Management
Unit, Compartment 21) with secondary openness
provided through strip roads built with a density of
90 m/ha, the skidder used them in its operations.
Strip roads were split into two slope classes and
namely maximum 36 % (Variant 2) and maximum
25 % (Variant 3) in order to investigate the impact of
slope gradient on the skidder work efficiency. The
growing stock was 396 m3/ha, of which the share of
fir was 81 % and the rest was made of beech. Har-
vesting density of selection felling was 119 m3/ha,
i.e. 45 trees/ha, and the volume of the mean cubic
tree was 2.64 m3. The average difference between
felled trees was 15 m.

2.2. Yarding wood by mobile tower yarder –
Steyr KSK 16

The investigation of yarding beech wood by the
Steyr KSK 16 cable yarder was conducted in the area
of Dre`nica Forest Office, Ogulin Forest Administra-
tion in a strictly beech even aged stand (Compart-
ment 23 of Bitoraj Management Unit). The growing
stock of the Compartment was 369 m3/ha and the av-
erage breast height diameter of trees was 32 cm. Due
to the slope gradient of the stand ranging between 50
and 90 % felling was carried out with the intensity of
59 m3/ha, i.e. 21 trees/ha. The volume of the average
mean cubic tree was 2.80 m3 and the distance be-
tween felled trees was 22 m.

The driving unit is installed and anchored on the
forest road widening constructed above the felling
site. The Compartment area is covered with two
stands from which eight lines are distributed in a
fan-shaped arrangement.
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Figure 1 Cable skidder LKT 80 Figure 2 Truck Yarder Steyr KSK 16



Felling of trees is performed by use of chain saw
and then branches, thinner than 10 cm, are de-
limbed. Thus reduced treetop is separated from the
stem and the stem is sawn in two or three pieces de-
pending on its diameter. In this way the balance iss
achieved between the mass of pieces of larger trees
and the bearing capacity of the cable yarder.

After finishing the unloaded travel, the carriage
of the yarder stops above the loading site, the pull-
ing rope is lowered, it is fetched by the worker who
drags it to the load. The load is attached with chok-
ers. When the load is attached it is skidded vertically
or at an angle towards the yarder route and then it is
partly or completely raised and yarded along the
bearing rope to the unloading platform. The load is
lowered and released on the unloading platform and
the rope is then raised and the new cycle begins. Af-
ter skidding wood from the unloading platform, ad-
ditional processing is carried out in the landing and
commercial wood is separated from fuelwood. Four
workers operate the yarder. Two of them prepare
and fasten the load in the felling site, the third one
unfastens the load on the unloading platform and
the forth one operates the machine. They communi-
cate among themselves and coordinate their work
by portable radio receivers.

3. Results of investigation

A short survey of average work characteristics of
investigated means of extraction is shown in Table 1.
Travel speed of loaded yarder carriage is 5.4 km/h
and by 47.7 % lower than the travel speed of un-
loaded carriage (10.33 km/h).

The average speed of unloaded skidder is the
function of the skidder travel on off-road slope, i.e.
skidder travel on strip roads of different slope gradi-
ent. The lowest average travel speed of unloaded
skidder (3.26 km/h) was achieved when the vehicle
drove on the strip road with the slope gradient of 36 %
and the highest (3.52 km/h) was achieved when the
vehicle drove on the strip road with the slope gradi-
ent of 25 %.

The average travel speed of the loaded skidder is
by 9 % to 21 % lower than the average travel speed of
unloaded skidder and apart from the above said fac-
tors it is also affected by load volume.

The impact of off-road slope and slope of strip
roads affected the average load volume (Fig. 3). The
lowest skidder load volume (4.1 m3) was realized in
the stand without strip roads with the slope gradient
of 19 % to 38 % and the highest (6.8 m3) was realized
in the stand with secondary openness provided
through strip roads with the slope gradient of 25 %.
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Table 1 Some investigation results

Yarder KSK 16 Cable skidder LKT 80

stand without secondary oppeness terrain slope strip road density 90 m/ha slope of strip road

80 % (50–90 %) 19–38 % <36 % >25 %

Some results of extraction investigations

Unloaded travel speed, km/h 10.33 3.42 3.26 3.52

Loaded travel speed, km/h 5.40 3.07 2.57 3.20

Felling site work, min/cycle 4.41 6.27 5.00 6.48

Roadside landing work, min/cycle 1.20 3.35 4.08 4.74

Allowance, % of effective time 1.24 1.20 1.20 1.20

Load volume, m
3
/cycle 2.1 4.1 5.2 6.8

Pieces per load 2.7 5.0 4.1 5.5

Mean volume per piece, m
3
/pcs 0.79 0.82 1.27 1.24

Piece mean diameter, cm 34 39 51 50

Length of piece, m 8.7 6.5 6.2 6.2

Standard time, daily efficiency, and cost of extraction for extraction distance 300 m

Effective time, min/cycle 10.69 20.75 21.61 21.96

Total cycle time, min/cycle 13.25 24.90 25.93 26.35

Extraction efficiency, m
3
/h 9.5 9.9 12.0 15.5

Standard time, min/m
3

6.31 6.07 4.99 3.88

Cost per unit, DM/m
3

13.2 5.9 4.9 3.8



The yarder load volume of 2.1 m3 is the effect of
its limited bearing capacity.

Time consumption of the investigated variants of
skidder performance in the felling site and landing
ranges between 9.08 and 11.22 min/cycle. The yard-
er requires almost half of that time for this group of
working operations.

Allowance of 20 % and 24 % of effective time was
established for the LKT 80 skidder Steyr and the
KSK 16 yarder, respectively.

The structure of modeled cycle time consump-
tion of the investigated means of extraction, over an
extraction distance of 300 m, is shown in Fig. 4.

For the considered research variants of the LKT
80 skidder, over a skidding distance of 300 m, total
cycle time consumption ranges between 24.9 min
and 26.35 min.

With the same extraction distance, cycle time
consumption of the KSK 16 yarder (13.25 min/cycle)
is half the time required by the skidder.

The analysis of the data of conducted research
variants of the LKT 80 skidder show little difference
between time consumption of cycles. The average
load volume, however, shows considerable differen-
ces depending on whether the felling site was with
or without secondary openness provided through a
network of strip roads and depending on different
slope gradients of strip roads.

Slope of 19 to 38 % with no strip roads was the
cause of the lowest skidder load volume (4.1 m3/cy-
cle). At the skidding distance of 300 m it resulted in

the standard time of 6.07 min/m3, which is very
close to the standard time of the investigated yarder
(6.31 min/m3).

It can be concluded that the impact of the second-
ary openness with different slope gradients of ter-
rain and strip roads on the efficiency of the LKT 80
skidder performance can be seen through realized
load volumes. The dependence of the KSK 16 yarder
efficiency and of a variant of the LKT 80 skidder on
extraction distance is shown in Figure 5.

In the stand with secondary openness provided
through strip roads with the density of 90 m/ha, at
the extraction distance of 300 m, the efficiency of the
LKT 80 skidder is by 5.6 m3/h higher when timber is
skidded on the strip road with the slope gradient of
max. 25 % than on the strip road with the slope gra-
dient of max. 36 %.

When comparing the efficiency of the LKT 80
skidder and the KSK 16 yarder operating in the
stands without strip roads, at the same extraction
distance, a slight difference in efficiency (0.4 m3/h)
can be observed in favor of the skidder.

The planing calculation of direct costs developed
by the public enterprise »Hrvatske {ume« was ap-
plied for establishing the extraction costs of investi-
gated means of work. According to the said calcula-
tion, the cost of work of the LKT 80 skidder operated
by an additional worker (chokersetter) amount to
DEM 60.3 per hour and the costs of work of the KSK
16 yarder operated by four workers amount to DEM
123.8 per hour.

128 Meh. {umar. 2001-2004, Special Issue of the Journal Nova meh. {umar., Vol. 26(2005), Issue 2

T. POR[INSKY et al. Skidding technologies in Croatian mountainous selection forests... (125–130)

Figure 3 Load volume Figure 4 Cycle time consumption (extraction distance 300 m)



Based on work efficiency (Fig. 5) and planing cal-
culations for skidders and yarders, the extraction
costs for all investigated variants were calculated
(Fig. 6).

The difference in the efficiency of the investi-
gated variants of skidder performance affected the
extraction costs. It should be noted that in the com-
parison of skidder performance (Variants 2 and 3)
direct costs of timber skidding are shown (Fig. 5),
without the costs of stand recovery after completing
the works and the costs of strip roads construction.
According to past experience (Grammel 1988) aggre-
gate costs of extraction carried out by use of skidder
and yarder are more or less the same.

Furthermore, the construction of secondary for-
est roads should not be considered as a one-time cost
at the moment of harvesting the felling unit. It
should rather be considered as the medium-term in-
vestment in view of selection management of these
forests and 10-year rotation cuts.

General awareness of higher costs of the yarder
in relation to skidder has been confirmed by this re-
search. In spite of almost the same efficiency of the
yarder and skidder in the felling unit without sec-
ondary openness (Variant 1), the cost of skidding is
lower by 55 % than the cost of yarding. The reason
for double operating costs lies in the high purchase
price of the yarder as well as in the cost of four-mem-
ber group of workers required for operating the
yarder, which makes 53 % of total operating costs.

4. Conclusions

This paper presents the results of investigation of
the performance of the LKT 80 skidder and the Steyr
KSK 16 mobile tower yarder in the Croatian moun-
tainous forests.

Comparison has been made between the skidder
performance in felling sites with secondary open-
ness (88 m/ha density) and in felling sites without
secondary openness. Strip roads have been split into
two slope classes (max. 25 % and max. 36 %). Com-
parison has also been made between work efficiency
of the mobile tower yarder and skidder in the felling
site with no strip roads.

The following harvesting characteristics have be-
en investigated: load volume, average travel speeds,
time consumption in the felling site and landing,
and allowance.

In skidding fir roundwood the LKT 80 skidder
achieved the load volume of 4.1 m3/cycle (in the
stand without secondary openness) to 6.8 m3/cycle
(in the stand opened through strip roads with the
slope of 25 %) and the Steyr KSK 16 yarder achieved
the load volume (beech) of 2.1 m3/cycle.

Travel speed of unloaded skidder ranged betwe-
en 3.26 km/h and 3.52 km/h and with the Steyr KSK
16 yarder the travel speed of unloaded carriage was
10.33 km/h. With loaded skidder, travel speeds
ranged between 2.57 km/h and 3.20 km/h, and with
loaded yarder carriage the travel speed was 5.4 km/h.
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Figure 5 Dependence of efficiency on extraction distance Figure 6 Dependence of the unit cost on extraction distance



The Steyr KSK 16 yarder required half consump-
tion time for the felling and landing work (5.61 min/
cycle) than the skidder. With skidders time con-
sumption for this group of work elements ranged
between 9.08 min/cycle and 11.2 min/cycle.

For all operating variants of the LKT 80 skidder
the same allowance of 20 % of the effective time has
been determined and for the Steyr KSK 16 yarder it
is 24 %.

The analysis of skidder work efficiency at the
same skidding distance showed that load volume is
the most important factor of the difference in effi-
ciency and skidding costs in investigated work vari-
ants.

The performance of the Steyr KSK 16 mobile
tower yarder and the LKT 80 skidder in the felling
site without strip roads shows no particular differ-
ence in the efficiency and the costs of yarding are
double in comparison with the costs of skidding.

In spite of higher unit costs of yarding, yarders as
the means of extraction have their future in Croatia,
especially in the stands, where due to slope gradient
or some other characteristics, any other system is not
possible. Yarding is an environmentally friendly
technology of wood harvesting as it causes no soil
compaction and generally no damage to trees in the
stand.
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Relationship Between Terrain Conditions
and Operating Condition of Forest Skidders

Milan Mikle{, Jozef Suchomel

Abstract

A model of a probability of operating conditions describes running of the examined unit od

special forest vehicle in form of conjucted occurence probabilities of monitored operating fac-

tors. These operating factors can be stochastically dependent or independent. Operating fac-

tors will divide, in order to the oportunity of the monitoring, on the quantification of the

probability model of the forest skidder, in two parts: terrain conditions (micro- and macro-

relief of the terrain) and operating conditions (line of operation, load, distance). On this pa-

per are sought oportunities of a relationship between terrain conditions and operating con-

ditions in the defined signification. A field of the application is in a monitoring of operating

conditions, planning and organise of the experiment.

Key words: skidding, skidders, model of probability

1. Introduction

Probability model of operation conditions de-
scribes operation of the examined machine in the
form of conjugated occurrence probabilities of par-
ticular operation factors. Operation factors can be ei-
ther stochastic dependent or independent.

While quantifiying the probability model of op-
eration of a skidder the operation factors have been
due to the examination possibilities divided into two
categories:

– terrain conditions (terrain micro- and macro-
profile)

– operation conditions in a narrower sense (ope-
ration period, load, distance).

2. Probability model of operation
conditions

Probability model of operation conditions is to be
deduced from the following discussion. Let the op-
eration factors x1, x2,.......xn describing operation con-
ditions be random/arbitrary functions of the argu-
ment l and the operation of the machine be the si-
multaneous realisation of these factors. Then, the
effect that »the machine is situated« (works) in the
j-th operation conditions is equivalent to the effect
where the operation conditions is equivalent to the

effect where the operation factors x1, x2,.......xn are
from n-dimensional space Dj. In words formulated
relation can be in the form of probability written as:

P (operation conditions are in the state j) =
= P {(x1, x2,.......xn) � Dj} =

= �


 f(x1, x2,.......xn) dx1, dx2,…dxn (Dj)

In this expression f(x1, x2,.......xn) means the conju-
gated probability density of the random vector (x1,

x2,.....xn).

Becoming acquainted with the description of the
probability model of operation conditions of the ac-
tual operation (whether in the form of the complete
description of the law of probability distributions, or
only in the form of its several characteristics), the
term »hypothetical unit of operation duration« can
be quantified as an alternative of operation condi-
tions of the actual operation for frame durability ad-
justment and demonstration purposes.

Let us define a hypothetical unit of machine op-
eration duration represented by the »matrix«:

l
b

1 2

11 12 1 1

21 22 2~

¼¼ ¼¼ ¼¼

¼¼ ¼¼ ¼¼

¼¼ ¼¼ ¼¼

n n n n
j q

j q

j

x x x x

x x x x

x x x x

x x x x

q

i i ij iq

n n nj nq

2

1 2

1 2

¼¼ ¼¼ ¼¼

¼¼ ¼¼ ¼¼
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Matrix is such a sample (made on the basis of the
knowledge of appropriate description of the law of
their distribution) of the operation factors (x1j, x2j.....
...xnj) and with them corresponding occurrence proba-
bilities vj, j = 1, 2...q, that with its utilisation the
counted adjustment of technical life Lvyp = l · lb will
with the probability approaching one either equal to
the technical life of the actual operation under the
operation conditions, or for the durability demon-
stration the extent of damage after the examination
duration Lsk = l · lb with the probability approaching
one will equal to the extent of damage of the actual
operation under the operation conditions and dur-
ing the same operation period.

3. Terrain macroprofile

Terrain macroprofile, particularly represented by
its grade, has an influence primarily on the level (it is
the »source« of load, mainly its quasi-static central
part) of engine, transmissions and undercarriage
load, i. e. the load of those parts of the machine that
are the sources of energy and that transmit energy
from the source to the contact place of the machine
wheels with the ground.

The influence of grade on the outer performance
of the machine, its skidding power PH = FH · v / 3.6
can be conveniently pursued through its tension
characteristic.

Under the tension charactersitic it is understood
the plotted relation (observed or computed) between
the towing power PH (kW), operation speed v (km/h),
hourly fuel consumption MP (kg/h), specific fuel
consumption during skidding mH (g kW–1h–1) and
gradient d of the tractive force FH (kN) for all speed
gears i = 1, 2... n, i.e. a group of relations:

PH, v, MP, mH, d = f(FH)

Under the tractive force FH a man understands
the component of the resulting tractive force F in the
direction of tractor movement (in case of the move-
ment on plain – a horizontal component, in case of
descent drive – a component paralell with slope
grade).

The complete computed tension characteristic can
be constructed if the following characteristics are
known:

– the course of skid in relation to the tractive
force FH

– revolution characteristic of the engine with
regulator, i. e. the relation:

Per , Mekr , mepr = f(n) Pj = sup {Per(n)}.

– complex transmissions for particular speed
gears, effective radius rh (m) of driving wheels,
tractor weight G (kN), mechanical efficiency
ht, rolling coefficient f and aggregate structure
represented by the angle of resulting tractive
power inclination from the direction of tractor
movement (angle b).

In tension characteristic it is possible to follow
the influence of slope grade and ground type on ten-
sion qualities of a tractor.

In can be stated that:

– in a number of works, the coefficient of tyre
adhesion utilisation has been proved not to
change a lot in a wide range of tyres radial
load

– if the course of relation d = f(m) or m = f(d) of a
particular tractor on plain is known and this
relation is presumed not to change substan-
tially with the change of driving axial load,
the course of tractor skidding during the slope
movement can be relatively precisely deter-
mined
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Figure 1 Dependence of the tractive power PH; tractive power on the
hook FH and speed v on the angle of ground climb (LKT 81, compact
topsoil, b = 30°, descent drive)



– theoretical solutions and practical experiments
proved the tension qualities of a tractor on a
slope (in the direction of slope grade as well as
of contour line) to be determined on the basis
of the knowledge of its tension characteristies
on a plain with sufficient accuracy

– tractor towing performance on the slope de-
clines ca. 2 to 6 % on one slope grade.

Based from the above-cited, the tension chrac-
teristics of the skidder LKT 81 moving in the direc-

tion of the slope grade were conted for standardized
conditions. Chosen results of the calculation are in
Table 1 and Figure 1.

4. Terrain microprofile

Deriving from the facts that:

– from the point of relation betwen terrain and
vehicle the microprofile is defined as such a
group of ground unevenesses that causes vi-
brations
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Table 1 Maximal values of tractive power and responding values of tractive force on the hook and speed depending on the angle of ground climb and
the type of ground, LKT 81, descent drive, angle of power in the rope b = 30°

Type of the ground

Speed gear/ Slope inclination Tractive power Speed Tractive force

Gear ratio a PH v FH

i ° % kW km/h kN

compact top soil

1.
i1= 150

22.5 41.4 5.03 2.18 8.21

15.0 26.8 11.36 2.65 15.42

7.5 13.1 18.11 2.91 22.42

0 0 25.69 3.19 29.01

–7.5 –13.1 33.22 3.24 36.88

–15.0 –26.8 40.71 3.27 44.74

–22.5 –41.4 47.99 3.29 52.46

2.
i2= 81.77

22.5 41.4 1) – –

15.0 26.8 1) – –

7.5 13.1 9.63 5.25 6.60

0 0 22.45 6.35 12.73

–7.5 –13.1 36.65 6.46 20.42

–15.0 –26.8 50.93 6.57 28.28

–22.5 –41.4 64.95 6.49 96.00

concrete asphalt

1.
i1= 150

30.0 57.6 7.02 2.69 9.39

22.5 41.4 13.18 3.24 14.63

15.0 26.8 20.50 3.29 22.41

7.5 13.1 28.54 3.53 29.09

0 0 36.92 3.59 36.99

2.
i2= 81.77

30.0 57.6 1) – –

22.5 41.4 1) – –

15.0 26.8 8.06 5.41 5.36

7.5 13.1 21.43 6.27 12.30

0 0 36.73 6.75 19.59

3.
i3 = 49.72

30.0 57.6 1) – –

22.5 41.4 1) – –

15.0 26.8 1) – –

7.5 13.1 11.19 9.30 4.33

0 0 35.58 11.22 11.41

1) insufficient engine power



– from the deformation aspect the tyre that is of
the lowest stiffness is that tyre which is simul-
taneously / at the same time the member of
the part where the largest amount of mechani-
cal energy of terrain vibrations is being changed
into thermal energy, the influence of terrain
microprofile can be examined as the relation
of power losses in a tyre to the dimensions of
ground microunevenesses.

A particular machine – skidder LKT 81 is going to
be examined. First, some necessary tyre characteris-
tics will be inspected.

Since no load characteristics of the tyre LKT 81
have been measured so far, their parameters will be
determined from available catalogue data. Thus, we
will utilise the measured geometric characteristics of
the tyre 16,9/14–30 of Czech production and cata-
logue values of the same type of the tyre manufac-
tured by the firm DUNLOP, that are listed in Table 2.

In the table and the text the following symbols
are used:

d – maximal tyre diameter

rs – static tyre radius (radius at static load)

b – tyre width

T – tyre load

hb – tyre height (spacing between the rim and
the outer perimeter).

These values were counted:

c = 0,3697 · 105 N/m
K = 5,2155 · 104 N/m
wo = 13,2547 rad/s

k = 3,936 · 103 N s/m

The next step after the examination of the tyre
characteristics is to determine the power »lost« in
the tyre during the movement on terrain uneven-
sses. For harmonical mass movement on the elastic
face for forces oscilation of frequency v0 the relation
for the deformation h (compression) is following:

h = (t) = hosinwot

where ho is maximal vibration amplitude.

Damping force Ttl for viscous damping is given
as:

Ttl = kdh/dt = howocoswot

Work per a period LT and power N is to be ex-
pressed as:

Lp = T h k h

T T

tl o o od d
0

2 2 2

0

 
� w wcos t t

N1 = LT/T =
1 2 2 2

0T
k h

T

w wo o o dcos t t


where T = 2p/wo

After integration

N1 = k h hw wo o o o2 = 22 2 2
/ K /

The results of the calculation for values h0 = 3; 5;
7.62 cm are written in Table 3. The value h0 = 7.62 cm

corresponds wth the state when the wheel reboun-
ces from the soil. For four tyres the total lost power is
derived from the relation:

N
S

= 4 · N1

From the table it can be seen that:

– absolute value of the lost power is in compari-
son with tractor power small,

– although relative differences between the val-
ues of lost power during the movement
through various unevenesses are significant,
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Table 2 Chosen parameters of the tyre 16.9/14–30

Tyre

pressure

Tyre diameter Static tyre radius Tyre

width

Tyre

load

Tyre

height

Manufacturer pi d rs b T hb

MPa m m m kN m

BARUM 0.196 1.475 3 0.674 2 0.416 20.643 0.326

DUNLOP 0.196 133 1.473 2 0.660 4 0.429 2 24.222 0.325

Table 3 Values of absorbed power in one (N1) and four (N
S
) tyres de-

pending on the height of unevennessi (h0)

Height of
unevennessi

Absorbed power
in one tyre

Absorbed power
in four tyres

h0 N1 N
S

m kW kW

0.03 0.311 1.244

0.05 0.864 3.455

0.0762 2.006 8.025



their importance recedes in comparison with
machine engine power, and thus, also their
difference is in that case negligible since there
will be no possibility for it to come out.

On the basis of the above – said, it can be, at least
from the first sight, stated that the influence of ter-
rain of microprofile on machine power losses is of
little importance, practically negligible.

5. Conclusions

Probability model of operation conditions de-
scribes operation of the examined machine in the
form of conjugated occurrence probabilities of par-
ticular operation factors. Operation factors can be ei-
ther stochastic dependent or independent and have
been divided into two categories: terrain conditions
(terrain micro- and macroprofile) and operation con-
ditions (operation period, load, distance).

Terrain macroprofile represented by its grade,
has an influence primarily on the level of engine,
transmissions and undercarriage load, i. e. the load
of those parts of the machine that are the sources of

energy and that transmit energy from the source to
the contact place of the machine with the ground.

It is possible to determine tension characteristics
of skidder as well as the influence of slope grade and
ground type on tension qualities of a tractor on the
basis on known skidding characteristics and techni-
cal characteristics of skidder.

Terrain microprofile, from the point of relation
betwen terrain and vehicle, is defined as a group of
ground unevenesses that causes vibrations. The in-
fluence of terrain microprofile on power loss on the
skidder tyre can be examined based on tyre cha-
rcteristics and values of tyre vibrations caused by
ground microunevenesses.

The influence of terrain microprofile on machine
power losses is in comparison with machine engine
power, of little importance, practically negligible.
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Forest skylines in Turkish forestry

H. Hulusi Acar, Özgür Topalak, Habip Erogflu

Abstract

Forest area in Turkey covers 20.2 million hectares, out of which only about 8.5 million

hectares are productively managed. These productive forest areas have been retreated to

steep terrain. In Turkey, the forest areas are located on high and very steep mountainous

lands. This causes complex logging problems. Therefore, mobile skylines have generally

proved suitable for use in forest operations on steep terrain.

URUS M III mobile skylines, which can be set up for longer distances, were found stronger

but also more expensive than Koller K 300. The Gantner forest skylines were found more

productive for logging over 600 m but they require more time for setting the line than other

skylines.

The average output of Urus M III for conifers has been found as 3.724 m³/hour. The average

output of Urus M III skyline in logging operations of beech logs has been found as

3.432 m³/hour. As for logging carried out by Koller K 300 yarder, the productivity values for

transportation of softwood and hardwood have been determined as 4.997 m3/hour and

4.755 m3/hour, respectively. Average time and productivity for Gantner have been de-

termined to be 4.969 m3/hour.

According to the results of this study; it is very important to establish good work organiza-

tion, to raise the number of working days with machines in a year, to work 8 hours a day on

the average after setting the camping organization and provide insurance and adequate

equipment for operators.

Key words: Turkey, steep terrain, forest transport, forest skylines

1. Introduction

The forests, which cover 39.7 percent of the
world, consist of 3,604 billion hectares of productive
forest areas and 1,696 billion hectares of unproduc-
tive forest areas. 38 % and 62 % of the forests are
found in developed and developing countries, re-
spectively. Industrial wood production in the world
has reached 3,506 billion m3 in 1990. It is estimated
that it will reach 5,498 billion m3 in 2010 (DPT 1995).

Turkey’s forests cover about 20.2 million hect-
ares, of which about 8.5 million hectares are produc-
tive forest areas. These productive forest areas have
been retreated to steep terrain.

The necessity of raw wood material in Turkey has
been increasing, but on the contrary the forest area
has been rapidly decreasing. In forest management,
transportation stage involves a rather difficult, ex-
pensive and time-consuming activity. Transport of
forest yield, from forest to the landing, have been
practiced in various forms. Forest transportation

with minimum loss in quality and quantity and with
minimum damage to itself and the environment is
an important issue.

The most difficult and high costing problems are
forest road construction, the assurance of the neces-
sary transport machines and technical and economi-
cal obstacles to operate these machines. Further-
more, other negative effects are the increasing dam-
age of regeneration and trees during the transport of
raw wood material, the erosion during transport,
frequent work accidents, the topographic and clima-
tic obstacles and especially frequent interruptions of
the work flow.

Harvesting in forestry is a very important and
difficult operation and it has greatly benefited from
technical development of forest tractors and sky-
lines recently. It is necessary to use technology effec-
tively in forestry transport operations because of in-
creasing work difficulty as well as hard land condi-
tions.
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2. The transportation types in forestry

In Turkey forest harvesting operations have been
realized generally by using human and animal pow-
ers. The level of harvesting mechanization in devel-
oped countries is higher than in Turkey. In Austria
86 % of harvesting is carried out mechanically and in
Turkey only 9% although the forests of the two coun-
tries have very much in common (Acar 1998).

Mechanization, as a result of technological devel-
opment, brings new opportunities to transportation
of forest products and forest exploitation. Machines
have been used for skidding in forestry of developed
countries while animals are not used anymore
(Topalak 1998).

Manual gravity skidding on ground is carried
out as ground skidding, sliding and dropping. So-
metimes, the wood is transported by forest workers.

Animal skidding is carried out simply by skid-
ding with the use of a pulling chain with a hook. The
hook of this chain is nailed to the log and other point
of the chain is attached to the animal’s yoke. Thus,
the logs are skidded on the ground.

The method of extracting from compartment by
using farm tractors is mostly cable logging. Both for-
est and farm tractors realize uphill logging. In addi-
tion there is skidding on forest roads and logging
with trailer.

Forest skylines are quite different from other har-
vesting techniques. Manual ground skidding is limit-
ed regarding the volume. Sliding can be done down-
hill on sloping areas. Downhill skidding by animal
should not be done on steep terrain. Logging down-
hill can not be realized by tractor and cable distance
is shorter than skidding by tractor.

Forest skylines are used to transport the forest
products between 300 and 2000-meter distances. Ac-
cording to yarding distances, these are classified as
follows:

• short distance (less than 300 m),

• middle distance (between 300–800 m),

• long distance (more than 800 m).

On the other hand, this technical development
requires certain economical and productivity condi-
tions. There are also simpler systems such as cab-
leway and plastic log-line.

3. Forest skylines in Turkey
and discussion

Problems of extraction of forest products from
compartment have appeared because of the extreme
increase of the necessity for forest production after
Second World War. Researches were begun as a re-

sult of this development and the necessity for mech-
anization was increased.

The committee of FAO came to Turkey for a re-
search in 1960. Then, this committee suggested the
skylines for Turkey’s mountainously areas. Thus,
German, Swiss and Austrian Firms had come to Tur-
key and The Forest Ministry of Turkey had brought
the skylines from Baco, Wyssen and Hinteregger
firms (Acar 1998).

Extraction from compartment after increasing
the forest road network would not give good eco-
nomical and technical results because of high and
steep slopes in mountainous areas. Skylines with
mobile winches are more useful for extraction from
compartment on high and steep slopes.

Today, Koller K 300 as short distanced forest sky-
line, Urus M III as middle distanced forest skyline
and Gantner as long distanced sledge forest skyline
are used on the forest areas of Turkey. Koller K 300
and Urus M III forest skylines transport raw wood
material mostly uphill. Gantner forest skyline is
used for downhill logging and hanger logging with
gravity system.

Koller K 300 generally transports fuel wood from
short distance and Urus M III carry out the industrial
wood from middle distance in forest. Gantner sky-
line, which has sledge and transports generally hard
wood and partially softwood from long distance.
The road constructions for Gantner are more expen-
sive and unnecessary sometimes. These forest sky-
lines can be used consecutively or side by side when
necessary.

The results of some investigations on these three
skylines for Turkey are the following.

Downhill transport had been done with Koller K
300 for differential ground and slopes on the har-
vesting areas. The operations had been done on the
skyline cable corridors where average ground slopes
are among 45–60 % and average line slopes are among
20–25 %. The productivity values were determined
as 4.997 m3/hour, 4.755 m3/hour and 6.60 ster/hour
(4.620 m3/hour) in transportation of softwood, hard-
wood and fuel wood, respectively for Koller K 300
yarder (Erogflu 1997).

The productivity values were determined as
3.724 m3/hour for Urus M III on 60 % slope during
the extraction from compartment. Operations were
realized by one skyline operator and two forest
workers. Average product value was determined as
0.836 m3/shift. Average productivity value was de-
termined as 3.432 m3/hour during the beech trans-
portation from compartment by Urus M III.

Average productivity values were determined as
2.269 m3/shift (4.969 m3/hour) downhill on 80 %
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slope and 1,400 m distance during the transportation
operations with Gantner. Five workers made of one
skyline operator, one operator assistant, two work-
ers at the loading station and one worker at unload-
ing site realized these works. Cable yarder’s skyline
was supported by 4 supports between the valley sta-
tion and mountain station. The distance between
two supports was 250–300 m on the average and the

support heights ranged between 10 and 40 meters
(Acar and Erdas 1992).

Gantner skylines are powerful and productive. It
is an important machine for forest transportation at
long distances. These machines are used as double
or consecutive where the transport distance is long
or the road density is low. The cable line must be
well selected and must be upon narrow corridor. The
skyline must be installed to sufficient height. Car-
riage and cable line are maintained periodically.

Each of these forest skylines should be discussed
for itself. But, Urus M III is more powerful than
Koller K 300. Therefore, it was determined that Kol-
ler K 300 is more suitable for the transportation of
fuel wood and Urus M III for logs.

4. Conclusions and recommendations

Forest skylines are necessary for Turkish forestry
where steep terrain is typical. But, these machines
are used only in some mountainous regions espe-
cially Artvin region.

Productivity of forest skylines in Turkey is ade-
quate when they work. But, annual productivity val-
ues are low for these machines. Therefore, the work
should be carefully planned for skylines before the
operations.

Generally, Urus M III mobile skylines can be set
up for longer distance. It was found stronger and
more expensive than Koller K 300.

The advantage of Gantner forest skyline is that it
can be set up for longer distances and requires low
road density. But, the setting time for these machines
longer.

According to these results, the following sugges-
tions have been prepared:

• Felling plan and felling direction must be deter-
mined during the extraction from compart-
ment and work organization must be done
firstly and absolutely.

• Before extraction from compartment by sky-
lines, the operations should be finished on the
bottom of tree-stump. The skyline must not
wait for preparation operations.

• The products in the skyline corridor should be
transported firstly. After that, 20 m distance
from skyline corridor both on the right and on
the left should be transported.

• The number of workers for loading and un-
loading operations should be increased for
achieving productivity of forest skyline. More
chokers should be used for the productivity of
these machines.
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Figure 1 Forest Skylines Used in Turkey: a) Koller K 300, b) Urus M III, c)
Gantner



• The machine should be selected very well. The
stocked logs on the side of the forest road must
not obstruct the machine’s work or should be
transported by trucks loaded by loaders.

• The staff problem must be solved for these sky-
line operators using the expensive machines.
These operators should repair the skylines in
winter months. They should be informed about
working technique with the skylines out of har-
vesting times.

• When purchasing skylines, machines having
downhill and uphill transport advantages should
be chosen.

• The impact of skylines on sustainable forestry
should be established by increasing their eco-
logical and economic investigations.
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State, problems and prospects of forest
harvesting operations in mountainous

conditions in Ukraine

Anatoliy Sabadir, Sergiy Zibtsev

Abstract

This paper gives a survey of age and structure of species of Carpathians exploitable forests,

volumes of annual cutting, kinds of forest operations, legislative and normative base for for-

est management in mountain forests, technology and machines used for timber harvesting.

The ways of reforming mountain forest management in this region are discussed. Further

steps in the development of sustainable use of mountain forests in Ukraine should be considered

such as: introduction of economic incentive measures for applying environmentally sound

technologies, development of industrial manufacturing of specialised technical equipment

for mountain conditions, modification of rules related to the import of forest machines, re-

duction of sales tax and profits tax for the period of development of advanced technologies,

development of the legislation and monitoring system for providing environmental protec-

tion during forest operations.

Key words: Ukrainian Carpathians, harvesting operations, mountain forest

1. General characteristics of mountain
forests in Ukraine

Carpathians is the largest mountain forest region
in Ukraine with an important role in the industrial
sector. Forestland in the region covers 37 % of the ter-
ritory, ranging between 40 % and 96 % in different
areas. Forests grow at an altitude of 400 m to 1600 m
above sea level. The prevailing part of the growing
stock is located on 12–35 % slopes.

An important feature of the climatic conditions of
the region is the superfluous humidity reaching 600-
–2000 mm of deposits per year. A part of these depos-
its drops out as downpours of high intensity causing
soil erosion, landslides and floods. In these conditions
the function of water protection of mountain forests
has an extremely important role and it is directly de-
pendent on the observance of the environmental pro-
tection requirements during forest operations.

The forests of Ukrainian Carpathians have a large
economic and social importance at regional, national
and international levels. On a rather small area of
mountain forests of Ukrainian Carpathians – 17.7 %
from the total forest area of Ukraine, about 40 % of
technically mature forests are concentrated. Carpa-

thian mountain forests cover an area of 1,392 thou-
sand ha, of which 862.6 thousand ha are exploitable
forests (both 1-st and 2-nd groups). The most impor-
tant mountain forest areas (oblasts) are Zakarpatska
and Ivano-Frankivska – 349.3 and 240.4 thousand ha
of forests respectively, Lvivska – 180 thousand ha
and Tchernovitska oblasts – 92.5 thousand ha. The
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Figure 1 Distribution of total growing stock in exploitable mountain for-
est (both group 1 and 2) by species, mln. m
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growing stock in exploitable forests, which make
about 62 % of the Carpathian forests, is mostly made
of spruce (46%), beech 37%, fir (10%) and oak (4%)
(Figure 1).

In the age structure of spruce and beech forests
young and middle-aged stands prevail – 62–67%,
while the share of mature and over-mature stands is
only 16–17%. It is the result of intensive felling (up to
2–3 annual allowable cut (AAC)) during the militar-
ies and post-militaries years till 1960 (Figure 2). In
1970s and 1980s the volumes of final felling corre-
sponded to AAC, which has improved the age struc-
ture of mountain forests.

2. Volumes and structure of forest
harvesting in the region

In the past the annual cut was not completely
used – 83–85 % (Table 1). The basic reason is the ab-
sence or lack of material and technical maintenance
caused by economic instability and reforming of
budget financing cycle. First of all easily accessible

and inexpensive cutting units at foothill or lowland
areas are harvested. The harvesting in hard-to-reach
mountain forest areas, with a rare road network as a
rule is economically unprofitable and hence carried
out in the last turn.

In all mountain areas timber for sale is mostly ob-
tained from spruce and beech (Table 2) – 91–96 %.
The rest is obtained from fir (Zakarpatska and Iva-
no-Frankivska region) and oak.

The impact of forest harvesting on environment
depends on the type of felling. The area and wo-
odstock depending on various types of felling are
shown in Table 3.
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Figure 2 Distribution of total growing stock in exploitable mountain for-
ests (both group 1 and 2) by age groups

Table 1 Dynamics of timber harvesting during final felling in state forest enterprises, mln. m3

Indexes 1970 1975 1980 1985 1990 1995 1996 1997 1998 1999

Annual Allowable Cut (AAC), mln. m
3

5.49 5.39 5.39 6.00 6.00 5.16 5.22 5.26 5.29 5.27

Annual Cutting, mln. m
3

6.03 5.38 5.64 5.92 5.79 4.66 4.42 4.49 4.34 4.41

% from AAC 110 100 105 99 97 90 85 85 82 84

Table 2 Realisation of wood by economic section, thousand. m3

Region
Economic section

Total
Spruce Beech Fir Oak

Zakarpatska 607.9 578.1 27.0 19.0 1241.9

Ivano-Frankivska 347.7 159.2 30.3 18.2 637.7

Tchernovitska 354.4 103.0 0.0 35.5 794.0

Lvivska 163.7 89.8 0.0 26.6 563.2

Total 1473.7 57.3 99.3 930.1 3236.8

Table 3 Distribution of annual cuts by area and woodstock

Type of felling

Actual volume of fellings

By woodstock By area

thousand
m

3 %
thousand

ha
%

Final felling

Clear cutting 1010.3 67.3 4.28 70.0

Partial and selective 491.9 32.7 1.83 30.0

Total 1502.2 100 6.11 100

Fellings, related to forest management

Sanitary selective 381 35,2 36.6 56.6

Maintenance of young stands 20.5 1.9 15.5 24.0

Maintenance of middle-aged
and of premature stands

180.8 16.7 9.9 15.3

Sanitary clear 355.2 32.8 1.8 2.8

Regeneration 144.9 13.4 0.9 1.4

Total 1082.4 100 64.71 100



In final felling clear cutting prevails – 67–70%,
causing enormous damage to the environment. In
1999 the area on which clear cutting was carried out
was 4.28 thousand ha or about 0.4 % of the exploit-
able mountain forest area. Other final felling – about
30 % was carried out by partial and selective felling.
Among other types of felling, related to forest man-
agement, the most frequent are sanitary felling (60-
–68 %) and maintenance of stands of various kinds
(18–39 %). In other forest areas regeneration and re-
construction felling is applied.

3. Legislation

The most important documents, related to the
regulation of mountain forest harvesting are:

1. Order for distributing forests into groups, deter-
mining their categories of protection and ear-
marking species of the growing stock (1995);

2. Regulations on main felling in the forests of Ukra-
ine (1995);

3. Regulations on forest renewal and planting (1996);

4. Regulations on laying down secondary wood
raw materials and using of non-wood material in
the forests of Ukraine (1996);

5. Regulations on tree felling related to forest man-
agement and other types of felling (1996).

The basic requirements concerning harvesting in
mountain forests are the following:

• all users of complex forest harvesting operations
are obliged to carry them out so as to exclude or
limit negative impact on trees, soil, reservoirs
and other natural objects;

• on 21–350 slopes partially suspended and fully
suspended ways of extraction should be applied
along with animal skidding. Full-tree method of
extraction in mountain conditions is forbidden;

• at present operations for forest viable regenera-
tion are carried out in the snow period of the year.
After the end of felling, the cutting unit area with
the damaged ground should not exceed 15 %.

The basic lack of working normative documents
results in applying clear cutting and extraction by
caterpillar tractors in non-snow period. It causes de-
struction of forest environment and reduction of for-
est productivity. Imperfect system of distribution of
the sanctions for forest harvesting in mountain for-
ests, absence of an effective system of control above
meeting the environmental protection requirements
during forest operations and sanctions for the ad-
mitted infringements also play an important nega-
tive role.

Catastrophically high water in the Zakarpatska
oblast in November 1998 drew attention of the pub-
lic and of the authorities to the methods of harvest-
ing in mountain forests. As a result in 1999 the Law
on »the moratorium on clear cutting in fir-beech for-
ests on mountain slopes of the Carpathian region«
was passed by Ukraine Parliament (Verhovna Rada).

The law forbids carrying out the final felling in
forests above 1100 m above sea level, in areas with
risks of avalanches and mud-streams as well as in
forest water protection zones. Clear cutting in fir-
-beech forests on 210 slopes is also forbidden. On
slopes up to 210 only selective, gradual and nar-
rowly clear cuttings can be carried out on the area of
the cutting unit from 3 (group 1of forests) to 5 ha.

The width of narrowly clear cutting should not
exceed 50 m. The length of the cutting unit location is
measured horizontally. The law also provides com-
plete transition to wheel, animal and cable transport
by 2005. By 2010 the density of forest road network
with improved firm covering should achieve 10 km
per 1000 ha.

4. Planning of forest operations
in mountain forests

The planning of forest operations is carried out in
accordance with the »Rules on final felling in forests
of Ukraine« (1995). According to this document pre-
-logging planning should consist of the following
stages:

• volumes and character of preparatory works, tech-
nology of forest operations and clearing of cut-
ting unit, way of reforestation of the cutting unit,
amount of regeneration of valuable species to be
kept during forest harvesting are previously de-
fined;

• felling and long side of cutting unit should be di-
rected against prevailing or dangerous winds
blowing upwards with the long party across the
slope;

• the technological card is developed containing
the technological cycle of forest operations on a
cutting unit, providing data on equipment, skid
trails, kinds of forest operations (felling, limbing,
extraction, bucking, sorting, decking, loading,
clearing cutting unit), sequence of operations on
different cutting sections, measures concerning
safety at work, prevention of soil erosion and
other negative phenomena.

In practice these rules are not implemented com-
pletely in mountain forest harvesting. The reason
why lies in an unsatisfactory financial position of
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forest users and the lack of environmentally sound
forest machines.

New technique of pre-logging planning in moun-
tain forests based on computer technology is now be-
ing developed in Ukrainian State Forest and Tech-
niques University. It includes a complex estimation of
natural conditions of a cutting unit and environmen-
tal effects of felling, making it possible to create a
computer database on the basis of Arc View GIS 3.0
and to optimise a network of wood roads, skidding
corridors, ways of timber extraction (Bibluk et al. 2000).

5. Technology of forest operations
in mountain forests

The changes of forest harvesting technologies in
mountain forests during the last century have af-
fected seriously the ecological and industrial func-
tions of forests. Historically, the technology usually
applied for forest operations in mountain forests till
1950s was based on animal and human force, use of
weight and had little impact on stands, soil, moun-
tain streams and rivers. It consisted of horse skid-
ding, manual loading and sorting, descent of wood
up to a road on specially equipped lines: chutes and
sledges, transport of wood on narrow-gauge rail-
ways, alloy on rivers.

Since the fifties, for the purpose of transition to an
industrially based forest management in the region
of Carpathians, the establishment of complex wood
enterprises – forest combinates began. In forest com-
binates reforestation, growth, harvesting and wood
processing and non-wood production were combin-
ed. It has resulted in the transition from traditionally
low productive forest operations in the region to
new heavily mechanised harvesting system.

The most progressive of them was the environ-
mentally friendly cable yarding system. However in
the '70s–'80s the amount of working cable systems in
mountain forests has considerably decreased. In the
last decades the method of skidding by crawler trac-
tors has prevailed and nowadays 85 % to 100 % of all
timber is extracted in that way (Table 4).

In 1995 instead of reforming 3 forest industry as-
sociations, 3 regional directions of forest manage-
ment in State regional administrations and state forest
management enterprises were created. All state-own-
ed forests were transferred to state forest enterprises.
The main functional goals of new forest enterprises
are the growth of forests, hunting and non-wood
production management, protection of forests. The fi-
nal felling is not an obligatory kind of their activity.

Due to a sharp deterioration of the economic situ-
ation in the transition period, state forest enterprises
were unable to ensure complete harvesting cutting
fond. As a way out from this situation final felling
was allowed to others – non-state forest users. Now,
as a result of this, final felling harvesting is mostly
carried out by non-state forest users in the Carpa-
thians region. In 1999 they performed more than 90
% of the cutting fund in Zakarpatska oblast and
60–70 % in Tchernovitska and Ivano-Frankivska ob-
lasts.

Non state forest users can be divided into 2 cate-
gories: 1) Joint-stock companies, developed after pri-
vatisation from the former forest combinates. They
are characterised by the presence of qualified staff,
strongly worn out forest harvesting engineering,
mainly domestic manufacturing; 2) Organisations
not specialised for forest harvesting, employing tem-
porary workers, renting specialised engineering. The
workers of all categories of the enterprises get spe-
cial training. Then they get the licence for state su-
pervision of protection of harvesting operations.

In both cases over normative damage to stands
and environment takes place in cutting units after
harvesting, as a consequence of applying unfriendly
forest engineering operations.

Non state forest users often fail to meet the envi-
ronmental protection requirements in carrying out
their forest operations. Among such infringements it
is necessary to specify the absence of pre-logging
planning, realisation of felling in periods without
snow cover, prevalence of skidding by crawler trac-
tors. All this results in the damage of about 83–96 %
of regeneration of the main species, infringement lit-
ter, and soil cover. The use of crawler tractors for ex-
traction in clear cutting causes ablation of 150–500
m3/ha of fertile soil layer. The adverse effect after
harvesting cleaning of a cutting unit interferes with
natural regeneration of forest.

The degree of impact of forest operations on envi-
ronment depends directly on the density of the road
network in the mountains. At present, the road net-
work in the region is absolutely insufficient. Thus,
the forest road density in Zakarpattia is 0.6–0.7 km
per 100 ha of forests, and the optimum parameter for
the given conditions would be 1.5–2 km per 100 ha.
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Table 4 Structure of timber extraction techniques (1950–95), % (Bade-
ra et al. 1997)

Extraction
technology

1950 1960 1970 1980 1990 1995

Tractors 10 21 45 63 73 87

Cable systems 20 48 40 27 17 3

Horse, manual 70 31 15 10 10 10

Total 100 100 100 100 100 100



Nowadays the following technologies are appli-
ed in final felling and clear sanitary felling in moun-
tain forests:

• Full-stem method. Motor-manual felling – man-
ual limbing – skidding by crawler tractor (full-
-stem or full tree) – landing – loading by auto
crane – transporting by stem carrying trucks;

• Assortment method. Motor-manual felling – ma-
nual limbing – bucking by chain-saw – skidding
by crawler (on slopes up to 12–140 – by wheel)
tractor or by animal or by cable yarding system –
loading by auto crane – transporting by log trucks.

For the maintenance of middle-aged and prema-
ture stands and selective sanitary fellings in moun-
tain forests the following technologies are applied:

• Motor-manual felling – manual limbing – buck-
ing by chain-saw – skidding by crawler (rarely by
wheel) tractor or by animal on skidding corridors
– landing – loading by auto crane – transporting
by log trucks;

• Motor-manual felling – manual limbing – buck-
ing by chain-saw –extraction by cable yarding
system – transporting by log trucks.

For clearing and thinning in mountain forests the
following technologies are applied: motor-manual
felling – manual or animal extraction – landing.

Currently used technologies of forest operations,
forest harvesting engineering and ways of felling in
mountain forests mostly have a negative impact on
trees, soil, regeneration, hydrological condition of
mountain streams and rivers. Many are the reasons
for such a situation but the following ones should be
pointed out: the economic crisis, middle-of-the-road
institutional reforms in Ukrainian forest branch, in-
fringement of interstate trade connections with the
manufacturers of specialised forest harvesting engi-
neering, reduction of the level of state control of for-
est harvesting in mountain condition and others.

At the same time the theoretical base for the ap-
plication of environmentally sound forest operati-
ons in mountain forest and for the system of ma-
chines for sustainable mountain forest management
is well developed in Ukraine. The leading organisa-
tions in this area are Ukrainian Research Institute of
mountain forestry, Ukrainian Design Institute of for-
est industry, both Ivano-Frankivsk, Lviv Design In-
stitute of Forest Industry, Ukrainian State Forest and
Techniques University, Lviv, the research-and-pro-
duction enterprise »Ukravtramash«, Lviv engineer-
ing -design consortium.

6. Forest harvesting engineering
in mountain conditions

In state-owned forest enterprises specialised for-
est harvesting operations in mountain forests must
be carried out with the equipment, which meets the
requirements of environmental protection, as these
enterprises carry out the entire volume of felling re-
lated to forest management and about one tenth of
the final felling. For example, in 1999 state forest en-
terprises carried out the forest operations in Car-
pathians on an area of about 66–67 thousand ha. The
presence of forest machines in state forest enter-
prises is shown in the Table 5. The given data testify
that the forest operations in mountain conditions are
based on the use of crawler tractors and chainsaws
(25–50 % made in Germany and Sweden).

Among crawler tractors the most widely applied
is TDT-55 with 10–12 t in weight, loading capacity of
65 kN and specific pressure on the ground of 52 kPa.
TDT-55 can operate on the majority of slopes in the
Carpathian mountains. On flat slopes wheel tractors
are used, such as LKT–80, LKT–120, T–157. However
their share is low. The tractor fleet is strongly worn
out – 40–76 % of tractors of this brand are more than
8–10 years old.
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Table 5 Volume by harvesting equipment in state forestry enterprises in 1999 (absolute, piece and specific, piece on thousand. m3 of a AAC)

Type of equipment

Areas units

Lvivske Ivano-Frankivske Tchernovicke

units units on thousand m
3

units units on thousand m
3

units units on thousand m
3

Crawler tractors 771 2.52 92 0.25 75 0.19

Motor chain-saw (including import) 715 (360) 2.34 391 (127) 1.08 228 (50) 0.56

Logging truck 104 0.34 68 0.19 85 0.21

Electric chain-saw 37 0.12 14 0.04 18 0.04

Cable systems 3 0.01 1 0.00 – –

Winches – – 3 0.01 – –



Cable systems and winches are rare and do not
play an important role. From four cable systems two
were manufactured in Austria and two are domestic
ones TL–4, LS–2–500. In Zakarpatska oblast TL–5
and UCT–3.2 are working. Some of the reasons why
cable systems are used so rarely in the total amount
of forest harvesting are the following:
• the productivity of extraction is 2–3 times lower

than with tractor skidding;

• large distances of extraction in Carpathians. In fi-
nal feelings the average distance of extraction
ranges between 1.5 and 2.5 km, on average –
1.3–2.2 km. In remote areas with a rare road net-
work the distance of extraction can reach 5 km;

• lack of industrial manufacturing of cable sys-
tems. In our estimation 210–240 cable transport
systems are necessary for mountain regions of
Ukraine. One third of them are stationary, the
others are mobile cable transport systems. In our
estimation forest users of cable systems require
19–23 million griven (US$3.5–4.2 million). The
average cost of cable systems manufactured in
Ukraine is less than 100 thousand griven (US $
18.2 thousand), and the price of the imported
ones amount to US $ 80–120 thousand;

• lack of qualified staff for cable system operation;

• wide introduction of mobile cable systems is re-
stricted by the absence of a road network, which
would allow the delivery of the cable systems di-
rectly to the cutting unit and extraction of wood
without reloading.

At present a number of specially designed techni-
cal equipment providing environmentally friendly
operations in Ukrainian mountain-forests have been
developed:
• chain-saw »Motor – Sich« with the frequency of

200 s–1 (12000 min–1) and 7.8 kg in weight;

• tractor assembly TL-30, 9 kN, 4´4, 2700 kg in
weight;

• a forest industry tractor;

• mobile cable systems for the transportation of
full-stems and logs, on the basis of tractors MTZL-
-82, T–150K, with the line length of 400–500 m,
loading capacity of 16, 32 and 50 kN;

• tower cable systems for transportation of logs,
with the line length of 1000 m and lateral skid-
ding of 50–75 m;

• combined cable systems with the line length of
up to 2000 m, loading capacity of 32 kN and pro-
ductivity of 80 m3;

• timber forwarding (models 4´4 and 6´6) with hy-
dro-cranes with the loading capacity ranging be-
tween 35 and 110 kNm;

• mobile systems for preventive maintenance aim-
ed at fire protection and protection from insects.
Super-light plane with useful carrying capacity
of up to 400 kg and a 2-man crew has been de-
signed and has passed the test flights for the con-
trol of fire stability and performance of the basic
fire-prevention operations in Ukraine.

By special decision of the Government the intro-
duction of 155 wheel tractors, 95 cable systems and
95 specialised machines for timber transport is plan-
ned for forest harvesting in Zakarpattia by 2010, at
the cost of 32,4 mln. griven.

The key tasks in the field of restructuring aimed
at ensuring sustainable forest management in the
mountains are as follows:

• introduction of the system for providing econo-
mic incentives for the application of environmen-
tally sound forest technology;

• assuring cancelling of customs duties and value
added tax, and reduction of profit tax for the pe-
riod of development of high technologies.

It is necessary to solve a number of legislation
problems, to make the investments attractive and to
be specific in terms of financial expenses for the
maintenance of the protective functions of the Car-
pathian forests. These problems can only be solved
together by experts of the European continent.
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The state of art of ergonomics in forestry

Marjan Lipoglav{ek, Frits J. Staudt

Abstract

Needs for applied ergonomics in forestry are very different worldwide. They depend on the

state of technological development of forestry work but also on the living standard of the

whole population in a country. Somewhere ergonomics has to solve the energy consumption

and nutrition problems at different hand work-methods, elsewhere the psychical loads of op-

erator at computer supported highly mechanised work can make the work impossible. The

ergonomic research must help solving all these different problems. In the past ergonomics of-

ten worked independently but nowadays it must be included in technological and organisa-

tional design of work and not be only related to machines. Ergonomics must have economi-

cal long-term effects upon employees and employers and not only upon wellbeing of people.

International co-operation is prevalently needed in three fields: to prepare a handbook on er-

gonomic work design, to elaborate new methods for assessment of mechanisation and to pro-

mote the certification of work force.

Key words: ergonomics, work design, mechanization

1. Introduction

Since the beginning of this century ergonomics
has gradually been introduced into the forestry sec-
tor. It started after the First World War with physio-
logical and productivity studies in relation to saw
design and walking and extracting of timber from
the forest. Particularly after the Second World War
ergonomic research in forestry developed consider-
ably in its different disciplines, including work or-
ganisation and work psychology. Now, on the verge
of a new millennium the question has to be raised
whether ergonomics has still a role in forestry and
which one? This question is not simple to answer. It
might be convenient to define ergonomics first:

Ergonomics covers the study, design, improve-

ment and implementation of a working situation,

in particular of working tools, methods, tasks,

working environment and work organisation, in

order to create optimum efficiency, safety, health

and wellbeing for workers in operating and main-

taining social-technical systems.

Looking at this definition it can be concluded that
there is still a great mission for ergonomics in the
coming millennium regarding the aspects of well-
being, occupational health, safety and efficiency.

But the ergonomic problems and solutions vary
greatly from country to country, depending among
others on the living standard of the population and
the availability of technology and capital.

2. Regional trends

2.1. Developing countries

In a lot of developing countries many of the pres-
ent problems will continue in the foreseeable future.
Nutrition of forest workers and their health will still
be a problem. In many tasks forestry work will still
be too heavy and the physical fitness of many forest
workers will leave much to be desired. Ergonomic
tasks will be the development of nutritional supple-
mentary programs, better organisation of the work
and the introduction of tools and equipment, which
make the forest work easier and safer. In this respect
attention should be given to the development of per-
sonal protective equipment (PPE), like helmets,
clothing and leg protectors. The PPE in use nowa-
days has been developed in northern countries and
is not suitable for use in the tropics. For instance
better ventilation of helmets and leg protectors
should be considered. In Australia and South Africa
research has been carried out in this field and it
should be continued.
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2.2. Industrialised countries

In the industrialised countries of Europe and
America improvement of the characteristics of the
chain saw, which has been the scope of many re-
search studies in the past, will still go on and will fo-
cus specifically on environmental, safety and health
aspects. However, research will increasingly focus
on logging machines and on the whole social-techni-
cal system. There are two reasons for these develop-
ment trends. The first reason is the law of diminish-
ing returns, meaning that improvements on chain
saws are ever more expensive. The second reason is
the need for mechanisation; as a result of higher
wages and the need for higher capacity, chain saws
will be replaced by logging machines. Still from the
point of view of ergonomics and safety, need could
arise for the development of a simple remote con-
trolled chain saw.

As far as logging machines are concerned, the re-
search will focus more and more on computer sup-
ported highly mechanised machinery. Work with
these machines can cause several problems. On one
hand restricted movements of the whole body can
cause overweight and on the other hand too many
movements of a few limbs can cause repetitive strain
injury (RSI). Furthermore single repetitive (monoto-
nous) tasks, which ask for high levels of concentra-
tion, can cause psychological stress. Stress can also
be caused by long working days, low earnings, high
machine costs and the extra responsibility the opera-
tor often has in a one-man enterprise. In future the
design and implementation of the whole work sys-
tem will pay much more attention to problems of
noise and vibration than to the technical ones.

2.3. East-European countries in transition

A third category of countries to consider when
speaking of the future role of ergonomics in forestry
is the group of East-European countries in transi-
tion. In these countries forestry conditions are char-
acterised by many new small enterprises and old
and new forest owners operating in the forest with-
out knowledge, appropriate tools and protective
equipment. How to escape the »downwards spiral
of bad ergonomics and safety« (Staudt and Lipo-
glav{ek 1998) is also a problem to be solved by ergo-
nomics. In the first place it will be the concern of the
government to introduce new laws, regulations and
the labour inspection to uphold them. The workers,
employers and other non-government organisations
(NGO’s) will also have to follow them up. This
means good co-operation between government and
NGO’s. The forest enterprises also have the duty to
develop an ergonomic and safety policy. Finally

there will be a large responsibility for research, edu-
cation, training and extension. For the coming mil-
lennium all the protagonists mentioned above will
have to set up an efficient organisation of occupa-
tional health and safety services in these countries in
transition.

3. Important future research topics

3.1. Single and complex working systems

In the seventies and eighties many ergonomic and
safety research dealt with the improvement of work-
ing tools and machines on single man-task systems.
But when working systems become more complex
social-technical systems with group work, overlap-
ping shifts, etc., becoming increasingly dominant,
ergonomics gets a broader definition. Ergonomics
must be involved in technological and organisa-
tional design of entire work processes. Ergonomics
must contribute to all new technologies and on the
other hand technological solutions are not suitable
without ergonomic inputs. This makes the imple-
mentation of ergonomics expensive and may dis-
courage employers to invest in ergonomic measures.

3.2. Analysis of cost effects

Do ergonomic measures pay? In certain (starting)
phases of the process of »ergonomisation« it is clear
that ergonomics pays. Theoretically there will come
a phase in which further ergonomic developments
will not pay, because of too luxurious concepts. In
forestry in most of the countries this is far from real-
ity yet. Nevertheless practice shows that employers
and employees have to be convinced that ergonomic
pays. Therefore one of the new tasks of ergonomics
is to elaborate the methods of cost-benefit analyses
to prove the short-term and long-term profits and
benefits of ergonomic measures to government and
enterprise policy makers. Ergonomic models have to
be developed to predict the benefits of ergonomics.
The present models are not very reliable. Only costs
can be determined quite precisely but the benefits
cannot be defined yet (Morssink 1996).

3.3. Risk analyses

The complexity of working systems also affects
the risks and safety regarding people and processes.
Increasing attention should be paid to the study of
risk analyses and the causes of accidents in forest en-
terprises in the new millennium.

Three types of failure can be distinguished in ope-
rational systems – technical, organizational and oper-
ational failures. Technical and organizational failures
are relatively easy to solve by applying technical and
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organizational solutions. Operational or human fac-
tor however is unpredictable and unreliable. Near
Miss Reporting (NMR) is a technique, which can be
used to get better grip of the human factor and of the
exposed risks. Due to the higher frequency in the oc-
currence of near misses against real accidents, NMR
contributes better to the process of risk analyses.

Van der Schaaf (1992) worked out a classification
model of system failure, which can be very useful for
risk analyses in forestry. This classification model
has also been discussed by Staudt (1998).

4. Important future actions to undertake

Forest work differs quite considerably from tra-
ditional industrial work. The outdoor working envi-
ronment and climate are never optimal and are sub-
ject to changes over short periods of time. Moreover
forest workers use forest tools and machinery under
very different forests conditions all over the world.
Consequently, a special handbook for ergonomics in
forestry should be written – a handbook on research
methods and one on work design. A handbook can-
not give concrete solutions in every case, but must
describe simple and sometimes sophisticated ergo-
nomic methods for analyses and design of tools and
working conditions for forestry work and should
give suggestions for possible solutions.

Ergonomic check lists in use so far, which make
distinction between »yes« or »not« suitable, are not
accurate enough for assessment of new machines. A
new step by step methodology for the evaluation of
ergonomic characteristics is necessary involving
more criteria than we have now (Gellerstedt 1995,
1996). Recently SkogForsk has published a revised
edition of »Ergonomic Guidelines for Forest Ma-
chinery« (Frumerie 1999). This book could hopefully
fulfil the lack of a good handbook for ergonomics in
forestry.

Special attention should also be focused on meth-
ods for the assessment of mechanization in forestry.

Mechanization is a process with impacts on pro-
ductivity of the enterprise, on wellbeing of workers
and on sustainability of the forest ecosystem. As for-
ests are very vulnerable and new big machines are
very expensive and complicated the best-trained
workers are necessary to avoid damage to forests,
machines and workers themselves. A system of cer-
tification of work force and enterprises can contrib-
ute to the efficiency, safety and sustainability in for-
estry (Garland 1998). More actions should be initi-
ated to promote certification in forestry, not only

related to forest management, but also regarding
ergonomically sound working conditions.
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Environmental and Ergonomic Stress
During Logging with Woody 110 and

Belt GV 70 Skidders

Robert Robek, Mirko Medved

Abstract

In the key study the comparisons between two forestry skidders operating on deep brown

soils under controlled conditions and during logging performance were conducted. During

compaction experiment both tractors caused significant alterations in soil physical proper-

ties. The impact of hydrostatically driven skidder – Woody, equipped with narrow tires was

after 8 passes insignificantly lower compared to the ordinary skidder – Belt. In the logging

operation the CO, CO2, NO, and NO2 gas emissions were monitored on both tractors

and the operator heart beat rate was monitored simultaneously. The average fuel con-

sumption and gas emissions per operation and per logged quantity with Woody were

significantly lower than the ones with Belt. In the same operations the operators heart

beat rate was higher when the Belt skidder was used. Simultaneous analysis confirmed

that the performance of Woody was environmentally and ergonomically more suitable

regarding the analyzed parameters and conditions.

Key words: environment, harvesting, skidders, soil, gas emission, ergonomy, heart rate

1. Introduction and investigation
objectives

Forestry skidders are designed for hauling and
skidding wood assortments in skid trails and off-
-road areas. In these operations the remaining trees
must be left intact, the forest soil must be preserved
as much as possible and work must be performed
with minimum fuel consumption and low level of
exhaust gas emissions. Some of the stated require-
ments can be achieved by introducing modern en-
gines and others by developing appropriate work-
ing procedures and adequate training of workers
(Ko{ir 1994).

Machine operator, who operates a skidder and
performs the work, has an exceptional position with-
in this system because the way he operates the ma-
chine has an influence on the machine itself as well
as the environment. The wiser the operation and
work are performed the better are the results. Since
the quality and quantity of the work performed
greatly depend on operator stress, the study of the
influence of work, machines and working environ-
ment upon the operator have to be included into the

investigation of individual aspects of technologic
processes. Timber skidding is physically very de-
manding therefore the study of operator’s heart rate
is a promising method to study operator stress (Mar-
tini} 1994). Operator stress, expressed by a heart
rate, is a result of a variety of different ergonomic
characteristics of a skidder, efforts at work and the
influence of working conditions (Bilban 1999). The-
refore a simultaneous consideration of different work
aspects in timber skidding is often a precondition for
integral estimation whether it is appropriate to in-
troduce new machines in forest production.

The Woody 110 forestry skidder was designed
and produced in Slovenia. In its development, much
emphasis was put on ecological and ergonomic re-
quirements. Due to high mobility of the vehicle, hy-
drostatically-driven shafts and a remote control pos-
sibility of the entire skidder, it is especially suitable
for thinning operations in stands during their opti-
mal stage. The older Belt GV 70 skidder, which is
compared with Woody in the investigation, is also a
skidder produced in Slovenia yet its production has
already been stopped. Within the extensive study of
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the skidder operation the objective of the investiga-
tion was as follows:

• to study the alterations in external and internal
morphology of soil and greenhouse gas emis-
sions in the operation of the Woody 110 forestry
skidder in forest work in actual conditions,

• to establish the average operator stress per work-
ing day by individual work operations and the
causes generating it,

• to compare the stress of the same operator in op-
erating different skidders.

2. Working methods

The measurements regarding skidder performan-
ce and operator stress were performed in thinnings
in logging units in state forests on the high karst (SW
Slovenia). Based on the available possibilities and in
order to be able to compare ecological indicators, the
Belt GV 70 skidder was selected and two directed tri-
als were performed: a soil compacting trial and a gas
emission monitoring of carbon monoxide (CO) and
nitrogen monoxide (NO) in tractor exhaust in differ-
ent operation methods and at different engine load.

The soil compacting trial was carried out in com-
mercial forests in Sne`nik massif in the Leskova dol-
ina forest management unit, Section 9a. Altogether
ten passes of an empty tractor on a prepared testing
ground were performed in two steps: first two pas-
ses and after the soil sampling subsequent eight
passes. Each tractor had its separate testing grounds,
half of them stretching over natural forest soil and
the other half along an old skid trail. The skid trail
had not been constructed. It emerged due to driving
on a roadless area in timber skidding in the 80s. The
measurements were carried out on selected profiles,
where before, during and after the trial the terrain’s
relief and the maximum wheel rut depth, were re-
corded and soil core sampling was performed at a

depth of 10–15cm. In the laboratory the soil samples
were established as to moisture (vol. %) and bulk
density (g/cm3) and total porosity and coarse pore
share in a soil sample were determined.

The measurements of exhaust temperature (°C),
CO (ppm) and NO (ppm) were performed at the end
of the exhaust tube at controlled increasing of revo-
lutions of tractors in idle position and in five cycles
of uphill timber skidding for each tractor with the
MRU – Vario plus emission gauge according to the
method of continuous measuring and recording emis-
sions every 5 seconds (MRU 1998).

Heart beat rate monitoring was performed con-
tinuously throughout the entire working day by me-
ans of the Polar gauges; data were recorded every 15
seconds. Since the heart rate is the index of physical
capability of an individual, the value of heart rate
and the achieved working heart rate were taken into
consideration in the investigation as the basis of the
stress during work performing. A permanent bur-
den of an operator in professional work should not
exceed the permitted working heart rate limit, which
is one third of the difference between the maximum
heart rate and the heart rate of a person at rest
(Bilban 1999). The value we got when the age of an

152 Meh. {umar. 2001-2004, Special Issue of the Journal Nova meh. {umar., Vol. 26(2005), Issue 2

R. ROBEK and M. MEDVED Environmental and Ergonomic Stress During Logging… (151–160)

Table 1 Basic data on working conditions in logging units (*directed trials site)

Working
day

Operator Tractor
Skidding
direction

No-load
distance

(m)

Load
distance

(m)

Bunching
distance

(m)

Mean
load

(m
3
)

No. of
pieces

in a load

Mean
piece

(m
3
)

No. of
cycles with
heart rate
monitored

1 R W110-S down 524 569 10 4.9 6.8 0.72 5

2 R W110-S down 797 810 12 5.1 7.5 0.69 6

3 L W110-IB up 146 165 10 2.9 12.3 0.23 6

4 L W110-S up 57 50 10 2.7 7.1 0.38 10

5 R W110-S* down 450 450 12 4.0 5.0 0.80 5

6 R BELT* down 450 450 12 3.9 3.4 1.14 5

7 R W110-S up 466 453 6 4.1 6.1 0.66 9

Table 2 Basic data on machine operators included in the investigation

Data / Machine operator R L

Year of birth 1956 1954

Age at the time of monitoring (years) 43 45

Weight (kg) 74 70

Height (cm) 173 176

Experience as machine operator (years) 18 14

Heart beat rate at rest (beats per minute) 68 66

Anticipated maximum heart beat rate
(beats/min.)

177 175

Permitted working heart beat (beats/min) 104 (68+36) 102 (66+36)



operator was subtracted from 220 was taken as the
maximum heart rate. Heart rate monitoring was per-
formed in logging units described in Table 1.

The samplings were performed in favorable we-
ather conditions with no precipitation. Two operators,
reliable and high quality machine operators, were in-
volved in the investigation. They have had much expe-
rience in performing this type of work (14 and 18 years
respectively). They both go in for sport, their psy-
cho-physical characteristics are presented in Table 2.

3. Results

3.1. Ecological consequences of the work with
the skidders

3.1.1. Soil compaction in the soil compaction trial

The soil compacting trial was conducted on May
25th 1999 (Woody) and May 26th 1999 (Belt) on deep
brown non-skeletal forest ground, in Abieti fagetum

dinaricum spruce, fir and beech stands in their optimal
stage. In the immediate surroundings of the testing
grounds the Norway spruce prevailed, therefore the
soil was intertwined with many roots on the surface.
Soil moisture at the time of the trial was a little less
than field moisture, which was not favorable as to
compaction but from the aspect of stand conditions,
that is the prevailing situation in the vegetation sea-
son. With such moisture the highest compaction is
easily obtained and followed by evident wheel ruts.

The mean wheel root depth in compacting trial after
ten passes on undisturbed soil amounted to 4.1 cm
with Woody and 4.9 cm with Belt. The difference
was not statistically characteristic.

The results of laboratory analyses of soil samples
in undisturbed situation are shown in Figures 1 and
2. They present the average and interval values of
the parameters for individual treatments. For each
treatment there were 6 repetitions. The left side
shows the results for the Woody testing ground and
the right one for the Belt testing ground. The first
three treatments for each machine represent the situ-
ation before the trial, the situation after two passes
on undisturbed soil and the situation after 10 passes
on undisturbed soil. The other three treatments refer
to the drive on the old, not constructed road, with a
number of passes noted.

No significant differences have been established
between the two machines as to soil compaction.
Bulk density (Figure 1) with both machines increases
significantly already after two passes on natural soil
and after ten passes it differs significantly from the
original situation. The first two passes over an old
trail caused decreased bulk density, which may be
the consequence of the subsurface vibrations of the
roots. After ten passes of a machine over the profile
the achieved soil compaction is not characteristically
more compact than before the drive along the old
road. The soil compaction achieved on the old trail is
similar to that after ten tractor passes on previously
undisturbed soil.

Meh. {umar. 2001-2004, Special Issue of the Journal Nova meh. {umar., Vol. 26(2005), Issue 2 153

Environmental and Ergonomic Stress During Logging… (151–160) R. ROBEK and M. MEDVED

Figure 1 Bulk density of mineral soil samples in a soil compaction trial



Figure 2 shows a significant decrease in coarse
pore share when driving on natural soil. An anaero-
bic conditions (a share of the coarse pore under 5%)
were obtained in most cases on previously undis-
turbed soils as well as on the old trail.

3.1.2. CO and NO emissions at different engine
revolutions of the skidder in the idle position

Figure 3 presents tractor emissions monitoring at
programmed increase of the engine revolutions. The
upper part gives the results for Woody and the lower
one for Belt. Motor revolutions (n/min) are written
in italics. When a cool engine is started high values
of CO emissions can be established in both engines,
which soon fall and remain at a similar level regard-
less of the number of engine revolutions of a tractor
in idle position. CO emissions are with Belt 4 times
higher than with Woody. NO emissions are by 30%
higher than with Woody.

3.1.3. CO and NO emissions during logging

For each engine the total sampling consisted of 5
cycles of timber skidding and approximately 1800
emission samples (continuous monitoring at the end
of the tractor exhaust every 5 seconds). The total
skidded quantity (for a distance of 450 m) amounted
to 20.0 m3 with Woody and 19.5 m3 with Belt. Fuel
consumption totaled 5.9 liter/operation hour with
Woody and 7.9 liter/operation hour with Belt.

A comparison of the mean emission values by
working operations in uphill skidding (the mean

longitudinal grade of a skid trail was 17%) is shown
in Table 3 for the purpose of a tractor study. The dif-
ferences between the mean emission values by work-
ing operations have been expected. The reason for
surprise are great differences between the tractors
despite the fact that Belt is an older tractor, which
had been more in use and with a technologically
out-of-date engine. The results of the mean emis-
sions in working operations are shown in Table 3.
Woody can operate at lower revolutions, with lower
temperatures and significantly lower mean emis-
sions in all working operations. Figure 4 gives a dy-
namic image of emissions for two typical cycles for
each engine, with the data on revolutions (Woody)
and their estimate (Belt). In Slovenia the emission
limit values regarding CO for diesel engines are
4500 ppm. This value was often exceeded by Belt
when driving uphill (skidding along a skid trail).

From the point of view of the parameters studied,
Woody 110 skidder gave better ecological results
than Belt 70 skidder in the analyzed operations and
studied working conditions yet mostly due to a bet-
ter engine and not smaller soil damage.

3.2. Operator stress in timber skidding

3.2.1. Operator stress in timber skidding
with Woody 110 skidder

Based on operations and their duration, the mean
heart beat rate was calculated by working elements
in an individual working day. Time structure by op-
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Figure 2 Coarse pore volume share of mineral soil samples in a soil compaction trial



eration cycles is shown in the lower part of Figure 5.
There are also the data on the mean working time
structure (AStr_T) of all the sampled operation cy-
cles during the time studies and performance ele-
ments (Ko{ir and Kr~ 2000).

A comparison with the data on stress in skidding
with the adapted agricultural tractor (Lipoglav{ek
and Kumer 1998) has indicated very similar princi-
ples regarding stress, the latter being systematically
a little higher in all working elements within the
present investigation. This was also due to the struc-
ture of the working day since, on the average, 45% of
all working time was performed during bunching
and wood leveling in this investigation, where stress
is the highest. In the literature compared, the sam-
pling during these operations only took up one
third. Following the sequence of working elements,
the heart beat rate curve indicates a typical sine os-
cillation, reaching its maximum in binding and haul-

ing. In spite of the fact that pulling of rope is proba-
bly the hardest operation, the resulting higher heart
beat rate is seen only later in load binding and also in
hauling. This is especially interesting because of the
fact that an operator uses a winch with remote con-
trol in hauling and thus stress during this time could
be expected to be lower. When investigating the rate
of effort required for performing the work of ma-
chine operators (Lipoglav{ek and Kumer 1998), lower
stress was established in hauling with an oldest type
of winch than in load binding. The difference may
also be due to the fact that operators, when working
with winches, which have a remote control system
in the cabin, usually sit during this operation phase.

Relatively small differences have been establish-
ed between the stress on an actual and the average
working day. They are considerably higher between
individual working days; they occur due to different
working conditions and first of all due to working
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Figure 3 16-minute emissions monitoring with tractors in idle position at programmed revolutions (Woody – the upper part, Belt – the lower part)
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Figure 4 Monitoring of emissions, revolutions and exhaust gas temperatures with tractors in timber skidding

Table 3 The mean values of emissions and engine characteristics in 5 timber skidding cycles

No. Working element
CO (ppm) NO (ppm) RPM (n/min) Exhaust gas temp. (°C)

Belt Woody Belt Woody Belt Woody Belt Woody

2 Slack drive on forest road 1129 125 1070 585 2000 772 324 321

3 Slack drive on skid trail 492 100 730 368 1804 1053 284 203

5 Pulling of rope 828 115 781 372 1040 1076 243 200

6 Binding of logs 390 118 714 372 800 1179 210 196

7 Hauling 462 113 662 313 800 861 187 183

9 Load drive on skid trail 3717 187 1347 1171 2311 1433 548 401

10 Load drive on forest road 4076 268 1402 1434 1800 1651 613 478

11 Unbinding 2172 224 1127 631 1257 1219 458 356

12 Sorting of logs 1589 142 903 433 1000 1337 387 323

13 Timber storage 786 133 939 476 1457 915 321 291



time structure. A great variety regarding both facts
can be seen in Figure 6. Total stress of operators in in-
dividual cycles is presented there in such a way that
heart beat rates after all working elements within the
productive time have been summed up.

Due to a great variety of working conditions and
different duration of working operations the stress
also differs considerably. Figure 7 presents the aver-
age stress in a working cycle, individualy for each
operator. There are several data in the graph, requir-
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Figure 5 Mean heart beat rate by working elements for all working days and time structures (Legend: 1CP – The first day of heart rate monitoring – the
mean of all cycles, 1Str_T – Time structure for the first working day)

Figure 6 Total operators’ stress (heart beat rate sum) by cycles and working elements



ing additional explanation. On the abscissa there is a
sum total of the duration of all working elements, as
they are performed in a sequence from 1 to 18 (at first
1 – preparatory-finishing time, 2 and 3 – slack drive
through a timber yard on forest road and along a
skid trail,… to the last element 18 – meal time). The
two bold lines indicate the curve of the mean heart
rate in both machine operators by working elements.
The thin line made of dashes represents the two
working heart rate limits and the non-intermittent
line the achieved mean heart rate during work. Whi-
le sampling both operators were similarly overbur-
dened during work because the difference between
the permitted working heart rates is similar to that
between the average ones. If the average structure of
a working day is taken into account, the stress of op-
erators with the average heart rates practically be-
comes equal, provided a different concept regarding
working heart rate limits is taken into consideration.

3.2.2. A comparison of the operator stress in
skidding with the Woody 110 and Belt GV 70
skidders

In a directed trial, where ecological parameters of
the two tractors – Woody and Belt – were monitored,
operator stress at work was also monitored. System-
atically higher values were established for Belt trac-
tor (Figure 8). The same principle of presentation
was used for a heart rate curve during work as
shown in Figure 7 and the calculation was made on
the basis of the average working day structure. An-

other difficulty in heart rate sampling emerged due
to lacking data on heart rate. Soon after the engine
started to work with high revolutions it interfered
with data transmission between the transmitter on
the belt and the receiver. Thus the data on the mean
heart rate for these working operations were calcu-
lated on the basis of the samplings from the begin-
ning and the end of working operations.

Based on the comparison of operator stress by
means of heart rate, Woody proved to be ergonomi-
cally more appropriate because the overburdening
level of the operator during work was much lower.
Besides, in the tractor cabin of the older tractor (Belt),
electromagnetic oscillations emerged, which inter-
fered with the transmission of the data on heart rate.
The temperatures in the cabin of the tractor were
much higher, the same holds true of the noise. Con-
sequently, a part of the stress heart rate when operat-
ing a tractor could be ascribed to working environ-
ment. Yet the work outside the cabin is also strenu-
ous, which is most probably due to the pulling of
rope, which demands a lot of effort, and the mass of
load binders. Furthermore, sitting in Belt when haul-
ing also did not contribute to lower stress in this
working operation. The differences between the
heart rates during unproductive time were insignifi-
cant. Therefore the conviction that the differences
between the heart rates in productive working oper-
ations indicate higher stress when work is per-
formed with the older and ergonomically less appro-
priate tractor Belt is even more relevant.
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Figure 7 The mean heart rate of operators in skidding with Woody regarding the average structure of working days



4. Discussion and conclusions

From the point of view of soil damage in a com-
paction trial no significant differences have been es-
tablished between the two engines. The changes in
bulk density and volume coarse pore share are sta-
tistically significant in both tractors studied as re-
gards the initial situation. In spite of the fact that the
engine mass was higher with Belt, Woody had nar-
rower wheels, which made the static pressure upon
the soil amount to around 90 kPa in both engines.
The wheel rut depth after ten passes was more than 4
cm in all measured profiles. Hydrostatic drive has
no influence on soil alterations unless ground pres-
sure is reduced by wider tires and/or slash mat.

The CO emissions in timber skidding were up to
10 times higher with Belt 70 skidder and NO emis-
sions to 5 times higher than with Woody 110 skidder.
At the same engine rotations, the emissions in log-
ging operations were significantly higher on both
analyzed skidders than in programmed engine revo-
lutions in idle position of the skidders.

Both operators involved in the investigation ex-
ceeded heart rate stress limits while working. Taking
into account the actual structure of a working day
during monitoring, the heart rate stress limit was ex-
ceeded in operator R – 42% and operator L – 36%.
Supposing that both operators had the same work-
ing day structure – the average of all the samplings –
the daily stress limit would be exceeded in R by 39%
and in L by 42%. Based on the results of the heart rate

studied, it can be concluded that both operators
were exposed to approximately the same overbur-
dening in their work. The difference between the
permitted working heart rate and the heart rate at
rest is the same with both operators (36-heart rat-
es/min). The actual difference achieved between the
heart rates during work totaled 49 to 51 heart rat-
es/min. Work performance as well – totaling 113%
with operator R and 121% with operator L (source:
the Postojna FE) – gives a similar image as regards
the efforts during work.

The ergonomic suitability of Woody tractor was
also tested comparatively with the older and more
out-of-date Belt tractor. The same operator – R – op-
erated both tractors in two subsequent working
days in similar working conditions. The average
heart rate during work with Woody totaled 115 and
with Belt 122. As to the working heart rate limit the
former was exceeded by 30% with Woody and 50%
with Belt.
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Ergonomic Features of Woody 110 Skidder

Marjan Lipoglav{ek

Abstract

Within the research project of the technological development of hydrostatically driven

Woody skidder, its ergonomic features have also been determined. Comprehensive ergo-

nomic assessment showed that the skidder meets 77 % of the requirements, which is similar

to other tractors used for timber skidding in Slovenia. The equivalent noise level in the cabin

is 72 to 87 dB(A) and the noise stress of the tractor driver calculated in productive time was

79.8 dB(A). The seat vibrations in productive skidding time were about 1 ms–2 in simple di-

rections and the tractor driver’s stress was within the allowed limits during time of

work. No concentrations of carbon monoxide were recorded.

Key words: timber skidding, ergonomic features, Woody 110 skidder

1. Introduction

Within the research framework of applicability of
hydrostatically driven WOODY 110 skidder for wood
skidding in Slovenian forestry-economic conditions,
its ergonomic features have also been investigated.
The research was made in 1999 by Biotehni{ka fa-
kulteta Ljubljana, Gozdarski institut Slovenije, Gozd-
no gospodarstvo Postojna and tractor manufacturer
– Vilpo Grosuplje and co-financed by Slovenian Mi-
nistry of Science and Technology. The development
of this skidder was presented at the meeting in Del-
nice (FORMEC 99). In the area of Postojna forest
management in Leskova dolina (unit – Sne`nik) pi-
lot measurements of noise and carbon monoxide
(CO) concentration in the cabin during 4 cycles of
timber skidding and with the skidder at idling were
carried out. In Leskova dolina, but in different con-
ditions, a comprehensive ergonomic assessment of
skidders was made as well as recommendations for
its improvement. In the forest management unit Ilir-
ska Bistrica, in the area of Gomance, again only pilot
measurements were carried out of the skidder seat
vibrations during 4 (2 incomplete) cycles of timber
skidding. We also tried to estimate the tractor dri-
ver’s noise and vibration load in single work opera-
tions and in a whole working day. The collaborators
of Slovenian forest institute also measured the emis-
sion of carbon monoxide and the work effort of the
tractor driver by means of a heart-rate. The results of
their measurement were compared with those ob-
tained for the BELT GV 70 skidder and they were
published in another article (Opatija IUFRO 1999).

2. Noise

The noise of the WOODY 110 skidder was mea-
sured by an accurate microphone – Brüel et Kjaer
4155 and sound level meter – B et K 2231 in the trac-
tor cabin with different engine rotation frequencies
while tractor doesn’t move and during 4 skidding
cycles. With two rotation frequencies (at idling spe-
ed and at working rotation frequency 1 200 min–1)
the noise level was measured over a distance of 0 to
12 m from the tractor. In all measurements the micro-
phone was attached to the helmet by the right ear at
the eye height of the tractor driver, directed toward
the ground. During skidding operations, the instru-
ment’s memory recorded the extreme values and the
equivalent noise level at 30 second intervals. The
measured values could be presented visually on the
digital display all the time. Timber skidding was
also monitored by a video camera, so that later on,
for each 30 second interval, the work operation pre-
vailing in that interval could be determined. The
data were entered into the computer during the on-
-site recording and later on they were processed by
use of MS-Excel program. When the tractor driver
came out of the tractor, the helmet with the micro-
phone was left in the cabin and continued measur-
ing the noise but it was not taken into consideration
in calculating the noise stress of the tractor driver.
The cabin was only partly closed, as the window was
partly opened during the whole operation of timber
skidding and even the door was opened during the
operation of timber gathering.
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2.1. Skidder noise at idling

While the skidder was standing, unloaded on the
road, the noise level in the tractor cabin was from
73.5 to 88.2 dB(A). It was measured at different en-
gine rotation frequencies ranging between 760 and
2 250 min–1, achieved by throttling up and reading
the engine rotation meter. The noise level with the
maximum frequency of 1 700 min–1, otherwise irreg-
ular, had an almost linear growing trend and then
dropped to start going up again at the frequency of
1 900 min–1.

The noise ranging between 77.2 and 53.9 dB(A)
was measured at idling speed and engine rotation
frequency of 760 min–1 outside the cabin. Measure-
ment was performed right by the tractor and behind
it, where the tractor driver spends most of his time,
at each meter distance from the tractor exit and at ear
height of the standing tester. Similarly, at the same
points, the noise was measured at the engine rota-
tion frequency of 1 200 min–1. Maximum noise of
81 dB(A) was measured right by the engine and min-
imum noise of 57.5 dB(A) at the distance of 12 m be-
hind the tractor. The noise level decreases with the
increase of the distance between the operator and
the tractor.

The measured noise level of 60 dB(A) over a dis-
tance of 7–8 m, assessed as the distance at which the
tractor driver spends most time during timber gath-
ering, was used in calculating his daily noise load.

2.2. Working conditions during noise
measurement in timber skidding

Noise level was measured in timber skidding
from a mixed stand of beech, fir and spruce in the
area of Leskova dolina. The tractor driver gathered
timber at different spots of a 405 m long skid trail so
that the skidding distance was between 255 and
405 m. Skidding was carried out downhill and the
skid trail slope was mostly slight – max. + 4%. How-
ever, in its central part there was a counter-slope
with the highest measured slope gradient of 31%,
15 m long. Tractor loads were, therefore, small: from
0.59 to 3.26 m3 – 2.16 m3 on the average, made of co-
niferous and beech logs and other beech small-size
round wood. The tractor driver (R. R.) had a 27 year
work experience, of which 20 years as a tractor dri-
ver. He was 43, 174 cm tall and weighing 73 kg. He
came to the place of work by his own car crossing a
distance of 16 km. Some other details regarding work-
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Table 1 Noise loads of tractor driver operating the Woody 110 skidder

Working site LESKOVA DOLINA GOMANCE

Noise load of tractor driver
Noise load of tractor driver with other recording of time

Single cycle
Noise level

Average

share of time noise Lekv share of time load Lekv share of time load Lekv

Work element dB(A) % dB(A) % dB(A) % dB(A)

Unloaded travel 83.3–84.8 17.8 84.1 22.8 83.3 17.1 83.3

Turning 78.8–80.5 0.4 79.7 34.5 60.0 46.0 60.0

Gathering wood (77.8–79.3) 40.9 60.0

Moving (78.9–81.1) 0.4 60.0 24.9 84.4 18.2 85.2

Skidding 84.9–85.8 19.4 85.2

Unbinding (72.6–76.8) 10.1 66.0 8.9 66.0 7.9 66.0

Sorting (79.9–83.7) 4.9 66.0 2.3 66.0 2.8 82.0

Storaging 82.0–83.0 6.1 82.5 6.6 82.5 8.0 82.5

Productive time 100 79.8 100 81.1 100 80.7

Non-productive time (72.8–79.8) 50.0 (3.5 h) 50.0 (2 h) 50.0

Working time (8 h) 78.6 79.5

Duration of productive time, min/cycle 18–29 24.7 47 56

Gathering distance, m 11 12

Skidding distance, m 255–405 514 403

Average load, m
3

2.16 4.08 3.72

No. of pieces 7.5 7.7 8.8

m
3
/piece 0.29 0.74 0.54

Number of cycles 4 87 77



ing conditions, especially the structure of working
time in skidding, can be seen in Table 1.

Table 1 shows that the average equivalent noise
levels were 8o do 85 dB(A) when the tractor driver
was in the tractor’s cabin. The measured load of the
tractor driver (Lekv) in total productive time in these
4 cycles was only 79.8 dB(A) on the average, as he
spent 56 % of the productive time out of the skidder.
In Table 1 noise load of the tractor driver was mea-
sured taking into consideration the structure of pro-
ductive and working time, which had been estab-
lished in comprehensive time studies (87 and 77
skidding cycles).

Based on such calculations, the load of the tractor
driver is 81.1 dB(A) in productive time and 78.6 dB(A)
in an 8 hour working day. It has been taken into ac-
count that only 270 minutes or 4.5 hours are produc-
tive time in a tractor driver’s working day, which
was established by analyzing only 4 working cycles.
On the basis of some assumptions, the noise load
was also calculated for the other tractor driver in
Gomance working site, who can only operate the
winch and not the tractor, by means of remote radio
control commands. It is slightly lower in productive
time (80.7 dB(A)), as more time is required for timber
gathering in more difficult terrain conditions. How-
ever, in a working day it is slightly higher (79.5 dB(A)),
as 350 minutes or about 6 hours represented produc-
tive time in his working day (calculated on the basis
of only two skidding cycles).

Noise load of the tractor driver of approximately
80 dB(A) in productive time is considerably lower
than the stress established in Slovenia several years
ago in timber skidding with other tractors (Table 2).

It is much lower, as the engine causes lower noise
in the cabin at considerably lower working rotation
frequency and also because the remote control winch
enables the tractor driver to work outside the tractor,
where the noise is much lower. Noise loads of the
Woody 110 skidder in a working day are within the
allowed limit of 85 dB(A) for most physical activities
and therefore no damage to the sense of hearing is
expected. Noise exceeding 60 dB(A) only makes the

work difficult, as it reduces the working capability of
workers. When making comparisons, it should bear
in mind that the reduction of equivalent noise level
of 3 dB(A) means the reduction of the load to a half.
It could be said that the load of tractor drivers in
skidding by Woody is 4 to 6 times lower than in skid-
ding by other tractors.

3. Vibrations

Seat vibrations of the Woody 110 skidder were

measured at the working site Gomance (unit Ilirska
Bistrica, GG Postojna). Three-axes accelerometer
Brüel et Kjaer was attached to a special board in-
stalled on the seat and connected by cables to the B et
K 2231 meter equipped with B et K 2522 for measur-
ing vibrations. During timber skidding, at 30 second
intervals, the meter recorded simultaneously the ex-
treme and mean vibration accelerations in all three
directions: up – down, left – right and forward –
backward. For each half-minute interval, the simple
vector acceleration sum was calculated. In order to
be able to compare these vibrations with previously
measured vibrations of other tractors, the vibrations
were measured linearly in the frequency area of
1–180 Hz. Again 4 skidding cycles were recorded, of
which two were measured only partly due to their
duration and limited memory capacity of the vibra-

tion’s meter (only unloaded travel and gathering).
Skidding was recorded by video cameras, so as to
provide later on the possibility of determination of
the prevailing work element for each 30 second in-
terval. Our attention was particularly focused on
moments when the tractor driver was leaving the
seat and coming back to take it. The measured accel-
eration for the first two cycles was read from the
memory on-site and the data for the other two were
later transferred by interface directly to PC. By use of
MS-Excel program, all data were entered, codes for
work element were added and the vibration level in
the recorded time was drawn. For establishing the
levels of vibrations in third-octave frequency bands

and for the assessment of vibration load of the trac-
tor driver on his seat, another test was carried out in
which the tractor driver drove the skidder forward
and backward on one side over a 10-cm high obsta-
cle. The accelerations on the seat were then mea-
sured with the same accelerometer but with another
vibration’s meter: B et K 2511 and B et K 1621 filter.
Only vertical direction was measured, as the acceler-
ations in this direction were the highest during skid-
ding. Linear and frequency band accelerations were
recorded on the recording paper of B et K 2306
printer. Filter frequency bands were selected manu-
ally in mid-thirds-octave from 0.20 to 50 Hz. The
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Table 2 The stress established in Slovenia in timber skidding with other
tractors

Productive time
Lekv – dB(A)

Working time
Lekv – dB(A)

Skidder – TBJ 208D 98.0 97.2

Skidder – BELT GV 50 93.0 92.2

Skidder – BELT GV 70 96.7 95.1

Wheel tractor IMT 560 94.2 93.3

Track tractor FIAT 605 91.9 91.1



measured test accelerations were lowered propor-
tionally to average accelerations in vertical direc-
tion, measured linearly in skidding productive time.
Thus corrected accelerations were compared to the
allowed limits for a 6 hour daily exposure to vibra-
tions, which are transmitted to the whole body (WB
ISO 2631).

3.1. Work conditions during vibration
measurement in wood skidding

The seat vibration level was measured in the area
of Gomance on a stony but smooth and dry skidding
road, 360 m long. As the tractor driver gathered tim-
ber on different places, the skidding distance was
300 to 360 m. Karst terrain was steep and stony and
therefore very inconvenient for gathering wood. The
skidding road was mostly inclined in skidding di-
rection with the slope gradient of up to –24% and at
the very beginning it had an 84 m counter-slope with
the maximum slope gradient of +18% (12 m long).
On that section of the skidding road, the tractor
drove in reverse when it was unloaded, as there was
no enough space for turning at the end of the
skiddind road. The tractor driver skidded simulta-
neously long thick round wood and thinner timber.
The loads were from 3.20 to 4.63 m3 i.e. 3.86 m3 on the
average and they consisted of 8.25 pieces. Addi-
tional details on work conditions, especially on the
structure of the skidding working time can be seen
in Table 2. The tractor driver was an experienced
worker of 45, 177 cm tall and weighing 68 kg.

3.2. Skidding vibrations

The level of linearly measured seat vibrations
during four skidding cycles was very changeable.
Instantaneously (2 msec) measured acceleration
peaks in single direction were in direction x (for-
ward – backward) max. 15.2 ms–2, y (left – right)
max. 20.3 ms–2 and vertical z (up – down) max.
25.6 ms–2. Maximum average acceleration level of
one second duration was 2.9 (forward – backward),
4.7 (left – right) and 5.4 ms–2 (up – down). Mean level
of acceleration in 30 second intervals, measured as
the square means and used for the assessment of the
skidder vibrations and load of the tractor driver,
ranged horizontally (x) between 0 and max. 1.98 ms–2,
sidewise (y) max. 1.85 ms–2 and vertically (z) max.
3.3 ms–2. All these figures imply that low-frequency
seat vibrations achieve the highest intensity in verti-
cal direction. This probably means that their main
source is the uneven skidding road and not the ma-
chine’s drive, as forward-backward vibrations have
the lowest accelerations.

On the basis of 30 second accelerations, square
means were calculated for individual productive

work operations and weighted square means were
calculated for total skidding time, where weighted
items were the duration of work elements. Table 3
shows the results of 4 recorded skidding cycles as
well as skidding time recorded in other investiga-
tions. The vibration’s meter calculated the vector
sum for each second and for each half-minute based
on the acceleration in single directions. From these
values, mean vector sums for individual work ele-
ments were calculated and they varied quite se-
riusly. They were the highest in unloaded travel
(2.28 ms–2), a little lower in skidding and still lower
in storage operations (1.44 ms–2). In hauling the load
to the skidder and in sorting timber on the road,
while the tractor driver is sitting on his seat they are
the lowest (approximately 0.80 ms–2) and during
gathering and unbinding operations the tractor
driver is not under vibration stress, as he is not in the
skidder then. In total time the tractor driver spends
on his seat, the average measured accelerations in
single directions were around 1 ms–2 and the vector
sum averaged 1.98 ms–2. In total productive time, the
stress of the tractor driver in single directions ranged
(linearly) between 0.57 and 0.64 ms–2 and the vector
sum was 1.17 ms–2. Assuming that in an eight-hour
working day 6 hours are productive time, the aver-
age seat acceleration sum within the working time is
only 1.01 ms–2. For the time structure based on bro-
ader recording of required working time, the vibra-
tion loads of the tractor driver were also calculated
for the area of Gomance. They are slightly higher
due to longer skidding distance. Vector sum in pro-
ductive time is 1.40 ms–2 and in working time
1.21 ms–2. A similar calculation for the working site
in Leskova dolina, not quite reliable, as the charac-
teristics of the working site where time was recorded
are not known, gives a slightly higher vector sum of
1.59 ms–2 for productive time. It is higher because the
share of travel duration is higher than in Gomance
and this is the time when the vibrations are the high-
est.

When the vibrations of the Woody 110 skidder
are compared to vibration measurements in skid-
ding performed by other tractors, it can be seen that
in productive time the Woody 110 skidder achieves
the lowest results. Only the BELT GV 50 skidder
showed lower vibrations for the time the tractor
driver spent on his seat. This skidder, however, was
very slow in its work due to a weak engine and the
travel speed on skidding road has a serious impact
on vibrations. Seat vibrations with the Woody 110 (in
37 % productive time – Table 4) are 2 to 3 times lower
than with other tractors (BELT GV 70, IMT 560 or
FIAT 505). It is not possible to make direct compari-
son with the allowed limits, as the accelerations
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were measured linearly, and the exposure limiting
values are set for frequency values adapted to hu-
man sensitivity. The measurement was carried out
linearly so as to provide the possibility of compari-
son of this tractor with other skidding tractors, the
vibration intensity of which had already been mea-
sured. However, during skidding in Gomance, the

frequency weighted acceleration sum was also mea-
sured and it did not differ considerably from the lin-
ear vector sum. If this linear sum is taken as the right
one instead of the frequency weighted sum, it can be
established, in compliance with ISO 2631 standard,
that the seat vibrations of the Woody 110 skidder, af-
ter two hours of work, are a serious health threat to
lumbar part of the back (Ergonomic guidelines for
forest machines). This assumption, however, is not
quite true.

3.3. Frequency analysis of seat vibrations

In driving the skidder over the obstacle on the
road maximum vibration accelerations were mea-
sured in vertical direction in third-octave frequency
bands from 0.20 to 50 Hz. It was assumed that a simi-
lar distribution of mean vibration levels in the fre-
quency bands occurred with timber skidding, only
at a much lower level. The measured accelerations in
the test were lowered proportionally to the coeffi-
cient between linearly measured vibrations in skid-
ding and in jumping over the obstacle. This was per-
formed for the productive time spent by tractor driver
on his seat and then for total productive time. All
measured values with frequency analysis in the
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Table 3 Vibration stresses of tractor driver of the Woody 110 skidder

Working site Tractor
driver on
the seat

Average skidding cycle Broader investigations of work operation’s duration

GOMANCE GOMANCE LESKOVA DOLINA

Acceleration ms
–2 Share

of time
Share
of time

Acceleration ms
–2 Share

of time
Acceleration ms

–2

Work element X Y Z Vect. % % X Y Z Vect. % X Y Z Vect.

Unloaded travel yes 1.20 0.98 1.29 2.28 11.3 17.1 2.28 22.8 2.28

Timber yes 0.35 0.30 0.30 0.78 3.3

gathering no 54.6 46.0 34.5

Skidding yes 1.25 1.04 1.24 2.21 11.6 18.2 2.21 24.9 2.21

Unbinding no 8.3 7.9 8.9

Sorting yes 0.34 0.30 0.55 0.85 1.6 2.8 0.85 2.3

Storage yes 0.54 0.98 0.57 1.44 9.3 8.0 1.44 6.6 1.44

Productive time
yes 1.01 0.94 1.05 1.92 37.1 46.1 1.10 0.92 1.14 2.06 54.3 1.16 1.01 1.20 2.16

no 62.9 53.9 45.7

6 hours total 0.61 0.57 0.64 1.17 100 100 0.75 0.62 0.77 1.40 4.5 h 0.86 0.74 0.89 1.59

Work. time, 8 h 0.53 0.49 0.55 1.01 0.65 0.54 0.67 1.21 8 h 0.64 0.56 0.66 1.19

Durat. of prod. time, min/cycle 28.5–31.0 30.2 56 47

Distance of gathering, m 12 11

Skidding distance, m 300–360 403 514

Average load, m
3

3.68 3.72 4.08

Number of pieces 8.25 8.84 7.67

m
3
/piece 0.47 0.54 0.74

Number of recorded cycles 2 + 2 77 87

Table 4 Comparison between seat vibrations in productive time – lin-
early measured accelerations, ms–2 with different tractors

Linearly measured accelerations, ms
–2

forward-
backward X

left-right
Y

up-down
Z

vector

WOODY 110

tractor driver on seat 1.01 0.94 1.05 1.92

total productive time 0.61 0.57 0.64 1.17

BELT GV 50 0.78 0.92 0.64 1.37

BELT GV 70 4.38 3.63 1.96 6.02

TBJ 208 1.48 1.83 1.47 2.77

IMT 560 2.73 1.42 2.62 4.04

FIAT 505 2.73 2.82 1.72 4.29



bands were multiplied by coefficients 1.05/8.22 =
0.127737 and 0.64/8.22=0.077860, respectively. The
figures were taken from Table 3 for vertical vibration
direction in skidding i.e. as the average value of lin-
ear measurements in the test.

The calculated load of the tractor driver by fre-
quency bands is compared to exposure limits pursu-
ant to ISO 2631 for 6 hours a day (productive time).
The load of a tractor driver, sitting on his seat for 6
hours, exceeds the internationally set limit of work
capability. His actual load with vertical vibrations is
within the set limits, as he spends a lot of productive
time on the ground. These vibrations only make him
less comfortable in his work. Other skidders cause
stresses, which are much higher than those of the
Woody 110 skidder. Only with the BELT GV 50 skid-
der slightly lower accelerations were measured by
frequency bands during time the tractor driver
spends on the seat, but the Belt tractor driver spends
much more time on his seat. Adapted farming trac-
tors, wheeled and tracked, cause such seat vibra-
tions that they jeopardize the health of tractor driv-
ers.

4. Exhaust gases

During timber skidding in Leskova dolina i.e.
during noise measurement, the meter for measuring
the concentration of carbon monoxide, Dositox man-
ufactured by Compur Munich, was attached to the
right part of the chest of the tractor driver. In four
skidding cycles no concentration of CO was record-
ed by the meter in spite of its 1 ppm sensitivity. The
same occurs in skidding with other tractors, as the
muffler directs all gases above the tractor cabin and
air circulation in the forest carries away and dilutes
all exhaust gases very quickly.

5. Comprehensive ergonomic
assessment of skidders

Comprehensive ergonomic assessment has been
made for the Woody 110 skidder by use of German
ergonomic questionnaire (Mitteilungen des KWF, B.
19, 1977) for working machines. This questionnaire
was chosen because it had already been used for as-
sessing the ergonomic features of other skidders. In
this way the possibility of making comparison be-
tween them was provided. The German question-
naire has a much lower number of general questions
and therefore it is possible to assess details and make
recommendations for improvement.

During winter parking in Leskova Dolina the
skidder was assessed by a group of 7 forestry experts

from GG Postojna, Gozdarski in{titut Slovenije and
Biotehni{ka fakulteta, Ljubljana. They answered 86
questions out of 92, comprised by the questionnaire.
Six questions were considered inadequate for the as-
sessment of this skidder. As required by the ques-
tionnaire, their answers were mostly based on its ob-
jective criteria and they were as follows: ergonomi-
cally favorable (+), partly favorable (0) unfavorable
(–).

The questionnaire covers 11 areas of ergonomic
assessment. Complete satisfaction was not achieved
with ergonomic design of the Woody 110 skidder in
any area, except visibility. According to the number
of negative answers, control instruments, which are
not of utmost importance due to relatively slow op-
eration of working machines, were assessed as the
worst, along with operating instructions and main-
tenance performed by tractor driver himself. The
number of different answers is shown in Table 5
70 % of the answers were favorable and 7 % partly
favorable. 23 % of the answers were negative, as the
skidder does not meet, to a certain extent, one or
more out-of-date and mild German criteria of ergo-
nomic suitability.

When the ergonomic features of other tractors
were assessed several years ago, the suitability crite-
ria were established for tractors in Slovenian forests,
requiring a minimum of 70 % of favorable or partly
favorable answers. The Woody 110 skidder meets
these criteria, similarly as some other skidders: FIAT
605 with cabin, Timberjack 208, BELT GV 50. How-
ever, the Woody 110 skidder does not meet some es-
sential work safety requirements or there is no evi-
dence that it does. Consequently, in compliance with
the Slovenian currently applied criteria, it could not
get a positive expert judgment of work safety. The
deficiencies are: only one exit from the cabin, sharp
edges in the cabin, which can be the cause of injury
of the tractor driver, unprotected hydraulic pipes in
the cabin and the lack of the cabin strength test.

Along with the assessment of ergonomic featur-
es, recommendations for improvement were made
for those unsatisfying. Some ideas for improvement
also appeared with some positive answers. Some of
them were not only ergonomic but also technical
and technological. There were 34 recommendations
in all for the improvement of the skidder features.
Their complexity and importance for improving the
ergonomic suitability varies quite considerably. Many
of them can be carried out by minor design changes
e.g. by moving the handle for the entrance into the
tractor for a few centimeters. Others, however, re-
quire serious changes e.g. changing the shape and
size of the cabin. These recommendations have been
submitted to the manufacturer together with the de-
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scription of changes, some of them detailed graphi-
cally on tractor photos. Many of them will be cer-
tainly adopted in the production of further Woody
110 skidders.
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Table 5 Comprehensive ergonomic assessment of the Woody 110 skidder

Area of ergonomic assessment Total number of questions Favorable answers + Partly favorable 0 Unfavorable answers –

1 Entrance and exit 8 5 1 2

2 Working area (cabin) 6 5 0 1

3 Seat 9 6 1 2

4 Control instruments 9 4 1 4

5 Operating elements 11 9 1 1

6 Visibility 6 6 0 0

7 Health damaging influence 7 6 0 1

8 Physical and psychic. stress 8 7 0 1

9 Safety 10 7 2 1

10 Operating instructions 3 1 0 2

11 Maintenance and repair 9 4 0 5

Total assessment, n 86 60 6 20

% 100 70 7 23





Cannabis use among forestry workers

M. D. Musson, R. N. O’Reilly

Abstract

The use of drugs by silvicultural or logging workers on the job is a concern for employers as

well as safety and health personnel. To determine the extent of cannabis use by New Zealand

forestry workers, a questionnaire survey was carried out in the North Island of New Zea-

land. 165 workers and trainees were included in the survey, and the results indicate that 77 %

of the silvicultural workers, and 54 % of the loggers, reported having used cannabis in the

previous 12 months. 25 % of the silvicultural workforce surveyed had used the drug at the

workplace, while only 14 % of the loggers had done so. The trainees reflected this trend, with

41 % of silvicultural trainees indicating they had used cannabis while on the job, compared

to only 24 % of the harvesting trainees. Results also indicate that the workers with high

rates of cannabis use had high rates of workplace accidents, and, in the silvicultural sector,

increased duration of lost time accidents. Absenteeism was also higher for both silvicultural

and logging workers with increased cannabis use. The implications of the results and the re-

sponses by forestry employers are discussed.

Key words: cannabis, silviculture, logging, accidents, absenteeism

1. Introduction

Forestry companies and the Occupational Safety
and Health Section of the Department of Labour
have concerns about the use of drugs by forestry
workers in New Zealand. In order to determine the
extent of cannabis use, a questionnaire survey was
carried out in silviculture and harvesting operations
in the central North Island plantation forests.

As well as determining the extent of use, the sur-
vey questioned workers’ attitudes toward the use of
cannabis on the job and towards random drug test-
ing of forestry workers. Information on lost-time ac-
cidents related to drug use was also collected.

2. The Survey

Asample questionnaire was drawn up and tested
initially on 14 silvicultural trainees, and modified in
order to ensure readability and improve understand-
ing. The survey was conducted on a person-to-per-
son basis both individually and in a group situation.
In total, 165 individuals were surveyed, including 43
workers from seven silviculture crews, 53 loggers
from three harvesting crews and 45 trainees and 24
students enrolled in the New Zealand Diploma in
Forestry, a ranger-type qualification.

52 % of those surveyed were Maori, 14 % were
Pacific Islanders, and 33 % were European New Zea-
landers. 2 respondents were of other ethnic back-
grounds. 95 % of those surveyed were male; the 5 %
who were females were from the trainee or student
groups only.

The average age and the range of ages for the dif-
ferent working groups was: harvesting 32 (22–53),
silviculture 21.6 (16–38), trainees 18.3 (15–32).

3. Results

3.1. Use

77 % of the silvicultural workers and 54 % of the
harvesting workers indicated that they had used
cannabis in the previous 12 months. Of the trainees
involved in silviculture, 94 % had used cannabis in
the previous 12 months, while 76 % of the logging
trainees, and 63 % of the students, indicated the
same.

Only 14 % of the total harvesting workers sur-
veyed indicated that they had used cannabis while
on the job, compared to 27 % of the silvicultural
workers surveyed. 24 % of the harvesting trainees,
41 % of the silvicultural trainees, and 8 % of the stu-
dents, stated they had used cannabis on the job.
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For all respondents, the average age when ini-
tially using cannabis was 15.5 years, and there was
not a great deal of difference between working gro-
ups (silviculture 14.7, harvesting 16.1, trainees and
students 15.8), although the individual replies rang-
ed from 10 years to 22 years.

Heavy users (once or more per day) had an aver-
age age of 20 years. The average age of regular users
(less than once per day but more than once per
month) was 22, while recreational users (less than
once per month but more than once per year) had an
average age of 24. The average age of non-users was
27.

Of the survey population, those of Maori ethnic-
ity showed the highest proportion of heavy cannabis
users followed closely by Pacific Islanders. Those of
European ethnicity showed the highest rate of recre-
ational and regular users; all three groups had ap-
proximately equal percentages of non-users.

Those workers with up to four years’ experience
had the highest mean per worker use per week (ap-
proximately 10 times per week); those with 6 years’
experience had a mean per worker use of 8 times per
week, and those with 8 years’ experience had mean
per worker use of only 3 times per week. Those with
more than 8 years’ experience had an average canna-
bis use rate of less than 0.2 times per week.

3.2. Attitudes

Workers who indicated that they had used can-
nabis in the previous twelve months were asked to
complete a series of questions on their attitudes to-
ward cannabis use in the workplace. These ques-
tions ranged from their perception of cannabis use
on accident rate and work quality to the reasons for
using the drug at work.

The responses indicated considerable difference
in attitudes between the silviculture and harvesting
workers who had used cannabis in the previous 12
months towards drug use on the job.

For example:

• 80 % of harvesting workers in this category be-
lieved that »a cannabis user on the job is more
likely to have an accident« compared to less
than 50 % of silviculture workers.

• Not one harvesting worker agreed that »using
cannabis on the job helps one relax«, while 40 %
of silviculture workers replied in the positive.

• 80 % of harvesting workers disagreed that »one
could do the job while using cannabis if one
was experienced« (10 % agreed), compared to
silviculture workers, 40 % of whom agreed
with the statement and only 25 % disagreed

with it (the rest were in the »didn’t know« cate-
gory).

• 100 % of harvesting workers disagreed with the
statement that »sharing a joint is friendly and
accepted on the job«, compared to 60 % of the
silviculture workers; 15 % of silviculture work-
ers agreed with this statement.

• 65 % of harvesting workers disagreed, and none
agreed, that »cannabis helps break the boredom
of the job«, while 44 % of silviculture workers
agreed with this statement and only 30 % dis-
agreed.

• 50 % of the harvesting workers disagreed (and
only 5 % agreed) with the statement that »can-
nabis helps cope with the physical pain of the
job, while only 25 % of silvicultural workers
disagreed and 40 % agreed.

• 85 % of harvesting workers disagreed that »you
do a better quality of work when using canna-
bis«, and none agreed, while 42 % of the silvi-
culture workers agreed and only 35 % disagre-
ed.

• Only 15 % of harvesting workers indicated that
they would object to drug testing in the work-
place, compared to over 30 % of silviculture
employees. On average over all the sectors,
74 % of respondents would not object to drug
testing in the workplace. Of those who would
object, 92 % were cannabis users and 68 % were
classed as heavy cannabis users.

3.3. Relationship between Cannabis Usage and
Lost-Time Accidents

Every surveyed worker was required to estimate
the number and duration of lost time accidents they
had had in the twelve-month period prior to the sur-
vey. The number of report lost-time accidents within
each cannabis use group (non-users, recreational,
regular and heavy) was divided by the number of in-
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Table 1 The average number of lost-time accidents per worker

Sector
Frequency of
cannabis use

Accident rate
per worker

Silviculture

Non-User 0.17

Recreational 0.27

Regular 0.33

Heavy 0.39

Harvesting

Non-User 0.17

Recreational 0.19

Regular 0.31

Heavy 0.41



dividuals within each group to give a value for the
average number of lost-time accidents per worker
(Table 1).

It can be clearly seen that in both harvesting and
silviculture sectors, increasing cannabis use was ac-
companied by increasing accident rate. There is a
statistical difference between the accident rates of
the four cannabis groups. The average duration of
the lost-time accidents was also calculated for each
cannabis group (Table 2).

For silviculture workers there is a definite posi-
tive relationship between the time lost and the can-
nabis use group. For the harvesting workers, there
appears to be a negative relationship, but this is
strongly influenced by one 12 day lost time accident
for a non-cannabis user.

3.4. Relationship between employee
absenteeism and cannabis use

All surveyed workers were asked to indicate the
approximate number of sick days they had had off in
the past 6 months. These results were totalled based
on cannabis usage and divided by the number of
workers in each group to give a figure for average
absenteeism per worker (Table 3).

The table shows that those employees who were
regular and heavy cannabis users had higher absen-
tee rates than those who were not. Heavy cannabis
users within the silviculture sector had the highest
rate of employee absenteeism while it was the regu-
lar users who had the highest absenteeism rate in the
harvesting sector. Overall, the heavy cannabis use
group had twice the absenteeism of the non-user
and recreational user groups.

4. Summary and Discussion

The results show that a majority of silviculture
and harvesting workers surveyed had used canna-

bis in the previous 12 months. Only a small propor-
tion (approximately 20 %) of those surveyed had
used the drug on the job.

There was a strong correlation between use and
age and experience, with the younger age groups in-
dicating heavier use. A marked difference in attitude
to cannabis use between silviculture workers and
harvesting workers is evident, perhaps also a reflec-
tion of age.

Most workers surveyed would not object to drug
testing on the job; those who would object tended to
be the younger, heavier users of cannabis.

A relationship was found between the frequency
of cannabis use and the rate of lost-time accidents for
both harvesting and silviculture workers. For silvi-
culture workers, there was also a relationship betwe-
en the duration of lost-time accidents and frequency
of use. Considerable interest has been focussed on
the relationship between cannabis use and accident
rate. However, it must be clearly understood that
this study was not designed to show cause and ef-
fect, and the results should not be interpreted as
such. Age may be the main factor in determining the
frequency of cannabis use, the accident rate and the
rate of absenteeism, or it may be that those who are
the heaviest users of cannabis are so because they
have had more accidents or have had more sick
days. Whatever the situation, it is not correct to con-
clude from this study that increased frequency of
cannabis use has caused the higher accident rate.

There are a number of lessons for industry and
organisations that are concerned about drug abuse
in forestry:

• First, any attempt to reduce cannabis use must
take into consideration that most cannabis use
by the surveyed forestry workers occurred off
the job, and so a lifestyle or cultural change is
called for; education would seem to be a re-
quired means of achieving success.
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Table 2 The average duration of the lost-time accidents

Sector
Frequency of
cannabis use

Average lost-time
duration, days

Silviculture

Non-User 0.2

Recreational 1.2

Regular 1.4

Heavy 2.1

Harvesting

Non-User 1.0

Recreational 0.5

Regular 0.3

Heavy 0.4

Table 3 The average duration of the absenteeism

Sector
Frequency of
cannabis use

Average absenteeism,
days

Silviculture

Non-User 3.6

Recreational 3.8

Regular 3.0

Heavy 5.6

Harvesting

Non-User 1.6

Recreational 1.0

Regular 5.0

Heavy 4.4



• Secondly, since the younger workers and train-
ees were the ones exhibiting more frequent use
of cannabis, programs targeting the newer or
prospective workers instead of all of the work-
force, may be more cost-effective.

• Thirdly, because of the differences in attitude
toward cannabis use between harvesting and
silviculture workers, a program focussed at the
silviculture workforce seems to be called for.

The New Zealand forestry industry has respond-
ed positively to the problem of drug use in a number
of ways.

A national »ForestSafe« Campaign, supported by
the New Zealand Forest Owners’ Association, has
been launched to emphasise the need for individual
forestry workers to take care of their health so that
they remain alert on the job. ForestSafe is aimed at
changing habits both on and off the job. As part of
this, cannabis and alcohol are targeted as factors
placing workers at risk.

As well, because of concerns about the health and
safety of their employees, larger forestry companies
have instigated an educational campaign to inform
employees how drugs and alcohol affect people.
They have also instigated a three-pronged drug test-
ing program:

• Pre-employment testing, which identifies those
with an impaired level of drugs or alcohol;

• »Reasonable cause« testing, which is carried
out if the employer feels that there are strong
grounds to suspect on-the-job- use of drugs or
alcohol;

• Post-incident testing which may be done as
part of the normal investigation into the causes
of accidents where drugs and alcohol are sus-
pected to have contributed.

Employees who do test positive in the last two
cases are offered counselling and the chance to reha-
bilitate, with the bulk of the cost paid by the Com-
pany. Further positive testing by the employee, fol-
lowing completion of the rehabilitation, could lead
to dismissal.

Forestry contractors to these companies are being
encouraged to set up similar programs, but there are
difficulties due to insufficient facilities and ready ac-
cess to counselling services.

The recent adoption of this policy has not only
the backing of the companies and the unions in-
volved, it has, for one company at least, resulted in a
completely different attitude to drugs and no lost
time injuries since its adoption three and a half
months ago.
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Productivity and work loads of natural
forest harvesting in Turkey

H. Hulusi Acar, Tetsuhiko Yoshimura

Abstract

General characteristics of forest workmanship can be outlined as working in heavy con-

ditions, working in high elevation, rough and vast areas, the necessity of accommoda-

tion in forest as the working site is far from social environment, the obligation of work-

ing generally in day-time hours, taking care of silvicultural treatments, large number

of tentative workers, high accident risks resulting from working in open air conditions,

lower labour pays than other labour branches.

According to their annual working intervals, forest employees can be categorised into three

different groups as follows: permanent workers, seasonal workers and tentative workers.

Forest workers in Turkey generally work during spring, summer and autumn. Most of for-

est workers are tentative and seasonal forest workers and the rest are permanent. The job is

not considered as a very attractive one because of catering, education, housing and walking

problems. There are approximately 30 thousand forest workers in Turkey. These workers

work on logging, cutting, skidding and transporting of logs.

Forest areas in Turkey are generally located in mountainous regions. Therefore, the shape

and conditions of the field affect forest labour. The demand for forest labour has been decreas-

ing because of forest workers’ health problem, unsatisfying payment, high risks of getting

injured and their hard working conditions. These bad conditions affect negatively the forest

workers productivity.

Key words: forest worker, health, steep terrain, eastern Black Sea region, Turkey

1. Introduction

The forest is made of trees that represent sustain-
able resources. In the world, man and nature seri-
ously affect the potential forests in the mountainous
areas. Day by day, despite the increasing environ-
mental awareness, as a result of economic wishes
this negative situation can not be avoided. Although
the potential forests in the world are natural forest
areas, they are reduced, day by day, affected by hu-
man beings and fire and consequently the impor-
tance of silviculture increases in forestry.

Generally, forestry operations can be summaris-
ed as planning, silviculture, protection and market-
ing. Very different studies such as forest roads, nurs-
eries, wildlife, national parks and forest surveying
are considered. These different studies are carried
out on large and scattered lands. Shortly, in different
geographic and climatic areas, in areas exposed to

nature, forestry workmanship is investigated under
adverse physical and physiological conditions.

Forestry workmanship is subject to adverse con-
ditions more seriously than other industrial branches.
This is caused by heavy work, rustic work sites, un-
healthy and unsafe work conditions, limited mecha-
nisation, physiologic and economic deficiencies.
Shortly, the conditions such as the obligation of
working at certain time intervals and the palliative
position at work, limited education and training, so-
cial insufficiencies, obligation of group work, prob-
lem of catering, health problems, distance to the
work site and walking as well as deficiency of con-
trol, reduce the interest for forestry workmanship.

The health of forest workers should be checked-
-up periodically, mobile bureau should be ready in
case of emergency where needed and first aid mate-
rials should be kept ready to use in order to increase
forest workers’ productivity. In our country, it has
been established that many forest workers suffer
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from rheumatism, back, shoulder, arm and leg inju-
ries as well as from liver, lung and hearth problems.
The forest workers should be paid more and social
security should be provided for them in order to mo-
tivate them and increase their productivity.

In this study, the general forest workmanship in
Turkey, especially the position of production work-
men, is showed. Furthermore, the health problems
common in these activities are investigated.

2. The position of forest workmanship
in Turkey

Ninety nine percent of the forest areas in Turkey
are managed by the state. In forestry the private
management is so little that we can say that it is
meaningless. The number of workers employed by
the Ministry of Forests in 1998 was the following:
2,677 permanent employees, 11,234 seasonal, 11,000
fire protection employees, making in total 24,911.
These workers are classified as permanent, seasonal
and tentative (Orman Genel Müdürlügü 1998).

The demand for forest labour has been decreas-
ing because of forest workers’ health problems, un-
satisfying payment, high risks of getting injured and
hard working conditions. These unwanted condi-
tions affected adversely the forest workers produc-
tivity.

The following examples are typical for these
workmen, depending on their different working
time: for permanent workers – the national park
workers, for seasonal worker – the fire-protection
workers, for tentative workers – the production
workers. Most of the forest workers in Turkey are the
production workers and fire-protection workers.
The number of permanent workers is lesser than the
other two groups together.

Most of the workers in Turkey are male. But in
nurseries, the number of female workers increases.
This arises from the work sites, heavy labour and
work organisation. Furthermore, the conditions of
work sites, the organisation, insurance, lack of cloth-
es and safety at work are also an important issue.
Workers do not use simple work equipment, such as
the helmet and gloves. In practice, the syndicates
could not solve these problems either.

Work conditions of the forest workers are par-
tially better. Providing accommodation in caravans,
shanties and tents the distance to the work site is
minimised. The increase of productivity can be ob-
tained by providing daily food requirements in time.
With the provision of special requirements, such as
psychological comfort and enough economic earn-
ings, the work productivity increases.

The catering of the forest workers is a problem
since it is not organised. This often causes the lack of
food. Furthermore, workers themselves have to pro-
vide the work clothes as well as the essential work
equipment.

There is a serious lack of education and training
in forestry workmanship, which is mostly based on
experience. In the past, there were workers training
camps. These camps left their place to experience.
Short courses are still organised for some special ma-
chines but this is far from enough.

The check-ups of the worker’s health are too few.
There is a periodic control and first aid crew but
there is no immediate presence of the health stuff.

Some of forestry workers are insured and some of
them are not. Especially among the production
workers, the work conditions without insurance are
out of question. According to the syndicate workers
should continue to work under negative conditions.
The salary is raised due to heavy work conditions in
winter and due to harder labour but earnings like
those cannot improve the worker salaries.

3. Investigation of the worker’s health
problems in forest engineering

3.1. Material and method

In this study, reports of the investigation carried
out on the group consisting of heavy production
workers were considered. Studies have been done
on production workers in East Black Sea Region dur-
ing the last three years.

This study was conducted on the workers who
work at Yusufeli and Iskenderun Forest Enterprises.
The workers were chosen at random and the ques-
tionnaire forms, which had been prepared before,
were filled by individual conversation with work-
ers. First of all, the workers were classified into
groups according to their age: 15–30, 30–45 and
older than 45. At the same time, the worker’s body
size and physical structure suitable for forestry
workmanship was determined taking into consider-
ation the width of shoulders, spade and wrist.

The questions prepared for the questionnaire
have the same intention but they contain different
topics according to their contents. To obtain the in-
tegrity of the questionnaire, questions must be an-
swered in accordance with the determined general
topics. These general topics are the following:

• The questions that can determine the worker’s
social economic position, and the questions
about the living standard of forest workers of
the region
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• Worker’s health position, the questions that can
be asked to determine the forestry workman-
ship operations, which cause health problems
as a result of work conditions

• The effects causing health problems, these ef-
fects can be caused by work conditions in forest
and by worker’s individual properties.

The results of the questionnaire are evaluated by
simple statistical methods. At least 30 workers are
referenced for the evaluation.

3.2. Results and discussion

After the evaluation of the questionnaire results,
the following results came forward. Questionnaire
was done over 35 production workers in the Direc-
torate of Yusufeli Forest Enterprise and 30 produc-
tion workers in the Directorate of Iskenderun Forest
Enterprise (Acar and Sentürk 1997).

It is observed that the workers working in Yusu-
feli have weak body structure at young age while in
Iskenderun there is no weak body structured young
worker. The marriage ratio increases depending on
the age.

When examining the production workers for their
health problems, 59.67 % of the workers in Yusufeli
and 80.27 % of workers in Iskenderun had normal
blood pressure. The ratio of varicose-vein diseases of
the workers in Yusufeli is low but it increases de-
pending on age. But in Iskenderun only the group
older than 30 have varicose-vein diseases and their
ratio is very low (11.25 %). As far as diseases accom-
panied with pain are conserned, in Yusufeli region
40.46 % of the workers have rheumatism and 33.38 %
of workers have backache. In Iskenderun region, the
most frequent disease is backache with 68.67 % and
then rheumatism with 32.83 %. The number of work-
ers in Yusufeli who have nape-shoulder and arm/leg
aches is lower than the number of the workers in
Iskenderun. 51.27 % of the workers working in Yusu-
feli suffer from tiredness and weakness and 51.10 %
suffer from hand/leg coldness. 63.83 % of the work-
ers working in Iskenderun suffer from tiredness and
weakness.

The workers working in Yusufeli region have
psychological problems such as nervousness – 38.66 %
and fatigue – 39.53 %. The situation in Iskenderun
for nervousness is 44.97 %. On the other hand, in
Yusufeli region, the most serious observed problem
is the lung problem and then bronchitis and flue. In
Iskenderun the ratio of bronchitis and flue is higher
with 45.18 % and then the problem of stomach sick-
ness with 12 %. The ratio of problems such as ec-
zema-itching, fungus disease, foot and arm injuries,

back and head injuries, bruise and twisting met in
Iskenderun is higher than in Yusufeli region.

The finger whiteness can be observed on workers
working with power saws for a very long time. As a
result of pulsation the colour of fingers and hands
changes into candle yellow. Young workers usually
use the power saw because they are strong.

The physiological problems do not arise only
from the forestry work. The negative social/eco-
nomical position, family problems and poor adapta-
tion to social environment have a serious effect on
the workers. Forest workers are always face to face
with danger as a result of their job and the lack of
economic earning makes them deeply depressed.
Therefore physiological disorders such as fatigue,
insomnia and headache appear quite often.

Forest workers are always face to face with each
other. This characteristic of their job is sometimes the
reason why they suffer work accidents. Work acci-
dents cause body injuries. The main reasons for these
injuries are the personal faults of workers, environ-
mental effects, lack of equipment, lack of attention
and the faults arising from the working environ-
ment.

The general results of the evaluation show that
the production workers were mostly males.

In this study the reason for the observed diseases
such as eczema, itching and fungus diseases is swe-
ating, not changing the sweaty clothes and wearing
airless footwear.

As far as the worker’s habits are concerned, it can
be seen that the two groups are serious consumers of
cigarettes and alcohol. The habit of alcohol drinking
changes depending on the region. A high ratio of
drinking alcohol is met in Iskenderun region. The
habit of tea and coffee drinking is very common with
both groups of workers and workers do not have the
habit of exercising. Generally the workers have hab-
its of smoking and drinking alcohol as a result of
limited social opportunities.

According to the evaluation, the forestry work-
manship in Turkey is performed as an economic ob-
ligation and it is not an optimal industrial branch.
The economic and social work conditions are very
bad. These are heavy work, no insurance, not orga-
nized catering and adverse physiological conditi-
ons. Bad work conditions increase the possibility of
work accidents. Again the technological develop-
ment in forestry brings negative effects.

4. Conclusion and recommendations

In Turkey, forest workmanship is the main labor
branch. But there is not enough involvement and en-
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gagement so that it is not at a satisfying level. It is
facing a lot of problems, the most important of
which is the health problem.

From the standpoint of health evaluation results,
in forestry workmanship, the most common ache-
-pain diseases are nervousness, fatigue and insom-
nia and other diseases include bronchitis-flue, ec-
zema and itching. They are caused by heavy work,
lack of regular feeding and clothing and other nega-
tive work conditions.

It is observed with forest workers who had some
of these diseases that at an older age these diseases
develop further. In forest workmanship the reasons
why these health problems are not solved are the
distance to the work site, lack of economic security
and no social insurance.

Therefore, the following rules must be imple-
mented to improve the forest workmanship in Tur-
key:

• Feeding, accommodation and work clothing to
be solved by syndicates;

• Provide social insurance for all workers;

• Organize regular health services and mobile
health crews for workers;

• Organization of the work site, discipline, work-
er’s psychology and education and training must
be improved;

• The development of mechanization and ergo-
nomics must be applied to workers.
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»Hrvatske {ume« Inc. Zagreb today
(1991–1999) and tomorrow

(in 21st century)

Ivan Tarnaj, Josip Dundovi}

Abstract

The Republic of Croatia is ranked as the country with considerable forestland per capita in

Europe (except Scandinavia) with 0.51 ha of forest per head of population. Forestland covers

43.5 % of the Croatian area. »Hrvatske {ume« Inc. Zagreb manages 80 % of it, private own-

ers have a share of 19 % and other governmental institutions 1 % of a total of 2.49 million ha

of forestland.

This paper shows the basic characteristics of the Croatian forestry today as well as business

results of »Hrvatske {ume« Inc. Zagreb – the only enterprise managing forests and

forestland in Croatia. After eight years, it is necessary to revise the set goal and the organiza-

tion of the Enterprise. The general goals have been achieved, the Croatian State has been es-

tablished and the war is over and now the public enterprise »Hrvatske {ume« should go

through adequate economic changes, as it is not a company nor institute since it is not fi-

nanced from the budget. This duality is devastating. When making decisions, political opin-

ion must be asked for and when settling its liabilities it acts as a real trade company.

Being a large system, the enterprise »Hrvatske {ume« is often difficult to adapt. The coun-

tries of market oriented economy have a harmonized market system. We have turned things

the other way round and we think that market is the lack of coordination and this has

brought us into chaos. The effect is that nothing is worth producing and the untrue ex-

change rate of kuna has buried the export. Wood industry, as the biggest exporter and the

most important buyer of »Hrvatske {ume«, is not competitive, which also affects us severely

in many ways. In addition to our home difficulties there are also the foreign ones. The coun-

tries with economy in transition offer wood to the West market at lower prices, as their gov-

ernment supports their export. »Hrvatske {ume« and wood industry have no such support.

Where is the way out from this situation? We think that the owner, the state, should finally

determine what it wants from forestry. Whether it should be profitable and the lever for acti-

vating the rest of industry, which would ultimately multiply the effects of forestry through

export of highly finished products. However, there is no such determination. At the same

time, the Enterprise cannot go on like this and it will have to be transformed from a public

enterprise into a state-owned trade company. Since actually the Enterprise acts in accor-

dance with the Law on Forests and not pursuant to the Law on Trade Companies, legal pre-

requisites must be established for restructuring it into a capital-based company. As a result,

forestry with a modern organizational structure should follow as is common in Mid-Europe.

The Enterprise must be equipped for carrying out its core business so as to provide produc-

tion and technology development. The future of »Hrvatske {ume« lies in investments in pro-

duction equipment, which is old and inefficient. The loan will be necessary for such a step

forward.

As far as wood industry is concerned, the enterprise »Hrvatske {ume« has put off payment

of some wood assortments at its own expense, thus trying to give its contribution to the re-

habilitation of wood industry, because only market competitive wood industry can guaran-

tee a safer life to forestry.

Hence, the enterprise »Hrvatske {ume« is now at a turning point and is looking for the best

options for forest management. It will have to be transformed from a public enterprise into a
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state-owned trade company. Restructuring should bring the optimum organization of for-

estry, provide decentralization and create conditions for motivating forestry experts and

other employees in the Enterprise.

Klju~ne rije~i: »Hrvatske {ume«, restructuring, process of production, organization of forestry,

decentralization, motivation

1. »Hrvatske {ume« today, 1991–1999

Under the Constitution forests are proclaimed as
goods of general benefit and of special interest for the Re-

public of Croatia and the relationships in forest man-
agement are regulated pursuant to the Law on forests

(purified text from the Official Journal: NN 52/90,
61/91 and 71/93). In Croatia 95 % of forests are of
natural structure and only 5 % are artificially grown
forests or forest plantations. The enterprise »Hrvat-
ske {ume« has been entrusted with the task of man-
aging this significant resource primarily with the
purpose of its preservation and enhancement for fu-
ture generations. It provides simple and extended
biological regeneration of forests.

Forestland in the Republic of Croatia consists of a
forest-economic area of 2,485,300 ha, which makes
44 % of its continental area. »Hrvatske {ume« man-
ages 80 % of forests and forestland, private owners
19 % and other governmental institutions only 1 %.

»Hrvatske {ume« Inc. Zagreb is a public enter-
prise for managing state-owned forests and forest-
land. The Enterprise is in the ownership of the state.
It was founded by the decision of the Parliament of
the Republic of Croatia on 5th October 1990 and
started functioning on 1st January 1991. The enter-
prise »Hrvatske {ume« plays a significant economic
and social role in Croatia, a country rich with forests.

The Enterprise is organized functionally (depart-
ments in the Headquarters and departments in for-
est administrations) and regionally (the Headquar-
ters in Zagrebu, 16 forest administrations and 171
forest stations with pertaining districts) as a single
enterprise in the whole Republic of Croatia.

The Enterprise is governed by an Executive Board
composed of nine members, six of who are appoint-
ed by the Government of the Republic of Croatia and
three are elected by the employees of the Enterprise.
The Managing Director, nominated by the Govern-
ment of the Republic of Croatia following the pro-
posal of the Minister of Agriculture and Forestry,
represents the Enterprise. The group »Hrvatske {ume«
employs full-time 10,000 employees, of whom ap-
proximately 1,200 are university graduates and abo-
ut 1,230 employees are employed in companies with
limited liability.

On an area of 1,991,573 ha, managed by the enter-
prise »Hrvatske {ume«, there is a growing stock of
278 million m3 with an annual increment of 8.1 mil-
lion m3, of which 4.9 million m3 of wood can and
must be felled. In the growing stock the most fre-
quent are broad-leaved species: beech – 37 %, pedun-
culate oak – 16 %, sessile oak 10 %, hornbeam – 8 %,
ash 4 %. The share of coniferous species is only 14.5 %,
of which fir – 10 %, juniper – 2 %, black pine – 1%.

The most valuable forest stands – seed species,
make 64 %, coppice and bushes 32 %, and different
degraded forms 3 % of forest-covered area. Planta-
tions make only 1 % of all areas covered with forest.

The enterprise »Hrvatske {ume« produces annu-
ally 30–35 million of seedlings on an area of 484 ha of
its own nurseries, of which 15–18 million seedlings

are cultivated on site, and on 379 stands, covering an
area of approximately 18,000 ha, forest seeds are se-
lected and collected.

On an area of more than 263,872 ha the enterprise
»Hrvatske {ume« manages quite a number of pro-
tected natural resources, such as parks of nature,
special forest reserves, park-forests, significant land-
scapes, etc. Apart from protecting forests located in
parks of nature, there is also an area of 51,163 ha of
protecting forests as a special category. Protecting
forests and special purpose forests make 16 % of all
forest area managed by »Hrvatske {ume«.

The enterprise »Hrvatske {ume« manages 32
hunting grounds and 8 game preserves on a total sur-
face of 386,646 ha. In the hunting grounds of the En-
terprise the most numerous game species are: pheas-
ant, common hare, common roe, wild duck, wild
boar, common deer, fallow deer, bear, mouflon, lynx,
etc.

The enterprise »Hrvatske {ume« supports pub-
lishing of scientific studies and papers as well as pre-
paring and holding scientific conferences and sym-
posiums (e.g. IUFRO 99 in Opatija).

It also provides scholarships for quite a number
of pupils and students. Each year a considerable
number of employees are sent to post-graduate stu-
dies or other forms of additional professional educa-
tion.

The enterprise »Hrvatske {ume« provides funds
for the Program of scientific and research work of the
Faculty of Forestry Zagreb and the Forestry Institut
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in Jastrebarsko (annually HRK 8.0 million in aver-
age).

The most important business goals of »Hrvatske
{ume« Inc. Zagreb are as follows:

• uniform forest management in the whole Re-
public of Croatia in accordance with general in-
terests,

• continuous investment in forest renewal and
increase of the ecological value of forests,

• maintaining forest sustainability and general
protection,

• rational production in market oriented econ-
omy,

• high-level quality of products and better utili-
zation of forest biomass,

• optimum openness of forests through forest
roads,

• promoting the significance and role of forest
and forestry,

• promoting all undertaken international obliga-
tions (all resolutions of Ministerial Conferences
in Strasbourg, Helsinki and Lisbon, etc.),

• participating in all international researching
projects (COST and others).

Managing is carried out in accordance with the
Forest-Economic Basis of this area to be in effect up
to 2025. Forest management covers the following ac-
tivities:

1. simple and extended biological regeneration of for-

ests;

2. harvesting of forests and forestland, plantations
and forest side products (crops, medicinal
herbs, humus, moss, etc.), excavation of sand,
stone and gravel as well as transport of forest
products;

3. use of generally beneficial forest functions;

4. building and use of forest roads and other facil-
ities with the purpose of forest management.

The volume of the realized production is shown
in Table 1, 2 and 3.

In order to achieve rationalization, efficiency, prof-
itability and market oriented business activities, the
enterprise »Hrvatske {ume« engages private con-
tractors for carrying out a considerable part of work,
choosing the best among them.

The development of entrepreneurship is one of
the basic guidelines of »Hrvatske {ume«, as defined
by the Development Program (1991–2025).

Private contractors carry out more than 50 % of
the work required in forest harvesting and civil engi-
neering. Private contractors and local people per-
form 40 % of wood felling and cutting, 50 % of wood
skidding and 60% of wood transportation (see Table
4 an 5).

It should be noted, however, that as far as techni-
cal, technological and organizational aspect is con-
cerned private entreprenurship largely lags behind
in quality and as a result the quality of services per-
formed is not at a satisfactory level. The reason for
this situation is that the contractors work with old
and obsolete equipment mostly bought from »Hrvat-
ske {ume«. Therefore »Hrvatske {ume« must give
this problem serious thought in future.
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Table 1 Planned and realized production in the period from 1991 to
1999 in thousand. m3

Year

Planed Realized

Round-
wood

Cord-
wood

Total
Round-
wood

Cord-
wood

Total

1991 2 005 1 850 3 855 1 649 1 323 2 972

1995 1 387 1 414 2 801 1 399 1 205 2 604

1996 1 496 1 528 3 023 1 468 1 403 2 871

1997 1 682 1 594 3 276 1 597 1 517 3 114

1998 1 645 1 725 3 370 1 638 1 434 3 072

1999 1 611 1 606 3 217 – – –

Table 2 Realized, planned and specified operations related to simple biological forest regeneration in the period from 1995 to 1999 in ha

Name of operation 1991 1995 1996 1997 1998
Plan

1999
Prescript
[GOP

Preliminary operations in forest regeneration 6 891 9 258 7 295 6 206 6 478 7 483 9 298

Planting and sowing in stand 1 600 2 373 2 145 1 266 2 145 781 1 586

Filling up in stand 1 687 2 386 2 123 1 410 1 424 1 299 1 743

Cultivating young growth and plantation 13 752 14 492 14 381 13 041 15 286 16 487 14 326

Cleaning the stand 5 945 6 726 6 280 7 511 7 366 7 170 8 587

Other operations (cultivating plantations) – 1 212 760 1 448 630 1 132 1 625

Resurrection of degraded forests – 18 56 75 71 – 5



»Hrvatske {ume« manages 14,500 km of forest

roads (as of 31 December 1998); 400 km of asphalt-
-covered roads, 12,100 km of macadamized roads
and 2 000 km of roads without the lower layer, of
which 1,700 km are fire-protection roads with ele-
ments of forest roads.

Constructed forest roads affect considerably the
development of forestry and they are also significant
for the entire economy and »accessibility« of the
country. Fire-protection roads are an important con-
tribution to the preservation of our forest eco-sys-
tems together with all other safety measures.

180 Meh. {umar. 2001-2004, Special Issue of the Journal Nova meh. {umar., Vol. 26(2005), Issue 2

I. TARNAJ and J. DUNDOVI] »Hrvatske {ume« Inc. Zagreb today (1991–1999) and tomorrow… (177–183)

Table 3 Realized, planned and specified operations related to extended biological forest regeneration in the period from 1995 to 1999 in ha

Name of operation 1991 1995 1996 1997 1998
Plan

1999
Prescript
[GOP

Preliminary operations on soil and in stand 337 2 025 1 374 1 170 4 045 5 326 1 561

Resurrection 209 100 62 95 – – –

Conversion – 178 314 516 174 146 271

Afforestation 847 1 496 1 275 1 620 1 791 1 846 2 152

Rehabilitation 198 538 975 615 441 812 271

Filling up – 398 277 216 460 323 382

Cultivating young plantations up to 1/5 of rotation 3 537 2 462 2 942 2 617 2 458 4 016 3 147

Table 4 Production structure broken down by service suppliers for felling and cutting wood assortments in thousand m3

Year Self-performed work
Service Ltd.
Company

Services others Self-perfomed cutting Total (1 do 4)
Share (%)of self-performed

work and Ltd.C.

0 1 2 3 4 5 6

1994 1 700 – 682 437 2 818 60.3

1995 1 610 – 607 388 2 604 61.8

1996 1 784 – 502 584 2 870 62.2

1997 1 878 – 504 733 3 114 60.3

1998 1 950 45 419 658 3 072 64.9

Plan 99 2 260 – 353 604 3 217 70.3

Table 5 Production structure broken down per service supplier for skidding and removal of wood assortments m3

Year Self-performed work
Service Ltd.
Company

Services others Total (1 do 3)
Share (%)of self-per-

formed work and Ltd.C.

0 1 2 3 4 5

1994 1 120 – 1 253 2 373 47.2

1995 1 060 – 1 089 2 149 49.3

1996 1 215 – 1 005 2 220 54.7

1997 1 201 – 1 213 2 415 49.7

1998 638 658 1 115 2 411 53.7

Plan 99 759 657 1 186 2 602 54.4



The funds for the management of forests and
forestland are mostly provided by wood sale (Table 6
and 7).

Taking as a starting point the management based
on Forest-Economic Basis of the area within the Re-
public of Croatia, taking into consideration the ne-
cessity to meet the demand for wood, the develop-
ment of other economic activities, significance and
role of forests in arranging our territory and achiev-
ing its natural balance as well as the importance of
forests in realizing their functions of general benefit,
with special care for forests and forestland in the
karst region, the permanent goal and task of commercial

business is to provide funds for simple and extended bio-

logical regeneration of forests by sale of forest products in
base of rational production in forestry, focusing the

sale towards finishing end products in domestic wood in-

dustry, choosing high-quality buyers of good credit
rating, solvent in relation to the Enterprise, taking
into account the market and achieving maximum in-
come by sale of main forest products as well as forest
side products.

The managing body of the Enterprise is the Exec-
utive Board also authorized to determine business
and commercial policy of the Enterprise. The Man-
aging Director of the Enterprise together with his

Assistant, other assistants and heads of forest ad-
ministrations or persons with special authority im-
plement the business policy and take responsibility
for the success of business activities.

In the Enterprise, uniform commercial activities
have been established, implemented at the level of
the Enterprise through the Commercial Department
in the Headquarters and commercial departments in
forest administrations, where contractual relation-
ships have been set up.

The implementation of the applicable Croatian
Standards for wood – HRN, in wood manufacturing
and trading are the integral part of the business pol-
icy of the Enterprise with the permanent aim and
task of keeping in line and passing Croatian Stan-
dards in accordance with European Standards for
wood – CEN, EN and International Standards for
wood – ISO.

The sale of wood assortments is carried out in the
following way:

1. Agreement without invitation to tender
(5-year contract i.e. annual contract)

1.1 Areas of special governmental interest
Wood industry on that area is supplied with
logs from that area
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Table 6 Sales broken down per groups of wood assortmentas in period 1995–1998

Year
Logs Thin roundwood Pulpwood Fuel wood Total

m3

1995 1 275 000 56 000 440 000 859 000 2 630 000

1996 1 388 000 46 000 357 000 1 143 000 2 934 000

1997 1 491 000 37 000 436 000 1 168 000 3 132 000

1998 1 515 000 38 000 386 000 1 029 000 2 968 000

Plan 1999 1 545 000 66 000 498 000 1 108 000 3 217 000

As of May 31 714 000 11 000 118 000 368 000 1 211 000

Table 7 Sales broken down per ways of selling logs in period 1995–1999.

Year
Contract Domestic public tender International public tender Cash desk Total

m3 % m3 % m3 % m3 % m3

1995 732 000 59 359 000 28 103 000 8 81 000 7 1 275 000

1996 952 000 69 234 000 17 73 000 5 129 000 9 1 388 000

1997 1 131 000 96 105 000 7 74 000 5 181 000 12 1 491 000

1998 1 101 000 93 295 000 19 76 000 5 43 000 3 1 515 000

May 31 '99 563 382 65 77 698 16 52 361 34 20 107 46 713 548



1.2 Export oriented segment of finished products
industry (furniture, parquet, building timber,
etc.)

1.3 Part of primary processing

1.3.1 Wood assortments with higher supply
than demand (veneer logs and peeler
logs, thin roundwood, cellulose wood,
wood for wood boards, part of sawmill
logs and fuel wood)

1.3.2 Areas where primary processing is of
special significance due to impossibility
of development of other activities.

2. Public tender

2.1 Domestic public tender
For other wood assortments for which the de-
mand is higher than supply

2.2 International public tender
Only for those wood assortments for which
there is no interest on the domestic market.

3. At cash desk

Sale of wood assortments for the needs of popu-
lation.

The issue of wood assortment sales:

• Low sale of poplar, hornbeam, turkish oak, lo-
cust, chestnut and ash logs and demand for
oak, fir, juniper and particularly beech logs,

• As a result of closed factories in Pla{ko (Cro-
atia), Maglaj and Banja Luka (B&H) and also
owing to the reduced production of the facto-
ries in Slovenia, the sale of small-size industrial
broad-leaved timber went down. We increase
the export each year and now it amounts to
230,000 t and we are trying to adapt ourselves
to the market in order to keep this increasing
export trend of low-size industrial broad-leav-
ed timber.

The situation is also affected by introduction of
gas in Croatian villages causing the decrease of de-
mand for fuel wood. Wood assortments are exported
to Italy, Austria, Slovenia, Hungary and Greece.

In the last several years the enterprise »Hrvatske
{ume« Inc. Zagreb has managed to cover its ex-
penses and to finance by itself its business activities
with its income in spite of increasing general (post-
-war) economic difficulties. Further development
will largely depend on the trend and economic situa-
tion of the Croatian companies dealing with wood
processing, which cause serious concern lately and
affect severely the state and business activities of
»Hrvatske {ume« Inc. Zagreb.

As a result of war operations, 12 % of forest areas
(approximately 244,000 ha) and 10 % of the specified

annual cut (about 489,000 m3) managed by »Hr-
vatske {ume« Inc. Zagreb are mine contaminated.

2. »Hrvatske {ume« tomorrow,
in 21st century

By the decision of the Government of the Repub-
lic of Croatia of July 1998 the initiative was brought
up on restructuring »Hrvatske {ume« Inc. Zagreb
from a public company into a capital-based com-
pany pursuant to the Law on Trade Companies.

To implement this initiative some legal prerequi-
sites must be established, i.e. the Law on Forests
must be modified, this being under the authority of
the Ministry of Agriculture and Forestry of the Re-
public of Croatia. By restructuring »Hrvatske {ume«
Inc. Zagreb into a capital-based company, prerequi-
sites will be made for it to become profitable and to
start acting as a lever for activating the rest of the in-
dustry, which will then multiply the forestry effects
through the export of highly-finished products.
Since the Enterprise acts pursuant to the Law on For-
ests and not in accordance with the Law on Trade
Companies, there is no room for restructuring it into
a capital-based company from which a modern or-
ganization of forestry should develop, as the case
usually is in European industrial countries. Upon be-
ing restructured, the enterprise »Hrvatske {ume«
Inc. Zagreb must by all means retain the principle of
forest management sustainability, which grants ecolog-
ical, economic and industrial values, and open the
possibility of profitable business activities, through
the increase of production of the main forest products,

better utilization of forest side-products and the devel-
opment of secondary activities in the Enterprise, as
well as the reduction of production costs and the in-
crease of investments.

After eight years of its being »Hrvatske {ume«
Inc. Zagreb, must assess what has been done and
what has not:

1. It must establish the standards of the required
number of full-time employees at the level of
organizational units of the Enterprise (forest
stations, operational units, limited liability com-
panies, forest administrations and Headquar-
ters).

2. The established surplus of employees must be ef-
ficiently employed through the increase of
production of the main forest products and
forest side-products and development of sec-
ondary activities in the Enterprise.

3. Special attention must be paid to additional pro-

fessional education of the employees of »Hrvat-
ske {ume«, particularly those directly taking
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parts in production, as well as contractor’s em-
ployees. All this in order to provide protection
for the employees and the forest eco-system.

4. Development must be provided for the compa-

nies with limited liability owned by »Hrvatske
{ume« through investments in their produc-
tion equipment and full utilization of their ca-
pacities.

5. Measures must be implemented for the devel-

opment of entrepreneurship aimed at undisturb-
ed carrying out of forestry operations by spe-
cialized technical departments of »Hrvatske
{ume«.

6. The ratio must be established of the work car-
ried out by the employees and equipment of
»Hrvatske {ume« against services provided by
third parties and contractors. The necessity of
issuing licenses and certificates for working
equipment for forest operations must be con-
sidered.

7. The guidelines of the Program of Efficient Em-
ployment must be introduced in the BUSI-
NESS CONCEPT of the new enterprise »Hrvat-

ske {ume« restructured in a company based on
capital, which will continue a 234-year long
principle of sustainable forest management

and grant the ecological, economic and indus-
trial aspects.

It will be possible to achieve the above said objec-
tives if »Hrvatske {ume« Inc. Zagreb becomes a capi-
tal-based company, and forest administrations profit
centers or if »Hrvatske {ume Inc. Zagreb becomes a
stock company and forest administrations compa-
nies with limited liability. The final organization will
come out of the business concept, which should be de-
veloped by the Committee of the Ministry of Agri-
culture and Forestry of the Republic of Croatia, con-
sisting of the representative of the Ministry, the Fac-
ulty of Forestry Zagreb, Forest Institute Jastrebarsko
and »Hrvatske {ume« Inc. Zagreb.
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Scientific research in Croatian Forestry on
the eve of the 21st century

Joso Gra~an

Abstract

Scientific research and scientific thought in Croatian forestry have a long and abundant his-

tory. The first Forestry Research Institute was founded within the Agriculture and Forestry

Faculty in Zagreb on March 24, 1921. During July 1945 a decision of the then Ministry of

Agriculture and Forestry founded the Institute for Practical Forestry Research in Zagreb.

Today’s institutional basis for forestry and wood technology research are the Forest Research

Institute, Jastrebarsko, the Department of Forestry Research and the Department of Wood

Industry Research of the Faculty of Forestry, University of Zagreb, the Forestry Depart-

ment of the Institute for Adriatic Cultures and Karst Melioration in Split, the Scientific

Centre in Vinkovci, the Arboretum Trsteno which are a part of the Croatian Academy of Sci-
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1. Introduction

Science and research activities in Croatian for-
estry have a long and abundant history. The first re-
search in forestry began in Kri`evci at the Agricul-
ture and Forestry School in 1860. The first Institute
for forest experiments was founded at the Faculty of
Agriculture and Forestry in Zagreb on March 24,
1921.

Organized scientific research in Croatian forestry
begins in 1945 with the establishment of the Institute
for practical forestry research in Zagreb. In the pe-
riod between 1945 and 1974 Croatian forestry has
frequently changed the organization and financing
structure of scientific research.

Croatian forestry is at the very top of forestry in
Europe in its organization, expertise and the level of
forest preservation. Forests and forestland cover al-

most 2.5 million ha or 43.5 % of the total area of the
Republic of Croatia. In the development of Croatia,
forests had, have had and will have great signifi-
cance.

Scientific and educational institutions, as well as
professional associations (Croatian Forest Associa-
tion, Academy of Forestry Science) in the field of for-
estry and wood technology are at among the leading
in Croatia not only quality-wise but also by the sta-
tus of scientists and researches. The scientific re-
search program is composed of scientific projects
(17) and supporting projects (7) financed by the Min-
istry of Science and Technology, 2 scientific projects
and 8 sub-projects financed by »Hrvatske {ume«
Inc. Zagreb, international projects in the framework
of co-operation with Slovenia, European Union and
bilateral cooperation with a large number of Euro-
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pean countries and associations (IPGRI, FAO, IUFRO,
EFI).

Forestry, higher education and scientific research
have been active continuously for the last 139 years.
The Croatian Forestry Association has been active
for over 150 years (founded in 1846), the scientific
publication Journal of Forestry has been published
continuously for 123 years, Annales pro experi-
ments foresticis has been published for 73 years, For-
estry Mechanization for 22, Wood Industry for 50
years, and Works (Radovi) for 40 years.

2. The state of Croatian forests

Since 1987 the Republic of Croatia has been in-
volved in the program of monitoring and assess-
ment of the state of European forests. The assess-
ment is conducted in accordance with the methodol-
ogy adopted through the International Co-operative
Program of Assessment and Monitoring of Air Pol-
lution Effects on Forests. Results of a 10-year re-
search of the effects of air pollution on European for-
est eco-systems conducted within the framework of
the Pan-European program have shown a general
defoliation of the crowns of the main forest tree spe-
cies in Europe. This trend is especially present in
broadleaf species such as beech and several types of
oak as well as the Mediterranean pines. Only the
Scots pine and the Maritime pine have shown recov-
ery in some areas.

At the same time the spreading of soil acidity in
Europe arises great concern. Extremely acid forest
soil is generally present in Central Europe, an area
also seriously affected by air pollution and tree defo-
liation.

According to the Pan-European program, moni-
toring is conducted in two ways: extensively and in-
tensively. A total of 5700 plots placed in systematic
rings – level I, are included in the extensive monitor-
ing program. This level of monitoring is conducted
annually and gives a good insight into the trends of
the state of the crowns of forest trees, which are in
turn solid indicators of the general state of forest.
Nevertheless, these conditions are not sufficient or
detailed enough to give an accurate state of the for-
est. For this reason, intensive monitoring has been
introduced on 860 permanent plots – level II. These
plots serve to conduct intensive research of stands
and stress factors as well as biological and ecological
conditions of forest eco-systems. The established
state of damage to forests is the result of a combina-
tion of complex stress factors (natural, which are
linked to the defoliation of crowns, for instance
draught, and insects which played a significant role
in oak trees in the past decade). On the other hand,
stress caused by human action (air pollution effects,
ozone layer damage) destabilizes the forest ecosys-
tems.

Because of the very complex processes, which
characterize forest ecosystems, the future level II
monitoring and analysis of results shall be the main
course and priority in the research. Level I monitor-
ing shall also be a priority. Because of the importance
of monitoring and assessment, Table 1 gives an over-
view of the activities conducted in level I and II:

According to the UN/ECE an EC data for 1998
the state of defoliation of crowns is shown in Figure
1 individually for every EU member country totally
for Europe, and for coniferous and broadleaf species,
and also for Norway spruce, Scots pine, Beech and
Oak. In 1998 approximately ¼ (23.1 %) of all moni-
tored trees in Europe were assessed as significantly
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Table 1 Surveys carried out at Level I and Level II

Activity Level I Level II

Crown conditions annually annualy all sites

Foliar conditions only once to date1 every 2 years all sites

Soil chemistry only once to date2 every 10 years all sites

Soil solution chemistry – continuous 10 % of sites

Tree growht – 5 years all sites

Ground vegetation – 5 years 10 % of sites

Atmospheric deposition – continuous 10 % of sites

Meteorological conditions – continuous 10 % of sites

Phenology – being debated

Remote sensing – being debated

1 on 1441 plots; 2 on 5289 plots



and severely damaged, 0.9 % were dead, 39.8 % were
slightly defoliated and only 36.2 % were classified as
healthy.

The assessment of defoliation in Croatia 1n 1998.
revealed 19.4 % as severely defoliated trees, which
shows an improvement of 4.2 % in comparison with
1997. The severe defoliation trees fall under catego-
ries 2, 3 and 4. The results of the assessment for
broadleaf species is very similar to the results for all
species since the proposition of broadleaf species
amounts to 91.9 % in the total number of trees. Fig-
ures 3, 4 and 5 (Poto~i} and Seletkovi} 2000) give the
percentage of severe damaged common fir trees
(Figure 3), pedunculate oak (Figure 4) and common
beech trees (Figure 5) in comparison to the severe
damaged trees of the same species in Europe. The
comparison to the state of damage in 1998 in Croatia
shows a small reduction in significant damage for all
species, while the damage to coniferous species in-
creased significantly in comparison to 1997. Since
damage was assessed on only a small number of
trees of coniferous species (fir, Norway spruce and
others), it is necessary to increase the number conif-
erous plots in the level I monitoring program.

Since the very beginning of this research, scien-
tists of the Faculty of Forestry, Forest Research Insti-
tute and experts from the »Hrvatske {ume« Inc.
Zagreb have been involved. Well-known and recog-

nized scientists and experts coordinated the re-
search. The Forest Research Institute Jastrebarsko
was nominated as the national center for Croatia in
1998. Over 3000 ha of test areas, the pertaining facili-
ties, test plots and seed orchards are used for educa-
tional purposes and scientific research.
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Figure 1 Defoliation of crowns of several tree species in EU member states and in Europe as a whole (Executive Report for 1998)

Figure 2 Comparison of percentage of moderately to severely dam-
aged silver fir trees in Croatia and Europe



3. Scientific institutions in
Croatian forestry

Today’s institutional basis for Croatian forestry
scientific research activities lies in the following in-
stitutions:

• Forest Research Institute, Jastrebarsko (founded on
January 1, 1974 by the merger of the Institute for

forest research, Zagreb 1945, the Institute for for-
est seed control, Rijeka 1959 and the Institute for
conifers, Jastrebarsko 1961);

• The Department for Forestry Research and the De-

partment for Wood Industry Research of the Faculty
of Forestry, University of Zagreb;

• Forestry Department of the Institute for Adriatic
Cultures and Karst Melioration in Split;

• Scientific Center in Vinkovci and the Arboretum Trs-

teno which make part of the Croatian Academy of
Sciences and Arts

The new Law on Scientific Research and the Law
on Higher Education are a good basis for the devel-
opment of scientific research and higher education
in Croatia. These legal regulations also require pay-
ing special attention to employment and involve-
ment of young assistants. However, the need to pro-
vide larger financial resources for capital investment
into the construction of new facilities (Faculty of For-
estry, Forest Research Institute), purchase of modern
laboratory and IT equipment as well as professional
training of scientists and researchers has to be em-
phasized.

For a more successful development of forestry
and wood technology scientific research another
HRK 7 million have to be provided for the construc-
tion of a new building for the Department of For-
estry at the Faculty of Forestry in Zagreb (budget,
Faculty funds, forestry support). In this way the ex-
isting facilities in the main building would be suffi-
cient for the Wood Industry Department, and HRK 4
million for Forest Research Institute, Jastrebarsko.

The Faculty of Forestry has at its disposal 600 ha
of land adjacent to the Faculty buildings (forest gar-
den, Dotr{~ina Forest, Mokrice Lug Forest and part
of the Maksimir Forest), and outside this location an-
other 3000 ha (Sljeme, Zalesina, Velika, Lipovljani).
The Forest Research Institute has at its disposal 28 ha
of land adjacent to its facilities (nursery, other facili-
ties), field experimental plots and seed orchards cov-
ering an area of approximately 400 ha, and 3000 ex-
perimental plots. All these forests, field experiments
and plots are used for the training of students and re-
search.

4. Scientists and researchers

High school and University level education in
Croatia has been active continuously for 139 years
(1860). During this period about 4000 forestry engi-
neers and 300 wood industry engineers have gradu-
ated. 258 postgraduate students have acquired the
Master of Sciences degree. The first doctoral thesis
was presented at the Faculty of Forestry in Zagreb in
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Figure 3 Comparison of percentage of moderately to severely dam-
aged beech trees in Croatia and Europe

Figure 4 Comparison of percentage of moderately to severely dam-
aged pedunculate oak trees in Croatia and Europe



1922, and 150 doctorates have been awarded up to
now. This period is characterized by many academi-
cians and globally recognized and renounced ex-
perts in the field of silviculture, forest genetics and
forest tree development, forest management, forest
protection, dendrometry, wood science, wood tech-
nology and processing.

The number of scientists and researchers in Cro-
atia as of June 30, 1999 in comparison with 1991 is
presented in Table 2.

The average age of scientists at the Forest Re-
search Institute is 59 and of the researchers 33, while
the average age of the scientists at the Faculty of For-
estry is 48 and of researchers 29. This proves that the
age structure at the Forest Research Institute is less
favorable than that at the Faculty of Forestry and the
total number of scientists and researchers is 10 %
lower than in 1991.

All the scientists have the required scientific de-
grees and experience although their total number is
not satisfactory with regard to the institutions and
research program. The total number of scientists and
researchers is 109 i.e. 47.8 % of the total number of
employees (228).

5. Research programs and tasks

Organized scientific research in forestry and wood
industry commenced in 1945. At that time there were
no clear programs and tasks. Since 1951, financing
for scientific research has been defined and long-
-term research programs have been drafted. In these
first programs emphasis was placed on tending nat-
ural stands, establishing cultures and plantation of
the Poplars and introduction of fast growing coni-
fers, melioration of degraded forests, vegetation re-
search and mapping and the research of wild life bi-
ology and breeding.

After the unification of scientific research, achieved
by the merger of research institutions (1974), joint
projects were developed, research teams were estab-
lished, new equipment was purchased, education
and training of young researchers was improved

through training abroad and in the country. This pe-
riod lasted from 1976 to 1990. It is characterized by
the following: preservation of the forest stand and
improvement of its quality, reduction of forest man-
agement costs, increase in the stand biomass pro-
duction, forest protection and research of the struc-
ture and stability of forest ecosystems. The most sig-
nificant projects of this period are the pedology and
vegetation maps of Croatia, protection of human en-
vironment, research of the structure and functioning
of forest ecosystems, research and mapping of forest
types and forest natural sites, improvement of seed
hushbandry, nursery production and silvicilture,
forest protection, research of the organization and
economics in forestry and wood technology, forest
harvesting, forestry mechanization and forest roads,
research in the karst regions of Croatia, the detri-
mental effect of forest fires on vegetation, bio-type
and environment as well as the detrimental effect of
pollution of forests and forest soil.

Since 1990, regardless of the war destruction and
the devastating effect it has had on our forests, na-
tional parks and despite the occupation of almost
1/3 of our country, forest management and orga-
nized scientific research have been uninterrupted.
Through the establishment of »Hrvatske {ume« Inc.
Zagreb, the public enterprise for forest and forest-
land management in the Republic of Croatia (1991)
and the transition of scientific institutions into state
property (1993), good foundations were set for the
undisturbed development of scientific and research
activities in the field of forestry and wood technol-
ogy on the eve of the 21st century. During this period
the Ministry of Science and Technology financed
and evaluated 14 scientific projects, and »Hrvatske
{ume« Inc. Zagreb did the same for 3 projects with 9
subprojects and 88 research topics.

The planned scientific research activities for
1996–2000 consist of 17 scientific and 7 supporting
projects financed by the Ministry of Science and
Technology, 2 scientific projects and 8 sub-projects fi-
nanced by »Hrvatske {ume« Inc. Zagreb and inter-
national projects in the framework of cooperation
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Table 2 The number of scientists and researchers in 1999 in relation to 1991

Institutions
Scientists Researchers Total

1991 1999 % 1991 1999 % 1991 1999 %

Forest Research Institute 10 5 50.0 24 21 87.5 34 26 76.5

Faculty of Forestry 36 44 122.2 46 32 69.5 82 76 92.5

Department for forestry 1 1 100.0 1 – 50.0 2 1 50.0

Department of HAZU Vinkovci and Trsteno Arboretum 0 1 – 2 1 50.0 2 2 100.0

Total 47 51 108.5 73 54 74.0 120 109 90.8



with Slovenia, European Union, International Plant
Genetic Resource Institute (IPGRI), World Bank and
FAO, European Forest Institute (EFI) and the Inter-
national Union of Forest Research Organizations
(IUFRO).

List of projects and subprojects according to co-
operation and financing type:

• Ministry of Sciences and Technology

068001 Silvicultural management and sites of Cro-
atian forests

058002 Planning models for stability of forest eco-
systems,

068003 Protection and reconstruction of forest eco-
systems,

068004 The promotion of production in Croatian for-
estry

068005 Ornamental dendroflora in Croatian urban
forestry

068006 Game management in Mediterranean region
in Croatia

068011 Model development of production systems

068012 Durability and modifications of wood sur-
face

068013 Influence of wood characteristics on drying,
protection and sawmill processing

068014 Investigation of raw materials, processing,
quality and use of boards

068015 Lateral stability of saw circular

068016 Energy investigations in wood processing

0240101 Tree breeding and seed husbandry develop-
ment in forest regeneration

0240102 Improvement of nursery production and
sylviculture of forest plantation

0240103 Protection of forest ecosystems from biotic
and abiotic factors

0240104 Permanent monitoring of ground and sur-
face waters in lowland forests

0240105 Growth and development of the forests for
special purposes

• Supporting projects

068031 Silvicultural characteristics of narrow-leaved
ash in Posavina

068032 The structure and dynamics of Norway spruce
stands

068033 Mycorrhiza in different development stages
of pedunculate oak forests

068042 Forest shake of bitter oak (Q. ceris L.) in
Croatia

068043 Hybrids from four pine species and their de-
termination

024199 The relationships of the growth of the pedun-
culate oak forests in Bjelovar region

024200 The growth pattern of crown structure of pe-
dunculate oak and hornbeam with regard to age

• »Hrvatske {ume« Inc. Zagreb

Project 1: Protection and improvement of biomass
production with the aim of maintenance multiple
forest functions

Subproject 1: Assurance of regeneration as a mea-
sure of stability and sustainable production of
fitomass in natural ecosystems

Subproject 2: The support of effective increase of
forest areas

Subproject 3: Exposure of the forests to harmful
conditions and improvement of their protection

Subproject 4: Assurance of sustainable production
assortment according to ecological and economi-
cal forest types

Project 2: Use and management of the capital in for-
estry

Subproject 1: The exploitation of biomass

Subproject 2: Development of technologies and use
of ecological applicable ones

Subproject 3: Evaluation of capital resources and
losses caused by harmful factors

Subproject 4: Establishmet of economical systems

6. International cooperation

• Slovenian – Croatian joint projects

Influence of raw materials quality on boards cha-
racteristics.

Breeding and protections of pedunculate oak from
abiotic factors

• The World Bank and FAO

Coastal forest reconstruction and protection project

• ECE/EU

International cooperative programme on assess-
ment and monitorig of air pollution effects on for-
ests.

European network for the evaluation of the ge-
netic resources of beech for appropriate use in sus-
tainable forestry management.

• IPGRI

EUFORGEN – Network

Conifers (started as Picea abies Network)

Mediterranean oaks (started as Quercus suber Net-
work)

Populus nigra and P. alba – Network

Noble Hardwoods – Network

Social Broadleaves – Network
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• International meetings (IUFRO, EFI) and other
cooperation

The cooperation with the international non-gov-
ernmental organizations is shown also in interna-
tional meetings, of which we would like to mention:

33rd international symposium »Mechanization of
Forest Work – FORMEC« organized by the Depart-
ment for Forest Harvesting of the Faculty of Forestry,
University of Zagreb, held in Delnice from July 1–6,
1999.

International conference »Emerging Harvesting
Issues in Technology Transition at the End of the
Century«, Division, 3. Subject groups S3.04.00; S3.
06.00 and S3.07.00, held in Opatija from September
27 – October 1, 1999.

International conference »Improvement of Wood
Quality and Genetic Biodiversity of Oaks« organized
by IUFRO Division 1 and 2, to be held in Zagreb
from May 20–25, 2000.

International meeting »Improvement of Agricul-
ture and Forestry in Karst Region« organized by Sci-
entific Board of the Croatian Academy of Sciences
and Arts, to be held in Zagreb in March 2000.

The scientists and researchers from the field of
wood technology have been holding, within the »Am-
bijenta« fair, the international symposium on wood
technology management.

7. Cooperation with domestic
organizations

A very successful and long cooperation of the for-
estry scientific organizations with »Hrvatske {ume«
p.o. Zagreb (Croatian Forests) should be empha-
sized. This cooperation takes place not only in the
field of high education, but especially the field of sci-
entific and research activities and application of the
research results. The Faculty of Forestry and the For-
est Research Institute have been performing the in-
vestigations of direct interest for the Croatian for-
estry for more than 50 year. Besides its basic charac-
ter, these investigations have the qualities of
applicability and development with the aim of trans-
ferring the results directly into practice.

We would especially like to stress the results of
cooperation achieved after the Republic of Croatia
gained its independence in 1990. The scientists and
researchers, as well as the »Croatian Forests« ex-
perts, full members of the Croatian Academy for Sci-
ence and Arts, assisted by the Ministry of Science
and Technology, Ministry of Agriculture and For-
estry, Croatian Forestry Association, Academy of
Forestry Sciences have published a large number of
books and monographs:

[UME U HRVATSKOJ, 1992. (Forests in Croatia)

HRAST LU@NJAK U HRVATSKOJ, 1996. (Peduncu-
late oak in Croatia)

[UME MOJE HRVATSKE, 1996. (Silvae Nostre Croatie)

SLAVONSKI HRASTICI, 1996. (Slavonian oak Forests)

SKRB ZA HRVATSKE [UME, 1846.–1996. knjiga 1 i
2, 1996. (The Care for Forests in Croatia)

HRVATSKO [UMARSKO DRU[TVO 1846–1996. (Cro-
atian Association of Foresters)

NIZINSKE [UME POKUPSKOG BAZENA, Radovi
Vol. 31, broj 1 i 2, 1996. (Low Land Forest of the
river Kupa Basin)

BIBLIOGRAFIJA, 1986–1995, [umarski institut, Ja-
strebarsko 1998. (Bibliography)

On the 100th anniversary of the university level of
forestry education, the Faculty of Forestry Univer-
sity of Zagreb published 4 books – monographs:

Vol. 1: [umarska nastava 1860–1898. na Kraljevskom
gospodarskom i {umarskom u~ili{tu u Kri-
`evcima, 1998. (Forestry educational program
from 1860 to 1898 at the Royal High School of
Economy and Forestry in Kri`evci)

Vol. 2: Sto godina Sveu~ili{ne {umarske nastave u
Hrvatskoj, 1998. (100 years of university for-
estry education in Croatia)

Vol. 3: Pola stolje}a drvnotehnolo{ke nastave, 1998.
(Half century of wood processing training)

Vol. 4: Nastavno-pokusni objekti [umarskog fakul-
teta Sveu~ili{ta u Zagrebu, 1998. (Training-
-testing facilities of the Faculty of Forestry in
Zagreb)

The scientific and research institutions in Croatia
have a very successful cooperation with many eco-
nomic institutions, of which we would like to men-
tion: water resources authorities, power supply au-
thorities, agriculture, tourism, wood industry, civil
engineering, »Exportdrvo«, Zagreb, INA.

We would like to stress the cooperation of scien-
tific and research institutions with non-governmen-
tal organizations and associations (Croatian Associ-
ation of Forestry, Croatian Ecological Society, Cro-
atian Society for Soil Protection, Croatian Genetic
Society, and others) with other scientific institutions
(Croatian Academy for Science and Arts, Faculty of
Agriculture. Faculty of Natural Sciences and Mathe-
matics, Faculty of Electronics and Computing Sci-
ences, etc.) and the state administration institutions
(Ministry of Science and Technology, Ministry of Ag-
riculture and Forestry, Ministry of Economy, Minis-
try of the Interior etc.).
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8. Conclusions

Croatian forestry science and scientific research
have a long and abundant history. Scientific research
activities in forestry and wood technology are among
the leading in Croatia not only with regard to quality
but also to the status of scientists and researchers.

Forestry and forest science is among the leading
in Europe in view of the organization, expertise and
forest protection. Forests and forestland cover an
area of 2,5 million ha. Forests have always had and
shall continue to have great significance in the devel-
opment of Croatia in the 21st century.

University level education in forestry and scien-
tific research has been active for the past 139 years.
For an even more successful development of science
and scientific research forestry and wood technol-
ogy it is necessary to build new and maintain the ex-
isting facilities and laboratories, as well as establish
new and monitor the actual field research. In order
to maintain and successfully enhance the existing
level of scientists and other resources, we need ap-
proximately HRK 11 million of capital investment
over the next 3–4 years.

The monitoring of forest damage in the past ten
years has shown certain improvements (4,2 %) in
1998 as compared to 1997 although the damage to Fir
forests is greater than in the rest of Europe.

The establishment of »Hrvatske {ume« Inc. Za-
greb and the new legal regulation in forestry as well
as higher education and science have created a solid
basis for the preservation of biological diversity and
sustainable forest management. The Republic of Cro-
atia has signed and actively implements all resolu-
tions on protection and preservation of European
forests (Strasbourg, Helsinki, Lisbon, etc.).

Our scientific research institutes have established
a diverse and fruitful cooperation not only with the
Croatian economic sector but internationally with
most European countries as well.
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Forest management in the Croatian
Danube region with a high level

of mine contamination

Pavle Vratari}, Dubravko Kru{arovski

Abstract

It is unthinkable to carry out the activities aimed at managing forests and game in the

area highly contaminated with mines. Humanitarian mine clearance is much more de-

manding than the military one. Mine clearance activities are extremely high costing.

Forestry is a low-accumulative economy branch and it can hardly cover the regular pro-

duction costs with the expenses of forest regeneration, so that the calculation with mine

clearance activities of all the area shows a highly negative balance. However, mine clear-

ance could partly be carried out by use of funds intended for forest regeneration. Mine

clearance of forest roads crossing the former war zone, i.e. the line of disengagement,

which used to be mined, would make the whole area in the »hinterland« accessible for

work activities. In such cases, the enterprise can assess feasibility of mine clearance ac-

tivities and choose self-funding regardless their considerable cost. And still, a part of

mine clearance activities could be carried out at the expense of the funds intended for re-

generation.

Key words: Croatian Danube region, mine contamination, forest management

1. Introduction

Mines and other explosive devices are a great evil
accompanying every war in the world and hence in
our country, too. They are called »buried horror«,
»death devices of 20th century«, »devil arms«, etc. It
is estimated that approximately 110 million mines
are currently placed in war zones throughout the
world and that »forgotten« unexploded mines, a
continuous threat, can be found in 64 countries
(Mikuli} 1999). Mines kill almost 26,000 people each
year and at least the same number get injured. Ap-
proximately 3 million mines are laid annually and
about 150,000 are removed. Canada raised the issue
of passing the Convention on Banning the Use of

Anti-Personnel Mines, signed by 122 states in Ottawa
in 1997, including the Republic of Croatia.

2. Mine contamination of
the Republic of Croatia

It is estimated that in the Republic of Croatia
1–1.2 million mines have been laid on an area of
about 6,000 km2, i.e. on about 10% of the Croatian
continental territory. The Republic of Croatia is rank-
ed as one of the most highly mine-contaminated
countries in the world. The Government of the Re-
public of Croatia established the Croatian Center for
Mine Clearance Activities (HCR) by its Order of 19
February 1998 with its registered office in Sisak.
HCR tasks are the following: to keep the database; to
submit the plan for mine clearance to the Govern-
ment; to develop mine clearance projects; to orga-
nize public tenders, surveillance, marking; training
about mine risks; first aid to mine casualties, to pro-
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vide support to the development of domestic tech-
nology; to co-ordinate activities of international ex-
perts for mine clearance and other related activities.

»Hrvatske {ume« Inc. Zagreb manages about
80% of all forests in the Republic of Croatia. Atotal of
243,693 ha or 12% of the total area and 1,212 km of
roads are mined i.e. inaccessible for work activities.
Within such an inaccessible area high damages occur
due to impossibility of carrying out forest preserva-
tion and harvesting activities, non-use of annual cut,
game damage, etc. Forests and forestland are ranked
seventh among eight types of land classified in ac-
cordance with the purpose and mine clearance pri-
ority.

»Hrvatske {ume« Inc. Zagreb manages the for-
ests of Danube region through Vinkovci and Osijek
Forest Administrations and local forest stations.
Vinkovci Forest Administration has 8,413 ha or 12%
of mine contaminated forests and Osijek Forest Ad-
ministration 14,546 ha or 19%. These forests cover an
area of 18 economic units and they are mostly made
of: forests of white willow and black poplar with
blue blackberries (Salici-Populetum nigrae rubetosum

caesii Ratu{ 1973), forests of black and white poplar
(Populetum nigro-albae, Slav. 1952), field ash forests
(Leucoio-Fraxinetum angustifoliae Glav. 1952), forests
of pedunculate oak and large greenweed (Genisto

elatae-Quercetum roboris Ht. 1938) and their sub-asso-
ciations separated with reed and ill weeds, forests of
pedunculate oak and hornbeam (Carpino betuli-

-Quercetum roboris /Ani} 1959/ emend. Rau{ 1969)
and others.

Any action aimed at managing forests and game
is unthinkable on the area contaminated with mines
and other explosive devices. Humanitarian mine
clearance is far more demanding than the military
one. Thorough removal of mines and explosive de-
vices is required here in accordance with UN specifi-
cation of 99.6% (International Standards for Humani-

tarian Mine Clearance Operations). It is considered
that one pyrotechnist can search a 20 m2 area a day (5
hours) and under very favorable conditions an area
of up to 50 m2. One machine thresher (e.g. MV2) can
clean approximately 6,000 m2 in one working day in
two shifts. If the efficiency of the mine clearance ma-
chine is 85%, the difference to the required 99.6% can
be achieved by methods using detectors and mine
searching dogs. A group of 30 pyrotechnists who
check the efficiency of mechanical clearance can ex-
amine and if necessary manually clear of mines
4,2000 m2. The technology of mine clearance is
adapted to the type of mined area depending on
whether it is a village, road, plough-field, forest or
something else.

3. Mine clearance in the Croatian
Danube region

For mine clearance of an area of 22,959 ha in the
Croatian Danube region, it would take 11,480 work-
ing hours or 57 years (with 200 working days a year).
This simple calculation is made in base of three ma-
chines in two shifts and five teams made of 30 pyro-
technists working for five hours a day (with the effi-
ciency of 2 ha a day). Such calculations do not stand
well the calculations of expenses of forestry produc-
tion. Forestry is a low accumulative branch of econ-
omy and it can hardly cover its regular production
costs with the expenses of forest regeneration.
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Figure 1 Minefields in the Republic of Croatia

Figure 2 Machine thresher operating in the forests of Kopa~ki Rit in
Danube region



However, mine clearance could partly be carried
out by use of funds intended for regeneration. There
are two examples of such realization and several
projects are now being prepared. Mines and explo-
sive devices are mostly placed along the front-line,
which was shifted 7 to 30 km from the border with
Yugoslavia to the Croatian Danube region. Today, it
is impossible to reach the forests in the »hinterland«
of the front-line using public roads, which cross the
areas of the former front-line due to mostly folded
and swampy terrain particularly in the area of Ko-
pa~ki Rit.

»Hrvatske {ume« Inc. Zagreb have ordered the
project of »forest roads »mine clearance in the eco-
nomic unit »Kopa~evke podunavske {ume« (Forests
of Kopa~evski Rit in Danube region) with HCR affili-
ate in Osijek. As a matter of fact this is an earth path,
which makes accessible the area for felling ripe
Euro-American poplar plantations and cultures with
a growing stock of approximately 60,000 m3 and 25
years old or older. In base of that project, mine clear-
ance of the road was carried out (figure 4) – 3,530 m
in length and 15 m wide. On places where a mine-
field was detected, additional mine clearance was
performed so that ultimately 63,350 m2 were exam-
ined and cleared. Total cost with additional opera-
tions amounted to 700,000 HRK i.e. 11 HRK per 1 m3

in average. It is clear that these must be investment
funds, as felling is going to be carried out in five
years. Thus the work has been provided for the em-
ployees of Darda Forest Station for the next five
years, the use of the annual cut has been secured and
60,000 m3 of high quality wood mass of Euro-Ameri-
can poplar has been saved from decay (as well
known if felling of poplar trees is not carried out in
due time they are prone to decay). A wide area of ap-
proximately 2,000 ha has been made accessible for
safety operations especially for fire protection (fires
being very frequent here), for silvicultural and man-

agement activities as well as game management
(which is very important since »Kopa~ki Rit« is a
park of nature).

Within the area of Vinkovci Forest Administra-
tion, the forest road and openings were cleared of
mines in Debrinja economic unit, covering an area of
15,000 m2 with the expenses amounting to 380,000
HRK. As a result, six departments of oak seed stands,
old more than 1 hundred years, were opened, all
necessary forestry and cultural operations were
made available and an important wind-breaking area,
which will be very soon used, was made accessible
»HCM« Osijek affiliate carried out the mine clear-
ance project in Topolovac economic unit and has or-
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Figure 3 Drava region before mine clearance

Figure 4 Cleared forest trail in the management unit »Kopa~evske
podunavske {ume {ume«

Figure 5 Drava region cleared of mines – earth path



dered the projects for mine clearance of roads and
forest paths in economic units »Osje~ke nizinske
{ume«, »Valpova~ke podravske {ume«, Jagodnja~ke
{ume«, »Zmajeva~ke {ume« and »Tikve{ke podu-
navske {ume«. However, a part of mine clearance ac-
tivities could be carried out by use of the funds in-
tended for regeneration.
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For technological transformation in
the development of Croatian forestry,

psychological and sociological changes
for forestry personnel are necessary

Tomislav Star~evi}

Abstract

The basic characteristics of the past century as regards Croatian forestry development can be

summarised into a intense life of forestry scientific and professional tought, based on the tra-

ditional almost religious relationship between the human expertise and the forests in this

area but also on the lack of development of basic organisational forms and economically mo-

tivated working units (forestries).

Forestry higher education has for many years trained young forestry experts in the field of

basic biological subjects while forestry economics, organisation, mechanics and especially

market economy, marketing and business handling were pushed back to the level of basic in-

formation. An economic system without profit motivation where no value differentiation

was made between labour and profit making as a result of expertise, quality work and effect

contributed to all this. A relatively weak unmotivated economic status of Croatian forestry

resulted in no investments into knowledge, technology and development and therefore the

market and technology have surpassed the operational professional life.

The characteristics of today’s Croatian forestry are very clear notions on the slowness of a

large, centralised system as well as the aims and means that guarantee development and

progress. But the necessary preconditions for the change is new knowledge in many fields

and the courage of the professionals to initiate the changes wich will testify to the real profes-

sion in economic operations as well as a selection of personnel whose interests lie in the bene-

fits for the whole organisation and not the individual. The major changes have to include the

rigid regulations which freeze the otherwise dynamic life of the forest, as well as the develop-

ment of technology and the market. Major changes have to be made in the control aspect in

regard to competency, site and authority.

The ways of exiting this situation must be focused on decentralisation, creation of produc-

tion freedom and responsibility, permanent education of a certain number of young profes-

sionals abroad in the fields of marketing, technology development, management, informatics

and motivating work organisations and award system as is done in developed European

countries. The said changes must first occur with the professionals, the society but also on a

government level.

Key words: decentralisation, organisation, education, technology transition, forestries

1. Introduction

If we accept the assessment that the technological
development of the Croatian forestry has been stag-
nating and that the changes have been too slow, I am
sure that, among many other reasons for such as-

sessment, there is one of not purely technical or fi-
nancial nature. It pertains to the field of psychological
and even sociological changes, which must occur in
people dealing with forest management and those
state authorities that regulate, perform surveillance,
monitor and somehow affect or take part in the life
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of the Croatian forestry. This daring attitude is not an
attempt to justify the actual situation, but rather a
tendency to explain objectively the determined tech-
nological lagging and above all the incentive for
changes that we, the present participants in the Cro-
atian forestry, must undergo.

2. Historic survey

Organisation, welfare and development of for-
estry in Croatia is related to the fear of the effects that
could arise due to excessive and non controlled fell-
ing and incompetent forest management in mid 19
century. By way of illustration, forest cover in Sla-
vonia, where our most valuable oak forests are lo-
cated, decreased from 70% to only 30% between 1750
and 1938. The awareness of the value and signifi-
cance of forests for human survival, was the base for
love and respect that people living in this area feel
towards this resource.

Too frequent wars and then regularly accompa-
nying economic crises caused excessive demands on
forest, jeopardizing its sustainability as the basic
economic principle of forestry. Only in the period
from 1945 to 1951, felling of 6,237,000 m3 was carried
out annually, thus jeopardizing the survival of valu-
able forest species and destroying the principle of
sustainability. This is the time when the moral pro-
fession comes into conflict with authorities. After
that period, time comes for big actions of afforesta-
tion, reduced felling and systematic battle for forest
preservation. Central administration system is in ef-
fect as well as controlled distribution of raw mate-
rial, planned economy resulting in the absence of
market oriented economy, serious professional and
economic contacts with the world are extremely re-
stricted and all this caused serious stagnation of eco-
nomic growth and development of up-to-date tech-
nology. A considerable part of forestry revenue was
transferred into governmental funds or funds of re-
gional social and political associations.

Technological innovations or work rationaliza-
tions of some diligent forestry enthusiasts were ab-
sorbed by the averageness of the entire economic
system. Frequent but inefficient reorganizations of
the Croatian forestry suffocated and stopped every
ambitious attempt for developing and implement-
ing a longer-term program in accordance with de-
velopment trends. Workers’ self-management, the
well-known introduction of OOUR-s (independent
self-managing units) and the trend of the so-called
functional organization of the Croatian forestry are
only part of unnecessary and inefficient but high
costing experimenting with the organizational struc-
ture of the Croatian forestry.

However, the period following 1960, when the
forestry organization reintroduces forest harvesting,
is marked as the time when significant breakthroughs
were made in the direction of technological develop-
ment. Forests are opened through the construction
of roads and chain saws are introduced as well as ag-
ricultural tractors, skidders, hydraulic cranes as well
as tractor and truck equipage. The first technical
standards are recorded and serious efforts are made
in order to develop an up-to-date technology. Regu-
lar manpower is introduced and trained, their trans-
port to work is organized and their work and skills
are stimulated through adequate payment incen-
tives. However, the general climate of superficiality,
lack of motivation and incompetence of the control-
ling function highly suppress and slow down the de-
velopment.

As far as education is concerned, forestry high-
-education training provided thorough knowledge
in many biological disciplines for young experts
while the fields of economy, work organization, ma-
nagement, market economy and marketing as a
whole lagged far behind their development in the
West European industrial countries. By way of illus-
tration, the following quotation and statement is
given here from the book »[umarska nastava u
Hrvatskoj 1860–1960.« (Forestry training in Croatia
1860–1960), (Zagreb, 1963) which says: »By the foun-
dation of the Faculty of Economy and Forestry in
1919, the chair for managing forests was established
with the subjects forest management and calculation
of forest value by use of forestry statistics. From the
very foundation of the Institute there was a tendency
to focus on economic issues of forest management.«
After World War 2, the Institute changes its name
into the Institute for forest management and forestry
economy covering all economic and legal subjects.
By the foundation of the Faculty of Forestry in 1960
the Institute was divided into two independent in-
stitutes: the Institute for Business Economics and Or-
ganization of Forest Economy and Wood Processing
and the Institute for Forest Management. In accor-
dance with the Articles of Association of the Faculty
of Forestry of 1960 the Institute, as the educational
organizational unit, covers the following subjects:
basic law, forestry business economics, business eco-
nomics of forest-economic organizations, organiza-
tion and business activities of forest-economic orga-
nizations and wood trade. However, the inevitable
conclusion remains: »As long as it existed the Insti-
tute always had minimum personnel.« Twenty-six
years later, Prof. Dr. R. Sabadi in his textbook and
manual of the Faculty of Forestry »Ekonomika {u-
marstva« (Forestry business economics) dedicates
many pages to the calculation of forest value, so that
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the other chapters are shortened and some issues are
completely omitted. As the author himself says in
his preface (quote): »Thus, for example, highly im-
portant issues such as forestry planning or exchange
of products have not been given the space they de-
serve regarding their significance.«, end quote. The
confirmation of this statement lies in the book, (page
337) where marketing is defined as the process re-
quired when transferring goods from the manufac-
turer to consumer or where marketing and market
research are considered as component parts in the
process of getting insight into consumer’s wishes.

3. Operational level

In operational-economic life, there are many pro-
ves of our lack of knowledge or even lack of aware-
ness of the economic truth that goods are of no use
unless they are made available to the consumer in
the form, at the time and in the place where he/she is
ready to pay their price for them. The reason for such
course of events mostly lies in the entire economic
system, the absence of sound income-based motives,
lack of market oriented economy and devastating
leveling of wages, without the presence of legal and
controlled private interest in business and absolute
lack of motivation and creativity. Hence, it is unfor-
tunately possible and acceptable to find explanation
for a poor economic situation in forestry and absence
of investments in the development of technology
and knowledge on market and marketing. There-
fore, the operational life of forestry profession lags
far behind the West European industrial economy as
a whole in view of technological development and
especially concerning market recognition. The ex-
ample for such slow reactions of the profession is
easy to find in non-occurring of the external service
and entrepreneurship. As a matter of fact we wait for
this development to happen instead of working on
it. It is a fact that the economic function of forestry
has been obviously neglected.

The concept of social (state) ownership, to which
we were exposed for five decades, never became a
reality in the wanted form. The reason maybe lies in
the fact that we did not really have our own state for
centuries so that the lack of care for it and even its
plundering by foreign rulers was not considered as a
crime but rather as »ingenuity« or even as a good
deed.

4. Time of changes

Huge and multiple changes, wished for such a
long time, which have occurred in the last decade of
this millenium, are so radical that in my opinion all

of them could not be implemented at the same time,
not to mention their quality. It is hard to assume that
a new European developed way of thinking and be-
having in organizing all forms of legal state and all
its bodies, of the entire economy, particularly the
business economy and rational structure of forest
economy can occur at once. And it is particularly dif-
ficult to achieve changes in the mind-set of people
where stagnation and genetically distorted ideas of
the trends of development, growth and acquiring
goods reigned for so long. At the time of anomie, dis-
torted morality, with no criteria regarding safety in
view of legal protection, it is no wonder that we wit-
ness events in which, quite often, people emerge,
who subordinate common interests to their personal
ones.

The assumptions of such changes imply indis-
pensable civic courage, organized battle and even
victims in the process of implementing changes, in
which people ready to put into practice all ideas they
now proclaim and spread will take the leading role.
The other area retaining old, obsolete and rigid
frames is that of law and regulations accompanying
the economic life. In the economic branch of forestry,
a considerable part of legal regulations is obsessed
with the protection (guarding) of forests from forest-
ers, as if all records, almost two centuries old, on pro-
duction and natural state of forests did not reflect
well enough this relationship. What is more, the rela-
tion of the forestry profession itself, in its core, to-
wards forests is enthusiastic, almost religious, and
hence forestry and economy-based regulations are
far from economical necessity, not to mention eco-
nomic compromise. In this segment, the profession
will have to change the priority of goals.

No wonder, then, that today we claim that we
cultivate at high cost and with no reason the lowest
degradation forms of sub-Mediterranean and Medi-
terranean stands on karst. However, through thin-
ning and with silviculturally insignificant intensity,
we also cultivate degraded and invaluable stands of
minimum increment and quality in the continent
with ultimately unidentifiable silvicultural econom-
ic effects. Adding to all this the truth that we are able
to produce this wood mass, but that we know in ad-
vance that it cannot be confirmed on the market, ev-
ery comment becomes superfluous. The economic
truth is that only maximum production is the right
orientation but we must be aware that every good,
and hence wood too, has no expressed value unless
the buyer is ready to pay the price for it.

It is obvious now that the management of forests
and forestland is based on stiff and quite often sil-
viculturally too ambitious and economically non-
-balanced long-term regulations. It is pretty difficult
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and complicated to change them and therefore they
are one of the deterrents in the process of adaptation
to the requirements of the market. Today, besides
market whimsicality, forest eco-systems are also
subject to frequent stresses caused by anthropoge-
netic impacts, climate excesses and changes of stand
conditions. It is, therefore, obvious and sure that in
the long run, forestry will focus its interest on a con-
tinuous and regular battle for regeneration and re-
newal of forests, preservation of their natural state,
productivity, sustainability and self-regeneration. It
is natural that such projected development trend im-
plies new knowledge within profession, working
technology, its planning and surveillance, but also
suitable breakthroughs in legal regulations and very
important breakthrough in the function and compe-
tence of control and surveillance.

After all these changes, the actual state of the Cro-
atian forestry is marked with the excellent idea of a
single enterprise, the idea conceived on uniformity
of forestry policy, uniform forest management, basic
guidelines of development strategy and marketing
including market research. However, at the same
time this system is too centralized, complicated and
slow with clearly identifiable lack of profit interests
of the basic organizational units (forest stations). A
large number of people, who should be the initiators
of creativity and rationalization, being at the very
source of events, are not motivated and have no the
necessary authority and responsibility.

5. Pathways of change

Pathways leading out of this situation are not un-
known and still the whole system is not developing
with the right dynamics, which could, in a reason-
able time, grant a step forward towards the set goal.
This is a time when we deliberately accept new
things, but instinctively continue to work in the old
manner. Production of freedom and responsibility at
each point of life and work seems to be the basic pre-
requisite for making this step forward towards the
set goal. Thus produced freedom will very soon re-

quire the internal reorganization of the Enterprise
trying to find balance between authority and re-
sponsibility and the increased authority and respon-
sibility will cause equally necessary personnel chang-
es, where young and right-minded, qualified ex-
perts, enriched with up-to-date knowledge, will find
their place. It is no secret that we need continuous
training in the field of management, information
technology, exchange of knowledge with the world,
public relations, market research and marketing as
well as simple models for stimulating innovations,
profit effects and work. This, however, is not simple
or easy but it is beyond doubt that there is no alterna-
tive to this trend.

Along with such changes in the Enterprise for for-
ests, similar changes are inevitable in, at least equally
important, component of this economic complex made
of state institutions (Ministry of Agriculture and For-
estry, Ministry of Economy, State Inspectorate, Admin-
istration of Justice, etc.). The changes I am speaking about

will start to take place only when all indispensable changes

start occurring in ourselves, in the mind-set of people who

live for the forest and from the forest and in the social setting

of people and institutions of our country.
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Regulation and management of selection
forests in the management unit Belevine

Juro ^avlovi}, Mario Bo`i}, Nikola Luki}

Abstract

The Belevine management unit, which is part of the Educational-testing forestry facility

Zalesina of the Forestry Faculty in Zagreb represents, more or less, the field of selection for-

ests in Croatia and especially those in Gorski kotar with a long and complex management

history.

This study gives a brief insight into the development of the relationship between forests and

the methods for regulating selection forests in the framework of social, historic and economic

changes as well as changes in ownership, on the example of the Belevine management unit.

Three different periods with specific characteristics have been chosen. The period ending

with 1870 was characterized by random forest felling. For 70 years after that period forests

were managed based on the German model. The most significant period is that of the last 50

years when the Forestry Faculty has been continually managing the Belevine forest, imple-

menting the set goals and management guidelines.

Furthermore, results are shown of recording the existing state of the selection stands and the

whole forest in the framework of preparing a new management plan (state of growing stock

and increment, state of natural regeneration and the relation towards the normal selection

constitution).

Special emphasis has been placed on sustainability of natural regeneration (recruitment of

trees to the stand) which is the basis for a permanent and stable selective structure.

On the basis of measured factors of the actual state and given management guidelines, the

future behavior of the structural elements of selection stands and forests was shown in a SD

simulation model.

The future management plan should include regulated management procedures aimed at

sustaining a stable and natural forest with maximum potential for yielding general and

other benefits. It should take into consideration the actual management and state of forests

as well as changes in the natural process in the framework of significantly changed forest re-

quirements.

Key words: selection forest, regulating methods, recruitment, SD simulation model, guidelines

for future management

1. Introduction

Selection management plays a very important
role in the forestry of Croatia. Within the area of se-
lection forests, Gorski Kotar takes up a special place
as the most forested part of Croatia boasting of beau-
tiful selection forests of fir and beech. Gorski Kotar
can be said to have a very long and complex history
of managing its forests. As historical, social, eco-
nomic and ownership relations changed, so did the
treatment of forests, ranging from the initially in-
competent and disorganised approach, through em-

pirical to professional and scientific one. The begin-
ning of the 20th century saw intensive professional
and scientific activity concerning selection manage-
ment (Kern 1898, 1909, Jovanovac 1925), which has
been particularly intensified in the last 50 years
(Klepac 1953, 1954, 1956, 1960, 1961, Kri`anec 1993,
Mati} 1983, [uri} 1933, Bo`i} 1998). In recent times
considerable changes resulting from man’s influence
have been noted in the constitution of selection fir
forests (Klepac 1995, ^avlovi} and Marovi} 1997,
Mati} et al. 1996), as well as in the developmental
stages (Korpel 1996).
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The Management Unit Belevine, part of the teach-
ing-experimental forestry facility Zalesina of the Fa-
culty of Forestry in Zagreb, is a good representative
of selection forests in Gorski Kotar. The aim of this
paper is to present the management and regulation
of selection forests and give a projection of future
management using the selection forest Belevine as
an example.

2. General characteristics of the
Management Unit Belevine

The Management Unit Belevine is located in the
area of Croatian selection forests in the region of
Gorski Kotar and Forest Administration Delnice. It
is situated along the north of the Kupjak plateau on
three mildly sloping mountain peaks at an altitude
of 720–870 m.

The prevalent climate in the area is temperate
rainy (etesian), in which the mean monthly tempera-
ture in the summer months does not exceed 22 °C.
Mean annual temperature is 6.7 °C. The vegetation
period lasts for 140 days (mean daily temperature is
over 5 °C). Air humidity is high over the whole year
and reaches 81%. The quantity of precipitation ran-
ges between 1,500 and 2,500 mm (2,074 mm), and the
snow period lasts 188 days on average.

The forest lies on the silicate geological base with
acid brown, brown to podzolic soils.

The mildly undulating and fan-shaped relief is
furrowing towards the north eastern – southern west
direction, with mostly sunny expositions with incli-
nations of up to 20°.

The dominant plant community is the forest of fir
with fern (Blechno-Abietetum, Horv. 50), and the less
represented is the forest of beech and fir (Abieti fa-

getum croaticum, Horv. 50).

The total area of the forest and forestland is
293.94 ha, of which 283.20 ha are under the forest,
5.88 ha are non-forested productive forestland, and
4.86 ha are infertile.

The area under the forest is divided into four
management classes:

• Management class Fir II 266.24 ha

• Management class Beech and fir 9.93 ha

• Management class Protective forest 6.27 ha

• Management class Park 0.76 ha

3. The history of management

The forest in the Management Unit Belevine is a
good representative of the area of selection forests in
Gorski Kotar, with which it has shared a long and
complex history of management.

A long historical period beginning at the end of
the 12th century, when the first written documents on
ownership relationships over these forests date, can
roughly be divided into three periods. Each of them
is characterised by specific relations towards the for-
ests and the influences on the management and de-
velopment of forest regulation within historical, so-
cial and economic changes.

3.1. The period to 1871

This period is characterised by Gorski Kotar be-
ing the home of virgin forests of beech with a low
share of conifers. The first chaotic felling of beech
forests began at the end of the 16th century. Since
there were no roads and paths, charcoal was burned
in the forest as well as potash for the production of
glass, and simpler assortments were made (shingle,
staves, oars, beams, cart-wright material and oth-
ers). As new settlements were founded and ex-
panded and metallurgy and manufacture developed
in the 18th century, the forests were exploited even
more intensively. Timber trade received its impetus
when roads were built from the continental part of
the country towards the sea. Of particular impor-
tance for these forests was the building of the Caro-
line road from 1726–1732 (Karlovac – Vrbovsko –
Ravna Gora – Fu`ine – Kraljevica), and the Louise
road from 1805–1809 (Karlovac – Skrad – Delnice –
Rijeka). These roads had a particularly large influ-
ence on the forest of Belevine when increased exploi-
tation of bigger beech assortments took place, and
felling became more organised.

3.2. The period 1872–1931

The German families Thurn and Taxis, who owned
this forest, left their mark on the management.

The event of great significance from the begin-
ning of this period was the building of the railway
Zagreb – Karlovac – Rijeka from 1873–1878, which
led to almost complete disappearance of beech by
the end of the 19th century. For example, in the for-
mer district Zalesina there was 67% of beech in 1867,
19% in 1930, and 10% in 1980.

In the first 20 years, the German model of form-
ing pure conifer stands by removing beech was be-
ing introduced.

The first management treatments were carried
out in 1891/92, when pure fir stands with decreased
forest crop and broken canopy prevailed. To replace
the wind-fallen trees, reforestation with spruce was
prescribed until 1900. Only the sickest trees were
felled, and the place, time and method of selecting
and cutting trees – selection management – were set
down.
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In 1911/12, comprehensive regulation was car-
ried out when all trees above 32 cm were measured
and samples of tree heights taken. Data obtained
from those measurements and data from the mea-
surements in 1969 are compared in Table 1.

Financial maturity bearing the lowest interest of
3% dominated management practices. On this basis,
the dimension of cutting maturity of 56 cm and the
average diameter increment of 6 mm were obtained.
Since the maturity dimension of 56 cm corresponds
to the age of 100 years, the forest was divided into 4
age classes (Figure 1). Different tree ages within each
individual stand, accompanied with a long regener-
ation period of 40 years, were encouraged.

The most important feature of this period was the
idea to initiate and put into practice the notion of
forming pure conifer stands.

3.3. The period from 1950

In 1950 the forest Belevine, then a part of the for-
mer Forest Office Zalesina, was given over to the
Faculty of Forestry from Zagreb to manage and reg-
ulate for teaching and research needs. In the 50-year
period, the Faculty of Forestry has continuously
managed the forest Belevine in a unique manner,
and has consistently applied the following manage-
ment goals and guidelines set out at the beginning:

• to transform the even-aged and transitional
structures into the selection structure,

• to reduce the basal area to the optimal one of 34
to 37 m2

/ha,
• to conduct selection cutting of maximal inten-

sity of 25% in the stand every 10 years,
• to form mixed stands of fir and beech in the ra-

tio 80 : 20 with a selection structure and group
spatial arrangement of trees.

Management plans based on inventories were
regularly drawn up. At the beginning, they included
the total area, but later incorporated sample areas.
The first management plan followed the Instruction
from 1937, and the second involved the yield deter-
mined with Melard’s formula. Since 1963 the forests
have been managed using the New System method
of selection management.

The principles of intensive management in bio-
logical and technical sense were applied.

Management results can best be seen in the trends
of the growing stock, structure per tree species, in-
crement, and prescribed and conducted felling over
the last 50-year period (Figures 2, 3, and 4).
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Table 1 Comparision between 1911 and 1969 inventory

Year of
inventory

Number
of trees

Growing
trees

Volume of
average tree

m
3

m
3
/ha m

3

1911 D>32cm 33 698 56 744 202 1.69

1969 D>30cm 42 029 115 029 431 2.75

Figure 1 Age classes distribution

Figure 2 Trends in growing stock per ha in period 1950–1999



Trends in total and average growing stock per ha
in the last six inventories show that the total growing
stock has ranged from 120,000 to 130,000 m3, or 460
to 500 m3/ha. With regard to the constitution of
growing stock in terms of tree species, there has been
a constant decrease in the participation of fir in the
last 30 years. On the other hand, over this period the
participation of beech has increased from the initial
3% to 24% by the end of the period. This is a definite
indication of the processes influencing the change in
the internal structural relationships in stands.

The ratio between the measured increment in the
10-year period and the prescribed and conducted
felling in the same period shows that the measured
10-year increment was roughly 15,000–22,000 m3,
the prescribed 10-year felling quantity ranged from
24,000 to 29,000 m3, and the realised 10-year felling
quantity reached 22,000–30,000 m3. Over the whole
period the prescribed and realised felling exceeded
the measured increment with regard to the fact that
the existing growing stock was being reduced to the
normal stock. Aberrations from the prescribed and
realised felling were within the allowed limit ± 20%.

Generally, in the course of the last 48 years
113,309 m3 of the growing stock have been cut,
which corresponds to the amount of the forest tim-
ber on the stump, which has been constantly present
over this period. Assuming that the age of mature
trees (»production cycle«) in this selection forest is at
least 150 years, then in the course of one »production
cycle« three growing stocks of mature and immature

yields can be cut, which indicates a very high pro-
ductivity of this selection forest.

4. The existing state of Belevine forest in
preparing a new management plan

Preparatory activities aimed at drawing up the
new management plan involved comprehensive
measurement and recording of the existing state of
the stands in the management unit, which was car-
ried out in the summer of 1999. A square network
with 90 metre sides was laid down in each compart-
ment. At the network cross points, every 90 metres,
square plots of 900 m2 in size were staked out using
semi-diagonals. The following activities were car-
ried out in each plot: diameters of all trees above
5 cm breast height were measured, heights were
measured at three points, increment cores from three
trees closest to the centre of the plot were taken, an
increment core from each tree reaching the thickness
of 7.5 cm was taken, diameter and heights of two
dominant fir trees gravitating towards the plot were
measured, seedlings and young plants on the circu-
lar sub-plot of 4 cm in diameter were counted, plants
at a younger and more mature stage on the circular
sub-plot of 8 cm in diameter were counted, and site
and stand elements in the part gravitating towards
the sample plot were described.

The obtained mean height of dominant trees for
the whole forest of 35.5 m corresponds to previous
measurements. This date serves as a base for a mixed
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Figure 3 Trends in growing stock per ha in period 1950–1999
Figure 4 Trends in 10-year increment, prescribed and relized cut in pe-
riod 1950–1999



normal model of fir and beech in the ratio 80:20, with
maturity dimension of 70 cm for the fir and 40 cm for
the beech, which was also used as a base for manage-
ment in the past period.

The present state of the stands and the whole for-
est can best be shown in relation to the prescribed
normal model used in management.

The distribution of the number of trees and grow-
ing stock per diameter degrees (classes) in relation to
the mentioned normal model (Figures 5 and 6) was
shown for an average selection stand within the
most important management class Fir II, which cov-
ers 91% of the total forest area. Two things are notice-
able at first glance. There is a distinct surplus of the
total number of trees and growing stock with dbh
over 50 cm. Since the distribution of the number of
trees and growing stock of beech mainly corre-
sponds to the normal model, aberrations from the
normal model are reflected in the distribution of
trees and growing stock of fir. 93 m3/ha, or 26% of
the growing stock, are above the prescribed maturity
dimension of 70 cm for the fir. A large part of this
growing stock is over-mature and has a considerably
reduced increment. On the other hand, there is a dis-
tinct shortage of trees with dbh of 30 cm among the
trees with small to medium thickness.

With regard to the structure of an average selec-
tion stand in relation to a normal mixed model, it is
of vital importance to determine the state of natural
regeneration along with measured high transition
times (poorer tree increment).

As was said before, young plants classified into
four categories were counted in small experimental
plots. The results of counting per compartments,
transferred to the whole forest, are shown in Table 2.

Data in the table show a very bad state of natural
regeneration. With the exception of seedlings, which
appear and disappear every year, the number of
young plants and trees past the stage of the fight for
survival is unsatisfactorily small. This refers espe-
cially to the fir.

The effects of the above on the annual inflow, that
is, on the number of trees that enter the measurable
part of the stand, are shown by the following:

RecruitmenrFir = (N7.5 + N12.5) / 2 · t7.5 = (52 + 39) / 2 ·
· 31,2 = 1,5 trees/ha · per year

RecruitmentBeech = (N7.5 + N12.5) / 2 · t7.5 = (70 + 59) / 2 ·
· 24,6 = 2.6 trees/ha · per year

RecruitmentTotal = 4.1 trees / ha · yearly
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Figure 5 Stem-numbers by diameter classes – Manag. class Fir II Figure 6 Growing stock by diameter-classes – Manag. class Fir II

Table 2 State of natural regeneration

Number of plants per ha

1-year plants
2 year plants

to 0.5 m
height

0.5–1.3 m
heigt

1.3 m height
to 5 cm dbh

Fir 7 498 2 808 416 165

Beech 620 3 236 413 157

Total 8 118 6 044 829 322



The annual inflow of 4 trees per hectare is far be-
low the optimal. A steady and optimal inflow of
trees into the stand is the basic prerequisite for the
existence of a normal and stable selection structure.
The affects of the inflow on the trends of the total
number of trees for a normal pure fir model in the
second site class were simulated using the SD model
(^avlovi} 1997)(Figure 7). For example, according to
the picture, the inflow of 0 trees would result in a

halved number of all trees in a selection stand in 50
years’ time. Likewise, a constant inflow of at least 10
trees per hectare annually is a basic prerequisite for a
stable balance of a normal selection structure.

5. Discussion on the future management

The key management procedures in the future
period are determined by the state of selection
stands and the whole forest, as well as by what our
aims are. The existing state can be summarised by
two unfavourable facts: the surplus of over-mature
growing stock and poor natural regeneration. The
primary goal is to invoke positive processes over a
longer period that will result in a stable forest of a
normal selection structure.

By using the SD model of a selection stand
(^avlovi} 1996, 1997) and the established basic con-
ditions for the future management procedures, the
results of a possible future development of an aver-
age selection stand structure have been obtained.

The model contains the following features and
management procedures:

• there is a cause-consequence link and relation-
ship between the mature growing stock and the
inflow

• a normal mixed model of management used so
far will be used in the future

• almost all growing stock with a dbh over 70 cm
should be cut over the next 40 years

• the increase of fir and beech inflow from the ini-
tial 4 trees per hectare annually after the first
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Figure 7 Recruitment influence on stem-numbers – Normal non-mixed
model – Fir II

Figure 8 Trends in total stem-numbers – Management class Fir II Figure 9 Trends in growing stock – Management class Fir II



cut should reach the optimal one of 12 trees per
hectare annually at the end of a 50 year period

• diameter increment should be increased, that
is, shortened tree transition time ensured.

The simulation yielded the results of possible fu-
ture trends in the total tree number, growing stock
and yield (Figures 8 and 9), as well as the develop-
ment of selection stand structure (Figure 10).

In the first 30 years, the number of trees per hect-
are will gradually decrease. A more rapid growth in
the number of trees will follow as a result of the as-

sumed increased inflow in the last two thinning cy-
cles. The number of firs and beeches in the whole
period remains the same.

The trends in growing stock per ha, showing the
yield every 10 years, differ from the trends in tree
numbers. Over the 50-year period there is a gradual
drop in the total growing stock, faster at first faster
and slower later. It is exclusively the consequence of
a decreased growing stock of fir due to cutting down
mature and over-mature fir trees with dbh exceed-
ing 70 cm. In the beginning, the felling intensity is

Meh. {umar. 2001-2004, Special Issue of the Journal Nova meh. {umar., Vol. 26(2005), Issue 2 207

Regulation and management of selection forests in the management unit Belevine (201–209) J. ^AVLOVI] et al.

Figure 10 Trends in diameter distributions over future 50-years period



high (about 35%), and later it gradually declines. The
growing stock of beech has a constant value of about
80 m3/ha over the whole period. This means that
over the 50-year period such intensive felling treat-
ments, aimed at removing over-mature growing
stock, encouraging natural regeneration and improv-
ing the selection structure, will reduce the initial
growing stock of 430 m3/ha to 300 m3/ha, or to 75%
of the normal mixed model. As seen in Figure 9, if
transferred to the whole forest, during the first thin-
ning cycle a yield of 45,000 m3 could be cut, then of
40,000 m3, then 35,000 m3, 31,000 m3, and 26,000 m3.

In total, in the course of the next 50 years, 177,000 m3

will be cut within the presented management sce-
nario, which exceeds the felled amount in the last 50
years by 56%.

Extremely slow changes in the development of
an average selection stand structure are shown in
Figure 10. Over the 50-year period there is a slow de-
crease in the trees with dbh above 50 cm, and an in-
crease in the number of trees in the first two diame-
ter classes. Even after 50 years, there is a large void
relating to trees of medium thickness in relation to
the normal model. The question remains whether
another 50 years would suffice to achieve a satisfac-
tory normal selection structure, that is, a satisfactory
number of firs of medium thickness.

It should be pointed out that the results of the
simulation model refer to a long period of time. In
reality, such long-term planning should be comple-
mented with continuous and more sophisticated
planning of management procedures to reflect the
feedback in the man-forest system. There is also the
open question of the stability of the normal model
and the possible need for changeable normal models
with reference to the »developmental stage« of a se-
lection forest.

6. Conclusion

Over the time, the selection forest in the Manage-
ment Unit Belevine has gone through several devel-
opmental stages. They have been brought about by
various management procedures in the framework
of social, historical, economic and ownership rela-
tions, as well as by the changes in natural processes
in the forest over a long period of time. Therefore, at
a certain point in time it is important to note the posi-
tive natural processes and to follow them with ade-
quate management procedures, regulation methods,
dynamic normal models and technologies. How-
ever, these should always be subordinated to the
preservation of a stable and natural forest with a
maximal potential for both general and other bene-
fits from the forest.
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Quality of fir timber assortments from
the forest of fir and hardfern

(Blechno-Abietetum Ht.)

Marijan [u{njar, Ante P. B. Krpan, @eljko Ze~i}, Tomislav Por{insky

Abstract

The paper deals with the share of fir timber assortments by quality in the volume of pro-

cessed timber. The sample consists of 1,404 trees, 20–82 cm in breast height diameter. A total

of 4,319.29 m3 of timber assortments were processed and then categorized in 4 quality

classes with regard to their dimensions and wood defects. Timber volumes of processed trees

as well as absolute values of all quality classes increase with the increasing of the breast

height diameter. In relative values, the share of »A« quality-class assortment ranges be-

tween 15.2 % and 20.2 %. »B« quality class prevails in diameter classes ranging between

32.5 cm and 47.5 cm, while the share of »C« quality class is the highest with the class of

52.5 cm in diameter and more. The percentage share of »D« quality class is the highest with

22.5 cm diameter class and it makes 80.4 %.

Key words: fir, timber assortment, quality class, diameter class, timber volume

1. Main issues

The forest is a regenerative natural resource,
which performs its multifunctional role if managed
and used rationally (Martini} 1996). The importance
of the forest is shown through direct benefits (forest
products) and indirect benefits (ecological, protec-
tive and social function of the forest). Forest prod-
ucts are divided into wood and non-wood products.
Wood products are timber assortments. Non-wood
forest products are litter, mushrooms, forest fruits
and other live and non-alive substances, which are
rarely exploited. From the economic point of view,
timber assortments are the final products in forestry
so that the aim of forest management is to achieve
their highest quantity and best quality. The effi-
ciency of forest management implies the efficiency
of all forest activities. The aim of forest planning and
silviculture is to establish forest stands, which will
give the best possible quality of wood assortments at
the time of felling.

Evaluation and classification of wood assort-
ments by quality is based on size and frequency of
wood defects, and it is carried out in accordance
with standards, which specify the characteristics of
forest products. Timber assortments are placed to

the market classified into quality classes in compli-
ance with a specific standardization system. Thor-
ough knowledge of the share of wood assortments
by quality classes depending on forest communities
is, therefore, a very important economic, market and
organizational factor in forestry.

Forest scientists emphasize the importance of
knowledge of timber assortment quality all the time.
Generally, scientists dealing with issues of economic
possibilities of forests and forest management po-
tential base their research primarily on timber vol-
ume and quality of timber production (Martini}
1996).

Lipoglav{ek (1996) sets forth the importance of
knowing the quality timber assortments and their
classification by quality classes in forest harvesting
and market economy. Bojanin (1960) emphasis the
necessity of knowing the quality and quantity of
timber volume because of better economical timber
exploitation.

The paper deals with the research of the quality
of fir assortments. Fir is one of the most valuable spe-
cies in Croatian forestry. The share of fir is 9.4 % of
the total growing stock in Croatia. The share of fir is
about 28.2 mill. m3 or 10.1 % of the growing stock in
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the management of state forests. The share of fir is
20.2 % of growing stock in other state forests and
only 1.8 % in private forests. The annual felling vol-
ume of fir is about 350 000 m3. Furthermore, the de-
mand for fir assortments is very high on the Croatian
timber market.

Many scientists investigated the quality of fir
timber assortments. They wanted to establish on
which factors the quality of timber assortments de-
pended and which fir breast height diameters gave
the best economic effects.

Wood assortments are processed only from fir
stem and the quality of assortments depends on the
position in the stem. The lower half of the stem
length is mainly the zone of better quality. Mean
value of the assortment diameter decreases with the
increase of the distance from the stump and the
number and size of knots also increases from the be-
ginning of the crown upward, which all results in a
considerable decrease of the quality of assortments.

2. Area of research

Research was carried out in forest management
unit »Belevine« of Forest Educational and Training
Center »Zalesina« of the Faculty of Forestry Zagreb.
The area of forest management unit is 293.94 ha, of
which 283.20 ha are stocked area.

The forest management unit »Belevine« is situ-
ated on mild slopes at the altitude of 720–870 m
above sea level, exposed to the sun with moderate
inclination (up to 20 %). Zagreb – Rijeka highway
makes its border to the south, southwest and south-
east. According to Köppen’s classification the forest
is situated in C climatic zone – warm temperate and
rainy climate, »Cfsbx« type. Depending on the gro-
und basis, acidophilus geological structure, deep sil-
icate soils, such as podsol, brown acid and brown
podsol soil were developed.

The forest management unit »Belevine« is mostly
covered by fir forest with hardfern (Blechno-Abiet-

etum Ht.) on a second-rate quality site. These stands
are a mixture of beech and fir high selection forest. In
the ratio of the mixture fir and spruce make 86 % of
the growing stock, and beech 14 % but according to
the number of trees the share of fir is 57 %.

The principle of forest management sustainabi-
lity has been acquired with 10-year selection cycle
time and 70 cm felling diameter. The group selection
felling is practiced. The stands are in the phase of
thick trees since most of them have breast height di-
ameter of over 50 cm. The total growing stock is
126,500 m3 or 457.14 m3/ha of which the growing
stock of fir is 105,600 m3 or 382.37 m3/ha. 10-year
felling volume is determined on the basis of the ratio

between the actual and the optimum growing stock,
previous annual cut, maturity dimensions, measur-
ed increment, state of regeneration, health condi-
tions and purpose of the forest and it amounts to ap-
proximately 25,000 m3 (23,000 m3 of conifers). The
sanitary felling volume is 2 m3/ha per year.

3. Research method

Measured trees were felled and processed in
main felling of the selection cycle volume. Sanitary
felling trees made no part of the sample. Before fell-
ing, two breast-height diameters perpendicular to
each other were measured on standing trees and
then sorted into diameter classes. Timber assort-
ments were processed in accordance with the Cro-
atian timber standards (Standards for sorting and
measurement of unprocessed and processed timber,
Standards for coniferous veneer logs and sawmill-
-logs, mine timber and cordwood). Two mean diam-
eters and length (with allowance) were measured on
each timber assortment without bark (excluding
cordwood).

For the purpose of the investigation of the total
volume of processed fir-trees, timber assortments
were distributed into 4 quality classes with regard to
dimensions and wood defects. »A« quality class con-
tains assortments with mean diameter value of more
than 25 cm and very small wood defects (veneer logs
or best quality sawmill-logs). »B« and »C« quality
classes are made of sawmill-logs with different
wood defects. Timber assortments with the mean di-
ameter value lower than 20 cm are classified as »D«
quality class. As the criteria of quality classification
were based on the Croatian timber standards, these
quality classes are not equal with the European tim-
ber standards.

In data processing, the volumes of timber assort-
ments were calculated in accordance with the mea-
sured data. The volumes of timber assortments were
classified in accordance with the quality and diame-
ter classes and then total processed volume of the di-
ameter classes was presented. Summary values of
the assortment volumes by quality and diameter
classes were divided with the number of trees of the
pertaining class. In this way, mean values of the trees
of diameter classes were determines as absolute and
relative values of quality classes.

Absolute values of quality classes were regressed
with second-degree curves for each quality class.
The total processed timber volume of the mean di-
ameter class tree represents the sum of regressed as-
sortment volumes of this tree.

Relative values of assortment volumes by quality
classes were calculated in accordance with the total
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timber volume of the mean diameter class tree estab-
lished on the basis of regressed values of timber as-
sortment volume.

4. Results of research

The quality of fir timber assortments in the forest
of fir and hardfern on second rate quality site was in-
vestigated on the sample of 1404 trees with the breast
height diameter ranging between 20–82 cm (22.5–
82.5 cm diameter classes). The total volume of tim-
ber assortments was 4319.29 m3. The sample shown
in Figure 1 represents the number of trees and pro-
cessed volume by diameter classes. The values of
both indicators show the trend of normal distribu-
tion, with the arithmetic mean value with 52.5 and
57.5 cm diameter classes. The volumes of the pro-
cessed assortments are presented by diameter and
quality classes in Table 1. »A« quality class starts
with 27.5 cm diameter class. Diameter class of 22.5 cm
contains only assortments of »B« and »D« quality
classes.

The share of »A« quality class in the testing sam-
ple is 17 %. Assortments of »B« and »C« quality
classes make a major part of processed timber vol-
ume with the share of 34.4 % and 40.3 %. The share of
»D« quality class is only 8.3 %.

The share of quality classes in absolute values is
calculated by use of mean trees of diameter classes.
Summary values of volumes of timber assortments
by quality and diameter classes (data from Table 1)

are divided with the number of trees of the pertain-
ing diameter class. The obtained values are re-
gressed with second degree-curves for each quality
class. Equations and correlation indexes by quality
classes are shown in Table 2. Correlation indexes in-
dicate very strong link among data.

Table 3 and Figure 2 show regressed absolute val-
ues of the assortment volume by quality classes. Pro-
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Figure 1 The sample – Number of trees and processed volume by di-
ameter classes

Table 1 The sample – Number of trees and assortment volumes by quality and diameter classes

Diameter class, cm Number of trees

Volume

A B C D Total

m
3

22.5 10 – 0.65 – 2.67 3.32

27.5 19 – 2.37 2.13 5.59 10.09

32.5 42 6.20 15.21 11.42 9.24 42.06

37.5 79 19.27 30.77 34.67 14.79 99.50

42.5 140 41.52 86.49 83.75 27.47 239.22

47.5 202 80.04 168.47 159.62 35.04 443.17

52.5 244 116.26 233.22 273.41 48.45 671.35

57.5 224 113.21 268.27 313.90 52.01 747.38

62.5 182 124.23 235.62 310.32 58.19 728.37

67.5 133 118.89 184.43 268.98 47.82 620.11

72.5 86 69.27 168.10 176.57 35.94 449.88

77.5 35 42.27 65.67 86.53 15.26 209.73

82.5 8 3.97 26.01 20.23 4.92 55.12

Total 1404 735.13 1485.27 1741.52 357.38 4319.29

Proportion, % 17.0 34.4 40.3 8.3 100.00



cessed timber volume of mean trees of diameter
classes, as well as the share of all quality classes, in-
creases with increasing of the breast height diameter
of the tree. The share of »A« quality class increases
very quickly from 37.5 cm diameter class to 57.5 cm
(from 0.08 m3 to 0.63 m3) and then slowly to the value
0.83 m3 with 82.5 cm diameter class. »B« and »C«
quality classes increase considerably with increasing
of the breast height diameter. »B« quality class
achieves the highest volume values with mean tree
in 32.5 cm diameter class. The next best values are
achieved in the thickest diameter class of 82.5 cm.
»C« quality class starts with 27.5 cm diameter class,
but this quality class achieves the highest values of
mean tree volume from 37.5 cm to 77.5 cm diameter
classes. »D« quality class increases constantly with
increasing of the breast height diameter from 0.30 m3

to 0.59 m3. Volume of »D« quality class makes the
major part of mean tree volume in 22.5 cm and
27.5 cm diameter classes, while it has the lowest val-
ues of mean tree volume with all other diameter
classes.

Relative values of quality classes (Table 4 and
Figure 3) were calculated on the basis of regressed,
absolute values of the volume of quality classes by
diameter classes.

Relative values of the share of »A« quality class
assortment for 32.5 cm to 77.5-cm diameter class
range between 15.2 % and 20.2 %. The high relative
values of »A« quality class are noticed in 37.5 cm to
47.5 cm diameter classes (from 17.4 % to 19.4 %).
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Table 3 Regressed absolute values of quality classes by diameter
classes

Diameter
class

Volume

A B C D Total

cm m
3

22.5 – 0.17 – 0.30 0.46

27.5 – 0.21 0.04 0.25 0.50

32.5 0.08 0.28 0.25 0.22 0.82

37.5 0.21 0.38 0.46 0.20 1.25

42.5 0.34 0.51 0.68 0.19 1.73

47.5 0.45 0.68 0.91 0.19 2.23

52.5 0.55 0.88 1.14 0.21 2.78

57.5 0.63 1.11 1.38 0.24 3.36

62.5 0.70 1.37 1.62 0.29 3.98

67.5 0.75 1.66 1.87 0.34 4.63

72.5 0.79 1.99 2.12 0.41 5.32

77.5 0.82 2.35 2.38 0.49 6.04

82.5 0.83 2.73 2.65 0.59 6.80

Table 4 Relative values of quality classes by diameter classes

Diameter
class

Relative proportion

A B C D Total

cm %

22.5 19.6 80.4 100.0

27.5 23.5 21.1 55.4 100.0

32.5 14.7 36.2 27.1 22.0 100.0

37.5 19.4 30.9 34.8 14.9 100.0

42.5 17.4 36.2 35.0 11.5 100.0

47.5 18.1 38.0 36.0 7.9 100.0

52.5 17.3 34.7 40.7 7.2 100.0

57.5 15.1 35.9 42.0 7.0 100.0

62.5 17.1 32.3 42.6 8.0 100.0

67.5 19.2 29.7 43.4 7.7 100.0

72.5 15.4 37.4 39.2 8.0 100.0

77.5 20.2 31.3 41.3 7.3 100.0

82.5 7.2 47.2 36.7 8.9 100.0

Table 2 Equations and correlation indexes

Quality class Equation Corelation index

A y = –1,16 + 0,047 x – 0,0003 x
2

0.82

B y = 0,38 – 0,024 x + 0,0006 x
2

0.97

C y = –1,01 + 0,035 x – 0,0001 x
2

0.99

D y = 0,66 – 0,022 x + 0,0003 x
2

0.98

Figure 2 Regressed absolute values of quality classes by diameter
classes



However, they vary with the increase of the breast
height diameter and achieve the maximum value of
20.2 % with 77.5 cm diameter class. The diameter
class of 82.5 cm has the minimum relative value of
»A« quality class (7.2 %). »B« quality class prevails
in diameter classes ranging between 32.5 cm and
47.5 cm (from 30.9 % to 38.0 %) and it achieves the
maximum value in 82.5-cm diameter class account-
ing for 47.2 % of the mean tree volume. The sample
of 82.5 cm diameter class contains only 8 felled and
processed trees, so that relative values of »A« and
»B« quality classes of this diameter class are affected
by the small number of data. »C« quality class pre-
vails in 52.5 cm diameter class and higher with ap-
proximately 40 % of the mean tree volume. The share
of »D« quality class is the highest in 22.5 cm diame-
ter class (80.4 %) and 27.5 cm diameter class (55.4 %),
but in 42.5 cm classes and higher it ranges unevenly
between 7.0 % and 8.9 % of the mean tree volume.

The analysis of the relative values of quality class
of mean trees among diameter classes shows the
highest volume of »A« quality class, 20.2%, in 77.5 cm
diameter class. In the same diameter class, the rela-
tive share of »B« quality class is 31.3 %, »C« quality
class – 41.3 % and »D« quality class – 7.3 %. In
47.5 cm diameter class there is a slightly lower share
of »A« quality class (18.1 %), while the ratio between
»B« and »C« quality classes is more favorable (38.0 %
and 36.0 %). The difference in the share of »D« qual-
ity class between these diameter classes is small
(7.9 % instead of 7.3 %).

5. Conclusions

• The quality of timber assortments depends on
breast height diameter.

• The amounts of all quality classes increase with
increasing of breast height diameter.

• The »A« quality class starts with 32.5 cm diame-
ter class and the relative value ranges between 15
and 20 % up to 77.5 cm diameter class.

• »B« quality class prevails in 32.5 cm to 47.5 cm di-
ameter classes (from 30.9 % to 38.0 %) and it
achieves the maximum value with 82.5 cm diam-
eter class – 47.2 % of the mean tree volume.

• »C« quality class prevails with 52.5 cm diameter
class and higher and accounts for 40 % of the
mean tree volume.

• The relative values of »D« quality class are the
highest in 22.5 cm and 27.5 cm diameter classes
(80.4 % and 55.4 %), but in 42.5 cm diameter class
and higher they range unevenly between 7.0 %
and 8.9 %.

The acquired knowledge on the structure of fir
timber assortments will be a considerable contribu-
tion to establish a better and more functional man-
agement of fir and hardfern forest. At the same time,
with the purpose of developing the production of
wood assortments, the research on the quality of
timber assortments should also involve other fir for-
est communities in order to cover the quality of fir as
a whole. Research should also be applied to other
most represented tree species in the Croatian for-
estry (oak, beech and ash).
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Figure 3 Relative values of quality class of mean trees among diameter
classes
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Expert bucking of wood assortments aimed
at enhancing the utilisation of the annual

cut and increasing the revenue from the
sale of wood assortments

Andrija [tefan~i}

Abstract

The paper shows the results of expert bucking and sorting of wood assortments in quality

classes specified by Croatian Standards for forest harvesting products, achieved in the public

enterprise »Hrvatske {ume« Inc. Zagreb (»Croatian Forest« Inc. Zagreb), from January to

June 1999.

In order to improve the utilization of the annual cut and increase profit from the sale of wood

assortments in »Hrvatske {ume« Inc. Zagreb, we have accomplished the following:

• In the plan for 1999, we determined the quantity and quality of wood assortments by use

of unique wood assortment tables (H[-DOZ).

• We organized training of qualified personnel for working on bucking and sorting of wood

assortments in quality classes as provided by Croatian Standards for forest harvesting

products.

• We established the system for performing expert control of bucking and sorting of wood

assortments in quality classes and determining justified deviations from the applied wood

assortment tables.

• The profit from the sale of wood assortments was established as the base for stimulating re-

muneration at the level of forest administration.

The analysis of the effects of these measures in the period from January to June 1999, com-

pared with the same period in 1998, shows a much higher share of more valuable wood as-

sortments in the total volume of produced wood assortments and higher profit achieved by

their sale. The share of veneer logs increased from 5.07% to 6.83%; of peeler logs from

2.40% to 3.17%; of I class saw logs from 13.70% to 16.10% and the share of II class saw

logs decreased from 19.49% to 18.35%; of III class saw logs from 10.72% to 10.64%; of thin

technical roundwood from 2.57% to 1.63% and of cordwood from 46.05% to 43.28%. The

revenue achieved by sale of wood assortments increased from 473,130,312 HRK in 1998 to

508,229,667 HRK in 1999.

The results are shown in form of tables and figures.

Key words: annual cut, wood assortment, share of wood assortments, logs, thinner technical

roundwood, cordwood

1. Introduction

»Hrvatske {ume« – a public enterprise for the
management of forests and forestland in the Repub-
lic of Croatia, manage the forests of a total area of
1,991,537 ha. Wood stock in these forests amounts to

278,324,000 m3, the annual increment is 8,123,496 m3

and the annual cut 4,934,199 m3.

The main yield in total annual cut amounts to
2,084,747 m3 or 42.25%, general yield to 1,343,904 m3

or 27.24% and previous yield to 1,505,548 m3 or
30.51%. The specified annual cut represents large re-
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sources and hence due attention should be paid to its
harvesting.

By competent and dedicated work on bucking
wood assortments and determining their quality pur-
suant to Croatian Standards for forest harvesting
products, it is possible to achieve considerable impro-
vement of quality of wood assortments and increase
profit from their sale on the market. Therefore, in
1999 we, »Hrvatske {ume« Inc. Zagreb, decided to
find possibilities for better utilization of annual cut
through improvement of wood assortment quality.

2. Scope of research

»Hrvatske {ume« Inc. Zagreb, manage the forests
and carry out harvesting operations throughout the
territory of the Republic of Croatia. Forests are very
different in view of the represented species of trees,
silvicultural forms of stand age and quality of speci-
fied annual cut. It is, therefore, very difficult to deter-
mine in advance the volume and quality of wood as-
sortments, which can be produced by use of the an-
nual cut, at the level of »Hrvatske {ume« Inc. Zagreb
and at lower organizational levels. Bucking and sort-
ing of wood assortments is carried out by more than
two thousand forestry engineers and technicians,
with different, earlier acquired habits and insuffi-
ciently trained and motivated to perform these jobs
professionally and conscientiously.

The analysis of wood assortment production bro-
ken down by quantity and quality in the past years
shows very different utilization of an average an-
nual cut at the level of regional forest stations and
forest administrations. Different utilization of the
annual cut in regional forest stations and forest ad-
ministrations partly derives from differences in struc-
ture and quality of the annual cut and partly from
the difference in quality of performed bucking and
sorting of wood assortments.

The structure and quality of the annual cut can-
not be easily changed so we have decided to raise the
level of competence and responsibility in carrying
out bucking operations and determining quality of
wood assortments.

3. Aims of research

The research is aimed at improving the utiliza-
tion of the annual cut, through an increased share of
more valuable wood assortments and achieving
higher profit from their sale on the market compared
to the results in the past years.

The set goal should be achieved in the course of
1999 by expert work on bucking wood assortments

and determining their quality in compliance with
the Croatian Standards for forest harvesting prod-
ucts.

4. Method of work

The analysis of the achieved production of wood
assortments in the last several years (1995–1998)
shows that that these results, related to volume and
quality, are far from the results obtained by research
of the structure of wood assortments for common
oak, sessile oak, common beech and field ash. The
deviations were very different in forest administra-
tions implying that they mostly resulted from non-
-professionally performed bucking operations and
inadequate sorting of wood assortments.

Consequently we became aware that better utili-
zation of the annual cut could increase considerably
the profit from the sale of wood assortments. Hence
we fully focused our attention on better utilization
of the annual cut in »Hrvatske {ume« Inc. Zagreb
undertaking the following:

• In 1998 we organized the training of qualified
personnel for bucking and sorting wood assort-
ments in quality classes pursuant to Croatian
Standards for forest harvesting products.

• The volume and quality of wood assortments
in the felling plan for 1999 was defined, from
the department level upward, by use of unique
wood assortment tables (HS-DOZ).

• We established the system for controlling the
performance of bucking and sorting wood as-
sortments and determining deviations from the
applied wood assortment tables.

• The profit from the sale of wood assortments
was the base for stimulating remuneration at
the level of forest administrations.

5. Results of research

The actions undertaken in »Hrvatske {ume« Inc.
Zagreb showed good effects in improved utilization
of the annual cut and increased profit achieved from
the sale of wood assortments from January to June
1999.

In comparison with the same period in 1998, consi-
derably higher share of valuable wood assortments
was achieved in average net annual cut. The share of
veneer logs increased from 5.07% to 6.83%, of peeler
logs from 2.40% to 3.17%; of I class saw logs from
13.70% to 16.10% and the share of II class saw logs
decreased from 19.49% to 18.35%; of III class saw
logs from 10.72% to 10.64%; of thin technical round-
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Table 1 Production trends of wood assortments from January to June in several years

Wood assortments

Year

1995 1996 1997 1998 1999

m3 % m3 % m3 % m3 % m3 %

Logs 569 600 45.40 707 992 48.91 702 405 47.02 807 942 51.39 817 841 55.08

Thin rounwood 69 600 5.55 48 917 3.38 80 425 5.38 40 381 2.57 24 300 1.64

Cordwood 615 300 49.05 690 610 47.71 711 081 47.60 723 863 46.04 642 578 43.28

Total 1 254 500 100.00 1 447 519 100.00 1 493 911 100.00 1 572 186 100.00 1 484 719 100.00

Table 2 Production trends of logs from January to June in several years

Wood assortments

Year

1995 1996 1997 1998 1999

m3 % m3 % m3 % m3 % m3 %

Veneer and peeler logs 93 100 16.34 110 443 15.60 88 747 12.63 117 451 14.54 148 363 18.14

Thin rounwood 476 500 83.66 597 549 84.40 613 658 87.37 690 491 85.46 669 478 81.86

Total 569 600 100.00 707 992 100.00 702 405 100.00 807 942 100.00 817 841 100.00

Table 3 Comparison of wood assortment production broken down by wood species from january to june 1999 and 1998

Wood species Period

Wood assortment production from january to june 1999 and 1998 in m3

Logs
Logs total

Thin technical
roundwood

Cordwood Total
F L I II III

Common oak

I–VI 1999 39 838 44 380 47 356 44 999 176 573 1 246 42 645 220 464

I–VI 1998 22 875 31 835 46 128 46 268 147 106 2 085 48 647 197 838

% 99/98 174.16 139.41 102.66 97.26 120.03 59.76 87.66 111.44

Sessile oak

I–VI 1999 3 724 15 684 17 832 13 112 50 352 1 747 41 817 93 916

I–VI 1998 3 885 13 649 24 902 12 135 54 571 1 336 46 854 102 761

% 99/98 95.86 114.91 71.61 108.05 92.27 130.76 89.25 91.39

Beech

I–VI 1999 33 476 39 550 80 716 83 450 56 386 293 578 2 541 255 289 551 408

I–VI 1998 28 934 31 411 78 454 103 848 58 911 301 558 19 352 291 208 612 118

% 99/98 115.7 125.91 102.88 80.36 95.71 97.35 13.13 87.67 90.08

Ash

I–VI 1999 5 994 12 994 20 360 39 348 719 12 721 52 788

I–VI 1998 8 115 13 715 23 295 45 125 1 210 15 587 61 922

% 99/98 73.86 94.74 87.4 87.2 59.42 81.61 85.25

Other
broadleaved
hardwood

I–VI 1999 1 162 136 10 327 18 909 123 30 657 1 299 211 641 243 597

I–VI 1998 984 260 10 151 20 805 900 33 040 1 474 214 134 248 648

% 99/98 118.09 68 101.73 90.89 13.67 92.79 88.13 98.84 97.97

Broadleaved
softwood

I–VI 1999 11 298 7 228 24 090 29 292 71 908 3 290 31 629 106 827

I–VI 1998 10 709 6 123 19 171 22 126 58 129 2 778 43 531 104 438

% 99/98 105.5 118.05 125.66 132.39 132.7 118.43 72.66 102.29

Conifer

I–VI 1999 5 843 114 50 861 55 203 43 404 155 425 13 458 46 836 215 719

I–VI 1998 4 165 50 48 479 65 331 50 388 168 413 12 146 63 902 244 461

% 99/98 140.29 228 104.91 84.5 86.14 92.29 110.8 73.29 88.24

Total

I–VI 1999 101 335 47 028 239 052 272 402 158 024 817 841 24 300 642 578 1.484 719

I–VI 1998 79 667 37 784 215 454 306 435 168 602 807 942 40 381 723 863 1.572 186

% 99/98 127.2 124.47 110.95 88.89 93.73 101.23 60.18 88.77 94.44



wood from 2.57% to 1.63% and of cordwood from
46.05% to 43.28%.

The profit realized from the sale of wood assort-
ments for the period January–June, increased from
473,130,312 HRK in 1998 to 508,229,667 HRK in 1999
amounting to 35,099,355 HRK or 7.42%.

The results are shown in Tables 1–4 and Figures
1–3.

6. Conclusion

In the period from January–June 1999, the utiliza-
tion of the average annual cut was improved in
»Hrvatske {ume« Inc. Zagreb.

The utilization of more valuable wood assort-
ment was increased by professional work on buck-
ing wood assortments and determining their quality
in compliance with the Croatian Standards for the
products of wood harvesting.
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Table 4 Comparison of share of produced wood assortments in processed net wood mass from january to june 1999 and 1998

Wood species Period

Share of produced wood assortments in processed net wood mass in %

Logs
Logs total

Thin technical
roundwood

Cordwood Total
F L I II III

Common oak

I–VI 1999 18.07 20.13 21.48 20.42 80.09 0.57 19.34 100.00

I–VI 1998 11.56 16.09 23.32 23.39 74.36 1.05 24.59 100.00

% 99/98 156.31 125.11 92.11 87.26 107.71 54.29 78.65 100.00

Sessile oak

I–VI 1999 3.97 16.70 18.99 13.96 53.62 1.86 44.52 100.00

I–VI 1998 3.78 13.28 24.23 11.81 53.10 1.30 45.60 100.00

% 99/98 105.03 125.75 78.37 118.20 100.98 143.08 97.63 100.00

Beech

I–VI 1999 6.07 7.17 14.64 15.13 10.23 53.24 0.46 46.30 100.00

I–VI 1998 4.73 5.13 12.82 16.97 9.62 49.27 3.16 47.57 100.00

% 99/98 128.33 139.77 114.20 89.16 106.34 108.06 14.56 97.33 100.00

Ash

I–VI 1999 11.35 24.62 38.57 74.54 1.36 24.10 100.00

I–VI 1998 13.11 22.15 37.62 72.87 1.95 25.18 100.00

% 99/98 86.58 111.15 102.53 102.29 69.74 95.71 100.00

Other
broadleaved
hardwood

I–VI 1999 0.48 0.06 4.24 7.76 0.05 12.59 0.53 86.88 100.00

I–VI 1998 0.40 0.08 4.08 8.37 0.36 13.29 0.59 86.12 100.00

% 99/98 120.00 75.00 103.92 92.71 13.89 94.73 89.83 100.88 100.00

Broadleaved
softwood

I–VI 1999 10.58 6.76 22.55 27.42 67.31 3.08 29.61 100.00

I–VI 1998 10.25 5.86 18.36 21.19 55.66 2.66 41.68 100.00

% 99/98 103.22 115.36 122.82 129.40 120.93 115.79 71.04 100.00

Conifer

I–VI 1999 2.71 0.05 23.58 25.59 20.12 72.05 6.24 21.71 100.00

I–VI 1998 1.70 0.02 19.83 26.73 20.61 68.89 4.97 26.14 100.00

% 99/98 159.41 250.00 118.91 95.74 97.62 104.59 125.55 83.05 100.00

Total

I–VI 1999 6.83 3.17 16.10 18.35 10.64 55.09 1.63 43.28 100.00

I–VI 1998 5.07 2.40 13.70 19.49 10.72 51.38 2.57 46.05 100.00

% 99/98 134.71 132.08 117.52 94.15 99.25 107.22 63.42 93.98 100.00

Figure 1 Production trends of wood assortments from January to June in
several years



Better utilization of the average annual cut re-
sulted in the increase of the revenue from the sale of
wood assortments by 35,099,355 HRK or by 7.42%
compared to the same period in 1998.

These results were achieved by adequate training
of qualified personnel for the operations of bucking
and sorting wood assortments, better motivation for
professional performance of these operations and by
establishing efficient control over these activities.

These actions should be continued so as to main-
tain the achieved level and further develop the utili-
zation of the annual cut in »Hrvatske {ume« Inc.
Zagreb.
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Croatian forest nursery production

Milan @gela

Abstract

Serious deterioration of the natural balance of our forest stands causes their complex reaffor-

estation by giving an ever growing significance to seed collection and production of forest

seedlings as one of the most important factors for regeneration and sustainability of forest

stands. In addition, there are large areas of unstocked forestland, which represent considerable

economic and ecological potential. As a result, forestry experts must seriously deal with the or-

ganization of forest seedlings production especially in the areas of our most valuable hardwood

forests i.e. the Karst areas along the coast, which are barren or covered with degraded forests.

These are the reasons why most of the nurseries are located in these areas. We have 44 nurser-

ies (16 main and 28 auxiliary) active in nursery production covering a gross area of 484 ha,

and producing 30–35 million seedlings and an annual supply of 14–17 million seedlings (2, 3,

4 year olds and one year olds grown in containers). The majority of the seedlings are grown

traditionally in the ground: broad-leaved (11–14 mil. pcs) of which pedunculate oak covers

65%; 2–2.5 mil are coniferous seedlings (spruce 70%), while the production of seedlings with

wrapped roots intended for the coastal area amount to 1–2 mil. Depending on the require-

ments for seedlings in the years to come, with only a minor investment, the annual delivery of

forest seedlings would be further increased by 50% (21–26 mil.). Increased production with

expert personnel (main nurseries are usually headed by graduated forestry engineers) and

full-time employees (3–7 workers), and average nursery production equipment (slow mowed

tractor equipped with basic and advanced tools for soil tilling, Rath and Egedal machines,

plastic and glass greenhouses) will also enable the construction of a new nursery for modern

seedling container production intended for planting in coastal areas (Piket near Zadar). Of

course, increased production depends on long-term requirements, which have to be harmo-

nized by forestry experts and defined by species, amount, age and areas of demand. With the

establishment of managing structures for nursery production, the facilities that remain unre-

served must be used for the production of export seedlings as well as decorative flower and

bush seedlings for known buyers (domestic and foreign).

Key words: nurseries, seedlings, seed, nursery mechanization

1. Introduction

Nursery in the Republic of Croatia and the condi-
tions and possibilities for seedlings production now-
adays and in future should be taken into consider-
ation and developed in accordance with the basic
task of forestry profession and forestry experts: re-
generation of forest stands and improvement of
wood mass structure in them. Scientific theses, for-
estry conceptions and our legal regulations support
natural regeneration of our stands so that our nurs-
eries are left with the task of emergency seasonal
supplying with seedlings of parts of our forestland
where natural regeneration has not quite worked
out or has completely failed.

Nursery must, by all means, provide seedlings of
satisfying quality and quantity even for the land just
brought into the forest stock (extended biological re-
production), i.e. for regeneration of forest stands of
other forest owners.

Serious deterioration of the natural balance of
forest stands and an increasing lack of regular regen-
eration of forest tree species gives an ever-growing
significance to seed collection and production of for-
est seedlings. It requires very careful application of
the acquired forestry knowledge and skills related to
regeneration, preservation and development of the
forest stock. The source of forest seeds of unques-
tionable quality is the very base of nursery activities.
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Our natural stands and seed facilities located the-
rein are the source of seeds from which nurseries are
supplied.

Forest seed sources can (to a lower extent) also be
broad-leaved and coniferous forest cultures, auto-
chthonous or allochothonous tree species, grown as
seed plantations.

Since the Republic of Croatia gained independ-
ence, seed supply of domestic tree species has most-
ly been carried out from our own seed facilities. Co-
niferous seeds are put through final processing stag-
es in our new seed extraction plant, which makes
part of the Forestry Institute in Jastrebarsko.

It should be noted that the aid of nursery in the
renewal of our stands is 80% for broad-leaved for-
ests, 12% for coniferous forests and 8% of nursery ca-
pacities are used for the production of coniferous
and broad-leaved seedlings for our coastal area – the
Karst area. The production of pedunculate oak seed-
lings makes almost half of all nursery activities
(45%), 13% is related to the production of sessile oak
seedlings, 16% to the production of ash seedlings,
3% to alder seedlings and 3% to other broad-leaved
species.

Along with these figures all current and future is-
sues relevant to forestry as a whole and nursery as
part of forestry activities should be taken into con-
sideration.

2. Survey of the present situation

The tradition of nursery in Croatia is very long.
Its 100 anniversary has already been celebrated. It is
true, however, that from its beginning to the end of
World War II the production of forest seedlings
mostly occurred in small nurseries, the so-called nur-
series at hand. The tendency of opening a larger
number of nurseries in Croatia could be seen in
1960’s and these nurseries are still in use. Today, the
public enterprise »Hrvatske {ume« (»Croatian For-
ests«) have 44 registered nurseries covering a gross
area of 484 ha (Table 1).

Broad-leaved and coniferous trees are produced
in 26 nurseries and in 18 only broad-leaved trees.
More than half nurseries cover an area of less than
10 ha, 8 nurseries cover an area of 11–15 ha, 4 nurser-
ies 16–20 ha and 8 nurseries cover a gross area of
more than 20 ha.

The largest nurseries of broad-leaved production
are »Zalu`je« (oak and ash) – Forest Administration
Vinkovci; »Vi{njevac« and »Topolje« (poplar and
willow) – Forest Administration Osijek; »Limbu{« –
Forest Administration Koprivnica; the nurseries
»Hajdarevac« and »Cernik« for the production of

broad-leaved and coniferous trees – Forest Adminis-
tration Po`ega and Nova Gradi{ka; »Mo~ile« – Forest
Administration Koprivnica; exclusively for conifers:
»O{tarije« – Forest Administration Ogulin, »Ku`elj«
– Forest Administration Delnice and »Fran}eskija« –
Forest Administration Buzet for the production of
coniferous and broad-leaved trees for our coastal
area.

The development of nurseries in Croatia is str-
ongly affected by the results of investigation carried
out in the nurseries of the Forest Institute Jastre-
barsko and the Faculty of Forestry Zagreb.

Preliminary designs and feasibility studies as
well as recommendations for the development of
work techniques and technologies have been pre-
pared for many nurseries in Croatia.

The Forestry Institute with its nursery has a di-
rect impact on the development of the nursery pro-
duction in Croatia and on meeting the demand of
some forest administrations for seedlings.

Apart from being relatively well equipped with
the basic machines (tractors) the nurseries are well
equipped with the attachments for the basic and
supplementary soil tilling.

Speaking of nursery mechanization, it must be
said that nurseries are well equipped with complete
groups of foreign products.

To tell the truth the mechanization is 10 years old
or more (Rath) and modernized by purchase of new
spare parts of »Egedal« nursery machines and Steyr
tractors for all major nurseries where seedlings are
produced traditionally.

As far as technology is concerned, all major conti-
nental nurseries, which produce broad-leaved trees
traditionally in the ground (sowing in rows or in
bulk) on seedbeds use the same group of machines
(e.g. Rath) for nursery seedling production. These
are Zalu`je, Gaji}, Hajderovac, Cernik, Mo~ile, Lu-
kavec, Limbu{, O{tarije, Ku`elj.

The nursery Zdena~ki Gaj has purchased new
Egedal machines and most of the above said nurser-
ies use some parts of this group of machines (e.g. ex-
tractors, trimmers, etc.).

Most nurseries do not have enough water or wa-
ter accumulation, for the necessary watering of for-
est seedlings.

Since most nurseries were developed from hand
nurseries, by implementing various anthropological
measures, as a rule the soil in nurseries is of low or
average humus content (less than 2%) and of bad
structure, this being one of the limiting factors of
seedling quality together with water.

Only major nurseries have full-time and quali-
fied personnel. Part-time employees are almost a
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Tablica 1 Survey of nurseries registered as producers of forest seedlings

Nursery Forest office Total area
ha

Production of:

Broadleaved species Conifers

Zalu`je Vinkovci 22.21 +

Vi{njevac Osijek 27.80 +

Poloj Beli Manastir 4.93 +

Topolje Valpovo 15.75 +

Repnjak Beli Manastir 25.00 +

Biljski rit Darda 9.60 +

[arkanj Batina 9.20 +

Tikve{ Tikve{ 13.41 +

Gaji} Na{ice 7.50 + +

Lanik Donji Miholjac 6.07 +

Bobrovac Slatina 5.38 +

Cernik Nova Gradi{ka 19.50 +

Hajderovac Kutjevo 21.59 + +

Zdena~ki gaj Grubi{no Polje 10.09 +

Jantak ^azma 3.52 +

Sjevernjaci Ivanska 3.81 + +

Grahovljani Pakrac 6.01 + +

Mo~ile Koprivnica 12.75 + +

Limbu{ Klo{tar Podravski 15.31 +

Zelendvor Vara`din 16.68 + +

Drnje Koprivnica 11.76 +

@upetnica Kri`evci 3.00 + +

Travnik Ludbreg 1.00 +

Podturen ^akovec 5.00 +

Gaj Kutina 34.47 +

Lukavec Velika Gorica 23.96 + +

Brestje Dugo Selo 14.92 +

O{tarije Josipdol 32.56 + +

Ku`elj Skrad 4.59 + +

Podbadanj Crikvenica 1.46 + +

Vujnovi} brdo Gospi} 14.97 + +

Fran}eskija Buje 19.15 + +

[ijana Pula 2.59 + +

Liskovac Split 1.30 + +

Svilaja Sinj 3.37 + +

Bo~ina Metkovi} 2.05 + +

Piket Zadar 9.90 + +

Vo{tarnica Zadar 0.30 + +

III. Kono Dubrovnik 0.30 + +

Trolokve Bra~ 1.00 + +

Borak Imotski 3.20 + +

Slavinj Split 0.18 + +

Duboka dolina Slatina 5.27 + +

Lisi~ine Vo}in 28.12 + +

Total 483.99 + +



rule in nursery production. Taking in consideration
the production volume (quantity) in the last 20
years, it can be seen that the average annual volume
from 1971 to 1980 was approximately 5 million piec-
es of broad-leaved seedlings and 11 million pieces of
coniferous seedlings and from 1981 to 1990 approxi-
mately 13 million pieces of broad-leaved seedlings
and 6 million pieces of coniferous seedlings (meet-
ing the requirements for the renewal of stands of the
entire territory of the Republic of Croatia).

Upon the establishment of the public enterprise
»Hrvatske {ume« p.o. Zagreb for the management of
forests and forestland in the Republic of Croatia, or-
ganized production and supply of forest seedlings
has started for all our forest stations (Table 2).

The annual demand, i.e. the nursery supply, can
be easily seen: 11 million pieces of broad-leaved

seedlings, 2 million coniferous seedlings and more
than 1 million forest seedlings for the plantation in
the Karst region of our coastal area.

Considering the participation of individual for-
est species in these groups, we can see that the pro-
duction and supply are based on approximately 7 mil-
lion pieces of pedunculate oak seedlings, 1.3 million
pieces of common spruce and 0.6 million pieces of
black pine (of Mediterranean origin), which repre-
sents 2/3 of the total volume of seedlings produced
in or supplied by nurseries.

The above figures refer to traditional production
of seedlings, excluding nurseries on the coast, where
seedlings are produced in containers as a rule. The
share of seedlings with coated root system is less
than 5% in total production of continental nurseries.
Larger nurseries also produce horticultural trees and
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Tablica 2 Nursery delivery of forest seedlings (1991–1998)

Species
Delivery (in 000 pieces)

Total Yearly
1991 1992 1993 1994 1995 1996 1997 1998

Pedunculate oak 6 430 10 070 3 832 5 793 10 181 8 009 6 361 5 527 56 203 7 025

Sessile oak 1 321 2 516 355 1 867 1 784 2 034 2 062 1 667 13 606 1 701

Field ash 1 811 1 518 1 363 1 814 760 1 369 1 349 1 571 11 555 1 444

Black alder 284 225 90 754 471 737 470 459 3 499 437

Euro-American poplar 42 53 18 63 69 68 55 66 434 54

Willow 31 16 19 41 22 33 18 24 204 26

Beech – – – 20 45 37 64 – 166 21

Other broad-leaved species 13 5 18 202 92 8 30 101 469 59

Broadleaved species 9 932 14 403 5 695 10 554 13 424 12 295 10 418 9 415 86 136 10 767

Spruce 1 243 1 706 1 089 1 878 1 369 1 050 1 100 1 014 10 449 1 306

Black pine 324 355 165 422 236 136 199 189 2 026 253

Scots pine 148 65 62 191 89 191 96 25 867 108

Larch 283 215 74 189 84 77 68 65 1 055 132

Douglas fir 88 72 24 105 45 26 56 53 469 59

Fir 34 15 36 30 79 20 – – 214 27

Other conifers 28 11 6 19 9 3 – – 76 10

Conifers 2 148 2 439 1 456 2 834 1 911 1 503 1 519 1 346 15 156 1 895

Holm oak – – 2 10 19 17 23 – 71 9

Pubescent oak 3 – 3 34 48 137 26 50 301 38

Other broad-leaved species 14 8 – – – – – – 22 3

Black pine 78 85 180 794 687 847 820 1 100 4 591 574

Cluster pine 60 38 110 314 395 536 458 162 2 073 259

Aleppo pine 81 47 2 160 76 90 181 148 785 98

Stone pine 12 11 33 140 90 56 146 172 660 82

Cypress 5 7 25 173 144 376 60 176 966 121

Cedar 12 18 154 8 2 8 13 15 230 29

Other Mediterr. species 39 57 – 2 47 71 35 – 251 31

Mediterranean species 304 271 509 1 635 1 508 2 138 1 762 1 823 9 950 1 244

Total 12 384 17 113 7 660 15 023 16 843 15 936 13 699 12 584 111 242 13 906



bushes for arranging parks and other green areas. A
vast range of decorative species of different market
value is typical for this kind of production.

3. Projection of nursery activities in
the enterprise »Hrvatske {ume«

Past forestry experience and knowledge should
give the projection of nursery activities in Croatia
based on:

• the condition of natural regeneration of our
stands and the demand for seedlings,

• possibility of investment in the extended bio-
logical reproduction,

• condition and need for renewal of private for-
est properties,

• condition and potential of our nurseries from
technical – technological point of view.

The demand for seedlings for the period 1999–2003
was derived from the said assumptions (Table 3).

Based on the above said, the following should be
done in future:

• complete the equipment and personnel of the
main (central) nurseries,

• support the existing hand nurseries.

The main nurseries must have the following pro-
perties:

• sufficient area and favorable soil,

• qualified personnel employed full time,

• complete nursery equipment – West-European
group of machines and other mechanization,

• sufficient quantities of permanently available
water,

• properly enclosed nursery,

• agreed and contracted production.
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Tablica 3 The demand for seedlings for the period 1999–2003

Species
Year

1999 2000 2001 2002 2003

Pedunculate oak 7 609 8 191 8 042 7 694 7 449

Sessile oak 2 151 2 222 2 360 2 490 2 264

Field ash 3 062 2 969 2 876 2 893 2 842

Black alder 554 652 665 473 476

Beech 47 38 43 54 42

Cherry 27 8 7 8 7

Lime 22 – – – –

Maple 22 6 2 5 2

Broadleaved sp. 13 494 14 086 13 995 13 617 13 082

Spruce 883 911 891 952 811

Larch 93 85 105 81 79

Black pine 221 204 220 186 194

Scots pine 79 79 79 79 79

Common fir 8 9 8 8 8

Douglas fir 51 51 52 52 52

White pine 51 51 52 52 52

Conifers 1 335 1 339 1 355 1 358 1 223

Black pine 1 207 1 267 1 227 1 237 1 297

Aleppo pine 81 86 91 96 96

Turkish pine 35 35 35 35 35

Cluster pine 233 193 253 263 273

Stone pine 130 140 150 160 170

Holm oak 105 115 135 145 155

Pubescent oak 332 344 349 349 349

Mediterranean sp. 2 123 2 180 2 240 2 285 2 375

Total 16 952 17 605 17 590 17 260 16 680



Nine major nurseries are sufficient for providing
the necessary quantity of seedlings for our even-aged
forests. The nurseries are not necessarily connected to
forest administrations so that some forest administra-
tions have more than one nursery (Koprivnica) while
Sisak and Karlovac are still without any.

The main nurseries are: Zalu`je – Vinkovci,
Vi{njevac – Osijek, Gaji} – Na{ice, Hajderovac – Po`e-
ga, Cernik – Nova Gradi{ka, Zdena~ki gaj – Bjelovar,
Limbu{ i Mo~ile – Koprivnica, Lukavec – Zagreb.

The main nurseries O{tarije – Ogulin and Ku`elj
– Delnice mostly cover the production for coniferous
forests.

Consequently, all future production of seedlings
is related to major nurseries, which develop their
production concept in base of the specified (pro-
jected) quantity of seedlings, including in it a large
number of the existing, small hand nurseries.

The Forestry Institute Jastrebarsko will provide its
services to Karlovac and Sisak Forest Administration
and partly Zagreb Forest Administration, in base of
long-term rights and obligations of the parties.

If necessary, the possibility can be taken into con-
sideration of including the nursery »[ljukingon« –
Bjelovar (up to ten years ago the leading nursery for
seedlings in Croatia as a business unit of Forest
Economy Bjelovar and now making part of »Bje-
lovarski vrt« d.d. Bjelovar) in the contracted produc-
tion of seedlings for Forest Administration Bjelovar
and beyond.

For the Mediterranean area the most important
nurseries would be: Fran}eskija – Buzet, Podbadanj
– Senj, and in Forest Administration Split: Liskovac,
Bo~ina and the new nursery Piket – Zadar now in the
designing phase (probably to be built soon).

Taking into account the actual annual production
task of seedling supply, available expert and produc-
tion staff, nursery area, new and old nursery mecha-
nization, the potential of the nursery water supply,
major nurseries focus their interests, in terms of mo-
dernization, to nursery conceptions of »Hrvatske
{ume« Inc. Zagreb:

• from a technical – technological aspect, the nur-
sery area should cover about 20 ha, have a good
soil structure and chemical content, the appli-
cation of up-to-date nursery machines should
be made possible and efficient (this does not
apply to our coastal nurseries).

• major nurseries mostly have the usual equip-
ment and nursery machines, (Rath and domes-
tic production), pretty old but still capable for
production. The coastal nurseries are an excep-
tion – Forest Administration Split., These ma-
chines will be supplemented or renewed de-

pending of course on the production task and
in some cases similar nursery machines will
even be introduced (e.g. »Egedal« – Danmark),
as well as other mechanization (equipment)
meeting the production task (species and quan-
tities of plants) not only in the »parent« – major
nursery but in all smaller and hand nurseries
under its control.

• without sufficient and continuous water sup-
ply, regardless its source, there is not and can-
not be any major nursery. As a rule, each nurs-
ery of this kind shall have water accumulation
of sufficient capacity, where water can be con-
ditioned and always available for the usual and
necessary watering or irrigation. If possible, the
use of the municipal – public water supply sys-
tem should be provided as an additional source
of supply with obligatory water conditioning
in accumulations. Hydrant network should be
installed within the nursery.

• each major nursery will have a general task for
the annual production of seedlings to be sup-
plied in accordance with the requirements of its
forest administration, i.e. pursuant to the quan-
tities of seedlings provided by the contract en-
tered for other forest administrations. Such an-
nually »planned« production will introduce or-
der and work in nurseries. It will be possible to
prepare seedling rows, including unseeded ar-
eas (green or barren) as well as tables separated
from each other by windshield belts. Thus the
implementation of the latest technological achi-
evements will be made possible involving IT
monitoring and support as the integral part of
such technology.

• the necessity of building cooling capacities for
preservation of forest seedlings and seeds.

If the unit price, based on calculation-stimula-
tion, of forest seedlings is added to the above said,
major nurseries should not have problems in achiev-
ing the »reproduction capability«. By adopting these
assumptions and determining the contracted pro-
duction of forest seedlings, it will become clear how
to use free nursery areas for a higher quality forest
seedling production or, in some regions, for the pro-
duction of horticultural trees and bushes.

4. Conclusions – Suggestions for future

To focus maximum forestry attention on natural
regeneration of stands and as the alternative to rely
on the fact that the nursery areas of »Hrvatske {u-
me« can provide, with minor investments, the pro-
duction of more than approximately 50% of the cur-
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rent one: the annual growth of seedlings for affores-
tation of approximately 40 million pieces in 2:1 ratio
in favor of broad-leaved trees.

To organize adequate training and then to main-
tain in terms of quantity and quality such team of ex-
perts for seeding and nursery activities that will be
ready to take over, modify and implement all gener-
ally acquired and practiced technologies in the
world.

To pay attention to the production of soft broad-
-leaved trees (poplar-willow) exclusively as forest-
ry-agricultural production and transitional phase in
forming forest stand on specific agricultural or forest
soils.

To define as soon as possible the production of
forest seedlings of coated root system (in containers)
by specifying: species, quantity, form and material
from which the container is made as well as the age
of the plant. In base of these data to adapt or pur-
chase the necessary mechanization (machines for
container production) and to refit the facilities.

To prepare as soon as possible the Croatian stan-
dards for the quality of seeds and seedlings.

To use pesticides exclusively as prevention mea-
sures, taking care of avoiding the use of higher quan-
tities of herbicides in nurseries.

To develop IT forestry programs for providing
technological support and monitoring seeding and
nursery activities.

The projected, average annual production of se-
edlings in nurseries must be determined with spe-
cific purpose so as to provide the supply of the re-
quired quantities of seedlings of uniform quality
(age, growth, size, width, condition). The quantity
and quality of the selected seeds is, of course, deter-
mined with the same purpose.

To enrich the fertility of nursery areas by intro-
ducing seedling rows, green fertilization and other
types of fertilization (to increase the percentage of
humus to 5%) and along with providing sufficient
quantities of irrigation water – rain-watering – be-
dewing, to produce, by conditioning, high quality

forest planting material. Windshield belts should be
carefully designed, planted and regularly mainta-
ined.

To determine the recourses (areas – technical ma-
chines – qualified staff), market condition and the
demand for the production of horticultural trees and
bushes in terms of urban forestry, which is planned
to be one of the activity of the enterprise »Hrvatske
{ume«.

Without nursery organization in accordance with
the above conclusions and suggestions and at least
10 years for testing and settling them into routine,
there can be no talk of privatization of nurseries or
their leaving the basic activity of »Hrvatske {ume«,
p.o. Zagreb.
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Actual tasks and a view of changes
imposed by different forest management

requirements in Bosnia & Herzegovina

Augustin Me{trovi}

Abstract

There are still many open questions in forest management of the Federation of Bosnia &

Herzegovina waiting for answers from forestry science, profession and practice. Forest man-

agement is affected by recently overcome socialist self-management, consensus economics,

coupled income relations of forestry and wood processing, non-functional and inefficient or-

ganization of forest management, out-of-date and insufficient forest mechanization and in-

adequate and devastated forest infrastructure. The actual tasks are a big burden for the pres-

ent, already complex state of forest management, which is still expected to solve social and

other issues and difficulties. The most actual task is by all means developing the right rela-

tionship toward and general awareness of the forest as an invaluable resource. Equally im-

portant is the task of forest management reorganization from the consensus and income

economy to the market economy. The current legal regulations are inadequate for the present

moment of overwhelming deep social and economic changes. This task should, therefore, be

completed as quickly as possible by passing a modern and contemporary law on forests with

all the accompanying regulations. The organization of forest management and operation

should be adapted to a reasonable framework of an efficient and functional self-sustainable

and durable managing. The development of forestry long-term strategy is a necessary guide-

line of the future relationship towards forests in the Federation of Bosnia and Herzegovina.

Preserving of natural, self-regenerating and durable forest resources is a permanent and pri-

ority task of all foresters. Forests of the Federation of Bosnia and Herzegovina should be

adapted to modern needs of today’s generations giving the advantage to generally useful

functions of forests over the economic ones. The new spatial and economic classification of

forests is imposed as an imperative, and the foresters should realize it as soon as possible, to-

gether with carrying out the new inventory-making of all the forests. The reduction of the

prewar extent of felling opens possibilities for protecting natural forests for different tasks of

forest managing in accordance with all the world and European charters and conventions

about forests. The introduction of modern methods in carrying out the forest inventory is

necessary in the Federation of Bosnia and Herzegovina from different viewpoints

Key words: forestry, Bosnia and Herzegovina, managing, tasks

1. Introduction

In late 1980’s of this century and at the verge of
the second millenium, serious changes of social, in-
dustrial and economic aspects have occurred in many
European countries and in Bosnia & Herzegovina,
too i.e. in the Federation of Bosnia & Herzegovina.
The said changes have inevitably brought changes in

forest and forestry management of the Federation of
B&H in general. War events speeded up the devasta-
tion of forests and forest facilities as well as of forestry
infrastructure, insufficient anyway, and out-of-date
forest mechanization. Forest management, previ-
ously based on totalitarian socialist self-management
of socially owned forests, consensus economics, con-
trolled market, coupled income relations between
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forestry and wood processing (wood industry) and
inefficient organization of forest management, dis-
appeared completely or almost completely for a
while. Under such circumstances, forests and for-
estry of B&H Federation was left to irresponsible
and completely incompetent individuals and gro-
ups of people who devastated the natural forest re-
sources without the minimum professional knowl-
edge, organization and responsibility greedily and
shamelessly trying to achieve quick profit. Numer-
ous forestry experts and scientist were, therefore,
forced to leave their jobs, companies and communi-
ties. Consequently the education and training of for-
estry personnel became complicated, it decreased
and almost disappeared as well as scientific work in
forestry. Numerous forest economic policies, which
expired or were about to expire, could not be re-
newed due to the above said reasons as well as be-
cause the institutions that used to deal with such ac-
tivities ceased to exist.

But in spite of such difficult situation in the for-
ests and forestry of B&H Federation, there was a
number of individuals, a group of true forest lovers
and proved experts, who found ways and power to
organize professional and responsible forest man-
agement in most parts of B&H Federation.

When the general situation calmed down, for-
estry experts and scientists of B&H Federation had
to face a very difficult task and challenge. They had
to decide how to overcome the current problems in
forestry, how to solve all the actual tasks, how to de-
velop a view of the forestry in future accepting nu-
merous changes imposed today by other functions
of forest management. Fully aware that there are no
ready solutions or prescriptions, forestry experts
and scientists of B&H Federation confronted deci-
sively the task of seeking the answer as to how to
manage the forests in such changed circumstances,
which imposed completely different and new tasks.

2. Actual forestry situation

The role and significance of forests can be as-
sessed on the basis of different criteria, of which the
most important for B&H Federation are physical,
economic and social ones. Physical criteria are re-
flected in soil and water preservation; economic cri-
teria are reflected in wood processing alimentation
and social criteria in improving life conditions and
providing some areas for recreation and leisure. It is
necessary to achieve a certain balance between the
above criteria so as to provide wood production,
pasture, hunting, water protection and recreation at
the same time. This could be the formula for multi-
-purpose use of forests. Furthermore, through our

history, from its very beginning to the present day,
forestland on earth has never stopped decreasing.
This decreasing has been quicker than ever in the
last century. It is largely considered that this phe-
nomenon is related to social and economic progress
in general. Due to the development of agriculture
and demographic expansion forests found them-
selves under high requirements increased by addi-
tional excessive demands for building timber and
firewood in the process of general post-war rebuild-
ing and reconstruction. This progress of humanity
development caused the change of forest and forest-
land borders. Nowadays, as well as before, forests are
destroyed consciously and unconsciously through-
out the world and especially on the territory of B&H
Federation. However, the fact should be noted and
accepted that the decrease of forestland can have
long-term and very serious effects, as forest is not
only the source for supplying wood but also pro-
vides other extremely useful benefits. It is well known
that there is hardly a country in the world where a
common, simple man could not identify huge areas
that could be covered with forest and are deforested
and unproductive instead.

One of the most important tasks of forestry ex-
perts and scientists, economic experts and federal
authorities is to control forests. Federal programs of
economic and social development should focus their
interest on regeneration of forests in critical areas
adopting it as the essential base of their programs.

The issues of the present forestry in this period of
transition result from a series of changes, which im-
pose different tasks to forest management oriented
towards forestry development. The said issues are
the following:
• the transition from self-management with consen-

sus economics to capitalist market economy,

• transition from public ownership to private and
state ownership,

• transition to new structure and organization of for-
estry,

• war destruction of property, casualties of employ-
ees in forestry and mined forests and forestland,

• the awareness of the actual environment in which
forests and forestry can solve the issues of environ-
mental protection on the whole forest area without
adverse effects,

• frequent drying of trees i.e. dying off of forests,

• out-of-date equipment, lack of service market and
forestry contractors and lack of IT system,

• too many employees in forestry and a large num-
ber of highly disabled employees in forestry, and

• lack of uniformity among factors that make a for-
estry enterprise.
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The above situation results in frequent dissatis-
faction of:

• forest owners (justified when their own unsuc-
cessfulness is in question, but not when the au-
thorities of B&H Federation determine the terms
and conditions of their business activities);

• employees in forestry companies (irregular pay-
ment of salary, fieldwork bonus and holiday al-
lowance, lack of personal protection kit or use of
out-of-date personal protection kit written off sev-
eral times already);

• domestic buyers of forest assortments (they ask for
lower prices, deferred payment and higher quality
of goods);

• suppliers of energy, working machines and ser-
vices (they ask for timely and regular payment).

• Successful forest management is possible if the fol-
lowing four tasks are achieved:

• ownership (state ownership of B&H Federation
and private ownership)

• authority (divided between B&H Federation and
the counties)

• management (of forestry enterprises)

• surveillance – inspection (federal and county for-
estry inspectors).

All this is closely connected in planned economy
and all above said derives from a wider area espe-
cially due to the following facts:

• Organization and management of state forests is
an important task in all countries with a consider-
able share of such forests in entire forestry.

• Trying to harmonize forestry and environmental
protection relationship is the task of the world
community.

• General approach to forestry higher education
should be as uniform as possible in view of forest-
ry policy, forestry organization and forestry econo-
my as well as regarding the efficiency of individual
work.

Federal and regional authorities organize sur-
veillance to assure that the low is observed. Prob-
lems arise because three component parts of forest
management are not separated well enough (owner-
ship, management and surveillance). If they were
separated, it would be much easier to solve the prob-
lems arisen. If they cannot be separated otherwise, it
must be done organizationally taking into account
that one of the issues for successful management is
the rationalization of work activities in forestry.

3. Starting points for different tasks
in forest management

3.1. Actual tasks and prospects of changes

All forests, regardless of the ownership, should
be managed on the basis of the latest achievements
of forestry science, profession and practice. Forestry
today has inherited different organizational struc-
ture as well as a series of non-forestry activities,
which made part of former forestry enterprises with
different status. Thus, in due time, regardless of the
way and method in which non-forestry activities
were introduced into former forestry enterprises, a
reciprocal interaction was established between work
and activities of non-forestry business units and ba-
sic activities related to forest harvesting. With regard
to their basic aims and technology they were abso-
lutely inseparable but they were associated in differ-
ent ways with regard to the operating and manage-
ment model. It is, therefore, necessary to separate all
non-forestry activities from the basic forestry activi-
ties and hence to secure recognition for all forestry
activities as well for forestry science, profession and
practice.

For many years forestry suffered frequent and
purposeless reorganizations and as a result its devel-
opment was uneven and with different material and
personnel policies. It all caused different develop-
ment levels in certain areas, which must be taken
into consideration in future forest organization of
B&H Federation.

Apart from huge damage of our forests, premises
and houses, bridges, nursery-gardens and other pro-
duction facilities, a large number of work machinery
and equipment was destroyed in war plundering
and destruction. Since market–competitive relation-
ship has not been established, our forestry is subject
to blackmail and high prices for services without its
own work machinery and equipment. Due to huge
war damages and regarding our present possibilities
and interests in near future, rehabilitation, recon-
struction and building of new facilities should be
carried out as well as the purchase of destroyed
work machines and equipment necessary for imple-
menting the set production plans. To achieve these
goals, apart from forestry enterprise funds, loans of
the bank for restoration and reconstruction will have
to be used in compliance with the regulations on fi-
nancing the restoration and reconstruction of B&H
Federation.

Consequently, the actual tasks and prospects of
changes in forest management are as follows:

• Forestry as a specific economic activity does not
cope well with frequent reorganizations and re-
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quires the organization stability that must be con-
tinually developed through restructuring and im-
proving the inner organization, which will in the
end guarantee progress and efficiency of the for-
estry enterprise.

• For many decades, forestry in this area has been
going through frequent and numerous but pur-
poseless reorganizations, which must be avoided
by a good and suitable selection of forest manage-
ment organization.

• Regional self-confinement along with excessive re-
quirements from forests caused uneven develop-
ment of the forestry of B&H Federation and differ-
ent, mostly unfavorable, conditions of our forests
so that such relationship must be changed in near
future.

• Wood processing plants were built above the pos-
sibilities of our forests – the supply of wood, the
raw material, was insufficient and the adequate so-
lutions to this problem must be found in near fu-
ture.

• Forests on Karst were always neglected and they
were never given forestry significance, which must
be changed in near future especially because for-
ests on Karst are invaluable for the life of people
and economy in those areas.

• Insecurity of private ownership, as a rule small
proprietors, brought private forests to the very
edge of economic existence. In near future, there-
fore, all forests, regardless of the ownership, must
have the same value and the same relation towards
all issues.

• The development of industry, chemistry and agri-
culture in this area and wider, affects adversely the
stability of forest eco-systems and the growth and
development of forests is a long standing biologi-
cal process highly sensitive to the effects of bio-
physical and abiotic factors. Therefore, in near fu-
ture, these issues must be taken into consideration
and B&H Federation should try to verify all inter-
national conventions, charters, declarations, etc.
related to forests and environmental protection.

• Reasonable forestry policy everywhere and always
must rely on well-considered expertise and contin-
uous, permanent annual long-term investments.
Therefore, in this area in near future, consistent
forest policy and development strategy must be
defined in order to achieve considerable develop-
ment of forest management.

3.2. Actual tasks of forestry and wood industry
and prospects of changes

The actual unfavorable condition of our forestry
is the result of numerous factors within and outside

the wood complex. The way out from the actual dif-
ficulties cannot be found by partial solutions of cer-
tain problems within the field of forestry. Forestry
development goals and programs cannot be solved
without simultaneous solution of economic relati-
ons between forestry and wood processing, without
suitable up-to-date forestry organization, without
reconstruction and privatization of wood-process-
ing enterprises, without adequate systematic legal
solutions and without proper political action. For
getting insight into the condition of our forests and
our forestry, some significant facts must be globally
taken into consideration starting with the general
forestry characteristics, production of forest wood
products, placement of forest wood products, illegal
felling, public (state) ownership of saw-mills, mobile
saw-mills within some forestry enterprises and solu-
tion of common property of forestry and wood pro-
cessing – the wood complex. The procedure and
manner of separating forestry from wood process-
ing must be carefully considered as they have been
acting together so far in the same enterprises with in-
come-based relations. Forestry, with its broad spec-
trum of generally beneficial functions and economic
functions including timber production, and wood
processing, as the majority user of wood mass in in-
dustry, have many things and interests in common.
As a matter of fact, the base of their relationship lies
in the fact that forestry achieves most of its income
from the sale of wood and the production of primary
wood processing is mostly based on domestic sup-
ply of timber. Permanent relationship between for-
estry and primary wood processing derives from the
fact that wood production is not in contrast with
tasks necessary to fulfill generally beneficial forest
functions.

Wood processing is interested in:

• safe, continuous and sustainable source of wood
supply of a determined quality,

• optimal ratio between quality and price, which
provides market competitiveness of primary wo-
od processing,

• conditions of timber supply known in advance.

On the other hand, unlike wood processing, for-
estry is interested in:

• having permanent and reliable buyers of timber,

• such structure of wood processing that can process
all kinds and assortments of wood,

• being able to pay competitive prices within accept-
able time limits.

On the basis of the above standpoints, similari-
ties and differences as well as different interests, it is
possible to determine, carry out and coordinate both
development and business policy of forestry and
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wood processing, providing optimum effects to each
party.

Therefore, in near future, the following should be
accomplished in production and processing of wood
from domestic potentials:

A) in wood processing:

• adapt the processing capacities for rational and
profitable processing of all kinds and assort-
ments of wood,

• adapt the processing capacities for purchasing
all kinds and assortments at competitive prices
and conditions,

• adapt the processing capacities so as to be com-
petitive on the market selling wood products.

B) in forestry

• increase the production wood mass suitable for
industrial processing,

• bring into line the annual production of assort-
ments with wood processing regarding the time
of processing and delivery terms,

• encourage and support new wood processing
technologies of less valuable kinds and assort-
ments with attractive prices and terms of sale,

• try to achieve as complete and as good as possi-
ble supply of raw timber and assortments for
wood processing plants.

The measures of B&H Federation related to for-
estry and wood processing must secure recognition
of their potentials, usefulness and significance for
B&H Federation.

Taking into consideration the possible develop-
ment trends of forestry in near future it should be
emphasized that the work of the existing wood pro-
cessing plants depends directly on the degree of for-
estry development. Forest natural potential con-
trolled by B&H Federation was in the past and will
be in the future a significant factor in its entire devel-
opment. Although the share of forestland is consid-
erable in the total surface of B&H Federation, it
should be stressed that that the structure of forests is
unfavorable considering high share of coppice for-
ests, bare rocky areas that could be forested and un-
productive areas in total surface of B&H Federation.
Consequently, even though a large area is covered
with forests, data show that the structure of forests,
the structure of forest stock and the annual cut are
unfavorable due to high share of non-coniferous
trees having a high share of wood of low quality in
the total wood mass. The fact should be taken into
consideration that the natural forest potentials are
mostly located on undeveloped areas of B&H Feder-
ation, which makes the importance of forests even
greater.

Starting from reasonable production possibilities
of our forests, optimum supply of the existing capac-
ities of primary wood processing, i.e. saw-mills,
with raw timber cannot be expected and this applies
particularly to coniferous raw timber due to the fact
that private saw-mills deal exclusively with process-
ing coniferous raw timber. The fact that the capacity
of plants for primary wood processing is highly abo-
ve the forest production capacities is already well
known as well as the fact that the reconstruction and
modernization of the plants has not resulted in the
increase of the existing capacities. This was empha-
sized by the fact that during war and in post war pe-
riod many private sawmills were founded, most of
which do not meet the essential technical and tech-
nological operating requirements. In near future,
forestry science and practice must take into consid-
eration the said relationships and tasks and offer the
best possible solutions.

3.3. Prospects of changes imposed by different
forest management tasks

In present very complex, ecological, economic
and social relationships in our country and in the
world, the phenomena affecting adversely the for-
ests are dominant. The results of such effects can be
seen in our forests, which loose stability and produc-
tivity and withdraw permanently from some cen-
tennial natural sites. The analysis of the current con-
ditions in our forestry implies that in near future for-
estry should make its best to:

• develop forest stock, forest condition and struc-
ture,

• increase forest accessibility and modernize forest
roads,

• develop technology, methods, work organization
and technical equipment,

• improve supporting activities in forestry.

3.4. Prospects of changes imposed by forest
protection

Systematic protection of forests through the es-
tablishment of guidelines for a sustainable forest
management is of particular importance for the pre-
servation of forests. Integral forest protection should
be based on general guidelines for a sustainable for-
est management and on general guidelines for the
protection of forest biodiversity. The purpose of es-
tablishing coordinated guidelines for a sustainable
forest management is based on six criteria for achiev-
ing sustainable forest management:

• maintenance and proper use of forest resources
and their contribution to global carbon cycles,
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• maintenance of health and vitality of forest eco-
-systems,

• maintenance and incentives to provide forest pro-
ductive functions (wood and general),

• maintenance, protection and increase of biologic
diversity in forest eco-systems,

• maintenance and adequate incentives to provide
protection functions in forest management (espe-
cially related to soil and water),

• maintenance of other social and economic func-
tions and conditions.

Sustainability in forest management cannot be
only focused on wood and other numerous products
but on the entire array of forest eco-system func-
tions. The right forestry approach to sustainability
involves maintenance of various species, genetic di-
versity, space and time diversity in structure, main-
tenance of soil hydrology and climate protection,
maintenance of natural soil fertility, health and pro-
ductivity of forests and where possible their natural
regeneration and their capability to meet physical
and spiritual demands of man. Consequently all for-
est functions are significant for the society and they
should be combined as much as possible by imple-
menting forest management, which involves multi-
-purpose functionality of eco-system maintenance
through the increase of their biodiversity. However,
special forest conditions or social circumstances can
arise requiring priorities for some forest functions.
The priority given to a certain function should not
cause the collapse of other function potentials. Natural
forests are irreplaceable laboratories for researches.
All other natural forests should be protected from
excessive wood harvesting and new areas should be
provided for all kinds of forest vegetation so as to
provide monitoring of their development without
the influence of man.

3.5. Prospects of environmental protection
forest management

The use and adaptation of ecological processes in
forest management is the essential means for a ratio-
nal and profitable management. All forest activities
must observe natural forest processes. This should
also apply to afforestation and restoration of de-
graded forests (conversion). Doing so it is necessary
to imitate the structure and dynamics of natural for-
ests in order to provide, if possible, sustainability
and profitable production. And finally forestry should
no longer treat forests in the way agriculture treats
harvesting. Natural forest management can be ap-
plied to all tree species and can start in all phases of
stand development. Sustainability of all functions,
including wood production and wood skidding

from natural forests, can be well planned and con-
trolled by use of suitable forest-economic technolo-
gies and technological processes.

4. Conclusion

All above said, related to actual tasks and the
prospect of changes imposed by different forest ma-
nagement tasks in B&H Federation, implies the fol-
lowing conclusions:

• The actual tasks and the prospect of changes im-
posed by different forest management tasks in
B&H Federation are burdened with numerous
open questions waiting for quick answers and best
solutions from forestry science, profession and
practice.

• Forest management is still affected by remnants of
totalitarian social relationships of socialist self-ma-
nagement, consensus economics, coupled income
relations of forestry and wood processing, non-
-functional and inefficient organization of forest
management, out-of-date and insufficient forest
mechanization and equipment and insufficient and
devastated forest infrastructure. All these should
be improved in near future and properly estab-
lished by finding optimal and well-chosen solu-
tions.

• The most actual task is to develop the right rela-
tionship towards and awareness of all people about
forests as a general and invaluable resource and at
the same time to restructure forestry based on mar-
ket principles.

• Drawing and passing of an up-to-date and mod-
ern Forest Law should be completed as soon as
possible and forest management should be adapt-
ed to reasonable frameworks of an efficient and
functional self-viable and sustainable forest man-
agement.

• Long-term forestry strategy should be developed
as soon as possible as the necessary clue for deter-
mining future relationships in forest management
through preservation of natural self-regenerative
and sustainable forest stands giving advantage to
generally beneficial forest functions over the eco-
nomic ones.

• A new regional and economic forest division is re-
quired along with the implementation of a new in-
ventory of forests and on this basis new forest-
-management policies should be developed. The
general orientation should involve the decrease of
pre-war volume of forest felling and give priority
to the possibility of protection of natural forests.
Long-term forest management tasks should be car-
ried out by applying up-to-date scientific and pro-
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fessional methods in implementing the inventory
of forests in compliance with European and inter-
national charters, conventions and declarations on
forests.

• Forestry as a specific economic activity does not
cope well with frequent reorganizations and re-
quires the organization stability that must be con-
tinually developed through restructuring and im-
proving the inner organization, which in the end
guarantees progress and efficiency of forest man-
agement.

• Regional self-confinement of the forestry of B&H
Federation along with th`e excessive requirements
from forests caused uneven development and dif-
ferent, mostly unfavorable, conditions of our for-
ests.

• The capacities of primary wood processing plants
are much too high and our forests cannot possibly
meet their demand for timber. Measures should be
applied aimed at optimizing the potential, useful-
ness and significance in the relationship between
forestry and primary wood processing.

• Forests on Karst have continually been neglected
and their role was mostly but unjustly not related
to forestry. However, they doubtlessly have an in-
estimable value for the life and economy of those
areas.

• Insecurity of private ownership, as a rule small
proprietors, brought private forests to the very
edge of economic existence implying that in near
future all forests, regardless of the ownership, must
have the same management and value.

• Successful forest management can be implement-
ed if four tasks are achieved through: ownership,
competence, management and surveillance.

• Integral forest protection can be achieved by set-
ting the guidelines for a sustainable forest man-
agement based on general guidelines for forest
biodiversity protection.

• Ecological forest management is absolutely neces-
sary and possible by use and adaptation of ecologi-
cal processes in forest management as the essential
means for a rational and profitable management
along with implementing natural forest processes
and providing production sustainability and prof-
itability.
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Formation of decimal and binary
units of measurement1
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Abstract

This paper presents the equations and patterns used for the systematic development of

monosemic formation of values, names and symbols of decimal and binary units of measure-

ment. Special interest was focused on the formation of the Croatian names for compound

units.

Key words: units of measurement, decimal units, binary units, formation of the Croatian unit

names.

1. Ambiguous use of unit prefixes

Unit prefixes deci (0,1 = 1/10), centi (0,01 =
1/100) and milli (0,001 = 1/1000) were established
by the French law in 1793, two entire ages ago. Two
years later, the prefixes hecto (100) and kilo (1000)
were introduced. Other 15 unit prefixes were intro-
duced by international organizations for standard-
ization, international conventions and national laws
from 1870 to 1991 [11]. All 20 prefixes are defined
monosemically [6, 7, 8, 11, 30, 31, 34, 35, 37], i.e. their
three characteristics are defined: value, name and
symbol (Table 1 and 2).

In the forties of the 20th century the information
unit bit appeared in the electronic data processing
and in the sixties the unit byte appeared. Bit is the
name for the number one when it expresses the
numerity (amount) of possible alternative decisions
(yes or no, 0 or 1) of the binary system. This is, for ex-
ample, the information content of the message or
computer, memory capacity, shortened: memory.
The unit name bit (symbol: bit) comes from the Eng-
lish words binary digit. Eight time greater unit is
called byte, hence byte = 23 bit = 8 bit. The English

unit name byte (frequently the symbol: B) was devel-
oped in early sixties from three words: binary, digit,
bite.

With the development of computer systems, the
need arose for expressing the information contents
by much greater units than bit and byte. As the sys-
tem is binary, and not decimal, multiple numerical
units are formed by the units bit and byte with the
help of multiple N = 2r. If r = 10 is chosen, the result is
210 = 1024. Conforming to the formation of decimal
units in force for centuries, the information technol-
ogy along with computer industry gave this binary
prefix the same name kilo, but the symbol K (capital
letter!).

Since in this area everything occurs quickly, the
unit name kilobyte (symbol: KB), meaning 1024 bytes,
soon spread throughout the world. Thus the ambi-
guity meaning of the prefix was born: the prefix kilo

means 1000 (kilometre, km) and it also means 1024
(kilobytes, KB)! Then this ambiguity spread further:
mega means 106 (megawatt, MW) and also means
1,049 · 106 (megabyte, MB), giga means 109 (giga-
watthour, GWh), but also means 1,074 · 109 (giga-
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byte, GB), etc. Confusion arose and continues to be
as the basic rule of valid standardization of units of
measurement has been disrupted: each unit must have

a single value, a single name and a single symbol.

The Croatian Law on Units of Measurement (1993)
does not deal with the units bit and byte. They were
not dealt with by the former, Yugoslav law, either
[37]. They are not comprised by the relevant Guide-
line of the European Union (1971...1999). The unit bit

is mentioned by the German Standard DIN in 1982,
not as a unit of measurement but rather as the name
and symbol: »names and symbols analogous to un-
its« [26]. The International Electrotechnical Commis-
sion (CEI/IEC), the leading world standardization
organization in the area of electric engineering and
electronics, mention the unit bit in 1983 [22] in the
note along with the units shannon and hartley: »In
data transmission, the unit bit is used with the sym-
bol bit, and the unit baud with the symbol Bd.« They
refer to the practice of ITU � International Telecom-
munication Union.

The bodies taking part in the intergovernmental
Convention du Mètre (1875) did not deal with infor-
mation units until February 1995. Then the Consulta-

tive Committee for Units (CCU) [12] confirmed that
the unit prefixes kilo, mega, giga, tera, etc. were ex-
clusively powers of number ten, and in no way pow-
ers of number two [24]. CCU stated the example that

»un kilooctet représente 1000 octets et non 1024 oc-
tets«, i.e. in English: »one kilobyte represents 1000
bytes and not 1024 bytes« [24, page 15, 48]. The
French name octet means the same as English byte (in
Croatian osmak). Moreover CCU also forwarded to
its higher-ranked body, the International Committee
for Weights and Measures (CIPM), the Recommen-
dation U1(1995) in which it describes the arisen con-
fusion and reminds that the prefixes represent only
powers of number ten and invites the International
Electrotechnical Commission to suggest the names
and symbols for binary prefixes in information tech-
nology. CIPM held its meeting in early October 1995
and did not accept the U1(1995) of the Consulting
Committee on Units. The refusal reads without much
concern: »... the view of the CIPM was that it is now
too late to influence the world of information tech-
nology and it decided to take no action in the mat-
ter«. [25, page 124]

By coincidence CCU had its next meeting as soon
as spring 1996 [20]. Consistent with the standpoint
of its Recommendation U1(1995), CCU wrote to
CIPM a new, better-defined recommendation. In the
competent language its title is Recommandation U1

(1996): Multiples de deux pour les unités utilisées dans

les techniques informatiques [20, page 29]. At the ad-
joining page the English translation is given [20,
page 63]. In September 1996 CIPM accepted the Rec-
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ommendation U1(1996) as its Recommendation 2(CI
� 1996) [23, page 30 (Fr.), 146 (En.)]. Confirming that
»the use of prefixes kilo, mega and giga in informa-
tion technology to denote powers of 2, namely 210,
220 and 230, continues to cause confusion«, in its rec-
ommendation the International Committee also says
the following: »... CIPM strongly supports the IEC in
its efforts to reach agreement on names and symbols
for prefixes denoting powers of two for use in infor-
mation technology world-wide.« With such support
of the supreme executive body of the Meter Conven-
tion, assisted by the world leading organization for
standardization � ISO and the Institute of Electrical
and Electronic Engineers (IEEE; USA), IEC publish-
ed in1999 a monosemic international standard [1] of
binary names and symbols (see Chapter 3).

At the meeting of CCU in 1998 A. J. Thor, the
Head of the Technical Committee ISO/TC 12, re-
ported on the current state in IEC: »IEC has reached
the final voting stage on the adoption of names and
symbols for binary multiples and that here the sym-
bols use upper case letters followed by lower case i,
noting especially the symbol Ki for 210.« [21]

2. Formation of decimal units
of measurement

In compliance with two-century long experience
of humanity, it is the recommendation of the Interna-
tional Organization for Standardization – ISO [31] to
express the measurable quantities, as a rule, by ap-
plying the numerical value ranging between 0,1 and
1000. This can be achieved by free choice of the ade-
quate unit of measurement for each set example. Ob-
serving this rule, the car engine power P shall not be
expressed as 5 · 104 W or as 50 000 W, but rather in the
form 50 kW. The electric plant power will be ex-
pressed as 620 MW and not as 62 · 107 W or 620 000 kW
or even 620 000 000 W. The letter W denotes the
power unit watt in the International System of Units
(SI). The units kilowatt (symbol: kW) and megawatt
(MW) are two of twenty available legal [37] decimal

units for power. Their value is defined as follows:
kW = 103 W and MW = 106 W. It can be seen from
these examples why they are called decimal units.

The origin is latin: decem means ten and decimus

tenth; this explains the name decimal system.
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Table 1 Values and names of unit multipliers N and names and symbols of the relevant legally accepted prefixes [37] for the formation of decimal units
of measurement. Columns include: 1 – powers of number ten, 2 – decimal numbers, 3 – number names, 4 – prefix names, 5 – prefix symbols

1 2 3 4 5

Ten internationally standardized unit multipliers N greater than number one:

10
1

10 ten deca da

10
2

100 hundred hecto h

10
3

1 000 thousand kilo k

10
6

1 000 000 million mega M

10
9

1 000 000 000 billion (US) [11] giga G

10
12

1 000 000 000 000 trillion (US) tera T

10
15

1 000 000 000 000 000 quadrillion (US) peta P

10
18

1 000 000 000 000 000 000 quintillion (US) exa E

10
21

1 000 000 000 000 000 000 000 sextillion (US) zetta Z

10
24

1 000 000 000 000 000 000 000 000 quadrillion yotta Y

Ten internationally standardized unit multipliers N less than number one:

10
–1

0,1 tenth deci d

10
–2

0,01 hundredth centi c

10
–3

0,001 thousandth milli m

10
–6

0,000 001 millionth micro m

10
–9

0,000 000 001 billionth (US) [11] nano n

10
–12

0,000 000 000 001 trillionth (US) pico p

10
–15

0,000 000 000 000 001 quadrillionth (US) femto f

10
–18

0,000 000 000 000 000 001 quintillionth (US) atto a

10
–21

0,000 000 000 000 000 000 001 sextillionth (US) zepto z



Essential bases for the formation of legal decimal
units are shown in Table 1 and 2. Latin, Greek, Dan-
ish and Italian origins of unit prefixes are described

in the paper [11]. The history of unit prefixes is de-

scribed in the textbook [7] and article [10]. Addi-
tional international rules for the formation of deci-

mal units are stated in the encyclopedic article [8].
The first of these rules says that for the formation of a
decimal unit each of 20 prefixes can be used, but only
one of them. This rule is provided by Croatian law,

too [37].

Decimal units are formed in accordance with the

international rules [6, 7, 8, 30, 31, 37]. At least three
characteristics of the decimal unit are formed: value,

name and symbol pursuant to equal features of the
formative (starting) unit J. The unit of measurement

has the following characteristics [9]: pertaining to
the measurable quantity, value or/and definition,
name, symbol, origin, (non)legality, restriction of use
(time or/and regional) and other possible name or/
and symbol.

The value of each decimal unit D is determined
by a general product

N · J = D (1)

Here N denotes the value of any of twenty stan-
dardized unit multipliers shown in Tables 1 and 2,
and the letter J denotes the formative unit, the one
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Table 2 Formation of the decimal unit on the principle D = N × J and its name formation by joining two words into one D = N + J. The letters denote: D –
decimal unit, N – multiplier (prefix), J – formative (starting) unit of measurement

Multiplier Prefix name Decimal unit
Note

Number Symbol Croatian French Example Pronunciation

Multipliers N greater than number one (multiples):

10
1

da deka déca dag = 10 g dekagram

10
2

h hekto hecto hL = 100 L hektolitra

10
3

k kilo kilo kW = 1000 W kilovat (a)

10
6

M mega méga MBq = 10
6

Bq megabekerel (b)

10
9

G giga giga GPa = 10
9

Pa gigapaskal (c)

10
12

T tera téra TWh = 10
12

Wh teravatsat (d)

10
15

P peta peta Pm = 10
15

m petametar (e)

10
18

E eksa exa EJ = 10
18

J eksad`ul (f)

10
21

Z zeta zetta Zg = 10
21

g zetagram (g)

10
24

Y jota yotta Yg = 10
24

g jotagram (h)

Multipliers N less than number one (submultiples):

10
–1

d deci déci dL = 0,1 L decilitra

10
–2

c centi centi cm = 0,01 m centimetar

10
–3

m mili milli mbar = 10
–3

bar milibar (i)

10
–6

m mikro micro mrad = 10
–6

rad mikroradijan (j)

10
–9

n nano nano nm = 10
–9

m nanometar (k)

10
–12

p piko pico pF = 10
–12

F pikofarad

10
–15

f femto femto fm = 10
–15

m femtometar

10
–18

a ato atto aC = 10
–18

C atokulon (l)

10
–21

z zepto zepto zmol = 10
–21

mol zeptomol (m)

10
–24

y jokto yocto yg = 10
–24

g joktogram (n)

Notes accompanying decimal units in Table 2: (a) The power of a modern vehicle ranges between 45 and 90 kilowatts (Croatian: kilovat); (b) In raying the brain, one-photon tomography
begins approximately ten minutes after intravenous injection of technetium radioactive isotopes with activity from 740 to 1110 megabecquerels (Croatian: megabekerel); (c) The testing ma-
chine crumbles the sample by applying pressure of more than one gigapascal (Croatian: gigapaskal) (= ten thousand bars); (d) The nuclear electric plant Kr{ko, if it worked with its full ca-
pacity with no interruption, would produce 5,4 terawatthour (Croatian: teravatsat) of electric energy per year; (e) In a year, the light passes the distance of 9,46 petametres (Croatian:
petametar) through vacuum; (f) In Croatia approximately 0,22 exajoules (Croatian: eksad`ul) of primary energy was produced in 1996; (g) An ice cube with the edge 100 kilometres long
would have the mass of one zettagram (Croatian: zetagram); (h) The Earth’s mass is about 6 yottagrams (Croatian: jotagram); (i) The air pressure ranges between 980 and 1040 millibars
(Croatian: milibar) (mbar = hPa); (j) One-fifth of the second of angle equals approximately one microradian (Croatian: mikroradijan); (k) The atoms of a solid body are one-tenth nanometre
(Croatian: nanometar) apart; (l) The electric charge of electrons is 0,16 attocoulombs (Croatian:atokulon); (m) Unthinkably small lump of substance made of 602 molecules has the amount
of substance of one zeptomole (Croatian: zeptomol); (n) The mass of the lightest, hydrogen atom is 1,67 yoctograms (Croatian: joktogram).



from which the decimal unit D is formed in the ac-
tual example. Nowadays the formative unit J usu-
ally belongs to The International System of Units
(SI), and sometimes it is the unit exceptionally ap-
proved by law, for example the pressure unit bar
(symbol: bar) [37]. The multiplier N in the equation
(1) is calculated by the equation:

N = 10n. (2)

Intergovernmental agreements, national laws and
international standards allow at present the use of
the following values of the exponent n:

n = �1, �2, �3, �6, �9, �12, �15, �18, �21
and �24 (3)

The name of the decimal unit of measurement D

is formed as the solid compound made of two names
according to the pattern:

N + J = D. (4)

Here the letter N denotes the name of internation-
ally accepted and/or legally determined decimal
prefix pertaining to the appropriate multiplier in ac-
cordance with Table 1 and 2. The letter J denotes the
name of formative unit and the letter D the name of
the formed decimal unit. The example of name forma-

tion: for N = mega and J = watt the pattern (4) gives
the name of decimal unit: D = mega + watt = mega-
watt.

Compounds

The formation of Croatian unit names in accor-
dance with the pattern (4) gives solid compounds, i.e.
new words made by joining two words into one [4].
If J = vat (W) and N = kilo (k), with the use of (4) the
compound is formed: D = kilovat (kW). Unit and pre-
fix symbols are in the round brackets. If J = vatsat
(Wh) and N = kilo (k), the new compound D =
kilovatsat (kWh) will be formed. If J = voltampersat
(VAh) and N = kilo (k), the compound D = kilo-

voltampersat (kVAh) will be formed in accordance
with the principle (4). The formation of unit com-
pounds in the Croatian language has been the sub-
ject of legal regulations since Austro-Hungarian
times to the present days [13]. It can be seen in the
Croatian orthography: gigavatsat, kilogrammetar, kilo-

vatsat, kilovoltamper [5]. It can also be seen in the Cro-
atian dictionary of foreign words [3]: ampersat, kilo-

pondmetar, vatsat, vatsekunda, voltamper, etc. Some at-
tempts of interrupting this tradition [18], i.e. using
the form of compounds with a hyphen such as
kilovat-sat, kilovolt-amper-sat, etc. do not have any or-
thographic justifications [16, 17], other than the part
of English practice: watt-hour, kilowatt-hour [32]. The

rest of this practice is formed as follows: watt hour, ki-

lowatt hour, newton meter, pascal second (separated!)
[35].

Unit names in the form of solid compounds are
common in the German language: Amperstunde (Ah),
Kilovoltampere (kVA), Kilowattstunde (kWh) [27]. In
French there is a considerable variety of use: solid
compounds such as voltampère, wattheure, kilowatt-

heure [29], separated words such as pascal seconde and
compounds with a hyphen such as pascal-seconde

(Pa·s) and kilowatt-heure (kW-h) [14]. Aconsistent use
of compounds with a hyphen is required by Russian
regulations [19, 34]: kilogramm-keljvin, mikronjuton-

-metr, voljt-amper, etc. Czech orthography does not al-
low [14] the public use of unit compounds with a hy-
phen.

Endorsing solid compounds in the Croatian lan-
guage is especially important with regard to the
names of decimal units, as they are the most numer-
ous. It must never be forgotten that twenty legally
approved decimal units can be formed out of each
formative (starting) unit. The examples stated herein
and the observed differences are negligible forma-
tion problems compared to those met when trying to
establish the system for names of complex units of
measurement, particularly those containing an at-
tribute [9], e.g. square, cubic, reciprocal, to the power
of two, to the power of minus two, etc. The standard
proposal [8] of some twenty years ago was in fact the
beginning of a systematic solution. The widened
proposal [17] might bring considerable improve-
ment to word formation transparency and ortho-
graphic monosemy.

Symbol of the decimal unit of measurement D is
also formed in accordance with the pattern (4). The
letters N, J and D are respectively: the symbol of the
chosen unit prefix (Tab. 2), symbol of the chosen for-
mative unit, symbol of the formed decimal unit of
measurement. The example of symbol formation: Pursu-
ant to the pattern (4) the symbol is formed as follows:
k + W = kW.

3. Formation of binary units
of measurement

Numerity is the basic measurable quantity of in-
formation technology. It is used for expressing a
large number of possible alternative decisions, infor-
mation technology content of messages, computer
memory capacity, etc. The bodies taking part in the
international Meter Convention (1875) [6, 7, 8] have
not still dealt with information units and quantities,
anyway not as competently as with units of mea-
surement for length, mass, time, etc. They are, how-
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ever, facing the problems of ambiguity when the in-
formation quantity numerity forms new quantities
with standard quantities, for example transmission

speed (through computer network) defined by the ra-
tio numerity/time. This quantity uses the units: bit per
second (symbol: bit/s), byte per second (symbol:
B/s) and many others. It is obvious here that the con-
fusion has arisen due to the ambiguity of unit prefixes

and it is even more serious than the one mentioned
in Chapter 1. There are other quantities, too derived
by use of numerity, and in time there will be even
more.

In this chapter it is described how the Interna-
tional Electrotechnical Commission � IEC solved the
problem of ambiguity of information units for nu-

merity, the basic information quantity in the area of
data processing and transmission by the standard
[1] in 1999. The summary of the solution is shown in

Tables 3 and 4 and the link between binary and deci-
mal prefixes is shown in Table 5.

Value, name and symbol of the binary unit are
formed by use of the equation (1) and pattern (4) in-
troduced in Chapter 2 for the formation of decimal
units. Here, however, the letter D denotes the value
of binary unit, i.e. its name and the multiplier N is not
determined by the equation (2), but by binary defini-
tion

N = 2r. (5)

The exponent r has only positive values. Binary
multiplier N is always greater than number one, i.e.
it is exclusively the multiple (compare with the Ta-
bles 1 and 2; in their lower parts the multipliers are
smaller than number one). At present those values of
the binary exponent are sufficient:

r = 10, 20, 30, 40, 50, 60. (6)

The names of binary prefixes are listed in the sec-
ond column of Table 3. They are formed systemati-
cally from two syllables. The first syllable reminds of
the decimal prefixes, e.g.. me of mega and the second
syllable bi shows that what we have here is binary
formation. Thus the following solid compounds
have been formed:

ki + bi = kibi (Ki), me + bi = mebi (Mi),
gi + bi = gibi (Gi),

te + bi = tebi (Ti), pe + bi = pebi (Pi),
ex + bi = exbi (Ei).

The symbols are also formed systematically from
two parts, made of two letters. The first letter is al-
ways a capital letter, the first letter of the name of dec-
imal prefix (see Table 1 and 2). The second letter is a
small letter »i«; it refers to information technology, it
says that this is the prefix for information unit and it
reminds of the word binary.

The described principle of formation of names
and symbols of binary prefixes was proposed by the
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Table 3 Values, names and symbols of binary prefixes for the formation
of binary information units in compliance with the International Standard

IEC, 1999 [1]

Binary prefix value Name Symbol

2
10

= 1,024 · 10
3

kibi Ki

2
20

= 1,048 576 · 10
6

mebi Mi

2
30

= 1,073 741 824 · 10
9

gibi Gi

2
40

= 1,099 511 627 776 · 10
12

tebi Ti

2
50

= 1,125 899 906 842 624 · 10
15

pebi Pi

2
60

= 1,152 921 504 606 846 976 · 10
18

exbi Ei

Table 4 Names, symbols and values of binary information units derived
from the formative (starting) units bit and byte

Name Symbol Value

Formative unit bit (symbol: bit)

kibibit Kibit 210 bit = 1024 bit

mebibit Mibit 220 bit = 1024 Kibit

gibibit Gibit 230 bit = 1024 Mibit

tebibit Tibit 240 bit = 1024 Gibit

pebibit Pibit 250 bit = 1024 Tibit

exbibit Eibit 260 bit = 1024 Pibit

Formative unit byte (symbol: B)

kibibyte KiB 210 B = 1024 B

mebibyte MiB 220 B = 1024 KiB

gibibyte GiB 230 B = 1024 MiB

tebibyte TiB 240 B = 1024 GiB

pebibyte PiB 250 B = 1024 TiB

exbibyte EiB 260 B = 1024 PiB

Table 5 Conversion of binary prefixes into decimal prefixes. The letter C

denotes the constant, C = 210/103 = 1,024 (exactly). The values of deci-
mal prefixes kilo (k) to exa (E) are shown in Table 1.

Binary Calculation Decimal

kibi (Ki) = C · k = 1,024 kilo (k)

mebi (Mi) = C2 · M » 1,048 58 mega (M)

gibi (Gi) = C3 · G » 1,073 74 giga (G)

tebi (Ti) = C4 · T » 1,099 51 tera (T)

pebi (Pi) = C5 · P » 1,125 90 peta (P)

exbi (Ei) = C6 · E » 1,152 92 exa (E)
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and Units. As the proposal got the required majority
of votes of the national organizations for standard-
ization � IEC, in January 1999 the formation princi-
ple was published as a table in the second part of An-
nex No. 2 to the international standard CEI/IEC 60
027-2 [1]. These standards are published bilingually
in the same publication. The titles of the said table
are: Article 14 – Préfixes pour les multiples binaires
and Clause 14 – Prefixes for binary multiples. The ta-
ble is the integral part of the standard.

French binary prefixes are (comp. Tab. 3): kibi,
mébi, gibi, tébi, pébi, exbi. After removing the ac-
cents, the English version is left. The symbols are, of
course, equal in all languages using the Latin alpha-
bet. Both tables contain four examples of names, sym-
bols and values of binary and decimal units formed
by the units bit and byte. And they are as follows [1]:

French

un kibibit: 1 Kibit = 210 bit
un kilobit: 1 kbit = 103 bit
un mébioctet: 1 Mio = 220o
un mégaoctet: 1 Mo = 106o

English

one kibibit: 1 Kibit = 210 bit
one kilobit: 1 kbit = 103 bit
one mebibyte: 1 MiB = 220 B
one megabyte: 1 MB = 106 B

French unit name octet (in Croatian osmak, see
Chapter 1 and Table 6) has the same meaning as Eng-
lish byte and the Croatian adapted name bajt. The
symbol for octet is »o« and for byte »B«. Their value
is o = B = 8 bit.

At the end the example: The capacity of the hard
disk is 70 gibibytes, expressed by binary unit gibibyte
(GiB) pursuant to IEC (1999) [1]. This capacity can be
expressed by decimal unit gigabyte (GB). With the
use of Table 5 the following can be calculated:

70 GiB = 70 · 1,073 74 GB = 75,1618 GB.

The letter B is the symbol for the unit byte de-
fined as eight bits.

The International Electrotechnical Commission
with its solution relieves the decimal units of ambi-
guity. At the same time the users of the binary infor-
mation units are required to make the effort needed
to get used, in the period of adaptation, to the new
name mebibyte and the new symbol MiB and to
break the habit of using the current name megabyte
and symbol MB. Therefore, when using the binary
units (see Tab. 3, 4, 5)

write: kibibyte (KiB) instead of: kilobyte (kB)
write: mebibyte (MiB) instead of: megabyte (MB)
write: gibibyte (GiB) instead of: gigabyte (GB)
write: tebibyte (TiB) instead of: terabyte (TB)

4. Transition period

The mandatory use of new binary unit prefixes
for the formation of multiples of numerical units in
the area of data processing and transmission [1] in
Croatia will probably be stipulated by the revised
Law on Units [37] or by special state metrology regu-
lation. It will have to determine the dead line after
which only new names and symbols of binary pre-
fixes (Tab. 3) will be legally valid. The transition pe-
riod, in which both old and new names and symbols
will be legally valid, could last up to five years. It
will depend on the transition period determined in
its Directive by the European Union.

As the Croatian Law on Units (1993) specifies
nothing in view of information technology units, in
the transition period most of the interested people
will, under the circumstances, continue to use gen-
eral large-edition language books. Table 6 shows the
variety of actually used symbols in foreign lan-
guages and the poverty in the Croatian language on
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Table 6 Entries related to information unit byte (Croatian: bajt, osmak;
French: octet; German: Byte), its binary multiples and their symbols or
abbreviations in language books. The data are presented as published.
The symbols, abbreviations and interpretations as stated within the en-
tries are shown in the round brackets.

Dictionaries of foreign words:

Croatian: Ani}-Goldstein, 11999 [3]: B, bajt (–), bit (izg. bajt), byte (v.
bajt), gigabajt (GB), kilobajt (1000 bitova), kilobyte (v.

kilobajt), megabajt (M, MB), terabit (izg. terabajt)

German: Duden, 61997 [28]: Byte (–), Gigabyte (GByte), Kilobyte
(kByte), Megabyte (Mbyte)

Monolingual dictionaries:

Croatian: Ani}, 31998 [2]: bajt (–), kilobajt (–)

English: New Oxford, 11998 [32]: byte (–), gigabyte (GB), K, KB,
Kb, kbyte, kilobyte (Kb, KB), M, MB, Mb, Mbyte, megabyte
(Mb, MB), T, TB, Tb, terabyte (Tb, TB)

German: Wahrig, 61997 [36]: B, Byte (B), Gbyte, Gigabyte (Gbyte),
kb, KB, Kbyte, Kilobyte (kB, KB, Kbyte), MB, Mbyte, Mega-
byte (MB, Mbyte)

Orthographic books:

Croatian: Babi} i dr., 41996 [5]:

German: Duden, 211996 [27]: Byte (–), KB, Kilobyte (KB), MB, Mbyte,
MByte, Megabyte (MB, MByte, Mbyte)



the example of the unit byte and its multiplies [2, 5].
Therefore, in the transition period, the new Croatian
orthography and different Croatian dictionaries should
introduce immediately new binary prefixes (see Tab.
3) and focus the attention to the withdrawal of the
actual ones.

When revising these language books, the lexico-
graphic faults should be corrected and the new ones
should be avoided. One of such faults in the Cro-
atian dictionary of foreign words [3] from 1999 is the
wrong interpretation that the information unit bit is
pronounced bajt (comp. Tab. 6), which makes the en-
tries contradictory:

»bajt … the unit for the amount of memory equal
to the set of 8 bits … Engl. bit 
 bi(nary) (digi)t«
(page 143)

»bit (pronounce bajt) … basic information unit
that can acquire two binary values 0 or 1 … Engl. bi-
nary digit« (page 181)

»byte see bajt« (page 211)

»kilobajt … coll. unit for the amount of computer
information (1000 bits), comp. bit …« (page 674)

»megabit, see megabajt« (page 828)

»terabit (pronounce terabajt) …« (page 1281)

In such lexicographic presentation it is hard to un-
derstand this interpretation given by information
technology expert and pedagogue: »This number se-
lects one bit in this byte…« [33, page 92]. Some other
faults are discussed in the third part of the note [15].
And the critique of information technology void in
the Croatian orthography [5] compared with the en-
tries in German orthography [27] speaks for itself
(see Tab. 6).

Moreover the attention of the linguists should
also be focused on standardization of short and long
plural forms of units of measurement. Among Croati-
an metrologists the opinion prevails that the Cro-
atian grammar supports the short plural, e.g.: »odgo-
varaju bajtima«, »pojedini bajti«, »32-bitne adrese«,
etc. [33]. However, the Croatian dictionaries [2, 3],
under the entry bajt specify the long plural: »bajt-
ovi«. The Croatian orthography [5] does not deal
with the units bit and bajt. Maybe this is why the dic-
tionary [3] from 1999 does not observe its own stan-
dard on long plural. Under the entry bajt it gives the
statements »8 bitova« and »milijun bajtova«, and un-
der the entry megabajt »1024 kilobajtova«, although
the singular form »megabajta« is required here and
although the grammar description of the entry out-
lines the short plural: »megabajti«. The entry kilobajt

also requires the short plural: »kilobajti« and in its
description it has the form »1000 bitova«. The only
adjective form of the information unit bit in the dic-

tionary [3] is bitovni and there is no bitni. There is no
adjective entry bajtni and bajtovni.

Failure to comply with our own standard – if it is
not only lexicographer’s superficiality – also affects
other units of measurement. Thus the entry vat, me-
aning watt, specifies long plural: »vatovi« and the
entry volt short plural: »volti«. And there are many
other examples [3, 15, 17]. The transition period
should be used for establishing the grammar and the
orthography of units of measurement.

5. Conclusions

1. Equations and patterns (1) to (6) make the system
of monosemic formation of values, names and
symbols of decimal and binary units of measure-
ment. This formation system also applies to wid-
ened international decimal and binary sets of
prefixes. Moreover the system is the basis for the
formation of solid compounds, unit names made
by joining names of two or more units in one
word (see the examples in Chapter 2).

2. Binary prefixes (Table 3, 4, 5), standardized in
1999 [1] by the International Electrotechnical Com-
mission, should be properly introduced in the re-
vised Law on Units of Measurement [37]. Fur-
thermore the units bit and byte, as well as most
other [15] information units of measurement
should be regulated by law. It is quite inappropri-
ate for this information technology age to use the
unit law without any information unit.

3. As far as up-to-date units of measurements are
concerned, the actual Croatian books dealing
with orthography and dictionaries are full of vo-
ids and serious faults [11, 13, 15]. Therefore the
authors of large-edition language books [2, 3, 5]

should use the period aimed at introducing new
binary units (see Chapter 4 and Table 6) for re-
moving metrology and standardization faults
made by previous editions and for including new
contents conforming to the third millennium.
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Summary

In Chapter 1 the confusion is described arisen in the field of data processing and transmission, as the same name

denotes both decimal and binary unit prefix, e.g. kilo denotes 1000 and 1024. The Croatian dictionaries increase

this confusion by insufficiently precise interpretation of entries related to units of measurement; the examples are

presented in the Chapter 4. Equations and patterns (1) to (6) establish the s y s t e m of monosemic formation of val-

ues, names and symbols of decimal and binary units. In Chapter 2 attention is focused on the formation of Croatian

names for complex units of measurement. The author recommends the use of solid compounds whenever this is pos-

sible in view of transparency of unit name and flexibility of the sentence. Chapter 3 covers the Croatian binary pre-

fixes accepted by the International Electrotechnical Commission in early 1999 in French and English. In his con-

clusion the author suggests that the legislative authorities should use the word formation system and data from this

article when revising the Croatian Zakon o mjernim jedinicama (Law on Units of Measurement) from 1993. The

linguists working on the development of the Croatian orthography and dictionaries are invited to correct the ob-

served faults and to introduce new metrology and standardization contents conforming to the third millennium in

their future editions.
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