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PREFACE 

INTRODUCTION 

The Council on Forest Engineering (COFE) was formed in 1978 and is headquartered in 
Corvallis, Oregon. The objectives of COFE are to foster the development of forest 
engineering in industry, government and in university teaching, research and extension 
programs in order to promote the best methods of management and operations in public and 
private forests; to service the Council and its members in· such matters; to serve the forestry 
profession on matters of policy in the area of forest engineering; and to disseminate timely 
technical information on topics relative to forest engineering and forest operations. COFE 
membership is open to anyone with an interest in forest engineering. 

Each year the activities of COFE are highlighted through an annual meeting focused on a 
specific theme. The theme for the 17th Annual COFE Meeting was "Advanced Technology 
in Forest Operations: Applied Ecology in Action." Efficient forest operations are required 
to meet forest resource objectives with increasing emphasis around the world on 
environmentally sound timber harvesting, other non-timber resources, economic efficiency, 
thinning young timber, logging safety and other work force considerations. National and 
international researchers, practitioners in the industry, government and educators gathered in 
Oregon to discuss forest operations as they relate to the accomplishment of a variety of forest 
resource goals. The program covered three technical sessions and a poster session under the 
following themes: 

• Harvesting Operations to Enhance Forest Diversity 
• Forest Operations in Young Timber Stands 
• Applications of New Technologies 

Two field trips showed a ranged of different forest management issues and operations in the 
steep mountains and coniferous forests of Oregon's Willamette Valley area and contrasting 
conditions on gentle terrain in the pine and mixed coniferous forests of central Oregon. 

The 1994 annual COPE meeting was combined with a meeting sponsored by Division 3 of 
the International Union of Forestry Research Organizations (IUFRO). IUFRO is an 
international research organization which was established in Berlin-Eberswalde in 1892. Its 
objectives are to· promote international cooperation in forestry and forest products research 
and standardization of research techniques. The headquarters are located in Vienna, Austria. 
IUFRO' s actiyities are organized primarily through its 240 specialized research groups in six 
technical divisions. Division 3 deals with Forest Operations and Techniques and is made up 
of nine separate Subject or Project Groups. · 
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HARVESTING OPERATIONS TO 
ENHANCE FOREST DIVERSITY: IS 
HARVESTING COMPATIBLE WITH 
DIVERSITY? 

by 

James O.Howard 

(Adapted from Keynote Address) 
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ABSTRACT: Diversity, or biological 
diversity as it is often called, has emerged 
as a key ingredient in the sustainability of 
forest ecosystems. While there are various 
definitions of diversity, four aspects stand 
out as major elements. These are genetic, 
specie, and structural makeup and spatial 
and temporal relationships. Cutting of 
trees plays an especially important role in 
the latter three aspects. A question then is 
if we are not harvesting for diversity, what 
is it and what do we call it? 

This paper addresses three aspects of 
"harvesting for diversity". First, it 
suggests a new paradigm for managing for 
ecosystem attributes including diversity, 
under the banner of forest operations. The 
wide variety of activities and management 
strategies needed to achieve diversity call 
for a set of tools which includes, but is not 
limited to harvesting. Operating under this 
banner will facilitate discussions centered 
on all resource values, will help us 
separate management objectives from 
management strategies, and help provide 
stronger linkages with other disciplines. 
The second aspect is associated with 
stewardship. &sentially this philosophy 
calls for paying more attention to what is 
left behind after operations. The 
implications of this perspective are 
significant for forest operations. Among 
other site and landscape attributes, forest 
operations need to give more consideration 
to residual tree damage, all forms of 
vegetation, soil compaction, and 
hydrological conditions. The final aspect 
is related to the very essence of ecosystem 
based management, that being taking a 
landscape perspective in defining and 
conducting forest operations. Planning 
and designing operations at both site and 
landscape scales require attention to things 
such as engineering systems, access 
networks as opposed to considering just 



various types of roads, and new ways of 
evaluating efficiency. 

Achieving diversity goals will depend to a 
great degree on successful implementation 
strategies and technologies. Forest 
operations provides a stronger and broader 
framework upon which to build this 
success. To gain this success we must 
become participants in discussions of 
strategic issues, we must become known as 
the implementation gunl's, and we must be 
sitting at the table when management 
strategies are being defined. 

KEYWORDS-Harvesting; forest 
operations, diversity, biodiversity, 
ecosystem management; forest 
engineering; forest management 

INTRODUCTION 

Before beginning, let me make three things 
clear. One, this is not a technical 
engineering presentation. Talking 
engineering to this group would be like 
teaching foxes about hen houses. Second, 
I will not be· providing ''the" definition of 
diversity. Third, my comments focus 
primarily on the diversity of forest 

· ecosystems. Other issues, ecosystem 
characteristics and land owner objectives · 
will call for. different management 
approaches and decisions. So, I will leave 
the final decision to those chartered with 
that task. Also, I expect the title has some 
of you perplexed. Hopefully over the next 
one-half hour the positive side of it will be 
apparent. 

If we are to address the relevance of 
harvesting to diversity, we should at least 
share a common understanding of what it 
means. I found a recent definition that 
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makes sense to me. It was given by Jim 
Nelson~ Forest Supervisor on the Toiyabe 
National Forest, at the Nevada Environ
mental Conference this past November. 
His definition of diversity is "the variety 
of life forms and processes, including a 
complexity of species, communities, gene 
pools, and ecological functions."· He said 
something else that I think helps capture 
the reason we are addressing diversity at 
this meeting. Jim said "Conserving 
biological diversity just makes sense 
because the surest way to sustain yields of 
natural resource products and services is to 
maintain the integrity and productivity of 
the ecological systems that produce them". 
There is more in his paper, but this lays 
out both the challenges facing us and the 
opportunities to make a difference. 

Ecosystem diversity is as complex as the 
biological and physical relationships that 
dictate it. It seems reasonable to decide 
first what aspects of diversity are relevant 
to us today. Extracting from the definition 
above, and a few others, I see diversity as 
comprised of four basic aspects. Those 
being (1) genetic makeup within and . 
across ecosystems; (2) specie makeup 
within and across ecosystems (flora and 
fauna); (3) structural makeup across 
ecosystems; and ( 4) spatial and temporal 
relationships. This will no doubt raise the 
dander of some folks who see things as 
much more complicated and deeper. They 
are probably right, but none the less this is 
where I will start today. 

I will leave the genetic makeup aspect to 
those disciplines more aligned to ensuring 
that we do not violate basic laws that will 
keep populations viable. Harvesting also 
is not the main factor in genetic diversity. 
Cutting of trees, however, plays an 
important role in the other three aspects of 
diversity. If we look at the evolution of 



ecosystem management across the country, 
a major concern was what harvesting was 
doing to these aspects in one manner or 
another. It seems to me we have gone 
pretty far into the finger pointing mode 
relative to harvesting, but the key now is 
to examine what is needed and how to 
achieve it, while learning from history. 

As my slides show, diversity comes in 
many different shapes and sizes. The 
complexity of the issue. comes home to me 
when I read articles promoting the goal of 
"increasing biological diversity". Not to 
argue against what is obviously critical to 
our survival, but if we took this statement 
as the rule, it would argue for planting 
more species in the juniper stands of the 
interior west. Diversity is obviously a 
moving target, both geographically and 
over time. ff so, how do we ensure it in 
the management ·of our forest ecosystems? 

This almost implies that I am going to 
provide the answers on how to manage for 
diversity. I don't know how, so you will 
be spared that effort. Within the Forest 
Service, however, diversity and 
productivity at the operational level are 
often couched in terms of ecosystem 
restoration, enhancement, and 
maintenance. Each term implying a 
different state of ecosystem diversity, 
health, and productivity, and each malcing 
a statement about active management. 

This brings me to the essence of my 
presentation today. If we are going to be 
doing something to restore, enhance, or 
maintain ecosystem diversity, what is it 
and what do we call it? As the title of my 
presentation suggests, I do not think it is 
just about harvesting~ I will focus on are 
what I feel are three significant aspects of 
"harvesting for diversity". Those being: a 
new paradigm for harvesting (and forest 
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engineers?), the importance of having a 
stewardship perspective in this task, and 
the relevance of taking a landscape 
perspective in what we do. 

FOREST OPERATIONS AS A NEW 
BANNER 

The title of this presentation asks a 
rhetorical question: · Is harvesting 
compatible with diversity? To me the 
answer is yes and no! What I propose is 
a broader vision of strategies and 
technologies, played out through a 
framework I refer to as forest operations. 
This term is not new with me, nor is the 
debate over its use. Rather than debating 
the term, we can look at what is happening 
in the management of forest ecosystems 
then decide if a new model is needed. 

Land owners and stewards are generally 
moving in one direction, albeit at 
rationally different rates. That direction 
being greater consideration of the diversity 
of forest resources, and the attendant 
goods and services that arise from them. 
Though not in a unified voice, the public 
at large is likewise calling for such a 
change in management strategies and 
objectives. The question often comes 
down to harvest or not to harvest. While 
some people would like to stop harvesting 
period, I believe it continuing as an 
important management tool. What I am 
arguing, though, is that we limit our 
perspective and ability to engage people in 
constructive debates when we refer to all 
cutting as harvesting. Hopefully this will 
sound less contentious as I develop the 
argument below. 

Managing for a more diverse range of 
resources and ecosystem attributes means 
undertaking a wider range of activities. 
Thinning for wildlife habitat or as part of 



a forest health protection strategy; removal 
of undesirable species or restoration of an 
entire ecosystem such as the Blue 
Mountains in eastern ·Oregon; vegetation 
management within riparian areas; and 
selective cutting strategies that favor a 
blend of open. areas and clusters of leave 
trees are examples of management 
activities that are on todays decision table. 
In many of these situations harvest, in the 
sense of a ripe crop, is not the driver. 
Likewise, the organizational mechanisms 
by which many of these activities are 
conducted are different from harvesting. 
On the other hand, recovery of wood 
products may well be an option during . 
many of these activities, independent of . 
the. intent to harvest.. I would offer a 
project in Montana, called th~ Beartree 
Challenge, as an example of what is · 
occurring. Essentially this project was 
aimed at increasing grizzly bear J,labitat by 
removing trees (permanently) to encourage 
growth of buffaloberry, a food. source for 
the bears. The driver was habitat, trees 
were in the way, harvest was .not the issue, 
progress is measured by acres. of 
buffaloberry. Yet, feller/buncher 
technology was used to meet project goals 
in an environmentally sensitive manner. A 
forest operation? 

Promoting a new te~ is. not a matter .of 
semantics. It is not harvesting by another 
name! Harvesting is an important tool, 
but not the only tool. Benefits of thinking 
in terms of forest operations includes 
providing a framework for better.· 
separation of the reason for management 
from the implementation strategies; keying 
in on the target objective of management 
for budget allocation and accountability 
purposes; helping engage groups interested 
in resources other than timber in 
discussions of implementation strategies; 
providing a stronger linkage to other 
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disciplines (ex. placing logs in a stream 
for habitat improvement); and finally 
provides us with a new paradigm from 
which we can bridge the gap between 
previous practices and new approaches. 

TAKING A STEWARDSHIP 
PERSPECTIVE 

The evolution of ecosystem management 
has brought with it a refocus on an old 
term -- stewardship. While we .are still 
discussing and .debating what this means, 
there is one aspect that bears considerably 
on the topic of diversity. That aspect is 
simply that the focus of stewardship is 
more on what remains after an activity 
than. what is removed during the activity. 
Not to say that attention to the latter is not 
important. -Furth~rmore, and especially 
critical when addressing diversity,· there is 
increased attention to the pattern and 
distribution of flora and fauna. Both flora 
and fauna are important when considering 
diversity, because forest operations 
technologies are equally important to 
iniplementation of many wilcllife and 
fisheries strategies. 

Within the Forest Service, and elsewhere 
for that matter, a great deal of attention is 
being given to ecosystem restoration . . 
The goal _being returning an ecosystem to 
some specified condition. Again, a 
stewardship perspective. We do not want 
to get bogged down with semantics of 
what ecosystem restoration means. In 
fact, there is probably a. continuum of 
ecosystem based strategies ranging from 
restoration, .to enhancement, to 
maintenance. Dependent upon where the 
eco~ystem is along_ a path to wh~re we 
want it to be .. The bottomline is that 
manag~ment is required in most cases if 
we want to reach the desired condition is 
any reasonable time frame. 



Taking a stewardship perspective means 
we will pay closer attention to the 

. condition of a. site and the vegetation 
growing on the site during planning and 
execution of forest operations. Among the 
many attributes that need our attention, I 
have selected just a few as examples. 
These are: 

(1) residual tree damage - both 
frequency and severity being 
important; if managers are 
designating trees that they want as 
the legacy for future forest 
conditions, operations must be 
planned and conducted such that 
these trees survive to fulfill that role; 

(2) all vegetation counts; small trees and 
other vegetation will be part of the 
diversity objective for many sites and 
their condition and survival will 
warrant more attention; 

(3) compaction .is an obvious factor not 
needing much explanation here; I do 
think that we are somewhat paranoid 
about compaction, but regardless, 
there is a lot we need to lcnow about 
compaction and how to manage it 
during operations, and; 

(4) hydrological factors;. this is more 
than sedimentation and erosion, 
including such conditions as sheet 
flow and sub-terrainian flows; at the 
landscape scale, patterns of 
silvicultural activities can aid or 
hamper water· retention. 

These are. certainly not new concepts to 
you. What is different is the need to work 
more closely with managers and people 
from other disciplines to make sure the 
diversity they want to achieve is 
achievable and sustainable. 
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TAKING A L.Am)SCAPE 
PERSPECTIVE 

The final perspective is just that, a broader 
perspective in how we look at and manage 
forests and entire ecosystems. The 
essence of "ecosystem ~gement" is that 
we learned that effective and sustainable 
management meant we needed to look up 
from the site and pay attention to what 
occurs at the larger or landscape level.. A 
change that is parallel I would say with the 
"giant step for mankind" when we first 
stepped on the moon. While much 
attention has been given to the biological 
aspects of ecosystem based management, 
the implications for forest operations 
engineering are just as significant. 

Managing diversity has both site and 
landscape implications. We must define 
and manage for diversity on each site. 
Which means we must target or protect 
specific vegetative components during 
forest operations. We must also define 
and manage for diversity at larger scales. 
Biologically speaking this is a significantly 
more difficult task, because of things such 
as range of natural variation, forest 
patterns, and natural disturbances. In 
terms of forest operations the implications 
are equally challenging. While not a new 
concept, we must pay more attention to 
designing and implementing operational 
systems on a landscape scale. This 
covers the spectrum from planning 
activities over space and time to designing 
systems that are complementary over a 
scale larger than is usually the case. 
Roads are a good example of the latter 
situation. If we are going to implement 
management strategies that minimize 
roads, we need to take a landscape 
perspective. This would mean deciding 
what types of access will be needed, and 
for what purposes, and how the various 



implementation technologies will be 
deployed. In the context of this broader 
perspective, it seems to me that we should 
think in terms of "access networks" as 
opposed to focusing only on various types 
of roads. This does not negate the value 
of roads, but allows for a network that 
blends a multitude of access options of 
various sizes, types, and applications. 
This becomes increasingly important as we 
manage both the patterns and survivability 
of residual vegetation. 

A significant change in the way we do 
business will be needed if our management 
strategies are to be effectively 
implemented. This is directed at 
managers, planners, and other disciplinary 
functions as much as to forest operations 
engineers. Briefly, if management 
strategies are to be more integrated, 
consider spatial aspects, look at ecosystem 
components over a longer time frame, then 
you must be sitting at the table when these 
strategies are developed. Put another way, 
if we cannot successfully implement what 
we plan for, there·will be no success. The 
old method of handing a "sale" to .a timber 
sale manager and say do good, will no 
longer suffice. As I noted above, this is 
as much a change in organizational 
procedures as it is a challenge to develop 
new technologies. 

Finally, we must consider efficiency of 
operations at the landscape scale as well. as 
at the site level. This is associated with 
development of strategies as well as 
evaluation of operational activities. As I 
see it this requires a major shift. in thinking 
about efficiency, economic and otherwise. 
I am not sure how this will be played out 
or what the answers are, but it may mean 
that we give up some efficiency at the site 
level to make gains at the landscape scale. 
If we think in terms of diversity and some 
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of the implications that have already 
arisen, leave trees and snags in clear cuts, 
this will effect how· we conduct business 
and with what technologies. An area 
offering major challenges to forest 
operations engineers I would suggest. 

CONCLUSION 

For too long we -have been saddled with 
the concept of the harvesting = timber 
sales = deforestation syndrome. It is time 
we moved beyond this limited view of har
vesting and become known as the people 
who make ecosystem management happen. 
Conservation of our forest resources and 
ecosystem management are NOT synony
mous with preservation. We must manage 
to meet diversity and other goals. And to 
coin an often used phrase, forest opera
tions engineering is where the rubber hits 
the road. 

Taldng an ecosystem perspective and man
aging for diversity means some changes in 
the way we do business. I have focused 
on but some of this change, but suggest 
these factors are critical to success. I 
firmly we need to use forest operations 
engineering, or a better term, as our ban
ner, and I believe that taking a stewardship 
and landscape perspective are essential for 
us to successfully meet the new challenges 
associated with managing for diversity. 
This is ·not necessarily an easy, or even 
constant road. The fatter a complication 
because all land owners do not have the 
same set of management objectives. . But 
for us to make the transition we must be
come engaged in the discussion of strategic 
issues (such.as the FEMAT effort recently 
conducted here in the Pacific Northwest), 
we must become known as the implemen
tation guru's, and finally we must si~ at the 
planing table when land-scape management 
strategies are being defmed. 



I have but touched the surface in the areas 
where I see changes occurring, or will 
occur, in the field of forest operations. It 
is time for me to bow out and let you, the 
experts, complete the job of crafting a new 
vision of forest operations engineering to 
meet these and other challenges. I am 
confident you will meet that challenge. 

THE AUTHOR 

James 0. Howard is Staff Specialist, 
Forest Products and Harvesting Research, 
USDA, Forest Service, Washington, DC. 
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MANAGEMENT IN NEW ZEALAND 

by 

Dennis A. Neilson 
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Good morning ladies and gentlemen. I am 
very pleased to have been asked to be a 
keynote speaker at this combined Council 
on Forest Engineering and International 
Union of Forestry Research Organizations 
conference here in Portland and Corvallis. 

It is especially interesting for me to attend 
the meetings and field trips as I studied at 
Oregon State University in the late 1970's 
and in fact spoke at an IUFRO meeting in 
Corvallis. at that time on my thesis which 
covered cable thinning operations. 

Some 15-20 years ago when I was living 
in the Northwest, forestry and harvesting 
management systems were significantly 
different from today. Environmental 
protection then, as it is now, was 
considered to be an important component 
of planning and operations procedures on 
both public and private forests. Even in 
the 1970's there were some in the industry 
who were nervous about how far 
environmental consciousness would go in 
restricting forest harvesting practice. 
However, I can state with confidence that 
none of these people would have had the 
slightest idea of the impact that lobby 
groups, the judiciary, government policy 
and a largely ineffective industry voice, 
would have had on the industry. 

When I completed my Masters degree in 
1977, the industry was in good heart. 
Today it appears to me as an outsider at 
least to have lost its spirit. The once 
proud industry which acted as the wood
basket of America for 50 years, and which 
as played such a major role in the Japanese 
and more recently the Korean and Chinese 
economics by its supply of wood to 
housing and industrial markets, is now just 
a shadow of its former self and appears to 
be in danger of losing its shadow. 



The public forests have all but ceased 
being a major supplier of timber products -
it is possible that there will be no 
harvesting. from federal forests by the turn 
of the. century. However, most private 
forest owners felt until recently that the 
United States Constitution would protect 
them from the perceived excesses of 
restrictive legislation. Not so· it appears, 
and now the private forests in the region 
are under environmental siege. One 
environmental lobbyist· in Washington 
D.C. ·has suggested for instance that the 
Endangered Species Act is the only piece 
of American legislation which can override 
the United States Constitution.· 

Ironically, this is possibly leading to a 
liquidation mentality by private owners 
who would rather harvest their forests now 
in a sub-optimal way than to risk having 
them locked up before they fully mature. 

The net restilt of these restrictions is a 
rapidly accelerating substitution of wood 
by other, often environmentally unfriendly 
products, and the replacement of 
Northwest wood by imported products. 
Some exporting countries have responsible 
forest management and harvesting 
regulations - others do not. But then what 
does that matter to the average well 
meaning Northwest based environ
mentalist? He or she can only influence so 
much, after all. 

When I initially accepted an invitation to 
speak at this conference, I anticipated 
developing a presentation which covered 
technical'. and scientific issues in some 
detail. However, I thought it more 
appropriate today to spend most of my talk 
on macro rather than micro issues as I 
discuss some · of the areas. where the 
industry in the Northwest can perhaps 
learn from the burgeoning forest industry 
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in New Zealand. An understanding_.of the 
macro forces which have shaped the New 
Zealand industry will make_ is much easier 
to understand how many of the important 
micro influences have been allowed to 
develop. 

Before I get down to specifics, I would 
like to emphasize that New Zealand is a 
very small and simple country compared 
with the United States. Some of the 
legislative and policy changes possible in 
the forest industry at home just· may not be 
possible in the complex legal, technical 
and commercial environment of the United 
States. 

Nevertheless, you may be interested in 
some of the historical and recent changes 
in the New Zealand forest industry sector, 
especially in recent time. 

In fact, one of the successes of the 
industry is that issues have been 
deliberately kept focused and simple - the 
first and probably the most important 
lesson that our industry can offer. A 
simple and focused industry is much more 
likely to be successful than one bogged 
down with complexity. 

NEW ZEALAND LAND USE 

Today, some 23 percent of New Zealand's 
land area is covered with indigenous forest 
(Fig. 1). 

The natural forest provided the raw 
material to build New Zealand for more 
than 100 years from its founding in 1840. 
However, as early as 1913, the then 
government recognized that natural forests 
may not be able to sustain industrial 
development in the future, ~din the 
1920's and 1930's initiated a major 
planting program using exotic species -



Other Land 21 % 
Natural Forest 23% 

Planted Production Forest 5% 

Pasture and Arable Land 51% 

Figure 1. New Zealand land use. Total land area = 26 million hectares. 
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mainly radiata or Monterey pine from the 
Monterey Peninsular of Northern 
California, and Douglas fir. These two 
species were selected after a 50-year 
species and provenance selection program 
undertaken by both government and 
industry. 

Note: At present a number of alternative 
species are being considered - and the 
focus of research on one main species for 
over 70 years has built up the disciplines 
needed to efficiently develop management 
systems for other trees. 

As these exotic forests matured, they 
increasingly replaced the. harvest of natural 
forests, so by the mid 1950's, exotic forest 
production had surpassed natural forest 
harvesting (Fig. 2). 

Today less than 2 percent of the increasing 
forest cut is from natural forest. The 
foresight of the early pioneers need to be 
recognized for two reasons. The first is, 
as they expected, their exotic forests 
became an important supplier of wood 
fibre. The second, which they probably 
could not have foreseen is that New 
Zealand now has a significant exotic forest 
base which is an acceptable raw· material 
supply from an environmental point of 
view. 

NEW ZEALAND FOREST ACCORD 

What has become apparent in the 
Northwest is that the environmental lobby 
is unable or unwilling to differentiate 
between "natural" and "planted" forests. 
To the lobby they are the same and as 
such have to be protected. By contrast the 
new Zealand environmental movement has 
effectively shut down all natural forest 
harvesting but has given its qualified 
support to plantation forestry. This 
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support has been enshrined in a document 
called "The New Zealand Forest Accord" 
signed in 1991~ Signatories include major 
environmental groups and the major 
industry Associations. 

The accord is between the New Zealand 
Forest Owners' Association (Inc.), the 
New Zealand Timber Industry Federation, 
the New 2ealand Wood Panel Manu
facturers' Association and The Royal 
Forest and Bird Protection Society of New 
Zealand tine.) together with the following 
environmental or recreational organizations 
who collectively comprise the New 
Zealand Rainforest Coalition: 

• Environment & Conservation 
Organizations of N.Z. Inc. 

• Federated Mountain Clubs 
• Friends of the Earth 
• Beech Action Committe 
• Pacific Institute of Resource 

~anagement 
• World Fund for Nature (N. Z.) 
• Japan Tropical Forest· Action 

Network 
• Tropical Rainforests Action 

Group 

and the Mantia society. 

It is notable that quite deliberately, the 
gover.mnent is not a signatory to the 
accord - it does not need to be as it does 
not .directly manage commercial forests. 

The fourth objective of the Accord is to 
recognize that commerical plantation 
forests of either introduced or indigenous 
species are an essential source of 
perpetually renewable fiber and energy 
offering an alternative to the depletion of 
natural forests. 

The moral of this is that it may be better 



to establish even sub-optimal exotic species 
in the Northwest instead of continuing the 
soul destroying ( or even industry 
destroying) environmental battle that 
continues to wage. I suggest that some of 
the larger companies might be advised to 
at least consider the possibility of planting 
introduced species, which may be treated 
by the public as more akin to rice fieids 
than as owl habitat. Even plantations of 
"non-traditional" natural species eg. 
cottonwood, would probably have a better 
chance of surviving the production cycle 
than the traditional timber species which 
are now wrapped up in a mystique and an 
aura which has become hard to counter. 

The second major lesson that we have 
learned in New Zealand to ensure a viable 
forest is that it is important to separate the 
commercial and environmental 
responsibilities of the government agencies 
which are charged with administering 
government forests. Indeed it is also very 
helpful to have governments exit the forest 
arena altogether - as I will discuss soon. 

Prior to 1987, the New Zealand Forest 
Service was responsible for the 
management of all exotic forests and much 
of the natural forests. This covered both 
commercial and environmental aspects of 
management, including forest parks and 
other areas where recreation and 
preservation were important requirements. 
The Forest Service was run as a typical 
government department of the time -
overstaffed and bureaucratically managed 
from central offices. As a result Forest 
Service policies and practices were 
confused between commercial and 
environmental priorities. Senior managers 
were themselves continuaIJy tom between 
these priorities, and the enviromnental 
lobby groups found the Forest Service an 
easy target as, unlike the lobby groups, it 
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was not focused. 

In 1987 the government separated the 
Forest Service into "commercial" and 
"environmental" divisions. This split was 
supported by both the environmental 
movement and by economic efficiency 
purists. 

The arguments put forward by the 
government for this separation included: 

• Environmental management was badly 
handled by trading departments. 

• There has been a failure over many 
years to make a satisfactory rate of 
return on public assets. 

• There were problems of mixed 
objectives, such as the distortion of 
trading departments by political 
considerations. 

• Government trading agencies operated 
with advantages that meant they were 
not competitively neutral. 

Somehow I think some of the local people 
in the audience may be able to relate to 

. this situation closer to home. 

This separation and "corporatizati<?n" of 
the Forest Service into the New Zealand 
Forestry Corporation was successful in the 
short term - for instance salaried and wage 
employees were reduced from 3,500 to 
700 in short order. 

Had the New Zealand ·government not 
made this administrative split when it did, 
the environmental movement could well 
have succeeded in moving in on the exotic 
plantation forests via the political process. 
If this had occurred, restrictions would 
have inevitably spilled over into the 
private sector. This spill-over effect is, of 
course, what we are now witnessing in the 
Northwest. 



However, the biggest spin-off in 
commercial terms was that with the new 
separated structure, it soon became 
apparent to the government that it did not 
actually need to own any commercial 
forests at all, and it subsequently initiated 
a forest sales program, leasing the land 
under long term Crown Forest Licenses. 
Like the Chilean experience of a decade 
before, the sales process, in this case to 
New Zealand, American, Japanese, 
Malaysian interests, has revitalized the 
sector which is currently booming. 

The Executive Director of the New 
Zealand Forest Owners Association 
recently made the following statement to 
an Australian audience, "Government 
ownership and management of forests 
throughout the world where multiple 
management objectives have been 
attempted is nothing but a trail of disaster. 
For commercial forestry to become 
successful in the long term it is essential to 
get the government out of the business. " 

While Mr. Shirley's statement may have 
been a little provocative (New Zealanders 
enjoy a dig at Australians - in this· context 
at their government run forestry systems), 
I am confident that a renaissance would 
occur if government/State forests in the 
Northwest could be corporatized 
/privatized. However, I fear that such 
moves would be effectively prevented by 
your political/legal· system. It should have 
been initiated 30 years ago. 

I am not suggesting that the New Zealand 
government has abrogated its 
environmental protection of ex-State or 
private forests by recent events. On the 
contrary, in 1991 it enacted one of the 
most comprehensive resource management 
laws of any country, called the Resource 
Management Act. This covers the 
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management of both government and 
private land, as well as waterways· and the 
air. 

The two major objectives of the Act are: 

1. To replace a plethora of government 
legislation built up over decades which 
had the industry (and government) 
facing many complex and costly 
permitting bodies to gain approval for 
development of any sort, with a single 
comprehensive piece of legislation. 

2. To define resource sustainability as 
the single major criteria for examining 
development proposals. This should 
prevent sound; sustainable development 
from being blocked by special interest 
groups. · 

The Act is new and will take a few years 
to achieve consistent local authority 
rulings, but it is fair to say that on balance 
it will serve New Zealand resource 
management as well. A number of 
operators in the Northwest would probably 
give their eye teeth for a similar 
comprehensive Act up here. 

PLANTATION FORESTS, 
MANAGEMENT INTENSITY 

The intensity of forest management has 
been a feature of the New· Zealand 
industry for some time. 

In 1991, more than 60 percent of all 
plantation forests had been managed in 
some way (Fig. 3). 

Incidentally, the most intensively 
management forests I have seen in the 
Northwest ·do not belong to the 
government, nor indeed to a major 
corporate company, but to a _private 



Minimum tended without production 

thinning 38% 

Minimum tended with production 

thinning9% 

Intensively tended with production 

thinning 17% 

Intensively tended without production thinning 36% 

Figure 3. New Zealand plantation forest management practice. 

company which has been in the 
management business for almost 100 
years. 

One advantage to New Zealand of forest 
privatization has been the realization by 
private forest owners that they will need to 
more intensively manage their own forests 
in future. They know that the government 
will not supply them with well managed 
mature wood as it used to. The 60 percent 
intensive management figure is expected to 
rise significantly in future. 

The theme of productive partnerships 
which pervades the New Zealand forest 
industry sector is well illustrated in the 
area of research. 

One of the major strengths of the industry 
over many years has been the close 
cooperation between the Government 
through the New Zealand Forest Research 
Institute (FRI) and Industry. This has 
beencem~tedrece~yMth~wfunding 
arrangem~ts which require industry to 
directly assist with commercial research 
funding. 
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FRI FORESTRY AND LUMBER 
COMPUTER APPLICATIONS 

A major exercise undertaken by the 
Institute, using data from government and 
private forests over 30 years or so, has 
been to develop a sophisticated series of 
software packages linking most aspects of 
forest database development, forest 
management, measurement, harvesting and 
processing (Fig. 4). The majority of 
companies and consultants utilize one or 
more of these packages, or have produced 
their own using the FRI packages as a 
benchmark. I am not aware of such 
comprehensive packages available to the 
industry in the Northwest at this time. 

A number of formal cooperatives exist iµ 
New Zealand between the Forest Research 
Institute and· Industry at the present time. 
These include: 

Forest Technology Board 
Douglas Fir Cooperative 
Eucalypt Breeding Cooperative 
Forest and Farm Plantation Management 

Cooperative 
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Figure 4. FRI forestry and lumber computer applications. 

Management of Eucalypts Cooperative 
New Zealand Site ~anagement 

Cooperative 
New Zealand Radiata Pine Breeding 

Cooperative 
Stand Growth Modelling Cooperative 

In addition, the Logging Industry Research 
Organization is effectively a joint venture 
between government and industry, and a 
number of ·commercial joint ventures exist 
between the Forest Research Institute and 
industry on wood quality programs. 
Probably the most promising is an 
innovative wood hardening technique 
which can be used to "dial a hardness11 of 
rad.iata pine and other species. Another is 

a patented green fmger jointing technique. 

Having a single recognized institute, 
increasingly sensitive to commercial 
realities is a major advantage to the New 
Zealand industry. Again, the simple and 
focused approach to the industry in New 
Zealand continues to ·pay dividends. 

However, probably the most important 
long term advantage of any project or 
operation 'initiated by the New Zealand 
forest industry sector is the government 
/industry sponsQrship of a series of 
teaching kits to be offered to all schools in 
the country. 
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This ambitious program, which is being 
written by educators with technical 
assistance from the government and 
industry, is divided into five modules, 
including: 

1. Forests 
2. Processes 
3. The Environment 
4. People 
5. Science and Technology 

It is being progressively introduced to all 
levels of teaching from five to eighteen 
year olds in schools throughout the 
country. In addition to explaining forestry 
issues, it has been designed so that other 
teaching disciplines, eg. geography, 
mathematics, English comprehension, etc. 
can be taught by using forestry examples. 
It should ensure that all students receive 
professional and factual information on the 
sector. The first three modules are 
already in circulation, with the last two 
being prepared. 

If the Western United States forestry 
region can learn nothing else from the 
New Zealand forest industry sector, I 
would suggest a similar program might, 
and I say just "might" provide a balanced 
education for the next generation of 
activists, lawyers, legislators and voters. 
If properly managed, it would have to be a 
major improvement on the generally biased 
and I understand often inaccurate 
information that children are currently 
receiving in the region. If one is 
optimistic, this could even prevent the 
industry in the Northwest from slipping 
completely off the active list and into the 
museums and archives of the future. 

I could continue to talk about more 
detailed and specific items of intere$1 such 
as: 
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- the kingmaster pruning stirrup which 
enables pruners to trim branches higher 
up each tree, 

- efficient pruning shear design which is 
now used in many parts of the world, 

- log ship loading systems which enable 
5-man gangs to work each hold instead 
of the 11-man gangs currently required 
in the Northwest. 

However, I will rather, if I have time, 
briefly show slides of current New 
Zealand inanagement practices, from site 
preparation to harvesting. 
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ABSTRACT: The new national Swedish 
forestry policy lends equal importance to 
environmental concern and economical 
timber production. This in combination 
with an exceptional deep and long market 
recession has stressed the demands for 
more environmental considerations, higher 
wood quality, new assortments, increased 
revenues and reduced costs. 

In this paper is briefly discussed how these 
demands affect the development of 
techniques and methods in Swedish 
forestry at present, and how modem 
technologies are used to achieve the 
current over-all objective of a "sustainable, 
economical and ecological sound forestry". 

KEYWORDS-Swedish forestry, 
technologies, silviculture, harvesting, 
wood flow, wood utilization. 

"AND THE TIMES THEY ARE 
CHANGING" 

During the last few years Swedish forestry 
has been subject to some rather thorough 
changes. The two major forces behind 
these changes are the exceptional deep and 
long market recession we now hopefully 
have passed, and an increasing 
environmental awareness. Altogether this 
has led to demands for: 

* more environmental considerations - by 
the public and the market 

* higher wood qua.lity - by the forest 
industry ·· 

* new assortments - by the forest owners 
* increased revenues - by ·the share 

holders/forest owners 
* reduced costs - by the share 

holders/forest owners 



Consequently the current over-~ objective 
is n sustainable, economical and ecological 
sound forestry". 

As a ·result of the growing concern about 
the environment our new Forestry .Act, 
valid from January 1, 1994, lends equal 
importance to the environmental goals and 
the traditional goals concerning tiinber 
production. 

The silvicultural prescriptions are therefore 
rapidly moving to more diversified 
treatments. Exemplifying this is the 
obvious trend away from clear felling and 
planting towards more natural regeneration 
involving various types of shelterwood 
systems and seed trees. 

With the new and in terms of treatment 
selection more liberal Forestry Act, we 
also expect the employment of a greater 
variation of thinning regimes. Here we are 
talking about tbinnine; from above and 
below as well as strip road specings 
between 15 and 25 metres. 

During a long period of time we have only 
been harvesting 60-70 % of the annual 
increment in our forests. Consequently the 
total timber stock has increased 
significantly. For competitive reasons our 
domestically located pulp and paper 
industry is more and more heading from 
bulk production towards high quality 
products, which in tum emphasise the 
requirements for high wood quali!)'. The 
increasing inventory and the sharpened 
quality requirements has lead to a situation 
where we are facing a surplus of timber. 
However, this creates a potential for new 
assortments. One such assortment that is 
already growing in importance is wood for 
energy purposes. 

During the recent three very tough years 
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for the Swedish forestry sector, a dramatic 
rationalization has taken place. In large 
scale forestry for example, the. thinning 
operations have been mechanized to nearly 
100 % • The number of employees has 
been reduced by half while maiPtaining the 
same total annual cut. At the same time 
the employment of contractors has 
increased. Today approximately 70 % of 
the total volume is being harvested by 
contractors in large scale operations. 

Naturally, changes like these would not 
have been possible and the continuing 
development will not be possible without 
using modem technologies. I am also 
convinced that applications of modem 
technologies is a necessity if we shall 
succeed in our efforts to combine 
environmental· concern with timber 
production and profitability. 

Let us now look at how some of the 
demands I mentioned affects techniques 
and methods used in the Swedish forests. 

ENVIRONMENTAL CONCERN 

The increasing environmental concern 
affects technical solutions as well as 
forestry practices. Startivg with stand 
establishment, an example of the .former is 
the development of site preparation 
equipment that minimize unwanted 
environmental effects of the treatment and 
optimise the conditions for the seedling. 
Hence new types of mounders, such as the 
ECO-scarifier (Fig. 1) are attracting 
increasing interest. 

New forestry practices. together with 
relatively small tracts and the increasing 
use of contractors have initiated the 
development and use of more versatile and 
flexible harvesting techniques. One aspect 
of versatility is that one machine can do 



Figure 1. The prototype boom-tip 
mounted ECO-scarifier. 

several things, such as cleaning and 
thinning, harvesting and forwarding, and 
excavating and harvesting. Versatility can 
also mean that one machine has a wide 
range of applicability within basically the 
same type of operation. Thus, in a few 
years we probably will have left the 
two-grip harvesters and only use 
single-grip harvesters , one size for 
thinning and one for final felling. As for 
flexibility, it has to be very easy to shift 
these machines between different types of 
operations and/ or working patterns. 

The environmental concern influences the 
technique via the need for new forestry 
practices. However the technique itself 
must also be environmentally sound. 

SkogForsk has been testing the 
CTI-technique on a forwarder for almost a 
year. Results indicate a considerable 
reduction of rut depth. Furthermore the 
machine is riding much smoother which 
allo~s for increased travel speed and 
better comfort for the driver. 

Another way of reducing ground dam.age 
is to avoid tyre slippage, both tangential 
and axially. This has been done 
successfully by adapting special control 
systems to both hydrostatic drive 
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Figure 2. Tyre slippage may be reduced 
by steering in the bogie. 

systems having wheel motors and steering 
systems governing one wheel in each 
bogie, Fig. 2. 

In Swedish forestry a lot of effort is also 
made to improve the working environment 
for the machine operators. At present we 
focus mainly upon Repetitive Stress Injury 
(RSI). The preventive measures taken are 
both of technical and organizational nature. 
As examples of the former the following 
can be mentioned. 

One of the most serious ergonomic 
problems to which the operator of a 
modem off-road vehicle is subjected is 
vibrations and jolting. Together with 
Val.met, SkogForsk has developed an 
active cab-suspension system, based on 
an automatic hydraulic damper system 
mounted between the chassis and the 
cab (Fig. 3). The system damps both 
vertical and lateral cab movements and 
can also level the cab. In tests 
vibrations were reduced by 50-60 % , 
which also allowed for a 10-% off-road 
speed increase. 

A somewhat simpler way of damping 
and levelling the cab is to hang it from 
a damped joint in the roof. 



Two hydraulic cylinders are located between the 
cab and the chassis 

Figure 3. Active cab suspension. 

Measures that enable the operator to 
work more relaxed must reduce the 
repetitive work and the need for 
preciseness of the movements. Control 
systems with mini-levers or joy-sticks 
may facilitate this. 

REDUCED COSTS 

In spite of a high degree of mechanization, 
efficient machines and advanced planning
and information systems, we are still left 
with plenty of possibilities to improve 
productivity and reduce costs by further 
development of techniques and methods. 

Silviculture 

In· silviculture, artificial seeding is· 
attracting a renewed interest. Partly 
because when properly applied it may be 
cost saving, and partly because it may be a 
way to create dense young stands for 
future production of high quality timber. 
The so-called micro preparation technique 
is one example of development within this 
field (Fig. 4). 
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Even if at present there is a strong trend 
towards natural regeneration in various 
forms, clear felling and planting will 
surely remain the predominant 
regeneration method. Hence the 
development of planting machines will 
continue. Besides technically very 
sophisticated planting machines, such as 
the Silva Nova (Fig. 5), other concepts are 
under development. The Hevo planter 
(Fig. 6) is designed for semi-mechanized 
planting of large seedlings on small tracts, 
and the excavator-mounted Oje planter 
(Fig. 7) for a combined mounding-planting 
operation on wet or rocky sites. 

After many years of development 
mechanized cleaning (precommercial 
thinning), can now be considered an 
established method (Fig. 8), economically 
competitive when the number of stems to 
be removed exceeds 10,000 per hectare. 
Quite often a good solution is to combine 
mechanized cleaning with the conventional 
brush-saw where the machine is used in 
the denser parts of the stand. 



. . . ... .. . ... 

1. 

.. 
Suggested soil preparation adapted to seeding in rows. 

Figure 4. Micro-preparation adapted to seeding in rows. 

Tools used to produce the small 
pyramidal indentations. In mechanized 
seeding wheels with similar pyramidal 
surface are mounted in front of the 
seeding device. 

Figure 5. Silva Nova tree planter. Figure 6. Hevo-planter. 
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Figure 7. Oje-planter. 

Harvesting 

In harvesting, and particularly in 
commericial thinning of dense stands, one 
way to improve productivity is to use 
multitree handling in both felling and 
processing. At the moment we are testing 
prototype single-grip harvesting heads 
specially designed for processing two trees 
at a time and meeting very high delimbing 
quality requirements. 

Better utilization of the harvesting 
machinery may be obtained by both 
technical and organizational means. On the 
technical side, the general engineering of 
the machinery is constantly being 
improved. By the application of modern 
electronics, hydraulics etc. the designs 
becomes both more reliable and easier to 
maintain. 

In order to shorten nonproductive 
downtime, SkogForsk have started to look 
at the application of expert systems in 
trouble shooting on harvesters. Hopefully 
this will guide the operator in finding 
errors and eliminating them more rapidly. 
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Figure 8. Mechanized cleaning. 

The above mentioned versatile or 
multipurpose machines makes planning as 
well as utilisation easier. The fewer 
specialized units we have the less need for 
moving them around to find suitable jobs. 

Control of wood flow 

One of the major potentials for cost 
reduction in Swedish forestry , is to reduce 
the large volumes of wood stored along the 
route between stump and mill. In 
conjunction with ambitions to increase 
delivery precision, this has made wood 
flow management in general and transport 
planning in particular increasingly 
important and complex. To cope with this, 
comprehensive wood flow information 
systems are being developed and 
introduced. One of the prerequisites 
for the successful functioning of such a 
system is the supply of very accurate and 
up-to-date inventory information. Some of 
the key technical components are therefore 
on-board computers, mobile data 
communication systems, GIS and GPS. 

In the wood flow information systems now 
being tested each harvester and forwarder 



Figure 9. Components in a wood flow/transport scheduling system. 

reports at least once daily their production 
figures, i.e. data that has been registered 
automatically during operation in their 
on-board computers. With a similar 
computer set-up all trucks can report when 
and where every load were loaded and 
delivered. The computer based information 
is sent from the machine or truck to the 
office by radio links. At the office the 
supervisor monitors operations via the 
office computer and compares actual 
outputs to planned volumes. The system 
can also be used to obtain production feed 
back for individual operations or machine 
units, plus particulars on earnings and any 
bonuses payable. 

At present transport scheduliri.g systems 
b~sed on GIS and GPS are being 
developed. Via the wood flow information 
system linked to a GIS, the transport 
manager will have access to information 
on scheduled and ongoing activities, 
stockpiles, orders from the mills, status of 
different roads etc., which is necessary for 
optimizing the transport operation. The 
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optimization is done in the GIS which 
assigns the hauling jobs to the individual 
trucks together with recommended routes 
based on the latest information contained 
in the road-network data base. Dispatch 
notes are sent automatically by radio link 
to the trucks who receives them through 
their on-board computers. In time the 
computer will be able to project a map 
where suggested route and the position of 
the vehicle may be followed continuously. 
The truck's position is determined by the 
GPS . 

While speaking of GPS, it should be 
mentioned that this technology is also 
being tested and developed for other 
forestry applications. Forest survey, road 
construction planning, identification of 
valuable habitats and accident alarm for 
lone workers are some examples. 

HIGH REVENUES 

To increase revenues might be an area 
with even greater remaining potential for 



Figure 10. Data can be communicated simultaneously in "parcels" from several units to the 
office. 

improvements than measures to reduce 
costs. In Sweden we are approaching this 
from two angles: better wood-utilization 
and improved quality. 

Better wood utilization 

Computer-aided merchandizing helps the 
harvester operator to optimize the bucking 
of each tree. The on-board computer is 
programmed with current price lists for all 
wood assortments as a basis for optimizing 
the value yield. While the tree is being fed 
through the processing unit, it is also 
being measured for length and diameter. 
When the optimum combination of the 
two parameters is reached, the stem is 
automatically bucked and the processing 
continues. However the operator ·can 
overrule the computer if he spots defects 
and quality changes on the tree. 

At present we are testing the possibilities 
to use image processing, X-ray or 
ultrasonic techniques to determine 
superficial as well as interior log quality 
parameters in conjunction with 
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computerized merchandizing. 

Sawlogs are to an increasing extent 
processed against specific orders from the 
mills. Hence the need to keep track of the 
logs harvested is becoming pronounced. In 
the future micro-chips tagged to the log 
may be used for marking. The chip could 
contain origin, destination and all the 
information about the log that the harvester 
already has collected. 

Another, if not a technological way of 
improving the wood utilization is to use 
the wood fibre for other than the 
conventional industrial purposes. As 
indicated before, one of the oldest 
assortments from the forest, fuelwood, has 
made a strong comeback in recent years . 
Today fuelwood is considered to be the 
third leg of the forestry sector. Techniques 
and methods to recover this assortment has 
been developed for a long period of time, 
and can now be regarded as well 
integrated with the rest. 



Quality improvement 

In terms of quality I am referring to what 
can be done to make the best use of the 
wood we already have, and how we should 
care about future quality in today's 
operations. 

I have already touched upon how modem 
technology can be applied for 
merchandizing a tree for optimized wood 
utilization. As the sawlog portion of the 
three yields the highest value it is of 
course here one should try the most to 
increase quality. To achieve that it is 
necessary to be in as close and direct 
contact with the customers - the saw mills 
- as possible. To be able to take on special 
orders on short notice can make a whole 
lot of difference to the sawlog value. 
An information system where the 
computers at the saw mill, the forest 
district and the harvesters are all linked 
together may facilitate this. 

The pulpwood delivered from our Swedish 
forests naturally includes a great variety of 
qualities in terms of density, moisture 
content, fibre type, decay etc. These and 
several other wood properties affects both 
the costs and the resulting quality of the 
pulping process considerably. Therefore 
we are now trying to find ways to 
determine various important wood 
properties which should make it possible to 
sort the pulpwood in djfferentiated quality 
classes already in the forest. This in turn 
would enable separate deliveries of 
homogenous and proper qualities of 
pulpwood for specific purposes. 

To increase revenues in the long term we 
have to be careful when operating in the 
sensitive biological environment, not to 
cause harmful damage to neither the 
residual stand, nor to ground or water. As 
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I have already pointed out, the technical 
development and its applications of 
modem technologies facilitates machines 
more gentle to the environment. However 
one must not forget that at least an equally 
important factor is the skill of machine 
operators and other personnel involved. 

Without competent and motivated 
personnel we will never reach the overall 
objective of a sustainable, economical and 
ecological sound forestry, no matter how 
efficient and advanced techniques we have 
at our disposal. 
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ABSTRACT: This paper discusses 
different ways to deal with both 
biodiversity and timber production on a 
landscape level and how to implement 
strategic decisions on an operational level. 
Examples of different kinds of ecological 
restrictions are given and suggestions are 
made how they can be considered. Spatial 
relations and temporal effects are of great 
importance. A GIS combined with a 
dynamic model of development of both 
timber production and biodiversity would 
be a useful tool. 

KEYWORDS-Forest management, GIS, 
spatial modeling, dynamic modeling, 
ecological landscape planning. 

INTRODUCTION 

New forestcy legislation in Sweden sets 
preservj.ng biodiversity as an objective 
equal to that of producing valuable timber. 
This implies a new planning situation for 
the forest owners and the society 
information about the ecosystems, habitats 
and species has to be added to the forest 
description. 

Hence, it will not be enough to make 
considerations on a sub-stand level. A 
broader view has to be applied to preserve 
the biodiversity of the forests and the 
planning must also be made on a landscape 
level. 

There are a number of considerations on 
different levels to be made and quite a few 
possible actions to consider. Forests will 
be utilized also in the future. They must 
on a sustainable basis supply industcy with 
its needed resources, provide people an 
outcome and contribute to the economic 
development. Hence, it is essential that 



decisions of every kind in forestry are 
done with knowledge of both ecological 
and economical consequences. Therefore, 
forestry needs to integrate ecological. arid 
economical considerations in its 
management. 

A LANDS~APE APPROACH 

The goal of preserving biodiversity is 
usually defined as preserving all the 
species, and sometimes even genotypes, 
that are present today. This is of course 
not applicable for single stands, larger 
areas of land must be considered. A term 
widely used in this context is landscape 
(Hansson & Angelstam, 1991). The size 
of a landscape is not that easy to define 
either. The landscape could be defined as 
the area a local population of a species 
needs for its survival. But that could 
mean different things. A zoologist 
interested in moose (Alces a/.ces) has quite 
a separate perspective from that of a 
biologist specializing in mosses. In 
Sweden, the usual meaning of landscape in 
this context ranges from 2,000 hectares up 
to 20,000. The more fragmented the area, 
the smaller the landscape. This can be due 
to biological or managerial reasons as 
discussed but it is obviously more complex 
to handle an area which is .very 
fragmented. 

Most forest land of Scandinavia have been 
managed "for at least a hundred years; 
some have been utilized in different ways 
during a much longer time. Comparison 
with Russian natural forests has indicated 
that there are certain features and 
structures of the natural forest that have 
become very scarce today. To a large 
degree the threatened species of the boreal · 
forest are connected to these features and 
structures. Thus, one idea is to use the 
natural forest as a model to preserve the 
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biodiversity and to direct the management 
rather towards the structure and features of 
a natural· forest than to the species 
themselves. 

Today it is· accepted that the natural boreal 
forest was irregularly disturbed by various 
causes. Storm, snow, pests and fires made 
impact on the forest. Especially fire 
seems to have played an important role in 
the dynamics of the natural forest 
(Zackrisson, 1977). Historical studies 
have shown that forest fires were more 
frequent than assumed earlier. Even 
though the records date back to the 
medieval age, one cannot ignore the 
possibility that man has caused a large 
proportion of these fires. Shifting 
cultivation was a common agricultural 
practice and fire was used to improve 
pasture quality. 

IMITATING THE FIRE 

Fire was the most important disturbing 
factor· in the natural boreal forest. Forest 
fires were frequent, but the frequency 
differed depending on various factors, e.g. 
moistur~, forest type, aspect of slope and 
topography (Engelmark, 1987). In a 
preliminary model for managing boreal 
forests for biological sustainability, the 
average occurrence of forest fire is the 
fundamental variable (Angelstam, 
Rosenberg and Rwcker, 1993). Areas 
which naturally never or very seldom 
would have been affected by fire are 
recognized. Very moist to wet soils, 
canyons and slopes facing the northeast are 
examples of this kind. Undisturbed forests 
will naturally develop a kind of internal 
dynamic, where old trees die off, and new 
plants grow up in the clearance after these 
old trees. The stands contain trees of 
many ages. The organisms found in such 
a forest are very sensitive to clearcutting. 



They require a long continuity of a closed 
canopy. 

There are two ways to handle such areas. 
Areas of this sort that have high biological 
values, i.e. some rare species can be found 
there, should probably be left and not 
utilized for forestry. On other areas a 
careful harvesting, leaving a rather dense 
shelter, is a proposed practice. It is 
important to never expose the bare ground, 
but to always keep a sheltering canopy. 
For many areas this is also a good 
silvicultural practice, as the risk for frost 
is usually very high on these spots. 

MOVING FEATURES 

The areas described above are in a way 
easy to handle, as they are spatially static. 
Areas affected more frequently by fires are 
somewhat more complex in their 
dynamics. As a fire has burned off an 
area, the regeneration varied. Some parts 
were immediately invaded by pine and 
spruce, but some parts had a generation of 
hardwood before the softwoods would take 
over. In aerial photographs of natural 
boreal forests, these softwood stands 
indicating recent forest fires are very 
significant. The Swedish forestry has been 
very effective in its· previous efforts to 
reduce the proportion of the less valuable 
hardwood, and nowadays it is recognized 
that this proportion should increase. There 
should be a larger proportion in the 
softwood dominated stands, but hardwood 
dominated stands should also be more 
frequent. 

Another feature of the natural forest that is 
crucial for some organisms is the amount 
of mature forest in a landscape. Some 
birds and insects are sensitive to level of 
this feature (Angelstam. and Andren, 
1993). As a rule-by-thumb it is said that 
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there should never be less than 25 % 
mature forest in a landscape. 

INTEGRATING PLANNING TOOLS 

The softwood stands and percentage of 
mature forest are examples of spatially 
dynamic features. They are not tied to 

. any certain area, but can, and indeed must, 
move around within the landscape. This is 
a problem for the planning process. The 
traditional forestry planning has considered 
a sustainable yield, in terms of industrial 
wood, as a restriction to fulfill. But this 
figure has not been spatially restricted, nor 
has the composition and dynamics of the 
forests been put to any greater attention 
other than that the harvest level should be 
even. The new ecologi~ demands 
require another set of tools to be 
efficiently carried out. It is important to 
remember that forests also in the future 
must supply the industry with wood at an 
economically acceptable cost level. The 
planning process must integrate both 
economical, operational and ecological 
factors. When evaluating different 
alternative strategies all these issues have 
to be considered. 

To be able to make the right decisions in 
the management, the decision support has 
to be extended. The old tables and 
programs are no longer sufficient to give 
the whole picture. The type of tool 
needed is something of a mixture of a 
·growth-model, economical predictor and 
biodiversity evaluator, that also can handle 
spatial and dynamic data. A dynamic GIS 
coupled with different kinds of calculation 
models may be the tool to look for. To 
our knowledge this program has not yet 
been constructed, although several attempts 
in this direction have been taken. 



CONCLUSIONS 

There are several pieces in this big jigsaw 
puzzle. that are still missing. Our 
knowledge of biological and ecological 
factors and processes are to a large extent 
rudimentary. Ecologists have to change 
their view a bit and get more operational. 
To predict future biodiversity for different 
strategies is probably the most tricky bit to 
accomplish (Angelstram, Rosenberg and 
Pettersson, 1993). 

There is also a lack of knowledge ab~ut. 
how the· ~ological concerns affect the 
economy of a harvesting operation. 
However, new studies will cure that in the 
near future. 

The concept described above is only valid 
for the boreal forests of the north. In 
southern Sweden quite a different picture 
is at hand. The rare speci~s are not 
connected to old natural forests; on the 
contrary they are most often found in 
conjunction with human activity. We. are 
in a great need for a conceptual model for 
the southern Sweden like the· one for the 
boreal forest. 

As seen there are a lot of questions and 
uncertainties to overcome. The forest 
companies have, to. various degrees, 
decided to try ecological strategies on parts 
of their forest land.. One company goes 
even further and will apply an ecological 
landscape planning on all its land. 
Because, as one of the representatives of 
the company put it, "We cannot sit and 
wait for the ultimate model to be 
constructed. It would be too long waiting. 
It is better to do something now, even if 
we do not master it to perfection. 11 
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ABSTRACT: The history of change in 
public involvement in the management· of 
British Columbia's forests has evolved 
over the last decade from passive 
acceptance to active participation in local 
and regional planning. Increased 
knowledge and education on forest 
management principles and a more focused 
vision of the issues surrounding these 
principles has provided many of the public 
the tools to effectively sit at the table with 
forest managers and productively integrate 
their thoughts and agendas into forest 
management plans. TimberWest has 
become involved in numerous public 
working groups over the last five years. 
This has resulted in the initiation of 
several operational ·a1ternate harvesting 
system trials on Quadra Island, B.C., and 
a innovative new harvesting plan that 
attempts to address public concerns for 
land use management with the principles 
of biodiversity as we understand them 
today. In order to successfully manage 
forest land through biodiversity guidelines 
one must have a long range blueprint for 
management at the landscape level, and the 
public. must have the ability to understand 
these principles as well as the 
responsibility they assume when they 
become involved. 

msTORY OF PUBLIC INVOLVEMENT 
IN B.C. 

The history and background of public 
involvement in forest management issues 
in B. C. could be described as somewhat 
less than dynamic and progressive in its 
early years, and variable to erratic over 
the last 10 years. In the 70's, if you 
called a public meeting to discuss forest 
harvesting plans, you would end up 
spending a lot of time talking to 



yourself ... usually no one came. But as the 
80' s. progressed, at the mention of a public 
meeting to.discuss "logging", the whole 
world seemed to show up and you were 
met with wrath of the "raging public 11 

who, at times, had little interest in 
listening, but often were ready for a fight. 
Like you here in the Pacific Northwest, we 
have in the last 10 years. gone through our 
share of mass demonstrations and arrests, 
court injunctions, people tying themselves 
to trees, bridges, and machinery, and 
loggers taking it upon themselves to insure 
access to what they perceive as their right 
to earn a living at an "honorable" 
profession. 

However, like all things, public 
involvement is evolving and progressing 
into what can only be described as a better 
educated and informed process. Since the 
early 80's, it has been regulation in British 
Columbia that the public had the right to 
review all Management and Working Plan 
submissions for public tenures prior to 
their approval by the Ministry of Forests. 
In addition, Public review of annual Five
y ear Development Plans has been 
mandatory since 1989. These plans not 
only permit the general masses to review 
our current and future five year harvesting 
plans, but they also provide all the 
management prescriptions, comments and 
direction that have been given to the 
Company by all the government regulatory 
agencies including the Fish and Wildlife, 
Federal Fisheries and Ministry of Forests 
background comments. At first, 
participation and interest by the general 
public was encouraging, but it very soon 
became almost non-existent. Even though 
we regularly send out dozens of invitations 
to local interest groups and specific 
stakeholders, attendance is usually limited 
to the occasional interest group or curious 
individual plus our logging contractors and 
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Company employees. Typically, over a 
five day and· several eve~g review 
period, less than a dozen people will 
attend our presentation. 

Increasingly, however, I find that members 
of the public are becoming better informed 
on the issues, and with a combination of 
good negotiation skills, professional advice 
and strong educational· backgrounds,.· they 
have embarked on a path of negotiated 
settlements for management of forest lands 
in their own backyard as well as those that 
are of regional significance. No doubt, 
this is and will be a challenge to forest 
management professionals who, having 
been used to the "command and control" 
method of dealing with management 
issues, now find themselves sitting at the 
table with local stakeholders developing 
management plans on both private and 
public tenure lands. In the end, I feel this 
could be the light at the end of the long 
tunnel of confrontation. But I have been 
fooled before! 

PUBLIC ISSUES AS WE FIRST SAW 
THEM 

As I remember, the early issues were 
generally centered around the issue of 
clearcut harvesting activities and 
preservation of old growth timber. Also, 
and closely related to this issue were the 
topics of mass wasting, erosion and lack of 
"evident" reforestation of the sites 
following harvest. We got used to seeing 
photographs of immense, cut-over areas 
with no apparent regeneration, large slides 
either originating at roadside fills, or from 
midslope slumps. Areas burned black by 
slash burning were real eye catchers and 
attracted labels such as "the black hole" 
and "waste land". While these issues 
seemed to be very "clearcut" to the 
layman, it very quickly became evident 



that the combination of hidden agendas and 
back-door politics were conspiring to shift 
the issue beyond what was once thought to 
be a move to improve forest practices to 
one that seemingly sought to drastically 
reduce forest harvesting. We shifted from 
the scenario of public demonstration and 
local media circuses to sophisticated use of 
botanical and wildlife surrogates and media 
technology in the name of habitat and 
ecological protection on a world wide 
scale. Labels like "Brazil of the North" 
and "Coastal Rainforests" made the 
comparison between massive loss of forest 
land elsewhere in the world and current 
practices in B.C. visually tangible for the 
uninformed, and emotions were 
heightened. 

"I SEE THE LIGHT" ... A CHANGE IN 
DIRECTION IN PUBLIC 
INVOLVEMENT 

In the summer of 1989, TimberWest 
inadvertently entered into what was to 
become a dynamic, successful process in 
industry-public interaction culminating in a 
long term management plan in which both 
the Company and the local public had a 
stake. The residents of Quadra Island 
were concerned about standard forestry 
practices ( clearcutting) being continued on 
"their" island. Following two years of 
interactive discussions a five-year forest 
management plan was developed and 
signed off by the Quadra Island Forest 
Resource Committee and TimberWest. In 
addition, there was an agreement in · 
principle on the long range 20 year 
management goals and objectives for the 
island, and the plan is open for review at 
any time as required. This plan involves a 
combination of alternate harvesting 
systems and "business as usual" operations 
within the parameters of all Provincial 
laws and regulations. This was the 
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beginning of a new era for TimberWest, 
one where we recognized that society's 
needs have changed over the years and 
how important it had become for local 
residents to have input into the 
management of the forests in their 
backyard, and the publics recognition that 
in order to have input, one must also 
assume accountability for the pl~ agreed 
upon. 

The Quadra Island agreement led to the 
initiation of several operational trials. All 
areas involved were predominantly 
douglas-fir stands with some western red 
cedar and western hemlock understory. 
Individual tree harvesting,. which is a 
series of light tbinnings from above was 
tried first. The long range plan for this 
system is that over a period of up to 40 
years, an entry every five to seven years 
removing 12 to 15 % of the volume both 
selectively and from several small ( one to 
two acre) regeneration openings will result 
in an uneven aged diverse stand structure 
that will provide for many management 
options, including a classic selection 
harvest system, in the future. · 

Next, a classical shelterwood selection 
system was initiated which resulted in an 
average of 35 dominant douglas-fir per 
acre being retained. Under normal 
circumstances one would not plant under a 
shelterwood, but in this case, due to the 
risk of brush encroachment, we replanted 
with grand fir, western red cedar and 
douglas-fir. Again, · our long term plan is 
to remove most of the overstory in..roughly 
20 years (we will leave 5 trees per· acre as 
a holding crop for future old growth and 
genetic diversity). 

Our last trial was a green tree retention. 
On this site we left an average of six 
large, dominant douglas-fir per acre on 



site, plus any smaller associated trees 
basically as a viewscape break to · the 
effects of a clearcut. While the douglas:rrr 
leave trees remain standing, most of the 
small hemlock left in association have 
blown down. 

These systems were initially chosen (as an 
alternative to· clearcutting) for a variety of 
reasons including visual appeal, a 
demonstration of classical silviculture 
techniques, and economic· viability. In 
addition, several research studies to assess 
impacts on wildlife habitat have been 
established and will be carried out over 
time. Initially, however, biodiversity and 
the creation of a specific stand structure to 
enhance such was not a planned objective. 

The main goal with these trials was to 
develQp alternate harvesting strategies that 
addressed general public concerns over 
clearcutting. To this end, our company 
made it clear from the beginning that our 
objectives in these trials were: (1) To 
practice ecologically sound forest 
management through well planned 
silviculture activities; (2) provide for the 
long term availability of high quality, high 
value forest products, and (3) provide a 
socially acceptable forest harvesting 
alternative 4t a community forest 
environment. 

This initial partnership with a pub.lie group 
has lead to the formation of six other very 
active community/Company working 
groups within or Region including three 
local public resource interest groups, one 
local watershed management committee, 
and two· native band associations involving 
plans ranging from harvesting to 
silviculture and stewardship on some 
"traditional" lands. The negotiations over 
operations in each of these jurisdictions all 
vary in both goals and perceived issues. 
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While some groups wish to identify 
concerns and provide our Company with 
guidelines to develop a harvesting pl~ 
(which they will review), others are very 
active to the point of either wishing to sit 
at the table with our Company foresters to 
develop a plan or putting pen to paper to 
develop their own ·plan for the area with 
help from outside professional 
consultation. 

TimberWest' s approach with these public 
groups is to encourage them to join us on 
the "high road ti towards mutual consent on 
forest management issues by avoiding 
initial "position" statements by taking the 
time to clearly understand and appreciate 
from where the other side is coming. 
Only then can only look for the common 
ground that will pave the way to solutions 
of the issue. I recognize that this is easier 
said then done, but if both parties 
sincerely subscribe to this process, you 
have already overcome one of the biggest 
obstacles in solving forest practice 
issues ... TRUST! 

It also became very apparent to our 
company that the best results were usually 
derived from individuals that were well 
informed not only· on the issues, but. also 
the· practice of sound forest management 
principles. ~ company has pursued 
numerous opportunities that provide 
education and exposure to forest 
management for many members of our 
public groups. These opportunities have 
included numerous local field trips with 
agency experts in the fields of fish and 
wildlife habitat, soils, hydrology, forest 
management, and selective logging, as 
well as. seminars and workshops on 
silviculture, an~ community forestry 
concepts. At o~ point we even took 
seven members .of one public group down 
to Oregon and Washington for seven days 



to look at alternate harvesting styles in old 
growth by the U.S. Forest Service, Plum 
Creek Timber, I. T .S. Management Inc., 
and O.S.U. school forest programs. (On a 
larger scale, in response to public concern 
in 1991 to our plans to log in a West 
Coast drainage on Southern Vancouver 
Island named the W albran, our Company 
organized and toured over 600 people 
through the area on weekend, day long 
excursion over a two and one-half month 
period.) 

THE EVOLUTION OF SYSTEMS AND 
CONCEPTS OF BIODIVERSITY 

As we progressed through some of our 
operational alternate harvesting trials, a 
number of side issues begin to arise. 
While some systems were very much liked 
by the public (individual tree harvesting 
for example), questions on the ecological 
and silvicultural soundness of these 
systems started to rise from the 
·professional forester ranks. None of the 
systems we tried could be considered 
management disasters or even poor 
forestry, but to the traditional 
silviculturalist, if you were maximizing 
M.A.I. and insuring "genetic" superiority, 
then there was question as to the 
soundness of the system. 

It has also become apparent to our 
Company that in order to address all the 
perceived issues brought up by both public 
and professional alike, there had to be a 
higher order from which all other 
considerations must be subordinate. As 
mentioned earlier, public concerns have 
traditionally centered around issues like 
viewscape, old-growth preservation, 
recreation, and ecological impacts and 
preservation. Quite honestly, it becomes 
almost impossible to operate effectively 
and profitably if all these issues are given 
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top priority. Our struggle became a 
question of how to address all these areas 
as well as maintain reasonable economic 
viability and a constant flow of high value 
products. 

An approach we are now pursuing is to 
start planning processes by addressing the 
question of biodiversity and habitat 
integrity and/ or enhancement in concert 
with operational objectives. In April of 
this year the most recent "Draft Guidelines 
to Maintain Biological Diversity in Coast 
Forests" was distributed by the Provincial 
Ministry of Environment. In the preamble 
to these guidelines it states, "These 
guidelines represent an attempt to integrate 
the desires of society for commercial 
forest products with the provision of the 
miniro1JID requirements for the 
conservation of biological diversity in 
managed coastal forests." In the end, 
therefore, we now hope to be able to 
address society's concerns by basing 
management decisions on science. 

To this end, we have proposed a 
harvesting plan (Figure 1) to an interest 
group on the Tsloum River near 
Courtenay, B. C. that we hope will address 
their concerns through implementation of 
biodiversity principles for stand structure 
within our planning process. Once again, 
the species composition on this site is 
predominantly douglas-fir. The property 
is privately owned (fee simple) land. Over 
a gross area 220 acres (including 
wetlands), we have developed a 
prescription that includes 23 % of the area 
to be left standing, unaltered coniferous 
forest in the form of Forest Ecosystem 
Networks (FEN), 15% in Individual Tree 
Harvest,· 14 % in Green Tree Retention, 
5% in standing deciduous species, 5% in 
wetlands and the remaining 38 % in 
clearcut harvest spread over ten blocks 
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Figure 1. Timber West Forest Ltd. T.F.L. 47, Block 14, Railway Avenue Block No. 13-9. 
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ranging from 2 acres to 15 acres in size. 
All wetlands will have a streamside 
management zone (SMZ) of no less than 
100 feet, with each SMZ being feathered 
along the edge to minimize the potential of 
blowdown. All FENS are a minim1m1 of 
300 feet wide, cover all streams within the 
area and are linked to provide protected, 
covered access to habitat adjacent to the 
block as well as to forging zones within 
the block. Both the standing green and 
combination of selectively logged areas 
(ITH and green tree retention) provide 
excellent habitat for the bird species that 
have been identified by habitat specialists. 
Traditional recreation areas are recognized 
and, for the most part protected from any 
harvesting, while any disturbed walking 
trails will be reestablished after harvesting. 
(It should be mentioned that this plan is in 
stark contrast to the original proposal 
which was to harvest the entire area, or 
200 acres, completely by clearcut.) It is 
interesting to note that on a landscape level 
(620 acres), only 14 % of the area is 
altered by clearcutting while 64 % is 
retained in standing green, 10% in 
selective harvest systems and the balance 
(12 % ) is in wetlands preservation. 

The wildlife and fisheries professionals, 
are very pleased with our proposal and 
have been enthusiastically supporting and 
selling our plan concept to both public 
groups and other forest companies on the 
coast of B. C. The system is recognized as 
providing a combination of site specific 
habitat requirements and operational and 
economic viability along with the. stand 
structure principles contained within the 
coastal biodiversity guidelines for B. C. 
Some of you here in the Pacific Northwest 
will recognize that this design embraces 
some of the concepts developed by Dr. 
Jerry FrankHn at the University of 
Washington and subsequently used by 
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Plum Creek Timber in Washington State. 

Our plan as proposed maintains a 
significant component of the historical 
stand structure within the standing green 
component of the plan, while at the same 
time develops a significant new component 
of structural diversity (both vertically and 
horizontally) as a result of the selective 
harvesting, green tree retention and small 
clearcut areas. We feel that the provision 
of habitat through the designation of the 
FENS, as well as the new structural 
diversity developed in the remaining areas 
should enhance habitat opportunities and 
that this is a good trade off between 
preservation and operational viability. The 
reforestation proposal that includes the 
planting of douglas-fir, grand fir, and 
western red cedar will provide a tree 
species diversity that might only have been 
eventually achieved after centuries of stand 
succession activities. 

HA VE WE ADDRESSED THE PUBLIC 
CONCERNS? 

Attempting to address the public's concern 
through the principles of biodiversity is a 
big step and creates a huge learning 
curve ... not only for the public but for 
foresters as well. Although we have 
negotiated with the local community for · 
over three and one-half years on this area, 
to date we still do not have consensus on 
this proposal. There still are many voids 
to bridge in public awareness and 
education on biodiversity and fish and 
wildlife habitat protection and creation. 
There is also still the issue of clearcutting 
and, for some, a clearcut of two acres is 
still too big! 

With this new proposal, the issues we are 
trying to address include the following: 



1. Viewscape: We have. attempted to 
address viewscape through the creation 
of habitat enhancement and biodiversity 
principles. By creating a strategic 
system of FENs and selective harvest 
and green tree retention areas, we have 
attempted to break up the viewscape to 
provide visual relief and a small unit 
management appearance. 

2. Habitat for fish, wildlife and birds: 
We have tried to insure the 
maintenance and integrity of fish and 
wetlands habitat with the creation of 
large buffers along all water bodies. 
The combination of FENs, green tree 
selection and individual tree harvesting 
areas tied to deciduous and wetland 
areas should, in the words of one 
habitat biologist, 1

' actually enhance 
wildlife habitat" in the area by 
providing. forage areas and covered 
protection for all seasons. 

3. Sustainability: The issue of 
sustainability is too broad to address 
within this paper, but suffice to say that 
you really must develop a long. range 
plan for the entire landscape within 
which you are dealing to assess not 
only the sustainability of the forest 
resource you are harvesting, but also 
the sustainability of the habitat· you are 
protecting and/ or creating. 

4. Ecosystem integrity: Jil order- to insure 
ecosystem integrity, one must have a · 
clear understanding of the ecology of 
the site. While I am.not sure that our 
knowledge currently allows us to fully 
address all aspects of this issue, I know 
that continuing research and 
development of biodiversity principles 
in the future will certainly give us a 
better base from which to work. Ian 
McDougall, a professional habitat 
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biologist with the Ministry of 
Environment in Nanaimo, B.C. puts it 
this. way: "In order to be able to assess 
the· impacts of your plans, you must 
have a blueprint of the landscape from 
which to work that covers not only the 
effects of what you do today, but what 
your goals and objectives are in the 
future." 

5. Viability of Alternate Harvest Systems: 
We have taken the high road on this 
issue.· We have looked at the site with 
the goal of matching sound silvicultural 
concepts with the physical structure of 
the stand. At the same time, we have 
recognized that society has definite 
concerns about clearcutting and we will 
take all .reasonable steps to address this 
where it is appropriate with alternate 
harvest methods so long as we meeting 
our basic objectives stated previously 
regarding good forestry, high value 
products, and socially acceptable 
community forest management. 

6. Recreation and community use: 
Through the protection of those locally 
important recreation sites, and the 
moderating effects of this harvest 
proposal on viewscape, ·we hope to 
have maintained a good quality of 
recreation potential for comm.unity use. 

FUTURE PUBUC PARTICIPATION IN 
FOREST MANAGEMENT DECISIONS 

It is a rather hard to predict what the 
future will bring for public participation in 
British Columbia due to the many new 
changes in forest management regulations 
that are currently being legislated by the 
provincial government. The new 
legislation (which also affects lands the 
B.C. Forest Service manage) will have 
significant effect on operability and 



long term land use decisions. The 
requirements for public input into plans is 
still strongly entrenched within the laws 
but, unfortunately, it is my opinion that it 
is still poorly thought out and organized. 
It still provides little or no accountability 
and responsibility of the public if they 
choose to become involved. It is still too 
easy for the public to walk away from the 
table assuming no accountability for either 
the actions as a result of public 
participation or lack there of. 

For my part, I feel that there are several 
things that must be recognized by the 
public, the government, and the forest 
industry in order to assure that public 
participation is viable: 

1. Land use issues must be dealt with by 
the local stake holders. It is 
unacceptable for the population bases of 
distant metropolitan areas to have a 
voice in the management of land issues 
in the small, resource based towns of 
the province. 

2. Both sides of the debate must come to 
the table free of positions, but ready to 
discuss their specific issues, goals and 
objectives in an open, honest way. 
There should be no hidden agendas. 

3. Both sides of the table must sincerely 
be prepared to listen and consider the 
other concerns and, in the end, be 
prepared to compromise. This must be 
recognized from the beginning. 

4. It is important that the public take it 
upon themselves to become more 
informed on forest management 
principles and objectives. It is likewise 
important that forestry professionals 
take the time to assist in this education 
process too. 

38 

5. In the end, both parties must sign off 
the agreement if one is reached. It is 
essential that all stakeholders support 
the plan. 

6. Lastly, science must be the basis for 
the ecological and biodiversity concepts 
embraced. There is a place for · 
emotion and a personal wish list, but 
this must be subordinate to sound forest 
management principles, environmental 
protection, economic viability. 

It is my professional belief that the 
principles of biodiversity will and should 
have the balance of power when it comes 
to forest land use decisions. If they are 
fully understood and embraced by all those 
who participate in land use decisions, the 
debate over forest management strategies 
should be greatly reduced as habitat 
specialist, forest managers and the public 
become better educated in these principles. 

THE AUTHOR 

Stephen P. Lackey, R.P.F. is the Regional 
Forester for the North Island Region, 
TimberWest Forest Limited, Campbell 
River, B.C., Canada. 



A BENEFIT-COST COMPARISON OF 
PROVIDING SCENIC BEAUTY 
IN THE OUAClllTA NATIONAL 
FOREST 

by 

Rebecca J. Ray, Dennis J. Cengel, 

W. F. Watson, James D. Clark, 

Donald G. Hodges, and Victor A. Rudis 

39 

ABSTRACT: Through ongoing 
Ecosystem Management research, the U.S. 
Forest Service is working to assure that 
National Forests such as the Ouachita are 
managed for timber, as well as wildlife, 
water quality, and recreation. As part of 
this continuing research, the current study 
examined 1) the perceived visual quality of 
twelve different timber harvesting regimes 
on the Ouachita National Forest and 2) 
how these different types of timber 
harvests affect not only the recreational 
experience on National Forests, but also 
loggers who harvest National Forest 
timber. The results of this investigation -
demonstrate that there are some perceived 
differences in visual quality over a range 
of timber harvesting techniques, and also 
that there are differences in what an 
individual would be willing to pay to 
recreate in those areas affected by the 
different harvest types. Finally, it has also 
been found that inost loggers believe that 
the technical viability of producing those 
harvests would not differ greatly, but, 
there would be some added costs to 
perform the more restrictive cuts. 

KEYWORDS-Visual quality, recreation, 
timber harvesting, contingent valuation, 
national forests, Arkansas 

INTRODUCTION 

There has been a perceptible change in the 
nation's attitudes towards recreation. 
Increasingly, recreationists are visiting 
forested areas where the quality of the 
scenery contnoutes significantly to the 
enjoyment of their experience. They are 
often drawn to the National Forests 
because of the availability and accessibility 
of scenic recreation sites. Due to this 
change, forest researchers have been 



challenged to develop a more integrative 
approach to managing the lands of the 
Ouachita National Forest. This challenge 
has evolved into "Ecosystems 
Management" which evaluates. the. impacts 
of alternative approaches to cutting timber . 
on National Forest lands, especially those 
approaches in which hardwood species 
could be retained in the overstory in 
greater numbers. 

Cooperators in the Ecosystem Management 
program, have outlined a three-phased 
approach for· evaluating land inanagement 
practices on the forest. The second, and 
currant, phase of this research was 
designed to examine both even-aged and 
uneven-aged forest management techniques 
at the stand level. Samples were 
comprised of twelve different management 
regimes, and one unmanaged control, 
randomly assigned to 52 replicated stands 
on the Ouachita and Ozark National 
Forests. (New Perspectives Research Team 
1992) The reproductive success of.each of 
the cutover stands to the harvesting 
techniques being evaluated is currently 
being assessed. The results that are 
summarized in this report are associated 
with the analysis of Phase II stands' visual 
quality, and the technological costs of 
providing different visual scenes. 

BACKGROUND 

Visual Quality 

Visual quality is a measure of the visual · 
significance given to a scene by a viewer. 
It is influenced by both the viewer's 
cultural values and the visual properties of 
the scene being observed (Slll8:fdon et al. 
1986). In the late 1970's and early 
1980's, Terry Daniel, an associate 
professor of Psychology at the University 
of Arizona, and Ron Boster, Principal 
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Economist of the United States Forest 
Service Rocky Mountain Forest and Range 
Experiment Station, developed a 
methodology for measuring· the perceptual 
preferences of the viewing public. The 
Scenic Beauty Estimation (SBE) model 
which they described employs slides· or 
photographs to characterize the visual 
properties of a scene. Individuals rate . 
these representations with respect to visual 
quality, or their perceptual. preference for 
the scenes (Daniel and Boster 1976). The 
method is thought to accurately depict 
individuals'.· perceptions of how changes in 
the landscape affect an area's scenic 
beauty. In essence, the methodology has 
become indispensable to resource 
managers examining the impacts of timber 
harvests on the scenic beauty of a 
landscape. 

If areas of the Ouachita National Forest 
are to be effectively managed, however, 
there· are other important factors in 
addition to visual quality which should also 
be incorporated into management plans. 
One of the most important of these is the 
cost of harvesting timber in a manner that 
leaves the area that has been cut 
aesthetically pleasing to those who view 
the scene afterwards. 

Estimated Costs of Harvesting. Timber 

Cubbage et al. (1988) have reported that 
the costs incurred in harvesting and 
transporting timber to a processing mill 
are often much greater than those of 
growing a stand of timber to maturity. 
The costs of providing different types of 
timber harvests, as well the manner in 
which those costs may affect the viability 
of harvesting timber on public lands, are 
therefore important components of any 
cost assessment analysis (Stokes, personal 
communication 1993). 



Members of the timber industry, and 
loggers in particular, recognize the 
changes that are currently affecting 
management practices on the National 
Forests. Indeed, niost appear to be willing 
to work closely with public land managers 
to create visually appealing and 
environmentally sound harvests. This 
often increases the costs of logging 
operations, however. Legislative mandates 
which regulate the types of harvests on 
public land could require techniques which 
are not economically feasible with the 
equipment most loggers currently use. 
The extent to which these potential 
changes may affect logging operations has 
yet to be evaluated in any depth. This 
study will begin to do that by comparing 
the estimated costs and technical viability 
of different harvesting programs with the 
gains in visual quality that these harvests 
produce. 

The Contingent Valuation Method 

It is necessary to examine the relationship 
between the perceived scenic beauty of an 
area, and the estimated value placed on a 
quality recreational experience. 
Determining the "value" placed on quality 
rec~tion may be achieved through use of 
the contingent valuation method (Mitchell 
and Carson 1989). 

Recreationists must invest money for 
equipment, food, accommodations, and 
time to travel to a selected des~tion. 
Therefore, it may be correct to assume the 
amount of money an individual is willing 
to pay for a recreational experience is in 
part related to the quality of the 
recreational experience expected to receive 
in return. (Mitchell and Carson, ·1989) To 
determine how much· more or less they are 
indeed willing to pay, one must determine 
what dollar value the recreationist places 
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on that experience. This is often a 
difficult task, not only for the researcher 
but also the recreationist. The cont;ingent · 
valuation (CV) method was developed to 
make studying such cases easier. 

The CV method uses survey techniques so 
that individuals' preferences for public 
goods may be derived, and then determine 

. what they would be willing to pay for 
those public goods, both in an improved 
and unimproved state. (Mitchell and 
Carson 1989) This method is most often 
used to determine individual's responses to 
simulated markets for commodities which 
are often considered non-marketed, or 
public, goods (Daniel et al. 1989). These 
"non-marketed" goods often include air 
and water quality, parks or other public 
areas. 

Once an individual's willingness to pay is 
determined, as in the case of this study for 
different levels of scenic beauty, 
researchers have a good estimate of the 
dollar value recreationists place on that 
particular recreational experience. This 
information may then be compared to the 
Scenic Beauty Estimates to similar 
situations. It is expected that as the SBE' s 
for scenes of different timber harvests 
increase, recreationists' willingness-to-pay 
for those scenes should also increase. 

MATERIALS AND METHODS 

Three or four vantage points, or locations 
from which photographs could be taken, 
were established on the Phase Il stands. 
These points ranged from the stand 
boundary to 100 feet outside of the stand. 
It is from these points that the final images 
of the stands were photographed during the 
period between the time the stands were 
harvested and the time site preparation 
activities would be initiated. In order to 



accommodate the academic schedules of 
the researchers, the final field procedures 
for photographing the stand were 
distributed over the first three consecutive 
weekends of October. 

Early in the course of the research it had 
been established that the traditional method 
of choosing a random compass heading, as 
described by Clark and Itami (1990), 
would not. be feasible. The following 
method, which allowed a random starting 
point, yet" ensured that the pictures would 
represent the study site and not the · 
surr~unding. areas, was therefore devised. 

Since the pictures were taken by a two 
person- crew, one person was responsible 
for using the compass to find the range of 
headings which encompassed the view of 
the stand from each view point. The 
second researcher then chose a random 
heading within that range which would 
serve as the starting point from which the 
images would be taken. Subsequent 
images would then be reproduced at 40 
degree intervals to the right and left of the 
starting point. This interval was chosen to 
ensure that the remainder of the stand . 
would· be photographed without overlap in 
the pictures. · 

After development,. each slide was 
examined for· the clarity of its image and 
degree of its exposure. Slides which did 
not depict the stand as they should, such as 
those which were either under-eXJlosed or 
over-exposed were discarded. The 
remaining slides were judged to · be 
accurate representations of the ·study .areas. 
They were labeled, sorted by stand type, 
and placed into clear plastic slide s~eets. 

The resulting photographic representations 
were used to solicit assessments of the 
visual quality of the timber harvests. The 
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same set of scenes was also used to 
receive assessments from both the groups 
of loggers, and the recreationists on the 
Ouachita National Forest. 

Perceptual Preferences of Respondents 

Perceptual preference data were solicited 
from three student groups from Mississippi 
State University. Of the 196 students 
surveyed, 82 were emailed in a 
sophomore level forest resources survey 
class, and 64 were enrolled in a senior 
level forest management· class. The 
remaining 50 students were enrolled in an 
introductory Landscape Architecture · 
Appreciation class for· non-majors. The 
respondents,· who were primarily from the 
Southeastern states of the country, were 
predominantly male (90% ). The mean age 
of all respondents was 21. 

During each viewing session, each slide 
was projected so that it could be observed 
for 8 seconds. Respondents rated the 
scene which was depicted for its visual 
quality on a scale from O to 9. Zero 
represented the l9west, and 9 the. highest, 
perception of visual quality. After the · 
ratings were coµipleted, the· respondents 
were asked to list 3 of the factors which 
contributed to their highest ratings, as· well 
as 3 of the factors which contributed to 
their lowest ratings. Supplemental 
information on each individual's 
recreational interests and pursuits was also 
obtained. 

In order to. determine if there were any 
discernible relationships between informed 
and uninformed respondents, the students · 
in the forest resources survey class were 
told at the beginning of the session that 
they were going. to view scenes of different 
harvesting techniques on the Ouachita 
National Forest. An accompanying sheet . 



with descriptions of each of the harvest 
types was distributed to them prior to 
viewing the slides. 

Rating scales were used as part of the 
process of evaluating individual perceptual 
preferences for scenes of the different 
timber harvest types that· were 
photographically represented. In this 
study, a rating scale from O to 9, and 
RMRATE, wereemployed to record the 
percepttlal preferences of the 3 student 
groups which were surveyed. 

Soliciting Responses from Mississippi 
Logge:r;s 

At the invitation of the Mississippi 
Loggers' Association, loggers were 
surveyed to determine the types of timber 
harvests they typically perform, and the 
types of equipment and number of crews 
they commonly employ to implement their 
cutting practices. Twenty-one members of 
the Central District, and 12 members of 
the Northern District, were surveyed 
during the districts' monthly meetings. 
The ages of those who were questioned 
ranged from 30 years old to 62 years old. 
On average, each had been ·in the logging 
business for 21 years. 

The information desired from loggers, 
which would encompass discussions of 
their harvesting practices, could not be 
easily obtained from the rapid responses 
typically characteristic of perceptqal 
preference surveys. Therefore, the direct 

· interview approach was chosen to obtain 
the information from the loggers which 
was required~ In order to facilitate the 
discussions, the slides were reproduced as 
photographs and arranged by harvest type, 
prior to mounting on 81h" x 11" photo 
pages. These pages were placed in a 3-
ring notebook and ordered from scenes 
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representing the most restrictive, 
harvesting type, a single-tree selection,. to 
scenes representing the least restrictive, 
harvesting type, a clearcut. 

The loggers' questionnaire was designed to 
elicit information on the number of crews 
that loggers employ, the number of 
members in those crews, and the 
equipment currently being used by loggers 
to harvest timber. The loggers were asked 
to describe the types of timber harvests 
which they typically perform using their 
current equipment, and the percent of their 
time devoted to each type of harvest. 
Other information which was collected 
included the average hauling distance, the 
number of loads of wood delivered per -
day, and the average costs of timber 
delivered to a mill gate. 

At this point, the interviewer displayed the 
photo page with the images of the logger's 
most typical timber harvest to the 
respondent. The logger was shown 
sequential images of the more restrictive 
timber harvesting techniques, one 
harv~sting regime at a time. The 
respondent was asked if his crew, using 
the equipment currently being employed, 
could perform the type of harvest which 
was being viewed. If the response was 
"yes", the next set· of images was shown. 
The process continued until a "no" 
response was recorded~ At that point, the 
interviewer returned to the last set of 
images which had prompted a positive 
response. These images represented the 
most restrictive harvesting type which the 
logger could perform under current 
conditions. The logger was then asked to 
estimate how this harvesting practice 
would affect his output of tractor-trailer 
loads of wood per day, and how much that 
he would have to charge per ton for 
harvesting timber using this technique. 



If the respondent was unable to perform 
the low impact single tree selection harvest 
with his current equipment, he was asked 
to indicate the equipment and personnel 
changes that would have to be made to 
"effectively and efficiently perform" the 
associated harvesting_ activities. Related 
information on output and costs was again 
solicited 

Recreationists' Willingness-to-Pay . 

In the Spring of 1994, two campgrounds 
were visited in the Ouachita National · 
Forest to perform the Contingent Valuation 
portion of this study. Nineteen individuals 
were surveyed in the ·Albert Pike 
campground, and 5 individuals were also 
surveyed. in the Shady Lake campground. 
The individuals surveyed bad a mean age 
of 33 years old and were 52 % male. 

. Recreationists were approached at their 
campsite,. and asked if they would like to 
participate in a survey developed by the 
Mississippi State Department.of Forestry. 
If the opportunity was accepted, an 
individual in each group was read a basic 
scenario which discussed the way m. which 
the survey would be carried out. Also 
during this time, various questions were 
asked of the respondent regarding his or 
her present trip, such as the distance 
traveled and expenses for food, gasoline, 
equipment, and campground fees. 

The individual was then asked to look 
through randomly ordered sets of images, 
that were similar in format to those which 
were shown to the members of the 
Mississippi Loggers' Association. From 
these, the recreationist was asked· to 
choose the one set of images which ·he or 
she felt most closely represented the 
forested areas in and around the 
campground in which their group was 
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staying. This scene was then -considered 
to be their "base scene" which directly 
corresponded to what they were paying per 
night, or their "base rate", to stay in the 
campground. 

The recreationist was then shown the same 
set of images that were viewed by the 
members of the Loggers' Association, 
however, the recreationists were not aware 
of the harvest type which each set of 
images represented. Starting with base 
scene, the recreationist was shown 
sequential sets images on .either side of the 
base, one set at a time. When viewing 
each individual set of ·scenes, the 
recreationist was asked to state how much 
more or less than the "base rate" they 
would be willing to pay as a daily user fee 
to recreate in· the area represented. It was 
also noted to the respondent that all other 
facilities would. be the same, only the 
forest scenes would be similar to those 
depicted in the photographs. 

RESULTS 

Evaluation of Perceptual Preference Data 

Previous studies have demonstrated that 
when perceptual preference is an important 
consideration, individuals tend to rate 
scenes similarly, regardless of their 
backgrounds or interests (Daniel and 
Boster 1976, Benson and Ullrich 1981). _ 
One would expect little variation, then, ·in 
the responses of observers ~wn from the 
same population. (Daniel and Boster 1976). 
Indeed, the 3 student groups which were 
chosen for this study were expected to· 
rank the scenes similarly, not only within 
each group, but also between disciplines. 

Graphic comparison of the mean ratings, 
and mean SBE scores as given by the 



! 
I 
I 
:c 

o..,o,i 

PNS-S..-

PIHWS..O... 
fllHWCnipSlldall 
,..G,QCCls.llcml 

pttNI~-

PIHW~-• 
,.. SblllMlood 

ptHW~Sel·• 

ff!M~-· ,..~ ... 
~~ 

Unlmnged 

~Gloup1 

II GcaupZ 

OGcaups 

o , 2 i • s 6 1 e t 
MeaaRllllno 

FIGURE 1. GRAPH!C COMPARISON OF MEAN RATINGS Of VISUAL QUA1JTY OF 
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students, are provided in Figures 1 and 2, 
respectively. -The scores suggest the 
groups' similar perceptions, with respect 
to mid-intensity harvests. The unmanaged 
stands received the highest visual quality 
ratings overall, but the low impact 
selection, and pine singletree selection, 
harvests were also highly rated by all 3 
groups. The pine and mixed pine seed
tree treatments were rated relatively low, 
but clearcut stands were consistently 
perceived to have the lowest sce~c quality 
among all the student groups. Group 2, 
the senior forestry students, appeared to 
perceive the clearcut stands as much less 
visually offensive than did the other two 
groups. 

Evaluations of Costs of Different Timber 
Harvesting Techniques 

Mississippi Loggers' Surveys - Table 1. 
demonstrates that over 80% of the loggers 
surveyed in the Northern and Central 
districts of the Mississippi Loggers' 
Association performed clearcut harvests 
over half of the time; 6 of the 33 loggers -
carried-out thinning operations. When 
executing either of these cuts, the majority 
of the surveyed loggers stated that they 
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used a feller-buncher to cut the timber, 
and a grapple skidder to move the logs to 
the deck. Only one individual stated that 
his crews used a chainsaw to fell timber. 

Those loggers who stated that clearcuts 
represented their primary method of 
harvesting timber estimated their total 
average cost to be $12.34 per ton from 
stump to mill gate. The analogous cost for 
those who are engaged primarily in 
thinning operaaons was $14.00 per ton. 

Eighty-five percent of the loggers in both 
districts indicated that they would be able 
to perform single-tree selection harvests 
similar to those on the Ouachita National 
Forest with no change in equipment or 
number of crew members. However, 
those loggers who typically performed 
higher impact harvests, such as clearcuts, 
suggested that they would have to charge 
an average of $15.89 per ton to maintain 
the same level of profitability with the 
same equipment. 

Logging Cost Analysis - The cost 
estimates provided by the Mississippi 
Loggers' Association were compared to 
actual logging cost data collected for three 
types of harvests on the Ouachita National 
Forest. Over a two year period, 



Kluender, Lortz, and Stokes (in press) 
studied the differences in production times, 
costs, and residual stand damage 
associated with clearcut, shelterwood, and 
single-tree selection harvesting operations. 
Since the harvests were performed by the 
same crew, using the same equipment, the 
cost data that were generated in their 
assessments are of particular relevance to 
the current study. 

There are two important differences in 
evaluating these two studies. First, 
Kluender, Lortz, and Stokes estimated 
felling costs of chainsaw operations, while 
all but one of the Mississippi loggers who 
were surveyed harvested with feller
bunchers. Second, in Kluender,· Lortz, 
and Stokes' study, the. costs of harvesting 
were estimated from stump to truck,. while 
the costs of harvesting estimated by the 
Mississippi loggers were from stump to 
gate. A linear regression was formulated 
to estimate loggers' costs from stump to 
truck. From the infonnation provided by 
the loggers, the following relationship was 
developed: 

logging cost = $12.00 - $3.86 (harvest 
type) + $0.0832 (miles hauled) 

R2 = 43.6% 

where: 

harvest type = 1 if a clearcut, 
= 0 if a single-tree sel. 

This equation suggests that it costs $12.00 
dollars per ton to use the single-tree 
selection method, and that this cost is 
reduced by $3.86 per ton when the 
clearcut method is used. The hauling cost 
per ton/mile to the mill is $0.0832. · 
Through the use of this regression. 
equation, estimates given by the loggers 
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may then be compared to those estimates 
given by Kluender, Lortz, and Stokes, as 
is demonstrated in Table 1. While the 
numbers estimated were. not exactly the 
same, similar trends between the two data 
sets are noted (Figure 3). 

Figure 3 indicates that there is -a definite 
decrease in cost/ton as the harvesting 
intensity increases from single-tree 
selection to- clearcut. This decrease is the 
result of higher logging productivity on 
stands which are clearcut. As Kluender, 
Lortz and Stokes point out, _stands·· which 
are harvested using single-tree selection, 
or shelterwood methods reduce 
productivity for both felling and _skidding 
of the timber. When felling in stands 
managed using selection or shelterwood 
methods, more time is· spent f'mding the 
marked trees and in planning a safe cut so 
residual trees will not be damaged in the 
process. Skidding productivity also 
increased as the percent of stand removed 
increased. Skidding distance, volume per 
haul, and skidder type were also found to 
be. influential factors in the process. 
(Kluender et al. in .press) 

It may. also be noted that in Table 1. those 
loggers surveyed estimated their costs as 
being higher than those given by Kluender, 



Lortz, and Stokes. However, it is likely 
that this variation is in part because those 
surveyed were considering more than just 
the felling and skidding costs which were 
examined by Kluender, Lortz, and Stokes. 
Loading costs, for example, were not a 
consideration in this study. It is certain 
that those loggers surveyed factored this 
cost, along with others such as overhead 
and profit into their cost estimates, thus 
causing their estimates to be higher that 
those ·predicted by Kluender, Lortz, and 
Stokes. 

Evaluation of the Contingent Valuation 
Estimates 

From the initial results of this study it was 
found that 45.5% of the individuals 
surveyed stated that the campground in 
which they were staying resembled the 
photographs of the unmanaged stands, and 
20.8 % believed that the campgrounds most 
resembled the areas of pine/hardwood 
gx:oup selection. Although it should be 
remembered that the group surveyed 
represents only a small sample of the 
population, it was found that recreationists 
were willing to pay more for the more 
restrictive harvests, such as low impact, 
and less for the less restrictive harvests 
such as seed tree and clearcut harvests. 

Recreationists, similar to the students who 
rated the images for scenic beauty, found 
the group selection harvests to be more 
appealing than the other medium intensity 
harvests (Figure 4). However, it spould 
be noted that the recreationists were not 
willing to pay significantly more or less to 
camp in areas which had been selectively 
harvested and the hardwood component 
had been left in the overstory. This 
reflects a trend which is contrary to that 
which is represented in the scenic beauty 
ratings given by the students (Figure 2). 
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As a basis for comparison of the students 
scenic beauty ratings of the scenes and the 
recreationists' willingness to pay for those 
increased levels of scenic beauty, the 
following regression equation was 
formulated: 

Total WTP = 0.163 + 0.945 (base rate) 
+ 0.0106 (mean SBE) - 0.00513 
(individual's base scene) 

R2 = 55.9% 

From this equation it is illustrated that 
overall the recreationists stated that they 
were willing to pay approximately $0.01 
more per point of scenic beauty increase. 
For example, if the recreationist was 
willing to pay an average of $6.00 to 
recreate in an area which had an SBE of 
72, then according to this regression 
equation they would be willing to pay 
$6.10 dollars for an area which had an 
SBE of 82. 

DISCUSSION 

Visual Quality of Timber Harvests 

The results of this study suggest that the 
manner in which near-view scenes of 



alternative timber harvesting techniques 
are perceived does indeed differ from one 
management regime· to the next The 
general public prefers to view "natural" 
forest scenes which have little or no 
evidence of harvesting activity on them, 
however if an area must be harvested, 
lower impact, more restrictive timber cuts 
seem to be preferred visually. In the past, 
this has proven to be the case for within
stand views, and it appears to also hold 
true for views from outside the stand. 
There are some indications that low-impact 
harvests may not be the only alternative 
however. 

Pine group selection harvests were found 
to be regarded as being. one of the more 
visually accepted mid~intensity harvests 
types. If mid-intensity harvests are 
necessary for management purposes, but 
the visual quality of an area is also a 
consideration, this indeed may be an 
option. High intensity .harvests, such as 
seed-tree and clearcut, were perceived as 
having. very low visual quality, due to the 
amount· of debris left on the ground and 
sparse number of residual trees. 

It may be also be noted that there are 
marked differences when even-aged and 
un~ven-aged timber harvest types are 
compared for visual quality. Even-aged 
stands, such as clearcut and shelterwood 
harvests, ranked fairly low with regard to 
visual quality, whereas uneven-aged 
management systems, single-tree and 
group selection, ranked on. the higher end 
of the Scenic Beauty scale overall. 

Another factor for consideration is the 
presence of hardwoods left as residual 
trees on the stand. Ecosystem 
Management scientists state that 
hardwoods left in the overstory of the 
unconventional harvest methods such as 
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pine/hardwood single-tree selection and 
pine/hardwood seedtree, are there not for 
regeneration purposes, but instead for 
visual quality and wildlife habitat (Baker 
1991). Results of this study show that in 
some circumstances, especially in the case 
of Group 3, the retention of hardwoods on 
these stands actually reduced the public's 
perception of the sites' .scenic beauty 
(Figures 1, 2). . 

Timber Harvesting Costs 

Timber harvesting costs for the differing 
management techniques were also found to 
decrease as harvesting intensity increased 
(see Figure 3). From the regression 
analysis of the Mississippi Loggers' 
Association cost estimates, it was 
determined that harvesting cost from stump 
to truck for the low impact single-tree 
selection method was $12.00/ton. It was 
also determined that performing a clearcut 
harvest on similar stands would cost them 
$3.86 less, or $8.14/ton. Overall this 
results in a 32.16% ·estimated cost increase 
if a logger were to change from 
clearcutting to single-tree selection 
harvesting, but still• uses the equipment he 
or she has at the present. 

Kluender, Lortz, and Stokes examine the 
felling and skidding costs of, clearcut, 
shelterwood, and single tree harvests 
performed on the Ouachita National Forest 
(Kluender et al. in press). From their 
analysis of the three ·harvesting types, 
felling and skidding costs for a clearcut 
harvest were found to total $3.56/ton. 
While felling and skidding costs for pine 
shelterwood and pine single tree harvests 
were found to total $4.43/ton and 
$4.92/ton respectively. Based on these 
estimates, · the harvesting cost increase of 
an individual performing clearcut and 
single tree selecti<:>n harvests, using the 



same equipment to complete both, was 
27.64%. 

Actual logging costs for the three 
harvesting regimes were found to follow 
similar trends to the loggers' estimates 
(Figure 3), even though the estimated costs 
were not exactly the same. The greater 
cost estimated by the loggers is probably 
the result of their including such added 
costs as loading the timber and equipment 
maintenance. 

Contingent Valuation Estimates 

Earlier it was noted that 45 .5 % of those 
individuals surveyed stated that the 
forested areas in and around the 
campground in. which they were staying 
looked most like the unmanaged stands 
represented in the photographs, and that 
20.8 % stated that the campground most 
resembled the pine/hardwood group 
selection areas. 

In a recent meeting with members of the 
Forest Service in Region 8, it was 
mentioned that those stands which were 
designated as "unmanaged" for the 
Ecosystem Management research in the 
Ouachita National Forest, had probably 
been managed to some extent in the past. 
Therefore, there were no dead or dying 
trees present, nor was there much brush in 
the understory to restrict the view; much 
like the clean and "parklike 11

. conditions of 
the campgrounds. 

It is also reasonable that some of the 
recreationists chose pine/hardwood group 
selection as being most representative of 
the campground. The small openings cre
ated in the stand for campsites and roads 
gives a similar affect as the group selec
tion harvests which are merely small clear
ings with forested areas surrounding them. 
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For the most part, recreationists 
willingness to pay trends correlate well 
with the scenic beauty ratings given by 
Mississippi State students. It would have 
been ideal for more recreationists in 
several other campgrounds on the National 
Forest to have been interviewed. 
However, the fact that in this initial study 
the recreationists were willing to pay 
$0. 01 per point increase in scenic beauty is 
fairly significant, especially when it is 
compared to the logging cost information. 

Comparison of Data 

Based on the above information, the mean 
perceptual preference data for the three 
student groups, and the logging cost data 
for the different timber harvesting 
techniques may be graphically compared 
(Figure S). This figure illustrates that as 
timber harvesting intensity decreases, 
individuals perceive the visual quality of 
that harvesting technique to increase. 
With this comparison made, it is then 
necessary to compare the individuals 
willingness to pay for these levels of 
increased scenic beauty and the actual 
costs incurred by the loggers to produce 



Table 1. Comparison of loggers' cost estimates and those estimates given by Kluender et al. 

Mississippi Loggers' Assn. Kluender et al. 
Average Cost Estimate1 Average Cost Estimate2 . 

Harvest Type 1994 1991 

Pine Singletree $12.00/Ton $4.92/Ton 

Pine Shelterwood --- $4.43/Ton 

Clearcut $8.14/Ton $3.56/Ton 

1 Based on the regression of estimates provided by members of the Northern and Central Districts of the 
Mississippi Loggers' Association. Logging cost= 12.00 - 3.86 *Harvest+ 0.0832 * Miles hauled, R2 = 43.6% 

2 Cost data for felling and grapple skidding as reported in ·Production Time, Total Costs, and Residual Damage at Varying 
Harvest Intensities•, by R. Kluender, D. Lortz, and B. Stokes (in press). Costs converted from CCF to Tons based on 
approximately 6100 Ibs./CCF (Wharton 1993). 

these scenes. Using the data collected in 
this current study, this comparison may be 
made in the following way: 

$12.00 - $8.14 
38.62 - (-160.07) 

where: 

- $3.86 = $0.02 
198.69 

$ 12.00 = cost of low impact harvest 
$ 8.14 = cost of clearcut harvest 

38.62 = SBE of low impact harvest 
-160. 07 = SBE of clearcut harvest 
$ 0.02 = Cost incurred by loggers per 

point of SBE 

The fact that the- costs incurred by loggers 
increases by $0. 02 for every point of 
increase in SBE, suggests that the costs of 
managing the land for visual quality cannot 
be borne by the recreationists alone. 
Recreationists are willing to pay $0.01. per 
point inc~ase in SBE, which is only 50 % 
of the estimated cost to develop those 
settings which are perceived as having 
higher levels of scenic beauty. · Therefore, 
if these more aesthetically pleasing harvest 
are to be carried out the below cost timber 
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harvests, which have been criticized m·the 
past, may be necessary. 

This study, which examines some of the 
benefits and costs of different harvesting 
regimes on the Ouachita National Forest at 
the stand "level, should serve as an 
indicator for future, larger scale~ studies. 
If moved into landscape level research 
where different costs may be incurred. and 
unique impacts Qn visual quality may be 
found then it may indeed be necessary for 
these costs to be recovered through means 
other than visitors to the Forest. 
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ABSTRACT: Weyerhaeuser Company's 
Washington Division is responding to 
public concerns about the appearance of 
timber industry practices by incorporating 
aesthetics resource management into its 
harvest planning process. Structured focus 
group interviews have provided insight 
into visual practices that displease the 
public. The visual sensitivity of each 
proposed harvest is rated prior to logging 
- modifications are proposed on more 
sensitive sites. A short-course training 
program· has been developed to teach 
landscape architecmre "tools" to forest 
managers. The first two harvest units 
modified under the new planning process 
have successfully been completed. 

KEY WORDS-aesthetics, landscape, 
architecture, timber harvesting, green-up, 
visual sensitivity, clear-cutting 

INTRODUCTION 

Weyerhaeuser Company owns and 
manages approximately 1.5 million acres 
of forestland in Washington State. Much 
of the land is close to or easily accessible 
from major metropolitan areas. Heavily 
traveled highways dissect the properties, 
bringing motorists into close contact with 
industrial forest management. 
Reqeational opportunities abound, 
drawing additional individuals close to 
Weyerhaeuser activities. At times certain 
forest practices, primarily clearcutting and 
road construction, detract from the, visual 
value of the forest environment. These 
practices often lead the public to believe 
the environment is mismanaged. 

In response to increasing public concern, 
the Washington Timberlands Division of 
the Weyerhaeuser Company pulled 



together a team of seven of its land 
managers, with a charter to incorporate the 
public resource of forest aesthetics into its 
land management prescriptions. 

NARROWING THE FOCUS 

Forest aesthetics can be described as the 
study of forest beauty, or that which 
makes a forest environment attractive to 
people. In a general sense, forests have 
sights, sounds, and smells that combine to 
give a perception of attractiveness. A 
managed forest may have certain 
characteristics that reduce this level of 
attractiveness. Of the harvesting and 
silvicultural operations that are common to 
industrial operations in the Pacific 
Northwest, there can be little doubt that 
the visual aspects of clearcutting and road 
construction pose the greatest detractors to 
forest beauty. The team therefore focused 
on these aspects as it began to examine the 
issue. 

The team identified four objectives 
necessary to successfully install visual 
considerations into the. company's land 
management processes: 

1) Define what the public fmds visually 
displeasing· about clearcuts throughout 
a series of public interviews. 

2) Develop a method of quantifying the 
visual sensitivity of a forest site. 

3) Teach landscape architecture "tools" 
to forest managers. 

4) Conduct adaptive trails to demonstrate 
the potential for change to both 
company land managers and the 
public. 

The remainder of this paper will describe 
Weyerhaeuser' s progress toward these 
objectives. 
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FOCUS GROUPS 

Weyerhaeuser placed Gogerty and Stark, 
Inc., Business/Public Affairs Consultants, 
under contract to help design a series of 
public interviews centered on the visual 
appearance of clearcutting. The interviews 
where conducted in focus group format, 
and were designed to obtain individual 
written feedback as well as group 
opinion/ discussion. Participants were 
screened from voters' lists, and were 
selected to ensure a range of incomes and 
occupations. Approximately five percent 
of those contacted were screened out for 
opposing clearcutting in all circumstances. 
Individuals employed by the forest 
products industry were also not selected. 
Seven focus ·groups were conducted in the 
Greater Seattle Area, and three each at 
Longview and Aberdeen/Hoquiam 
Washington. 

The findings showed that the public views 
responsible, continuous forest management 
activities favorably. They are willing to 
listen to us, and hands-on education is a 
key to improving the industry's image. 
There was a recurring. objection to· the 
appearance of poor utilization. 
Participants lacked an understanding of 
merchantability, and therefore perceived a 
waste of resources when slash remained on 
site. Logs and snags left for wildlife 
appeared wasteful. They also had 
difficulty believing regeneration could 
occur oil sites with moderate amounts of 
slash buildup. Professional looking 
roadside informational signage was well 
received, and may be a useful method of 
instructing the public on this issue. 

The focus groups also pointed out a 
number of ways land managers can adjust 
practices to achieve better visual results. 
Key observations included: 



* Visual green-up, when a 
regenerated site no longer looks 
like a clear-cut, occurs at crown 
closure. 

* Buffer strips must fully screen 
clearcuts to be affective. 

* Ridgetop clearcutting must be 
planned so that ridgelines do not 
appear barren. 

* Harvest units that blend in with 
natural landscape features are 
more acceptable to the public 
than straight lines. 

* Dissipation of harvest patterns 
over the landscape is important. 

Perhaps the foremost learning was that the 
general appearance of clearcuts raises 
public concerns about damage to other 
resources. For example, many participants 
assume erosion is occurring whenever they 
see a clear-cut on steep ground. Thus the 
aesthetics issue must be treated more 
broadly than as a visual issue alone -- it 
must be linked to other resource issues. 

RATING VISUAL SENSITIVITY 

Early in the development of 
Weyerhaeuser's aesthetics management 
process, it was recognized that the 
company needed a system to evaluate, 
document, compare and track the visual 
values offered by its forested landscapes. 
The Visual Sensitivity Worksheet shown in 
Figure 1 was developed as a result. The 
worksheet is used to quantify answers to a 
number of questions: 

Who will view the site? 
How many viewers will there be? 
For how long with the site remain 
in their view? 
How far away will viewers be 
when they see it? 
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What are the visual characteristics 
of the site and the surrounding 
area? 
Is it part of an aesthetically unique 
landscape? 

The worksheet places potential viewers 
into four categories. Motor traffic 
includes those whose view of our lands is 
based primarily on what they have seen 
from a road or travel route. Residential 
viewers are that city or rural dwellers who 
regularly view our management activities 
from their place of residence. 
Recreational viewers include hikers, 
hunters, lake and river users, and other 
on-the-ground recreationists. The "unique 
other" category allows off-site users to be 
quantified - people who may never see 
our management activities in person, but 
might feel the impact anyway. All of our 
lands were considered equally sensitive to 
aerial viewers, so they were not placed on 
the worksheet. 

The view zone or view distance portion of 
the worksheet is used to describe how 
much detail each viewer type can see from 
critical viewpoints. 

The resulting worksheet is a matrix, with 
cells defined by viewer type and view 
zone. View ratings (V,D,L; Figure 1) are 
assigned to each cell, to describe the 
number of viewers, duration of their view, 
and a measure of how visually distinctive 
the site would appear within the landscape 
after harvest. In filling out the worksheet, 
the land manager first multiplies the three 
view ratings assigned to each cell, theri 
sums the scores from each cell to arrive at 
a total value. The worksheet score is the 
numerical representation of the visual 
sensitivity of a site. 



Region: -------------------------Site Name: -----------------------Leg a I Description: ____________________ _ 

NarrativeDescription: 

VIEW ZONE NEAR VIEW. 
VIEW TYPE < 500' 
Motor Traffic V( )xD( )xL( }=( ) 

Residential V( )xD( )xL( )=( ) 

Recreational V( )xD( )xL( )=( ) 

Unique Other V( )xD( )xL( )=( ) 

(Descnoe) 

VIEW RA TINGS: 
V 

Number of Viewers 
> 500 per day (3) 
50-500 per day (2) 
< SO per day (1) 

Comments: 

MID·VIEW 
500' -1 MILE 
V( )xD( )xL( )=( ) 

V( )xD( )xL( )=( ) 

V( )xD( )xL( )=( ) 

V( )xD( )xL( )=( ) 

D 
Duration 

> 15 minutes (3) 
1-15 minutes (2) 
< l minute (1) 

FAR VIEW 
> 1 MILE TOTAL 
V( )xD( )xL( )=( ) 

V( )xD( )xL( )=( ) 

V( )xD( )xL( )=( ) 

V( )xD( )xL( )=( ) 

TOTAL 

L 
Landscape Varietv 

Distinctive (5) 
Common (3) 
Minimal · (1) 

Figure 1. Visual sensitivity worksheet used to evaluate public aesthetic value. 
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The worksheet is filled out during the 
harvest planning process, to see if 
aesthetic concerns merit harvest 
modifications. A high score suggests a 
need for modification, although the form 
the modifications take depend on 
harvesting economics, linkages with other 
resource goals, and an understanding of 
what particular modifications might fit best 
with the landscape. Similarly, a low 
rating does not· mean "business as usual 11 

in every case. If visual enhancement 
practices are affordable, they should be 
considered. In a recent six-month trial 
during which 160 proposed harvest units 
were evaluated, scores ranged from 3 to 
165. It appears that sites with scores of 
less than 25 can be considered to have 
limited visually sensitivity, while those 
rating above 60 are highly sensitive. 

The worksheet creates a disciplined 
approach assuring that visual impacts are 
being considered in the planning process. 
This is perhaps more important that the 
numerical rating itself. The worksheet 
helps managers: 1) consider all aspects of 
what makes a site or landscape visually 
sensitive, 2) evaluate how a proposed 
management activity might change the 
existing view, and 3) see the possibilities 
for modifying management plans to 
achieve better visual results. 

LANDSCAPE ARCHITECTURE 
TRAINING 

Traditional university curriculums in 
operational forestry and forest engineering 
have not emphasized the study of 
landscape architecture. Thus few of 
Weyerhaeuser' s forestry professionals 
currently have the skills necessary to 
examine a site and propose harvesting 
strategies that will acceptably modify a 
forest landscape. It was clear that a 
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training program designed to transfer 
landscape architect "tools" to our land 
managers was necessary. The team 
worked with Jones and Jones Landscape 
Architects from Seattle, to develop a 
workshop dealing with the use of 
landscape architect principles in forest 
management. 

The course consists of three one-day 
training sessions, each separated by a two 
week period to allow field-related 
homework assignments. The course 
begins by introducing the terms and 
concepts needed to descnoe the intrinsic 
character of a landscape, such as form, 
line, color, and texture. Students are also 
shown how to divide forested areas into 
visual management ·blocks, or landscape 
units. Participants are then assigned a 
visually sensitive case study area and are 
asked to take photographs to document the 
intrinsic visual characteristics of the site. 
The photographs are reviewed in class to 
improve each participant's ability to 
capture a site's important visual elements. 
Participants propose aesthetics 
management goals and objectives for the 
sites, and develop harvest plans to meet 
those goals. A comparison is made with 
alternatives where aesthetics is not 
considered - with volume removals 
constrained only by current forestry 
regulations. 

The first course was held in autumn of 
1993. Weyerhaeuser's Washington 
division has scheduled a second course for 
the summer of 1994. 

ADAPTIVE TRIALS 

Weyerhaeuser has recently completed 
harvesting on two sites where the choice 
was made to modify harvesting to achieve 
an aesthetic result. The selected sites were 



considered visually sensitive, with 
negative comniunity feedback expected if 
modifications were not made. 

At the first site, Grouse Ridge, 
approximately one-half of a 120 unit parcel 
was clear-cut in three small parcels. 
Foreground timber was used to screen 
portions of the harvest units-- and related 
road construction-- from view. The 
clearcuts were shaped to blend with the 
landscape, and ridgetop timber was 
retained. Plans call· for the residual stands 
to be clear-cut when visual green-up is 
attained. 

The second adaptive trial, the Delezene, 
consisted of a series of patch cuts, small 
clearcuts, and selective logging in a 170 
acre parcel. ·Harvest patterns were 
selected to blend the residual stand with a 
riparian management zone that flows 
through the heart of the unit. Although 
the logging is evident, the general 
appearance from critical viewpoints is that 
forest cover has been retained. 

Both trials have been considered successful 
implementations of the company's 
aesthetics management approach. 
Response from company planners, 
foresters, and engineers has been positive. 
Formal public comment has yet to be 
received, although there has been no. 
negative informal feedback. Additional 
harvest units with aesthetics-related 
modifications are in the planning stages. 

CONCLUSIONS 

Responding to public concern about the 
appearance of certain timber industry land 
management practices, Weyerhaeuser's 
Washington Division has· incorporated 
aesthetics resource planning in its harvest 
operations. In addition to other resource 

decisions th~y face, harvest planners are 
being asked to step back and consider the 
appearance of what they propose. As 
skills are acquired and harvest 
modifications are implemented, a more 
pleasing landscape should become visible 
across Weyerhaeuser' s industrial forest 
land in Washington State. 
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ABSTRACT: There are many variables 
that may affect harvest costs; this survey 
identifies those that are most useful for 
planning and layout of harvest settings. 
Traditional methods for gaining 
information on setting design have been 
time-motion and production smdies. The 
origin of these methods of measuring 
production were under strictly controlled 
factory conditions. Contemporary means 
of appraising the value of these settings 
includes very little information about the 
layout and design (e.g. transaction 
evidence). Likewise, appraisal of harvest 
cost lags behind our advancement of 
complex silvicultural prescriptions which 
incorporate structural retention to achieve 
goals other than strictly timber production. 

This research represents a new approach 
that utilizes market survey technology for 
sensing perceived logging costs of 
contemporary timber harvest. The 
research design consists of a series of 
surveys of increasing intensity and detail. 
Initial focus groups describe the variables; 
a subsequent questionnaire gathers the 
loggers perception regarding these 
variables. Finally, a recommendation that 
conjoint-analysis could detail the utility 
associated with the variables; the utility of 
the most important variables allows setting 
designers a basis for deciding location and 
configuration of harvest settings. The 
method is demonstrated with a sample set 
of forest engineering students .. 

INTRODUCTION 

Harvest costs vary with changes in the 
setting design. The parameters of the 
harvest setting layout, setting attributes, 
are part of a rational design process. 
Setting layouts designed by forest 



engineers are rigorous, condensing time 
and motion studies · and basing costs 
primarily on yarding distance and payload. 
Time and motion studies address these 
issues but with a wide range of results. A 
compendium of regression equations from 
time and motion studies (Aubuchon 1982) 
that predict the cost of logging, valid only 
for a narrow range of site conditions and 
equipment configurations. Most equations 
assume. the sites are clearcut and trying to 
extrapolate from these equations to 
structural retention alternatives is difficult. 
Computer simulations are ·based on 
empirical models cited above and have the 
same limitations and utility. These 
approaches are also limited in that they 
really don't measure the human element 
(skill, mental disposition, perception), 
worker safety, or contractual obligation of 
the loggers (timing of harvest;, S\lpply 
demands). 

Harvest costs have increased with retention 
of standing trees because of constraints on 
operations. No one has actually asked 
loggers what setting attributes. contribute to 
their costs-and thus their preferen~ for 
setting designs. Improved setting designs 
might be based on the preponderant trade
offs and decisions loggers actually make. 

If the way a logger thinks about estimating 
cost is understood, then.planners can 
propose rational trade-off, . which may 
result in an optimal timber harvest design 
even if the prescription is new and 
complex. Also there is no information 
on how contract loggers rank the 
interrelated variables. Ultimately, bid 
price is determined ·by his perception 
because without prior information one does 
not lmow, with certainty, ·the outcome of 
the harvest operation. Therefore, it is 
critical that the landowner understand how 
the logger forms his opinion and arrives at 
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his bid to log a setting. 

Perception of timber sale purchasers about 
the cost of new setting designs are 
causing them to change their behavior. 
these individuals are aware of the 
increased cost of harvesting but no one has 
actually asked the contractors what 
contributes to. the costs or their preference 
for setting designs (Weigand and Burdett 
1992). Survey tec~ques allow rapid 
assessment of the perceptions loggers have 
about particular setting designs. 

Forest engineers and silviculturists now 
place greater emphasis on ecological and 
amenity values in forested lands than they 
have historically (Smith 1986). While 
focusing on net timber revenues, 
increasing the· structural diversity of 
managed forests meets these multiple 
objectives. Biological diversity is 
believed to be approximated and built by 
structural diversity. Structural diversity in 
managed forests improves with various 
levels, as well as, spatial aggregatioQ of 
retained "leave" trees (McComb et al. 
1993). Forest engineers are now 
designing timber sales based on ·the 
prescriptions handed to them by 
silviculturists that include elevated levels 
of structural retention and diversity. The 
means of harvesting efficiently under these 
prescriptions remain undetermined. 

New approaches to forestry merge 
economic forest management with 
ecologically oriented harvest practices 
(Swanson and Berg 1991). There are two 
silvicultural systems offered as alternatives 
to clearcutting; aggregated and dispersed 
retention. The concept of retention is that 
forest structure--the biological legacy-is 
habitat in the form of live green trees, 
standing dead trees or snags, and dead 
stumps and logs on the ground. Structural 



retention systems (STR) retain some level 
of these structures in varying amounts and 
patterns across a forested landscape 
(Fig.l). Harvest costs are an important 
element in feasibility of intensive 
silvicultural systems (Duerr et al. 1979). 
The actual harvest operations, -presently, 
are experimental, meanwhile harvest 
engineers and planners must make 
decisions on future harvests based on best 
guesses about the economics of such 
systems. This study describes three 
silvicultural systems being used widely_ in 
the Pacific Northwest; patterns of 
retention are clearcut, dispersed, or 
aggregated. 

Costs of harvest operations with structural 
retention are not well understood. The 
value of standing timber-stumpage- has 
two parts; the price of the wood and the 
manufacturing. Prices are far less 
tractable because the market sets the price 
of the logs. The market, presumably, is 
not controllable by the individual. 
Logging and harvest costs, the first part of 
the manufacturing process, are things we 
can measure and control. 

Market research has the history of asking 
people what they think, their perception, 
as a means of improving the market value 
of products. Asking questions about 
peoples opinion or perception is complex. 
A number of methods have gained 
acceptance in recent years. Examples of 
market research applied to production in 
industry are rare. Gelb (1988) found that 
by having a better understanding of what 
oil lease offers were looking for in a 
contract led to winning more off-shore 
drilling contracts. Market research, 
properly modified to the forest 
environment, will result in better feedback 
to planners (silviculturists and forest 
engineers) involved in setting desigtJ. at the 
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basin and landscape level. Loggers, for 
example, are more likely to bid higher on 
timber sales that they perceive to be most 
cost effective in layout and design. 

In this paper, market research methods are 
tested in the timber harvest environment; 
in this particular context, the social and 
economic conditions surrounding 
contemporary timber harvest methods. A 
questionnaire approach is effective in 
sampling the logging industry to determine 
the perceived costs. 
METIIODS 

Variables in this study influence harvest 
costs for forest operations, delineated by 
formal focus group of forest landowners, 
engineers, and loggers. Formal focus 
groups defined the range of contemporary 
costs (after Greenbaum 1988). A 
questionnaire relates loggers' perception of 
a number of variables to harvest cost by 
silvicultural system (Table 1). This study 
used a questionnaire with scales designed 
to evaluate the perceived importance of 
each of the harvest layout parameters 
(Spector 1992). 

Loggers answer questions about how 
increases in specific costs affect unit 
logging cost. Respondents indicate the 
relative influence each of the cost variables 
in determining the total logging cost for a 
given site using different harvest methods 
(e.g., ground or cable based), under the 
three silvicultural regimes (e.g., Fig. 1). 
A series of common multivariate 
techniques were used in sequence to 
evaluate the environment of timber harvest 
with contemporary market survey 
methods. 

The responses are along a seven point 
Likert scale (1 - 7); with 1 decrease, 4 no 
effect, and 7 increase costs. This response 



Table 1. Entities studied were harvest costs associated with three silvicultural systems; 
clearcutting, aggregated, and dispersed structural retention. 

Silvicultural System Variables 

Cable Logging: 
Clearcut 
Dispersed STR 
Aggregated STR 

Harvest Cost Variables 
1 Size of Timber 
2 Volume per Acre 
3 Total Harvest Volume 
4 Topography 
5 Slope 
6 Yarding Distance 
7 Yarding Direction 
8 Equipment 
9 Labor 
10 Skill 

Ground-based Logging: 
Clearcut 
Dispersed STR 
Aggregated 'STR 

Figure 1. Alternative silvicultural systems. Dispersed and aggregated patterns of structural 
retention; STR. The definitions used in this paper are Clearcut - 0% retention of stand 
volume; Aggregated - 12% of the stand volume on the setting is retained (i.e., dominant 
and codominant trees) in 1-3 acre clumps in an operationally efficient arrangement; and 
Dispersed - 12% of the stand volume on the setting is to be retained as dispersed trees 
approximately 6-10 trees/ acre spaced evenly over the site @ 65-80 foot spacing. 

is in the language of the logger, who 
estimates logging cost of standing timber. 
Likert scales are easily understood by the 
respondent (Churchill 1991, Spector 
1992). 
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For this paper, loggers perceptions about 
harvest costs are mapped to a two 
dimensional space using factor analysis of 
questionnaire data. The interpretation is 
that the variables comprise more complex 



Table 2. Rotated factor matrix for cable harvest system shows the relative value of the 
variables by the silvicultural system. The variables are sorted by the magnitude and by 
factor; grouping assists interpretation. The factor loadings change once rotated and results 
in a simpler and more meaningful solution because the axes more accurately fit the data. 

VARIABLE FACTOR 1 FACTOR 2 FACTOR 3 FACTOR 4 

Clearcut 
System 
cs . 86022 Slope 

eel - • 76933 Size of Timber 

CC2 - • 76337Volume per Aae 

CC3 - • 82459 Total Volume 

CC10 • 73617 Skill 

CC6 • 85356 Yarding Dist. 

CC9 - • 60757 Labor 

CC8 - • 81635 Equipment 

cell • 77189 Other 

Aggregated 
System 
AlO . 77447 Skill 

A3 -.63604 TotalVolume 

A2 - . 63339 Volume/Acre 

AS . 83765 Slope 

A8 -.64003 Equipment 

A7 . 83740YardingDir. 

Al - • 79034TimberSize 

A9 - . 87 082 Labor 

A6 • 76205 YardingD~ 

All .86423 Other 

Dispersed 
System 
010 -.83045 Skill 

02 • 80378 volume/Acre 

03 .65139 TotalVolume 

OS .83154 Slope 

04 • 71221 Topography 

08 - • 62357 Equipment 

09 - • 90498 ~bor 

06 • 63164 Yarding Dist. 

01 -.84236 TUDberSize 

07 • 72059 YardingDir. 

D11 • 89287 Other 
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Clearcut 
Factorl Factor2 

1 .Size of timber -.63 -.37 

2. Volume/Ac. .00 •.80 Fae or2 
3.Tow Volume -.81 .11 
4.Topography .74 .28 
5.Slope .46 .66 

7 
6.Yaniing Distance .20 •.09 
7. Y aniing Direction .02 .63 6 
8.Equipment .00 -.01 

9.Labor 
.. ., .01 5 F:ictorl 

_.,_ 
IO.Skill .61 -.03 I 2 8 

Eigenvalue 2.9S 1.67 3 

PcL of Var. 26.8 IS.:? 

Aggregated 
Factor! Factor2 

I .Size of timber -.OS -.l 1 

2. Volume/Ac. -.62 -.22 Fae or2 
3.Toral Volume -.63 •.22 
4.Topography .35 .S1 

7 

S.Slope .20 .84 

6.Yamiag Distance -.21 37 6 

7.Yaming Direction .22 -.08 8 
8.Equipment .28 -.63 

9.Labor -.08 .21 Faclorl 

10.Skill .78 -.15 3 9 2 

Eigenvalue 2.1S 1.98 54 

Pct. of Var. 19.S 18.0 

10 

Dispersed 
Factor! Factor2 

I .Size of amber .03 -.10 
Fae or2 

2. Volume/Ac. .80 -.03 

3.Toml Volume .6S -.16 7 

4.Topography -.13 .71 
6 

5.Slope -.07 .83 
6.Yanling Distance .13 .22 

7.Yanling Direcdon -.OS -.19 8 
8.Equipment -.45 -.62 Factor! 
9.Labor .OS -.62 2 4 
10.Skill -.83 -.04 5 

Eigenvalue 2.08 1.81 9 

PcL of Var. 18.9 16.4 
10 

Figure 2. Perceptual map of loggers shows a sample populations perception of the 
relationship between logging cost variables by silvicultural system. Horizontal axis is 
factor 1. Vertical axis is factor 2. 



factors-the axes. Factors are based on the 
questionnaire response of loggers about 
setting layout variables. Perceptual 
mapping includes a range of methods to 
identify unrecognized dimensions, in this 
case, the perceived costs of timber harvest 
(Churchill 1990, Hair et al 1992). 

A test data set of 45 OSU forest 
engineering students was used as the 
sample population of loggers. 
Respondents gave perceptions about costs 
of different silvicultural systems. The 
resulting matrix demonstrates the 
principles of perceptual mapping using 
factor analysis. 

RESULTS 

Results of factor analysis are both tables 
of factor loadings (fable 2) and plots
perceptual maps-of the variables 
according to their factor loading (Fig. 2). 
Each silvicultural system will have a map· 
of the relationship between the variables 
by harvest method. The axes that result 
delineate independent· groups of costs
factors-that offer insight into how loggers 
perceive the cost distribution. 

The perceptual map masks the depth of 
groupings on the two ~ensional plane. 
Perceptual maps created with factor 
analysis address the study objective of 
delineating the relationship between 
variables. The combinations of variables 
that comprise the more complex factors 
aid planners in the decisions they must 
make about the placement of harvest 
units. The importance of a variable can 
be inferred by the distance from the 
origin of the principal axes and proximity 
to other variables (Hair et al. 1992). 

For example, Skill {10) is of primary 
significance in the STR operations but has 
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less importance when clearcutting. The 
results also show the differences between 
traditional and contemporary methods of 
harvest. The variables that are of 
importance to STR systems seem to be 
more related to Skill {10) and the Terrain 
(4, 5). Traditional harvests rely much less 
on specific Equipment (8) than STR 
operations. Slope and tum size (e.g., Size 
of Timber and Volume per Acre) are of 
primary importance to clearcutting 
because of the emphasis on production. 
Several variables were not generally 
perceived as important in def~g the 
principal factors. Yarding distance, labor, 
and equipment were never highly loaded 
in the first factor. The insignificant 
variables might safely be dropped 
{Distance 6; Labor 9) and perhaps 
improve the solution and clarity of the 
factor analysis. The most common 
variable contributing to factor 1 was 
Volume/ ac. Factor 2 had Skill and Slope 
contributing as the most common 
variables. The percent of variation (% V) 
explained by the factors ·varied between 
18-29% for factor 1; 15-20% for factor 2. 

DISCUSSION 

Surrogate variables represent the factors 
in subsequent analysis. Surrogate variable 
selection depends on common sense as 
much as factor loading, Table 2 (Hair et 
al. 1992; pp. 250}. Usually the most 
significant and truly independent variables 
would be used in subsequent trade-off 
analysis {Riebstein et al 1988). The 
decision to use surrogate variables 
depends on the application (A1aclachlan et 
al 1988, Hair et al. 1992). In this 
application there are several variable that 
are highly loaded and a surrogate might 
be a combination of variables. 

Surrogate variables can be chose~ because 



Table 3. Results of conjoint analysis (based on this author's response). 

Part worth estimates-Utility 

Size Skill Y arcling distance Equipment 
12" 18" 24" 
.01 .23 .34 

Range 33 

5 yr. 10 yr. College 500' 1000' 2000' Owned Borrow Lease 
.13 .76 -.23 .56 .25 .07 .71 .42 .33 

36 .49 38 

Relative Importance 

.21 .23 

they make more intuitive sense such as 
tum size as a surrogate for both size of 
timber (1) and volume per acre {2). It is 
important to test the true- inter
dependence of these variables by either 
inspection of the correlation matrix or 
factor loading table. Inspection of 
Table 2 indicates the selection of the 
following surrogate variables for the first 
thre~ factors. 

Factor 1 Tum size - Average stand 
diameter 

Factor 2 Skill level - experience and 
education 

Factor 3 Yarding distance - Average 
yarding distance (A YD) 

Three levels of each surrogate, or 
attribute, are selected based· on realistic, 
actionable, .and communicable criteria 
(Maclachlan et al. 1988). The attribute 
levels chosen must make sense from an 
op~rations standpoint and be easily
understood· by the respondents, loggers. 
Levels for this example follow. 

Tum size Stand diameter (DBH) = 
12", 18", and 24" 
(represents payload) 

Skill High school + 5 yrs. work, 10 
yrs. work, College (represents 
experience} 
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.31 .24 

A YD 500', · 1000', 2000' (represents 
distance to move logs) 

One can never fully describe a timber sale 
but for conjoint analysis attributes must 
be presented to the respondent who 
makes a judgment about the relative 
impottance. Presentation of the 
treatment pairs uses pairwise trade-off 
grids (Fig. 3a) and compares two · 
attributes at a time (after Green and Wind 
1975). Since this research is exploratory 
the pairwise grid method is suitable. A 
full profile trade-off (Fig 3b) offers a 
more realistic presentation because a 
single timber sales is more completely 
described. There are no examples, that 
we know, of conjoint analysis of forest 
engineering data. ~ 

The respondent selects the most preferred 
combination until the trade-off matrix is 
complete-a full ranking of pairs of 
attributes-which is the basis for part 
worths or utility values estimation (Table 
3). The attribute part wotths are 
summed to determine the whole worth of 
a product (Churchill 1991, Hair et al 
1992). Here the product is the timber 
sale with a set of attributes. Separate 
part wotth models allow each level of an 
attribute to have part worth and can be 
useful when summing to compare the 
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b. Multi-factor full profile evaluation 

Figure 3. Presentation of attributes of setting design for conjoint analysis; (a) pairwise 
tradeoff, (b) full profile tradeoff. 

whole worth of specific harvest designs 
with different levels of attributes. 

The preference of a specific. timber sale 
would be the sum of the part worths for 
that particular sale (e.g. the full profile 
card from figure 4b A) 1.77; B) 0.96). 

CONCLUSIONS 

The efficient design and layout of harvest 
settings will be improved if forest 
engineers know how loggers think about 
costs. As a tool for characterizing the 
timber industry of an entire region, this 
analysis may help design timber harvests 
at the planning stage based on the 
important variables identified through this 
process. This process improves our 
appraisal of timber and reduces the 
uncertainty around harvest cost effects on 

66 

stumpage price. 

The utility value associated with the 
specified levels of the attributes can be 
used to establish rank order of setting 
designs with associated levels of attributes 
(Green and Rao 1971, Green and Wind 
1975). The design of harvest settings 
could be improved if the layout was 
designed to maxiroi~ the· whole wotth of 
the setting and thereby improve success of 
logging firms that have bid to harvest · 
these sales {e.g., Gelb 1988). The part 
worths offer a quantitative basis for 
decisions about the layout parameters that 
are important to loggers. Better designs 
will include the combinations of . 
attributes most preferred by loggers when 
possible. 

When optimum utility is not feasible, 



because of economic or environmental 
constraint, then a measure of util~ty offers 
a basis for determining the optimal 
designs. For example, as size (e.g. DBH, 
volume per piece) increases then the 
whole worth of the setting increases. 
With the part. worth values, the. effe~ of 
altering one attribute can be estimated. 
Importance of attributes alone can assist 
in decisions about the configuration of 
settings. Attributes of the highest 
importance can be given greater weight. 
If these settings are more efficient, then 
the price offered for the stumpage-timber 
value less harvest costs-will be increased 
because of reduced harvest costs. 

Questionnaires must be executed with 
specific analysis designated. Even when 
there is a clean design the task of 
synthesis is a major element in hindering 
the analysis of cost variables. Problems 
applying multivariate techniques are the 
complexity of the interpretation of 
results, concepts used are abstract, and 
results are difficult to convey to users
design engineers. Summary of aµalysis 
into one discreet story requires 
speculation and creativity. The sample 
population needs to be clearly defined; · 
bias from exclusion will affect the results. 
There inay be differences in the character 
of the respondents and the sample might 
best be stratified for even more resolution 
of the social structure· of communities; 
large logging firms vs. small time 
operators, Cascades vs. Olympic 
mountains. 

Full conjoint analysis is not possible with 
the number of variables first defmed. 
Therefore, it is desirable to trim that 
number to a few of the most notable. 
Factor analysis will reduce the field of 
variables to a manageable number of the 
most important attributes. Factors 
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comprised of the variables slope, 
volume/ acre, skill, and total volume 
should be advanced as elements of a 
conjoint study. 

Forest Engineering and Design 
Implications 

Planners must know how timber harvest 
design can meet both economic and 
ecological objectives. Information will 
be extremdy valuable to decision makers
foresters:...who · are considering which, if 
any, retention prescriptions to adopt. 
Efficiency improvements in both 
harve~ting and layout can compensate for 
increased operating costs (Deming, 1982, 
Depta 1984, Oliver et al. 1992). 

The marketing problem for landowners is 
lack of information on how bid-price for 
harvesting standing timber is affected by 
STR silvicultural systems. However, 
retention involves two principal costs: 1) 
foregone current timber revenues, because 
of less timber being harvested and 
2) decreased unit revenues for timber sold, 
because of increased. unit harvesting costs. 
The former of these two is an inventory 
issue and easily accounted for by 
monitoring. The second issue is clouded 
by loggers perceptions of how much these 
silvicultural systems will affect the logging 
costs. 
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ABSTRACT: Large scale salvage 
operations are a way of life in the Blue 
Mountains of Northeast Oregon. Since at 
least the 1950's, every decade has had a 
major insect outbreak that caused 
widespread mortality: early 50's - Western 
Spruce Budwonn, late 60' s - Scolytus bark 
beetle, early 70's - Douglas-fir Tussock 
Moth, late 70's - Mountain Pine Beetle, 
late 80' s to early 90' s - Western Spruce 
Budworm. While there are arguments on 
the one side that man's past management, 
including ·exclusion of fire, has increased 
the incidence and severity of these 
outbreaks, there are equally compelling 
arguments that these are natural events for 
the area and have been instrumental in 
shaping its diversity. 

In either event, if we are to continue to 
provide diversity while meeting our needs 
for wood and fiber products, we must 
utilize innovative and aggressive 
silvicultural and logging techniques to 
break the cycle of heavy stocking and 
fairly rapid growth, followed by massive 
mortality, followed by salvage, followed 
by a rep~at of heavy stocking. This 
involves maintaining fairly light stocking 
of moderately shade intolerant trees and 
maintenance of a broad spectrum of 
species and size classes on each site. This 
in tum dictates being able to handle a wide 
variety of log and tree sizes on any given 
site. 

INTRODUCTION 

This paper discusses various techniques 
and equipment that Boise Cascade 
Corporation is using in the Blue Mot11=ltains 
to attempt to break the cycle of devastating 
insect outbreaks while staying profitable 
and improving long term forest health by 



maintaining and enhancing diversity. 

BACKGROUND 

The Blue Mountains of Northeast Oregon 
and Southeast Washington are located just 
west of the Columbia Basin and just east 
of the northern Rocky Mountains, at the 
point where Oregon, . Washington, and 
Idaho join. The climate is essentially 
continental though it is often affected by 
marine air masses flowing up the 
Columbia River. Precipitation varies from 
an average of 50 inches per year (mostly 
in the form of snow) at those higher 
elevations that are directly in line wit:J). the 
maritime flows up the Columbia, to less 
than 8 inches per year in rain shadows and 
on the. Eastern and South.em edges of the 
range. This wide variation of precipitation 
associated with topography and geography 
is matched by equally wide period to 
period and year to year variation. 

Commercial tree species in the area 
include: Ponderosa Pine, Douglas-fir, 
Western Larch, True Fir ( Concolor and 
Grandis), EngeJmann Spru.ce, Lodgepole 
Pine, Sub-alpine Fir, and a small amount 
of Western. White Pine.. Diaries from 
pioneers on the Oregon Trail (1840's 
through the 1850' s) indicate that low 
intensity ground fires were common in the 
area ~t that time and. at least on the ridge 
tops and other drier sites the predominant 
vegetative cover was open park-like stands 
of large Ponderosa Pine. Significant 
timber harvest commenced in the late 
1800' s concentrating on the large high 
value pine and to a lesser extent the larger 
Douglas-fir and Western Larch. 

This selective removal of the relatively fire 
resistant and lower water demanding 
species, aggressive fire control 
commencing in the early 1900' s and, 
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probably most importantly, a fairly wet 
weather period for ·about 60 years 
immediately prior to the late 1970's, 
apparently led to true firs taking over 
many sites previously occupied by 
Douglas-fir and Western Larch, and 
Douglas-fir and true firs replacing 
Ponderosa Pine on the more dry sites. 
Although these replacement· species are the 
climax dominant for these sites in the 
absence of fire, dry climate cycles put 
them under heavy stress predisposing them 
to large ·scale outbreaks of insects and 
disease, particularly where stocking levels 
are high. Since at least the 1950's, every 
decade has. had a major insect outbreak 
that caused widespread mortality: early 
S0's - Western Spruce Budworm, late 60's 
- Scolytus bark beetle, early 70's -
Douglas-fir Tussock Moth, late 70's -
Mountain Pine Beetle, late 80's to early 
90's - Western Spruce Budworm. 

Until fairly recently, the economics of the 
situation pretty much dictated a regime of 
salvaging those dead and dying trees that 
had value, leaving the remainder 
(regardless of their vigor), planting and/or 
depending on natural regeneration. where 
needed, and, in unfortunately too few 
cases, pre-commercial thinning of young 
stands. Largely due to the absence of 
stocking control measures, extensive areas 
were covered with overstocked stands · that 
contained many trees too small to have 
value, but too large to 1:le economically 
thinned on a pre-commercial basis. 

PRESENT SITUATION AND 
SOLUTIONS 

It is said that every cloud has a silver 
lining. This has certainly been the case 
for the private timberland owner as a 
result of the virtual removal of Northwest 
Federal timber from the market due to the 



listing of the Northern Spotted Owl, 
Marbled Murrelet, and Snake River 
Salm.on as well as such other lock-ups as 
Option 9 and PACFISH. These 
restrictions on timber supply, combined 
with the availability of equipment that can 
efficiently handle small logs, have caused 
the marginally economic tree on many 
sites to move from one which will yield at 
least a 32' x 6" log to one which will yield 
a 16' x 2 or 3" log. Stands which 
previously could not even be economically 
pre-commercially thinned, can now be 
logged at a profit or at least at a net cost 
that makes stocking control attractive. 

The availability of highly mobile single
grip harvesters, stroker delimbers and 
other equipment· such as small high speed 
cable yarders have had no small part in 
this transition. · ·we are now conducting 
such activities· as thinning a 37 year old 
Pine plantation to maintain stand health 
and vigor using a combination of 
conventional feller-bunchers in the woods 
and stroker delimbers on the landing. 
Small (1/2 to l acre) patches are left 
unthinned to maintain diversity and_ hiding 
cover for big game, and residual larger 
low value trees are girdled to create snag 
habitat. Overall site productivity is 
maintained by locating the unthinned 
patches on the less productive sites. Just 
2-3 years ago this stand would have been a 
marginal candidate for pre-commercial 
thinning~ This operation on 400 acres 
yielded almost 6600 tons of pulp logs and 
over 335 Mbf of sinall sawlogs at a slight 
profit while greatly improving the vigor 
and growth potential of the stand. 

In other operations we have used single
grip harvesters to salvage previously 
unmerchantable dead, dying and/or 
.defective Grand Fir. We used to consider 
many of these trees n coniferous brush n 
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that either had to be treated following 
removal of the more valuable overstory or, 
far too often, continued to occupy the site 
to the detriment of niore viable trees and 
overall forest health. The single-grip 
harvesters have allowed us to place most 
of the slash in the skid trails creating a 
mat to skid on, thus reducing soil 
compaction problems and fire hazard. In 
one operation we are using the single-grip 
harvesters in combination with a cut-to
length system and forwarders which use 
the slash ·mats to travel on. 

Even though soil compaction is largely 
eliminated with these systems, the skid 
trails would not be available for tree 
stocking without further treatment. 
However, we consider the skid trails to be 
part of the transportation system in our 
largely multi-storied management regime. 
The advantage of using the slash mats is 
that the skid trails will still readily absorb 
precipitation which is available to the 
adjacent trees, rather than leaving the site 
as surface· flow. 

In most cases when logging in multi
storied stands with ground based 
equipment, we have found that logging in 
two stages is the preferable method. In 
the first stage all understory trees which 
have not been designated as future crop 
trees are removed with feller-bunchers or 
single grip harvesters, followed in the 
second stage with conventional logging of 
the larger trees designated for cutting. 
This system has the following advantages: 

1. Results in less breakage and better 
product recovery than from single stage 
logging or from two stage logging 
which removes the larger material first. 
This is especially true in salvage 
situations in that much of the dead 
material is often in· the smaller size 



classes and all of it is very brittle. 

2. Allows for greater protection of the 
residual stand and provides greater 
flexibility in maintaining diversity. 

3. Results in less ground disturbance by 
using slash-bedded skid trails from the 
first entry on the second· entry. 

4. Generally improves logging. efficiency 
and lowers logging costs, especially for 
the second entry. 

Although we have yet to encounter 
conditions where we would recommend 
two· stage logging in skyline ground, I am 
sure that such do exist. 

Our silvicultural approach for maintainin3 
diversity and forest health can best be 
characterized as site specific and directed 
toward creating and maintaining the 
conditions on each site which favor those 
species best adapted to cope with stress on 
the site. This means that on the driest 
sites, conditions favoring Ponderosa Pine 
are the target, while on the wetter sites, 
Western Larch and Douglas-fir would be 
favored. This does not mean that species 
such as Grand Fir, Lodgepole pine, and 
Engelmann Spruce are targeted for 
elimination. It simply means that we will 
attempt to maintain their presence· at a 
level that does not put our lands in 
jeopardy in times of moisture stress. 

This approach does not foster creation of 
large "unfragmented" blocks of late 
successional conditions. However, our 
observations are that such conditions, 
especially in large blocks, are 
unsustainable in this area, and never 
existed naturally for more than very short 
periods. Large continuous blocks of 
unbroken, dense stands could not survive 
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the frequent droughts, insect outbreaks and 
fires. Indeed the key to ·preventing 
catastrophic forest health problems in the 
Blue Mountains is to avoid creating large 
blocks of any specific condition; whether it 
be by species, species mix, age class, or 
structure. Although we are fortunate that 
the· forest conditions in the elevation zones 
where our lands occur (3500-5000 ft.) 
were naturally quite fragmented to a 
considerable degree by fire and soil 
patterns, .irrespective of management, ._past 
management often led to creation of 
greater uniformity. 

In my observation, every time large blocks 
of uniform conditions have. been created or 
allowed to develop here, those types 
eventually have been adversely impacted 
by insects or disease. Often the 
populations of the damaging agents build 
up to such levels in the conditions of the 
uniform type that happen to be favorable 
for their development, that they affect 
stands · of all conditions in the area. Past 
salvage practices simply continue the cycle 
by creating even larger uniform types that 
favor some other insect or disease. 

Current economic conditions· and the 
highly mobile mechanized equipment 
available today, allow us to be very site 
specific in our management to create and 
maintain a high level of diversity across 
the landscape. In order to be successful in 
breaking· the cycle we must take advantage 
of these opportunities and match our 
activities to conditions and options on the 
specific site.· The new economics give us 
the opportunity to focus our actions down 
to a five acre or smaller scale while 
managing on a watershed basis. We can, 
and must if we are to maintain healthy 
productive forests, make our harvest 
selections based on relative vigor and 
potential growth (both in volume and 



value) rather than on size, age or 
immediate value. 

In many cases judicious management can 
retain and ·produce substantial forest cover 
and structure similar (but not equal to) 
many of the stands reported in the early 
journals. That is not to imply that return 
to pre-European conditions is the 
appropriate goal. However, the conditions 
that seem to have been present then appear 
to have been reasonably stable and would 
seem to be a good interim target while we 
learn to manage for our long-term 
sustainable needs. 
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ABSTRACT: If applied correctly, early 
pruning can greatly increase the production 
of high value, clear-grade lumber and 
veneer from young-growth Douglas-fir 
stands. This paper briefly reviews the 
rationale for early multiple-lift pruning. A 
general set of pruning guidelines, quality 
standards, and equipment requirements is 
presented, along with a brief review of the 
effectiveness of various types of pruning 
equipment. The authors conclude that a 
multi-lift, system using manual shears and 
ladders, is currently the best system to 
employ if the primary objective of pruning 
is to maximize return on investment from 
pruning operations. Estimated production 
and cost rates are given for each pruning 
lift. 

INTRODUCTION 

Forest trees are pruned for a number of 
reasons. Pruning· the lower branches 
improves access to the stand and reduces 
ladder fuels. Pruned stands are often 
viewed by the public as more visually 
pleasing than unpruned stands. Thinning 
and pruning can stimulate growth of 
understory vegetation and enhance wildlife 
habitat. If a stand is correctly pruned at 
the right time, a much higher volume of 
knot-free clearwood can be produced from 
the stand in a shorter time. In this paper, 
we will review pruning methods and 
quality standards that ensure increased 
production of clearwood; however, the 
reader should realize that these same 
methods also improve stands with. respect 
to access, ladder fuels, overstory and 
understory diversity, and visual qualities. 

Pruning reduces the volume of the knotty 
core inside a tree by removing branches 
earlier in the life of the tree. After 



pruning, a sheath of clearwood grows 
around this knotty core. Clearwood 
products are highly valued because of their 
superior strength, uniform machining 
properties, and visual appearance. As the 
supply of large, old-growth logs has 
decreased, the output of high grade 
clearwood products has also decreased 
(Ernst and Fahey 1986). It takes 80 to 100 
years for Douglas-fir (Pseudotsuga 
menziesii [Mirb.] Franco var. menziesil) to 
shed its lower branches (Cahill et al. 
1986, Kachin 1940); therefore, early 
pruning of the lower bole is the only 
means to increase clearwood production 
from short rotation Douglas-fir stands. 

Prune Early, Prune Heavily, 
and Prune in Multiple Lifts 

The earlier that pruning occurs, the 
quicker the branch stubs will be grown 
over, and the smaller the knotty core will 
be. However, pruning too many live 
branches at one time can reduce 
subsequent tree growth, or even kill a tree 
(Isaac 1945). By employing multiple · 
pruning .ifts, the size of the knotty core 
can be minimized, and production of clear
wood can be maximized (Sutton 1973). 
The ·timing of each pruning lift requires a 
careful. balance between the amount of live 
crown removed, the desired size of the 
knotty core, the. stand density at each 
pruning, and the expecte4 size of the tree 
at harvest time. Lumber recovery studies 
from stands that were pruned late have 
produced only modest increases in 
clearwood (Fenton and Familton 1961, 
Cahill et al. 1986); and, in at least one 
study, late pruning reduced the value of 
lumber recovered (Dobie and Wright 
1978). Economic analyses have strongly 
suggested that pruning should be carried 
out in multiple lifts, -as early and heavily 
as possible, without significantly slowing 
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tree growth (Fight et al. 1993). 

Results from a simulation of a Douglas-fir 
stand by Mitchell and Poisson (1993) 
indicated that early pruning would increase 
the net present value (NPV) of a stand to 
C$930 per acre, compared with a NPV of 
only C$230 for the same management 
regime without pruning. Their analysis 
also predicted that delaying pruning by 
only 7 years would decrease NPV to 
C$100. This represents a change in NPV 
of C$830 per acre resulting from simply 
delaying pruning a few years. 

The timing of each pruning lift has a much 
larger impact on expected financial returns 
than pruning costs~ In the example given 
by Mitchell and Poisson, discounted 
pruning costs were cheaper in the late 
pruning treatment; however, this modest 
cost reduction was trivial compared to the 
opportunity cost associated with the larger 
knotty core that resulted from late pruning. 

General Guidelines for Douglas-fir Pruning 

Based on sawing recovery studies and 
stand growth data, the following general 
guidelines for the timing of pruning 
operations have evolved for coastal 
Douglas-fir: 

1. Prune in three lifts to a total pruned 
height of 20 feet. 

2. Apply the first pruning lift when 
average diameter-at-breast-height 
(DBH) in a stand is about 4 to 5 
inches. 

3. Prune approximately 7 to 8 feet in the 
first lift; then 6 to 7 additional feet in 
the second lift; and finally 6 to 7 feet 
more in the third lift. 

4. Leave approximately 10 to 15 feet of 
live crown after each pruning 
operation. 



S. Complete the second and third lifts 
when the diameter at the mid-point of 
each lift is about 4 to S inches so that a 
small, uniform knotty core is main
tained throughout the entire length of 
the pruned bu~ log. 

6. Prune only on good growing sites in 
stands that have low densities so that 
the diameter growth rate of pruned 
trees is not slowed by competition with 
surrounding trees. 

7. Precommercial thinning may be 
required after each pruning lift to 
reduce stand density so that high levels 
of diameter growth and maximum 
clearwood production may be 
maintained. 

A considerable amount of silvicultural re
search is currently underway in the United 
States, Canada, and New Zealand to more 
precisely determine the effects of pruning 
and thinning intensities in young-growth 
Douglas-fir stands. As research results 
become available, pruning guidelines can 
be refined. 

Quality Standards for Early Pruning 

In order to maximize clearwood 
production, early pruning must not only be 
performed at the optimum time, but it 
must also be done properly. In addition, 
quality standards are needed to evaluate 
the acceptability of pruning operations 
(Hall and Church 1969). The following 
quality standards must be met to ~nsure 
maximum production of clearwood: 

1. Prune only well-spaced trees with good 
form and vigor. 

2. Cut branch stubs flush with the branch 
collar, without damaging the collar 
itself. 

3. Cut branches smoothly, without leaving 
jagged splinters or tearing bark from 
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below the branch. 
4. Do not injure the bole of the tree 

during pruning. 
S. Prune to the correct height for each 

lift. 
6. Remove all branches, regardless of 

their size. Small, dead branches, 
referred to as "whiskers," and epi
cormic branches that are only O .1 to 
0.25 inches in diameter are very 
common on the lower 3 to 4 feet of the 
bole of Douglas-fir trees. If these 
whiskers and epicormic branches are 
not removed, they persist for many 
years and form pin knots that degrade 
what would otherwise be clear sections 
of the bole. 

EQUIPMENT FOR EARLY PRUNING 

Pruning Equipment Requirements 

Several equipment requirements must be 
met to achieve the above listed pruning 
quality and timing standards: 

1. It must be economical to move 
equipment into a stand several times to 
carry out multiple pruning lifts. 
Multiple lifts are required to achieve a 
small, uniform defect core. 

2. It must be economical to operate 
pruning equipment in rugged forest 
conditions and in a wide range of 
weather conditions. 

3. Equipment must be capable of pruning 
boles in the diameter range of 3 to 6 
inches in each lift, without causing 
damage to the thin bark found on 
young trees. 

4. Equipment must remove all branches, 
including small, dead whiskers and 
epicormic branches, all the way to the 
ground. 

S. Equipment must be capable of cutting 
through branches up to 2 inches in 



diameter without dam.aging the branch 
collar or leaving long stubs. 

6. Equipment must be capable of cutting 
large diameter, steep angled ramicom 
branches that often occur 10 to 20 feet 
up in the bole. 

A wide variety of manual and mechanized 
systems have been developed for pruning 
trees in many situations and for a wide 
variety of reasons. In this paper, we will 
briefly review those systems that have 
been used in forest p~g with the 
objective of ip.creasing clearwood 
production. It should be noted that many 
systems are acceptable for meeting other 
resource objectives. This is particularly 
true in situations where high pruning 
quality standards are not important and 
where the primary objective is minimizing 
pruning costs, rather than maximizing the 
economic return from increased clearwood 
production. · 

Mechanical Pruning ~ystems 

It is interesting to note that in New 
Zealand, where over 100,000 acres are 
production pruned each year in a very 
competitive contracting environment, 
virtually all pruning is completed using 
manual methods. Sutton (1973) was 
skep~cal about mechanized pruning, and 
noted many difficulties faced by 
mechanization efforts. To maintain or 
decrease costs when using a mecbaniz.ed 
system, production per person must be 
increased. This is difficult to accomplish 
because the time per tree for each manual 
pruning lift is only a 'few minutes or less. 
Mechanized equipment has trouble 
accessing stands before the first thinning, 
particularly on steeper terrain. The 
requirement for a small, uniform defect 
core dictates multiple lift pruning-. This 
requirement for multiple entries shifts the 
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balance away from equipment that has 
relatively high move-in and. travel times 
compared to actual pruning times. After 
testing 24 mechanized pruning systems 
from all over the world, the Silviculttiral 
Equipment Research Group of the New 
Zealand Forest Research Institute (FRI) 
could not recommend any of the 
mecbaniz.ed systems for production 
pruning when the primary objective is to 
maximize economic return from increased 
clearwood production (Everts 1986). FRI 
researchers gave the following reasons for 
rejecting the mer.baniz.ed systems: 

1. Inability to meet pruning quality stan
dards· because of excessive bole or 
branch collar damage. 

2. Nonproductive time for servicing, 
refueling, and sharpening equipment 
was excessive.· -

3. Equipment operations were in· some 
way_ unsafe or· posed a fire hazard. 

4. Equipment production rate. was too low 
to compete with manual methods. 

5. Equipment could not remove branches 
up to 2 inches in diameter. 

6. Equipment could not operate on small 
diameter stems. 

7. Equipment was too heavy to easily 
carry in rugged forest conditions. 

8. Fumes from the equipment were a 
problem. 

9. Equipment was difficult to maintain in 
a forest environment. 

Reutebuch and Hartsough (1993) .reviewed 
many of the problems associated with a 
wide variety of both mechanized and 
manual pruning systems. No mechanized 
systems have yet been reported that can 
compete economically with manual 
methods ·and ·still meet the. demanding 
quality standards and multi-entry schedules 
associated with early pruning for 
clearwood production. 



Manual Pruning Tools 

A wide variety of manual tools have been 
developed for pruning forest trees. The 
simplest are clubs that are used to knock 
off dead branches. Although production 
rates are generally high, these devices are 
not recommended. Clubs are only 
effective when branches have died and 
become brittle. Pruning should be 
conducted when trees are small and most 
branches are still alive, if the knotty core 
is to be minimized. Clubs often shatter 
branches and leave long, jagged, or 
splintered stubs. Other impact pruning 
devices such as axes, brush hooks, and 
machetes are also not recommended 
because of the high frequency of branch 
collar and stem damage, and shattered, 
jagged, and long stubs. None of these 
impact tools are effective for removing 
small whiskers and epicormic branches. 

A wide variety of pruning saws have been 
used for many years (Finnis 1953). 

· Quality standards can be met in the first 
pruning lift with handsaws; however, 
many operators routinely damage branch 
collars in a producti(?n environment. 
Because of poor visibility, flexing of the 
pole, and maneuverability problems, bole 
damage often occurs when pole saws are 
used (O'Hara et al. In press). It is nearly 
impossible to remove small whiskers and 
epicormic branches with a pole saw 
without causing bole damage in upper lifts. 
In addition, Terlesk (1969) found: that cost 
of pruning upper lifts could be reduced by 
30 to 40 percent by using handsaws on 
ladders in place of pole saws. 

SHEARS AND LADDER SYSTEM 

For decades the Porter-Ferguson #2 prun
ing shears have been used in New Zealand 
for first lift pruning (Whitely 1963). In 
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the 1970s, after Terlesk's findings, New 
Zealand pruning contractors rapidly 
switched from the use ·of pole saws to 
jacksaws and ladders for upper lift 
pruning. Over the past decade, they have 
switched to the use of pruning shears and 
ladders for upper lifts. Experience has 
shown that the production rate of shears 
and ladders (table 1) is considerably higher 
than that achieved using pole saws or 
handsaws on ladders when pruning young 
Douglas-fir (Hartsough 1993, Finnis 1953, 
Omule et al. 1994, O'Hara et al. In 
press). 

Contrary to other research results (Fig. 1), 
Hartsough found that the pruning time 
element was highest for the first lift, and 
decreased considerably for the second and 
third .lifts. When the time required for 
tree selection, walking between trees, and 
tree access was included to form the total 
pruning cycle time, Hartsough found that 
the first lift was still th~ slowest lift (3 .1 
min.), and the second lift was the fastest 
(2.5 min.). The third lift was slower than 
the second lift, but faster than the first lift 
(2.8 min.). 

There are several important aspects of 
Hartsough's study that are unique. Unlike 
the workers in the other studies, Hartsough 
employed a well-trained pruning crew. 
Crew members had extensive experience 
pruning in New Zealand on a competitive 
contract basis. During Hartsough' s study, 
crew members were paid a base hourly 
rate, with a bonus dependent upon the 
number of trees pruned. After the .study 
was completed, pruning production 
increased approximately 20 percent when 
the method of payment reverted back to 
the customary piece rate system. 

Hartsough found that the number of 
branches and epicorm.ics was much lower 



Table 1. Douglas-fir pruning time studies. Times include only the actual time for removing branches. 

Lift height (ft.) 
Average DBH (m.) 
Pnmingmethod 
Pruning time (min.) 
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0-7 
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p 
2.7 

.... ·-
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7-13 
6.0 
P/L 
1.5 

. O'Hara Omule 
3rd Lift 1st Lift 2ndLift 1st Lift 

13-20 0-8 848 0-10 
7.1 5.6 9.2 3.2 
P/L p PS p 
1.5 4.4 10.7 3.4 

P = Pruning shears on ground 
P/L = Pruning shears on ladder 
HS = Handsaw on ground 
HS/L = Handsaw on ladder 
PS = Pole saw for upper lift 
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Figure 1. Pruning time versus pruning height 
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in the upper lifts, resulting in considerably 
reduced pruning times in the second and 
third lifts. Removing small dead whiskers 
and epiconnic branches constituted 37 
percent (1.2 min.) of the total pruning 
cycle time in the first lift, compared with 
only 14 percent (0.3 min.) in the upper 
lifts. 

Although workers were carrying ladders in 
the second lift in Hartsough's study, tree 
selection and access time were nearly the 
same in the first and second lifts. In the 
third lift, selection and access time were 
estimated to be 25 percent higher because 
the longer ladders took more time to move 
and climb. Although carrying a ladder 
tends to slow travel time between trees 
during the upper lifts, tree selection time is 
reduced because only trees that were 
pruned in the previous lift need evaluation. 
In addition, it is usually quicker to 
evaluate the next tree to be pruned when 
perched on a ladder high above slash and 
brush. 

Highly modified pruning shears and 
specialized pruning ladders were used by 
the crew in Hartsough's study. New 
Zealand contract pruners have developed 
these specialized tools over the past 30 
years. Hall and Mason (1988) found that 
the cutting efficiency of shears was greatly 
improved when a number of modifications 
were made. 

Porter-Ferguson #2 Shears 

Many types of shears have been tested for 
production pruning over the years (Hall 
1986). The Porter-Ferguson #2 shears, 
and similar shears that copy their basic 
design, have withstood the test of time and 
are the preferred tools for production 
pruning in New Zealand and many other 
parts of the world. There are a number of 
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reasons for their popularity in production 
forestry simations: 

1. The cutting head consists of two 
scissors-type blades-one straight and 
one hooked-both with cutting edges. 

2. The blades are made of high quality, 
drop-forged steel that cannot be easily 
broken or bent. 

3. The handles are attached to the cutting 
head by a bolt assembly, rather than a 
direct connection. Play in this handle 
bolt assembly reduces the likelihood ·of 
bending or breaking the cutting blades 
when the handles are inadvertently 
twisted while cutting a large branch. 

4. Replacement parts can be individually 
purchased. 

5. Replacement parts can be fitted in a 
matter of minutes in the field. 

6. Handles can be easily shortened to suit 
the work habits of individual workers. 

7. The shears can be maintained and 
sharpened in a matter of minutes in the 
field. 

As shown in Figure 2, . the shears are 
highly modified after purchase to increase 
their cutting capacity and to improve their 
efficiency and ease of use (Hall and Mason 
1988, Reutebuch and Hartsough In press). 

A simple knife is used to remove small 
epicormic branches and dead whiskers. 
This knife (Fig. 2) consists of a 12-inch 
section of I-inch wide handsaw blade with 
10 teeth per inch. The handle of the knife 
consists of a short piece of flexible plastic 
pipe forced over the end of the handsaw 
blade. A specialized holster is used to 
carry the shears and the epicorm.ic knife. 

In conjunction with modified shears, 
specialized lightweight ladders are used for 
upper-lift pruning. Several types have 
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Figure 2. Modified (left) and unmodified (right) Porter-Ferguson #2 pruning shears. The 
epicormic knife is shown to the right of the unmodified shears. 
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been developed, but the most popular type · 
is a one-piece aluminum or steel ladder 
that leans against ·the tree (Fig. 3). These 
ladders are narrower than general 
construction ladders, but still wide enough 
to comfortably accommodate both feet on 
a rung. They have pointed feet that are 
jammed into the ground to increase 
stability, and a wide wooden cross member 
at the top specifically designed for · 
standing on. There is a wide band of 
nylon webbing at the top of the ladder that 
is placed against the tree to prevent bark 
damage. Ladders are produced in many 
lengths by several New Zealand 
companies. The most common lengths are 
8 and 14 feet. These lengths are used for 
the second and third pruning lifts, 
respectively. 

PRUNING PRODUCTION RATES AND 
COSTS IN DOUGLAS-FIR STANDS 

Because there were no pruning contractors 
in North America who were experienced 
with multi-lift, shears-ladder pruning under 
forest conditions, Hartsough (1993) con
ducted a time-motion study of experienced 
workers pruning in a 10-year-old Douglas
fir plantation in New Zealand.· Work 
study information was collected for 
approximately 340 trees in the first 
pruning lift, and for 230 of the larger trees 
during the second pruning lift. DBH of 
pruned trees ranged from 2.4 to 8.7 
inches. Average DBH was 5 .1 inches and 
5 .9 inches for the first and second lifts, 
respectively. A utilization rate of 72 
percent was observed during the study. 
This rate is close to the standard 75 
percent· utilization rate used for computing 
expected contract production rates in New 
Zealand. A subjective hindrance rating 
was used to characterize walking difficulty 
within the stand due to brush and 
topography. 
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Pruning Production Rates 

Hartsough (1993) found that first lift (0 to 
7 ft) production varied from a low of 16.5 
trees per productive hour when pruning 
large diameter trees (7. 9 inches DBH) in 
difficult walking conditions, to a high of 
21.5 trees when pruning small trees (2.4 
inches DBH) in easy walking conditions. 
Second lift (7 to 13 ft) production varied 
from a low of 21 trees per productive hour 
when pruning large diameter trees (7. 9 
inches DBH) in difficult walking condi
tions, to a high of 27 trees when pruning 
small trees ( 4.0 inches DBH) in easy walk
ing conditions. Third lift (13 to 20 ft) 
production varied from a low of 20 trees 
per productive hour when pruning large 
diameter·trees (7.9 inches DBH) in diffi
cult walking conditions, to a high of 24 
trees when pruning small trees (5 .5 inches 
DBH) in easy walking conditions. These 
are relatively low production rates com
pared with those commonly achieved when 
pruning Monterey pine in New Zealand. 

Estimated Pruning Costs 

Hourly costs were computed for the three 
pruniilg lifts. A productive ·life of 800 
scheduled hours (i.e. half a year) was 
assumed for all equipment. Other assump
tions . included: 

Labor 
Basic rate: $10/scheduled hour 
Overhead and insurance: 50 % 
Total: $15/scheduled hour 

Equipment initial costs 
Shears: $100 purchase price + $50 

modification cost 
Tool belt/holster and larlfe: $25 
8-ft ladder (2nd lift): $100 
14-ft ladder (3rd lift): $200 

Shear maintenance cost 
100 % of initial cost 



Figure 3. One-piece aluminum pruning ladders designed to lean against a tree. The 14-ft 
ladder is shown on the left, and the 8-ft ladder is shown on the right. 
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Differences in the hourly costs for each 
pruning lift are negligible, ranging from 
$15.41 to $15.53. These hourly costs, 
production estimates for each pruning lift 
(Hartsough 1993), and a utilization rate of 
75 percent, were used to generate 
estimates of pruning costs per tree for each 
lift. Assuming average walking difficulty, 
pruning costs per tree for the first lift 
ranged from a low of approximately $1.00 
when pruning small trees (2.4 inches 
DBH), to a high of $1.15 when pruning 
large trees (7. 9 inches DBH). Pruning 
costs for the second lift ranged from a low 
of approximately $0.80 when pruning 
small trees (4.0 inches DBH), to a high of 
$0. 95 when pruning large trees (7. 9 inches 
DBH). Pruning costs for the third lift 
ranged from a low of approximately $0.90 
when pruning small trees (5 .5 inches 
DBH), to a high of $1.00 when pruning 
large trees (7 .9 inches DBH). 

CONCLUSIONS 

It is important to note that the lowest-cost 
pruning lift is the second lift, followed by 
the third lift, with the first lift being the · 
most expensive. The main reasons for the 
high cost of the first lift are: 1) the 
increased time it takes to remove the large 
number of epicormic branches and dead 
whiskers that occur in the first lift; and 2) 
the higher tree selection time required 
during the first lift. Research is needed to 
develop better methods for removing 
epicormic branches and small, d~ 
whiskers. Although carrying a ladder 
tends to slow travel time between trees 
during the upper lifts, tree selection, 
access, and actual pruning time is reduced, 
resulting in a lower overall pruning cycle 
time for upper lifts. The actual time spent 
pruning is virtually the same in the second 
and third lifts. Once the worker has posi
tioned and climbed the ladder, the number 
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and size of branches to be pruned are 
nearly the same in both of the upper lifts. 
The third lift requires slightly more total 
time than the second lift because it takes 
more time to maneuver and climb the 
longer ladder. 

Multi-lift, manual pruning appears to be 
the best method for producing a small, 
uniform knotty core and for maximizing 
subsequent clearwood production in 
second-growth Douglas-fir. The timing of 
each pruning lift is critical if the return on 
investment from pruning is also to be 
maximized. Pruning operations could. 
generate a large number of forest jobs in 
the Pacific Northwest where extensive 
areas of young Douglas-fir plantations 
have been established in recent years. 

Although guidelines, quality standards, 
equipment, and work methods for early 
pruning have been developed, more 
research is needed to determine optimal 
stand densities and associated pruning 
intensities for a wide range of growing 
sites. 
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THINNING METHOD AND MULTI
TREE PROCESSING AS APPLIED IN 
MECHANIZED FIRST THINNING OF 
SCOTS PINE 

b~ 

Risto Lilleberg 
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ABSTRACT: The purpose of this study 
was to find ways to improve the 
productivity of cutting in mechanized first 
thinning. The aim was to discover how 
thinning intensity and various principles 
concerning the choice of trees to be 
removed affect time consumption in 
mechanized first thinning in stands of 
Scots pine. The effect on time 
consumption of clearing the undergrowth 
as well as trees with dbh < = 7 cm prior 
to commencing with cutting was also 
studied. At the same time, tests were 
conducted on the suitability of multi-tree 
handling as a working method and the 
potential problems associated with it. Two 
types of single-grip harvesters suitable for 
multi-tree processing of small trees were 
used in the course of the study: V almet 
901/955 and Valmet 901/942. 

As thinning intensity grows, the number of 
trees removed increases while the number 
of trees remaining decreases and the 
productivity of the harvester improves. 
The average size of the removed trees also 
increases. Increasing the thinning intensity 
from 25 % to 45 % of the number of trees 
in the stand reduced the time consumption 
of cutting in single-tree processing by 
15 % . Low-high thinning using the 
single-tree processing method, with 
emphasis on stand quality improvement, 
reduced time consumption in mecbaniz.ed 
cutting most of all; on average, time 
consumption was 35 % less than in light 
low thinning. When systematic selection 
was applied, time consumption was 
reduced by 26 % . Systematic selection in 
connection with multi-tree processing 
resulted in the lowest time consumption of 
all - it was 27 % lower than that of light 
low thinning. However, when compared to 
thinning placing emphasis on· stand quality, 
the difference was not statistically 
significant. 



Clearing the undergrowth and trees with 
dbh < = .·7· cm prior to cutting increased 
the productivity of cutting by 11 % . This 
increase was not, however,. great enough 
to warrant .clearing prior to cutting. 
The state of the stand after cutting was · 
approximately the same irrespective of the 
thinning method or working method 
applied. There was more damage than 
normally. This was indicative of the fact 
that thinning was done during the summ~r 
season (June to July) and also of the way it 
was done (i.e., by selecting and marking 
the trees to be removed prior to cutting). 

This study is part of the joint-Nordic 
research project financed by the Nordic 
Council of Ministers. 

KEYWORDS-mechanized thinning, 
thinning methods, multi-tree processing 

PURPOSE OF STUDY 

The low· productivity of mechanized 
cutting when processing small-diameter 
trees into timber assortments is a central 
problem in the. mecbaniz.ation of first 
thinning ·Operations. The purpose in this 
study was to find· means of improving the 
productivity of mechanized systems in first 
tbinnings. 

One means to improving the productivity 
of work is to reform the treatment of 
first-thinning stands so that it is more 
suitable from the point of view of 
mechanized cutting. In this respect, the 
present study was aimed at clarifying how 
thinning· intensity and the various 
principles applied in the selection of the 
trees to be removed influence time 
consumption of cutting. Further, the study 
addressed the issue of how clearing the 
undergrowth and trees with dbh < = 7 cm 
prior to cutting affected productivity. 
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The suitability of multi-tree processing as 
a work method was examined as the other 
means of improving the productivity of 
cutting. The problems associated with this 
were also examined. Multi-tree processing 

. was applied to maximum extent and it was 
compared with single-tree processing. The 
multi"".tree processing trials conducted were 
continuation of a preliminary study 
conducted in the winter of 1990 (Lilleberg 
1990). 

When thinning intensity and thinning 
method are combined with multi-tree 
processing, the productivity of cutting is 
influenced simultaneously by both the 
treatment method and the new technique in 
operating the one-grip harvester. The aims 
of the study included the .following: to find 
out th~ conditions appropriate for 
multi-tree processing, how stands should 
be treated, and the extent to which the 
productivity of work can be improved by 
adapting multi-tree processing. 

RESEARCH METHOD 

The stand treatment methods experimented 
with were heavy and light thinning. The 
thinning methods applied were low 
thinning, systematic selection and low-high 
h" • Lmmng. 

The influence of thinning intensity was 
examined in connection with the low 
thinning treatments. The alternatives were 
light and heavy low thinning so. that light 
thinning ment the removal of 20 - 30 % of 
the stem number whereas heavy thinning 
meant the removal of c. 45 % of the stem 
number. 

Low-high thinning here refers to thinning 
placing_ emphasis on quality of the growing 
stock through the removal of a significant 
proportion of the stand' s most heavily 



branched or otherwise poor quality 
large-sized pine stems. The work method 
applied was applied in two stages: the 
largest and the most heavily branched, 
stems were processed a tree at a time 
while some of the smaller, less heavily 
branched trees were processed applying 
the multi-tree alternative. 

Systematic selection was implemented by 
having the operator remove consecutively 
located trees along swathes c. 2 metres in 
width at angles of 45 - 90 degrees to the 
strip road. The idea was to reduce loader 
movement per tree and to simplify the 
work routine. When necessary, low 
thinning was applied when removing trees 
between the lines. This was done to reduce 
the systematic nature of the treatment. 

The study was conducted as a comparative 
time study in sample plots homogeneous in 
terms of stand conditions, but subjected to 
different treatments, and applying both 
single-tree and multi-tree processing. 
Multi-tree processing here refers to the 
concurrent felling, delimbing and cross 
cutting of two trees. The fact that two 
trees were settled upon as being adequate 
in this smdy is explained by the 
observation that the concurrent processing 
of three trees was successful so seldom 
that such material was inadequate for 
analysis. The time consumed in the 
concurrent processing of three trees is less 
than that required to process two trees; 
this was been observed to be the case in 
the preUminary study (Lilleberg 1990). 

The experimental arrangements were as 
follows: 

- Sample plot #1. Light low thinning, 
removal of c. 25% of the stems; 
conventioiial single-tree processing and 
multi-tree processing = control plot. 
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- Sample plot #2. Heavy low thinning, 
removal of c. 45 % of the stems; 
conventional single-tree processing and 
multi-tree processing = control plot. 

- Sample plot #3. Quality-emphasising 
thinning, removal of c. 35 % of the 
stems (75 % through low thinning and 
25% through high thinning); 
conventional single-tree processing and 
multi-tree processing = control plot. 

- S~ple plot #4. Systematic selection, 
operator selected consecutive trees 
along swathes at 45 - 90 degrees to the 
strip road and (by applying low 
thinning) between lines when 
necessary; conventional single-tree 
processing and multi-tree processing = 
control plot. 

- Sample plot #5. Undergrowth and trees 
with dbh < = 7 cm removed from plot 
prior to cutting. This was followed by 
conventional low thinning with operator 
deciding which trees to be removed ( c. 
1/3 of the stem number). Single-tree 
processing only applied. 

- Sample plot #6. Stand as in 5 above in 
terms of conditions, manner of thinning 
and work technique, but neither 
undergrowth nor sµutll trees were 
cleared prior to cutting. 

The time smdy was conducted applying a 
previously closely defined and precisely 
measured sample plot procedure. The dbh 
of every tree on the sample plot was 
measured with the stem distn"bution 
obtained as a result, the trees to be 
removed were marked to comply with the 
goal. The trees marked to be removed 
were distributed evenly throughout the 
sample plots. The sample plots were 50 x 
20 m in size and the strip roads were 



Table l. Average harvesting conditions on test plots 

Location Density before cutting, Average stem, dm3· 

trees/ha 

Ilom.antsi 
Kesilahti 
Virrat 

placed lengthwise across the plots passing 
through the plot centre. The logging trace 
was assessed after cutting. 

The machines were operated along strip 
roads laid out in straight lines at 20 metre 
intervals in level terrain with a good 
carrying capacity. The trees· to be removed 
had been marked in advance on sample 
plots 1, 2, 3, 5 · and 6 in order to ensure 
that the intensity and manner of thinning 
would be in strict control. 

RESEARCH·.MATERIAL 

Machines suitable for multi-tree processing 
of small-sized trees· were employed in this 
study: Valmet 90U955 and Valmet 
901/942. The base machine Valmet 901 is 
also suitable for first thinning conditions 
while the harvesting devices of the unit 
(955 and 942) are designed to enable them 
to be used· in multi-tree. processing .. The 
three operators engaged in the study had a 
lot of experience of first thinning 
operations. 

The stands included in the study were first 
thinning stands located in Ilomantsi 
(Tehdaspuu Oy),Kesilahti (Enso-Gutzeit 
Oy) and Virrat (Metsliitto). The 
aforementioned sample plot arrangements 
were applied on all of these sites. The 
number of time study sample plots 
amounted to 33. 

1,700 
2,000 
1,400 
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68 
65 
90 

RESULTS 

Intensity of thinning and remaining 
growing stock 

Changes in the intensity of thinning in first 
thinning influence the operating conditions 
of harvesters in many ways. This is ,· 
reflected in the time consumption and 
productivity of timber harvesting. If the 
thinning intensity is. increased, the number 
of stems removed increases while that of 
the remaining· stand· decreases with the 
consequence. that the productivity of one
grip harvesters improve$. The timber thus 
removed will also be· characterised by a 
larger mean stem size because more large 
trees are removed. 

Increasing the thinning· intensity had the 
greatest impact in stands grown 
incompletely stocked, but even then the 
difference when compared to the effect in 
stands· grown fully stocked, was not very 
marked. Raising the thinning intensity 
from 25 % to 45 % of the stand' s stem 
density resulted in an average decrease of 
15 % in the time consumption of cutting 
(Table 2). 

The density of the remaining growing 
stock varied between· 790 and 1,700 stems 
per hectare.· The influence of the density 
of the remaining growing stock on the time 
consumption of cutting bec~e more 



Table 2. The effect of thinning intensity on time consumption in mechanized cutting: 
single-tree and multi-tree processing. 

Location Relative time consumption 

Single-tree processing Multi-tree processing 

Removal, % of number of trees 

25 

Ilomantsi 100 
Kesilahti 100 
Virrat 100 

Average 100 

clearly evident only when the said density 
exceeded 1,200 - 1,400 stems per hectare; 
the resultant increase in time consumption 
was then c. 5%. For treatments with the 
density of the remaining growing stock 
less than the aforementioned values, the 
density level had no influence on time 
consumption. 

The time consumption in multi-tree 
processing was reduced in all three study 
areas when the intensity of thinning was 
increased from 25% to 45 % of the stem 
number per hectare (Table 2). The average 
reduction in time consumption. was 17 % . 
Thus, it was observed that, on average the 
intensity of thinning influenced the time 
consumption in cutting slightly more than 
when applying single-tree processing. The 
decrease in time consumption was of the 
same order regardless of the growing stock 
parameters (e.g., mean stem size). 

The proportion of the stems prepared into 
various timber assortments through 
multi-tree processing bas a highly 
significant influence on time consumption. 

45 

85 
89 
82 

85 

92 

25 45 

100 77 
100 86 
100 86 

100 83 

In the case of light low thinning, the 
proportion of multi-tree processed stems 
was 33 % ; the corresponding figure in 
heavy low thinning was 54 % • The grounds 
for multi-tree processing are thus 
considerably enhanced through the 
application of more intense tbinoio3. 

Influence of manner of thinning on tim~ 
consumption in single-tree processing and 
multi-tree processing 

In the case of single-tree processing, time 
consumption was reduced most of all by 
quality-emphasising low-high thinning 
(Table 3); this resulted in an average 
saving of 35 % in time consumption when 
compared to light low thinning. Further, 
the remaining growing stock fulfilled the 
requirements in terms of both quantity and 
quality. 

When systematic selection was app)J.ed in 
connection with single tree processing, 
time consumption was reduced by 26 % . 
Systematic thinning is most appropriate 
when applied in evenly spaced, well-

. managed stands in which the manner of 



Table 3. The effect of manner of thinning on time consumption in mechanized cutting; 
single-tree processing. and multi-tree processing 

Work method Relative time consumption 

Light low thinning 

Single-tree 100 
processing 

Multi-tree 100 
processing 

selecting the trees to be removed has the _ 
least influence on the growing stock 
parameters of the remaining stand. 
However, when applied in stands 
composed of ~ees of uneven size 
distributed in groups within the stand, 
systematic selection results in a 
post~tbinning arrangement of trees not 
fulfilling .the target aimed at in thinning. 
This is why systematic thinning is inferior 
to other thinning alternatives in practical 
forestry. 

When applying quality-emphasising 
low-high thinning in connection with 
multi-tree processing, the time 
consumption in operating the grapple 
harvester averaged a value that was 25 % 
lower than that obtained for light low 
h" • Lrnnmg. 

When combining multi-tree processing and 
systematic selection, the time consumption 
was at its minimum - it was 27 % lower 
than when applying light low thinning. The 
difference when compared to low-high 
thinning was not, however, statistically 
significant. 

Increasing the proportion of multi-tree 
processing was -observed to be easiest 
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Low-high thinning Systematic 
selection 

65 74 

75 73 

when applying systematic selection. With 
the application of improved work methods, 
systematic selection becomes more 
advantageous as it involves more routine ··in 
the work stages than the other alternatives 
and selecting trees to be removed 
consumes the least time. 

Clearing of undergrowth and small trees 

Clearing of ·the undergrowth and trees with 
dbh less than or equal to 7 cm prior to 
cutting was observed to promote the 
productivity of cutting in all the study 
areas. 

The improvement in proc:luctivity was, 
however, so small (11 % ) that clearing 
prior to cutting was not economically 
feasible. If there is a lot of undergrowth 
and the stand is structurally uneven and 
unmanaged, it can be expected that 
clearing will have a more· marked 
influence on productivity. In such a 
situation, clearing may prove to be 
essential in order that the cutting work 
might be carried out in an appropriate 
manner. Clearing of the undergrowth and 
trees with dbh < = 7 cm prior to cutting 
had an equal influence on time consump
tion in all the study areas although the 



Table 4. The effect on cutting time consumption of clearing prior to cutting of the 
undergrowth and trees with dbh 7 cm or less 

Location Relative time consumption Cleared 

Not cleared 

Ilomantsi 100 
Kesalahti 100 
Virrat 100 

Average 100 

quantity of undergrowth varied a lot (Table 
4). In terms of its quality, however, the 
undergrowth was similar throughout, being 
composed of broadleaved coppice and the 
occasional small spruce. The reason why 
the quantity of the undergrowth had but 
little influence on time consumption may 
be in the different attitudes of the 
operators. If the operator included clearing 
of the undergrowth with the actual cutting 
work, time consumption clearly increased. 
However, the variation in the amount of 
undergrowth (950 - 2,650 stems/ha) was 
so small that it may well be that it did not 
significantly influence time consumption. 

Single tree processing and. multi-tree 
processing 

Generally speaking, the time consumption 
was lower (Table 5) and productivity 
higher in multi-tree processing than in 
single-tree processing when applying the 
different thinning alternatives. However, 
when quality-emphasising low-high 
thinning was employed, single-tree 
processing took slightly less time (3 % ) 
than multi-tree processing. 
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Cleared 
undergrowth, 
trees/ha 

90 2,650 
90 1,450 
90 950 

90 1,700 

The difference in time consumption 
between single-tree processing and 
multi-tree processing was at its maximum 
(14 % ) when systematic selection was 
applied. The difference was clear already 
when applying light low thinning (12 % ) . 
When the intensity of low thinning is 
increased, it becomes almost as good a 
thinning method as systematic selection. 

On comparing the treatment combinations 
included in the experiments (Table 6), 
quality-emphasising low-high thinning 
implemented as single-tree processing was 
the best in terms of time consumption and 
productivity. The difference in time 
consumption with respect to low-high 
thinning implemented· as multi-tree 
processing was, however, a small one 
(3 % ) • Apart from this, productivity in 
multi-tree processing clearly improved (6 -
17%) when compared to single-tree 
processing. The differences in time 
consumption and productivity became 
particularly marked in favour of multi-tree 
processing when heavy low thinning was 
applied~ 



Table 5. The effect of the working method on time consumption in mechanized cutting using 
different thinning methods. 

,, 

Work method Relative time consumption 

Light low thinning Low-high thinning Systematic 
selection 

Single-tree 100 100 100 
processing 

Multi-tree 88 104 86 
processing 

Table 6. The difference in time consumption between single-tree processing and multi-tree 
processing when using different thirming methods; light low thinning = 100 

Work method 
.. 

Relative time consumption 

Light low Heavy low Low-high Systematic 
tbmmng tbmnmg 

Single-tree 100 
processing 

Multi-tree 88 
pr~cessing 

Damages after cutting 

An inventory of damages· was made 
(Table 7) following cutting at the Ilomantsi 
and Kesalahti areas using an inventocy 
routine developed at Metiteho. The time 
of cutting (June - July) was the most 
delicate time of the year in terms of 
potential harvesting damage in· all the areas 
included in the study. It was believed that 
this would be the time when any 
differences between the work methods 
would be best demonstrated. 

The relative proportion of damaged trees 

85 

73 

95 

h. . t_mnmg selection 

65 74 

67 70 

( on average 4.5 % , with deviation between 
2.3 - 8,1 %, of the remaining trees in the 
stand) in the case of single-tree processing · 
was high when compared to the results of 
previous studies conducted at Metiiteho 
and hjgher than the guideline value of 3 % . 
Light low thinning and systematic selection 
were the only alternatives resulting in 
values below the guideline value. 

In addition to being the result of the study 
being conducted at the most delicate time 
of the year from the point of view of 
·damage to standing trees, another reason 
for the high damage incidence was that all 



Table 7. Results of the harvesting trace inventory following single-tree processing and 
multi-tree processing, Ilomantsi and Kesalahti 

SINGLE-TREE TREE PROCESSING 

Thinning Damaged Percentage of Width of strip Strip roads, % 
method trees/ha damaged trees road, m of stand area 

Light low 30 2.3 · 3.6 18.0 
h" . Lmmng 

Heavy low so 4.4 3.5 17.6 
h" • t mnmg 

Low-high 60 4.7 3.4 16.9 
h" . Lmmng 

Systematic 30 2.5 4.0 19.8 
selection 

Undergrowth 75 8.1 3.2 16.0 
cleared 

Undergrowth 60 4.9 3.7 18.6 
not cleared 

Average 51 4.5 3.6 17.8 

MULTI-TREE PROCESSING 

Light low 65 4.2 3.7 18.4 
tbmmng 

Heavy low 30 3.9 3.8 19.1 
h. . t JDDJDg 

Low-high 45 4.0 3.9 19.5 
h" . t mmne 

Systematic 60 5.5 4.0 20.2 
selection 
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the marked trees had to be processed 
regardless of their suitability or insuitablity 
for mechanized cutting. The usual practice 
is for the operator to select the trees to be 
removed. When this is the case, he does 
not select trees whose felling would lead to 
damage to standing trees; such trees would 
be left standing. In this study, the 
operators did not have this option. 

The width of strip roads in single-tree 
processing varied between 3.2 and 4.0 m. 
(Table 7). The problem was not that of 
excessive width; instead, they were often 
too narrow and this· led to damage to 
standing trees. Examples of this were 
sample plots whose undergrowth had been 
cleared. Narrowness of strip roads was 
manifested in the form of reduced· strip 
road area (average less than 18 % of the 
stand area). 

Damage .to standing trees in multi-tree 
processing was about the same as in 
single-tree processing. On the other hand, 
the damage incidence was even throughout 
the srudy areas (variation in damage 
percentage 3. 9 - 5 .5% ). The manner of 
harvesting probably does not have much 
influence in the matter. On the other hand, 
it was probable that the advance marking 
of the trees to be removed increased the 
incidence of damage. Multi-tree processing 
is a demanding method and keeping the 
actual damage level below the guideline 
damage value of 3 % requires good 
workmanship. 

The width of strip roads in multi-tree 
processing varies between 3. 7 and 4.0 m; 
i.e., it was vecy close to the guideline 
value. The strip road width on the 
multi-tree processing sample plots was 
slightly greater than on the single-tree 
processing plots. The average percentage 
of stand area taken up by strip roads was 
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less than 20% and thus in agreement with 
the guideline value. 

CONCLUSIONS 

Although the conditions and growing stock 
parameters in stands in the different areas 
differed from one another .. The thinning 
intensity applied influenced time 
consumption more or less to the. same 
extent in all the areas. With regard to 
productivity, this indicates· that mechanized 
thinning should always be done applying 
heavy thinning regardless of the initial 
growing stock volume. 

The influence of large-sized growing stock 
becomes more evident only when there are 
at least 1,200 - 1,400 remaining trees per 
hectare. This is why first tbinnings should 
be heavy if the productivity of mechanized 
cutting is to be good. 

Improving the productivity of cutting 
requires·. intensive but seldom. repeated 
tbinnines. Frequently repeated light 
thinnines easily result in reductions of 10 -
25 % in the productivity of work in 
mechanized cutting accompanied by 
corresponding rises in harvesting costs. 

The thinning method selected significantly 
influences the productivity of mechanized 
cutting. There is a marked change in 
productivity when switching from pure low 
thinning to quality-emphasising low-high 
thmnmg. 

When comparing the productivity of 
single-tree processing in widely spaced 
stands to that achieved in light low 
thinning, the increase in productivity was 
at its maximum in the low-high thinning 
alternative. Due to bigger stem size, the 
productivity of mechanized cutting m· 
widely spaced stands was c. 20 %· higher 



than that achieved in closely spaced stands. 
Widely spaced stands ( c. 1,500 stems/ha) 
should be thinned to a spacing 
corresponding to that generally prescribed 
in second thinning. 

The possibilities for implementing heavy 
low thinning and multi-tree processing are 
at their best in relatively closely spaced 
stands ( c. 2,000 stems/ha). 

Due to the heavy branching of trees, the 
quality of the remaining stand is difficult 
to improve in stands that have been grown 
widely spaced (i.e., stand density c. 1,500 
stems/ha). However, the thinning method 
selected was observed to have the greatest 
influence on the productivity of 
mechanized cutting in widely spaced stands 
manifesting poor technical quality. 
Further, in regard to such stands, low-high 
thinning improved productivity most of all 
in single-tree processing and heavy low 
thinning in multi-tree processing. 

Systematic selection was observed to 
improve productivity most of all when 
implemented in conjunction with multi-tree 
processing in closely spaced stands. The 
difference with respect to heavy low 
thinning is reduced when the intensity of 
thinning is increased. 

If there is a possibility of using low-high 
thinning, multi-tree processing does not 
necessarily improve productivity. With all 
other thinning methods, however, multi
tree processing does lead to reduced time 
consumption and to increased productivity 
of cutting. The profitability of multi-tree 
processing is at its maximum when 
combined with heavy low thinning or 
systematic selection. 
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ABSTRACT: Workers' comp injury rates 
for logging in Louisiana has decreased at a 
time when insurance premiums increased. 
Employees with less than a year of 
employment accounted for 57% of claims. 
The incidence of cuts and lacerations 
decreased, while sprains and strains 
increased. Strains are also the most 
expensive injuries. Twenty percent of 
claimants are truckdrivers. A series of 
workshops are being held around the state 
in an effort to introduce the principles of 
safety management to loggers. The 
activity is sponsored primarily by the 
Louisiana Forestry Association, with 
significant assistance from industry, the 
American Pulpwood Association, the LSU 
Agricultural Center and the medical 
community. The state of Louisiana has 
also introduced a plan to reduce insurance 
costs more directly. 

KEYWORDS-logging, safety, accidents, 
workers' compensation, OSHA, Louisiana. 

INTRODUCTION 

Logging has always been known as a 
hazardous occupation. Louisiana is no 
exception. What is exceptional is the 
increase in premiums for the mandatory 
workers' compensation insurance charged 
by private insurance companies. The 
spiraling prices have caused a renewed 
interest in logging accidents and safety 
programs. Any program aimed at 
reducing accidents and injuries would 
require a good look at the accidents and 
their causes, and a plan to educate workers 
and managers on how they can reduce 
those accidents. 



PREVIOUS RESEARCH ON INJURIES 
INVOLVING LOGGING OPERATIONS 

The United States Department of Labor 
has published three national studies on 
industrial and occupational safety in wood 
processing and product operations: a broad 
based document of ·occupational injuries 
(BLS 1990, BLS annual); a general 
analysis of occupational fatalities (OSHA 
1988); and a report on injuries in the 
logging industry (BLS 1984). These were 
of limited use because they were national 
or regional in scope and tended to cover 
very limited time frames. 

NATIONAL WORKER INJURY DATA 

In 1976 the Bureau of Labor Statistics 
(BLS) initiated a national system for 
worker's compensation claims in the 
Supplementary Data System (SDS) (BLS 
1989). It was intended to standardize 
occupational injury and illness data from 
state workers' compensation agencies. 
Louisiana joined the SDS program in 1984 
and data in this analysis is based on the 
guidelines established in the SDS. 

The BLS, in establishing the SDS, 
determined that systematic collection and 
exchange of data would be a valuable 
source of information for many groups · 
including coD}pensation and safety agencies 
as well as industry groups. The SDS 
would provide a long needed surveillance 
system to monitor injuries and· ilJ.qesses in 
the work setting. 

The data presented in this report are based 
on reportable claims (fatality, a permanent 
disability, or a disability resulting in eight 
or more lost workdays) which were 
received by the Office of Workers' 
Compensation between 1985 and 1992 for 
employees covered under the Louisiana 
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Workers' Compensation Act. 

THECLAIM:S 

For the SIC 2411 data, the number of 
workers' compensation claims in Louisiana 
increased from 495 in 1985 to a high of 
561 in 1987, but then dropped 
dramatically and steadily to a low -0f 430 
in 1990 and 194 in 1992. The number of 
employees in logging operations followed 
opposite trends, but to a lesser degree, so 
the incident rates (accidents/employee) 
followed the same trends as the number of 
accidents. 

THE CLAIMANTS 

Analysis of the SIC 24il data showed that 
logging truckdrivers were responsible for 
20% of claims. Saw operators and helpers 
each contributed approximately 9 % of 
claims. 

During 1985-1992, approximately 57 % of 
the claims were accounted for by workers 
employed less than one year (Figure 1). 
Employees with less than three ye~s of 
employment accounted for 82 % of all 
claims. This emphasizes the need for 
formal training of all new employees, and 
lends support to the OSHA regulation 
requiring training of all new employees 
and annual re-training thereafter. 

THE INJURIES 

Cuts and lacerations accounted for the 
largest percentage of claims with 29 % 
(Figure_ 2). These claims included all open 
wounds and includes injection of a foreign 
substance under pressure. The percent of 
claims was relatively consistent (30 % ) for' 
the years 1985-1987 with a tapering in the 
following years. Sprains and Strains 
accounted for 23 % of the claims. These 
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Figure 1. Duration of employment of claimants, 1985-1992. 

claims included tom ligaments, ruptured 
muscle and knee cartridge, as well as 
spinal injuries. 

Power saws were responsible for nearly all 
of the hand tool claims (Figure 3). In 
addition, working surfaces (e.g., the 
outdoor ground) accounted for 10 % of the 
claims. It is interesting that hand tool 
claims significantly dropped from nearly 
25% in 1987 to less than 13% in 1990. 
From practical experience, the authors 
know that the manual felling decreased 
during this time period while mechanized 
felling increased. Reducing chain· saw use 
and frequent saw training are keys to 
reducing the frequency of employee 
injuries. 

Nearly one third (32%) of claims occurred 
to the lower extremities, i.e. thighs, knees, 
ankles and feet. Injuries to the back 
accounted alone for 14% of claims. Head, 
fmgers, upper extremities and multiple 
areas each accounted for approximately 
10%. Less than 1 % of claims were from 
bodily systems (e.g., internal organs, 
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nerve cells). Injuries to employees in 
logging operations tended to center on cuts 
to the lower extremities from powered 
hand tools. The dangers imposed by chain 
saws has long been recognized. Care 
should be taken to ensure proper training 
and supervision, and the use of personal 
protective equipment should be stressed to 
reduce the adverse consequences of cuts to 
the lower extremities. 

EMPLOYEE FATALITIES 

Logging accounted for 3 to 4 % of all 
occupational fatalities in Louisiana during 
1985-1990. Other industries, such as the 
construction or oil and gas services 
industries, account for as much as 15% of 
the total occupational fatalities annually in 
Louisiana. Employee fatalities in logging 
have decreased from a high in 1985 of 9 
deaths to 5 per year from 1987 through 
1990. Falling trees were the most 
frequent cause of fatalities. Highway and 
non-highway accidents including moving 
objects or collision with another 
non-highway vehicle also were major 



OTHER 

SPRAINS 

FRACTURES 50% 

CUTS 25% 

CONTUSIONS 

1985 1886 198~ 1988 1989 1990 1991 1992 

Figure 2. Nature of injury. 
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Figure 3. Source of injury. 

events that resulted in fatalities. 

COSTS 

The "cheapest" nature of injury is 
lacerations at an average cost of $5,800 
per injury (medical plus compensation 
costs; Figure 4). The same injuries 
averaged 80 days of lost time. . The most 
expensive injuries are sprains/ strains, 
costing $20,000 and taking 200 lo~t 
workdays to overcome. Remember from 
Figure 2 that the most common type of 
injury is changing from cuts to strains? 
Thus, the most expensive injuries .are also 
becoming the most. common type. 

The worst part of the body to have 
affected is the neck, costing $38,500 and 

1988 1989 1990 1991 1992 
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talcing 279 lost work days to recover 
(Figure 5). Lower extremities, the most 
common part of the body to be· injured, 
average $10,800 and take 141 work days. 

As to the source of injury, bodily motion 
Oifting, jumping) is the most expensive 
type, costing $28,000 and taking 240 work 
days to recover (Figure 6). This 
reinforces the notion that sprains/strains 
are the most expensive nature of injuries. 
Hand tools, including chain saws, are 
involved in relatively cheap injuries, 
averaging $6,500 but still take 73 working 
days to recover. Interestingly, injuries 
involving working surfaces (falling down) 
are among the most costly, averaging 
$24,300 and taking 200 working days. 
Although slips and falls involve only 13 % 
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contuslons .. (n--i 02) 
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SIC 2411 Louisiana Dept. of Labor owe 1 003 Form 
N-673 Closed Compensable Cases In 1988 - 1 992 
Avg. Total Cost - Avg. Total CompensaUon + Avg. Total Expenses 

Figure 4. Average total cost by nature of injury. 
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Figure 5. Average cost by part of body affected. 
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of the injuries, they are significant because 
they are such simple accidents and yet so 
serious. 

WORKERS' COMPENSATION 
INSURANCE 

In Louisiana, the base rates for workers' 
compensation premiums in the logging 
industry run about eighty dollars per 
hundred dollars of payroll. Experienced 
loggers with excellent accident rates pay 
premiums in the $40 to $50 range. 
Compare this to _premiums. in neighboring 
Texas and Mississippi, where the rates are 
roughly half as much. Well, the reason 
for the high rates is a complex story. 

Any company that is unable to obtain 
workers' comp insurance is put in the 
"assigned risk pool." State law requires 
that the insurance companies doing 
business in the state to underwrite some of 
the companies in the assigned risk pool, in 
proportion to their business in the state. 
For example, if Aetna Insurance Company 
had .15 % of the workers' comp business in 
the state, then Aetna was required to 
underwrite-.15 % of the assigned risk pool. 
Since the assigned risk pool companies 
were short-term clients, nobody was 
willing to. work with them to lower their. 
accident rates. 

All workers' s comp premiums _in Louisiana 
are intolerably high. It.starts with the fact 
that the state has a high proportion_ of 
"wet" industries -- barging, ports; off
shore oil; etc. Not only do these 
industries have high accident rates, but the 
Longshore Harbor Workers Act provides 
benefits up to two-and-a-half times normal 
rates. This caused a few insUrance 
companies to withdraw all workers' comp 
business from the state. Most of their 
client comp~es landed in the assigned 
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risk pool. This caused.even more 
. insurance companies to close business in 
Louisiana. Then even more businesses 
landed in the assigned risk pool, until it 
grew from 5 % of the market share to 67 % 
of the market share. The system was on 

_ the verge of collapse. 

In about 1990, the Louisiana Legislature 
provided funds to initiate the formation of 
the Louisiana Workers' Compensation 
Company (LWCC) to provide more 
competition in the industry. Contrary to 
popular belief, the LWCC is not state
owned. However, it is a non-profit 
company. The LWCC was mandated to 
underwrite any business that requested 
workers' comp coverage. It could r~fuse 
no one .. It was also mandated to take the 
entire assigned risk pool (33,000 
companies). 

By the end of 1993, the LWCC had taken 
on the entire assigned risk pool, and the 
pool was closed. The LWCC instigated 
programs to help. client companies lower 
accident rates and other programs to 
reduce fraud. They also announced that 
there would be no rate increases for 1994. 
This was a welcomed event to the logging 
industry. 

A SAFETY PROGRAM FOR LOGGERS 

So, .what's being done about the logging 
accidents iit. Louisiana? 

As is typical in the southern states, the 
logging industry in Louisiana consists of 
small contract loggers, with virtually no 
logging crews operated directly by large 
timber companies. I found the .individuals 
in this industry to be interested in 
preventing accidents, but most of them 
have no concept of how to initiate an 
effective safety program. 
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SIC 24-11 Louisiana Dept. of Labor owe , 003 Form 
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Figure 6. Average total cost by source of injury. 

Enter the Louisiana Forestry Association 
(LF A). Inspired by the Mississippi 
program, the Logging Committee of the 
LF A initiated a series of monthly 
workshops for loggers on safety. Each 
workshop is held in a different part of the 
state. Each workshop consists of a Friday 
evening session and a Saturday session. 
On Friday evening, some 20 logging 
contractors, foremen and their wives are 
invited to a dinner, followed by a talk on 
logging accidents (a more detailed version 
of the one you just saw), a talk about 
OSHA requirements as they apply· to 
logging, a talk about setting up a first aid 
program, and an overview of the 
workshop. The main thrust of the 
evening' s program is, "This is why you 
need a safety program." They make a 
point of inviting the wives because they 
typically do the paperwork and are likely 
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to urge their husbands to support a safety 
program. 

Each contractor/foreman is given a copy of 
the Louisiana Loggers Safety Manual, a 
book containing OSHA requirement 
summaries, safety rules (AP A 1987), 
where to get more help, and some forms 
to help them come in compliance with 
OSHA and state workers' comp 
regulations. Inspired by the Virginia 
Forestry Association's book (VFA 1992), 
ours is also in loose-leaf notebook form so 
that the loggers C3:ll use it as a place to 
collect Material Safety Data Sheets 
(MSDS' s), safety meeting documentation, 
etc. 

The entire logging crew is invited to come 
to the Saturday session. The size of 
attendance is purposely limited to a 



maximum of 150 - 200 individuals. Free 
coffee and soft drinks are provided. They 
are given a brief overview of the day's· 
session, a few of the OSHA requirements, 
such as personal protective equipment, and 
are told a little about why safety is 
important. It is emphasized that the 
facilitators of the sessions are not the 
experts. THEY (the loggers) are the 
experts. THEY know the safety hazards. 
THEY ~·in the best position to develop 
the best solutions. It is also emphasized · 
that they are professionals and should be 
proud of it.. 

The facilitators. are all volunteers. Most of 
them are local industrial foresters and also 
LFA members. 

Then the workshop splits into two groups: 
the bosses in one room and the workers in 
another room. Video tape workshop 
sessions made by the American Pulpwood 
Association (AP A) are the primary guides 
for both groups. 

The workers view a series of scenarios on 
the AP A's video tape. After each 
scenario, the hazardous activities are 
discussed. Then the corrected scenario is 
shown. The loggers obviously enjoy 
watching the scenarios. After a while, 
they also get the idea that all hazards can 
be classified two ways: unsafe acts or . 
unsafe conditions. They . are then given 
some steps to guide them in. correcting an 
unsafe act or condition. This will be 
repeated many times before the day is 
over. 

After a couple of hours, the workers then 
split into seven groups and go outside to 
seven work stations: 

1. Skidder work station 
2. Loader work station 

3. Landing work station 
4. Felling machine station 

. 5. Tailgate safety meeting 
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6. OSHA station 
7. Chainsaw station. 

Ten to twenty minutes are spent at each 
station, depending upon the mood of the 
day. The first five stations are strictly 
discussion stations. The facilitators are 
instructed. not to lecture. The OSHA and 
chainsaw stations are primarily lecture 
stations. The chainsaw station is usually 
conducted by a representative from Stihl 
chainsaws. 

) 

The bosses are given the same AP A video 
tape scenarios as the workers, with the 
addition of extra discussion on correcting 
situations from· a managerial point of view. 
For example, to correct unsafe acts, the 
workers are told to: 

1. Stop 
2. Study 
3. Find a better way 

The bosses are given three additional 
steps: 

1. Stop 
2. Study 
3. Find a better way 
4. Train 
5. Check, retrain 
6. Discipline, if necessary 

The bosses are given the domino theory on 
accidents as promoted by the AP A 
(Heinrich 1959). They are also given a 
guide to help them conduct safety 
meetings. 

An excellent meal (usually catered 
barbecue) is provided. The workshop ends 
a little after lunch time. Each participant 



is awarded a certificate and an orange 
vest. 

WORKSHOP FUNDING 

These workshops are considered so 
important that the LF A's Logging 
Committee was determined to conduct 
them no matter what the level of funding. 
Each contractor pays $15 per participant, 
which helps give them a feeling of vested 
interest. Various larger companies have 
contrib~ted up to $5,000 to the program. 
The meals are typically sponsored by one 
of ~ local forest products companies. 
Many companies and institutions do~ 
the time and travel costs of their 
employees. After a couple· of successful 
workshops, the LFA applied for, and 
received, a $50,000 grant from OSHA. 
This allowed the LF A to do things such as 
purchase their own video equipment, 
instead of borrowing equipment from the 
Louisiana Cooperative Extension ~ervice. 
It also funded a logging safety newsletter, 
which is edited by Dr. Clyde Vidrine of 
La. Tech University and printed by the 
Louisiana Cooperative Extension Service 
at the Louisiana State University Ag 
Center. The newsletter is mailed to all 
participants of the workshops. 

COOPERATORS 

The workshops also have some 
cooperation from outside of the forestry 
community. The Saturday sessions are 
usually held at a public school. In 
Alexandria, an old shopping mall was kind 
enough to donate its unused space. A 
couple of hospitals donated manpower to 
help as facilitators. One of them then 
followed up with a first aid course for 
loggers and had a doctor formulate a first 
aid kit especially for loggers, which they 
sold at cost. 
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REACTION 

Feedback about the workshops has been 
wonderful. The Louisiana Cooperative 
Extension Service conducted surveys of 
loggers at the end of a few of the first 
sessions. The comments were all very 
positive. Logging and procurement 
foresters report seeing the Louisiana 
Logger's Safety Manual and the orange 
vests on the job. They also report loggers 
pushing down lodged trees with skidders 
instead of the hazardous methods used 
before. 

TIME FRAME AND FUTURE 

The first workshop was conducted in 
April, 1993. The LFA is committed to 
conducting these workshops for a period of 
at least eighteen months. 

What does the future hold for safety in 
Louisiana logging? Many insurance 
companies are already requiring personal 
protective equipment. Some are also 
helpful in promoting safety programs and 
assist clients with safety regulation 
compliance. However, insurance 
companies have only minimal vested 
interests in safety or fraud prevention. If 
costs get too high, they always have the 
option of raising premiums. The major 
initiative must come from the logging 
community itself. 

There is a newly formed Louisiana 
Loggers' Association. It is interested in 
safety, but does not have the resources to 
do much about it. Its primary agendas are 
related to legislation and regulation. 

The future course of logging safety in the 
state has yet to be charted, but the LFA 
members know this much: the program 
must be continued in some form. 



Otherwise, the entire effort will be for 
naught. There has been some talk about 
follow-up workshops. The logging safety 
newsletter appears to be a good idea, but 
who will continue to fund it? 

Although no firm long-term plans have 
been formulated, there is a sense of 
commitment to continue logging safety 
programs. The attitude is optimistic, and 
as long as the optimism continues, sources 
of funding will be found. The key will be 
in getting enough people involved so that 
the key players don't get "burned out. 11 
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ABSTRACT: Comparison of three 
different methods of selective thinning 
using a crane harvester with different 
logging road intervals. Three comparative 
statements about performance, costs, 
environmental safety, organization expense 
and ergonomy are made. The effects of 
different thjnnings methods are also 
described. 

INTRODUCTION 

The sustained and environmentally 
compatible use of forest resources is the 
central aim of forestry. Environmentally 
sound logging which protects soil and 
stand is of central importance. Modem 
crane harvesting systems offer the 
possibility of reaching this goal in a way 
which is cost effective, ergonomically 
affordable, and technically safe with a low 
rate of forest damage .. 

The concentration of driving on set road 
routes, the use of low pressure tires with 
adopted profile and dumping left-over 
slash as a protective brush layer on the 
roads help soil protection. Although there 
is a clear advantage over traditional 
logging systems, there is critical discussion 
about high-tech machines. Particularly the 
question of an acceptable distance between 
logging roads in connection with the 
possible degree of soil damage is 
controversial. For reasons of soil 
protection, the State Forest Service of 
Baden-Wiirttemberg has regulated that 
logging roads be spaced every 40m as a 
general rule and has banned all 
unregulated. driving in the stands. 

A complete assessment with statements 
about the degree to which the guidelines 
have been fulfilled (soil protection, stand 



protection, ergonomy, economical 
success ... ) cannot yet be made for 
high-tech mechanical processes. 

EXPERIMENTAL GOAL 

The main goal of the trials is to assess the 
total· operational success of different ways 
of thinning. 

That means: 

- registration and assessment of soil and 
forest damages, 

- review of silvicultural success and 
possible risks with the different 
experimental variations~ 

- registration and assessment of the 
forest's economical successes for. the 
different variations, and 

- review -of the actual work itself as far 
as ergonomy and safety are concerned. 

SYSTEM VARIATIONS 

The following system variations were 
tested: 

Logging road every 20m 

Layout of the skidder roads and 
fully-mechanized thinning of total forest 
surface area with a crane harvester and 
skidding done with a forwarder (Figure 1). 

Logging road every 30m 

Layout of the skidder roads and ftilly 
mecbaniz.ed thinning of the crane zone 
with a crane harvester. Then skidding with 
a forwarder and semi-manual felling in the 
areas in between on both sides · of the . 
skidder roads where the crane harvester 
cannot reach the felled trees. Following 
this the cutting and bucking work done 
using the crane harvester as processor and 
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skidding with a forwarder (Figure 2). 

Logging road every 40m 

Layout of the skidder roads and. fully 
mechanized thinning of the crane-zone 
with a crane-harvester, than skidding with 
a forwarder. Felling and delivery of the 
full trees from the zone in between using 
cable systems on one side ( every second 
road). Primary conversion of the delivered 
load with crane harvester used as 
processor and skidding with a forwarder 
(Figure 3). 

EXPERIMENTAL FOREST STAND 

The experimental forest stand has an 
estimated 14 hectares of extensive spruce 
forest; 80% spruce, 10% beech, 5% larch 
and 5% other hardwood and conifers. 
Ages are between 30-45 years. The . 
hardwoods are mixed in groups. The stand 
is not protected from storms, in. the east 
and west there are drainage ditches filled 
with water. Top height is 18-23 meters. 

Except for a few logging roads, the stand 
is not easily accessible. Silvicultural 
pretreatment was found only in .the 
southern part where thinning from below 
took place. 

TESTED WOOD 

The following assortment was retained and 
separately stacked: 

Spruce: 

- Standard length 4.5m + 10cm extra, 
top end 13 cm outside bark 
Standard length 3 .Om + 10 cm extra, 
top end 13 cm outside bark 

- Stacked pulp wood 2.0m + 2cm extra, 
top end 8cm outside bark. 



Forest Road 
• = leave O= remaining tree ~= tree to be harvested 

tree 

, 

0 
-~ • •c 

Figure 1. Variation 1: Logging road every 20m, fully mechanized thinning of total forest 
area. (Source: KWF) 

crane 
zone 

8,0m 

Figure 2. Variation 2: Logging road every 30m, semi-manual felling of the areas in between 
the crane zones. (Source: KWF) 
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Larch/Scotch Pine/Douglas Fir 

- Standard length 4.5m + 10cm extra, 
top end 13cm bark 

- Standard length 3. Om + 10cm extra, 
top end 13 outside bark. 

Hardwoods 

- Pulp wood 3 .Om in length no extra, top 
end 10cm outside bark. 

EXPERIMENT TIME FRAME AND 
THE MACHINERY USED 

The experiment took place in March 1993. 
a FMG - Timberjack 1270 'harvester was 
used. The skidding of full trees from the 
middle fields to the logging road was done 
with a. MB Trac 800 and a Jaevo delivery 
standard, and the skidding of the finished 
assortment done with a forwarder FMG 
678 Mini Brunnett. 

SILVICULTURAL TREATMENT 

A layout of parallel predesigned skidder 
routes was made at intervalls of 20, 30 and 
40 meters with a road width of 4m. 

The selection and marking of leave-trees 
as well as the trees to be taken· out was 
done. For spruce, 250 leave-trees per 
hectare were selected and for larch, 130 
leave-trees per hectare. 

The priority of the selection criteria for 
leave-trees was: vitality, stability, · quality 
and distribution. However, the minimum 
distance of 5 meters from spruce to spruce 
was reduced only in exceptional cases. 
There was basic encouragement of the 
hardwoods, taking out of larch in groups. 
The leave-trees are marked with yellow 
dots that are at a right angle to the skidder 
road. 

112 

The marking of the trees to be taken out 
by thinning from above was done with 
light paint. For each leave-tree, 1-2 · 
surpressed trees were taken out and the 
field in between the leave-trees stayed 
untouched. 

SILVICULTURAL COLLECTION OF 
DATA 

There were 18 test plo~. laid out and 
permanently marked in the terrain with 
each plot being about 0. 08 hectares in 
size. The plots were laid out in a way that 
all skidder route arid procedure variations 
as well as different stand ages were 
included. 

The plots were mostly laid out at .a right. 
angle and ran from ·logging road center to 
logging road center. 

RESULTS FROM THE 
SILVICULTURAL ANALYSIS 

The analysis of the test plots in the older 
parts of the stand produced the following 
results: 

- tree count before the thinning: 2,092 
trees/ha (1,632 - 2,657) 

- left-over stand after thinning: 1,478 
trees/ha (1,150 - 1,990) 

- harvested trees: 578 trees/ha (330 -
770) 

- timber removed by thinning: 118 m3 /ha 
(81 - 136). 

The timber removed by thinning at 20 
meter skidding road intervals was 130 
m3/ha, of that 70 m3 /ha was from road 
cut and 60 m3/ba was from thinning. 
The amount removed from thinning at 
40 meter skidding road intervals was 95 
m3, of that, 30 m3 from road cut and 60 
m3 /ha from thinning. 



crane 
zone 

8.0m 

zone 

8.0m 

zone between crane zones 
crane skidder crane 
zone road zone 

Figure 3 ~ Variation 3: Logging road every 40m, felling and delivery of the full trees from 
the zone in between using a cable system. (Source: KWF) 

Processed with Volume/ Harvester Felling crew Delivery Cost of Environmental safety Harvestin1 oi,erating 
skidder road piece performance G15 pert ormance performance total skidding Slash driveable 

distance m3 with trees/ m3/ trees/ m3/ trees/ m3/ method damage% height area 
bark 11 hr hr hr hr hr hr $/m3 ieave trees cm lfm/ha m2/ha 

20m 0,16 61.2 9.6 - - - - 15,- 3,4 2:aQ..Q 500 1.750 
(harvester only) - - - - - - - 8.9 

30m 0,15 46,5 7,1 33.3 5.3 - - 18,- 6,8 ~ 333 1.166 
(Harvester + 14,0 
felling crew) 

40m 0,18 70,0 12,3 - - 22,2 4,2 25,- 10,6 ~ 250 875 
(Harvester + 12,4 
delivery crew) 

Calculation: Harvester 106,- Feller Skidder $ 22,· 
operator $ 35,- $ 32,-/hr incl. CS 21 Javo $ 12,-

2 loggers $ 62,-

Figure 4. Performance, costs and environmental safety. 
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- 94 % (76 - 116) of the planned number 
of leave-trees was reached. 

- The stems of the mean basal area had 
the following average DBH's: 
Leave trees: 24,7 cm 
Harvested trees: 18 cm (73 % of the 
leave tree DBH) 
The rest of the stand: 18.7 cm 

FOREST SOIL SCIENCE RESEARCH 

The Forest Soil Science and Forest 
Nutrition Section of the Forest Research 
and Experiment Station (FV A) has been 
carrying out experiments on soil gas 
capacity. Final results of these experiments 
are not yet available. 

BRIEF SUMMARY OF THE PRIMARY 
TEST RESULTS . 

Performance, Costs, Environmental Safety 

Figure 4 shows the test results for 
performance, costs, environmental safety 
and slash height after the drive through. 
T~e evaluation basis (G15) for the 
harvester are the records of the harvester's 
own computer DAPT517 which has a 
built-in time recorder. 

The. availability over the total time frame 
was 87 % . The performance for the 
finished work of the road trees and crane 
zone amounted to 9 .6 m3 /hr, with a piece 
measurement of 0.16 m3/tree. When 
processing manually felled trees that have 
almost the same piece measurement, 
performance decreases by 2.5 m3/hr or 
about 35 % . When processing delivered full 
trees, performance was increased by 10 
trees/hr·or about 30% to 12 m3/hr. This, 
however, was a bigger volume per tree. 

The performance of the feller crew in 
one-man work and of the delivery in a 
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two-man system was recorded ·by the 
workers themselves. 

When felling trees into the crane zone 33 
trees per hour (around 2 min/tree) is a 
good average performance. It can also be 
said, however, that enough buffer work 
must be done, so that the feller will not be 
overtaken by the harvester (work 
organi1Ation). 

Also the cable winch delivery crew needs 
a clear time advantage because the 
harvester processes about three times as 
many trees as the delivery team can bring 
to the skidder- road. 

The total costs including the costs for 
skidding roads are shown in the ratios 
below, ·compared to a complete logging of 
the area with a standard interval of 20 
meters. 

30 meters - 1:1.25 
40meters - 1:1.70 

Environmental safety decreases as the 
logging road distance is raised. While only 
3.4% of theleave trees are damaged . 
(damage size over 10 cm2) with the 20 
meter skidder road intervlas, there are 
twice.as many (6.8%) with the 30 meter 
intervals and three times as many (10. 6%) 
with the 40 meter intervals as with the 20 
meter logging road intervals. By the sole 
use· of the harvester crane in the 20m 
variation, damages in the stand are 
efficiently kept low (Figure 5). This · is 
unreachable with a cable winch system ( 40 
meter method). In the combination· of 
felling in the middle field semi-manually 
towards the skidder route and processing 
by a harvester (30 meter method) a heavy 
concentration of. stand damage along the 
logging roads is found because of the 
manipulation in cutting up the felled trees. 



% of trees 
30-,-------------------------. 

-20 m - -30 m - -40 m -

0 
1 2-3 4-5 1 2-3 4-5 1 2-3 4-5 

Sociological Tree Classes 

Damage Size •> 10 cm2 Os 10 cm2 

Figure 5. Harvest Experiment Stoclcach - stand damages according to sociological tree 
classes. 

Around 25 % of the trees on the side of the 
skidder roads are damaged (Figure 6). In 
every case felling damage ( damage to the 
butt above one meter in height) plays an 
important role (Figure 7). When skidding 
in the cable winch system ( 40 meter 
method), single roots and root necks were 
damaged more than average. From this 
you can conclude that a reduced use of 
machinery means a higher degree of stand 
damage. 

The leftover slash on the skidder roads 
helps to maintain permanent passability for 
the machines. The . slash height, however, 
is not evenly distributed but is thicker and 
thinner in places, so that now and then not 
enough of the thicker layer exists to 
prevent permanent damage .to the soil. Gas 
exchange experiments made by the soil 
science section of the FV A are still going 
on. The average level of the slash height 
measured after driving over it did not 
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show any significant difference between 
the tested variations. 

Processing quality 

Higher demands are constantly being made 
by industry with regard to measurements 
at the top of the log and its length. If a 
sawn log is not cut exactly to the ordered 
length it is classified downwards and often 
ends up as pulp wood. The records of the 
daily monitored length and top diameter 
measurements show low variations. To 
achieve good results, it is necessary that 
the harvester operator check length and 
diameter calibration daily, when the shift 
begins as well as during the day. 

ORGANIZATIONAL EFFORT 

Figure 8 shows the different levels in 
operation setups when using one of the 
tested systems. It is apparent that overhead 
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Figure 6. Harvester Experiment Stockach - where damage occurs. 
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Figure 7. Location of damage - damages > 10 cm2• 

work increases when the interval between 
skid roads is increased. The working 
sequence is portrayed in steps from which 
the evaluation of the organizational effort 
is divided into low, middle and high 
results. 

· ERGONOMY SYSTEM REPORT 

Work safety, physical and psychological 
stress, dependence on the weather and the 
emmisions of the chainsaw play a large 
role in the system comparison (Figure 9). 
The harvester, all criteria considered, 
works the best. Psychological stress can be 
diminished by good work organization, 
which offers the opportunity of job· 
rotation for the harvester operator. 

Chainsaw felling and logging in the cable 
winch system are equivalent but the 
strainful felling work is reduced ·by the 
cable winch system. Both variations are 
heavily dependent on the weather. The 
skidding in the cable winch system as well 
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as cutting and bucking of the felled trees 
should be done in winter, to avoid high 
stand damage. When it is freezing, a 
regulated felling is not possible. 

EFFECTS OF DIFFERENT SELECTION 
STRATEGIES 

From the silviculturalist's and economist's 
point of view the necessity of timely 
thinning is beyond doubt. 

Depending on the situation in the timber 
market, different kinds of thinning 
strategies can be appropriate for the forest 
owner. Especially with low timber prices 
and limited selling chances for pulp wood 
it can be useful to cut no more than is 
absolutely necessary from the silvicultural 
viewpoint. Moreover, the stand is not cut 
through on the whole surface, but rather a 
small nuniber of marked leave-trees is 
given more space to grow by taking out 
the main competing tree. The field 
between the leave-trees stays untouched. 



DISTANCE BETWEEN SKIDDER ROADS 

20m 30m 40m 

Organizations low medium high 
expense 

1. step - processing wood of road+ crane zone - processing wood of road+ crane zone - processing wood of road + crane zone 

2. step - skidding - semi-manual felling towards skid road - between skidding 
and between skidding 

3. step . processing by harvester - delivery 

4. step - skidding - processing of timber 

5. step - skidding 

1) Vorliefern = skidding cut timber to the skidder road to be processed 
2) ZugefDllt = logger cutting trees 

0:, 

Figure 8. Organization expenses and costs. 

DISTANCE BETWEEN $KIDDER ROADS 

Aspects 20 m 30m 40m 

Harvester Logging crew Delivery 

. work safety high medium medium 
physical stress low high medium 

psychological stress medium low low 
weather none high high 

chainsaw emission none medium medium 
I 

Figure 9. Ergonomy. 
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During a second test operation, the 
technical practibility ef such a thinning 
strategy in mechanized harvesting was to 
be tested and the effects on the economical 
parameters shown. 

In a 10 hectare size test stand with given 
accessability at 30 meter distance, around 
650 m3 spruce timber was cut with the 
harvester. In the middle field in between 
the ski.dder roads, trees were felled 
manually so that the harvester could reach 
them or they could be delivered to the 
skidder road with a cable winch system. 
The principal differences between these 
two variations were clearly described 
above. The stand had an average age of 42 
years, a count of 1,100 trees/ha before the 
thinning and an upper height of 26 meters. 
Two thinning strategies were carried out. 
A traditional tbinnine method called for 
the removal of one competing tree per 
leave-tree and took out trees also in the 
field in between the leave trees. A second 
thinning method, the so-called II Selective 
Operation" called only for the removal of 
one competing tree per leave tree, and. 
there was no tree reduction in the field 
between the leave-trees. The assortment of 
timber was kept just the same as in the 
first experiment. 

CONCLUSION 

In the traditional thinning method, three 
trees for every leave-tree was taken out. In 
the selective operation method, only one 
competing tree was taken out for every 
leave-tree. This led to a thinning yield of 
77 ml with the traditional thinning method 
and 51 ml with the selective operation. 
This means that with the same silvicultural 
effect the timber volume harvested could 
be reduced by over one-third. In an 
extremely competitive market this can be a 
considerable relief to the wood market. 

119 

The average DBH of the removed trees 
increased by about 15% (Figure 10). The 
pulp wood share produced as a by-product 
was decreased by around 25 % . The 
amount of the log length that is most 
valuable (4.5 meter Std) was increased by 
around 15%. The reduction in.the 
proportion of pulp wood in the current 
market situation means a clear relief for 
the forest enterprises. 

With trunk wood there is a clear reduction 
of the poorly selling smaller diameter 
classes lA (10-14 cm) and lB (15-19 cm) 
and an increase of the larger diameter saw 
logs 2A (20-24 cm) and 2B (25-29 cm). 
On the whole this leads to a clear increase 
in profits. Even the somewhat lower 
harvester performance in the selective 
operation (increased drive and position 
expenditure) cannot eliminate this 
advantage. Overall the profits increased by 
24%. This, however, does not include the 
harvest costs. 

The stand damage is also clearly lower 
than with the traditional thinning method 
(Figure 11). In contrast to the first 
experiment, felling from the middle field 
caused somewhat higher damages than the 
skidding with the cable winch system. The 
reason may be found in the larger diameter 
wood that was finished in the second 
experiment. Big-crowned trees with large 
and rigid branches must .partly be pushed 
crown-first into the stand by the harvester 
when processing manually felled trees. 

SUMMARY 

If for reasons of soil protection the skidder 
road intervals are increased from 20 to 30 
or 40 meters, the road intensity is reduced 
to two-thirds or one-half of the original 
intensity. This, however, is accompanied 
by rising costs of about 25 % or 70 % . 
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Further, the stand damages are doubled or 
tripled. By application of a consistent 
leave-tree oriented thinning strategy, 
without thinning in the field between the 
leave-trees, better economic results and 
lower stand damages can clearly be 
achieved. 

THE AUTHOR 

Ulrich Bort, Oberforstrat, Baden
Wurttemberg Forest Research Institute, 
Freiburg i.Br., Germany. 

12·1 



HARVESTING SECOND-GROWTH 
COASTAL STANDS 

by 

Bjorn Andersson 

122 

ABSTRACT: The change from old
growth to second-growth harvesting is 
presenting new operational challenges for 
the British Columbia forest industry in 
Coastal British Columbia. In response, 
the Forest Engineering Research Institute 
of Canada (FERIC), the Canadian Forest 
Service, and the Faculty of Forestry of the 
University of British Columbia (UBC) 
initiated a four year cooperative project to 
evaluate· different alternatives for 
clearcutting coastal second-growth stands 
in Britisli Columbia. 

To date, FERIC and UBC have identified 
the characteristics of the second-growth 
stands projected for harvest during the 
next five years, surveyed second-growth 
harvesting methods currently used on the 
coast, summarized existing research on 
second-growth harvesting, and conducted 
four harvesting case studies. 

This paper presents a brief overview of 
FERIC's harvesting studies on manual and 
mechanical felling, wood extraction with 
loaders (hoe-forwarders and super 
snorkels), and grapple yarders and choker 
yarders with running skyline systems. 
Besides data on equipment performance, 
information is presented on recovered log 
volume by grade, merchantable fiber 
losses, site disturbance and soil 
compaction. 

While mechanized ground-based systems 
are more restricted in their use by stand 
and terrain conditions than cable systems, 
their operating range in second-growth 
stands are gradually being extended 
through improved harvesting techniques 
and operator skill. In stands where ground 
based equipment can operate, FERIC 
found that mechanical felling with feller
bunchers is more cost effective than 
manual felling. Mechanical felling reduces 



stem breakage through improved 
directional control, felling cost through 
improved productivity, and extraction. cost 
through improved stem alignment. 

Hoe-forwarding was found to be a cost 
effective way to extract wood to roadside. 
The highest productivity and lowest 
breakage levels were observed when the 
log loaders worked on a slight downhill 
slope, and where the trees had been 
mechanically felled and placed in bunches 
with their butts facing the haul road. 
Under these conditions, the cost of hoe
forwarding for extraction distances up to 
800 ft. (240 m) compared favorably with 
that of grapple yarding. 

FERIC also monitored an operation in 
which a hydraulic log loader was used to 
align manually felled wood at the stump 
area prior to grapple yarding. The wood
aligning operation increased grapple yarder 
productivity, but the corresponding 
reduction in yarding cost was not sufficient 
to offset the added cost of the loader. 

While matching the choice of harvesting 
equipment with the conditions of the stand 
is important to minimiz.e cost and 
maximize product value, equally important 
are the level of pre-harvest planning and 
operators' aptitude. FERIC observed that 
differences in the degree of harvest 
pl~g resulted in differences in machine 
productivity, amount of log breakage, and 
the extent of site disturbance. 

FERIC I will continue to analyze second
growth harvesting operations. throughout 
1994. Besides data from the recent field 
studies, ·the analysis will include data from 
prior FERIC studies and from studies done 
by OSU in the Pacific Northwest. The 
final tasks of this joint FERIC/UBC 
project, to be completed in March 1995, 
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are to develop productivity and cost 
estimation models for selected harvesting 
_systems operating in second-growth stands; 
and to develop a prediction model of 
harvested volume by grade based on pre
harvest cruise data. 

THIS PAPER WAS NOT AVAILABLE 
AT THE TIME OF THE PUBLICATION. 
CONTACT THE AUTHOR FOR 
FURTHER INFORMATION. 

THE AUTHOR 

Bjorn Andersson is with Forest 
Engineering Research Institute of Canada 
(FERIC), Western Division, 2601 East 
Mall, Vancouver, BC, V6T 1Z4, Canada 
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ABSTRACT: This paper deals with the 
topic "Application of a skyline yarding 
technique in the harvesting of ecologically 
sensitive flat terrain sites" in Zululand, 
South Africa. 

The logging technique consists of a skyline 
yarder extracting cut-to-length Eucalyptus 
grandis poles, presented by a tree 
harvester, on moderate sloping terrain (0 
to 25%). 

This unusual combination of equipment is 
due to the results of research showing that 
short rotation sites are sensitive to 
compaction and erosion, mainly as a result 
of harvesting occurrences (6-8 year 
intervals) and improper harvesting 
techniques previously utilized. 

Productivity measurement and cost 
analysis proved this combination to be a 
viable option which would satisfy many of 
the needs of flat terrain harvesting. 

The author has been a logging contractor 
for 12 years. He annually harvests 
250,000 tons of which 45 % is ground 
based and 55% is by cable yarder 
extraction, entailing various slopes, species 
and markets. Due to South Africa having 
sanctions, in 1987 he·developed his own 
yarders and carriage range, under the 
company name of 'Howe-Line Hydrostatic 
Yarders'. 

KEYWORDS-Tree-harvester, cable
yarder, moderate slopes, timber 
presentation, sensitive sites, short 
rotations, plantations, tbinnings, small 
landings. · 

INTRODUCTION 

During the last 20 years in South African 



forestry, the Zululand Coastal area of the 
K wazulu Natal region was identified as 
having high potential because of the 
exceptional growth condition that exists.· 
Vast areas previously planted to sugar. cane 
were transformed into commercial tree 
plantations. The timber is destined mainly 
for pulpwood to favorably· located mills. 

Recently, concern ·has been expressed · 
about long-term productivity with regard 
to the influence of intensive harvesting 
every 6-8 years. Historical harvesting 
practice~ consisted mainly of motor 
manual methods and forwarders or tractor
trailer configurations utilized for short 
hauling of timber from stump to depot. 
Consequently, intensive infield vehicle 
movement occurred on deep sandy soils 
with limited knowledge of the physical 
stresses being placed on the growth 
medium (Warkotsch, van Huyssteen and 
Olsen, 1992). 

This paper highlights the problem and 
offers an effective solution. 

BACKGROUND 

In recent years there has been increased 
concern world-wide about the effect of 
harvesting. operations on forest soils. 
Compaction is thought to restrict the 
profitability of crop production and has 
specific accompanying risks of soil erosion 
(Voorhees, 1991). Factors most decisive 
for soil compaction are vehicle wheel load, 
soil water content, soil structure and form 
(Froehlich, 1989). 

In some parts of the world, resting the 
land between rotations allows for natural 
recovery. However, with the short 6-8 
year rotations in Zululand, the soil is not 
afforded a. rest opportunity. The problem 
concerning lack of rest is intensified in this 
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particular area because: 

• the soil has an extremely low clay 
content which does not allow for the 
process of alternate shrinking and 
s~elling, a process which would 
normally loosen the compacted soil; 

• the warm sub-tropical climate has no 
freezing and thawing cycle. 

Compaction in the Zululand soils may be 
very persistent and even permanent in the 
subsoil (Van Huyssteen, 1990 
unpublished). 

Studies throughout the forestry industry on 
this subject (Graecen and Sands, 1980; 
Froehlich and McNabb, 1985; Singh et 
al., 1988; and Beckman, 1987), show 
comprehensively that soil damage caused 
by vehicle movement does indeed take 
place and that subsequent tree growth can 
be affected. 

With the long term environmental 
degradation, the effects of soil compaction 
and erosion caused by vehicle traffic are 
far reaching and it is therefore necessary 
to develop machinery and forest operations 
which would minimize these negative 
effects. Development of machinery as 
well as crop and soil management practices 
must be guided to· effect optimum 
economic use of the area and should be 
based on sound information. 

Quick financial gains seem to be the main 
reason why the effects on the highly 
emotional issue of "the environment" have 
been largely ignored in harvesting 
operations in the past. Improper 
harvesting techniques are hastening the 
destruction of the environment. 



DESCRIPTION OF THE STUDY AREA 

The Zululand area is planted mainly with 
the Eucalyptus grandis clone species, 
together with a number of other hybrids. 

The normal planting espacement is: 2.7m 
x 2. 7m or 3m x 3m. Past practice has 
been to regenerate up to three times by 
coppicing. The harvesting rotation is 6 to 
8 years with yields of about 200 tons per 
hectare. 

The coastal plain area is very flat with 
maximum slopes being 25 % in some 
places. The dominant soil type is of 
homogeneous nature and a textural class of 
medium sand, which is extremely prone to 
erosion and compaction. . 

This is a summer rainfall area, receiving 
an average annual rainfall of 1368 mm, 
which varies from heavy tropical 
downpours to coastal drizzle. Daily 
temperatures range between 17° C and 
37° C. 

THE ZULULAND PROBLEM 
QUANTIFIED: . SCIENTIFIC 
BACKGROUND 

In 1992, Olsen and Warkotsch (Forest 
Engineering Technology Section, 
Stellenbosch University), compiled an in
depth report on tree performance in a 

· selected compartment of Mondi Forests in 
Zululand. These forests had been 
experiencing visible problems fa 
plantations, such as the uneven growth of 
planted saplings and a loss of height and 
diameter growth. In most cases this was 
attributed to excessive soil compaction. 

This study confirmed the previous findings 
of Van Huyssteen (1989) and Hattingh, 
namely that soil compaction, caused by 
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wheel traffic is occurring on the sandy 
soils of Zululand. In their study, a trial 
section was set out on a sandy soil in 
Zululand in an attempt to quantify the 
losses in tree growth that may have 
occurred as a result of previous wheeled 
traffic in an existing Eucalyptus grandis 
clone compartment. This study showed 
that soil compaction caused by wheeled 
traffic had substantial adverse effects on 
the root growth of Eucalyptus grandis. 
The study focused on the diameter at 
breast height of the trees and their root 
profiles, each indicative of the progression 
of growth. 

Wheel compaction develops a sub-surface 
pressure bulb, so that a wider area than 
the width of the surface mt becomes 
compacted during a harvesting operation. 
This wheel compaction does not offer an 
absolute restriction for vertical root 
development. The negative effect on soil 
compaction on tree performance was 
establish:ed through this study allowing it 
to be translated into economic figures. It 
was found that the percentage of damaged 
soil increased with every harvesting 
operation when controlled traffic was not 
being practiced. In the compartment under 
study, 36 % of the total area was already 
damaged after only two rotations (Olsen 
and W arkotsch, 1992). 

In general soil compaction resulting from 
wheel traffic during harvesting occurs in 
vertical lanes along the extraction routes. 

Findings of Olsen and Warkotsch (1992) 
on bulk densities determined on the 
uncompacted and compacted soils in 
Zululand trails are reflected in Table 1. 



Table 1. Bulle densities in Zululand study by Olsen and Warkotsch, 1992. 

BULK DENSITY (kg/m3) 

% 
VEIIlCLE DEPTH (cm)1 UNCOMPACTED ON TRACK INCREASE 

0-20 1452.1 1802.8 24.2 
Forwarder 20-40 1517.6 1701.3 12.1 

40-60 1529.1 1657.1 8.4 
60-80 1536.8 1606.9 4.6 

1 Add rut depth to this depth for comparison of "on tracks II position to original surface. 

OTHER RELATED FINDINGS 

In Australia, for example, common species 
affected by compaction include Pinus 
radiata,, P. elliottii and P. taeda (Greacen 
and Sands, 1980). Raison (1984) found up 
to a 40% reduction in height growth in 
these species. 

Figures. for Oregon show up to 43 % 
growth loss in compacted soils· (Murphy, 
1982). Studies in Zululand Eucalyptus 
grandis stands have shown losses of 
between 26 % and 54 % in growth studies 
conducted by Jacobs et al. (1989). 

When soil disturbance and compaction 
have reduced infiltration capacities to the 
point that rainfall rates commonly exceed 
them, overland· flow can occur. As 
surface water flows downslope it 
concentrates and its velocity increases, 
forming gullies on the exposed sites 
(Brink, 1989). Surface erosion on forest 
lands can decrease site productivity caused 
by the loss of nutrient-rich surface· soil. 

It may be concluded from prior studies 
that a· careful analysis has to be made of 
the harvesting system that is best suited to 
a specific site and to plan correctly in 
advance using effective management 
principles that ensure the smooth running 
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of harvesting _operations. 

A SOLUTION - HARVESTING USING 
A SKYLINE YARDER AND 
HARVESTER COMBINATION 

In 1989, Warkotsch and Brink compiled 
sound planning guidelines for low impact, 
environmentally acceptable harvesting. 

In 1992, Michal Brink, then of Mondi 
Forests - Zululand region, conducted in 
depth trials with various harvesters and 
cable yarders. Although the harvesting 
cost per ton was greater in these trials, the 
decision was .made to select· a logging 
system that ensured the long term 
profitability of the land and environmental 
preservation. 

Subsequent to these trials and based on the 
compatibility of the equipment and the 
authors cable yarder experience, a three 
year contract to annually harvest 50,000 
m3 using the tree harvester and cable 
yarder system, was awarded to HOWE 
LOGGING, LTD by Mondi Forests. 

All timber processed is for pulp at piece 
length of 6.0 meters. The 6 meter lengths 
suit the infeed deck at the mill and 
shortbaul equipment with multiples of 6 
meter lengths optimizing the payload of 



the rail car. This one piece-size 
requirement reduces the size of the landing 
area to 20 square meters to accommodate 
the yarder and to facilitate transport 
loading. 

The tree harvesters in this trial are Bell 
TII120s designed by Bell Equipment 
whose international headquarters and 
factory are in South Africa. Bell 
Equipment are also based in Savannah, 
Georgia and are currently opening 
operations in the Pacific Northwest. 

The tree harvester is fitted with a FX550 
harvesting head with an overall weight of 
8,650 kg. The FX550 is a compact 680 
kg single grip harvesting head for felling, 
delimbing, cross cutting with an additional 
debarking facility for the Eucalyptus 
grandis. 

The felling and cross cutting elements are 
done with a hydrostatically powered chain
saw with 550 mm (22 ") felling diameter 
capacity. The boom has a slewing range 
of 1800 with 6.1 m reach and a capacity of 
70 kNm lifting moment. The 
recommended delimbing diameter is 
400 mm (16") with the delimbing done by 
four moving and one fixed knife fed by 
20.5 kN force at a speed of 0-4 m per 
second. 

The cable yarder in use is the authors own 
design and from his manufacturing 
company called HOWE-LINE CABLE 
YARDERS, developed out of necessity for 
his own logging operations due to the 
sanctions era then imposed on South 
Africa. 

The particular 118 kw model used in 
Zululand is a trailer mount fully 
hydrostatic driven, three working drum 
yarder with capabilities for five guyline 
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supports. The yarder weighs 13 tons and 
stands on a single non creep foot jack 
mounted directly under the 10 meter 
tower. 

For this operation, the yarder is set up as 
a multi-spanning standing skyline with a 
600 meter rope capacity. Intermediate 
support trees are rigged 75 to 80 meters 
apart and at about 8 meters in height. 

The Howe-Line's pretension is 11 tons 
with a 8 ·ton main line pull. The wire rope 
configuration is a 20 mm swaged skyline; 
haul-in and haul-back (when necessary) are 
13 mm with the strawline in 100 meter 
sections of 5 mm fibre core wire rope. 

The carriage in use is the Howe-Line 
remote controlled skyline clamping load 
locking carriage, able to accept snaplink 
connectors and tag-lines. Due to the 
evenness of the profile this particular 
carriage does not require a slackpulling 
mechanism, instead slack is created by 
using a slack bar. 

Harvester presentation of cut-to-length 
timber is vital and directly related to the 
Skyline Yarders productivity (Figure 1). 

The intermediate support trees are found to 
be the limiting factor affecting the payload 
which averages about 2 tons per cycle. 
These first rotation intermediate trees have 
been left standing for the next harvesting 
rotation 6-8 years hence. Their increased 
size will enable much larger payloads, 
estimated at 4 tons per cycle, to be 
achieved. 

In the Zululand environment it is found 
that single tree intermediate supports 
(average 0.22 m3) are more acceptable to 
maximizing the payload (Figure 2). These 
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Figure 1. Tree harvesters felling pattern. 

intermediate supports take one person 17 
minutes to rig with the final tensioning 
done manually with the assistance of two 
other persons and with a 'KITO' rope 
shortener locking the guyline. 

Due to the timber species and dimensions 
it is found that during intermediate rigging 
a ladder is quicker than climbing irons and 
acts as a height measurement. The skyline 
is held in the intermediate jack with 
tiedowns; the carriage rides on the jack 
rails which are made from rock tuff steel. 
Skyline pretension of 7 tons is required to 
enable the carriage to pass smoothly over 
the support while loaded (Figure 2). 

The harvester's tracks and the yarder' s 
incoming load traverses on top of the 
branch cushion causing minimal soil 
disturbance and virtually no compaction. 
The harvester trails are about 10. 8 meters 
apart. 

Felling direction and presentation of the 
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timber in approximately 2 ton bundle 
forms is planned to obtain optimum load 
size per yarding· cycle (Figure 1). 

The tree harvester positions a bundle on 
top· of a bearer or a non marketable tree 
top to allow the sling to be pulled through 
with a rod and hook. 

The yarder' s incoming payloads of about 
30 pieces per· 2 ton load are both partially 
and fully suspended in the yarding -cycle. 
At midspan the underside of the sling end 
of the load is calculated to have 0.6 meter 
clearance, allowing the load to travel very 
flat, thereby keeping ~tting to a 
minimum. At the intermediate support, 
the height of the carriage increases causing 
the load to be fully suspended temporarily. 
Soil disturbance is thus intermittent 
minimizing the speed of water runoff on 
the slopes (Figure 3). 

The p~al and full suspension of the load 
has little if any effect on the incoming 
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Figure 2. Geometcy of a typical single tree support used in Zululand. 

carriage and bundled load speed, of 6 
meters per second at mid drum diameter 
range. 

Shotgunning is abandoned on slopes of less 
than 20% and a haulback is used which 
enables haulback speeds of 11 meters per 
second at mid drum diameter range. 
Small landings or no landings are required 
because of the moderate terrain. With a 
tree harvester presenting the timber for the 
cable yarder, trials indicated the strip or 
rack harvesting to be 23 % more 
productive than fanning. By setting up in 
rectangular racks or strips of 75 meters by 
500 meters (average area = 3.78 hectares) 
1058 m3 (1 ton= 1.4 m3) C8I:J. potentially 
be harvested and extracted per set up, 
assuming a 95 % tree stocking (Figure 1). 

Before the yarder arrival at the next 
rectangular set up 75 meters away on the 
contour, pre-rigging of intermediates, 
strawline positioning, guy anchors, tail 
spar and tail hold are completed, ensuring 
that this non-productive set up element is 
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minimized to less than one hour. 

The average lateral yarding distance is 16 
meters as a result of the harvester 
presentation towards the yarder extraction 
route. 

Skyline lateral excursion is minimized by 
leaving rub trees opposite and along-side 
the single tree intermediate. This also 
assists the operation if intermediate trees 
are broken. "' 

Two taglines of 20 meters with snaplink 
connectors on one end and a safe hook the 
other end are utilized with a 6 meter sling 
and with a 'KITO' shortening device 
attaching it to the safe hook. 

Due to the Eucalyptus being debarked and 
somewhat slippery, carriage positioning is 
slightly behind the bundle to enable the 
sling to choke the load tightly. Chains 
were also tested during operations. The 
sling however proved superior and more · 
cost effective. 



Figure 3. Soil disturbance area of the load. 

PRODUCTIVITY AND SOIL IMPACT 
RESULTS 

Hourly production levels (including all 
allowances) achieved by the Bell TH120 
Tree Harvester was 8 .4 tons/hour 
including the ·debarking element (Mondi 
Study REF 030892). 

Two tree harvesters with two 9 hour shifts 
each were needed to deliver about 320 tons 
per day to meet the HOWE-LINE'S daily 
production requirements. 

Hourly production levels (including all 
allowances and set ups) achieved by the 
HOWE-LINE :MKlll Cable Yanier was 
34. 72 tons/hour. (Mondi Study REF 

· 020992). 

The yarder was worked on a 9 hour 
production shift. Deck clearing was done 
every cycle (average cycle time 2.931 
minutes). This is critical due to the 
productivity of the yarder and is done very 
successfully by a Bell equipment three 
wheeled logger which has superb 
maneuverability, highly versatile and is 
extremely cost effective. 

The· tree harvester in use has a contact 
stress on bare soil (not on brush mat) of 
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50.8 Kpa on 14" tracks and 28.4 Kpa on 
the 25" tracks as opposed to > 115 Kpa 
of the conventional ground based unit. 

Soil disturbance in the harvester/yarder 
trial areas was so minimal that Mondi 
Forests deemed it unnecessary to quantify. 

BENEFITS OF THE TREE HARVESTER 
AND CABLE YARDER COMBINATION 

The main benefits of the tree harvester and 
cable yarder combination are as follows: 

·• Minimum soil disturbance and 
compaction due to the· harvester's wide 
tracks and by traversing on the mat of 
branches it has presented. 

• The removal of exposed people 
working on the forest floor during 
felling operations thereby ensuring 
safer working conditions. 

• Due to tree harvester presentation, 
accurate volume per bundle can be 
calculated to obtain maximum and 
optimum ·payload per yarding cycle. 

• Constant load arrival of similar 
volumes at landings enables compatible 
landing clearing equipment. 



• Yarded bundles are less prone to piece 
breakage while yarding. 

• Evenly spaced arrival of yarder loads 
ensure better transport scheduling. 

• Increase in cable yarder productivity. 

• If vehicles are parked under the skyline 
cable, direct loading of bundles into 
transport can be successfully and safety 
achieved. 

• Herbicide can be applied through the 
harvester head guidebar on unwanted 
coppicing stumps. 

• Suited to clonal forestry (uniform 
stands). 

• Reduces fire risk because of clean 
parallel breaks of 10 .8 meters between 
brush lines. 

• Simplifies silvicultural operations such 
as chopper roller and re-establishment. 

• Improves de-branching quality control. 

• Reduces the span of work force control 
required for the logging operation. 

• Provides a controlled working 
environment (climate). 

• Computer tree measuring program and 
link between the harvester and mill. 

• Due to precise marking, improved 
utilization of marketable timber is 
achieved. 

• Harvesters can optimize selection of 
appropriate log lengths as required by 
the mill. 

132 

• Thinning operations having less 
damage to remaining trees. 

THE FUTURE 

The forestry industry in many parts of the 
world is in a period of transition with 
environmental pressures and large tracts of 
sustainable plantation· forestry recently 
reaching harvestable age. In the U.S. 
Northwest region, there is a decline of the 
average tree size and increasing 
commercial tbinnings in younger second 
growth forests. The combination of 
harvester and small skyline is an option in 
these conditions. With the shorter 
rotations, smaller diameter trees exist 
which contain more unjformity and less 
weight and volume than those in the large 
old growth stands. They are therefore 
well suited to mechanized harvesting. 

A limiting factor is that tree harvesters and 
feller bunchers are only able to 
economically operate on slopes of up to 
45 % depending on site and equipment 
characteristics. 

The past has shown that cable yarders can 
operate on most varying slopes where trees 
grow. Therefore the only systems suitable 
for harvesting sensitive sites are the 
harvester/cable yarder combination, 
chutes, helicopter logging, or conventional 
cable yarding. 

If correct techniques are practiced, current 
and future generations will reap the 
benefits and more wood fibre will be 
realized from these previously doomed 
areas. 

In commercial tbinnings, the combinations 
of a cable yarder with a tree harvester· not 
only has production advantages over 
conventional skylining, but several studies 



have examined stand damage. The 
following extract from a paper by 
Bettinger and Kellogg (1993) supports this 
argument: "There was less overall 
damage (major scar damage 0.8%) per 
acre than previously reported in other 
Pacific Northwes~ thinning operations. We 
reason that cut-to-length systems have 
good physical .control over the trees during 
felling, in wood processing, and primary 
transportation. Small· piece sizes may also 
help minimize stand damage. 11 Although 
in this study 39. 8 % of the trees (Douglas 
fir/Western Hemlock) had some form of 
damage, it was light. Increased tree 
growth due to commercial thinning should 
outweigh decay losses. 

CONCLUSION 

Compaction studies conducted by Jacobs et 
al (1989) on Eucalyptus grandis stands 
show losses of between 26 % and 54 % in 
tree growth over a total area of up to 36 % 
within two r~tations. Massive monetary 
savings in future yield are possible if the 
tree harvester and cable yarder 
combination is utilized rather than 
conventional methods. 

The nature of possible site damage is not 
always simple ·and easy to understand 
which causes problems in quantifying this 
in monetary terms. However, it does not 
give the forest manager the right to ignore 
it. 

Enough information and guidelines exist 
internationally for a harvesting manager 
and contractor to apply the most suitable 
harvesting system for each site being 
harvested. Sufficient evidence also exists 
to show that should these guidelines not be 
applied, it will be to the detriment of all 
involved in the long-term. 
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Common sense tells one that should the 
destruction of the environment be 
continued by compacting and eroding the 
soils, there would be a decline in forests to 
harvest in future decades. 

In 1989, South Africa was blessed to have 
men of the calibre of Walter Warkotsch 
and 'ex OSU graduate' Michal Brink, men 
with vision, who provided guidelines 
which could be considered to ensure sound 
planning for low· impact environmentally 
acceptable harvesting Michal Brink trials 
in 1992, using tracked harvesters in 
conjunctio_n with cable yarders, proved that 
although the cost per ton was more 
expensive, the option for what was correct 
environmentally has been favorably proved 
and in actual fact, cost effective. 

After observations in South Africa, a 
similar sensitive pine logging operation 
followed the tree harvester with cable 
yarder combination in Te-Hapua, New 
Zealand, on property ·owned by Jukon 
Nishu. 

The tree harvester in conjunction with a 
cable yarder is an option which should be 
utilized when necessary. 
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ABSTRACT: As forest conditions and 
managerial policy change, then so must the 
methods required to plan and control them 
if this is to be done most efficiently. For 
example, on many forest operations those 
crop trees being harvested are becoming 
progressively smaller in volume and · 
therefore these operations are becoming 
significantly more expensive, even when 
felled at maturity. This is of particular 
concern in the Acadian Forest Region of 
eastern Canada. A similar situation exists 
in the Nordic European area although in 
this case the difficulty is due more to age 
class distribution. To solve these 
problems as well as meeting other forest 
management needs, development has led to 
significant increases in selective felling and 
early tbinnings in both areas. 

This report outlines progress to date (May 
6, 1994) by a project entitled "Thinning 
operations Methods" (ToM in short form) 
undertaken specifically for the pUipose of 
designing forest operations metho~ for 
harvesting small crop trees selectively. 
The requirement for eliminating damage to 
residual crop trees has been given special 
attention. ToM uses strategic evaluation 
combined with economic analysis 
techniques to meet this · objective. Success 
has been achieved in the design of a 
conceptual tree harvesting system, 
described as ToM.CuT.HooK (ToM.C.H), 
which meets all predefined objectives. 
Also, based on nRobotics" productivity 
calculations, net market value of tree 
products produced is favorable. ToM.C.H 
will require mechanical design and 
manuf~tureofthetwoprorotypes 
ToMCuT and ToJvlHooK, with the latter 
being most critical to the degree of success 
attainable. 

In the future, if the above two prototypes 
can be developed successfully, it is 



proposed that ToM then undertake building 
the third conceptual prototype in the series 
called ToM.FoR. The objective is to 
broaden the efficiency of ToM.C.H by 
adding a specialized forwarding vehicle 
capable of use where forest conditions are 
difficult~ 

NEED .FOR HARVESTING SMALL 
CROP TREES 

Forest operations, especially those carried 
out on large scale forest areas, in both 
Canada's Acadian Forest Region and 
Europe's Nordic area are progressively . 
increasing their dependence upon crop 
trees which are of smaller average size 
than was the case previously. This causes 
considerable concern with the forest 
products industries as production costs. for 
wood tend to increase as average· tree size 
decreases. A major contributor to this 
dilemma is the attempt to apply forest 
operations methods which have been 
designed and developed for conditions and 
circumstances that are significantly 
different (e.g., single tree linear 
processing ·techniques). Associated with 
the problem of smaller· average tree size is 
the requirement for selective crop tree 
removal in early tbinnings. A 
development project, with the short title 
11ToM" (Thimling operations Method) has 
been undertaken to assist in fmding 
solutions to the problem of small average 
tree size produced from early thinning 
operations. 

Although ToM's priority to date has. 
centered on the small tree problem, it is 
also necessary to · consider the associated . 
requirement for selective felling in both 
early tbinoine operations and in forests 
designated for multiple uses (e.g., public 
forest services). This, in tum, has lead to 
the need for forest operations methods 
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which are applicable where crop trees are 
mature, and/or where the scale of forest 
ownership limits periodic. (e.g., annual) 
productivity of tree products. However, 
early tbinninss are ·considered to be most 
important in the Acadian Region and the 
Nordic area because the potential yield in 
terms of tree volume and tree quality are 
more desirable. 

Additionally, in the Acadian Region, 
failure to protect adequately young 
spruce/fir forests has resulted in extensive 
tree losses and thus presented a need for 
effective forest operations to salvage 
unprotected trees. Despite these losses 
ToM should continue to give priority to 
forest operations design associated with 
early tbinnings in both naturally 
regenerated stands and plantations as the 
PQtential for success is greater in the 
latter~ 

COMPONENTS OF THE ToM PROJECT 

Three sub-components have been selected 
as a means to develop ToM. The first 
generates a procedure for how to co
ordinate the project; the second produces a 
conceptual forest operations design that 
will meet all objectives; the third deals 
with prototype equipment in order to test 
method design, productivity and operating 
cost. Normally, all available systems 
would be tested in order to arrive at an 
economic analysis for these systems; 
however, none of the available systems 
were able to meet method objectives as 
designed for ToM. This suggests that 
developing new methods for harvesting 
small crop trees selectively . is timely for 
the Acadian Forest Region and for the 
Nordic Europe area. 

Bjerkelund (1988) outlined a procedure 
using systems engineering as an approach 



to analyzing forest operations methods. 
This procedure has been applied in ToM to 
a level that is appropriate for its 
requirements (i.e. broad terms only as a 
specific forest is not involved yet). Three 
requirements have been considered: 

- definition of methods' objectives; 
- outlining the decision elements; 
- typical procedure for selecting or 

designing forest operations methods. 

Method's objectives 

Objectives considered essential to the 
design of early thinning methods have 
been summarized as follows: 

- be a profitable, market-based enterprise 
producing quality products which are 
available on schedule; 

- function as a responsible corporate 
citiz.en by applying systems which are 
safe, physically and mentally desirable, 
and career enhancing. Work methods 
should lead to employee physical 
fitness; 

- carry out forest operations in an 
environmentally responsible manner; 
limit amount of capital investment 
required to a controllable level, and 
optimize equipment utilization; 

- control functions which pertain 
specifically to early tbinnings (and 
selective felling) in a manner that: 

(a) "eliminates (wherever feasible) 
damage to residual crop trees, and 
to forest soils, · 

(b) bases selection of trees which are to 
form thinning crop trees with 
dependable accuracy and on 
silvicultural considerations, 

( c) rigidly controls basal area left 
following early thjnnjngs .so that 
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volume of increased yield and value 
of market quality can be optimized. 

Decision elements 

Interpretation of decision elements in 
forest operations analysis has proven to be 
difficult due to the large number of 
variables that must be considered. As a 
result, the analyst must have a wide range 
of experience as well as considerable 
interpretive skill, and specific knowledge 
of the forest environment with which he is 
involved. 

One of the ways by which decision 
elements can be defined is to examine each 
of the strategic evaluation components as 
outlined in Figure 1, and then test the 
results by an economic analysis whenever 
significant progress has been achieved. 
Method objectives will govern this 
examination, becoming more detailed as 
information is generated. Note that 
strategic evaluation components can be 
defined in various levels of detail. For 
example: 

L Condi1ions l Climate 

Stand 

Terrain T ~d rougbneu L W'OUlld bearing capat:ity 

ope l0to20% 
20to40% 

40to60% 



OBJECTIVES 

Conditions ---c:E-------- ! 
- climatic I . 
-stand 
-terrain 

Policy-
- management 
- environment 

Markets 
-net value 
- product quality 
- dependability 

Productivity ~--

Strategic 
Evaluation 

Economic 
Analysis 

!
Labour 

- skill 
- motivation 

. - availability 

Technology 
·- engineering 
- forestry science 

---------~ Finance 
- investment 
- inflation 
- cash flow 

:.- Operating Costs 

DECISION ELEMENTS 

Figure 1. Decision elements of strategic evaluation as applied to forest operations. 
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Table 1. Typical procedure for method design. 

Step # 01 - define specific objectives to detennine decision elements; 

Step # 02 - classify condition factors ( eg terrain, climatic and forest stand); 

Step # 03 - for systems selection from available systems: 

# 03.1 - list all systems that meet Step# 01 requirements (if any); 

# 03.2 - if# 03.1 adequately met, apply appropriate decision elements to be 

encountered, and carry out economic analysis; 

Step # 04 - select best forest operations system based on decision elements. Note that 

specific objectives may not be met by any of the available systems; 

Step# 05 - if there are not long-term available systems: 

# OS. I - . replace system selection with a new system design. Note that although 

they may be required, prototype development is usually expensive and 

time consuming; 

# 05.2 - examine concepts not fully developed yet, or not currently available for 

one reason or other; 

Step# 06 - design new system based on# 05.2 and/or other research and development; 

Step # 07 - test adequacy of achievement related to specific objectives from Step # O 1; 

Step # 08 - calculate productivity from condition factors described in Step # 02, and carry 

out economic analysis; 

Step # 09 - if all objectives for strategic evaluation have been met, and if economic analysis 

· based on net market value is considered to be that which is the most desirable, 

accept the new design; 

OR - if not -+ return to Step # 06 and redesign. 

Care must be taken, however, so that 
unnecessary variables do not add to the 
complexity of the evaluation, and to the 
chance for error. Because strategic 
evaluation is based on achieved objectives, 
these objectives must be defined as fully 
met or not met. Economic analysis can 
vary by degree. 

Typical procedure for method. design 
A step-by-step procedure for selecting or 
designing forest operations methods has 
been prepared (Table 1). 
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Undoubtedly the proposed systems 
engineering approach as outlined will be 
time-consuming because "return to step 
#06 and redesign" could very well occur 
quite often. Current practice, in which 
"one of everything" is experimented with 
is even more time-consuming and 
invariable unacceptable. Quite often 
objectives can be fully met only when 
better-than-average conditions are 
encountered and where controls are 
lenient. 



ToM PROJECT INFORMATION 
SOURCES 

Information for ToM has been acquired 
from two major sources. The first is 
based on study tours and literature reviews 
carried out in Nordic countries and central 
Europe during the period June to 
December, 1992. Conclusions arrived at 
from the study tours then were applied to 
the continuing development of concepts 
being· designed for use in the Acadian 
Forest Region. Information acquired from 
Nordic Europe, where experience with 
early thinning has been longer than in the 
Acadian Forest Region, when combined 
with new ( or revised) concepts using a 
systems engineering approach described· . 
later may very well lead to method design 
applicable in both areas. 

Conclusions -from Study Tours and 
Literature Reviews 

Conclusions which have been arrived at 
from the study tours and literature reviews 
can be-summarized as follows: 

• F (Suomi - Fiµland) 
The productivity and competitiveness of 
motor/manual methods remain effective 
under several types of tree harvesting 
conditions (e.g., fell to full tree); 

• F & N (Norge.- Norway) 
Job opportunities for permanently 
employed woods-:-workers must be 
taken into consideration in the 
development of mechanization;· 

• F&N 
Both the uncertainty of the multi- · 
function machines' employment, and 
the technical obsolescence accom
panying_ rapid machine development, 
threaten the owner/operators' 
investment; 
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• F 
There is a shortage of experienced 
multi-function (e.g., short wood 
harvester) machine operators; 

• Nordic & central Europe 
Forest owners are concerned with tree 
and soil damage, ·especially in _the 
mecbanintion of early thinning 
operations. Large (i.e. 10 to 12-ton 
payload) Nordic forwarders equipped 
with bogies are the primary source of 
damage, and particularily so when 
Athey· Tracks or tire chains are used; 

• F 
It is important to maintain a significant 
share of tree harvesting as 
motor/manual work to ensure the 
availability of a manual, forest
competent labor force for seasonal 
operations such as stand establishment 
~d- stand tending functions, water 
delivery, engineering works, etc. 

• F & S (Sverige - Sweden) 
Tree component wastage, especially the 
stump when ground roughness 
conditions are rocky and generally 
difficult,· reduces yield available from 
crop trees harvested from early 
tbinnings; 

• s 
Damage to residual crop trees during 
early tbinnings can nullify the purpose 
of this essential stand tending; 

• N&S 
Crop tr~es removed during early 
thinnings must be selected for 
silvicultural reasons rather than for 
economic ones; however, more 
economical systems than those 
currently available must be found; 

• F&S 
Non-crop trees are best left in the 
felling area due to the -high level of tree 
fibre wastage at the processing 
location; 



• s 
Short wood harvesters are rapidly 
increasing in cost to operate, and the 
investment required to equip this 
harvesting system is relatively very 
high. Acceptable levels of harvester 
productivity require previous removal 
of vegetation which screens operator 
visibility when "tree-getting". 

• s 
Although profitable markets for fuel 
material from forest biomass currently 
are not readily available, new 
developments using tree fibre in 
powder form allows fuelling furnaces 
that can also bum oil or gas; 

• s 
Recent studies of the physical and 
mental stress encountered by short 
wood harvester operators indicate that 
"sitting all day twiddling one's fingers" 
results in undesirable · ergonomic 
conditions that are particularly of 
concern as they adversely affect the 
nerves and muscles of the lower neck. 
It has been suggested that operator 
comfort standards, which are strictly 
regulated by law, have gone too far 
resulting in a serious lack of physical 
fitness; 

• N&S 
Except for. forest areas where terrain 
conditions are very favorable, 
geometric harvesting lay-outs are not 
practical as operational functions are 
undesirably rigid. Also, Hook Zone 
transfer using long-reach cranes 
dragging to forwarder trails reqllire an 
undesirably dense network of these 
trails. Mini-vehicles are also limited to 
very favorable terrain when travelling 
in the Hook Zone; 

• N 
Although agricultural tractors are used 
extensively for off-road transfer 
employing the winching plus skidding 
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mode, their design is generally not well 
suited for tree harvesting where travel 
on the unprepared forest floor is 
necessary. Their ability to travel at 
relatively high speeds on rough 
surfaces often leads to operator body 
break-down in the lower back. 
Enterprises involved in both tree 
harvesting and large scale agriculture 
may best be served by one (rather than 
the usual two) agricultural tractor plus 
one appropriate forest vehicle; 

• F&S 
The forwarding mode of off-road 
transfer is usually more efficient than 
clam skidding, particularly where 
container systems which are self
loading and self-unloading can be 
applied; 

• N 
When crop trees are of low stem 
volume, and especially when they are 
also long, it is desirable to process 
(e.g., delimb) several trees at one time; 

• N&S 
Forests which are difficult to harvest 
should be considered as leave forests 
and designated as long term multi-use 
land. Utiliution of this land could 
include felling selected trees, wildlife 
habitat, and public forest services; 

• F, N, S & Germany 
Although small trees as produced from 
early thjnnings are usually expensive to 
harvest, deleting this forest operation 
stand treatment function is not an 
acceptable option. It is particularly 
essential in the production of high 
quality trees which can generate high 
net market values; 

• F, N & S 
Current early thinning methods do not 
meet all predefined objectives; unique 
new concepts are required and will no 
doubt need support from the 



development of new tools, vehicles, 
and work techniques. 

Concepts 

A number of unique new concepts are 
being developed for the ToM project. 
They are supported by information 
acquired from study tours in Nordic 
Europe, ~d by analysis resulting from 
examination of opportunities available 
from forest operations in the Acadian 
Forest Region. In all cases ·method 
objectives have guided concept 
development. ToM is currently studying 
the following concepts for application in 
early thjnnine methods development. 

Access to the felling site 

A major consideration of this concept is to 
design transport modes which are suitable 
for the wide range of conditions that are 
encountered, yet. rigidly control payload 
materials handling work. Figure 2 depicts 
a typical situation in which: 

(a) highway class (i.e. ·light duty) trucks 
travel on "Truck Roads" to a 
delivery loading terminal. Truck 
units will usually be deck plus full 
trailer capable of self-loading 
containers. Note.that when truck 
roads are distant from the felling site 
"Trails" (20 feet wide, surfaced and 
ditched) ·capable of supporting 
vehicles weighing. up to approxi
mately fifty tons may be added to the 
truck travel network. Trails will not 
be designed for trailer use. 

(b) "Paths" (12 feet wide, stumps and 
rocks buried using an excavator and 
cross-drained with culverts but not 
ditched) connect Tmck Roads and/or 
Trails to the Hook Zone ( defined as 
that area of forest between felling 
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site and prepared vehicle travel 
surface, ie .. Path or Trail). In order 
to satisfy predetermined objectives, 
Path vehicle wheel loading will 
seldom be greater than 20 lbs/in2 and 
all wheels will carry similar loads 
_with or without a payload of trees. 

(c) "Hook Zone" unprepared forest floor 
will not be used for tree-forwarding 
vehicles. Tree transfer from the 
felling site, through the-Hook Zone, 
to the Path must be accomplished 
without damage to residual crop 
trees, or to forest soils. Vehicles 
with ground bearing. pressures of less 
than 10 lbs/in2 can serve as an in
stand power source for winching, 
delimbing, trailer loading and.battery 
charging. They can also serve as 
winch carrier, direction changer and 
anchor. 

Optimum use of forests and tree 
components 

Andersson and Bjerkelund (1987) 
described the advantages gained in forest 
operations when optimum use .was made of 
tree components. ToM information 
sources support several new ( or modified) 
concepts that are worthy of consideration. 
The following concept summaries are 
significant: 

(a) where conditions are such that forest 
operations are difficult to carry out, 
establishment of multi-use areas (Fig. 
2) which allow public forest services, 
wildlife habitat, and harvesting of 
selected crop trees should co-exist 
without conflict. 

(b) cleaning (pre-commercial thinning) 
has low priority for investment in 
stand tending as it does not produce 
market products and occurs early in 
stand rotation. ToM proposes that 
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cleaning be replaced completely with 
Fell to Leave at the time of the early 
thinning operation and thus serve as 
soil conditioning and protection for 
residual crop trees. 

( c) optimum use of small trees for ToM 
indicates: · 
root system - left undisturbed at 

felling site for improved ground 
bearing strength and soil 
conditioning (approx 10% of tree) 

stump - lumber logs and pulp 
logs - (5%) 

stem wood - lumber longs and pulp 
logs - (50%) 

stem bark - marketed as soil 
conditioner for gardens or as fuel 
(in powder form) - (5%) 

branches - marketed as fuel (in 
powder form) - (10%) 

foliage - left at felling site for soil 
conditioning - (5 % ) 

tree top - left at felling site for soil 
conditioning and for· residual crop 
tree protection. - (15%) 

( d) facilitate tree handling, without tree 
breakage (loss), by standardizing 
maximum. (e.g., 16.5 ft) early 
thinning crop tree length. This 
usually allows use of containers at 
delivery loading terminals and, as a 
result, relatively clean trees at the 
delivery unloading terminal. 

Selection of early thinning crop trees 

. Expenses involved when carrying out early 
thinning functions are only warranted 
when objectives defmed for this operation 
are rigidly adhered to. Basal area left 
must be carefully controlled so that 
volume of increased yield and value of 
market quality can be optimized. The 
practice , of salvaging damaged trees, 
although better than wasting them, should 
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be corrected in a manner that eliminated 
damage in .the first place. 

(a) Early thinning systems will usually 
provide the best results when "Fell
to-Leave", thinning from below and 
thinning from above are all carefully 
combined. Dominant and suppressed 
trees are normally removed in early 
thinoings with due consideration 
allocated to species type .. Co
dominants of desirable vigor and 
species will produce the most 
profitable residual crop trees .. By 
harvesting dominant.s, average 
volume of the early thinning crop 
trees is increased. 

(b) motor/manual felling provides 
currently the only ·acc~te 
opportunity to· classify carefully each 
tree encountered. 

( c) feller-bunchers and harvesters require 
more space in which to travel when 
working than when motor/manual 
techniques are applied. As a result, 
harvesters in particular must clear 
away trees that should remain as 
residual crop trees. 

(d) although small trees harvested· from 
early thinniogs are expensive relative 
to trees which are larger, the 
following small tree opportunities 
exist: 

most conifers will have a 
merchantable net length of less 
than 16.5 feet and on average 
sites in the Acadian Forest 
Region, _few will be-longer than 
33 feet. These trees can be 
cross-cut to 16.5 feet. 
Conse~ently, use of container 
techniques can be effective. 
multiple tree processing (e.g., 
delimbing) is often possible even 
when only small (less than 50 
HP) machines are applied. 



motor/manual felling direction is 
controllable, particularly for a 
period of approximately three 
seconds after the stem has been 
severed from the stump and the 
tree begins to fall. Experienced 
fellers seldom have problems 
related to trees becoming lodged 
(hang-ups). 
when harvesting small trees 
whicli are uniform in length, 
weight and volume, delay factors 
are generally lower than when 
trees are variable. 

Operating layout in the Hook Zone. 

Selective tree harvesting methods which 
require geometric operating layout of 
forwarding corridors in the Hook .Zone are 
to be avoided for the following reasons: 

(a) off-road transfer of thinning crop 
trees should not be restricted in a 
manner that does not allow at least a 
20% "wander factor". Transfer 
operations in the Hook Zone must be 
designed in a manner that optimizes 
control of condition variables 
encountered. 

(b) geometric operating layout usually 
increases Hook Zone activity due to 
the lack of versatility available, and 
the difficulty of maintaining control 
of the planning network when 
condition elements are difficult. 

ToM PROJECT FOREST OPERATIONS 
METHOD DEVELOPMENT FOR 
EARLY THINNINGS 

As of May 6, 1994, the ToM project has 
developed a forest operations conceptual 
method for early thinning designed 
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specifically for conditions as encountered 
in the Acadian Forest Region, and the 
Nordic Europe area. The development 
procedure applied was the systems 
engineering approach which is described in 
section 1 of this paper. A number of other 
proposals were conceived and tested but as 
they did not meet predefmed objectives, 
methods design returned to "Step 06". 
This early thinning method has been given 
the acronym ToM.C.H.F (thinning 
operation method, cut, hook, forward); it 
implies operational versatility that allows: 

(a) selective felling at any time in· the 
forest rotation; 

(b) applicability to small-scale forest 
operations when only the cut and 
hook functions are used (i.e. 
ToM.C.H); 

( c) agricultural uses where terrain 
conditions are unsuitable for 
conventional agricultural tractors; 

(d) simplicity in operational planning, 
accurate control of method 
application, and availability of 
support services. 

ToM.C.H.F satisfies all predetermined 
objectives and also is competitive (based 
on net market value) with other known 
methods, especially so as forest operation 
conditions become more difficult. 
Decision elements for economic analysis 
(Fig. 1) in the ToM project are based on 
utilized time calculated from robotic time 
estimates as described by Bjerkelund, 
(1986). 

Three items of equipment must be 
designed and developed to the prototype 
stage in order to substantiate productivity 
estimates in terms of utilized time. These 
items include: 



ToM.Cut 

ToM.Cut is a hand-held tool for the 
functions of Fell to Topped Thinning Crop 
Tree (TCT @ 16) and Fell to Leave Full 
Tree. 

A number of conceptual stage devices are 
being considered for ToM.CuT; all of 
which when compared with gasoline 
powered chain saws would: 

(a) . be safer and less destructive to body 
functions; 

(b) have a higher percentage of utilized 
time relative to scheduled time; 

(c) allow one-hand operation and thus 
improved tree felling control by the 
other hand. 

The most interesting option currently is a 
cordless electrical drilling device; 
however, several sawing devices are also 
being considered.· It is evident that there 
has been .considerable advancement. in 
powered tool technology in recent years. 
When perfected, these new tools should 
cost less, be lighter, and require less 
service. time than existing tools powered by 
gasoline engines~ 

ToM.HooK 

ToM.HooK is a specialized vehicle for 
providing mobile power source in the 
Hook Zone. Although it serves as 
forwarder on Paths and Trails when 
hitched to a full trailer, it has been 
designed primarily as a component carrier 
for use in Hook Zone. It has the 
following uses: 

(a) transferring-Topped Full Trees from 
the felling site to Path edge at right 
angles using radio controlled winch, 
normally from a position on Path; 
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(b) Lifting Topped Full Trees out of 
Hook Zone in a near-vertical plane, 
and positioning over Path edge using 
outer .boom swing grapple; 

(c) processing ( delimbing) Topped Full 
Trees to sorted lumber logs or pulp 
logs with stroke delimber mounted 
on outer boom. Delimber carriage 
driven by sheave separator mounted 
on inner boom, and delimber knives 
opened by hydraulic accumulator; 

( d) loading sorted logs into full trailer 
hitched to 3-point hitch and. driven 
by power take-off on ToM Hook. 
Full trailer loaded with logs driven 
on Path and/or Trail to delivery 
loading terminal where payload 
transferred to truck containers. 

Specification estimates are given in 
Table 2. 

ToM.FoR 

ToM.FoR is a unique transport vehicle for 
operation on unprepared surfaces (felled at 
maturity), prepared surfaces (Path, Trail, 
Road), or open fields where conditions are 
difficult. Design characteristics· include: 

(a) carrying near-equal loads on each 
tire when either· loaded or unloaded -
loading bunks equipped with 
electronic weight· recorder; 

(b) controllable oscillation device. with 
limit blocks and disc brake for 
optimµm vehicle stability; 

(c) 1800 swing-grapple at end of ·outer 
boom for vertical tree control and 
thus reduce damage· to residual crop 
trees; 

( d) controlling the vehicle from either 
end and thus eliminating the 
necessity for turning the vehicle in 
order to change travel direction. 



Table 2. Specification estimates for ToM.Hook and ToM.FoR. 

Sgecification estimates 

dimensions 
-width 
-length 
- height 
-wheel base 

2 assumed power desired 
- travel speed 

3 approximate weight 
-tare 
- payload 
- support 

4 frame type 

s wheel drive 

6 steering hydraulic-

7 oscillation & brake 

8 control 

9 processor 

10 crane reach (parallelogram) 
- grapple 

11 winch 
-type 
- line capacity 
- purpose 

This is particularily important where 
slopes are steep; 

( e) designing vehicle in a manner that 
allows greater width at base of 
payload than at top, and thus 
reducing damage to residual crop 
trees. 

Specification estimates are given in 
Table 2. 

ToM.C.H - Process Outline 

Each forest stand will be unique in its own 
fashion, even to the point where the range 
of variables within a stand in the Acadian 
Forest Region may be greater than similar 
variables occurring within a stand in the 

ToMHooK ToMFoR 

60 inches 70 & 120 
120 inches 320 
80 inches 150 
60 inches 160 

SOHP 70 
0-+4 mph 0-+ 10 

3,500 lbs 10,000 
(trailer) lbs 12,200 

10 psi 20 

keel keel 

hyd.ro static hydro static 

crab crab 

ring type ring type 

walk type duel each end 

delimber (NIL) 

140 inches 220 inches 
180° swing 180° swing 

2 grooved rollers 2 grooved rollers 
400 ft-% in 7x19 cable 400 ft-% in 7x19 cable 
Hook Zone tree transfer utility 
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Nordic Europe area. In part, this leads to 
information exchange which assists in 
solving common problems. Consequently 
the ToM project is considered to have 
wide application when fully developed. 

The process outline when applying 
ToM.CuT and ToM.HooK, but not 
ToM.FoR, may best be outlined as in 
Table 3. 

It is apparent from the foregoing why 
ToM.HooK is the key element in ToM 
design. By applying strategic evaluation 
decision elements all objectives were 
shown to have been met. Productivity 



Table 3. Process outline for ToM.C.H. 

@ Engineering works 

1
---....,>~ Construct & Maintain "Trail" & loading terminals 

- for: off-highway vehicle access to forest 
- using: excavator, bulldozer & surfacing unit 

' 2 -----i>~ Construct "Path" & Winter maintenance of Paths & Trails 
- for: ToM.HooK & all-terrain vehicle access to HooK Zone 
- using: excavator& ToM.HooK (with plow) 

y 

G)-----i>~ Install transportable "3-S" building 
- for: provision of Security, Shop & Shelter 

y 

- purchase and move to site 
Early thinning tree harvesting (by unit crews of2 men) 

Fell to selected Thinning crop Tree@ 16 max length (TCT@ 16) 

Protect residual Crop trees 

Fell to Leave 
- using: motor/manual ToM CuT 

[}]-------1>~ Transfer TCT@ 16 from felling site in HooK Zone to stock piles at 

I 
right angles to Path 

- using: ToM.HooK winch, anchor & hook line adjustment 
y - crew: combined ToM CuT & ToM HooK operators (2 men per unit) 

~ 7=Extract TCT@ 16 from stockpile to Path area 

· > Process TCT @ 16 to sorted lumber logs and pulp logs 

C 
Load logs into trailer and/or stockpile at edge of Path 

Transfer logs on Path to Trail and/or loading terminal 

Load sorted logs into truck/trailer set-out containers 
- using: ToM.HooK crane with swing-grapple, stroke delimber & 
hitched, ,powered full trailer 

~ Lumber logs & Pulp logs delivery 

<i)---->- !Where!required sh:uttle truck/trailer containers on Trail to 
,- , delivery loading tenninal ~-: Load containers on highway class deck trucks and full trailers 

Deliver pulp logs and lumber logs to use industry 
- using: deck truck with full trailer delivery unit 
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delay analysis based on robotic time 
indicated that a unit crew of two men can 
effectively carcy out all tree harvesting 
functions. Each of the two men in the 
crew has well-defmed responsibility, yet 
the work technique allows common work 
activity and work load balance when the 
two meet in the Hook Zone. Also, the 
tree harvesting function is well suited to 
job switching within a shift. Unit crews 
comprised of two men is highly desirable 
for woods-work for both economic and 
safety reasons. 

ToM.HooK Conceptual Design Sketches 

To illustrate the conceptual design of 
ToM.HooK (as of May 6, 1994) four 
sketches are provided: side view (Fig. 3), 
top view (Fig. 4), crane-mounted stroke 
delimber (Fig. 5), and log sorting and 
trailer loading (Fig. 6). 

ToM.C.H.FoR 

ToM.C.H~FoR is a future forest operations 
method for early tbinnings when conditions 
are difficult. 

Although ToM.FoR is an important 
component of the ToM project it will not 
be considered further in this paper. 
ToM.HooK is the key prototype required 
for this early thinning method and 
therefore it should be undertaken first. 
However, ToM.HooK cannot be complete 
without ToM.CuT so it should be 
developed in parallel. If and when these 
two prototypes are successfully developed, 
then a ToM.FoR prototype will be 
required in order to achieve optimum 
operating efficiency from the ToM.C.H.F 
method design. 

Colleagues from IUFRO and COPE are 
encouraged to contact the auth~r if there 
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are aspects of ToM which require 
clarification. Also, contn'butions of 
professional and technical information 
would be most welcome. 
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Figure 3. ToM.HooK side view showing major components arrangements. Legend: (1) Hydraulic 
wheel drive and crab steering, (2) Keel frame with tankage, (3) Ring type oscillator, (4) Power talce
off and 3-point hitch, (5) Parallelogram crane, (6) Sheave separator (not shown), (7) Delimber 
carriage, (8) Swing grapple, (9) Power unit, pumps and oil cooler, (10) Winch fair-lead and radio 
control signal, (11) Wince grooved rollers [2], (12) Winch spool, (13) Battery charger, and (14) 
control valves. 

(SJ 

,~) 

i .".'"~----4 
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Figure 4. ToM.HooK top view showing crane and winch functions. Legend: (1) Swing - grapple 
for horizontal to vertical tree/log control, (2) Stroke - delimber carriage and track on outer boom with 
accumulator to open knives, (3) Crane inner boom with sheave separator, (4) Winch skidding line 
(radio control), (5) Winch grooved drive rollers, (6) Winch take-up spool, (7) Winch fair-lead post, 
(8) Hook anchor, and (9) Hook line adjustment move control. 
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Figure 5. ToM.HooK showing crane-mounted stroke delimber sequence. Legend: (1) Grapple - 2 
Topped Crop Trees (TCT@ 16) with swing-grapple from winched stockpile, (2) Swing TCT@ 16 to 
near-vertical and extract from residual crop trees, (3) Raise TCT@ 16 to near-horizontal keeping top 
over PATH, and stroke delimb to lumber and pulp logs on outer boom, (4) Retract logs to space 
above PA TH. Rotate and sort while placing logs in attached, driven trailer or on stockpile at edge of 
PATH. 

Patb 

Edge o! residual crop t rees 

(§) @ ® 

Figure 6. ToM.HooK showing crane-mounted stroke delimber sequence. Legend: (1) Operator 
safety zone over ToM.HooK, (2) Topped Crop Trees (TCT@ 16) winched stockpile, (3) Grapple, 
extract, delimb to logs, rotate, (4) Sort logs (eg. lumber logs and pulp logs), (5) Place one sort in 
driven full trailer, and ( 6) Place other sort on pile at edge of PA TH. 
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USE OF HYDRAULIC LOG LOADERS 
EQUIPPED WITH WINCHES IN 
SELECTIVE LOGGING 

by 

Bruce Skurdahl 
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ABSTRACT: Although using the same 
machine to yard and load is not a new 
concept, a hydraulic log loader equipped 
with winches has proven to be an 
environmentally sensitive and efficient 
logging method .. Key factors to its 
effectiveness are: mobility, adaptability 
for multiple uses, simplicity, speed of 
operation, swing capability, dependability, 
and cost effectiveness. 

While the majority of these systems are on 
200 hp class log loaders working in 
clearcuts, there is growing interest in using 
these same winch systems for thinning and 
selective logging. A number of machines 
are already at work with good results. 

Recent variations include: 

• Log loader with 3 multispeed drums 
logging uphill and downhill with a 
motorized slackpulling carriage and 
radio controlled chokers. 

• 100 hp - 120 hp excavators with 2 and 
3 multi speed drums for small wood 
thinning. Logging out to 1,000 ft. and 
beyond without guylines. This 
machine is cost competitive with other 
small wood yarding systems while also 
giving the operator the flexibility to 
load logs, shovel log, clear brush, 
build roads, install culvert, etc. with 
the same machine. 

• 120 hp log loader-based high speed 
"tong throwing" winch systems able to 
accurately throw tongs over 300 ft. and 
skid and load 500-700 pieces per day. 
Working in adverse terrain and thin 
soil conditions these machines have 
become the preferred (and often 
required) logging method in southwest 
Idaho. 

• Skid and trailer mount diesel drive 
hydraulic "mini-yarder". Similar to 
other systems on the market, but with 



all the advantages ( especially control 
and dependability) of our o$er 
hydraulic yarding systems. 

While there has been virtually no official 
research on these logging systems they 
have become an accepted part of the cable 
logging industry. 

THIS PAPER WAS'NOT AVAILABLE 
AT THE TIIvIE OF THE PUBLICATION. 
CONTACT THE AUTHOR FOR 
FURTHER INFORMATION. 
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Bruce Skurdahl is Sales Manager, 
Allied Power Products, Inc., 6590 SW 
Fallbrook Place, Beaverton, OR 97005 
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COMPARISON OF CONTEMPORARY 
CABLE HARVESTING PRACTICES 
FOR EASTERN HARDWOODS ON 
STEEP SLOPES 

by 

Chris B. LeDoux, John E. Baumgras, 

and James Sherar 
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ABSTRACT: As changing political and 
public concerns require new ways of 
managing forested lands, owners of 
commercial forest lands are investigating 
alternative methods to harvest or treat 
stands to meet diverse objectives. The 
current emphasis is on harvesting trees by 
group-selection, thjnnine, shelterwood and 
individual-tree selection methods. Group 
selection entails harvesting small groups or 
clumps of trees in a somewhat random 
pattern across a stand to capture mortality 
and insect and disease infestations, 
regenerate stands, and harvest financially 
mature trees. Thiunines are used 
primarily to free growing space and to 
increase growth and quality of the residual 
stand. Shelterwood harvests provide an 
alternative to clearcutting for regenerating 
even-aged stands. Individual-tree selection 
regenerates unevenaged stands. For each 
method, the emphasis is on leaving more 
standing trees on a harvest site and 
reducing the size of harvest blocks. The 
residual stands from the tbinnings and 
conventional shelterwood would be 
. commercially harvested in the future. 
There is no intent to commercially harvest 
the residual stands from the two-age 
shelterwood treatments. 

As more standing trees are left and/or 
smaller blocks are harvested, less volume 
per unit area or harvest unit is removed. 
Reducing the block size also reduces total 
harvested volume, which increases logging 
and move in/out costs. In this paper we 
summarize results from simulations of 
cable-yarding operations on Appalachian 
hardwood sites. Conventional and two
aged shelterwood practices are compared 
with thjnnine for a similar set of stand and 
operating conditions. Results suggest that 
these type of harvests can be economical, 
help reduce or moderate visual impacts, 
and create desirable habitat/niche for 



certain wildlife species. Extensive 
p)anning, layout, and analysis is necessary 
if on-the-ground results are to be 
successful. 

KEYWORDS--Shelterwood, Thinning, 
Simulation, Economics 

INTRODUCTION 

As the USDA Forest Service moves 
toward implementing ecosystem 
management, managers are· investigating 
alternative methods to harvest or treat 
stands to meet multiple objectives. 
Managers of public lands are using 
silvicultural practices .such as shelterwood 
harvests, ·tbinnines, ·and group selection, 
leaving. more. residual trees to improve the 
visual quality of harvested blocks. 

Group selection entails harvesting. small 
groups or clumps of tre~s in .a somewhat 
random pattern· across a stand to capture 
mortality and insect and disease 
infestations, to regenerate stands, and to 
harvest financially mature· trees. Studies 
of group-selection harvests with cable 
yarding and ground-based·. systems 
(LeDoux et al-. 1991, 1993) have produced 
a data base on the production and cost of 
alternative cable and ground~based systems 
for eastern hardwoods. Barimgras et al .. 
(1993) focused on production and cost, 
residual-stand damage, soil disturbance, 
and the visual quality of thinning and 
shelterwood .hardwood harvests conducted 
with a skyline yarding system .. · To 
evaluate the effectiveness of cable Jogging 
in shelterwood "harvests and thjnnjngs on 
steep-slope hardwood sites, a study was 
conducted on the Nantahala National 
Forest near Fraiiklin, North Carolina 
(Baumgras et al. 1993). In this paper we 
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used the results from such field studies and 
simulations to compare production and cost 
of shelterwood and thinning treatments on 
these steep-slope hardwood sites. 

METHODS AND PROCEDURES 

Harvesting operations were studied on 
three units located in a yellow-poplar, red 
oak, and white oak stand with a site index 
of 80 for red oak and slopes of 38 to 50 
percent. Silvicultural treatments included 
a conventional shelterwood, a shelterwood 
to initiate two-aged management, and ~ 
thinning from above. Yarding was done 
with an inexpensive shop-built yarder 
rigged with a 38-foot tower and gravity 
outhaul carriage (Fig. 1). 

A detailed time and motion study of yarder 
operations recorded turn attributes, cycle 
and delay times, and delay causes. The 
cycle-time equation, delay times, and 
corridor change times obtained from the 
time and motion study were used with the 
TIIlN model (LeDoux and Butler 1981) to 
simulate cable yarding operations and 
estimate production and costs. Log 
populations required as input to·. these 
simulations ·were obtained from the 
original and modified cut stand tables: 
taper equations for Appalachian hardwood 
trees (Martin 1981) were used to estimate 
log lengths, log volumes, and numbers of 
logs per tree. 

Because the three harvest units and 
silvicultural treatments studied were not of 
equal dimensions, observed yarding 
production reflected differences in average 
lateral and slope yarding distances. 
Production delays not attributed to 
silvicultural treatments, such as mechanical 
problems with the yarder and carriage, 
also.differed among harvest units. To 
standardize unit dimensions and production 
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Figure 1 Shop-built yarder. 
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delays not logically related to silvicultural 
treatments, production was simulated with 
constant unit dimensions. Delay times 
unique to each treatment, such as logs 
hung in lateral yarding, were applied to 
the individual units. The cost analysis also 
standardized corridor change and landing 
setup times for all units. 

Additional simulations were conducted 
with this procedure, to estimate the 
potential effects of harvest unit 
dimensions, maximum log lengths yarded, 
and modifications of each of the three 
silvicultural methods observed at the study 
site. Harvest-unit dimensions -will be 
important as forest manag~rs use spatial 
relationships to achieve· landscape 
objectives.· Dimensions evaluated included 
1/2, 1, and 2 3/4 acres. Log. lengths 
potentially. affect residual stand damage 
and future timber values. Log-length 
options evaluated included tree length, 32 
feet as observed, and 16 feet. · 

Two· additional harvests were. evaluated for 
each· silvicultural treatment using. the . 
original and .cut .stand tables to modify the 
numbers of trees harvested· by tree 
diameter and species. The observed 
conventional shelterwood removed 69 
percent ·of t:µe basal area in trees with a 
dbh of 7 .5 inches or larger. This 
treatment -would be used in stands with 
adequate advanced regeneration of 
desirable species, or if sp~~es composition 
of regeneration is not important. .~o 
alternatives, removing 30 arid 50 percent 
of the initial basal area~ were simulated to 
represent treatments required to promote 
regeneration of desired species (Fig. 2). 
Sander (1988) recommended a residual 
stocking of 70 percent to encourage oak 
regeneration and inhibit the development 
of intolerant species such as yellow-poplar. 

The second observed shelterwood harvest, 
conducted to create two-aged stands and 
avoid the visual impacts of clearcutting, 
harvested all but 20 ft.2 of basal area of 
trees 8 to 18 inches dbh. The two 
alternatives simply altered the diameter 
distribution of the leave trees to 10. to 22 
inches and 20 to 30 inches, respectively 
(Fig. 3). The diameter distribution of 
leave trees would effect the visual quality 
of the harvest unit. 

The observed thinning represented thinning 
from above, removing 40 percent of the 
initial basal area, with cut trees averaging 
17 .8 inches dbh versus 16.9 inches dbh for 
leave trees •. The two simulated 
alternatives removed similar amounts of 
basal area but altered the diameter · 
distribution and the ·mean diameter of cut 
trees to 15.1 and 13.7 inches~ respectively 
(Fig~ 4). These options would result in 
stands dominated. by large trees to help 
create an "old growth" appearance. 

RESULTS 

Conventional shelterwood harve~ts -that 
removed 68 percent of the basal area or 
2,519 ft!/acre (Table 1) resulted in a 
production rate of 416.15 ft'/br and cost of 
$11.38/cunit (100 ft. 3) (Table 2). By 
contrast, if 50 percent ·of the basal area or 
l,614·ft3/acre are removed, the estimated 
production rate is reduced by 19.31 
percent to 335.81 ft'/hr, increasing the 
cost/cunit by 29 percent to $14.68. 
Removing -30 pe~nt ·of the. basal area 
reduces the production rate by 53. 62 

. percent to 193.01 ft'/hr and increases the 
cost/cunit by 130~23 percent to $26.20. 
The impact of the reduction in volume 
removed· per acre on the- cost/cunit is 
substantial. Although all three treatments 
resulted in acceptable reproduction, 
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Table 1. Stand and log attributes. 

Silvicultural Trees/ Volume/ Volume/ Logs/ Log size 
treatment acre acre tree acre Mean Minimum Maximum 

Conventional Shelterwood Number -------ft3------- Number ---------------ft3 _____________ 
Actual, remove 701 of 50 2519 50.4 95 26.6 4 154 
basal area 

Remove 501 of basal area 44 1614 36.7 80 20.2 4 154 

Remove 30% of basal area 37 817 22.1 65 12.6 4 86 

Two-Aged Shelterwood 

Actual, leave trees 58 2852 49.2 110 30.0 4 111 
8-18 inches dbh 

~ 
Leave 20 ft3/acres in trees 62 2728 44.0 116 23.5 4 111 

c.n 10-22 inches dbh 
~ 

Leave 20 ft3/acres in trees 69 2711 39.3 130 20.8 4 80 
20-30 inches dbh 

Thinning 

Actual, average dbh of 27 1556 57.6 53 29.4 4 147 
cut trees: 17.8 inches 

Average dbh of cut trees: 36 1493 41.S 70 21.3 4 147 
15.1 inches 

Average dbh of cut trees: 41 1327 32.4 80 16.5 4 79 
13.7 inches 



Table 2. Simulated production rates and cost by silvicultural treatment. 

Hourly 
Cost/ Silvicultural Volume/ production 

treatment Logs/turn turn rate cunit 

Conventional Shelterwood Number -----------ft3
----------- Dollars 

Actual, remove 70% of 1.70 47.44 416.15 11.38 
basal area 

Remove 50% of basal area 1.78 38.22 335.81 14.68 

Remove 30% of basal area 1.71 21.09 193.01 26.20 

Two-Aged Shelterwood 

~ 
Actual, leave trees 1.80 54.16 465.00 10.16 

°' 8-18 inches dbh 
0 

Leave 20 ft3/acre in trees 1.86 45.85 399.72 11.63 
10-22 inches dbh 

Leave 20 ft3/acre in trees 1.81 38.79 347.43 13.14 
20-30 inches .dbh 

Thinning 

Actual, average dbh of 1.69 49.61 426.47 12.26 
cut trees: 17.8 inches 

Average dbh of cut trees: 1.10 37.38 331.78 15.05 
15.1 inches 

Average dbh of cut tree, 1.78 30.23 256.61 18.95 
13.7 inches 
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Figure 2. Diameter distribution of trees harvested in conventional shelterwood, by 
percentage of basal area removed. 
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cost/production rate tradeoffs must be 
considered. 

Two-aged. shelterwood applications that 
removed 84 percent of the basal area and 
leaving residual trees in the 8- to 18-inch 
dbh range resulted in an estimated 
production rate of 465 ft' /hr and cost of 
$10.16/cunit (Table 2.) Removing 80 
percent of the basal area and leaving 
residual trees in the 10- to 22-inch dbh 
range results in a hourly production rate of 
399.72 ft3 and cost/cunit of $11.63. This 
represents a decrease in the production rate 
of 14. 04 percent· and an increase in the 
cost/cunit of 14.47 percent. Removing 80 
percent of the basal area and leaving 
residual trees in the 20- to 30-inch dbh 
range results in a production rate of 
347.43 ft'/hr and a cost/cu.nit of $13.14 
decrease in the hourly production rate, 
increasing cost/cunit by 25 .28 percent and 
29 .33 percent respectively, compared to 
removing 84 percent of the basal area and 
leaving residual trees with a dbh range . of 
8 to 18 inches. The decrease in hourly 
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production rate and ·increase in cost/cunit 
are largely due to leaving larger trees for 
future harvests or to improve visual 
quality. This is best illustrated by . 
focusing on the logs/tum hooked and the 
volume/tum.yarded. Although about 1.80 
logs/tum (Table 2) are hooked for each 
two-aged shelterwood treatment simulated, 
the volumes/tum yarded are significantly 
different because we are removing more 
large. trees. in the first treatment and 
leaving larger trees in the second and third 
treatments. 

The thinning treatment observed was a 
thinning from above where the average 
tree cut a~eraged about 17. 8 inches dbh 
with a volume removal per acre of 1,556 
ft3. The hourly .Production rate for this 
scenario was 426.47 ft3 and the cost/cunit 
was $12.26. Simulatedtbinnines that cut 
trees averaging 13.7 and 15.1 inches ·dbh 
resulted in production rates of 256. 61 and 
331.78 ft'/br, respectively. The cost/cunit 
inqreased by ~4.57 percent and 22.76 
percent, respectively, over the first 



tbinnine observed. Again, although these 
three scenarios would accomplish the 
managers' objectives, substantial tradeoffs 
in production rates and cost/cunit would 
result. 

IMP ACT OF YARD ING SHORT LOGS 

To contrast hourly production rates and 
cost/cunit by log-length limit, we 
simulated the harvest of a thinning 
treatment and conventional shelterwood 
using different log lengths. The thinning 
treattnent simulated here included a 
modified diameter distribution of the 
original cut but removed the same basal 
area with cut trees averaging 13.7 inches. 
The simulations included bucking to 16 
feet, 32 feet, and tree-length logs to 
represent action taken to limit damage to 
the residual stand. The log distributions 
were then incoiporated into the THIN 
model. The thinning treatment simulated 
removed 40 trees/acre and 1,327 ft3 of 

· volume/acre. The tree-length scenario 
resulted in 40 logs/acre with an average 
piece size of 21 ft'. Bucking the same 
trees to 32- and 16-foot limits resulted in 
80 and 126 logs/acre with average piece 
size of 17 and 11 ft3. The resulting 
logs/tum hooked were 1.5, 1.8, and 1.8, 
with hourly production rates of 440.26, 
256.61, and 185. 88 ft3. The decrease in 
average log size from 21 to 11 ft3 results 
in a reduction in volume/tum from 50.56 
to 20.40 ft:3, and a doubling of the 
cost/cunit from $12.47 to $24.86 .. The 
reason for this is that although there are 
more logs/acre to hook with the shorter 
log limits, the logs on the average are 
smaller, which, in tum, results in smaller 
volume/tum yarded. 

Results for the conventional shelterwood 
treattnent are similar. The treatment 
simulated removes 50 percent of the basal 
area in trees larger than 7 .5 inches dbh, 
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less volume than the original cut. We 
began with 44 trees/acre which resulted in 
logs/acre of 44, 80, and 126 when trees 
were processed tree length and bucked to 
32- and 16-foot lengths. The resulting 
average piece sizes were 37, 20, and 13 
ft'. This resulted in a tum size of 1.5, 
1.8, and 1.8 logs. The corresponding 
volume/tum yarded was 60.93, 38.22, and 
26.44 ft3 by log-length limit, matching 
hourly production rates were 536.14, 
335.81, and 241.80 ft'. These production 
rates correspond to a cost/cunit of $10.24, 
$14.68, and $19.29. Going from tree
length logs to 16-foot limits increased cost 
by 88.38 percent. 

The logic behind bucking trees shorter in 
both the conventional and thinning 
treatments was to roiniroize/e]jmjnat.e both 
damage to the residual stand and soil 
distur~ance: smaller logs would be 
suspended more than heavier logs, 
resulting in less soil disttlrbance, while 
short logs would be easier to turn, 
maneuver, and extract, · causing less 
residual-stand damage. 

IMP ACT OF UNIT SIZE, UNIT 
LOCATION, AND LOG LENGTH 
LIMIT 

To illustrate the impact of unit size, unit 
location, and log limit, we simulated the 
conventional shelterwood treatment with 
unit sizes of 1/2, 1, and 2 3/4 acres. 
Although conventional shelterwood 
treatments would normally be conducted 
over larger areas, we conducted the 
following sensitivity analysis to illustrate 
the impact of unit size, location, and log
length limit. These units were located 
adjacent to the landing, 300 feet from the 
landing, and 600 feet from the landing. 
The 300- and 600-foot units were yarded 
through standing timber. The results are 
summarized in Table 3. 



Table 3. Simulated hourly producti(!n rates and cost/cunit by unit size, unit location and 
maximum log length. 

Unit 
Size Unit Log 
(acres) Location8 Length 

--------feet--------

1/2 0 200 
1/2 300 200 
1/2 600 200 
1/2 600 16 

1 0 200 
1 300 200 
1 600 200 
l 600 16 

2 3/4 0 200 
2 3/4 0 16 

Hourly 
production 

rate 

Feet3 

440.26 
366.06 
182.81 
135.76 
440.26 
366.06 
182.81 
135.76 
440.26 
185.88 

Cost/ 
cunit 

Dollars 

27.88 
29.72 
40.68 
48.18 
18.46 
20.30 
31.22 
38.77 
12.47 
24.86 

8Distance from landing to top edge of unit. 

Harvesting 1/2-acre blocks that are 
adjacent to the landing· and removing tree
length logs result in a cost/cunit of $27. 88 
(Table 3). If the same unit size and log 
length are located 300 feet from the 
landing, the cost/cunit increases by 6.6 
percent to $29.72. However, for the same 
1/2-acre unit and tree length combination 
located 600 feet below the landing, the 
cost/cunit increases by 45.91 percent to 
$40.68. When the logs are bucked to 16-
foot lengths and the unit is located 600 feet 
below the landing, the cost/cunit increases 
by 72.81 percent over that for a unit of the 
same size with tree-length logs adjacent to 
the landing. This percentage increase 
results from yarding small units tlirough 
600 feet of standing timber with short 
logs. 

The impact of unit size is illustrated by 
focusing on the cost/cunit of harvesting 
1/2- 1- and 2 3/4-acre·units adjacent to the 
landing· with tree-length logs (Table 3). 
The cost/cunit for these units is $27. 88, 
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$18.46, and $12.47, respectively.. Going 
from 1/2-acre to 2 3/4-acre units decreases 
the. cost/cunit by 55.27 percent. Yarding 
smaller units farther from the ·1anding with 
trees bucked to 16-foot lengths increases 
the cost/cunit by· a similar percentage. 

These results suggest. that although the 
impact on cost/cunit due to .silvicultural 
treatment is modest, minor shifts in unit 
size, log-length limits, and the relative 
location of the unit from the landing can 
have major impacts on overall costs. The 
burden. is on the layout crew coupled with 
management objectives to satisfy 
ecosystem goals while keeping costs within 
reasonable limits. 

IMPUCATIONSFORMANAGERS 

The observed and simulated hourly 
production rates and costs/cunit -are 
economical and practical. Each of these 
scenarios resulted in successful 
establishment of the desired reproduction. 



On the basis of oblique-angle aerial 
photographs taken at each unit before and 
after harvesting, it was difficult to 
distinguish the thinning units from the 
adjacent uncut areas. Whereas the heavily 
cut shelterwood units were readily 
apparent on the photos, the contrast 
between the cut and adjacent uncut areas 
was much less apparent than for nearby 
clearcut units. All of the options 
simulated and observed satisfy the goals 
and objectives for visual management. · 
Each treatment results in residual stands 
that miniroi:ze adverse visual impacts when 
compared to clearcut harvests. 

DeGraaf et al. (1992) suggested that each 
of these treatments observed and simulated 
results in sufficient habitat and niche to 
supp~rt a wide array of wildlife species 
native to the hardwood region. 

The use of inexpensive shop-built yarders 
has tremendous advantages. The initial 
investment is low, and owning and 
operating costs are low compared to those 
associated with commercially built yarders. 

The decision of harvest timing, how much 
volume to remove, which trees to take in 
any one entry and what residual stand is to 
remain and for how long must be tempered 
with public demands and market prices, 
landowner objectives, goals for ecosystem 
management, and other factors. If larger 
trees are left for future entries, the 
landowner is better able to take a4vantage 
of robust markets once the desired 
regeneration is established. Obviously, at 
this point, extraction of the residual stand 
must be done with care to mioiroire 
damage to established reproduction. 

These types of cuts can accomplish 
landscape-level goals. We can extract 
commercial timber while maintaining a 
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residual stand that is visually pleasing and 
that offers habitat and niche for a variety 
of wildlife species. Stands treated side by 
side in a woodshed over time can assure 
adequate desirable reproduction, be 
visually pleasing, provide edge, and open 
areas, corridors for wildlife travel, and a 
supply of wood products. 
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INTRODUCTION 

Plarining has been acknowledged as a 
primary means of controlling undesirable 
soil disturbance. Research has 
demonstrated that time of year, soil 
moisture content, type of harvest system, 
and topography impact soil disturbance 
levels as well as the percent of harvest 
area disturbed. Additional factors which 
need to be considered related to logging 
operations are, chance layout, 
organization, skid patterns, harvest 
method, type and size of equipment, tree 
size, volume harvested, and the logging 
crew itself (Krag et al. 1986). The 
preceiting factors are influenced to some 
degree by soil-machine interactions. 
Therefore it is important ·to understand the 
relationship of soil disturbance to those 
variables which influence the soil-machine 
interactions. 

The objective of this study was to quantify 
the relationship between degree of soil 
disturbance and selected skid trail variables 
on 5. 6 miles of skid trails. An 
understanding of the relationship among 
soil disturbance levels and skid trail 
variables should facilitate improved 
harvest planning and design. Planning to 
control soil disturbance is easier and less 
expensive than the mitigation of problems 
associated with soil disturbance. 

Individual skid trail variables selected for 
this study were: slope parallel to skid trail 
direction, skid trail curvature, side hill 
slope, and traffic density. These four skid 
trail variables may be controlled by · 
adherence to proper layQut and design. 

Soil disturbance research has generally 
utilized the transect method for sampling 
of soil disturbance. This study employed a 
Global Positioning System (GPS) to create 



a data base for mapping .. A Geographic 
Information System (GIS) facilitated 
stratification of skid trails by disturbance 
level associated with ·selected skid trail 
variables. Stratification ensured adequate 
representation across the entire· range. of· 
skid trail· variables and disturbance levels. 
The GPS/GIS also allowed for efficient 
allocation of ·sampling tiine. 

METIIODS 

Site Description 

The. study was conducted on Fraser .Paper 
Company lands in north central Maine in 
the area designated as Arbo Brook. The 
area is predominantly northern hardwoods 
with a scattering of conifer species. 

The Arbo Brook area catena are members 
of the Plaisted, Howland catena (Olsen, 
1993). The parent material are coarse to 
loamy soils composed of fine grained 
quartzite, slate and some granite unde;rlain 
by a dense basal till. Textural analysis of ~ 
soil sample from the study site revealed 
the following: Sand- 36.21 %, Silt-45.98%, 
Clay-17.81 % (mineralogy of the clay in 
this region is mixed, dominated by 
vermiculite). Arbo Brook is consistently 
Plaisted and Howland with very few 
poorly or very poorly drained inclusions 
withiri the area. The "O" horizon 
tbickness·is 2 to 3 inches. Depth to basal 
till is 12 inches on the flat slopes and up to 
27 inches at the toe of the 
slopes. 

Rainfall for this area is 36-46 inches 
annually. The 1993 rainfall was. 4. 8 
inches for the month of June (slightly 
above the 10 year average), 1. 90 inches 
for July (approximately half of the 10 
year average), and August 1.50 inches 
(less than half of the 10 year average). 
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The silvicultural plan. for the study area 
was an improvement cut with a residual 
basal area of 80 'ft'/ac. The area was 
mechanically whole-tree harvested, then 
processed with a delimber, and a slasher 
or a chipper, road side ~t designated 
yards. A herringbone pattern with skid 
trails spaced 66 feet apart was the 
predominant harvest design. 

Soil Disturbance Classification 

Soil disturbance for this study focused 
primarily on exposed or disrupted mineral 
soil. Lower levels of disturbance were 
grouped into one broad class. 

The following soil disturbance level 
classification system for this study was 
derived from Martin (1988): 

Class "A". Degradation of duff and 
organic matter ranging from no 
disturbance to scarification of duff 
and organic matter. Disturbance in 
this class had no mineral soil 
exposed. Characteristics are: no 
visual disturbance, organic 
scarification, organic mts, organic 
mounds and no mineral soil 
exposed. 

Class "B" Mineral soil exposed 
and/or scarified. Characteristics 
are: mineral soil disturbance with 
brush placement to reduce impact, 
and/or mineral soil scarification. 

Class "C" Disruption of mineral 
soil horizons. Characteristics are: 
blading of skid trails, . mineral 
niounds, and mineral mts. 

Skid Trail Classification 

Each section of a skid trail (minimum of 



six feet in length) was classified into one 
of the above disturbance classes (A,B,C) 
and were measured using a GPS system in 
conjunction with a GIS data base for 
mapping. · 

Side-hill slope gradient ( % ) was measured 
perpendicular to the direction of travel on 
the skid trail with a clinometer to the 
nearest one percent. The two side-hill 
slope categories were: 0 to 3 % (Class 1) , 
greater than 3% (Class 2). 

Skid trail slope ( % ) (in the direction of 
travel loaded) was measured with a 
clinometer to one percent. The three slope 
classes were: less than minus 2 % ( class 
1), minus 2% to 5% (class 2), greater 
than 5% (class 3) . 

Curvature for skid trail measurements 
were based on an offset and degree of 
curve and classified into three classes. 
Offset measurements were taken from the 
center of the skid trail width. All three 
classes had a cord length of 50 feet with 
the following offsets: less than 5 feet 
(class 1), 5-13 feet (class 2), greater than 
13 feet (class 3). 

Skid trail density was assigned into three 
categories and assigned on the bases of 
the number of loaded trips a skidder passes 
over a section. The three skid trail density 
classes were: 0-200 feet in length ( class 
1), 201-600 feet in length (class 2) , 
greater than 600 feet in length ( class 3). 

Mapping of skid trails and selected skid 
trail variables 

To allow for improved correlation of data 
collected within the study, a Geographic 
Information System (GIS) and a Global 
Positioning System (GPS) were used to 
create a map and data base. Map/Info. was 
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the GIS system and Trimble Navigation 
was the GPS system employed for the 
study. All data collected with the roving 
GPS unit were differentially corrected. 
These two systems were crucial in 
depicting yarding and cut patterns, 
calculation of harvest area, skid trail area 
and development of a traffic density rating 
system for the skid trails. All skid trails, 
yards, and cut block boundaries were 
geographically located with a GPS unit 
prior to sampling of soil disturbance levels 
on the skid trails. This facilitated creation 
of a map which described the yarding 
pattern, and classified skid trails by slope, 
curvature, side-hill slope, and trail density 
along with associated soil disturbance 
levels. Selected combinations of the four 
variables were also mapped. The map and · 
data base allowed for the development of 
a stratified sampling design for each 
section of classified skid trail. 

Sampling 

Sampling of classifi~ skid trails was 
imperative to characterize different 
disturbance classes and how the amount 
and type of disturbance differ by skid trail 
characteristics. In order to improve 
sampling efficiencies the sampling design 
focused on skid trails classified within a 
nB" or "C" disturbance level. The "An 
disturbance level was classified and length 
measured. These areas were not sampled 
due to minimal soil disturbance. With a 
GIS it was also possible to exclude 
undisturbed areas from sampling while 
retaining acreage of the undisturbed areas 
for estimates of total site area. 

Sample plot size was variable due to the 
variation in width of skid trails. Sample 
plots were ten feet along the skid trail 
direction and as wide as the skid trail. 
Within each sample plot the percentage of 



disturbance in each class was measured 
employing a grid method. 

The relationship between disturbance class 
levels and associated skid trail variables 
was the major component of analysis. 
Since both skid trail widths and 
disturbance levels varied for a section of 
skid trail we developed a numerical index 
(relative disturbance index RDI) to 
evaluate disturbance class as a dependent 
variable. The RDI is based on the level of 
disturbance and the associated potential 
increase . in soil erosion and hydrofogic . 
runoff for each disturbance class level. 
The Soil Conservation Service (SCS) 
TR-5S method was used to calculate 
potential hydrologic runoff and the 
universal soil loss equation (USLE) was 
used to calculate the potential soil loss. 
These resulting estimates were 
incorporated into a numerical index, we 
developed, to determine a relative 
disturbance index (Fig. 1). 

The _data generated from the study were 
analyzed employing two methods (i) GIS 
graphic display and (ii) Classification and 
regression trees (CART) (Breiman,, 
Friedman, Olshen and Stone 1984). 
CART was employed to develop a 
classification tree model. The model 
related skid trail variables (slope sidehill 
slope, curvature, and trail density) with a 
relative disturbance index~ Figure 2 depicts 
how CART determined each split w.itbin 
the regression tree. 

ANALYSIS 

The data generated from the study was 
analyzed using two methods (i) GIS 
graphic display and (ii) Classification and 
regression trees (CART) (Breiman,· 
Friedman, Olshen and Stone 1984). CART 
produces a binary decision tree utilizing 
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(Qu Eu Au)+(Qa Ea Aa)+(Qb Eb Ab)+(Qc Ee Ac) 

RDI =-----------------
CQu Eu At) 

Q = Runoff potential 
E = Erosion potential 
A = Area (square feet) 
u:::Undisturbed class 
a=DisL11rbancc class A 
b::::Disturbancc class B 
c=Disturbance class C 
t=total area 

Figure 1. Relative disturbance index. 

skid trail physical attribute variables to 
classify skid trail categories of RDI. 

RESULTS 

The classification tree generated from 
CART is depicted in Figure_ 2. CART 
produced a tree with categories of 
progressively increasing RDI. Trail · 
density, degree of curve, and-slope .of skid 
trail have the greatest influence in 
producing high RDls. 

The first decision variable within the 
regression tree diagram is trail density _ 
(Fig. 2). Trails with a trail density class 
of 1 or 2, split to the left and trail · 
densities of 3 split right. The trail density 
split to the right produces a higher RDI 
than a split left (Fig. 2). 

Figure 3 graphically demonstrates the RDI 
relationship to skid trail variable 
combinations sampled along with means 
and ranges of_ associated disturbance. The 
lowest RDI is for skid trails with minimum 
trail density, minimum slope, minimum 
curvature of skid trail and mjnjrn11D1 side 
hill slope. The maximum RDI is related to 
high traffic density, increase in slope and 
increased curvature of skid trail. 
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DISCUSSION 

The preliminary results depict a model 
relating skid trail variables (slope, side-hill 
slope, curvature, and traffic density) to 
levels of soil disturbance. Traffic density 
has the greatest impact on disturbance 
levels. This result is consistent with other 
disturbance studies. The degree of 
curvature in skid trails demonstrates 
curved trails create higher levels of 
disturbance than straighttrails. Side hill 
slope and slope of skid trails have a lesser 
impact· on disturbance levels. 

Identifying these four variables with levels 
of disturbance allows for the addition of 
one more component to the planning 
process. Recommendations are, minimize 
trail curvature and consolidate skidder 
traffic to few trails. If spur trails or a 
herringbone pattern is employed the spur 
trails should be kept to a maximum length 
of 200 feet. Slope. of skid trail as it relates 
to disturbance levels appears . less of a 
concern for slopes less than 10 % . This 
may be a point of contention since 
equipment size and load may vary 
considerably. The situation which produces 
the minimum disturbance level are skid 
trails which are less thari. 200 feet, less 
than 5 % slope, less than 3 % side-hill 
slope, and less than five feet of offset· for a 
chord length of 50 feet for curvature of 
skid trail. 

During the initial harvest design aµd road 
layout these skid trail variables should be 
considered if minimum soil disturbance is 
an objective. This information indicates 
that road placement may increase· soil 
dismrbance if harvest design is not 
incorporated into the overall road design. 
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ABSTRACT: There have always been 
concerns about the impact of timber 
harvesting with conventional ground
based harve~g equipment on many parts 
of the forest ecosystem. One of these 
parts, which is easily measured, is the 
residual stand The interest in small 
tractors (less than 60 horsepower) has 
increased in recent years because private 
landowners are concerned that large 
harvesting equipment may damage their 
woodlot. Several of these small tractors 
in the 12- to 60-horsepower range have 
entered the marketplace. We report on 
residual stand damage following thinning 
operations in northern hardwood stands 
using three small tractors. They include a 
Holder A-60, Pasquali 993, and Forest 
Ant Plots for each tractor were taken 
after the cut to determine damage to 
residual trees. Six classes of damage 
were recorded: bark abrasion, barked 
skinned, root damage, tree broken off, tree 
bent over, and felling damage. The 
following points can be made regarding 
stand damage caused by the tractors: (1) 
The Pasquali caused less damage than the 
other machines; (2) the Forest Ant 
required greater maneuvering to position 
it closer to the felled trees; therefore, 
directional felling was required which 
resulted in greater felling damage; (3) 
stand damage from the Holder was mostly 
due to the larger size and length of the 
load per trip. 

KEYWORDS--harvesting, logging 
damage, small tractors, residual stand 
damage 

INTRODUCTION 

The timber resources in New England 
have increased steadily over the past 20 



years. According to the 1989 RP A 
Assessment, "An Analysis of the Timber 
Situation in the United States: 1989-
2040," the ratio of growth to removals in 
northern hardwoods is estimated to be 
about 2 to 1. Forest-land area also has 
increased: several New England states 
that were 25- to SO-percent forested SO to 
75 years ago are now 70- to SO-percent 
forested. 

As the global economy expands and the 
demand for wood fiber increases for both 
wood products and as a source of 
renewable energy, more. young;.growth 
hardwood forest must be put into 
production. However, there are three 
basic constraints or challenges_ to putting 
these forested sites into production while 
maintaining a sustained yield: · (1) The 
large proportion of forest ·land held by 
private owners (more than 70 percent of 
the available forest land); (2) the. trend in 
decreased size of parcels suitable for 
timber harvesting .. in the Northeast; and 
(3) the. integration of ecosystem 
management principles and environmental 
concerns into harvesting models. The last 
two factors are the principle reasons for 
the interest among landowners and 
foresters in evaluating and developing 
alternative sma11.:.sca1e harvesting systems. 

One of the principle reasons that private 
forest-land owners are concerned about 
harvesting is that large equipment .. may 
damage their woodlot. Another -~portant 
factor is that harvesting small, low-quality 
trees to attain a sustainable yield with 
large equipment often is uneconomical. 

This paper reports residual stand damage 
and logging-residue analysis for three 
groun4-based, small-scale harvesting 
machines that were used to conduct low 
thinnings on the Harvard Black Rock 
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Forest in Cornwall, New York. 

Several studies have evaluated residual 
stand damage in northeastern hardwood 
forests by various ground-based 
harvesting systems and silvicultural 
treatments. Lamson et al. (1985) 
concluded that for a 10- to IS-year cycle, 
damage to residual stems associated with 
individual-tree selection harvest and 
ground-based skidding systems did not 
jeopardize a stand' s potential to produce 
quality hardwood products. Lamson and 
Smith (1988) compared S;.year diameter 
growth of 102 wounded and _102 
unwounded codominant crop trees that 
previously had been thinned in an even
aged Appalachian hardwood stand. They 
found that trees with wounds of at least 
100 inches in size averaged 1.34 inches· of 
diameter growth, while the unwounded 
trees averaged 1 .40 inches. Paired t-tests 
showed no significant difference. Nyland 
(1986) found that logging wounds did not 
influence diameter growth but that trees 
with large wounds were likely to develop 
rot. The study also found that the loss of 
lumber/tree value was not substantial. In 
a study on yellow birch with wounds up 
to 10 years old, Ohman (1970) found that 
stems lost only about 0.7 percent in 
lumber value. For wounds on sugar 
maple that were 10 and 20 years old, 
Hesterberg (1957) found a 3.4-percent 
loss in lumber value. Gathering data on 
practices used for partial cutting in New 
York State, Nyland and Gabriel (1971) 
found that logging damaged about 30 
percent of the residual trees; about 20 
percent suffered major injuries~ However, 
major injuries from felling were twice 
those from skidding. In another study, 
comparing injuries to hardwood stands 
resulting from skidding tree-length logs 
with crawler tractors and· rubber-tired 
forwarders, Nyland and Gabriel ( 1972) 



found little difference in the total 
proportion of skidding injury to residual 
stand damage resulting from these two 
harvesting machines. Although several 
studies have evaluated damage to residual 
stands by various harvesting machines and 
methods for various silvicultural systems, 
little information is available on small 
tractors or harvesting machines such as 
those used in this study. 

TYPES OF TRACTORS STUDIED 

The Pasquali Model 993 tractor, 
manufactured in Italy, is a small, four
wheel-drive tractor with an articulated 
frame and 3- point hitch with live power 
takeoff (pto). It is designed for use on 
small farms, landscape projects, nurseries, 
and light· construction work in 
municipalities. The tractor has a 30-
horsepower (hp) engine large enough to 
power a Farmi JL-25 logging winch. The 
winch has a 5,500-pound line-pulling 
capacity, spooled with 100 feet of 3/8-
inch cable. The Pasquali 993 is 4-1/2 feet 
wide and 8 feet long, and is equipped 
with a 4-foot bucket. Safety options 
include loaded front and rear tires, roll 
bar, skid pan, and wheel chains. The 
average load for the Pasquali on the test 
site was about 1/4 cord or about 1,200 
pounds per turn. The average productive 
time per turn at a 781-foot skid distance 
was 22-1/2 minutes. The owning and 
operating cost (machine rate) in. 1988 was 
$5.77 per hour. 

The next tractor, a Holder A60 F, 
manufactured in Germany, is a small four
wheel-drive tractor with an articulated 
frame and 3-point hitch with pto. It is 
designed for use on farms and in light 
forestry operations. The tractor has a 48-
hp engine, large enough" to power an 
lgland 3000 double-drum winch. The 
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winch has a 6,600-pound line-pulling 
capacity, spooled with 120 feet of 3/8-
inch cable. The Holder A60 F was 
equipped with wheel weights, and front 
wheels were loaded for more traction. 
Safety options include forestry cab, roll 
bar, and skid pan. The average load for 
the Holder on the test site was slightly 
more than 1 cord per turn. The average 
hitch size was six stems or 2,962 pounds 
per turn. The average productive time per 
tum at a 1,126-foot skid distance was 27 
minutes, and the machine rate in 1988 
was $~4.42 per hour. 

In Sweden, where it is manufactured, the 
Forest Ant would be translated as "Busy 
as a Bee." This tractor is designed to thin 
young stands and in large operations is 
used to forward stems to the main skid 
roads. It is a small four-wheel-drive, 
walk-behind tractor equipped with a crane 
type loader and a bunk jaw or clam bunk 
for skidding. The loader has a 10-foot, 8-
inch reach and can lift 330 to 880 pounds 
depending on the reach. The bunk can 
hold a maximum load of 2,000 pounds. 
The average load for the Forest Ant on 
the test site was slightly less than 1 cord 
per tum.· ·The average hitch size ·was 
about seven stems or 1,999 pounds. The 
average productive time per tum at a 253-
foot skid distance was 22-1/2 minutes per 
tum. The machine rate in 1989 was $4.27 
per hour. 

SITE DESCRIPTION AND RESIDUAL 
STAND INVENTORY 

The sites selected for study were located 
in the Harvard Black Rock Forest, 
Cornwall, New York. Three timber tracts 
of relatively uniform size and condition in 
two slope classes of O to 15 percent and 
15 to 30 percent were identified and 
inventoried. Slopes in excess of 35 



Table 1. Pre-test inventory summary (per acre). 

Item Test Site I 

Number of stems 287.0 

Basal area (ft2 ) 116.2 

Volume (ft3 ) 2692.0 

Volume (cords) 33.6 

Average d.b.h. 8.6 
(inches) 

Total area 5.3 
(acres) 

percent were· excluded because of safety 
f~ctors. The stands were mixed 
hardwoods, primarily oak.· Table 1 is the 
pre-test inventory of each test site~ 

Test Site I had an average downhill slope 
of -7 percent Tree form generally was 
good, boles generally were straight, and 
the merchantable height was 2.0 to 2.5 
logs on dominant trees. The understory, 
composed _of dogwood (Camus florida), 
beech (Fagus grandifolia Ehrh.), and red 
maple (Acer rubrum ), generally was 
sparse. The terrain was rough with rocks 
and boulders throughout, and the soil was 
moderately well drained to somewhat 
poorly drained. The stand was considered 
to be a large pole stand in need of a 
thinning to eliminate suppressed,. poorly 
formed diseased and overm.ature trees. 
The site consisted of 5.31 acres with 287 
.stems per acre before cut. Average d.b.h. 
was 8.6 inches with a before-cut basal 
area of 116.2 square feet. The merchant
able volume per acre was 2~692 cubic feet 
or about 33.6 cords. Table 2 describes 
the pre-test inventory and cut residuals. 
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Test Site II Test Site III 

323.0 244.0 

114. 0 96.0 

2416.0 1948.0 

30.2 24.0 

8.0 8.4 

5.7 2.0 

The major species on this site were red 
and chestnut oaks, (Quercus rubra L. and 
Q. castanea L.). These species .accounted 
for . 62 percent of the species mix. Before 
the· trees were marked, the landing and 
skid trails were located. The fellers . were 
directed to fell the trees in a herringbone 
pattern, at a 30- to 60-degree angle to the 
skid trails to facilitate bunching and 
minimize felling and tractor damage to the 
residual stand and to trees along the. trails. 
The objective. for this site was a thinning 
from· below to improve overall stand 
growth. 

Test Site II had an average downhill slope 
of -18 percent (range: 15 .to 28 percent)~ 
Tree form was good, though many oftlie 
trees had considerable butt rot. The 
terrain. was rough and rocky, and the soils 
were moderately well drained. This stand 
also was considered a large pole stand in 
need of thinning to eliminate suppressed, 
poorly formed and overmature trees. This 
site consisted of 5.7 acres with 323 stems 



Table 2. Test Site I pre-harvest and post-harvest summary (per acre). 

Item Before cut Cut Percent Residual 

Number of stems 287.0 160.0 55.8 127.0 

Basal area (ft2 ) 116.2 55.6 47.8 60.6 

Volume (ft3 ) 2692.0 1122.0 41. 7 1570.0 

Volume (cords) 33.6 14.0 41. 7 19.6 

Average d.b.h. 8.6 8.0 9.4 
(inches) 

Table 3. Test Site Il pre-harvest and post-harvest summary (per acre). 

Item Before cut 

Number of stems 323.0 

Basal area (ft2 ) 114.0 

Volume (ft3 ) 2416.0 

Volume (cords) 30.2 

Average d.b.h. 8.0 
(inches) 

per acre. Average stand diameter was 8.0 
inches with a pre-harvest basal area of 
114 square feet The merchantable 
volume on a per acre basis was 2,.416 
cubic feet or about 30.2 cords. Table 3 
describes the pre- and post-test harvest 
inventories. 

The major species on this site were red 
and chestnut oaks, which comprised 
nearly 70 percent of the species mix. The 
understory was sparse, consisting mostly 

Cut Percent Residual 

157.0 48~6 166.0 

48.0 42.1 66.0 

900.0 37.2 1516.0 

11.2 37.1 19.0 
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7.5 8.5 

of red and sugar maple (A. saccharum). 
An existing road was used as part of the 
skid-trail system, and the landing was 
located at the edge of the road and the 
upper end of the test site. Logs were 
skidded uphill to the landing. Trees on 
this site also were felled in a herringbone 
pattern adjacent to the skid trails to 
minimize residual stand damage. 

Test Site III had an average downhill 
slope of -6 percent. Tree form ranged 



Table 4. Test Site III pre-h~est and post-harvest summary (per ac~e). 

Item Before cut 

Number of stems 244.0 

Basal area (ft2 ) 96.0 

Volume (ft3 ) 1918.0 

Volume (cords} 33.6 

Average d.b.h. 8.4 
(inches) 

from good to poor; multiple-stemmed 
trees were scattered throughout. Rock 
outcrops were present but scattered 
throughout the stand. The understory was 
moderately stocked with red maple, red 
oak, chestnut oak, and black birch (Betula 
lenta ). The stand was in need of an 
intermediate thinning to remove multiple
stem trees (clumps), trees of poor form, 
and diseased trees. This 2-acre. site 
contained 244 stems per acre before the 
cut. Average stand diameter was 8.4 
inches with a pre-harvest basal area of 96 
square feet. The merchantable volume of 
the site was 1,918 cubic feet or about 24 
cords per acre. · -Table 4 describes the pre
and post-test harvesting inventories. 

The major species on this site were red 
oak, chestnut oak, and black birch. This 
site was chosen because of its relatively 
flat terrain (the slope -ranged from O to 12 
percent). The Forest Ant was used on 
this site because of the flat, smooth terrain 
and smaller material to be removed. 

:tv.lETHODS 

The three test sites were marked to 

Cut Percent Residual 

66.0 27.0 178.0 

26.0 27.0 70.0 

575.0 30.0 1343.0 

7.2 30.0 26.8 

8.2 8.3 
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remove. approximately one-third of the 
basal area with primarily a. low thinning. 
The wood was skidded in. optimum log 
length to a landing in each . test site· and 
bucked to a 4-foot length. The optimum 
log length was established for each tractor 
based on a I-week pre-test of each tractor. 
The desirable log length for each of the 
tractors was about 25 feet for the 
Pasquali, 30 to 40 feet for the Holder, and 
25 to 30 feet for the Forest Ant. 

The Pasquali and Holder tractors operated 
in a mixed-hardwood pole stand, primarily 
red oak, of uniform size· with a d.b.h. 
ranging from 6 to 17 inches and marked 
for· a low thinning. . The · ground condition 
was rugged, rough and rocky, with 
moderately to poorly drained soil. The 
Forest Ant operated in a large pole stand 
of oak and maple of uniform height with 
a d.b.h. range from 5 to 17 inches, and 
marked for .an intermediate thinning.- The 
ground conditions were smooth to uneven 
with large rocks. 

Plots for each tractor on each of the three 
test sites. were taken to determine the 
type, size in square inches, number of 



stems, and basal area of damage to 
residual trees. The type of damage was 
defined as: 

Bark abrasion--barked rubbed but not 
broken. 
Bark skinned--rubbed off. 
Root damage--bare root exposed. 
Broken off--tree destroyed. 
Bent over--partially or entirely uprooted. 
Felling damage. 

Table 5 shows residual stand damage by 
percentage of basal area and number of 
stems affected for each of the three test 
sites. 

RESULTS 

For the study plots from Test Site I (0- to 
15-percent slope), on which the Pasquali 
tractor was used, about 10 percent of the 
basal area per acre or 15 .4 stems per acre 
had bark rubbed or abrasion damage 
(Table 5). No other type of damage was 
noted for the Pasquali tractor. The · 
abrasion averaged 89. 7 square inches per 
injury and was considered as very light. 
Damage to the main skid trail also was 
considered light, that is, there was a 
damaged tree for every 67 linear feet of 
trail. Average size abrasion damage to 
the skid trail was 120 square inches, and 
the average skinned or bark broken 
damage was 105 square inches per tree. 
The minimal amount of damage was 
attributed to using an optimum tr~e-skid 
length of 20 to 25 feet and relatively 
straight main skid trail. No felling 
damage was noted on the Pasquali test 
site. 

Damage on the 15- to 30-percent slope 
was similar, that is, about 10 percent of 
the residual basal area per acre had bark 
rubbed or abrasion damage (14.0 trees per 
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acre) with no other type of damage noted. 
Damage to the main skid trail was slightly 
heavier ( about every 25 linear feet of 
main skid trail). This was attributed 
primarily to somewhat tighter curves, 
more side or secondary . entry trails, and a 
longer skid distance. Skinned or bark 
broken damage averaged about 95 square 
inches per tree versus 139 square inches 
of abrasion or barked rubbed damage. 

We conducted a logging-residue analysis 
for both slope classes. The inventory 
showed that about 533.3 cubic feet or 
4.17 cords of wood 4 feet and longer 
were left on the 0- to 15-percent slope 
site, and that 7 44 cubic feet or 5 .81 cords 
were left on the 15- to 30-percent slope 
site. 

Study plots on which the Holder tractor 
was used indicated that on the 0- to 15-
percent slope class, 6.8 percent of the 
basal area or 6.5 stems per acre had bark 
rubbed or abrasion damage; 11. 7 percent 
of the basal area or 1.5 stems per acre 
suffered bark broken or skinned damage; 
and 2.9 percent of the basal area or 1.5 
trees per acre had root damage. 

. . 
Total damage recorded on the 0- to 15-
percent slope with the Holder tractor was 
21.4 percent of the basal area or 9.5 trees 
per acre. The amount of damage per tree 
averaged 151.3 square inches of abrasion 
and 46.8 square inches of skinned or bark 
broken damage. We considered this 
damage as light to moderate. 

On average, skid-trail damage with the 
Holder tractor occurred about every 80 
linear feet of trail. Abrasion damage was 
the most common damage, averaging 
about 13 7 .8 square inches per tree. 
Skinned or bark broken was the next most 
common damage, averaging 50.5 square 



Table 5. Residual stand damage by site and tractor (percent of basal area and number of stems affected). 

Site I Site II Site I Site II Site III 
112-151 alai:u~l U5-Jl21 al~el UHSI ala1u1l U5-JDI al0;ge) UH51 alaRal 

Category BA Stems BA stems BA Stems BA Stems BA Stems 

--------------- Pasqua11~-------------- ----------------Ha.lmu:----------------- ---------Forest Ant---------

1. Bark rubbed 10.4 15.4 10.3 14.0 6.8 6.5 14.4 8.2 25.7 23.2 

2. Bark broken 11.7 1.5 4.3 6.9 4.3 13.5 

3. Root damage 2.9 1.5 

4. Broken off 

s. Bent over 1.4 6.5 

6. Felling damage 15.2 29.4 5.7 8.4 
~ 

00 21.4 9.5 33.9 39.4 37.1 51.6 0 Total damage noted 10.4 15.4 10.3 14.0 

Total without Hl 14.6 3.0 19.5 31.3 11.4 28.4 



inches per tree. We attributed the light 
damage to a nearly straight skid trail. 

The-log residue inventory tallied 597 
cubic feet or 4. 7 cords of wood 4 feet or 
longer remainine on the site· that had 
potential as firewood. 

On the 15- to 30-percent slope, abrasion 
damage was 14.4 percent of the b~ area 
or 8.2 stems per acre, and the bark broken 
or skinned damage was 4.3 percent of the 
basal area or 6.9 stems per acre. The 
abrasion damage averaged 76.6 square 
inches and bark broken or skinned 
averaged 56.2 square inches per injury. 
Again, we considered this damage as very 
light. 

This site also experienced felling damage 
to 15.2 square feet of basal area or about 
24.4 stems per acre. The felling damage 
occurred because of the larger trees being 
felled on this area, and because the steep 
terrain made directional felling more 
difficult than on the gentler slope. 

Total damage on this site was 33 .9 square 
feet of the residual basal area or 39.4 
stems per acre. If the felling damage is 
excluded, total damage is reduced to 14. 7 
square feet of basal area or 15 .1 trees per 
acre. 

Skid-trail damage for both bark abrasion 
and skinned trees averaged a damaged 
tree every 56.5 linear feet of trail: 
Although there was slightly more damage 
along the skid trail, it was considered as 
light and was attributed to a fairly straight 
trail with few side or secondary skid 
trails. 

The logging residue inventory tallied 68.8 
cubic feet or 5.4 cords of 4-foot wood and 
longer remaining in the wood that had 
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potential as :firewood. 

The Forest Ant was the only machine that 
operated in Test Site III because the 
average stand diameter was smaller and 
the terrain was relatively flat. 

Damage on the site on which the Forest 
Ant was used was considered as 
moderate. Analysis showed 25. 7 square 
feet of basal area with bark abrasion or 
23.2 trees per acre and 4.3 square feet of 
basal area with skinned bark, or 13.5 trees 
per acre. The site showed 6.5 trees per 
acre that were bent over ( 1 .4 square feet 
of basal area) and 8.4 trees per acre with 
felling damage (5.7 square feet). 

The abrasion damage averaged 80.2 
square inches per tree and skinned or bark 
broken damage averaged 20 square inches 
per mJury. 

This site had an upper and a lower skid 
trail. The greatest damage was on the 
upper trail, every 3 2 linear feet of trail. 
Most of this was abrasion damage, an 
average of 96.3 square inches per tree. 
This increase in damage was attributed to 
several side or secondary skid trails since 
the Forest Ant requires that the machine is 
within boom reach of stems to be· loaded. 
The lower trail experienced an injury 
every 7 5 linear feet. No broken bark was 
observed. 

The logging-inventory residue showed 
226.52 cubic feet or about 1. 7 cords of 4-
foot wood or longer. This material could 
have been taken out as firewood. The site 
also experienced some felling damage that 
was somewhat higher than on other test 
sites. We attributed this increase in 
damage to smaller stem sizes and more 
stems per acre. 



Total damage on the site was 3 7.1 square 
feet of basal area or 51.6 stems per acre. 
If the damage in the felling and bent over 
categories are removed from the total, 
total damage is then reduced to 30.0 
square feet or 36.7 stems per acre. 

DISCUSSION 

The extent of residual stand . damage both 
in wound. size and type of damage from 
thinning northern hardwood stands can 
differ from one ·harvesting operation to 
another. The results of this study 
indicated that residual stand damage from 
the use of small tractors on two different 
slope classes is. minimal. From damage 
analysis and· direct observation, the small 
size and maneuverability of these 
machines contribute greatly to minimizing 
stand ·damage. Other factors such as skill 
of the operator and preplanning of the 
operation, especially layout of skid trails 
and directional felling, also influence the 
amount of damage during logging. 

The trend toward· smaller woodlots, the 
heightened awareness of environmental 
impacts and the need to integrate 
harvesting with objectives for ecosystem 
management in the Northeast make 
smaller machines much more attractive as 
an alternative to conventional ground
based harvesting systems. 

To evaluate the soil compaction from 
these machines, soil density samp~es in 
the skid trails were taken before and after 
logging.. Measurements of bulk density · 
were used as a measure of compaction. 
Although some compaction in the skid 
trails was observed, the results were so 
varied that no definite conclusions could 
be made. The heavier machines and 
number of turns influenced compaction 
which appeared to be greater in these 
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areas. On the basis of visual observation 
of the amount of soil disturbances and soil 
compaction, we concluded that these 
tractors had little effect on the soil. mantle. 
We also concluded that the freezing and 
thawing that occurs over the winter would 
restore the soil structure to its original 
density and porosity. 

CONCLUSIONS 

Stand damage to residual trees from 
harvesting with small tractors is minimal. 
If the bark abrasion category is removed 
from the analysis,' open wounds would 
amount to about 5 percent of the residual 
basal area per acre. The following points 
can be made for each of the tractors · 
studied: 

* The Pasquali tractor operating· on two 
slopes caused fewer open wounds than 
the other machines. 

* The F~rest Ant required more 
positioning and maneuvering to place it 
close to the felled trees. This required 
the cutter to fell trees in a pattern that 
allowed better positioning of the 
machines for ease in loading. Stand 

· damage from this machine· was 
considered as very light 

* The Holder· caused more broken bark 
injuries than the other machines, most 
likely due to larger size loads and 
longer tree length of the load per trip. 

* When small tractors are used for 
harvesting operations in small 
woodlots on slopes of Oto 30 percent 
and under varied site conditions, little 
damage to the residual stand can be 
expected. 
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THE POTENTIAL OF REGROWTH 
EUCALYPTS TO CONTRIBUTE TO 
WOOD PRODUCTION 
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ABSTRACT: Efficient ways of 
controlling stand density could increase 
hardwood pulp and sawlog production 
from Australia's regrowth eucalypt forest. 
This paper describes recent work on the 
spacing of young, naturally regenerated, 
ash-type eucalypts. 

A characteristic of most eucalypts is their 
capacity to coppice vigorously. This, 
combined with high levels of logging 
debris on the forest floor, imposes 
constraints on the methods of spacing that 
can be used in many areas. 

Experiments with different spacing 
technologies are described. The injection 
of glyphosate, using a device developed to 
ittject many small trees per acre, proved 
most applicable to the conditions 
encountered. Injection time per tree was 
reduced by 50% compared with traditional 
'notch and squirt' techniques. 

The thinning of a thirty year old stand of 
silvertop ash (Eucalyptus sieberi), part of 
which had been spaced at 10 years of age, 
provided an example of the costs and 
benefits of early spacing. Early spacing 
reduced thinning costs by about 20%, 
increased pulpwood yield by 30% and 
increased the size of the trees left after 
thinning by 60%. Spacing costs were 
recouped by the first thinning. 

High levels of logging debris resulted in 
high spacing and thinning costs. It is 
suggested that pulpwood harvesting 
should be focused on those sites likely to 
respond to more productive management. 
There is also scope for the better 
organisation of the work; currently logging 
is mostly done by contractors and 
silvicultural treatments by the forest 
services. By integrating logging, site 
preparation and spacing activities and 



contracting these out, an opportunity will 
be provided for the development of 
innovative and efficient technologies. 

KEYWORDS--Regrowth, Eucalypts, 
spacing, pre-commercial thinning, 
herbicide, stem injection. 

INTRODUCTION 

About 60% of Australia's annual wood 
harvest comes from its 100 million acres 
of native eucalypt forests, the rest from 
pine plantations. The proportion from 
the eucalypt forest is declining because· of 
reduced access to old growth forest· and 
the maturation of about 2~5 million acres 
of pine plantations. 

Eucalypt forests are extremely diverse and 
range from tall, even-aged stands in excess 
of 300 feet in height (mountain ash (E. 
regnans) is the worlds tallest hardwood), 
to· savannah woodlands less than 40 feet 
high. The production forests of the 
temperate south-eastern and south-western 
regions of Australia, are characterised by 
even aged stands of one or a few species. 
The complexity of the forest increases 
northwards, along the east coast towards 
the sub-tropical forests. 

The productive capacity of many of these 
forests is not much less than that of the 
plantations; they are mostly just old or 
depleted by selective cutting over many 
years. 

Prior to the eighties, the supply of 
hardwoods. exceeded demand and there 
was little incentive to manage· them more 
productively. Logging for sawlog only 
and the ·durability and size · of the logging 
residues has left a legacy of extremely 
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difficult access within much of the 
regrowth forest. Until the early seventies, 
when export wood chipping commenced, 
the market for pulp wood was quite 
limited. Today, the supply of pulpwood 
remains in excess of demand and in some 
regions the limited market for pulpwood 
results in high levels of hardwood 
remaining on the forest floor. 

Growth Characteristics 

High increments early in the stand' s life 
largely explain why eucalypts respond so 
well to early spacing. Figure 1 shows the 
current annual increment (CAI) of an 
undisturbed stand of messmate stringybark 
(E.obliqua), a representative member of 
the ash group of the Eucalypts. . 

Spacing the stand before increment peaks 
and when losses due to mortality are high, 
is a more effective way of increasing wood 
yield than by thinning at an age when 
increment is declining. 

Branch development has a major influence 
on sawlog quality. The growth of large 
branches early in the rotation will produce 
!arge knots and internal defect and .decay, 
although there appears to be some 
variation in response in different species 
(Marks, Incoll and Long, 1987). To 
ensure a good yield of pulpwood from the 
first commercial thinning and reduced 
branch development, early spacing 
treatments should be relatively 
conservative. 

Pre~cted Benefits of Early Spacing 

An earlier project - the Young Eucalypt 
Program - explored the growing, 
harvesting pulping and sawing of 
regrowth in the two most south-eastern 
States, Tasmania and Victoria. Growth 
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Figure 1. Variation in Current Annual Increment with age for stands of E.obliqua (after 
West, 1993). 

and economic modelling predicted that an 
investment in the spacing of selected, 
even-aged regrowth mountain ash (E. 
regnans) could improve their productivity 
and reduce costs of production (Table 1). 
The predicted outcomes were relatively 
insensitive to spacing costs (Rawlins, 
1991). 

In this analysis, the quality of available 
information on both the costs of spacing 
and growth response to different spacing 
treatments, was limited. This work 
prompted the further exploration of 
spacing technologies and the establishment 
of some 50 pe~nt growth plots each 
of 0.2 acres. These plots will be used to 
monitor the effect of the quite different 
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spacing treatments on growth and log 
quality. . 

Spacing Technologies Considered 

Spacing (pre-commercial or 
non-commercial thinning, or tending) 
eliminates some or all of the competing 
trees at an early age to encourage the 
growth of remaining trees. The wood is 
not utilised. Techniques considered 
included: 

Direct Injection Of Herbicides - In 
Australia the technique of notching and 
injecting herbicide (usually glyphosate) has 
been used to space eucalypt regrowth and 
we have a reasonable understanding of 



Table 1. Predicted yields and financial returns in fully stocked mountain ash. 

Unthinned Thinned8 Spaced & Thinnedb 

MAI ('fr/acre/yr) 170 200 260 

NPV @ 4% discount ($A/ac)C 1,800 2,700 5,800 

%inning at year 25 and a 65-year rotation. 
bEarly spacing at year 5, thinning at year 20 and a SO-year rotation. 
C$A = 0.72$US. 

likely dosages and costs (Roberts and 
McCormack 1991). A -combined notching 
/ injecting hammer has been designed for 
treating dense, young regrowth stands. 
Clearing Saws - Hellstrom (1992) reports 
that in Sweden clearing saws are used to 
space about 1 million acres of coniferous I 
hardwood regeneration per annum. Their 
productivity in regrowth eucalypts bas 
been described by McCormack & Roberts 
(1991) and found to be less in eucalypts 
than in Nordic conifer/ hardwood stands, 
probably because of larger stem sizes. 
With eucalypts, treatment is delayed until 
canopy closure to suppress coppice 
growth, but at this stage the trees are too 
large for the. efficient use of clearing saws. 

Freij (1991) reports on the value of a 
herbicide brush attached to the saw in 
controlling coppice, at the cost of some 
output. The significance of this 
development is that it allows the clearing 
saw to be used in stands · with tree sizes for 
which i~ was designed .. It will also permit 
a degree of weed control. 

Mechanised Spacing - The mechanisation 
of spacing is being pursued on both a 
non-selective and a selective basis. In 
Canada there are large tracts of even-aged 
coniferous regrowth and non-selective or 
corridor spacing is being explored (Ryan, 
1988). . Such treatments involve the 
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complete removal of a strip or corridor, 
leaving an untreated strip between 
corrid9rs. The cut is usually made by a 
continuously moving machine with either a 
vertical or a horizontal axis cutting head. 

R&D into selective early spacing has been 
pursued in the Nordic countries for about 
10 years and several machines of similar 
configuration are now operational (Freij, 
1991). High ground clearance allows 
them to pass over trees and to selectively 
space the stand, without the need for 
access corridors. Potentially these 
machines are of considerable interest 
because of theb; capacity for weed control 
as well as spacing. The coppicing of 
eucalypts and current levels of logging 
debris limit their immediate application in 
regrowth eucalypts. 

RECENT SPACING STUDIES IN 
REGROWTH 

A series of Qperational trials was 
conducted in eastern Victoria - the extreme 
south east of the continent - to evaluate the 
efficiency and effectiveness of a number 
of different spacing technologies and 
treatments. The site was characterised by 
dense, young, fire regenerated regrowth 
stands ranging from 5 to 20 years of age. 
The operators experienced differing 
degrees ·of difficulty for movement within 



Table 2. Spacing costs ($A/acre) in regrowth E. sieberi. 

Spacing age (yrs) 

Good access 

Moderate access 

Difficult access 

5 

200 

290 

the stands. 'Within stand access' was 
determined by a combination of understory 
and residual logs on the forest floor. 

The trials covered some 25 acres and 
studied operational efficiency and their 
effect on stand development. The 
technologies and treatments evaluated 
included: 

Corridor spacing - in which alternate 8 ft 
wide strips were cut with a Hydro-Ax with 
the remaining bay untreated. 
Corridors plus selective spacing by 
clearing saw - . An 8 ft wide corridor was 
cut with a Hydro-Ax leaving a 20 ft wide 
bay in which trees were spaced with a 
clearing saw. All competing trees and 
undergrowth were removed. 

Corridors plus selective spacing by stem 
injection - An 8 ft wide corridor was cut 
with a Hydro-Ax leaving a 20 ft wide bay 
that was spaced by injection with 
glyphosate. Only trees competing with the 
crop trees were treated, suppressed trees 
and undergrowth remained untreated. 

The study established a clear advantage in 
using the stem injection technique where 
access was categorised as easy to 
moderate. At 8 years of age, tree size 
and undergrowth. were unsuited for the 
clearing saw and this treatment also 
produced heavy coppicing. The 

8 
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ma 
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100 
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Hydro-Ax· showed potential in stands of 40 
ft in height and diameters up to 6 inches. 
However, logging residue seriously 
inhibited the productivity of the machine 
and the quality of the work (Kerruish, 
Roberts and Gorman, 1992). 

Table 2 shows costs for the stem injection 
technique, although the difficult access 
category included the cost of cutting 
corridors through heavy undergrowth to 
improve operator access. Approximately 
half the basal area was removed in all 
treatments. Costs correlated more closely 
with ease of access, as determined by 
logging residue and undergrowth, than 
with the age of the stand. 

BENEFITS OF SPACING REGROWTH 
- ANEXAMPLE 

A 30 year old stand of silvertop ash (E. 
sieben) was located, of which part had 
been spaced to -about 600 stems per acre 
at 10 years of age. Figure 2 illustrates 
the effect of spacing on the size of the 
trees to be harvested immediately prior to 
the thinning operation at age 30 (Kerruish, 
Roberts and Lutze, 1994b). 

The effect of spacing has been to reduce 
the number of small, suppressed trees to 
be harvested and to increase the number 
and size of co-dominant trees. It is of 
interest that spacing has not notably 
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Figure 2. Comparative diameter distribution of unspaced and spaced stands. 

influenced the size or number of dominant 
trees. 

A contract crew harvested the area using a 
grapple har:vester to produce 16 ft, 
de-barked pulpwood for extraction by 
forwarder. Detailed time studies measured 
the productivity of the harvesting system 
in the two stands, providing a basis for 
calculations presented in Table 3. 

The lower thinning cost in the spaced 
stand was due to the larger average size of 
the harvested trees and the reduced 
number of very small trees (Figure 2). The 
above calculations assume that pulpwood 
stumpage is $A 10.00 per tonne, 
harvesting economies accrue to the 
investor, spacing costs are $A 140.00 per 
acre and the investment in spacing is 
compounded at 5 % per year for 20 years. 

While this was not a replicated study, the 
differences in yield and growth rates are 
consistent with those predicted by 
ST AND SIM, a computer growth model 
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(Kerruish, Roberts and Lutze, 1994a). 

DISCUSSION AND CONCLUSIONS 

The estimated cost of spacing 5 to 20 year 
old stands of E. sieberi regrowth was 
between $A 100 to $A 360 per acre. The 
cost depended largely on ease of access 
within the stand. By avoiding the most 
difficult sites, costs could be kept to 
between $A 100 and $A 200 per acre, 
using the stem injection technique 
described. 

It was demonstrated that these costs (plus 
interest) could be recouped at the first 
commercial thinning from reduced 
harvesting costs and additional pulpwood 
yields. 

Poor internal access is common to much of 
the region because of the size and 
durability of the logging residues and 
iimited pulpwood markets. This limits 
the technologies that might be used to 
space regrowth and the forest manager's 



Table 3. The effect of spacing on the yield and costs of wood production. 

Unspaced Spaced 

Spacing increased pulpwood yield by 30% and cut harvesting cost by 20% 
Tonnes harvested/acre 53 70 
Thinning costs ($A/tonne on truck) 

Spacing costs were recovered by returns from thinning 
Return from thinning ($A/acre) 
Est. spacing at year 10 plus interest ($A/acre) 
Net return to grower ($A/acre) 

Size and volume of future crop trees increased 
Av. vol. of remaining trees (ft') 
Standing merch. vol. (ft'/acre) 

ability to choose the timing of the 
operation to minimise the effect of 
understorey. 

Experience with the commercial thinning 
of regrowth has indicated that wood costs 
are high, largely because of widely 
varying stocking and tree sizes within the 
logging compartment. As illustrated in 
Figure 2, spacing can address this 
problem, but only if access within the 
stand is good. 

It is concluded that greatest gains are 
likely to be made by integrating logging 
and re-establishment. There is 
considerable opportunity for innovative 
development of logging, site preparation, 
seeding / planting and spacing technologies 
for which contractors have demonstrated a 
considerable capability. Some 
re-structuring of the logging industry is 
required to encourage contractors to be 
invc;,lved in a wider range of activities. 
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ABSTRACT: The cost and utilization 
were compared for a thinning operation 
removing the stems as roundwood with a 
flail chipper operation. The flail chipper 
operation recovered an additional 4.2 tons 
of acceptable chips per acre which resulted 
in a higher return to the site. There was 
little difference in the cost of acceptable 
chips delivered to the digester between the 
two methods of thinning. 

KEYWORDS-Flail delimbing-debarking, 
woodlands chipping, logging costs, 
thinnin3 

INTRODUCTION 

There are 11.4 million hectares of pine 
plantations established in the Southeastern 
United States (Faulkner, Pers. Comm.). 
Regardless of the final product, all of 
these plantations are planted to an initial 
stocking of 1500 to 2000 trees per hectare 
so that competition from undesirable spec
ies can be reduced. A large proportion of 
these stands are being grown for solid 
wood products; thus, the plantations must 
be thinned (usually between the ages of 10 
and 23) to a stocking of 200 to 500 trees 
per hectare. The thinnings will allow for 
optimal growth of sawlogs and plylogs. 
The first thinning is usually accomplished 
prior to age 15 and all of the material re
moved is used for pulpwood. If more than 
one thinning is carried out in a plantation, 
the later tbinnines will remove some stems 
suitable for solid wood products. 

In the past these tbinnings were 
accomplished with manual operations using 
chainsaws for felling and bucking the 
stems. These manual crews could carry out 
a purely selective thinning. These 
operations have been replaced with 



mechanized crews using feller-bunchers 
and rubber tired grapple skidders as safety 
and labor availability became major_ 
concerns. The feller-buncher and skidder 
were so large that corridors· were needed 
to facilitate movement. Thus, the practice 
of clearcutting every third or fifth row and 
selecting stems to be removed from the 
remaining rows evolved. 

It should be noted that a few harvester
forwarder operations have been employed 
to perform the second and later thinnings. 
This system has ·advantages in all weather 
operation and for merchandizing the more 
valuable products in the forest. However, 
the harvester forwarder system has not 
become dominant due to fact that the 
harvester is not large enough to handle the 
mature stems if a final harvest and. due to 
the initial cost of the equipment. 

The major problem in the feller~buncher 
sldddei; thinning operation has been the 
mer.haniz.ation of delimbing. For many 
years the stems were .delimbed_ by the 
skid(Jei' backing the stems through a 
stationary "gate". This caused extreme 
wear on the skidder as well as robbing 
productive time from the skidder. The idea 
of using chain flails was tested for 
delimbing and was found to be effective 
not only in delimbing but in debarking also 
(Watson and Twaddle, 1990). Thus, the . 
teaming of flail delimber-debarkers with 
woodlands chippers became a prominent 
system for processing the thinned stems. 
The production of woodlands chips is 
more cost competitive in processing the 
smaller first tbinnings than it is in 
processing mature stands being harvested 
for fiber (Watson et.al., 1991). 

Over 200 of the separate flail units for use 
with chippers have been manufactured. In 
recent years the major roamifacturers have 
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combined the flail and the chippier into 
one unit for deliming and chipping. For 
example, Peterson-Pacific now has 
manufactured 65 integral flail-chipper units 
and Morbark has 35 in operation. 

The newest method for delimbing in use in 
pine plantation tbinnings is the pull 
through delimber. These units have grab 
arms sharpened for delimbing mounted on 
a knuckleboom loader. The pull through 
delimbers were developed· to improve de
limbing cjuality on stems being processed 

· for solid wood products and are now being 
utilized in tbinnings. The pull through de
limber eliminates the need for a chainsaw 
in the operation, therefore reducing the 
potential safety hazards and the cost of 
workman's compensation insurance. 

EVALUATING ALTERNATIVE 
THINNING SYSTEMS 

It is considerably more difficult to 
compare flail-chipper thinning operations 
with round wood thinning· operations than 
to compare harvesting operations where 
the final products are fungible .. The 
measurable output of a flail-chipper 
thinning operation is chips while the output 
measured from a roundwood operation is 
wood and bark. The flail chipper operation 
captures stems that can not be handled in 
roundwood operations and is believed to 
make better use of some of the larger 
stems. The roundwood is debarked at a 
pulp mill using drum debarkers and the 
drum losses are recovered for fuel. The 
quality of the chips produced by the woods 
chipper is often different from the chips 
produced from the roundwood at the 
pulpmill woodyard. 

Thus, a cost comparison of a roundwood · 
thinning system with a woods chipping 
thinoine system must be carried out at the 



Oe I i ver-ed Loo 
100!IIS 

~ ~ 
Buc~ed Loos Ker-~ Loss 

99.3~ 0.7~ 

I~ 
Ch I ps Or- um Loss 

SO.Cl% 10.°" 
(89.49') (9. 9%) 

I~ I"" Bark White Wood White Wood Bark 

0.2% 99.8% 12.4% 87.~ 
(0.2%) (89.~ (1.2'() (8.~ 

//"'~ Pins Fines Ac:ceptsC2-10rrvn) Ove~s 

2.S~ 0-~~7S.7S ~rOvers 
...--"-... 

~Accepts (2-10rm) Rejects 
Tote I Accepts 6~ 3~ 

89.~ 

(79. ill) 

(Numbers an parentneses are the percent or del 1vered IOO) 

Figure 1. Losses and utilization observed 
during woodyard studies. 

pulp mill digester. Credit must be given 
for the value of debarking drum losses as a 
hog fuel to the roundwood. Likewise a 
credit for incremental utilization of the 
above ground biomass must be given to 
the woods chipping operation. Differences 
in the production of acceptable chips for 
pulping must be accounted for in the 
analysis. 

This paper will outline the results of a 
study carried out in cooperati9n with Boise 
Cascade Corporation on their woodlands 
and woodyard near DeRidder, Louisiana. 
The production of two thinning operations 
(one producing tree-length roundwood, one 
producing woodlands. chips) was monitored 
as each operation thinned three twenty acre 
loblolly pine (pinus taeda) plantations. 
Utili7.ation, production and cost smdies 
were carried out simultaneously and are 
reported below. 
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UTIUZATION STUDIES 

Intensive utilization studies were carried 
_out on stems selected from stands 
adjoining each plantation. The stems used 
to estimate roundwood utilization were 
weighed before delimbing, after delimbing 
and topping at a 3.5 inch top, and a 
subsample of trees were hand debarked so 
that whitewood yield could be estimated. 

A total of 182 trees were weighed and 
measured in the intensive studies. The best 
prediction equations for total weight and 
merchantable weight from this data were: 

TOTWT = 4.97 + 0.209 (DBH)2 (TOTHT) 

with r2 = .938, and. 

WT (3.5) = -7.98 + 0.149 (DBH)2 (TOTHT) 

with r2 = . 908, where 

TOTWT is total weight, 
DBH is diameter breast height, 
TOTHT is total height, 
WT(3.5) is weight of merchantable 
stem to 3.5 inch top. 

Thirty-one stems were hand debarked in 
this study. The best predictor of percent 
bark on the merchantable stem was: 

%BARK = 12.543 - 0.579 (DBH) 

with r2 =.218. 

The roundwood harvested from two of the 
plantaii:ons was accumulated at the , 
pulpmill woodyard and processed 
separately during one shift. Note that this 
woodyard slashes the tree length stems, 
therefore there is a kerf loss due to this 
sJasbing. Chip and bark samples were 
taken during the woodyard study. The 



Table 1. Predicted weights of trees and yield of acceptable chips by diameter class . 

OBH 
(in) 
3 
4 
5 
6 
7 
8 
9 

10 
11 

Average 
Total 

Height 
(ft) 
33.8 
37.6 
40.6 
42.9 
44.4 
45.2 
45.2 
44.S 
43.0 

Total 
Weight 

(lbs) 
68.53 

130.66 
217.24 
327.84 
460.12 
609.86 
770.96 
935.40 

1093.28 

chips were analyzed for quality on the 
Radar CC2000 chip classifer and the 
whitewood content of the bark was 
analyzed. Acceptable chips are defined 
here to be between 2mm and 8mm thick. 
The utilization of the roundwood observed 
at the woodyard is shown in Figure 1. 
(The yield of acceptable chips 
manufactured by rechipping was not 
observed. Rechipping yields were · 
estimated by Desmond Smith (U.S. sales 
manager with Acrowood Corporation, 
Everett, WA). 

The yield of ·acceptable chips for a tree in 
any DBH class when processed as 
roundwood can be estimated using the 
weight and bark prediction equations and 
the woodyard observations shown above in 
Figure 1. The average height by diameter 
class for· the stems measured in the 
intensive smdy are shown in Table 1 along 
with estimates of total weight and 
merchantable weight. Multiplying the 
merchantable weight by 79. 7% gives the 
estimate of acceptable chips that can be 
expected from· a tree in each diameter 
class. (Note that trees in the 3 'and "4 inch 
classes would not be sufficiently large to 
process as roundwood but the feller
buncher operators would have ·been 
instructed to fell these trees.) 

The utilization of the stems by the flail-

Merchantable 
Weight to a 

3.5 11 Top 
(lbs) 

Weight of 
Accepts 

_Round wood 
(lbs) 

Weight of 
Accept~ 

Flail-Chipper 
(lbs) 
37.38 
71.33 

143.35 
222.20 
316.50 
423.26 
538 .11 
655.34 
767.90 

114. 25 
177. 09 
252.25 
337.34 
428.87 
522.30 
612.02 

118.71 
179.30 
251.86 
334.12 
422.53 
512.66 
599.19 
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chipper unit was studied by preparing 12 
bundles of stems to be processed through 
the Peterson 5000. Seven of the bundles 
were composed of stems from a single 
diameter class ( diameter classes from 3 to 
9 inches DBH were represented). The 
remaining bundles had stems taken either 
from clearcut rows or selections between( 
the rows only. Each bundle was 
weighed prior to processing (weights 
ranged from 2000 to 8410 pounds). The 
bundles were then processed through the 
flail-chipper unit and the flail rejects and 
chipper rejects for each bundle were 
cap~red and weighed (see Table 2). 
Utilization differences among the diameter 
classes were not significant. Possibly 
additional data would have revealed a 
significant trend of better utilization as 
diameter increased. However, it is"' obvious 
that the variation in utilization would be 
great within a diameter class, and the cost 
of replicating this part of the smdy until 
significance was fo.und would be 
prohibitive. Thus, the average yield of 
chips of 60.6 % of the whole tree will be 
used in the analyses that follow. 

Chip samples were taken from each van of 
chips produced in the woods during the 
production studies and from chips made 
from each test bundle during the intensive · 
studies. The chips were analyzed for thick
ness on a Radar CC2000 chip classifer. 



Table 2. Rejects and chips as a percent of whole tree weight for trees processed 
by Peterson 5000. 

DBH Flail Reject 
(in) 

3 43.2% 
4 31.8% 
5 37.2\ 
6 38.5% 
7 34.0% 
8 40.7% 
9 33.5% 

3 to 9 (clearcut) 34.4% 
3 to 8 (clearcut) 30.6% 
3 to 7 (select) 38.6% 
3 to 6 (select) 41.2\ 
3 to 5 (select) 41.1% 

Oneway analysis of variance was used to 
test for differences in the percentage of 
acceptable chips by diameter class. No 
significant differences were found. Thus, 
the utilization and losses from the whole 
tree that could be expected when trees are 
processed by the flail-chipper unit are 
shown in Figure 2. The weight of 
acceptable chips produced by the flail
chipper can then be estimated by 
multiplying 54.6 % by the estimated total 
weight of the tree (see Table 2). 

To compare the utilization by the two 
methods of thinning, a common bases must 
be established. In this case we can use the 
average number of stems per acre that 
were thinned in each diameter class in the 
chipped plantations to compare the 
expected yield of acceptable chips. (The 
chipped plantations are used because the 3 
and 4 inch diameter classes were processed 
in the chipped plantations but would not 
have been recovered by the roundwood 
operation.) Boise Cascade foresters carried 
out a prebarvest and a post harvest 
inventory on all of the test plantations and 
the average number of stems removed in 
each diameter class is shown in Table 3. 
Multiplying the expected acceptable chip 

Chii;;ieer Rejects Wooodlands Chi:gs 
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1.8% 55.0% 
1.2\ 67.0% 
1. n. 61.1% 
1.6% 59.9% 
1.St 64.5% 
1.1% 58.2% 
l.Ot 65.5% 
1.5% 64.1% 
1.4% 68.0% 
1.6% 59.8% 
1.4%. 57.4% 
1.5% 57.4% 
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Figure 2. Utilization and losses observed 
for the flail chipper unit. 

yield for each thinning method for a tree 
in each diameter class by the average 
number of trees in diameter class gives the 
the total yield of acceptable chips. In this 
comparison, the flail-chipper unit would 
recover an additional 4.2 tons of chips per 
acre. The roundwood operation would 
recover 47 % of the biomass that was felled 
and the flail chipper operation would 



Table 3. Acceptable chip yield per acre for the average number of stems removed per acre. 

Average Number Yield of 
of Stems Removed Accepts 

Qfil:! eer Acre Roundwood 
(in) (lbs) 
3 47.S 
4 87.9 
5 89.3 10,202.52 
6 65.3 11,564.09 
7 54.3 13,697.41 
8 19.6 6,611.84 
9 11.7 5,017.80 

10 0.6 313.38 
11 1.8 1,101.63 

Total 378.0 48,508.67 

recover 55 % of the biomass that was 
felled. When only the 5 through 11 inch 
classes were considered, the roundwood 
operation recovered 54 % of the biomass 
and the flail chipper recovered 55 % . 

THINNING COSTS 

Production studies were carried out as 
each of the plantations were thinned. The 
plantations were paired so that each pair 
was similar and each operation thinned one 
plantation in the pair. Two pairs were 12 
years old and one pair was 14 years old. 
Four of the plantations were· thinned in 
August of 1993 (two were chipped and two 
were processed as roundwood). The 
remaining two ·plantations were thinned in 
January, 1994 with one being processed as 
roundwood and one chipped. 

The equipment used in each operation and 
the estimated cost per machine hour for 
each machine are reported in Table 4. 
Production data collected included the 
productive hours for each machine, the 
crew hours and the total tons of wood 
produced from each plantation. Cost 
estimates for each plantation were· obtained 
by multiplying the machine usage by the 

197 

Yield of Total 
Accepts Weight of 

Flail-Chieeer Removed Trees 
(lbs) (lbs) 

1,775.78 3,255.30 
6,270.34 . 11,484.68 

10,600.69 19,399.37 
11,708.23 21,407.75 
13,676.18 24,984.51 

6,548.73 11,953.35 
4,943.65 9,020.21 

307.59 561.24 
1,078.54 1,967.91 

56,909.72 104,034.33 

machine rates given in Table 4. Labor 
costs were found by multiplY.ing crew 
hours by a loaded labor rate of $11. 88. 
The loaded rate for the foreman's salary 
on the chipping operation was $17 .82. A 
summary of the production and cost 
estimates for thinning each plantation is 
contained in Appendix A._ ·The average 
stump to truck cost over all the plantations 
was $13.58 per ton of chips for the 
chipping operation and $9~19 per ton of 
roundwood for the roundwood operation. 

Hauling costs were estimated .using rates 
reported by Kinder, Feamster and Cubbage 
(1993). A rate of $1.24 per mile v.Yas used 
for the· tractor and chip van while a rate of 
$1.17 per mile was used for the tractor 
and log trailer. On the round'Yood 
operation, the tractor -~ould spot the empty 
trailer and connect to a loaded trailer. 
Thus, a delay time for loading and 
unloading was assumed to be 45 minutes. 
The tractor would remain connected 10 the 
chip van to avoid problems with the chip 
van toppling over due to a high center of 
gravity on the chip van. Thus a delay time 
for loading and unloading was assumed to 
be 1.5 hours for-each chip van. An 
average travel speed of 45 miles per hour 



Table 4. Equipment used in harvesting studies and estimated cost per machine hour. 

Woodlands Chipping Crew Roundwood Crew 
Machine Cost/Machine Hour Machine Cost/Machine Hour 

Feller-Buncher $36.11~ 
(Valmet and Gafner 
tri-tracs) 

Grapple Skidder 42.31~ 
(TJ 450's) 

Flail-Chipper 123.82" 
(Peterson 5000) 

Dozer 28. 52"' 
(Cat 0-4) 

Hydro Ax 211 
( piled tops) 37. 64" 

Feller-Buncher $36.llu 
(Valmet and Bell 
tri-tracs) 

Grapple Skidder 42.31a 
(TJ 450 and 
Cat 518) 

Loader-Oelimber 29.19h 
(Barko 160 with 
CTR delimber) 

a From Kinder, Feamster and Cubbage (1993) 
b Estimated for equipment being used by logger 

Table S. Hauling cost estimates for roundwood and chips. 

Miles to Mill 

10 
20 
30 
40 
so 
60 
70 
80 
90 

100 

Chips 

$1.94 
2.39 
3.86 
4.93 
6.01 
7.08 
8.16 
9.23 

10.31 
11.38 

was assumed and all payloads were 
assumed to be 28 tons. Using these 
estimates and as~ptions, transportation 
costs for each method were made and are 
reported in Table 5. 

By adding the transportation costs in Table 
S to the average thinning costs, we can 
obtain the· delivered cost at the mill (Table 
6). The costs can not be compared as one 
unit is a ton of chips and the other unit is 
a ton of roundwood. Figure 1 shows that a 
ton of roundwood will yield 0. 797 tons of 
acceptable chips. In Figure 2 we can find 
that a ton of woodland chips will yield 
0~902 tons of acceptable c~ps after 
screening and rechipping. Thus, the 
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Hauling Cost/Ton 
Roundwood 

$1.34 
2.37 
3.39 
4.42 
5.44 
6.46 
7.49 
8.51 
9.54 

10.56 

delivered cost of the products can then be 
placed on the same basis, i.e. cost per ton 
of acceptable chips (Table 6). .... 

The cost of processing the roundwood into 
acceptable chips will vary from facility to 
facility. Here $6.00 per ton of acceptable 
chips will be used based on estimates 
provided by woodyard design engineers 
and unpublished data. The cost of 
unloading, handling, reclaiming, 
screening, and rechipping the woodlands 
chips is estimated to be $1.50 per ton of 
acceptable chips. 

All material delivered to the mill that is 
not manufactured into acceptable chips will 
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Table 6. Estimated cost of producing acceptable chips to the digester from thinnings 
delivered as roundwood or woodland chipped. 

O:eeration Cost of Roundwood Cost of Woodland Chi:es 

Thinning Stump-to-Truck $9. 19 11 $13.SSh 

Hauling Cost@ SO Miles 5. 44:1 6. Olh 

Delivered Cost to Woodyard 14. 63:, 19. 59h 

Yield of Acceptable Chips 79.7\ 90.2% 

Woodyard Costs 6 .oo·· 1. 50'' 

Credit for Hog Fuel 1. 62·· 0. 79,· 

COST OF ACCEPTABLE CHIPS 
DELIVERED TO DIGESTER $22. 74'' $22. 44'' 

u Per ton of wood and bark 
b Per ton of woodlands chips 
c Per ton of acceptable chips 

be used as hog fuel. Assuming a value of 
$8.00 per ton for the hog fuel, a credit of 
$1.62 per ton of acceptable chips is 
assigned to the chips from roundwood and 
a credit of $0. 79 is assign~ to the 
acceptable woodlands chips. 

10---------------, 

29 

28 

27 

26 

2S 

22 

21 

20 

19 

18 

17 .........i-.....___---'-___,ji_....i.-----1...-....__ ______ ....._. 

10.00 20.00 m.oo ~.oo so.oo eo.oo ,o.oo ao.oo so.ao 100.ao 

MIits to MIii 

D Cbun6aood + Chlpc 

Figure 3. Estimated cost/ton of acceptable 
chips to the digester for thinning as 
roundwood and as woodlands chips. 
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Table 6 gives the estimated cost of 
acceptable chips delivered. to the· digester 
for both thinning methods when. the 
hauling distance is 50 miles. Figure 3 
shows the costs for other hauling 
distances. · 

The increment in utilization achieved by 
the woodlands chipping operation is not 
included in the comparison above. It was 
shown in Table 3 that the woodlands 
chipping. operation ·would recover 28.46 
tons per acre from the average stand while 
the roundwood operation would recover 
24.25 tons per acre. Assigning a value of 
$40.00 per ton to the acceptable chips, the 
return to the acre for each operation can 
be estimated. Figure 4 contains these 
estimates as the distance to the mill 
increases. 

l)ISCUSSION 

For the study reported in this paper and 
under the assumptions used here, t:he cost 
of delivering the woodlands chips to · the 
digester was about the same as the ·cost of 



thinning the plantations as roundwood and 
chipping in a woodyard. This is similar to 
the results found in other studies (Watson 
et.al. 1991). However, considering the 
incremental acceptable chips recovered 
from the flail-chipper operations resulted 
in a more favorable analysis for these 
operations. The return to the acre analysis 
carried out here showed an increase in 
value of about $70 to $90 for thjnnine 
with the flail chipper operations. 

Using these results in other applications 
should be done with care. Other wood
yards have been observed to yield a great
er percentage of acceptable chips. Greater 
utilization has been observed in other flail
chipper studies. Woodyard operating costs 
can be significantly different from those 
assumed here. However, the framework of 
analysis can be applied in other situations. 
Additional data from local conditions will 
probably be required to complete an anal
ysis in these other situations. 

,00,----------------. 

GOO 

4$0 

-
za-..,_...._ ____________ ._____, 

10.00 ao.oo 111.00 ~.oo ~.oo 50,00 ,o,oo m.oo m.oo 100.00 

Figure 4. Return to the acre for the 
tbinnings as roundwood and as chips as 
distance to the mill is varied. 
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APPENDIX A. Production and cost data for the various test plantations . 

PLANTATIONS WOODLANDS CHIPPED 

Plantation l - Aug.93 Plantation 2 - Aug.93 Plantation 3 - Jan.94 
Machine Labor Total 

Machines Hours ~ ..£Q§S 

Feller...;Bunchers 29.66 36.16 1500.60 
Grapple Skidders 24.66 27.58 1371. 02 
Flail-Chipper 7.90 12.75 1129. 65 
Dozer 2.91 17.50 290.89 
Hydro Ax 2.58 6.25 171.36 
Foreman 12.75 227.21 
Total Cost 4690.73 
Total Production 434.9 tons 
Cost per Ton 10.·18 
Chain Cost per Ton 1.00 
Overhead Cost per Ton 2.00 
Grand Total 

Cost per Ton 13.78 

PLANTATIONS THINNED AS ROUNDWOOD 

Machines 

Plantation 1 - Aug.93 
Machine Labor Total 

Hours ~ ..£9..§S 

Feller-Buncher 
Grapple Skidder 
Loader-Delimber 
Total Cost 
Total Production 
Cost per Ton 

19.92 
20.88 
23.33 

overhead Cost per Ton 
Grand Total 
Cost·per Ton 

28.67 
28.67 
28.67 

1059.91 
1224.03 
1021. 60 
3305.55 
425.5 tons 

7. 77 
1.50 

9.27 

Machine Labor Total 
Hours ~ ~ 

29.68 39.34 1539.10 
22 .. 67 28.50 1297.75 

9.03 14.52 1290.59 
3.58 12.25 247.63 
9.75 13.50 527.37 

15.52 276.57 
5179.01 
464.8 tons 

11.15 
1.00 
2.00 

14.15 

Plantation 2 - Aug.93 
Machine Labor Total 

Hours ~ ~ 

22.83 32.67 1212.51 
22.67 32.67 1347.29 
25.08 32.67 1120.20 

3680.00 

Machine Labor Total 
Hours ~ ~ 

27.01 45.08 1510.88 
28.42 33.00 1594.49 
9. 77 14.00 1376.04 
2.83 o.oo 80.71 

10.92 14.00 577.35 
17.50 311.85 

5451. 32 
548.6 tons 

9.94 
1.00 
2.00 

12.94 

Plantation 3 - Jan.94 
Machine Labor Total 

Hours Hours ~ 

30.84 39.50 1582.89 
30.68 43.50 1814.85 
16.18 23.75 754.44 

4152.19 
513.3 tons 509.7 tons 

7.17 8.15 
1.50 1.50 

8.67 9.60 
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TRANSPORT SYSTEMS TODAY AND 
TOMORROW 

by 

Tom Daniels 
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ABSTRACT: Alberta-Pacific Forest 
Industries Inc. operates a pulpmill in 
Alberta, Canada. The implementation of 
innovative technologies within the log haul 
transportation system has resulted in cost 
savings to the company. These savings 
occur mainly in the areas of increased 
overall efficiency and decreased road 
maintenance costs, and has resulted in one 
of the safest log haul programs found 
anywhere. Some of this technology has 
only recently been used .on a ·commercial 
basis and was develope4 through national 
defense programs. With the basis of the 
system now developed the Company is 
now looking at innovative ways to improve 
upon the· already successful program. 

INTRODUCTION 

This presentation outlines a Log Haul 
Management System that Alberta-Pacific 
Forest Industries has put in place to 
monitor, control and optimize its log haul 
fleet. I will be covering the following . 
main items. 

• Background of Alberta-Pacific 
• Pulpmill - Process and Production 
• Forest Management Area and 

Practices 
• Log Harvesting Process 
• Log Haul Management System -

TRUCKBASE 
• The Future - Some Ideas and 

Direction Alberta-Pacific is 
Considering 

BACKGROUND OF ALBERTA-PACIFIC 

Alberta-Pacific Forest Industries Inc. was 
incorporated as the operator on behalf of 
the Alberta-Pacific Joint Venture, whose 
participants are Crestbrook Forest 



Industries, Ltd. (40%), MC Forest 
Investment Inc. (35 % ) and Kanzaki Paper 
Canada Inc. (25 % ) • 

The Alberta government selected Albert
Pacific from among several competitive 
bids because of its commitment to 
responsibly steward the Forest 
Management Area, an environmentally 
sound production process, strong 
aboriginal liaison and employment 
programs. The principles of integrated 
resource management, sustained yield, 
public involvement· and private woodlot 
sourcing are. the basis for building a 
competitive, sustainable business 
enterprise. 

More than two years of exhaustive 
governmental review and public input - the 
most intensive ever undertaken in Canada 
for a forestry project - preceded the final 
approval. Construction began· in early 
1991, and the mill commenced· startup 
activities in late summer, 1993. 

PULPMILL - PROCESS AND 
PRODUCTION 

The pulpmill is capable of producing a 
minimum of 1,500 ADt (Air dry tonnes) 
per day of bleached hardwood pulp or · 
1,250 Adt per day of bleached softwood 
pulp. The planned annual output is 
390,000 Adt of bleached hardwood pulp 
and 110,000 Adt of bleached softwood 
pulp. 

Significant new· technologies have been 
implemented as a means of helping to 
protect the environment. This includes 
extended delignification which helps to 
reduce the amount of chemicals used, 
elemental chlorine has been substituted 
with chlorine dioxide and the utilization of 
both primary and secondary effluent 
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treatment processes. The end result is one 
of the cleanest mills in the world 
producing pulp of high quality. 

The mill commenced operations in 
September, 1993 and has reached (and on 
some days exceeded) design capacity 
within the first six months. The start-up 
to date has gone exceedingly well and 
pulpmill emissions have been significantly 
less than federal and provincial established 
levels. · 

FOREST MANAGEMENT AREA AND 
PRACTICES. 

Alberta-Pacific has been given the 
approval to grow and harvest timber on a 
perpetual sustained yield basis on the 
Forest Management Area (FMA) which is 
approximately 55,000 square kilometers. 
Almost half of the FMA - 49 percent is 
wetland or other lands unsuitable for 
timber production. A further 10 percent is 
allocated to other forest companies. 
Another 16 percent is allocated for 
fl reserves", which includes land for lake 
and river buffers, ecological reserves and 
old growth stands. The area the company 
manages to meet its fiber requirements is 
just less than 25 percent of the total FMA. 

Alberta.:.Pacific will harvest annually 2.4 
million cubic meters from the FMA. The 
timber will come from approximately 450 
small cut blocks dispersed throughout the 
FMA which will end up being only 0.25 
percent of the area harvested. annually. 
The cut blocks will range in size from 25 
to 60 hectares. These blocks are designed 
for efficient harvesting, but they will also 
provide wildlife corridors and protect 
environmentally sensitive areas. Buffer 
zones of trees are left standing along 
stream and water bodies, and wherever 
aesthetics within an area should be 



maintained. The size, design and location 
of cut blocks will be determined with 
regular public input, as part of the FMA 
plan submitted to the Alberta Forest 
Service. 

ECOSYSTEM MANAGEMENT 

Alberta-Pacific Forest Industries Inc. is 
developing an ecosystem management 
approach to forest/wildlife management in 
the boreal mixed-wood forest found within 
the FMA. Forest ecosystem management 
integrates timber harvest activities within 
the bounds of natural disturbance to ensure 
that biodiversity and ecological processes 
are maintained. 

The boreal mixed-wood ecological system 
have been shaped by natural forest fires 
for thousands of years. Studies of fire 
history and ecology suggest that the boreal 
forest had relatively high fire frequency, 
with fires recurring every 35-40 years. As 
a result natural forests were generally 
young and contained little old growth. 
The reduction of tire disturbances through 
effective fire protection has resulted in a 
larger proportion of older forest. 
Integrated resomce management follows 
ecosystem. management and attempts to 
develop a set of social, economic and 
biological conditions that are ecologically 
sustainable and fall within the range of 
natural variability. This does not mean 
that Alberta-P~cific will be developing 
harvesting plans based exclusively on fire, 
or attempting to completely mimic natural 
conditions. 

Instead fire will be used as the model for 
ecosystem management while still 
recognizing that the principles may be 
limited by biological, social and economic 
considerations. 
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LOG HARVESTING PROCESS 

Road access is being· developed quickly 
within the first few years to avoid 
depleting prime long-term summer wood 
supplies. The harvesting and hauling 
operations are highly mechanized for 
efficiency and safety. Falling is done 
primarily with feller buncher machines, 
skidding by grapple and line skidders to 
roadside decks or landings, limbing and 
topping by delimbing machines, sorting 
into coniferous and deciduous by skidding 
to separate piles, sorting with the delimb
ing machines, or a combination of both. 
Logging contracts are stump to roadside, 
with loading and hauling being separate 
contracts. All of Alberta-Pacific's wood
land operations are contracted to inde
pendent owner-operators, providing local 
employment for approximately 660 people. 

LOG HAUL MANAGEMENT SYSTEM -
TRUCKBASE 

Since 1991 Alberta-Pacific has been 
working with Silvacom Ltd., an 
Edmonton, Alberta forest consulting 
company to develop a revolutionary truck 
dispatch, geopositioning monitoring, 
optimization and management system for 
the forest product industry. This system, 
registered as TRUCKBASE, features: 

1. Computer aided truck dispatching and 
traffic control, 

2. Radio data links between trucks, 
loaders and the mill, 

3. Track monitoring, which includes 
geographic positioning, track health, 
payload weights, bill of lading data, 
emergency and other data, 

4. Central tire inflation, and 
S. Management information systems for 

log haul co-ordination. 



TRUCKBASE will monitor and control the 
entire log traffic of Alberta-Pacific. It 
includes four software modules: 
Geopositioning and Computer ·Aided 
Dispatch; Haul Management Module; 
Optimization Module, and an On-Board 
Data Collector Module. 

GEOPOSITIONING AND COMPUTER 
AIDED DISPATCH (GPS/CAD} 

GPS/CAD will monitor and control trucks, 
loaders · and road maintenance traffic. at all 
times. Global positioning through satellite 
technology will allow the dispatcher to 
know where its trucks and loaders are at 
all. times. An on-board GPS receiver tied 
into the on-board computer system will 
transmit by radio geographic co-ordinates 
periodically, at an interval yet to be · 
finalized, but probably 15 or 30 minutes. 

This information will be displayed at the 
mill control center on a computer map of 
the FMA using a large, high resolution 
monitor. 

HAUL MANAGEMENT MODULE 

The entire data collection system will be 
tied together with a sophisticated 
management information system called the 
Haul Management Module. This will 
interface- with the mill's accounting and 
log yard inventory system. It will also~ 
accessed by the individual log haul 
contractors, as well as by the Alberta 
Forest Service and Alberta Transportation. 

OPTIMIZATION MODULE 

Advanced operation research techniques 
will be used to optimize truck dispatching 
and traffic control, as well as reduce any 
bottlenecks throughout the FMA. A 
computer module will provide the best 

routjng solutions to the dispatcher. For 
instance, the optimization modeI·wrn 
balance the arrival of trucks at any loader 
or weigh scale so that wait time- is reduced 
to a roiuiro11D1. Four trucks per hour 
scheduled to any loader, and no more than 
25 loads per hour returning to the mill, 
will provide maximum efficiency for both 
Alberta-Pacific and its contractors. This 
means reduced dispatch staffing, reduced 
errors in -payment (particularly for back 
hauling records), interest benefits- in "just
in-time" 'delivery and increased loader 
efficiency. It will also calculate the best 
.available options should a piece of 
equipment such as a loader break down. 

ON-BOARD DATA COLLECTOR 
MODULE 

Alberta-Pacific has received approval from 
Alberta Forest Service to use the on-board 
computer to replace the written TM9 form, 
or bill of lading. The TM9 information 
will be entered at the truck's computer 
terminal. Verification ofthe data would 
occur before the truck left the loading 
area, so that any errors can be corrected 
immediately. ··Toe ·computer will also 
collect the weight from the truck's on
board scales and the location of the truck 
from the satellite GPS and transmit -the 
data via radio system to the central 
dispatch computer. 

Conifer sawlogs will be shipped to other 
· mills. In these cases the computer 

technology will allow contractors and 
truckers to be paid based on truck ·scale 
weights to avoid delays caused by inter
mill invoicing. Similar to most mills in 
Alberta, speed and vehicle weights will be 
monitored and recorded by the computer. 
Reports produced by the on-board 
computer software would only be 
generated where speed limits or gross 
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vehicle weights were exceeded. These 
exception reports reduce paperwork and 
staff time dramatically. 

TRAINING PROGRAMS 

A new log haul training program offered 
by Keyano College at Fort McMurray is 
providing training for new drivers. All 
log tmck drivers will require log haul 
certification and Keyano College will 
provide this service for Alberta-Pacific. 
Experienced drivers will probably require 
no more than a couple of hours· to meet 
certification requirements. A business 
awareness course for new contractors, to 
help them through the bookkeeping and 
other needs of an efficient business, is part 
of the training program. 

HAULING CONFIGURATION 

Eighty-eight percent of the timber hauled 
will be deciduous, with aspen being the 
p$ary species. All logs will be hauled 
in short-log form bucked to approximately 
nine meters in length. 

Alberta-Pacific will be contracting eight
axle Super "B" train short log truck 
configurations. Truckers are expected to 
achieve net pay loads of 40 to 42 tonnes 
on highway hauls. Although Alberta
Pacific will be building a significant 
number of private roads, all trucks must 
use public roads to get to the mill, 
therefore, all trucks must be highway 
legal. 

Consistent with Alberta-Pacific's pulp mill 
philosophy of efficient energy consumption 
and lowest exhaust emissions, all trucks 
will have computerized engines. This will 
provide precise metering of fuel and 
oxygen to reduce fuel consumption and 
emissions. 
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ON-BOARD COMPUTER 

Each truck will be equipped with an on
board computer, a "black box" 
arrangement mounted out of the way in a 
rugged case. A display terminal with a 
touch screen interface will be mounted in 
the cab. The computer will collect data 
from the Central Tire Inflation system, on
board scales, the global positioning 
system, truck health system and radio. It 
will send and receive data by radio to 
"home base 11

, either the mill or scale 
house. 

The truck on-board computer will· have the 
capacity to store data until it is either 
polled by home base or until it transmits to 
home on a pre-programmed schedule. 
Some data such as tmck health and 
incident or event data, due to the volume 
of data collected, can be off-loaded ·when 
the truck arrives at the mill site. 

TRUCK OWNER REPORTING AND 
MONITORING SYSTEM 

Alberta~Pacific recommends that each 
truck contractor install a home computer 
with a modem that can access the central 
dispatch computer and through a 
password, download all information 
pertaining to his truck. A revenue cost 
program similar to the REVHAUL 
program developed by Forest Engineering 
Research Institute of Canada would be 
installed on the contractor's home 
computer. The data from the central 
dispatch computer would feed directly into 
this program. This information, as well as 
costs· entered by the contractor, will be 
used to calculate driver's wages, income 
tax, W.C.B., G.S.T., actual hourly rate of 
the truck, truck costs and profit. · 

Data from the truck's computerized engine 



will also be passed onto the owner's 
computer. Preventative maintenance or 
"exception" reports would be generated 
that -would indicate problems developing in 
the truck. For instance, there may be one 
cylinder overheating - the computer will 
give·you that message. As well, driver 
performance can be monitored so the 
owner can talce corrective action for poor 
driving habits such as improper shifting, 
or to_ identify efficient driving .procedures 
and recommend them to other drivers. 

CENTRAL TIRE INFLATION 

Another innovation that we are requiring 
for installation on all trucks is a thirty~year 
old technology called Central Tire Inflation 
- CTI - developed by the U.S. military for 
use by rubber tired vehicles in off road or 
poor road conditions. By varying tire 
pressures, truck drivers can match vehicle 
performance to road and load conditions. 
By varying tire pressures, truck drivers 
can match vehicle performance to road and 
load conditions ... without getting out of 
their vehicles and even while the truck is 
in motion. Some timber sales in the 
northwest United States have a restrictive 
clause that tricks must be equipped with 
central tire inflation to haul logs. 

CTI systems use the air brake compressor 
and pressure tank. All tires - steering, 
drive and trailer - are equipped with rotary 
air valves and plumbing to deliver air to 
the tires. Some use external air hoses, 
while newer systems -allow for air delivery 
through the inside of axle housings. The 
truck driver selects air pressures based on 
road, load and speed conditions. An on
board computer does not allow the driver 
to change tire pressure at unsafe or 
incorrect pressure-speed conditions. 
Lower pressure results in greater tire 
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deflection and a much larger tire ground 
footprint. 

Wha~ this means is that trucks can travel 
through soft or rutted forest roads where 
they could otherwise not haul, because of 
the· ability to lower tire pressme, thus 
extending the hauling season~ It means 
that road maintenance can. be greatly 
reduced, mainly. through the eHmioation of 
"wash boarding" and redu~tion of raveling 
on gravel surfaces. Less costly subgrade 
and surface materials can be used for haul 
roads, a big benefit with respect to 
northern Alberta. It also dramatically 
increases tire. life, another benefit for the 
owner-operator. 

CTI also means that truck drivers have 
fewer back problems from jarring. 
Obviously· when washboard is not created 
and the ride is smoother, cycle times - the 
time required for a truck to leave the mill 
and return with a l9ad - are dramatically 
reduced. 

FUTURE DEVELOPMENT AND 
DIRECTION 

Specifically Alberta-Pacific sees 
development in the next five to ten year 
window in the following areas: 

Training 

Excellent driver. habits will be identified 
and analyzed in order to identify the 
beneficial characteristics and these will be 
passed to other drivers tQ achieve better 
fleet performance. Fuel consumption, 
reduced downtime and safety performance 
are only a few of the areas where this 
information could provide driver feedback 
and improved driver performance. 



Driver Fatigue 

Driver fatigue has been the greatest cause 
of accidents for Alberta-Pacific and we be
lieve that this is true for most of the 
transportation industry. On-board 
monitoring devices must be developed to 
provide some indication of driver 
performance. Apparently the Air Force 
has equipment to monitor pilots to indicate 
when their perfoimance is less than some 
established level. Perhaps this technology 
can be transferred to the commercial trans
portation industry. Our TRUCKBASE 
System allows for automatic trapping or 
collection of this type of data, however, 
the equipment required to assess the driver 
and the analysis programs are not yet 
available. This type of research may 
require the cooperation of several organ
izations and industry sponsors. 

Maintenance Equipment Monitoring · 

Presently graders and other road main
tenance equipment are hired to continually 
keep roads in good condition without a lot 
of performance information or feedback. 
We are currently developing the on-board 
computer to record the action or events 
that are occurring on these pieces of equip
ment. For example, we would record time 
the grader started and stopped, the speed 
and direction when working, the pressure 
on the blade, the number of passes on a 
section of road, etc. We would combine 
this information with log truck haul infor
mation to determine for any section of 
road what is the required level of road 
maintenance for optimal truck cycle time. 
This system will certainly also be bene
ficial for training equipment operators. 

Road Standards or Performance 

The continuous monitoring of hauling and 
maintenance performance will allow the 
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evaluation of road construction and 
engineering standards. There should be 
considerable savings accrue as a result of 
identifying roads that were over or under 
constructed for their intended use. In 
areas such as northern Alberta, where road 
construction material is at a premium, if 
available at all, this information would be 
extremely valuable. 

These are only a few of the programs or 
projects that I believe will occur in the 
near future. The equipment and 
technology is now becoming available to 
provide the data and monitoring of 
vehicles and roads, and with the significant 
cost of the transportation component of 
products, these advances will someday be 
accepted as common practice. 

SUMMARY 

The benefits to a forest products mill of 
TRUCKBASE and the associated 
technologies are immense. Direct cost 
savings to the mill will include reduced 
road construction ·and maintenance, 
reduced ·direct wood delivery costs, 
reduced clerical and management costs. 
Indirect savings will include improved 
information for management decision 
making, lower costs for the truck owner
operators, which will translate into lower 
delivered wood costs. 
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ABSTRACT: Authors present their 
experiences of applying new technologies 
to harvest planning, both at a strategic and 
tactical level. Personal computers and 
compatible software are used to assist in 
engineering planning and layout. 
Emphasis is placed on interaction with 
field conditions while utilizing new 
technologies. 

KEY WORDS-Harvest planning, 
integrated resources planning, computer 
technology. 

INTRODUCTION 

Forest Engineering Incorporated (FBI) is 
an international consulting firm which 
specializes in. the transfer of forest 
engineering technology. FBI has projects 
throughout the world and has performed 
consulting engineering work under a wide 
variety of physical, social, and economic 
constraints since it was founded in 1980. 

Much of FEI's early engineering work was 
performed on a Hewlett Packard 9845 
computer. The Hewlett Packard machines 
had software that could perform payload 
analysis, network analysis, visual analysis, 
road design, and other forest engineering 
applications. This type of software has 
been used by forest engineers for many 
years. Now, most of the forest 
engineering software used on the older
Hewlett Packard machines has been 
enhanced and moved to the personal 
computer. The newer personal 
computer-based software has been used for 
computer-aided harvest planning (Cullen 
1992). 

FBI has been collecting, modifying, and 
utilizing several software packages to meet 



our needs and the needs of our clients. 
We have been transferring this 

· technological knowledge through 
workshops; in-house training sessions, and 
ongoing field projects. 

Practical field. knowledge and experience is 
essential to successfully utilize the new 
technology. Practical knowledge will 
allow the user to input the right 
information. and know how to interpret the 
results. A design developed from faulty 
information ~ look very convincing 
when it is presented with multicolored 
computer graphics; but it can be very 
costly, both environmentally and 
monetarily, when it cannot be applied to 
the field. Users of this· new technology 
need to 1) determine logical options to 
evaluate·, 2) have an understanding of the 
results, and 3) ultimately apply the results 
to the field. 

In this paper the authors present the 
computer systems (hardware and software) 
and design procedures which have proven 
to be successful for them in order to 
perform field-verified harvest planning. 

PERSONAL COMPUTER-BASED 
HARDWARE AND SOFTWARE 

At the pres~nt time, FEI has opted to 
develop our computer-aided forest 
en~ring systems around a· personal 
computer environment rather than a 
workstation. There are several reasons for 
this. Personal computers are becoming 
smaller, faster, capable of more memory, 
and less expensive.. Because of a huge 
market~ there is a wide range of compe
titive software available. There are many 
accessories available, including printers, 
plotters, digitizers, and fax/modems. Most 
of· our clients have personal computers 
accessible to their forestry staff. 
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Hardware 

If you are going to analyze large data sets, 
such as those typically found when 
working with Geographical Information 
Systems (GIS) or Digital Terrain Models 
(DTM), you will need speed, memory, 
and a large hard drive. FBI currently has 
486DX office machines operating at 66 
Mhz. The 1.3-gigibyte hard drive 
provides .enough storage to work on large 
projects. We also utilize a 700-megabyte 
tape backup system for archiving projects. 
A D-size digitizer is used for data input 
when in the office. 

Portable notebook computers are also 
utilized. They weigh less than 8 pounds 
and are very useful when traveling or in 
the field. Fm utilizes several 486DX 
notebooks with active matrix color screens 
and 200-megabyte plus hard drives. The 
active matrix screens are very crisp and 
are excellent for the detail needed when 
working with some of our software 
packages. We also utilize the built-in fax 
and modems, which allow data transfer 
back to the niain office. B-size digitizers 
are used on the road with the notebook 
computers. Portable printers weighing less 
than. four pounds are used to print results 
for the next day's field activities. 

Software 

FEI uses several software packages, 
working separately or in concert, to 

· perform strategic and tactical planning 
(Table 1). Literature which describes 
several forest engineering software 
packages which FBI uses, such as 
ROADENG, PLANS, and LOGGERPC, 
has been referenced for further reading. 



Table 1. Software Used by FBI in Harvest 
Planning. 

ROADENG- Forest road survey and design 
(Mills 1992) 

PLANS - Harvest planning (Twito 1987) 

LOGGER PC - Payload analysis (Jarmer 1992) 

AUTOCADR - Drafting 
SOFIDESK - Traversing, DTM, .and 
Visual ArcCAD™ - GIS 

FOREST ENGINEERING INC. - Custom 
Software 

Conversion SOFTDESK DTM to 
PLANSDTM 

Drafting of Logging Plans 
GIS Contour Coverage to 

SOFI'DESK 
Enhanced SOFTDESK Field Data 

Input 

Most of the other software which FBI uses 
runs within AUTOCAD. SOFTDESK is a 
civil engineering package with several 
modules. One module can input traverse 
information, balance it, and then present 
it. We also utilize a DTM module which 
allows us to work in three dimensions and 
show three-dimensional plots (Figure 1). 
ArcCAD™ also works within AUTOCAD. 
It is our GIS package. 

Where existing software has not met our 
specific needs, FEI has modified or built 
applications to interact with the existing 
software. 

FEI has. developed a DTM conversion 
program that takes SOFTDESK DTM 
data, exports it into an AUTOCAD 
drawing interchange tile format, and then 
converts it into a format that PLANS can 
read. 

A logging plan drafting program that runs 
in AUTOCAD is used to quickly draw 
logging plans. Parallel and fan-shaped 
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cable settings, with specified tailhold and 
landing positions and yarding limits, are 
easily drawn. Skidding direction symbols 
for ground skidding systems are also 
drawn by the computer. Individual profile 
symbols, with terrain points and profile 
name, can also be drawn. 

We can work with several GIS contour 
coverages and convert them to the PLANS 
format. Our Arc/INFO contour line 
coverage conversion to the SOFTDESK 
contour layer program uses ArcCAD™ 
and converts a 2D Arc/INFO contour line 
coverage to 3D polylines of a AUTOCAD 
drawing. Once the information is in a 
format that AUTOCAD can read, we can 
convert it to PLANS. 

SOFTDESK uses the civil engineering 
convention of a zenith angle from vertical 
to define slope. Most forest engineers use 
percent slope from horizontal to define 
slope. Because of this, FEI has enhanced 
the SOFTDESK field data input to allow 
input of percent slope. The PEI program 
runs.on top of AUTOCAD and 
interactively talks with SOFTDESK. We 
have also improved the editing of field 
information by incorporating a full-screen 
editor. 

STRATEGIC PLANS 

Strategic or long-term plans are generally 
plans developed for large areas (Figure 2). 
Often strategic plans can be for an entire 
watershed. Since these plans will impact 
how things will be done for a long tjme, 
strategic plans need to consider present, 
but more importantly, future conditions 
and constraints. 

Before a strategic plan is started, 
information needs to be gathered for the 
area to be planned. Information on 
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timber, topography, soils, silviculture, 
visual resources, water, existing and 
proposed roads, wildlife, ownership 
patterns, and planning already in place is 
collected. This information can be 
available in the form of maps, or 
preferably in digital form which we can 
read into the computer. We use 
AUTOCADR./ArcCAD™ as our GIS 
package. 

Since many of our planning projects tend 
to involve cable logging systems, 
topography information is critical. We 
statistically check the accuracy of our 
topographic data and do not proceed 
further with planning until we have 
adequate information. If the. data is in 
map form, we can input the contour 
information directly into AUTOCADR. 
/SOFTDESK by digitizing. Hand 
digitizing is. tedious; but. it allows us to. be 
selective in the number of J>,Oints entered, 
which can reduce the size of files 
generated. If the computer information is 
provided by others, we can read several 
file formats. 

Once we have the contour information in 
AUTOCADR/SOFfDESK, we use an 
intermediate program (developed by FEI) 
which converts the AUTOCADR 
/SOFTDESK files to a grid, which 
PLANS will accept. 

AUTOCADR/ArcCAD™.and PLANS are 
used to assist in the development of a . 
preliminary landing and road location plan, 
which we call a "Working Tool." The 
Working Tool shows logical roading and 
landing options. The Working Tool plan 
is not the final plan, but the beginning. It 
guides the field crews to gather the right 
information and to help them evaluate 
possible options in the field. The Working 
Tool plan is printed out in map form and 
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also as an overlay on aerial photos. 

Field crews gather survey ciata on possible 
roads, landings; profiles, and other 
information. These go into ROADENG, 
LOGGERPC,AUTOCAD~SOFTDESK, 
and AUTOCADR./ArcCAD™ for further 
analysis. 

Optimization programs, such as 
NETWORK (Sessions 1988), can also be 
used at various stages of the planning 
process as information is collected. To 
use this type of program effectively, cost 
information needs ·to be specifically related 
to known or foreseeable conditions. Data 
collection is recoiD.mended for both 
harvesting and road building activities to 
obtain refined data for future analysis. 
ROADENG is utilized to provide detailed 
information along possible road routes. 

TACTICAL PLANS 

Tactical or unit plans are done after a 
field-verified strategic plan has been 
developed. Tactical plans are generally 
for smaller areas and may involve only a 
single unit or cut block with a few 
landings (Figure 3). Tactical plans should 
indicate actual yarding boundaries, landing 
and road locations, and harvest systems to 
be utilized. 

LOGGER PC is utilized to analyze feasible 
yarder and structure positions. Structures 
would include tailtrees and intermediate 
support trees. Designs which meet 
physical, environmental, and economic 
constraints are rated for final selection. 

Utilizing AUTOCAD, a map base is 
'developed which shows the relati:ve 
positions of landings, boundaries, 
structures, streams, and other pertinent 
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information. Information is visually 
inspected and presented in AUTOCAD. 

SUMMARY 

Computer technology will continue to 
provide systems with ever increasing speed 
and capacity in a smaller package for less 
cost. 

Several software packages related to forest 
engineering are currently available which 
utilize this technology. These programs 
can greatly increase the amount of data 
which can be analyzed and inte~acted with 
visually. 

Data must relate to actual field conditions 
to provide accurate results. New 
technology does not replace practical field 
knowledge, but can enhance it. Better 
decisions can be· made if logical 
alternatives are evaluated. 
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ABSTRACT: Environmental pressures 
have had a worldwide impact on the 
manners of practicing forestry. There is 
an obvious need to lend more diversity to 
the logging methods used and, 
simultaneously, the damage inflicted on the 
ground and the residual stand should be 
reduced as close to nil as possible. The 
development of forest machines will 
proceed in all sectors to satisfy the 
requirements for improvements. The most 
significant changes are going to take place 
in the sector of equipment movement 
technology. In forest machines walking 
technology will increase the ability of 
moving in difficult terrain, but also 
decrease the damage to the soil. 

KEYWORDS-Wood harvesting, walking 
machines, · terramechanics, forest 
machines, soil compaction 

INTRODUCTION 

The approach to the problematics is 
derived from a range of ideas generated by 
a Nordic forest machine mam1f~cturer. 
Some of the aspects discussed in this· paper 
are common worldwide, some are perhaps 
more specific to this single type of 
machinery. Still today, the global 
difficulty· faced by those who design forest 
machinery is that of not having a clear 
crystal ball that would reveal what the 
needs and wishes will be like in three or 
ten years' time. If the development is 
only based on current wishes and needs, 
the result will be old-fashioned technology 
by the time the product is complete. 
Fortunately, many trends are clear: 

• The machines should be more reliable 
• The relationship between productivity 

and costs should be improved 



Machine-tree 
interaction----~llll 

Man-machine 
interface 

Machine-terrain 
interaction 

Figure 1. Four development sectors for a forest machine. 

• The timber quality produced needs to 
be improved 

• The machines should be sensitive to the 
ground 

What is problematic here is how to 
determine what each item on the list 
involves at any given time. A similar list 
existed ten years ago but many of the 
solutions to the problems were seen in a 
.different light.than today. Likewise, the 
priorities· of the items on the list vary. 

BACK.GROUND 

The appearance and technology of forest 
machines have changed considerably since 
the first agricultural tractors were taken in 
the woods to improve the productivity of 
yarding with animals. The state-of-the-art 
machines of today are highly automated, 
air-conditioned· offices where the operator 
can listen to a CD-player while working. 
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Significant improvements have been made 
in enhancing the machine weight/ 
productivity relationship and in reducing 
the operator's physical stress. To achieve 
better usability, profitability and work 
quality, the future development of 
harvesting machines could be concentrated 
on four main areas. Figure 1 illustrates 
these areas. 

MACHINE RELIABilITY 

The improving quality of components will 
enhance the reliability of machines in all 
the sectors of development. Similarly, it 
is obvious that the machine weight in 
relation to productivity will be improved. 
This is partly the result of better· materials 
used, but also because fatigue analyses 
together with scrupulous machine designs 
will·_ optimize the quantities of raw 
materials utilized in the constructions. 



The reliability of machines is often in 
relation to how preventive maintenance is 
performed. New tools will also be 
introduced into this sector in the future. 
The machine is not regarded as one piece 
by machine diagnostics any more for the 
system monitors individual components 
and informs the user of service needs and 
unexpected occurrences. The system's 
accuracy improves all the time because 
machine control systems are capable of 
monitoring the use of individual machine 
parts. 

MACHINE-TREE INTERACTION 

When it comes to the machine-tree 
interaction of current forest machines, 
improvements are expected in the quality 
of work, especially as far as timber 
measuring is concerned. The need for 
being able to measure the quality of wood 
is always there. As soon as this is 
possible the optimum value obtained in 
cross-cutting the stem will be dramatically 
increased. Can-bus technology in data 
transfer will reduce the number of errors 
inside the machine. 

MAN-MACHINE INTERFACE 

The objective of. developing man-machine 
interfaces is to miniroire the physical and 
mental stress the· operator is subjected to 
when operating the machine. Even though 
the number of functions increases in a 
forest machine, operating the. machine 
should concurrently become easier than 
before. The man-machine interface of 
future machines allows the operator the 
access to an unprecedented volume of data 
related to the. functions of the machine. 
However, at the same time the constant 
flow of information from the machine to 
the operator will diminish because the 
machine informs the operator only of 
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things that have changed recently. 

MACHINE-TERRAIN INTERACTION 

The most dramatic development is 
expected to take place in the domain of 
machine-terrain interaction. Even though 
an increasing. number of machines feature 
a hydrostatic drive to enhance mobility and 
to minimize damage to the ground, there is 
more to come. 

The improved data-processing capability of 
computers and the launch of fast and 
accurate hydraulic components allow us to 
take a completely new viewpoint when 
considering the maneuverability of wood 
harvesting machinery; a forest machine 
can be made to walk. Thanks to current 
technology and knowledge this option 
exists today. 

The chief difference between a walking 
vehicle and wheeled or tracked vehicles 
lies in terrain interaction. Mechanical 
walking is not exactly the same as anjma1 
walking, but there are similarities. 
Furthermore, when compared to traditio~ 
wheeled and tracked machines, several 
differences can be identified. The 
following table lists some of the 
differences, seen from the point of view of 
terramechanics. 

As described in Table 1, several 
differences can be pointed out if the 
moving techniques are compared. From 
the point of view of ground compaction, 
perhaps the most important difference is 
presented by the change from dynamic, 
continuous soil compaction over to a 
static, spot-like loading. The benefits 
involved in the difference include the fact 
that no continuous tracks will be left 



Table 1. The difference in terrain interaction between a machine of the traditional type and a 
walking machine. · · 

Tracked/wheeled ~ Walking machine 
machine I 

Rolling resistance Yes I No 
Obstacle resistance Yes i No 
Soil compaction Continuous I Spotlike 
Slip Individual wheels can slip l Individual legs do not slip 
Thrust Grips rotate around the I Grips come out of the soil 

circle of wheel. or track, . the same route they went in 
cultivatina the ground 

Horizontal swinging S_wings wh,ile clearing an Does not swing while 
obstacle clearine .. !ln obstacle .... ...................... , . 

Stability Stability is dependent on I Stability is inc;iependent of 
terrain i terrain, because of 

.. _.. ........ --......... I horizontal levelling 
Ground clearance Constant ( < 50 cm) I Flexible (20;..120 cm) --Moving speed High on easy terrain. ~ Limited on easy and difficult 

Limited on difficult terrain i terrain 

behind .and that the area of compacted soil 
will be. reduced. Particularly if operating 
on mountainous terrain the ability of 
avoiding trails when traveling 
perpendicular to the the slope is valuable. 

Soil compaction is a more complicated 
issue. Ground pressure normally serves as 
a factor indicating a negative impact on. the 
ground. A static· ground pressure is: easy 
to calculate, but when the machine moves 
under changing conditions, additional 
problems are prese~. Moreover, it is 
difficult to measure and calculate the ·. 
relationship between ground pressure and 
the area of soil compacted as well .as the 
future growth of the trees. More research 
will be needed in this field. Figure 2 · 
illustrates the difference between a 
wheeled vehicle and a walking vehicle 
from the point of view of terrain 
interaction. 
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Terrain interaction is not the only 
difference when walking technology is 
compared to. traditional forest machinery~ 
The ground clearance of a walking vehicle 
can also be adapted to the conditions. 
What is even more, this feature allows to 
stabilize the entire machine on slopes, thus 
rendering it possible to move 
perpendicular to the slope. Depending on 
the dimensions of the vehicle, ground 
clearance can be varied between eight 
inches and. four feet. Balancing the 
vehicle is always a function of the machine 
width and ground .clearance, but it is 
possible to balance the machine body 
hotizontally even on a 50 to 60 percent 
slope. Since the entire machine is 
balanced, the operation range of the boom 
is not reduced· due to lack of stability. 

The maneuverability of a walking vehicle 
could open up ·completely new vistas of 
steering the vehicle. Walking machines 
are not confined to existing tracks. Like 
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1st wheel 
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Fi~ 2. Terrain interaction of wheeled and legged vehicle. 
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Figure 3. Feasible moving directions of legged (A), wheeled (B) and tracked (C) vehicle. 

human beings or anjmaJs 1 a walking 
vehicle can move in all directions-also 
sideways. This improves the agility of the 
machine, which is very important in 
thinnings. In addition, a walking vehicle 
is capable of turning right where it is, 
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which, in other words, is to say that the 
machine's ability to turn in narrow spaces 
is only limited by its dimensions. 
Consequently, a walking machine does not 
have a turning radius as defmed in the 
traditional sense (Figure 3). 



The environmental movements of recent 
years have had a strong impact on the 
methods and extent of wood harvesting in 
North America and Europe. The two 
principal objectives of the movements have 
been that of reducing or preventing clear 
cuttings and that of averting ground 
damage. The manufacturers of forest 
machinery can respond to contemporary 
demands by providing technology which 
the public finds more acceptable and that 
allows more freedom to modify harvesting 
systems in accordance with existing 
circumstances. Walking technology is an 
example of a development of the kind. 
The development of new products · 
proceeds hand in hand with traditional 
goals and this is. why conventional issues 
such as machine reliability, work quality, 
and profitability of operations are not to be 
overlooked in the process. 
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ABSTRACT: A case study was used to 
demonstrate the ease and versatility of 
network analysis in the planning and 
analysis of forest roads. The case study 
involved studying the impact of fewer 
culvert crossings on haul costs. Using a 
fixed grid network and modification of a 
standard network analysis technique allows 
the solution of large networks in only a 
few seconds on a personal computer ( 486-
33MHz). The removal of 15 out of a total 
36 culverts resulted in a haul cost increase 
of $20,068·for 1.2 million m3 hauled. 
However, removal of the first 14 culverts 
only increased the haul cost by $5,236. 
The road construction cost saving from not 
installing the culverts was estimated to be 
$75,000 if all 15 culverts were not 
installed or $70,000 if 14 culverts were 
not installed. The case study indicated 
that considerable savings are possible 
through better planning of forest roads, 
especially with the additional expenses 
required to mitigate environmental 
impacts. 

KEYWORDS-Network analysis, forest 
roads, hauling, culverts, environment 

INTRODUCTION 

To demonstrate the ease with which 
network analysis can be applied, a case 
study area was analyzed to determine the 
impact of stricter water crossing guidelines 
on road· construction and hauling costs. 
The road network was established and the 
logging occurred in the 17,500 ha test area 
prior to the implementation of current 
Ontario water crossing guidelines. The 
stricter requirements have resulted in 
increased culvert installation costs. 

The analysis compared the hauling cost for 
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Figure 1. Example of an asymmetric 
-network. 

1.2 million·m3 along the existing network 
with that which would occur if 15 water 
crossings out of the total of 36 were not 
installed. Both individual and cumulative 
effects of culvert removals were · studied. 
The cost differences were then compared 
to the cost of the culvert installations 
under the new guidelines. 

METHODS 

Case Study Area 

For the case study, one base-map from th~ 
Brightsands Forest Management Unit just 
north of Thunder Bay was chosen. The 
entire map sheet was divided .into 100 m 
by 100 m pixels (1 ha) and each pixel was 
coded according to whether it contained 
I~e, buffer, forest, bum, swamp, river, 
stream, cut-over, or road class 1, 2 or 3 .. 
If a pixel contained a road, it was coded as 
road, with priority. given to the highest 
road class. With the other categories the 
category making up the majority of the 
pixel was assigned. Of the 17,500 pixels 
(125 (east-west) x 140 (north-south)), 179 
were road·class 1,370 were road class 2, 
1,821 were road class 3 and 4,186 were 
classed as cut-over. The centre point.of 
-each pixel defined a road network node. 
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Pixels where roads crossed streams were 
also recorded. 

The raster data can be generated manually 
from a map sheet or automatically from a 
GIS (geographic information system). In 
this case study the raster data was 
manually generated. To avoid a "zig-zag" 
road pattern effect the procedure outlined 
in Pulkki (1984) was followed. 

Network Minimization Algorithm 

The network miniroiz.ation algorithm is 
based on the technique outlined in detail 
by Taha (1982). In the technique the 
network data (Figure 1) is arranged into a 
matrix (Table 1). 

"Costs" are then determined between the 
source node· and all other nodes in the 
network incrementally. The "costs" from 
the source node to all other node are then 
checked repeatedly by comparing the 
difference in 11cost" to each node minus 
the cost to all directly connected nodes, to 
the "cost" of connecting the two nodes. If 
the difference is less than or equal to the 
cost of connecting the two nodes no 
shorter route can be found between the 
two nodes and the next node is checked. 
If the above condition is not met a new 
"minim11111 cost11 is calculated to the 
adjacent node by adding the cost of 
connecting the two nodes to the "minimum 
cost" of the node used in the check. The 
above process is ·repeated ·until no changes 
in "minimum cost" are made. 

The solution of small problems using the 
above technique with the data in matrix 
form is quite efficient. However, with 
large networks the technique becomes 
limited, due to huge memory requirements 
and excessive processing time. For 
example~ the 2,370 road nodes analyzed in 



Table 1. An example of asymmetric, cyclic network data arranged in a matrix. 

D To Node 

I 1 I 2 I 3 I 4 I 5 I 6 

F 1 999 4 6 7 999 2 
r 
0 2 3 999 6 9 3 999 
m 3 999 4 999 2 9 5 

N 4 9 5 6 999 11 6 
0 

d 5 999 4 2 10 999 7 
e 6 999 999 999 3 3 999 

Table 2. Example of the data form used in the solution of the large network problem. 

Node Number From Node To Node Distance, 

·From To 

1 2 

1 1 

1 1 

1 1 

. . . . . . 
2370 2357 

2370 2370 

2370 2370 

2370 2370 

the case study would require a matrix 
2,370 X 2,370 in Size (5,616,900 
addresses). 

In the above case, the majority of the 
matrix would be infeasible arcs between 
nodes. In a fixed grid network each road 

road class road class m 

3 

999 

999 

999 

. . . 

3 

999 

999 

999 
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3 100 

999 999 

999 999 

999 999 

... . .. 
3 100 

999 999 

999 999 

999 999 

node can only be connected up to a 
maximum of 4 other road nodes. In this 
case the actual number of data addresses 
required is a maximum of 9,480. The 
same technique can be used in road locat
ing, however, impediment values would be 
required to all eight surrounding nodes. 



The fixed structure of the .grid permits 
modification of the algorithm presented by 
Taha (1982) so only arcs between adjacent 
pixels are analyzed. In this way only four 
nodes are tested for solution improvement 
at each iteration instead of all 2,370. This 
allows the solution of the problem on a 
personal computer (PC) in only a few 
seconds instead of days if all addresses 
were searched. The data form is presented 
in Table 2. If a node is not connected to 
four other nodes, dummy arcs back to 
itself at a very high impe~iment are set so 
that each node has four· records. The 
overall "program engine" for the algorithm 
requires only.40 program lines. However, 
if a path is desired between the source 
node and a destination node another 20 
lines is required. The FORTRAN 
program for the algorithm used in this case 
study is presented in Appendix A. 

An additional data file containing the node 
number for each ·road pixel is also required 
for output of the data in a pixel map 
format. In this way the minimum hauling 
times. from the source node to all other 
road nodes in the network can be saved in 
the same format as the map data for the 
area. 

HAULING TIME AND COST 
ANALYSIS 

The driving speeds employed in the 
program by road classes are presented in 
Table 3. The cost to operate a haul truck, 
including driver. and fringes, was set at 
$85/h. The average haul truck load size 
was 55 m3 and the average volume 
removed per hectare for the area was 185 
m3 (i.e. 3.36 loads per pixel cut). In total, 
6,556 ha were cut, yielding a total of 
1,212,785 m3 or 22,051 truck loads of 
wood. 
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The total hauling cost from the area was 
calculated by flowing the wood from each 
pixel cut, including the road node itself, to 
the nearest road pixel (based on straight-. 
line distance). The number of pixels 
assigned to each road pixel was muitiplied 
by the number of truck loads per pixel and 
hauling time (both empty and loaded 
driving times). The times required for 
hauling from all pixels were then summed 
as the total hauling time .required to 
transport all wood from the area. 

CULVERT REMOVAL ANALYSIS 

Out of a total of 36 culverts at 
streams/rivers, 15 were identified 
throughout the study ~ea where alternative., 
transport routes were available. In this 
way· no area was cut-off. Additional 
culverts could have been removed but 
would have resulted in restricting · access to 
areas or relocation of roads, both of which 
were beyond the scope of this case study. 

In the first phase of the analysis, roads 
were cut at individual culvert locations, 
and the network analysis and total hauling 
time programs run. In the second phase of 
the analysis, culverts were removed 
progressively to obtain a cumulative effect. 
The culverts which had the least impact in 
the first phase were removed first and 
culverts with progressively ·greater. effect 
were then removed. Similarly, the total 
transport time and cost for. each run was 
determined. 

With the implementation of the new water
crossing guidelines there has been a major 
increase in culvert installation cost and 
rehabilitation. The average cost was set at 
$5 000 per culvert based on discussions 
with the FMA (Forest Management 
Agreement) holder. 



Table 3. Haul truck driving speeds by road class. 

Road 
Class 

1 

2 

3 

RESULTS AND DISCUSSION 

With a PC-486-33MHz, the time required 
to read and process the data, and output 
the solution was less than one minute. 
The actual processing time for solution of 
the 2,370 node network -problem was only 
5 seconds. For a 10,000 node pr:oblem the 
processing time is less than 1 minute. The 
total computing time required for all the 
analyses was less than two hours; i.e. 
incremental and cumulative removal of 
culverts, and calculation of total hauling 
times. However, a great deal of time was 
spent getting the information into a form 
usable by the network analysis algorithm. 
The time required can be greatly reduced 
by producing the network data directly 
from a GIS. 

Figure 2 presents both the individual and 
cumulative effects of culvert removals on 
total transport times. Figure 3 presents 
the change in hauling cost for both the 
individual and cumulative effects. As can 
be seen 13 culverts could be removed with 
a total increase in hauling cost of less than 
$5,000 (i.e. less tlian the cost of installing 
one culvert). Only one culvert, located at 
road node 1,266, had a major impact of 
increasing hauling costs ($14,832). The 
hauling cost increase with the removal of 

Speed (km/h) 

Loaded Unloaded 

55 

21 

9 
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60 

24 

10 

all 15 culverts was $20,068, while for the 
first 14 it was $5,236. 

The current total cost of culvert 
installation was estimated to be $75,000, 
while for 14 culverts it would be $70,000. 
It was. assumed that the reduction in road 
building on both sides of the culvert-(i.e. 
600 m) would offset any cost increases in 
building tum-arounds and road wideilings 
for truck passing. There would be no 
additional costs for off-road transport, 
since landings are not usually placed 
beside streams or rivers. There could 
possibly be a slight additional increase in 
hauling cost with culvert removals from 
road loops since haul trucks may have to 
wait to allow others to pass. 

CONCLUSIONS 

The case study presented is only one · 
application of network analysis in road 
location planning and analysis. For 
example, Tan (1992) lists 117 references 
related to· operations research and road 
planning. In Sessions (1992), 34 papers 
were presented on computer supported 
planning of forest roads. 

The case study clearly demonstrated how 
simple the network analysis algorithm is 



1btal Haullng Time, b 
14,100------------

l!llndlvlclual Effect • Camulatlw Effect 

14,060 ······························································ 

14,000 ........................................................... . 

13,960 ............................... ~ ................... · ........ . 

13,100 ....................................................... . 

11,aso..., ..... 1 .. 11• a 1111121111NIIZtlUOll7 ---,

Road Node Number Where CUlnlt RelllOVICI 

Figure 2. Individual and cumulative effect 
of culvert removals on total hauling time. 

and the utility of the technique in the 
analysis of changes in road network 
design. Some simple modifications to the 
network minimization algorithm presented 
by Taha (1984), allowed by using a fixed 
grid 4esign, enabled the use of the 
technique for· the solution of large network 
problems on a. PC. 

The case study also showed that network 
analysis techniques· can be used to aid in 
road planning to reduce the impact of 
higher costs resulting from tighter 
environmental standards. In addition to 
offsetting the higher cost of culvert 
installation, significant savings could be 
achieved through. better planning of the 
road network. Environmental impacts can 
also be minimized at the same time. 
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APPENDIX A - NETWORK MINlMIZATION FORTRAN PROGRAM 

PROGRAM NETMIN 
C -------------------------C Program to solve large size, fixed grid network type problems 
C -------------------------

REAL RESULT(l40,125),U(2500),V(2500),TIME(l0000),TIMEX,TIMEY 
INTEGER*2 FROM(l0000),TO(l0000),DIST,STNODE,PATH(S00),ALTPTH(S00), 

+INODES,NODES{l40,125),I,II,J,N,JNODES,ROADX,ROADY 
INTEGER*4 PASS 
COMMON /GROUPA/U,V,PATH,ALTPTH 
COMMON /GROUPB/TIME 
COMMON /GROUPC/NODEI,NODEJ 
COMMON /GROUPD/NODES 

C -- OPEN DATA FILE CONTAINING IMPEDIMENT FROM NODE TO NODE 
OPEN(7,FILE='NETWORK4.DAT') 

C OPEN DATA FILE CONTAINING NODE ID LOCATIONS 
OPEN(S,FILE='NODE.MAP') 

C ENTER MAP AREA N-S MAGNITUDE 
INODES=l40 

C ENTER MAP AREA E-W MAGNITUDE 
JNODES=l25 

C ENTER IN NUMBER OF DATA RECORDS 
NREC=9480 

C TOTAL NOMBER OF UNIQUE ROAD NODES 
N=2370 . 

C -- ENTER IN SOURCE NODE NUMBER 
STNODE=2361 

C READ IN NODE LOCATION DATA 
DO 1 I=l,INODES 
READ(S,2) (NODES(I,J),J=l,JNODES) 

2 FORMAT(l25I4) 
1 CONTINUE 

C -- READ IN AND CALCULATE NETWORK DATA 
DO 3 I=l,NREC 
READ(7,4)FROM(I),TO(I),ROADX,ROADY,DIST 

4 FORMAT(2I5,3I4) 
IF(ROADX.EQ.999.OR.ROADY.EQ.999)THEN 
TIME(I)=999999.9 
GOTO 3 
ENDIF 

C - CALCULATE 1/2 THE DISTANCE TRAVELLED BASED ON INPUT OF EITHER 
C - 100 m OR 141 m IN km (141 m ACTUALLY 141.4214 m) 

IF(DIST.EQ.l00)X=l00.0/2.0/1000.0 
IF(DIST.EQ.141)X=(20000.0**0.5)/2.0/1000.0 

C - CALCULATE TIME REQUIRED TO TRAVEL 141 OR 100 m BASED ON ROAD CLASS 
C - EMPTY DRIVING TIMES (CLASS 1 = 60 km/h; 2 = 24 km/h; 3 = 10 km/h) 
C - LOADED DRIVING TIMES (CLASS 1 = 55 km/h; 2 = 21 km/h; 3 = 9 km/h) 
c - time= distance(km) / speed (km/h) * 60 (min/h) 

C 

IF(ROADX.EQ.l)TIMEX=(X/60.+X/55.)*60.0 
IF(ROADX.EQ.2)TIMEX=(X/24.+X/21.)*60.0 
IF(ROADX.EQ.3)TIMEX={~/10.+X/9.)*60.0 
IF(ROADY.EQ.l)TIMEY=(X/60.+X/SS.)*60.0 
IF(ROADY.EQ.2)TIMEY=(X/24.+X/21.)*60.0 
IF(ROADY.EQ.3)TIMEY=(X/10.+X/9.)*60.0 
TIME{I)=TIMEX+TIMEY 

3 CONTINUE 

C -- INITIAL CALCULATION OF U AND V VALUES 
DO 5 I=l,N 
V(I)=999999.9 
U(I)=999999.9 

5 CONTINUE 
V(STNODE)=0.0 
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U{STNODE)=0.0 
DO 6 I=l,N 
MIN=999999.9 
DO 7 K=I*4-3,I*4 
J=TO(K) 
IF(J.EQ.STNODE)GOTO 6 
NEWMIN=U(I)+TIME(K) 
IF{NEWMIN.LT.MIN)MIN=NEWMIN 

7 CONTINUE 
V{J)=MIN 
U(J)=MIN 

6 CONTINUE 
WRITE(*, 200) 

200 FORMAT(' INITIAL ASSIGNMENT COMPLETED') 
C 
C -- CHECK TO SEE IF OPTIMALITY EXISTS 

PASS=0 
ICOUNT=0 

10 CONTINUE 
PASS=PASS+1 
WRITE(*,300)PASS,ICHNG 

300 FORMAT(' OPTIMIZING PASS =',I9,'; NODES CHANGED=' ,IS) 
ICHNG=0 
DO 8 I=l,N 
IF{U(I).GE.900000.0)GOTO 8 
DO 9 K=I*4-3, I*4 . 
IF(TIME(K) .GE.900000.0)GOTO 9 
J=TO{K) 
IF(J.EQ.I)GOTO 9 
IF((V(J)-U(I)) .LE.TIME(K))GOTO 9 
X=TIME(K)-(V(J)-U(I)) 
IF{X.GT.-0.00001)GOTO 9 
V{J)=U(I)+TIME{K) 
U{J) =V(J) 
ICBNG=ICHNG+l 

9 CONTINUE 
8 CONTINUE 

IF(ICHNG.NE.0)GOTO 10 
C 
C -- OUTPUT RESULTS 

DO 400 I=1,N 
DO 401 II=l,INODES 
DO 401 JJ=1,JNODES 
IF(I.EQ.NODES{II,JJ))THEN 

C CHANGE RESULTS FROM MINUTES INTO HOURS 
RESULT(II,JJ)=U(I)/60.0 

C NEED TO REDUCE VALUE OF BARRIER VALUES 
IF(RESULT(II,JJ) .LT.0.0)RESULT(II,JJ)=99.999 
IF(RESULT{II,JJ) .GT.99.999)RESULT{II,JJ)=99.999 
GOTO 400 
ENDIF 

401 CONTINUE 
400 CONTINUE 

OPEN(l0,FILE='RESULT.DAT') 
DO 402 I=l,INODES 
WRITE(l0,403) {RESULT(I,J),J=l,JNODES) 

403 FORMAT(l25F6.3) 
402 CONTINUE 

STOP 
END 
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HOW FAR CAN YOU FLY AND 
GENERATE POSITIVE STUMPAGE IN 
HELICOPTER SALVAGE LOGGING? 

by 

Robert Giles and Frank Marsh 
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ABSTRACT: This paper descnoes the 
field application of the HELIP ACE Model 
that was used to estimate how far 
helicopters could fly and profitably salvage 
fire killed timber within a proposed timber 
sale on the Boise National Forest. 
Break-even flight distances for high value 
ponderosa pine and lower value 
Douglas-fir were 4.4 and 2. 0 miles 
respectively. · The concepts of optional 
timber and variable price structures were 
included in a timber sale contract to 
maximize economic returns to the 
government and flexibility to the timber 
purchaser. Market conditions for pine and 
fir increased significantly between the time 
the sale was appraised and when the 
timber was harvested. The authors think 
the changes in market conditions explained 
why helicopters yarded both fir and pine 
logs over four miles. 

KEYWORDS--HELIP ACE, helicopter 
logging, profitable helicopter yarding 
distances, optional timber. 

INTRODUCTION 

The Foothills Wildfire killed over 300 
million board feet (MMbt) of timber 
within the Boise National Forest, east of 
Boise, Idaho, August, 1992. More than 
90 percent of the trees were killed in the 
burned forested areas. Half of the dead 
timber was close enough to existing roads 
to salvage by helicopter; the remainder 
was too far to economically harvest. The 
Boise National Forest (Forest) completed 
an environmental analysis that documented 
alternatives relating to timber recovery and 
reforestation for the area that could be 
logged (approximately 100,000 acres) in 
November, 1992, and then proceeded to 
offer numerous salvage sales to recover 



the economic value of an estimated 130 
MMbf of dead timber. 

Helicopter logging systems were planned 
for most of the sales .because fire killed 
timber was scattered across steep, unstable 
slopes; the existing road density was low; 
and the severely· 1;,urned watershed would 
not recover fast enough if soil was 
disturbed by road construction, ground 
based or skyline logging (witll one end 
suspension) on.steep slopes. 

All of the helicopter salvage sales except 
one were relatively close to existing or 
proposed landings ( external yarding 
distance or flight path was generally less 
than two miles). The Slater Creek Salvage 
Sale was unique; it included d~d timber 
as far away as five miles from existing 
roads. Before the final timber sale 
package was prepared, sale planners tried 
to determine how far you· can fly and 
generate positj.ve stumpage. 

PREDICTING HELICOPTER LOGGING 
COST - EXISTING METHODS PROVED 
INADEQUATE 

The Forest Service Timber Appraisal 
Handbook (USDA Forest Service, 
Intermountain Region, 1991) included.a 
helicopter cost guide for -logging, but the 
cost adjustments for average yarding 
distance were only applicable to distances 
less than 5,000 feet .. The guide was 
routinely used for sales with an external 
yarding distance o{ two miles or less but 
the Slater Creek Sale was well beyond this 
range. 

LOCAL RULES OF TIIUMB TOO 
INFLEXIBLE 

Timber companies and the helicopter 
logging industry used local rules of thumb 
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to estimate how far logs could be flown 
profitably; for example, a two mile flight 
was considered reasonable for high value 
species such as ponderosa pine during the 
fall, 1992.' One limitation of such a rule is 
that it applies to local conditions (for 
example, elevation; tree size, truck haul 
distance) including timber value ( delivered 
log price or pond value, or value of the 
finished products). When timber value 
rises or falls the rule of thumb ·no longer 
predicts the limits or break-even points for 
flight distance. 

HELIPACE - A NEW TOOL 

Because existing tools and rules of thumb 
proved inadequate, we decided to try a 
new model, HELIPACE, to estimate 
helicopter logging production and cost for 
stands of fire killed timber at various 
distances from the main landing _in the 
Slater Creek Sale. We thought the model 
would be useful .because it considered the 
key variables that affect _helicopter. logging 
production and cost per unit of logs 
yarded: yarding distance, elevation, tree 
or log size, wood density ~atial 
arrangement of logs and canopy .density of 
leave trees. HELIPACE, an interactive 
model that operates on a personal 

· computer, was jointly developed by .the 
Aerial Forest Management Foundation and 
the USDA Forest Service (Aerial Forest 
Management Foundation and USDA Forest 
Service, Pacific Northwest Research 
Station, 1993). 

YARD ING COST VERSUS FLIGHT 
DISTANCE 

We then estimated proposed cut tree 
characteristics, determined average 
elevations of the timber stands and 
landings, and entered this data into the 
HELIP ACE Model. Table 1 summarizes 



Table 1. Key HELIP ACE input data. 

Trees per acre 
Avera2e diameter at breast heil!bt in inches 
Avera2e hei2ht in feet 
Net board foot volume ner acre 
Percent defect 
Wood densitv in nounds per board foot 
Landin2 elevation in feet 
Timber stand elevation in feet 
Flif!ht distance in feet 

the key HELIP ACE input data. Yarding 
cost was then computed for timber stands 
between 1.1 and 4.4 miles from the 
landing. Figure 1 shows the relationship 
between flight distance and yarding cost 
for a medium size helicopter operating in 
the Slater Creek Timber Sale. Cost varied 
from $171 per Mbf for the closest stands 
to $437 per Mbf for the longest flights. 

RELATIONSHIP BETWEEN FLIGHT 
DISTANCE AND STUMPAGE 

Yarding costs for the various flight 
distances were input in the Forest Service 
Transactional Evidence Appraisal (TEA) to 
estimate stumpage for the two common 
tree species within the sale area: high 
value ponderosa pine, and lower value 
Douglas-fir. Other sale data used in the 
TEA included a haul distance of 48 miles, 
a haul cost of $50.per Mbf, and a total 
cost of $5 per Mbf for slash treatment, 
erosion control and road maintenance. 
Figure 2 illustrates the relationship 
between flight distance and stumpage for 
both tree species. 

BREAK-EVEN DISTANCES FOR PINE 
AND FIR 

Figure 2 suggests that high value pine 
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16 
83 
2.400 
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5.000 
6.000 to 7.400 
6,000 to 23,000 

could be flown profitably up to 4.4 miles. 
Beyond that distance, stumpage would be 
negative. The break-even distance for fir 
is approximately two miles. If the sale 
included Douglas-fir stands farther than 
two miles from the landing, the negative 
stumpage would reduce the total sale 
revenue or tract value. If ponderosa pine 
was flown father than 4.4 miles, it would 
also reduce the tract value. 

DESIGNING THE SALE TO MAXIMIZE 
TRACT VALUE 

Break-even points for each species allowed 
us to identify which stands of timber 
should be included in the timber sale, 
assuming market conditions were stable. 
What if timber prices increased after our 
analysis was done? What if prices 
increased during the one year life of the 
timber sale contract? It became clear to us 
that a strict use of the break points might 
cause the Forest to lose an opportunity of 
recovering the economic value of timber 
that became profitable due to increases in 
timber prices. Flexibility was needed to 
maximize the appraised value of the sale 
while at the same. time providing 
incentives to harvest timber beyond 
break-even distances if market conditions 
were favorable. 
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Figure 1. Helicopter yarding cost versus flight distance. 
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Figure 2. Stumpage versus flight distance. 

CONCEPT OF OPTIONAL TIMBER 
REMOVAL 

Larry Tripp, Mountain Home.District 
Ranger, ·suggested that we could achieve 
this flexibility by requiring all profitable 
timber (timber with positive stump~ge as 
predicted by the TEA) to be harvested in 
the contract; . however, the optional 
removal of timber would be encouraged 
for the stands beyond the break-even 
points. Optional Timber was not 
appraised because it would have lowered 
the tract value. . The contract did not 
include an estimate of the volume of 
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optional material and did not require 
utilization· standards for the manufacturing 
of logs~ For example, if a purchaser 
thought that the market conditions. were 
more favorable to harvest fir peeler logs 
(in southwestern Idaho, peeler logs are 
generally smaller than 30 inches in 
diameter), then a large diameter tree could 
be felled and only the peeler logs y~ed. 
Our intent was to encourage removal of 
any material that was profitable. The 
price of optional timber was set by the 
Forest to cover basic costs of sale 
preparation, sale administration, · and 
reforestation. Bidding was not allowed on 
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Figure 3. Spatial arrangement of subdivisions. 

the optional timber. 

Figure 3 illustrates the spatial arrangement 
of subdivisions within the Slater Creek 
Salvage Sale, and Table 2 summarizes the 
price structure for pine and fir in each 
subdivision. The subdivision lines were 
drawn on the sale area map wherever 
topographic features were obvious such as 
a stream or ridgeline. The lines did not 
match the break-even points exactly, but 
were drawn as close as possible. Pine was 
required to be µarvested in Subdivisions 1 
and 2 because the appraisal showed 
positive stumpage for this species in these 
areas; pine harvest was optional in 
Subdivision 3 where flight distances would 
exceed four miles. If pine was harvested 
from Subdivision 3, the stumpage price 
would be set at $50 per Mbf. Fir harvest 
was mandatory in Subdivision 1, but 
optional in both Subdivisions 2 and 3. 
Flight distances within Subdivision 2 were 
typically over two miles. The fir 
stumpage in Subdivision 2 would be set at 
$50 per Mbf, and $10 per Mbf in 
Subdivision 3. 
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MODEL PREDICTIONS AND REALITY 

Boise Cascade Corporation (BCC) 
purchased the Slater Creek Timber Sale 
April 1993 and began logging in late 
spring. The pine required to be removed 
in Subdivisions 1 and 2 was appraised at 
$216 per Mbf and the fir ·in Subdivision 1 
was appraised at $139 per Mbf. The 
timber sale auction produced a small bid 
premium w~ch pushed these prices 
slightly higher. In addition to promptly 
harvesting all of the required timber, BCC 
removed approximately 2.4 MMbf of fir 
from Subdivision 2 and 2.1 MMbf of fir 
from Subdivision 3. In addition 50 Mbf of 
pine was harvested from Subdivision 3 
(Subdivision 3 contained some scattered 
pine on south slopes). 

In theory, if our appraisal system was 
accurate, and if we modeled the helicopter 
yarding cost correctly using HELIP ACE, 
very little fir should have been yarded 
from Subdivisions 2 and 3 and no pine 
should have been harvested from 
Subdivision 3. We do not think BCC 
harvested timber that was unprofitable 
within the Slater Creek Timber Sale; it. 
appears the lumber price index, and thus 



Table 2. Stumpage price structure of pine and fir by subdivision. 

Subdivision Price (S/Mbt) 

Pine Fir 
1 216 +bid 139 + bid 
2 216+ bid 50 
3 so . 10 

the delivered log prices for pine and fir 
may have increased enough to warrant 
longer flights than our original analysis 
suggested. According to the W estem 
wood Products Association Inland Lumber 
Price Index (WWP A), the price of 
ponderosa pine finished products rose from 
$733.52 to $877 .00 per Mbf between 
February 1993 (the timber sale appraisal 
period) and April 1993 when the sale was 
purchased. Douglas-fir rose from $398.18 
to $491.09 per Mbf during that same time 
period. With market changes of this 
magnitude over short time periods, it is 
very difficult to accurately predict finite 
break-even points like maximum flight 
distances~. The market behavior also 
reinforced our belief in the need for 
flexibility. If we had not used the concept 
of optional timber removal, the Forest 
would have lost_ approximately $143,000 
of revenue and equally important~ timber 
industry would have lost an opportunity to 
harvest over 4.5 :MMbf of timber, only 
because we thought it might not .be 
profitable. 

CONCLUSIONS 

The HELIP ACE Model proved invaluable 
in helping us estimate helicopter logging 
costs for stands of fire killed timber at 
various distances and elevations from a 
common landing. .For our local conditions 
at the time the analysis was completed, 
positive stumpage for high value species 
such as ponderosa pine could be achieved 
at flight distances up to 4.4 miles. Lower 
value species such as Douglas-fir could be 
flown profitably as far as two miles. We 
also learned that timber value and changes 
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in timber markets · can greatly influence 
profitability of long flight distances. In 
our example, the timber purchaser·- elected 
to remove optional timber (fir) as far away 
as four miles from the landing, and pay 
positive stumpage. We concluded this 
discrepancy was not a result of errors in 
the analysis or failures of models such as . 
HELIP ACE or TEA. Instead, we think 
timber value rose high enough to offset the 
higher cost of flying farther. Concepts 
like optional timber and varia~le price 
structures protected the governments 
financial interest ·and provided the 
necessary flexibility for industry to harvest 
additional timber during rising timber 
markets. 
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ABSTRACT: A shift level production and 
cost analysis of helicopter yarding with the 
new Kaman Aerospace K-MAX ship in 
Appalachian hardwoods is presented. 
Kaman has designed a new ship 
specifically designed for external lift 
operations with logging as a primary end 
use. This design utilizes dual counter 
rotating intermeshed main rotors with no 
tail rotor. The objective of the K-MAX 
design is to significantly lower helilogging · 
costs in order to be cost competitive with 
other logging systems. This medium lift 
(6000lbs.) aerial truck has many features 
which facilitate helilogging. Although no 
history is available on the K-MAX for 
maintenance costs and availability, 
projections have been made which indicate 
helilogging costs to be between $140 and 
$190/MBF (Int 1/4 ") for yarding at;t 

average distance of 1900 ft in a gypsy 
moth salvage of primarily Oak species. 
Recommendations are presented to 
improve helilogging operations in 
Appalachian hardwoods, and to assist in 
helicopter sale design and layout. 

KEYWORDS--Helilogging, appalachian 
hardwoods, salvage, gypsy moth, 
helicopter logging 

PROJECT DESCRIPTION 

This case study was conducted March 1-9, 
1994 on the Jefferson National Forest in 
Virginia. The project involves the 
shelterwood treatment of 46 acres of 
Appalachian cove hardwoods to improve 
the health and vigor of the remaining live 
forest impacted by Gypsy Moth defoliation 
in 1991. The objective of the treatment 
was to promote regeneration and to 
salvage the dead and dying trees to provide 
wood and fiber to meet societies' needs. 



Due to the unacceptable environmental 
impacts of using conventional ground 
based systems, helilogging methods were 
used. The results .of this case study will 
help in detennining the costs and 
limitations of this new technology in 
Appalachian hardwoods. With significant 
reductions in helilogging costs it is 
possible to promote this method for 
widespread salvage of dead and dying 
Appalachian fore.st~ and provide a 
mechanism to pretreat currently 
inaccessible stands to better withstand. the 
stress of Gypsy Moth defoliation. 

This project began during May of 1993 in 
discussions with Mr. John Tollenaere of 
Kaman Corporation. Kaman wanted to 

. hold an eng~eering evaluation of the 
KMAX .helicopter on a timber sale ·which 
required Helicopter logging. The 
Jefferson National Forest was interested in 
promoting the use of helicopter logging, 
and. in cooperating with· Kaman to 
determine operating characteristics of this 
particular ship. It was hoped that a ship . 
of this. size could be utilized to. efficiently 
harvest. our Appalachian hardwoods~ After 
a ·review of several potenqal sites, the 
Hunting Creek area on the Glenwood 
Ranger District was selected for this 
project. The enviromnental documents 
were written and a District Ranger 
decision was issued. This decision was 
appealed to the Forest Supervisor by two 
preservation oriented special interest 
groups. After review of the projects 
environmental records and analysts, the 
Forest Supervisor affirmed the District . 
Rangers' decision. This decision was ·then 
appealed to the Regional Forester. After 
Regional Office review of the projects 
enviromnental records · and analysis, the 
Regional Forester affirmed the decision to 
proceed with the project. This process of 
clearing the project for implementation 
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was concluded in late January of 1994, 
some 8 months after beginning the 
enviromnental analysis and documentation 
requirements of the Forest Service's 
implementation of the National 
Environmental Policy Act. 

· OPERATIONS DESCRIPTION 

The Hunting Creek· Helicopter timber sale 
(Figure 1) was then marked and advertised 
for bidding on January 27, 1994. The sale 
contained 100 mbf of Chestnut Oak and 
149 mbf of Northern Red Oak for a total . 
tree measured volume of 249 mbf 
(International 1/4" scale).· On February 25 
bids were opened and Kaman Aerospace 
Corporation was the sole bidder. The 
contract rates were $31.50/mbf on the 
Chestnut Oak and $222.00/mbf on the 
Northern Red Oak, for a total bid of 
$36,228.00. The contract was executed 
that· day, all payments were wire 
transferred .in, and the payment unit was 
released for cutting. Kaman Corporation 
hired a consultant, Mr. Chris Croff, to be 
their purchaser representative on the sale. 
Mr. Croff is experienced in helilogging 
operations and was instrumental in all the 
coordination and arrangements that ate 
essential to this successful helilogging 
show. That afternoon felling and bucking 
began and continued throughout the 
weekend. Log landing construction began, 
the service landing was arranged and move 
in of all support equipment was complete 
by .February 28. Flying began on the 
afternoon of February 28 with some test 
lifts and the logging was completed on 
March 8, loosing two days March 2/3 
where no flying. occurred due to an ice 
stonn. 

All of the timber was felled. and bucked 
for a target 5000 pound payload. Density 
of the timber was determined by weighing 



Figure 1. Hunting Creek Helicopter Sale. 

logs at a local sawmill and computing the 
volume of the logs using the average end 
area times the length, averaging 70 lbs/ft3. 

The cutting crew, consisting of 4-5 
faller/buckers, had never cut for a 
helicopter show. A piece size chart using 
log scale diameter and length was 
developed for the target 5000 pound load, 
and instructions given to the fallers. Due 
to the variations in form and density 
experienced in Appalachian hardwoods, 
and oak in particular, it is difficult to buck 
to a precise payload. This is a key area, 
turn building to payload, in whicli 
helilogging productivity gains can be made 
by improving the consistency of turn 
weights. However since an engineering 
evaluation of the ship was the primary 
objective, and not a demonstration in 
helilogging, load efficiency concerns were 
secondary in importance to the operation. 
Hooking was accomplished with 14-foot 
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nylon double eyed straps. The hooking 
operation was alternated between two, two 
man crews. The subcontract hooking crew 
was from an experienced Montana 
helilogging operator. The KMAX ship ran 
a 150-foot tagline and the ship itself was 
heavily instrumented for the purpose of 
collecting engineering data which Kaman 
will use to refine and verify the ships' 
design. Experienced pilots for the 
operation were brought in from Erickson 
Skycrane and Skyline Helicopters, both 
helilogging contractors from the state of 
Washington. Flight distance from the 46 
acre unit to the landing (elevation 2400') 
ranged from 500 to 2600 horizontal feet, 
with the average approximately 1900 feet. 
The cut volume per acre was 5 .4 mbf. 
One of the main factors in a quick cycle 
time in helilogging is the ability of the 
pilot to see the hookers on the ground. 
For this reason, when logging Appalachian 



hardwoods, it is important to log in the 
leaf off season. Cut volume per acre must 
~ such that the canopy is opened up 
enough to permit the drop. hook to descend 
to ground level without getting hung in the 
standing trees. Visibility and drop hook· 
hangups were not a problem. Totai tum 
times ran from 2.2 to 3.0 minutes daily 
average, with·a fuel cycle· of from 60 to 75 
minutes. Tum times included an average 
90 ft vertical lift in winds. from calm to 20 
knots, temperatures ranging from 32 to 70 
degrees (F), and hook point elevations 
from 2300 to 2900 ft. The service landing 
was located 3 .2 miles away from the log 
landing on private property and consisted 
of a marked helispot and a fuel truck. The 
planned operating hours were from 9:30 to 
11:30 am and from 1:30 to 3:30 pm. This 
schedule also included times for special 
shows, such as the longline lifting and 
placement of a 3. 0 ton Army generator for 
a military group viewing the operations. 

Once. the turn hit the. landing, C&N 
Logging from Natural. Bridge, Virginia 
took over as the subcontractors responsible 
for all ground work exclusive of the 
hooking. Although C&N Logging had 
never worked with helicopter logging it is 
a very experienced production oriented 
logging company headed up by .two 
brothers, Jack and Lester Campbell. . They 
decided to run the landing. hot, by taking 
all landed material directly to the 
knuckleboom loader for truck loading and 
haul. Their philosophy was, why handle 
the material twice (in and out of a cold 
deck) when their production rate of 
loading and hauling could keep up with the 

· yarding. In addition they wanted to utilize 
a buck ·saw instead of manual bucking with 
chain saws. Back up plans were to extend 
the landing and allow for cold decking 
with manual bucking, as is more typical of 
a helilogging landing. A new Caterpillar 

916 robber-tired front end log loader, a 
new Peerless 2170B knucldeboom 
equipped with a CTR bucksaw and one 
chaser manned the log landing. The 
Campbells· proved correct in their planned 
support operations, however on Saturday 
3/5 they hot logged 13 trailer loads off the 
landing and Jack said that they were 
pushed pretty hard and probably could not 
have handled any more. The cold deck 
area did not have to be built, and the 
landing size was kept to a mjnjm1un (1/4 
ac). 

Overall the operation went quite smoothly 
considetjng the objectives of Kaman 
Aerospace, the fact that this was the first 
sale requiring helicopter logging on the 
Jefferson National Forest, and that the sale· 

· was· ground supported by a logging 
company that had never worked with 
helilogging. 
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EVALUATION OF OPERATIONS 

Actual yarding time for the sale was 42.1 
productive hours to yard the 249 mbf 
(International 1/4" scale). This productive 
time, which includes the refueling time, 
was high due to the. service landing being. 
located an abnormally .long 3 .2 miles from 
the log l~ding. This yields a productjve 
rate of 5.91 mbf/hr. John Tollenaere from 
'Kaman Operations has ·estimated the cost 
of operating the KMAX to·be $1,713/hr at 
an annual usage .rate of 1000 hours . and 
$1,324/hr at an annual usage.rate of 1500 
hours (See Appendix for cost· detail). 
Since the KMAX has no service history, 
these operating costs have been estimated 
based on a conservative· approach in 
consultation· with helicopter logging 
contractors. These costs represent a 
reasonable model of what can be expected 
for acquisition, maintenance, insurance, 
fuel, office support, and crew support. 



Table 1. Summary of KMAX Yarding - Hunting Creek Sale• 

Yarding Yarding 
Date Cycles Turns Time,Hr. 
3/1 4 85 4.2 
3/4 5 157 6.7 
3/5 7 219 7.9 
3/6 6 191 7.4 
3/7 6 177 7.6 
3/8 7 n/a 8.3 

Total/ 
Average 35 n/a 42.1 

The economies of scale are evident in 
higher annual usage, since a majority of 
the costs are fixed in relation to an 
independent contractor. Based upon the 
sale volume, the productive hours of 
flight, and the estimated hourly operating 
costs, the range of yarding costs actually 
experienced in this evaluation were 
between $290 and $224 per mbf to go 
from stump to landing. These actual unit 
costs are somewhat higher than those 
commonly experienced by helilogging 
contractors. Sev~ral factors played a role 
in these high unit costs. Table 1 
summarizes the production data for the 
Hunting Creek Helicopter evaluation. The 
volume/day data is a summary of the mill 
scale tickets as tracked on a daily basis. 
Since the sale was hot logged, it is felt that 
the daily trucked volume is close to the 
daily yarded volume. The volumes have 
also been adjusted for conversion to 
International 1/4" ·scale and an estimated 
production of eight loads for which mill 
scale tickets were unavailable. 

The operational factors which were 
particular to this engineering ~valuation 
and lead to high unit rate yarding costs 
were: 

1) poor load efficiency 
2) extended distance to service· landing 
3) heavy instrumentation of prototype ship 

and associated data collection efforts 
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Mbf 
Min/Turn Volume Mbf/hr 

3 .·o 17.6 4.2 
2.6 26.2 3.9 
2.2 53.4 6.8 
2.3 40.5 5.5 
2.6 48.5 6.4 
n/a 62.8 7.6 

2.4 249.0 5.9 

4) pilot inexperience with the KMAX 
(learning curve) 

5) hooker/faller/bucker inexperience with 
the tum weight estimation leading to 
overweight aborts and skid turns to 
bunch for payload 

6) inexperience by the . Forest Service in 
laying out helicopter sales resulting in 
excessive time yarding scattered pieces 

7) reduction in sale volume as a result of 
preservationists appeals which resulted 
in sparse areas of designated timber 
(361mbf originally marked reduced to 
249mbf). 

The impacts of these factors on the unit 
costs need to be evaluated in order to 
project what costs might be expected in a 
production logging situation. The load 
efficiency on this study was 3540 lbs. 
average weight per tum (range from 2000 
lbs. to 6400 lbs.) divided by 6000 lbs. lift 
capacity, or 59 % . Load efficiencies 
common- in the helilogging industry are 
80 % . The distance to $e service landing 
is normally within close proximity to the 
log landing. The estimated additional time 
spent in route was 6 minutes per fuel cycle 

- over the 29 cycles resulted in 2. 9 liours · 
additional productive time due to excessive 
( > .5 mile) distance to the service landing. 
The instrument package which was on 
board the ship weighed 300 lbs. and 
required some time at the end of each fuel 
cycle to download data. It is uncertain 



how much time was spent, and the weight 
of the data package contributed to. the poor 
load factor. While both the pilots were · 
experienced in helilogging, the KMAX 
was a new ship for them to fly. Probably 
the most reliable factor with the pilot 
learning curve was the increasing fuel rate 
as the pilot got used to the ship. The last 
three days of productive logging were 
accomplished by the same pilot. During 
this time the fuel rate increased from 80 
gallons/hr to 84 gallons/hr average._ It is 
felt that this increase in fuel consumption 
is attributable to the pilot's comfort factor 
and learning how to work the ship harder. 
This would represent a 5 % increase· in 
productivity. over these last three days 
despite an increasing amount of scattered 
turns to clean up the sale to meet._ 
utilization requirements._ This also 
indicates a learning curve effect. The rate 
of aborted/skid turns averaged 6.3a three 
day period towards. the end of the 
evaluation period. It is felt that with a 
more experienced crew in tum building 
that this rate could be cut in half 
increasing productivity by 3 % • Since this 
was the first helicopter sale on the 
Glenwood RD, there were some 
improvements in sale layout that could 
have been made. The most significant 
factor was the last minute reduction of sale 
volume to 70% preservationist appeal 
concerns. This resulted in the marked 
volume being light in areas, and left no 
flexibility in· the building of turns for 
payload. Additionally, there was very 
little thought put into the what rofoimnm 
sawtimber tree specifications and piece 
sizes should be used to facilitate the 
economics of helicopter logging. These 
considerations in sale prep would ha:ve led 
to a higher load factor than that 
experienced. · 

To account for these factors the following 
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adjustments are suggested in productivity 
to get a better look at what productivity 
and unit costs might be experienced in a 
commercial operation. 

Load Factor to 80% 
5.91 X 1.3~ = 8.04 mbf/hr 

Service landing distance 
8.04 X 1.07 = 8.60 mbf/hr 

Learning Curve 
8.60 x LOS = 9.03 mbf/hr 

Abort/Skid Turn Rate 
9.03 X 1.03 = 9.30 mbf/hr 

If these a~justm.ents are not made 
individually, then the adjusted production 
rate is 5.91 x 1.51 = 8.92 mbf/hr. Given 
these considerations, a reasonable adjusted 
productive rate ·should be between 9 .0 and 
9.3 mbf/hr for similar logging conditions. 

Using the same hourly costs the range in 
unit rates would be from $1713/9.0 = 
$190/mbf to $1324/9.3 ~ $142/mbf. 
These costs would not include mobilization 
nor profit. 

WHAT WE LEARNED AND ·TinNGS 
TO DO DIFFERENT 

Appalachian hardwoods are heavy and 
inconsistent as to their density. This is a 
major problem and needs to be dealt with 
much in·advance of the ship arriving .. It is 
inconsistent to estimate tree weights based 
upon board foot scale or scaling diameter 
due to the variations in density and the 
lack of consideration of piece taper. It has 
been suggested in the past that the 
midpoint diameter (area)· of a piece times 
the piece· 1ength times a density is the best 
w~y to estimate tree weight (Dale 
Waddell, 1989) .. This method is 
recommended .-for future helilogging 
operations in Appalachian hardwoods. A 



Table 2. Projected Production and Yarding Costs for KMAX Evaluation-Hunting Creek 
Timber Sale. 

Annual Yarding Operating Yarding 
Utilization Production Rate Costs 

Hrs MBF/Hr $/Hr $/MBF 

1000 9.0 1713 190 

1000 9.3 1713 184 

1500 9.0 1324 147 

1500 9.3 1324 142 

Table 3. Estimated weight of Northern Red Oak logs. 

Closest Hundred Pounds (CWT) 

Density Range: Low High Avg 
#/FT3 65 75 70 

Log 
Length Midpoint on Stem Diameter, Inches 
Ft 12 14 16 18 20 22 24 26 28 30 32 

Densit~ 
Low 4 6 7 9 12 14 17 20 23 26 30 

8.25 Avg 5 6 8 10 13 15 18 21 25 28 32 
High s 7 9 11 13 16 19 23 26 30 35 

Low 5 7 9 12 15 18 21 25 28 33 37 
10.25 Avg 6 8 10 13 16 19 23 26 31 35 40 

High 6 8 11 14 17 20 24 28 33 38 43 
Low 6 9 11 14 17 21 25 29 34 39 44 

12.25 Avg 7 9 12 15 19 23 27 32 37 42 48 
High 7 10 13 16 20 24 29 34 39 45 51 

Low 7 10 13 16 20 24 29 34 40 45 52 
14.25 Avg 8 11 14 18 22 26 31 37 43 49 56 

High 8 11 15 19 23 28 34 39 46 52 60 
Low 8 11 15 19 23 28 33 39 45 52 59 

16.25 Avg 9 12 16 20 25 30 36 42 49 56 64 
High 10 13 17 22 27 32 38 45 52 60 68 

Low 9 13 17 21 26 31 37 44 51 58 66 
18.25 Avg 10 14 18 23 28 34 40 47 55 63 71 

High 11 15 19 24 30 36 43 so 59 67 76 
Low 10 14 18 23 29 35 41 49 56 65 74 

20.25 Avg 11 15 20 25 31 37 45 52 61 70 79 
High 12 16 21 27 33 40 48 56 65 75 85 

Low 11 15 20 26 32 38 45 53 62 71 81 
22.25 Avg 12 17 22 28 34 41 49 57 67 76 87 

High 13 18 23 29 36 44 52 62 71 82 93 
Low 12 17 22 28 34 42 so 58 67 77 88 

24.25 Avg 13 18 24 30 37 45 53 63 73 83 95 
High 14 19· 25 32 40 48 57 67 78 89 102 

Low 13 18 24 30 37 45 54 63 73 84 95 
26.25 Avg 14 20 26 32 40 49 58 68 79 90 103 

High 15 21 27 35 43 52 62 73 84 97 110 
Low 14 20 26 32 40 48 58 68 79 90 103 

28.25 Avg 16 21 28 35 43 52 62 73 . 85 97 110 
High 11· 23 30 37 46 56 67 78 91 104 118 

Low 15 21 27 35 43 52 62 72 84 97 110 
30.25 Avg 17 23 30 37 46 56 67 78 91 104 118 

High 18 24 32 40 49 60 71 84 97 111 127 
Low 16 22 29 37 46 55 66 77 90 103 117 

32.25 Avg 18 24 32 40 49 60 71 83 97 111 126 
High 19 26 34 43 53 64 76 89 103 119 135 
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range and mean of densities specific to 
tree species can be developed from core 
samples (Table 3). After observing the 
extreme importance of average load factor 
in determining unit costs, a system for 
improving this skill is being suggested. In 
developing turns for a specific payload, it 
is suggested that a two pass system be 
used. The first pass is to directionally fell 
the tree, limb, and top to merchantable 
height. The second pass is to develop the 
turns through bucking.. In this manner, 
felling production would not be slowed by 
teaching a new technique, and tum 
building expertise could be concentrated 
where it will. be most effective. During 
the second pass, the turn builder can 
estimate the density based upon an 
estimate of growth ring count and species. 
The tum builder then needs to· estimate the 
probable hook drop point. From that point 
the tum builder then estimates the total 
number of turns from that point within 
single or double strap length, as the 
situation warrants. The bucking can then 
be done to make up pieces for each turn to 
get payload. The turn builder will need to 
acquire skill at estimating length and 
diameters. A Biltmore stick with the 
weights of pieces printed· on it would be 
most helpful. 

This same process of turn building needs 
to be accomplished during sale design and 
layout, except based upon Diameter Breast 
Height (DBH), form class, and 
merchantable height. The designation of 
timber to be cut should consider the 
opportunity to remove full payloads for the 
design helicopter: This consideration 
should be in the form of a minimum· cut 
per acre and the minimum tree and piece 
specifications to be cut and removed. 

Minimum cuts per acre ·on helilogging 
operations have been suggested in the past. 
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For example, Halkett (1982) has 
recommended 40-60 m3 /ha. In logging 
with a KMAX the designed ·payload is 
5000 lbs. The idea would be to provide a 
minimum cut per acre which would allow 
for the opportunity to build full payload. 
Utilizing Table 1 as a guide to weight, a 
16' log with a 18" midpoint would run 
from 1900 to 2200 pounds. Given a 
standard taper allowance of 1/2" per 4' 
section yields a scaling diameter of 17" 
and 210 board feet (International 1/4" 
scale). This yields a 9 to 10.5 pounds per 
board foot density. If a given drop point 
would service a 50-foot radius area (.18 
ac), then the marked volume should be as 
follows: 

5000 lb/(9 lb/bf* .18ac) = 3 .1 mbf/ac to 
5000 lb/(10.5 lb/bf*.18ac) = 2.6 mbf/ac 

Therefore it follows that a 2.5 to 3 mbf/ac 
International 1/4" should be the lowest 
volume per acre cut considered for the 
KMAX. As a practical guideline, some 
additional payload capacity should be 
available to assist in tum building. 
Marking guidelines should be developed to 
reach these minimum volumes. · A simple 
method has been developed to estimate the 
volume per acre for Appalachian 
hardwoods and the prism. (Ashley, 1991) 
Using a 10 factor prism, counting all the 
logs in the plot ·and multiplying by 650 
yields bf/ac. Therefore, marking .guidelines 
could be such that at ieast 4-6 
merchantable logs in a 10 factor plot need 
to· be marked. Similar guidelines could be 
developed for fixed radius plots. These 
logs iµust meet or- exceed a minimum 
specification in order to be merchantable, 
which will vary primarily on the market 
value of the log. 

Iri addition to the minimum volume per 
acre, serious evaluation of the minimum 



tree specifications to be marked, and the 
minimum piece specification for utilization 
needs to be considered. Due to the high 
operating costs of helicopters, there is very 
little opportunity to remove trees which do 
not bring a positive cash flow. for the 
purchaser. It is suggested that price lists 
from probable open market sawmills in the 
sale area be obtained and that no timber 
marked or pieces required to be removed 
which do not cover estimated development 
costs. In this particular case, with total 
development costs estimated at $280 -
$300/mbf Doyle, only Forest Service 
grade l and better Red Oak, Chestnut 
Oak, Ash, and Yellow Poplar should have 
been marked. The minimrun piece size 
should have been 12" dib and 10 ft. 
These utilization factors need to be 
considered on a case by case basis, if a 
successful helicopter logging program is to 
be established. The National Forests of 
Virginia have the timber resource to 
support a modest program of timber sales 
meeting these requirements. 

Since Appalachian hardwoods are heavy 
(65-70lbs./ft') there is a significant 
assignment of risk to the helilogging 
subcontractor to contract yard on a per 
mbf basis. Perhaps a more equitable 
arrangement could be made if the 
helilogging were to be contracted out on a 
per ton basis. This would place more risk 
on the manufacturer of the logs who is, 
with varying utilization and manufactured 
specifications, in a better position to 
assume this risk. The ship and all the 
supporting equipment do not perform on 
the variances in log scaling practices. 
They do however perform based upon 
tonnage flown. It is expected that very 
little difference would occur in unit costs 
of flying tons of Douglas Fir or flying tons 
of Northern Red Oak under similar sale 
conditions. This would permit the 
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helilogging contractor to focus on the 
tonnage produced and ease the burden of 
carrying products that do not pay for 
themselves on the open market. Significant 
change would have to occur in order for 
this recommendation to happen, as no 
Appalachian. hardwood mills are currently 
buying quality logs on a ton basis. 
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Appendix 1. KMAX Estimated Operating Cost Detail (Cash Flow Basis). The breakdown 
assumes the operator has an ongoing helicopter company providing office facilities, 
fuel/service truck and other field support. 

Item 

Helicopter 
Ownership 3 .5$mm. @ 8 % for 7 yr. 
Maintenance & components 
Fuel @ 85 gal/hr @ 1.00/gal 
Insurance @ 5 % 
Unscheduled maint. 15,000/ 

25,000 

Support Vehicle 
1000 miles/month@ 1.36/m.i 
2000 miles/month 
Insurance@ 5,000/yr 
Maintenance 1,000/yr 

2,000/yr 

Office and Airport Parking. 
Telephone and Fax 1000/mth 
Office support 1000/mth 
Airport 300/yr 

600/yr 

Staff Salaries 
2 ea Pilots @ 36,000/yr 

flight pay @ 35/hr 
pilot overhead 36,000/yr 

2 ea Mechanic @ 42,000/yr 
Mechanic overhead 35,000/yr 

Driver/ Assistant 18,000/yr 
Per diem & Travel 72,000/yr 

Total Cost per .Productive Hour 

246 

1000 hr/yr 

654.78 
400.00 

85.00 
175.00 
15.00 

1.36 

5.00 
1.00 

12.00 
12.00 
0.30 

72.00 
35.00 
36.00 
84.00 
35.00 
18.00 
72.00 

$1713.44 

1500.hr/yr 

436.52 
400.00 

85.00 
116.67 

16.67 

1.82 
3.33 

1.33 

8.00 
8.00 

0.40 

48.00 
35.00 
24.00 
56.00 
23.33 
12.00 
48.00 

$1324.07 
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ABSTRACT: A base machine that has 
four adjustable legs, two with wheels on 
their end and one knuckle type telescoping 
boom, has been studied for use in forest 
operations on steep, difficult sites. One 
such machine has been introduced as a 
harvester in Hokkaido, Japan. Its 
performance was investigated at a line 
thinning operation in a mixed white fir 
(Abies sachalinensis) and hardwoods stand. 
The productivity of this harvesting 
operation was 6 m3 per hour. Primary 
reasons for this low productivity were the 
small size of trees and the machine's small 
capacity. The time study showed that the 
processing time element ·occupied the 
largest time element in productive hours. 
The second largest time element· was the 
machine's traveling time between the trees 
for felling. Also the machine needed a few 
seconds each time to switch the attachment 
for harvesting ~d for traveling, therefore 
the total traveling time reached 33 percent. 
The machine's traveling speed equals 
about one-third to one-half of man's 
walking speed. 

Research on a new machine, the Semi 
-Legged Vehicle will result in higher 
traveling speed and more stability on 
steep, difficult sites. The new base 
machine has two knuckle type telescoping 
booms instead of two stabilized hydraulic 
legs without wheels. Therefore, the 
machine can alternatively use the center 
knuckle type telescoping boom or two side 
knuckle type telescoping booms for the 
machine's stabilization and traveling. 
Presently, the machine has too many 
control levers; thus, the operator has 
difficulty driving the machine. A 
computerized control system has been 
developed for the operator to more 
efficiently control the machine. 

KEYWORDS-Semi-legged vehicle, forest 
operations, steep and difficult sites, 
harvesting operation, productivity, 



Figure 1. Kaiser X4 Turbo Mobil. 

traveling speed, new base machine, 
stability, computerized control system. 

INTRODUCTION 

The logging industry has long needed a 
base machine for steep, difficult sites. In 
Japan, for example, most of forest area is 
so steep that the logging industry will not 

· be able to operate in the future without 
such base machine. 

A base machine that has four adjustable 
legs, two with wheels on their end and one 
knuckle type telescoping boom, has been 
studied for use in forest operations on 
steep, difficult sites. In 1981, one such 
base machine, the Menzi Muck, was 
examined for its potential as a feller
buncher on steep slopes (Arola et al. 
1981). They indicated that the Menzi 
Muck might have potential in felling and 
bunching small timber for cable yarding, 
strip thinning on steep slopes, and logging 
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swampy areas. In 1991, a 1/11 scale 
model of Menzi Muck was constructed, 
and its operation as a feller-buncher was 
investigated (Sakai et al. 1991). They 
indicated that the machine as a feller
buncher might be suitable for clear-cutting 
where trees were not small. 

There are two such base machines in Japan 
today; the Schaeff Superhoe with a chain 
saw head has been introduced as a 
feller-buncher and the Kaiser X4 Turbo 
Mobil as a harvester that can fell a tree, 
delimb, buck, and bunch. Titls paper 
discusses the Kaiser X4' s performance as a 
harvester, and the present results of our 
research on the new machine, the Semi
legged Vehicle, which is on-going to 
secure faster traveling sp~ed and more 
stability on steep, difficult sites. 

MACHINE DESCRIPTION 

The Kaiser X4 Turbo Mobil was 
developed as an excavator by 



Table 1: Specifications of the Kaiser X4 Turbo Mobil 

Manufacture 
Name 
Weight 
Engine power 
Ability to climb 
Ability to climb for working with boom 
Overall Length 
Overall Width 
Moving method 
Area of a pad attached on the end of knuckle or telescoping 
boom 

GRANGARDE MASIQN 
DAISER X4 Turbo Mobil 

7,000 kg 
87 ps @ 3,200 rpm 

40 degrees 
35 degrees 
5,000 mm 

2,030 - 4,750 mm 
semi-legged type 

2,500 cm2 

Area of a pad attached on the end of stabilizer legs 
Traveling speed 

1,600 cm2 

7km/h 

Table 2: Specifications of the Pan (GM 626) harvesting head 

Maker GRANGARDE MASKIN 
Name Pan (GM 626) 
Type Single grip 
Cutting method Chain saw 
Maximum cutting diameter 350 mm 
Maximum delimbing diameter 290 mm 
Preset log length 4 kinds 

GRANGARDE MASKIN in Lichtenstein. 
It is powered by a diesel engine, rated at a 
maximum 87 ps@ 3,200 rpm, and is a 
fully hydraulic machine. It has an overall 
machine length of 5,000 mm, a width of 
4,750 mm in maximum and of 2,030 mm 
in roiniro11D1 (Figure 1 ). 

The machine has two adjustable stabiliz.er 
legs with pads and two with wheels. 
These wheels are driven by hydraulic 
power and assist the machine to travel on 
steep slopes. They are mainly used to 
travel on. flat terrain. The knuckle or 
telescoping boom reaches 7,060 mm in 
maximum and 3,050 mm in minimum, and 
reaches 7,420 mm above ground and 4,660 
mm below ground. The ability to climb is 
sufficient to overcome 40 degree slopes, 
and the machlne can keep a stable 

configuration with 35 degrees for 
stationary work with the knuckle or 
telescoping boom (Table 1). 

The harvesting head on the base machine 
is called the Pan (GM 626) made by the 
same company as the base machine. It is a 
fully hydraulic machine mounted on two 
feed rollers and three clamps, two with 
delimbing knives and hydraulic chain saw. 
The maximum felling diameter is 350 mm 
and maximum delim.bing diameter is 290 
mm (Table 2). This head is small, but is 
the maximum size for·the base machine's 
hydraulic capacity. 

The Kaiser X4 Turbo Mobil moves by 
means of the hydraulic boom. When it 
moves, the harvesting head is folded and a 
pad for walking is unfolded. 



(1) (2) 

(3) (4) 

Figure 2. Simplified schematic illustrating movement of the machine. (1) Boom drawn 
towards machine, and walking pad bottomed on ground out ahead of the machine. (2) 
Downward pressure applied to lift the stabilizing pads from the ground, and knuckle boom 
folded to pull the machine. (3) Boom shortened to stabilize the machine. (4) Stabilizing pads 
bottomed on ground. 

The procedure can be reversed to push the 
machine instead of pull it. 

The pad is lowered to the ground close to 
the machine (to push) or out ahead of the 
machine (to pull) and the stabilizers are 
raised so that the machine rests on only 
the pad and the rear wheels. By applying 
hydraulic PQWer to the boom, the machine 
advances or retreats (Figure 2). 

When in position to begin_ the harvesting 
operation,. the stabilizer legs are l9wered, 
and the legs and wheels are hydraulically 
adjusted to level the machine and attain 
maximum stability and operator comfort. 
To fell a tree the pad is· f<;>lded and the 
harvesting head is unfolded, then the. boom 
is extended and ·the harvesting head is 
positioned at the base of the tree. The 
clamps are closed on the tree, and it is cut 
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from the stump by chain saw on the 
qarvesting head. The severed tree is lifted 
vertically and tilted down ahead of the 
machine for safety, swung into position, 
fed with the feed roller to delimb, and 
bucked at a preset length. When all trees 
within reach are· cut, the machine .moves to 
a new felling position. 

SITE DESCRIPTION 

The Kaiser X4 Turbo Mobil was observed 
working at a line thinning operation at 
Oketo in Hokkaido. Though the site was 
originally an artificial stand of white fir 
(Abies sachalinensis) 35 years ago, it has 
become a mixed white fir and hardwood 
stand now. The area of the site is 8 .15 
hectares, the. average tree· height was 14 
m, the average tree diameter was 13 cm 



Figure 3. Logging site and strip roads. 

d.b.h. The stand contained 1,657 trees 
per hectare, and the stand's total volume 
was 1,304 m3

• The soil was brown forest 
soil, and the slope averaged 27 percent. 

The alignment of strip roads and thinning 
lines is shown in Figure 3. Some of the 
thinning Jines run almost parallel to 
contour lines in the lower part of slope; 
thus the slope of the thinning lines were 
gentle. The terrain was so flat that the 
Kaiser X4 Turbo Mobil could travel 
easily. 

STUDY METHODS 

Stop watch time study methods were used 
during a period of one day. It was cloudy 
in the morning and sometimes rainy in the 
afternoon. The elements of the cycles were 
recorded as below. 

Travel-Traveling time from one felling 
position to next felling position. Direction 
was mainly parallel to contour lines, and 
parallel to slope in traveling from one 
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thinning line to next line. 

Switch attachment for harvesting
Switching attachment from walking pad to 
harvesting head. · 

Reach and position-Extending the boom, 
positioning the harvesting head at the base 
of the tree and closing the clamps. 

Fell-Cutting off the tree from the stump 
and tilting down it ahead of the machine. 

Delimb-Feeding the tree to delim.b. 

Buck-Measuring the log length and 
bucking. 

Switch attachment for traveling-
Switching attachment from harvesting head 
to walking pad. 

Remove obstacles-Clearing bushes and 
delimbed branches. 

Delay--Malfunction or breakage of the 



Remove obstacles 

Switch atachment 14----
for harvesting · 

Reach and position...,__ __ 

Fell 

Delimb 

Buck 

Switch atachment 
for traveling 

Travel 

Figure 4. Flow chart of the harvesting 
operation. 

machine, planning the operation, 
operator's break without lunch time. 

Flow chart of the harvesting operation 
is shown in Figure 4. 

RESULTS 

Productivity - Volume removed from the 
stand was 312.10 m3 of logs~ contained 
266.26 m3 of white fir log, 31.24 m3 of 
whole tree white fir chips and 14. 60 m3 of 
whole tree hardwood chips, were harvested 
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in 26 productive days with 50.5 man days. 
This yielded a production rate of 6.18 ml 
per productive man day. Total cost for this 
operation was about $25,000, or about 
$81/m3

• 

There were 19 productive days for the 
harvester; therefore the machine's total 
production rate was 16.43 m3 per day 
(including delay). 

Time Study - The results of the time study 
are shown in Table 3. It shows that the 
delimbing time element occupied the 
largest time in productive hours, 
consuming 36.0 percent. The second 
largest time element was the traveling, 
which was 18.0 percent. The machine 
needed 2 to 24 seconds each time to switch 
the attachment for harvesting and for 
traveling, toW!ing 18.5 seconds in average 
or 12.0 percent in productive hours. 
Therefore, _the total traveling time was 
30 .0 percent. 

Although the total· number of felled trees 
in the observation was .274, some trees are 
too small to·use. Therefore, the number 
of the logged trees was 223. The total 
observed productive time was 12,899 
seconds (3 hours,. 34·m.inutes, 59 seconds). 
The average volume ofa tree was 0.097 
m3

; therefore the productivity of .the 
harvester was 6.0 ml per productive hour 
or approximately 62 trees per productive . 
hour. 

Traveling Speed - The travel parallel to the 
contour lines time element is. shown in 
Table 4. The table shows that the 
traveling speed of the Kaiser X4 Turbo 
Mobil ranged from 656.5 to 1,296.0 m per 
hour and averaged 774.7 m per hour. this 
equals about one-third to one-half of man's 
walking speed. 



Table 3. Results of the time study 

Elements Total time Number of Mean time Rate(%) 
(seconds) times (seconds) 

Travel (parallel to contour lines) 2,170 
Travel (parallel to slope) 149 
Switch attachment for harvesting 683 
Reach and position 1,841 
Fell 1,186 
Delimb 4,648 
Buck 734 
Switch attachment for traveling 865 
Remove obstacles 623 

Total 12,899 

Delay 1,709 

Sum Total 14,608 

DISCUSSIONS 

The Kaiser X4 Turbo Mobil should have 
potential of higher productivity as a 
harvester on steep slopes, but its 
productivity in this observation was only 
6.0 m3 per productive hour. Primary 
reasons for this low productivity were the 
small size of trees. The average tree 
diameter was 13 cm d.b.h. and the average 
volume of a tree was only O. 097 rrt'. 

Though the productivity will be higher 
with larger trees, the maximum tree size to 
tteat depends on the harvesting head's 
capability. The machine's maximum 
delimbing capacity was 29 cm in diameter; 
therefore some trees were too large to be 
processed with the harvester. It took a 
long time to harvest such trees, with a 
maximum over 80 seconds in felling and a 
maximum over 50 seconds in delimbing. 
The productivity would be higher with a 

_ larger harvester head, but the maximum 
size of head is restricted by the Kaiser X4 
Turbo Mobil's hydraulic capacity. 
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97 22.4 16.8 
3 49.7 1.2 

81 8.4 5.3 
204 9.0 14.3 
274 4.3 9.2 
604 7.7 36.0 
572 1.3 5.7 

86 10.1 6.7 
24 26.0 4.8 

138.9 100.0 

8 213.6 

The traveling speed of the Kaiser X4 
Turbo Mobil averaged 774. 7 m per hour, 
and equals about one-third to one-half of a 
man's walking speed. If it would have 
same speed of a man's walk, 
approximately 2,000 m per hour, the 
productivity would be increased by 18 
percent. 

DEVELOPMENT OF THE NEW 
MACIIlNE 

Research on the new machine, the 
Semi-legged Vehicle, will provide 
increased traveling speed and more . 
stability on steep, difficult sites. We've 
been developing a hydraulic model of the 
new base machine since 1990 (Nitami and 
Minamikata 1991, Nitami et al. 1991, 
Nitami et al. 1992, Tange et al. 1992, 
Tange et al. 1993, Tasaka et al. 1993). 
The new base machine has two knuckle 
type telescoping booms instead of two 
stabilized hydraulic legs without wheels. 
Therefore, the new base machine has a 
total of three knuckle type telescoping 
booms and two stabilizing legs with wheels 



Table 4. The traveling speed parallel to contour lines of the Kaiser X4 Turbo Mobil 

Distance (m) Time (seconds) Speed (m/h) 

3.10 
3.24 
3.10 
4.00 
3.40 
3.15 
1.96 

in their end. The overall length of the 
machine is hydraulically adjustable 
between 3,750 mm and 5,210 mm, and the 
total weight is about 4 tons (Figure 5). 

A similar semi-legged machine has been 
examined in the roboTRAC project in 
Europe (Schweitzer and Werder 1991). 
Their project intends to develop a new 
vehicle technique with intelligent tactile 
capabilities for mobility in rough terrain. 
Their small model will have automatically 
controlled and guaranteed stability at all 
time. On the other hand, our scale model 
will have computer control only to support 
and relieve the human operator. 

Our new base machine .can alternatively 
use the center knuckle type telescoping 
boom or two side knuckle type telescoping 
booms for the machine's stabilization and 
traveling. We intend to provide faster 
traveling speed by the gaits with this 
mechanism. 

Presently, our ~achine has 9 control 
levers, . 8 of them are four directional for 
controlling legs and booms, and the other 
one is two directional for rotation of cab 
and the working boom. It has so many 
levers that the operator has difficulty 
driving the machine. 

There are two methods to decrease the 
number of the levers; (1) use eight 

17 
9 

11 
17 
17 
16 
15 
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656.5 
1296.0 
1014.5 
847.1 
720.0 
708.8 
470.4 

directional joy sticks with buttons on their 
ends, or (2) apply a computer-aided 
control system. The former is a simple· 
method, but· existing eight directional joy 
sticks use proportional valves. We 
decided to use on/ off valves so that it is 
difficult to use eight directional joy sticks 
for the machine. Therefore, a 
computerized control system has been 
developed for the operator to more 
efficiently control. the machine. Up to now 
we have established the control system for 
maneuvering the end of the knuckle type 
telescoping booms horizontally or 
vertically. 

CONCLUSIONS 

The Kaiser X4 Turbo Mobil may have . 
potential as a harvester for small timber, 
line thinning on slopes. To determine the 
full potential of the machine; we .should 
have more tests on steep slopes and on 
swampy areas. Although the test covered 
only a short period of time and was 
limited in scope, the preHminary data can 
be used by other researchers or industry to 
compare . with future tests. 

The development of the new Semi-legged 
Vehicle is on-going. We are now in the 
stage of developing computer-aided control 
to support and relieve the human operator 
and are testing its ability on slopes .. The 
machine may have more stability, faster 



Figure 5. The new Semi-Legged Vehicle 
under development. 

traveling speed and easier control. 
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ABSTRACT: This paper discusses a study 
on controlling losses in log recovery value 
during yarding of old growth logs under 
west coast operating conditions. The study 
included a literature review to determine 
current methods of statistical process 
control, and a pilot study to develop 
methods of measuring value loss in 
yarding operations. Baseline data on 
current levels of damage in typical west 
coast yarding operations was also 
collected. Losses found in the pilot study 
ranged from 1 to 2 percent of total log 
value for the yarding stage only, which 
was consistent with the literature. 

Problems were encountered in applying the 
pilot study methods which indicated the 
need for further development. In 
particular, the grading and scaling methods 
were in need of considerable improvement. 
The measurement methods used in the 
pilot study were also found to be 
cumbersome and time consuming. As a 
result, an alternative approach was sought 
which could be applied on an operational 
basis. 

The alternative methods proposed rely on 
industry standard process control methods 
such as control charts for attributes, and 
checksheets. Checksheets are used to 
monitor changes in the condition of a log, 
through observation of the yarding 
process, and control charts for attributes 
are used to accumulate and assist in 
interpretation of observations. These 
techniques can be implemented without 
extensive measurements or immediate 
improvement in scaling and grading 
techniques. 

KEYWORDS-Harvesting, value recovery, 
quality, control charts, British Columbia, 
yarding, statistical process control. 



INTRODUCTION 

This paper is concerned with determining 
and· reducing current levels of log damage 
and related losses in yarding operations. 
Reducing damage results in increased 
recovery of log value. This helps to shift 
the emphasis in harvesting operations from 
cost roinimi:r.ation to value recovery 
roinimiz.ation. This shift CM: help the 
forest industry to maximize volume and 
value recovery from an increasingly scarce 
timber resource. Funding for this · study 
was provided by the Science Council of 
British Columbia. 

Log Recovery Value and Damage 

Log recovery value is the value of the end 
products which can be produced from a 
log, such as luml)er, veneer, and/or chips. 
Log damage includes breakage, shattering, 
slabbing, gouging, splitting; or anything 
which reduces the potential value of a log 
at the final processing stage. Estimates .of 
value loss in the· literature are -.from 1 to 2 
percent· of total· value for the yarding stage 
of harvest operations (McIntosh, 1968; 
Williston, 1979). For a 500,000 cubic 
meter/year operation, a 2 percent damage 
rate would be equivalent· to a loss of 
$600,000 per year, assuming a $60 per 
cubic ~eter log value. Many operations 
could have higher losses. Reducing· the 
damage rate by as little as 10 percent 
would result in an increase in value 
recovery of $60,000 per year. 

Log Quality and Quality Control 

Quality is defined as satisfying customer 
requirements (Juran and Gryna, 1993): 
i.e., producing logs with the highest 
potential recovery value. The current aim 
of quality control methods is to detect and 
correct problems as they occur, so that 
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only the highest quality products are 
produced. This is known as statistical 
process control (SPC). SPC methods such 
as control charts are widely used in 
sawmilling. The key question asked in 
this study was: can they by applied in 
harvesting to reduce log damage and 
increase log recovery value? 

Control Chart Concepts 

The key ~oncept of control charting is the 
observation of variation over time. There 
are two types of variation. Common 
variation is the normal random fluctuation 
of the value of individual products, around 
the average product value, usually 
resulting from the design of the process 
itself. Special variation is an unusual 
change in the normal operating pattern of a 
process due to special causes. To 
distinguish between the two,. the pattern 
over time is observed, looking. for results 
outside normal operating limits or other 
signs of non-random behavior. Such signs 
can include trends or runs away· from the 
average results of the process under 
normal operating conditions. Results 
outside preset limits indicate situations 
which ·definitely need to be investigated. 
Control limits are usually set at the 
average of normal operating results for the 
process plus or minus 3 standard 
deviations (Juran and Gryna, 1993). 

The Control Chart for Attn"butes 

In sawmilling, quality can be determined 
by measuring the variation from a target 
value such as board thickness. In yarding 
operations, however, it is difficult to 
measure directly· one variable which 
represents log quality; but it is relatively 
easy to determine by observation of logs 
being yarded whether damage bas 
occurred. This situation suggests the use 



of control charts for attributes. 
Observations are considered to be discrete 
or "attributes" data when the characteristic 
being observed can take on only certain 
discrete values or conditions, e.g., 
damaged or Iiot damaged (Juran and 
Gryna, 1993). 

Grouping o~ Data 

It is important that individual observations 
of a process can be obtained in rational 
groups so that changes in results can be 
related to changes in operating conditions. 
For yarding operations· the operating day is 
a rational grouping. Operating conditions 
which would likely affect log value 
recovery, are usually constant during the 
day, although they may frequently vary 
from one clay to the next. However, the 
number of logs yarded daily can vary 
widely. Control . charts for attributes can 
be modified, as discussed below, for use 
in situations where the number of 
observations varies widely over the normal 
operating cycle. 

PILOT STUDY 

The first requirement in setting up a 
quality control program is to determine the 
normal operating characteristics of the 
proce$8. This is the baseline state, against 
which subsequent measurements will be 
compared to detect special variation and to 
measure the effectiveness of the control 
measures. 

To obtain tbis data, a pilot study was 
developed in cooperation with the Forest 
Engineering Research Institute of Canada
Western Division (FERIC). This study 
determined the effects of yarding methods 
on·log value recovery, in west coast old 
·growth harvesting operations (McNeel and 
Copithome, 1993). The study area was 
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typical of low elevation mature Cedar
Hemlock-Balsam (Thuja plicata Donn -
Tsuga canadensis (L) Carr. - Abies 
amabilis (Dougl.) Forbes) stands on 
Vancouver Island and so should be 
relevant to a large proportion of coastal 
harvesting operations. The stand 
contained numerous large cedars which 
were extremely variable in size and shape, 
and were expected to have higher value 
losses due to breakage~ other species. 
Three c~mmon yarding systems were 
compared: Skyline, Grapple and 
Higblead. Operating and stand conditions 
were similar· f~r each yarding system. 

Methods 

After felling and bucking, logs were 
selected at random. and numbered, marked, 
scaled, and graded using British Columbia 
Ministry of Forests Stumpage and Royalty 
(S&R) scaling system. Each marked log 
was examined after yarding and any which 
appeared to have been damaged during 
yarding were rescaled. Data was collected 
on 694 logs yarded over the period from 
June, 1992 to February, 1993. The 
differences in log volume and grade 
between the woods scale and the landing 
scale, resulting from yarding damage, 
were determined, then, open market log 
values, as published for the Vancouver 
Log Market in mid-December, 1992~ were 
used to .calculate value loss by system and 
species. 

Results 

The results indicated that value losses were 
within the range anticipated from a review 
of the literature, from 0.8 percent. for the 
Grapple_ yarder to 1. 6 percent for the 
Highlead yarder. Value losses due to 
breakage were 1.4 percent for cedar, but 
were negligible for other species. 



Procedural Problems 

Difficulties were encountered in attempting 
to accurately reflect changes in log quality. 
These difficulties indicated that the S&R 
grading system used was not sensitive 
enough to changes in log quality that could 
have a significant effect on log recovery 
value such as splits, gouges, tears, etc., to 
be useful for this purpose. A practical log 
grading system is needed that accurately 
reflects actual log recovery values. 

In addition, the open market log values 
used in the study did not adequately 
represent actual log recovery values. Log 
values should be developed in conjunction 
with a value· based grading system so that 
any ·significant changes in log quality can 
be reflected in changes in log value. · 

The pilot study required a large number of 
logs to be marked and scaled because 
marking was performed prior to yarding 
and damage rates were unknown. The 
number of logs sampled was too high for 
efficient use on an operational basis. · A 
method is required that is not as time 
co~g. · Control charts for attributes 
wiU eliminate the need for extensive 
measurements. · 

The information recorded at the landing 
was not adequate to determine reasons for 
observed log damage. Therefore, it was 
not possible to make any recommendations 
for acmally reducing log damage from this 
data. Also, the time required to mark, 
scale, and examine the logs at the ~ding 
precluded any sort of problem solving 
effort focusing on reducing log dam.age. 
A method of efficiently collecting a wide 
range of data such as using checksheets 
designed for the particular· operating 
conditions found in yarding operations, 
should help to solve this problem. 
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The above problems demonstrate the need 
for a control method which is based on the 
frequency of occurrences of damage and 
the state of the operating conditions which 
existed at the time the damage ~curred, 
rather than extensive measurement and 
valuation of logs. Such a method should 
prove to be useful for· solving· operating 
problems which may adversely affect Jog 
value recovery. 

STATISTICAL QUALITY CONTROL 
METHODS 

The· results of the pilot study were 
analyzed using the SPC concepts discussed 
above. 

Data organization 

In order to. achieve the most rational 
grouping of data, the landing scale date 
and the yarding system for each log were 
used to group the logs into periods. Each 
period was roughly one week of yarding, 
however, a new period was started each 
time there was a change in yarding system. 
The proportion of logs damaged in each 
period was determined as summarized in 
Table 1. 

Results 

A control chart for attributes (Figure 1) 
was prepar~ from the data in.Table 1. 
This chart shows the .Proportion of logs 
~ged in each period and the upper 
control limit for each period. The upper 
control limit was set at the mean 
proportion plus three standard· deviations 
as discussed above. 

Figure 1 shows that the results are below 
the control limits throug~out ·the study 
period, and therefore no special variation 
was caused by the ·changes in the yarding 



Table 1. Log damage results by period. 

Logs Logs · Proportion 
Period scaled damaged damaged 

1 20 0 0.000 

2 n 0 0.000 

3 87 3 0.034 

4 40 2 0.050 

5 140 4 0.029 
. 

6 50 1 0.020 

7 30 0 0.000 

8 60 3 0.050 

9 70 0 0.000 

10 63 1 0.016 

11 15 1 0.067 

12 8 0 0.000 

13 21 1 0.048 

14 5 0 0.000 

system used, or by other factors. 

Sample size variation · 

Yarding 
system 

Grapple 

Skyline 

Skyline 

Grapple 

Grapple 

Grapple 

Highlead 

Highlead 

Highlead 

Highlead 

Highlead 

Highlead 

Highlead 

Highlead 

Figure 1 can be misleading to some extent 
due to the large variation in the number of 
logs scaled in each period. For example, 
the results in Period 11 · appear higher than 
the results in Period 8, which could lead to 
the conclusion that special variation 
occurred in Period 11 that was not present 
in Period 8. This was not the case as 
shown below. 
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Figure 1. Control chart for proportion of 
logs damaged. 

When sample sizes vary greatly, a tech
nique that can assist · in the interpretation of 
the results, is to convert the proportion 
damaged in each period to standard 
deviation units. This technique results in a 
stabilized control chart (Figure 2). 

The stabilized control chart in Figure 2 
shows the situation more clearly. The 
result for Period 8 now appears higher 
than for Period 11, reversing the 
unstabilized results shown in Figure 1. 
However, because results in both charts do 
not exceed the control limits, there is no 
indication in either chart, that special 
causes of variation have occurred during 
the study period. Consequently, the 
decision can be made that an investigation 
or search for special causes of variation is 
not necessary at this point. For the 
purposes of the pilot study, the inference 
of the charts is that there is no difference 
in log value recovery between the three 
systems. 

Effectiveness of sampling method 

Aside from creating the possibility of 
misinterpretation as shown above, 
variations in sample size also affect the 
probability of detecting a deviation from 
the process average in a given sample. 
Although in most cases it will be necessary 
to accept a varying sample size in order to 
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Figure 2. Stabilized control chart for log 
damage. 

maintain the most rational grouping of the 
data, it is important to bear in mind the 
effect of varying sample size on the 
effectiveness of the control procedure. 

Operating Characteristic (QC) curves are a 
commonly· used means of expressing the 
effectiveness of a sample. 

The OC curve in Figure 3 shows that the 
probability of a sample taken from a 
population with a given fraction defective, 
falling within the control limits, decreases 
with increasing sample size, as indicated 
by the shift in the curve to the left as 
sample size increases. As the probability 
of a sample falling within the control 
limits decreases, the probability -of 
qetecting a shift in the process, i.e., the 
effectiveness of the sample, increases. In 
addition, as sample size increases, · the 
sensitivity of the sample to changes in the 
process fraction defective also increases, 
as indicated by the increased slope of the 
curves as n increases. 

PROPOSED STEPS FOR 
CONTROLLING LOG QUALITY IN_ 
YARDING OPERATIONS 

The following steps have been developed 
based on the experience gained in the pilot 
study and tlie analysis of the results .. They 
employ the statistical methods discussed 
above to maximize the effectiveness of 
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Figure 3. Operating characteristic curves 
for varying sample sizes where; n = 
sample size, and.UCL= the upper control 
limit based on that sample size. 

quality control efforts and reduce value 
recovery losses. 

Monitoring yarding operations 

Checksheets will be used to collect 
information about yarding operations and 
conditions as the operations are in 
progress. An example of a checksheet 
designed for this purpose is shown in 
Figure 4. 

To use the checksheet, a visual assessment 
of damage is made and recorded each time 
it is observed, as yarding takes place, 
along with comments on the conditions 
which existed at the time of the damage. 
The number of occurrences of different 
types of damage to the logs yarded each 
day can be tallied on the checksheet. The 
total number Qf logs yarded each day can 
be tallied with a mechanical counter and 
recorded on the checksheet at the end of 
the day. The information recorded on the 
checksheet should be inclusive of all 
factors which may be related to the 
damage, including machine type, stand 
conditions, yarding obstacles, weather, 
time of day, and any other unusual related 
conditions. The value of this· information 
will be realized when it is used to 
investigate causes of special variation 
when indicated by the control charts. 
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Figure 4. Checksheet for collecting data 
on log damage during yarding operations. 

Recording the results on control charts for 
attnoutes 

The proportion of logs damaged can be 
calculated from the information on the 
checksheet and periodically recorded on 
the control chart as shown above. Control 
limits can be established as the quality 
control pr~gram progresses, once a 
relatively stable proces~ average has been 
acliieved, based on the guideline of plus or 
minus 3 times: the standard deviation. For 
maximum effectiveness, monitoring of 
operations with checksheets and control 
charts should be extended to all operations, 
on a continuous, or at least a periodic, 
basis. This will provide an information 
base which will assist in solving problems 
and controlling value recovery losses 
under all combinations of stand and 
operating conditions 
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Investigating causes of special variation 

After the control charts have been 
prepared, they are examined to detect 
those periods when abnormal operating 
conditions (i.e. periods of special 
variation) have occui;re<f as indicated by a 
higher than normal frequency of damage 
or adverse trends · on the control charts. 
Investigation of periods of special variation 
involves a detailed study of the conditions 
which existed at the time the special 
variation· occurred. This includes 
reviewing the infonnation recorded on the 
checksheets for conditions which may be 
related, and discussing results with 
operating personnel. Discussions should 
include machine operators and any other 
members of the yarding crew involved in 
the part of the process under investigation. 
The effectiveness of the process control 
method depends on the effort which is· put 
into investigating special causes of 
variation. For this reason, every person 
involved in yarding operations should be 
made aware of the process control methods 
being used, so they can all become 
involved in the problem solving process. 
Knowledge of the statistical methods is not 
necessary to assist in the process of 
investigation of problems which have been 
detected. 

Management of control limits 

Under normal operating conditions, setting 
the control limit involves a tradeoff, based 
on judgment and experience, between the 
cost of following up and correcting special 
causes. of variation, and the cost of .. 
allowing the variation to continue. It is 

· important to bear in mind that when the 
control limits are exceeded, or other 
indications of special variation appear, a 
search for the causes of special variation 
should be continued until the cause is 



found and eliminated or the decision is 
made to ignore the indications.·· ]f the 
decision is made to ignore the indications, 
for cost or other reasons, consideration 
should be given to adjusting the control 
limits to reflect this change in tolerance, 
so that only problems which will actually 

· be investigated are indicated in future. 
Decisions of this type should be reviewed 
with higher levels of _management to 
ensure their consistency with corporate 
objectives. Experience with the system 
will help to determine the appropriate 
limits. 

CONCLUSIONS 

Field testing of the recommended quality 
control system is required .. Positive results 
should be obtained from. the long term 
application of the methods, because the 
methods have been tested and proven· in 
other industrial applications. Particular 
emphasis should be placed on compiling 
the information base necessary to 
effectively solve problems in operations as 
they arise. 

The proposed control method applies 
statistical concepts in a manner which 
provides an alternative to the time 
consuming methods used in the pilot study. 
It should provide more or better 
information on a continuous basis than· 
would otherwise be availa~le. This in turn 
should lead ·to improved log value 
recovery. 

Further study· and refmement is also 
required on the methods of grading and 
valuing logs so that more effective ·baseline 
studies can be done to provide information 
on the effects of all stages of harvest 
operations on log recovery values. 

The ·application of SPC methods discussed 
above was specifically developed for 
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yarding operations, but the concepts can be 
applied to any stage of the· harvesting 
process. A complete quality control 
system covering all stages of the 
harvesting process should· be designed and 
implemented based on the specific needs of 
a particular operation, by a specialist 
trained in quality control methods. Once 
the system is operational and functioning 
as desired, responsibility for its 
implementation can be transferred 
graduall~ to operating personnel. 
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ABSTRACT: The use of code phase 
navigation grade GPS receivers typically 
produces positions to an accuracy of two 
to five meters after differential correction. 
The study explored ways to approach an 
accuracy of one meter with receivers of 
this type. Three criteria were used. First, 
each session must sample at least 300 
positions, which is about five $utes of 
data. Second, each station must be part of 
a closed network; and third, the 
differentially corrected position for each 
station niust be subjected to a simultaneous 
least squares solution containing all of the 
observed lines. 

The network adjustment yielded a standard 
deviation of unit weight of 0.46 m. The 
average standard deviation for each 
coordinate in the adjustment was 0.31 m. 
One of the adjusted stations was a known 
station and the ~,Y,Z accuracies were 
0.21 m, -1.09 m. and 0.09 m. 
respectively. 

The results were sufficiently encouraging 
to further pursue the procedure. 
Numerous app_lications appear to be 
possible in terms of establishing base maps 
for natural resources surveys and forest 
operations as well as control for sniall 
scale aerial photography. 

KEY WORDS-OPS, Network 
Adjustments, Code Phase Navigation GPS 
Receivers, Natural Resource Inventory, 
Position Determination 

INTRODUCTION 

The .NA VST AR (Navigation System using 
Time and Ranging) Global Positioning 
System (GPS) is a satellite-based three 
dimensional positioning system. Its · 



<;levelopment was coordinated by the 
United· States -Department of Defense. 
Development of the system began in the 
early 1970's and the system reac~d. 
operational status in late 1993. GPS has 
three basic. segments consisting of the 
satellites, the control. system and the users. 

The satellite segment now has 24 Block IT 
production model satellites that are 
deployed in six (6) orbital planes· inclined 
55° to the equator. The orbits are circular 
with a nominalaltitude··of 20,183 km. 
Each orbit period is 12 sidereal hours. 
Each satellite transmits two radio 
frequencies. Two pseudo-random noise 
codes and a navigation message modulate 
the carrier frequencies. 

The control system consists Qf five (5) 
monitor stations with the master station 
being in Colorado Springs, Colorado. The 
control system monitors the health of the 
satellites, determines their orbits, adjusts 
the atomic clocks and provides the 
satellite with broadcast messages. 

The users with appropriate receivers track 
the codes or phase of the carrier waves. 
Rangemeasurem~ts~fumsatellites(the· 
fourth accounts for errors in the receiver 
clock) enable the position of the receiver 
to be established. 

This paper reports on the use of code 
phase navigation grade GPS receivers to 
determine three dimensional positions. 
These receivers basically measure the 
range from a particular satellite to a given 
receiver. Range is the time shift necessary 

. to match up a replica code generated by 
the receiver with code received from the 
satellite multiplied by the speed of light. 
It is referred to as a pseudo-l'8Ilge 
measurement since the time delay 
measurements are biased by such things as 
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clock errors. The C/ A code 
( course/acquisition) used. by the receivers 
generally allows pseudo-range 
measurem~nts to a precision of three (3) 
meters. (Wells, D. ·et al, 1986) Each 
epoch of the C/ A code is about. one 
microsecond and· the ability to measure is 
1 % of the epoch. Thus, 10 nanoseconds 
times- the · speed of light equals· three (3) 
meters. 

It is generally considered that code phased 
navigation grade receivers used in a 
differential mode can yield positions with a 
accuracy of 2-5 meters. The use of these 
types of receivers for natural resource 
measurements have several advantages. 
They are inexpensive and easy to use. 
Visibility between stations is not needed; 
th~y can be used day or night and they are 
independent of the weather. However, the 
2-5 meter accuracy may not be acceptable 
in some cases. 

The purpose of this paper is to report on 
field trials and data reduction procedures 
which enable the accuracy of position 
determination to approach a meter. 

AREA OF INTEREST 

The field trials were carried out in 
Syracuse, New York adjacent to the 
SUNY-CESF campus (see Figure 1). 
Twelve ·points were located in an area of 
131 acres. The topography was rolling 
with moderate relief. Vegetation ranged 
from small plants to mature trees of 
varying species. The primary land use 
within the area of interest was for a 
cemetery. 
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Figure 1. Oakwood Cemetery and ESF test area, Syracuse, NY. 

THE EXPERIMENTAL PROCEDURE 

Equipment 

Two Trimble Pathfmder Basic Plus 
receivers were used to collect data. These 
receivers are battery-powered with six 
channels and they can track up to eight 
satellites. Ten thousand positions can be 
stored in the receiver. Positions can be 
computed as often as. once per second and 
stored in the receiver for later transfer to a 
computer. An external compact dome 
ante~ which connects directly to the 
receiver, was utilized for convenience in 
recording the reference position of the 
antenna. 

Observations 

The basic plus receivers are supplied with 
Trimble PFINDER software which 
contains programs for mission planning, 

266 

file transfer, data manipulation, differential 
correction and file conversion. 

The mission planning software 
(PROPLAN) should be used to determine 
the best time to collect the data in the 
field. For the observers approximate 
location and time, the software will 
determine the available satellites and 
provide one with-the best.3D position 
dilution of precision (POOP). The 
accuracy of positions depends on the 
satellite configuration geometry and the 
measurement accuracy. Observations 
should be made when PDOP js as small as 
possible since it acts as a scaler for the 
measurement accuracy value and the 
product of the two yields position 
accuracy. (Wells, D. et al, 1986) 

All of the position observations were taken 
in the differential mode. Using two 
Pathfinder Basic Plus receivers 
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Figure 2. Network of observed GPS lines, Oakwood Cemetery and ESF test area. 

space vectors were observed for each line 
shown in Figure 2. Station 022 was a 
known point and the objective-was to · 
determine ·the positions of the twelve 
remaining points. For efficiency it is best 
to set the base receiver at a mown point 
(022) and then run sessions with the 
roving receivers at all the other points. 
Then move the base station to another 
point (Gl) and run sessions with the rover 
at all other points. For the purposes of 
this paper the station coordinates are in a 
truncated. geocentric system but they can 
easily be transformed to a local coordinate 
system. · A total of 26 lines were observed. 
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Each line has an X, Y and Z component 
which is determined during the 
observations .. 'The observation session for 
each line was at least five minutes with 
station positions computed every second. 
Thus a mjnjm1un of 300 positions were 
used to determiii.e the ~' Y and Z 
component· of each line observed. This 
results in two position determinations for 
each station. If desired other lines such as 
G30 to G3 and G3 to G35 can be observed 
to strengthen the adjustment of the 
network. 
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Figure 3. Adjustment sample, Oakwood Cemetery and ESF test area. 

Data Reduction 

The data reduction procedure will be 
discussed in two phases. The first phase 
concerns the data processing to determine 
the positions of stations and the second 
phase deals with the adjustment of the 
overall network to compute the most 
probable values and the standard deviations 
for the adjusted coordinates. The GPS 
Pathfinder system comes complete with a 
number of software programs. PFINDER 
is the program which contains most of the 
data processing functions needed. First 
the data must be transferred from the 
receiver to the computer using· the comm 
menu within PFINDER. Next the receiver 
base file is prepared and referenced to the 
known position for the base station. Then 
the files from the roving receiver are 
differentially corrected which results in 
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corrected positions for the roving points. 
Typically these positions will be within 2-5 
meters. 

The second phase of the data reduction 
takes the values for the station coordinates 
and adjusts them such that all the 
observations are consistent within the 
network. The result is the most probable 
values for the station coordinates and the 
standard deviation for each of these 
coordinates. 

For this study the coordinates produced by 
the PFINDER software were referenced to 
the WGS-84 ellipsoid. The geodetic 
coordinates of latitude, longitude and 
height above the ellipsoid were determined 
for each observed point. These 
coordinates were transformed to geocentric 
coordinates which are Earth-Centered-. 



Table 1. Adjustment results for GPS observations (meters). 

Truncated Geocentric Coords. + Standard Deviations 

Pt. X y z sx SY SZ 

Gl 18898.91 -3384.21 30142.36 0.17 0.17 0.17 
G3 18951.21 -3590.50 30186.05 0.27 0.27 0.27 

G15 18993.29 -3756.20 29965.43 0.34 0.34 0.34 
G24 19154.71 -4053.39 29643.76 0.34 0.34 0.34 
G26 18488.03 -3315.05 30550.53 0.34 0.34 0.34 
G28 18622.87 -3486.22 30346.41 0.34 0.34 0.34 
G30 18589.58 -3604.44 30228.94 0.29 0.29 0.29 
G34 18685.65 -3746.14 30050.37 0.34 0.34 0.34 
G35 19224.68 -3629.90 30069.62 0.29 0.29 0.29 
G36 18843.43 -3935.25 29834.31 0.34 0.34 0.34 
G44 18865.97 -4009.33 29737.31 0.34 0.34 0.34 
G4S 19252.33 -4051.61 29626.48 0.34 0.34 0.34 

Earth-Fixed rectangular coordinates and 
the adjustment is carried out in this 
system. The final adjusted coordinates can 
then be rotated and translated into a local 
coordinate· system or other coordinate 
system of one's choice. 

To illustrate this adjustment see Figure 3 
which will be used to show how G 1 and 
035 would be adjusted to the fixed point 
G22. The number of lines observed were 
three and·each line has a dX,dY and dZ 
component. Since G22 is a known point 
this leaves the X,Y, and Z coordinates of 
Gl and G35 as unknowns. A linear equa
tion can be written for each observation. 

For line 1: XGl = XG22 + dXl 
YGl = YG22 + dYl 
ZGl = ZG22 + dZl 

A similar set of equations can be written 
for lines 2 and 3. Thus there are nine (9) 
observation equations which are written as 
AX = L. A is the (9x6) coefficient 
matrix for the nine (9) observations and 
the six (6) unknowns. X is the (6xl) 
matrix for the unknown coordinates of Gl 
and G35. L is the (9xl) constant matrix. 
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The solution for the X unknown vector is: 

This is a least-squares solution and the 
residuals for each observation can be 
computed as: 

V = AX-L 

The variance of unit weight is found by: 

s2 = (Sum of V2)/(No. 
Observations - No. Unknowns) 

The covariance matrix (COV) is: 

.cov = s2.(AT.At1 

The standard deviation of each coordinate 
is found by taking the square root of the 
elements on the major diagonal ·of the 
covariance matrix. 

RESULTS . 

The above procedure was used to 
simultaneously adjust all the observations 
shown in Figure 2. The adjustment 



Table 2. Residuals between observed and adjusted positions (meters). 

Pt. Residual Pt. 

Gl 3.51 G28 
Gl 2.09 G28 
G3 7.15 G30 
G3 3.67 G30 
GlS 3.40 G30 
GlS 3.40 G34 
G24 1.92 G34 
G24 1.94 G35 
G26 0.83 G35 
G26 0.83 G35 

consisted of 26 lines or 78 observation 
equations and 12 stations or 36 unknowns. 

Table 1 lists the most probable values for 
the station coordinates and their standard 
deviations. The standard deviation of unit 
weight for the entire adjustment was 
+0.46 m. 

Each of the 26 lines observed were 
adjusted in three dimensions to the final 
network positions. Table 2 shows the 
error vector (residual) for each of the 
observed lines. The table shows that 
position G 1 was observed twice from 
Control Point 022. The final adjusted 
position differed by 3.51 m. and 2.09 m. 
respectively from the two observed 
positions. Five of the 26 lines yielded 
residuals which were outside the expected 
five (5) meter limit, thus the value of the 
adjustment is demonstrated. 

The coordinates for station G 1 are known 
and the known coordinates were compared 
to the adjusted GPS coordinates. Comput
ing known minus adjusted values for point 
Gl the errors in each direction are: 

X = +0.21 m. 
Y = -1.09 m. 
Z = +0.09 m. 
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Residual Pt. Residual 

3.58 G36 2.15 
3.58 G36 2.15 
7.02 G44 3.59 
7.69 G44 3.60 
0.77 G45 6.13 
2.32 G45 6.13 
2.32 
2.91 
2.23 
2.84 

The resultant error vector is 1.11 m. 

DISCUSSION OF RESULTS AND 
PROCEDURE 

The results of this experiment indicate that 
for many applications where relative 
positions are required to a tolerance of 
about one meter the use of two pathfmder 
basic plus instruments in the differential 
mode will satisfy the need. It is necessary 
to make the observations such that each 
point is part of a closed traverse. At least 
300 positions or five minutes of data 
should be collected at each point. The 
POOP values should be as small as 
possible. The .unadjusted differential 
results will generally be within the 2-5 
meter range and it is necessary to perform 
a network adjustment to bring the final 
values close to one meter of accuracy. 

The final adjusted X, Y and Z coordinates 
will be consistent within the networ-k. The 
dX,dY and dZ values will always sum to 
zero within closed figures. As indicated in 
Table 1 the precision of each coordinate in 
the adjustment averages 0.31 meters, . 
which is an average error vector of O .54 
meters for each point. 

The variability shown in the residuals 



(Table 2) reflects the reality of taking 
observations at random times without 
particular attention to PDOP. This is the 
on-the-job situation which would face most 
users. Restricting observations to vecy 
low PDOP situations would improve ~e 
results. 

Additional exercises by students, using the 
Pathfmder Basic Plus receivers and 
adjusting the observations, have yielded 
positions that approach one meter in 
accuracy~ 

The receivers are low cost and convenient 
to use. With notebook computers it is 
possible to reduce all the data in the field. 

CONCLUSIONS 

Based on· the .experiences reported on in 
this paper it appears that networked 
observations taken with ~ode phase 
navigation grade· GPS receivers can be 
adjusted ~o yield accuracies ~t approach 
one meter. 

Numerous applications are possible in 
terms of establishing base maps for natural 
resource surveys and forest operations as 
well as survey control for small scale 
aerial photography. 
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ABSTRACT: A remote tension monitor 
(RTM) system was tested on the skylines 
and guylines of several yarders in New 
Zealand to evaluate potential safety and 
production benefits .. Use of the RTM 
significantly reduced occurrences of 
overloads in skylines and guylines, and 
improved the balance in tensions between 
guylines. A system with load cells for the 
skyline as well as for the guylines 
appeared advisable for the New Zealand 
conditions. There was no significant 
increase ·m load volume when using the 
RTM, but experience showed that the 
RTM might improve productivity in some 
situations. 

KEYWORDS-Cable Logging, tension 
monitoring, safety, productivity 

INTRODUCTION 

Overturns of spars on cable yarders - due 
to broken guylines and skylines and pulled 
anchors ·:.. continue to plague the logging 
industry. The causes of many of these 
failures have been identified and 
operational means to remedy them have 
been suggested (Ewart 1978), but the 
problems continue. It appears that cable 
systems are too complex for many yarding 
crews to fully understand the effects of 
guyline placement, pretension and winch 
control settings on the tensions in guylines 
and operating lines. The perceived need 
for actual feedback of line tensions to the 
yarding crew prompted the New Zealand 
Logging Industry Research Organisation 
(LIR.0) to pursue the development of 
remote tension monitors. Actronic New 
Zealand Limited built a prototype RTM 
for LIRO in 1991, consisting of load 
cells/radio transmitters to be mounted on 
one or more lines, a radio receiver and a 



Figure 1. Remote tension monitor load cells mounted on the skyline and guylines of a 
yarder. 

display to be placed in the yarder cab 
(Smith 1992a) . Many types of tension 
sensors are available (e.g. Miles et al 
1988, Kroneberger-Stanton and Hartsough 
1992); the LIRO load cells are simpler to 
use than most because they can be quickly 
clamped onto a line at any convenient 
point, even when the line is fully tensioned 
(Figure 1). 

Several potential applications for and 
benefits of tension monitoring have been 
suggested (Smith 1992b). This study aimed 
to verify some of the potential benefits to 
the logger. Targeted applications were 
safety improvement and productivity 
improvement. 

METHODS 

The study was conducted by LIRO 
researchers, including the author, in 
1992-93. During the first phase of the 
study, the monitor was demonstrated on 14 
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yarders to get feedback from the 
contractors and operators (Table I). 
Limited tension data was collected on 
many of these yarders to help document 
the existing situation. Data on up to four 
lines was collected simultaneously at one 
second intervals, using a field computer 
connected to the RTM. 

A second phase to investigate safety and 
productivity improvements was conducted 
on six additional yarders. Ass~ing that 
broken skylines, failed guylines and pulled 
stumps were eventual consequences of 
high line tensions, use of the RTM was 
tested to see if it reduced the tension levels 
and instances of overtensioning. Logging 
safety codes generally require that tensions 
in a cable not exceed Safe Working Load 
(SWL), defined as one-third of the 
breaking strength of the cable, so this level 
was defined as the safe limit for this study. 

"Control" data were collected before the 



Table 1. Y arders involved in the study. 

Vanier 
First Phase: 

Bellis 70 
Bellis 70 
Dispatch 
Dispatch 

r -

North Bend 
North Bend 
Highlead 
North Bend 

Variable and Fixed 
Variable and Fixed 
(not applicable) 
Fixed 

Gantner HSW 80 
Gantner HSW 80 
Madill071 
Madill071 
SkagitBU88 
Thunderbird TMY 45 
Thunderbird TMY 50 
Thunderbird TMY 70 
Thunderbird TTY 70 
Wilson 

Standing Skyline Cable Crane 
Standing Skyline Cable Crane 
North Bend 

Clamped 
Clamped 
Variable and Fixed 
Variable and Fixed 
Variable and Fixed 
(not applicable) 
Variable and Fixed 
Variable and Fixed 
Variable and Fixed 
(not annlicable l 

North Bend, Highlead 
North Bend 
Scab Skyline 
North Bend 
North Bend, Highlead 
North Bend 
Hi2hlead 

Second Phase: 
Bellis Hauler 
Madill071 
Madill 171 

North Bend 
Downhill North Bend 
North Bend 

Variable and Fixed 
Variable and Fixed 
Variable and Fixed 
Variable and Fixed 
Variable and Fixed 
Fixed 

Madill 171 North Bend 
Madill 171 
Rosedale EcoloHer 

North Bend, Shotgun, Slackline 
Shot2un 

RTM display was shown to the operator .. 
Then the display was placed in the cab and 

. the tension· information and ways of using 
it were explained to the yarder operator. 
After a short learning period the test data 
were collected~ ·When possible, the 
learning period was used to· check the 
approximate brake pressure which allowed 
the skyline to slip at SWL. This gave the 
operator an idea of what pressure setting 
would prevent overloads. In order to 
minimize differences in uncontrolled 
variables, such as deflection and average 
log size, the control and test sets of data 
were collected on adjacent corridors. 

Load cells were installed on the skyline 
and on the two or three back guylines 
which most directly opposed the skyline. 
Tensions were recorded at one second 
intervals. Three values were derived from 
the tension data. on each turn: 
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1) the peak tension for the skyline, as a 
percentage of SWL, 

2) peak tension for the most-stressed 
guyline, as a percentage of SWL, 

3) the ratio of peak tension in the 
most-stressed guy to that in the 
second-most-stressed guy (G l/G2). 
The ratio is a measure of the load 
sharing balance for the guylines. 
Ideally, the two guys should have 
equal tensions, giving a ratio of 1.0. 
For the smdy, values of greater than 
1.5 were defined as unacceptable. 
(Where three guylines were 
monitored, the ratio of tension in the 
most-stressed guy to the average of 
the other two guy tensions was also 
calculated. These results were similar 
to those for Gl/G2 but less·data were 
available so the results are not 
reported here.) 
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Figure 2. Worst-case skyline tensions on each yarder, arranged from lowest to highest 
observed. 

Productivity improvements were expected 
to come in situations where · tensions were 
below SWL. In these cases load volumes 
could be increased to fully utilise the lift 
capacity of the skyline. This was studied 
on five of six of the second phase 
operations. Yarder operators were asked to 
use two-way radios to give the necessary 
feedback on tensions to the chokersetters. 
All control and test loads were scaled to 
evaluate any differences in average 
volumes. 

RESULTS 

Reaction to the RTM System 

Comments from contractors and yarder 
operators were overwhelmingly positive. 
More than 90% thought the RTM would 
reduce overloading of skylines, guylines 
and anchors, and help in training new 
operators. Two-thirds thought that it could 
help improve yarder productivity. 

Many contractors indicated they would 
prefer to use only one load cell, mainly on 
the skyline, to reduce the cost of the 
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RTM. Others, especially those who have 
experienced tower tipovers due to unequal 
guyline loadings, were interested in a 
multiple load cell system. 

Safety: Base Case 

Skyline Tensions - Observations from the 
first phase, and control data from the 
second phase, were combined to give an 
estimate of the existing situation without 
tension monitoring. Worst-case· skyline 
tensions on 12 of 14 machines exceeded 
SWL, by up to 50 percent (Figure 2). 

If a tension monitor could be used to 
calibrate the skyline brake on a yarder, 
any further need for the monitor might be 
eliminated. In theory, it seems reasonable 
to pretension the skyline, then set the 
brake so it will slip if tension reaches 
SWL, however this is not so easy in 
practice. As indicated in Table 1, the 
amount of brake control depended on the 
machine. The standing skylines had no 
brake, therefore they were machine 
-pretensioned to two-thirds to 
three-quarters of SWL and then clamped. 
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Figure 3. Ranges (indicated by the shaded regions) in observed slip tensions on four 
yarders. Control pressures and amounts of line on the drums were constant for each yarder. 

On other yarders, the operators generally 
pretensioned their skylines by lifting them 
to a height indicated by the chokersetters, 
while ensuring that the engine rpm did not 
exceed a specified limit. Many operators 
used a fixed limit, others used a table of 
rpm versus amount of line.on.the drum. 
Observed pretensions were in the range of 
30% to 70% of SWL, although higher 
values could have been obtained on some 
machines. 

The fixed brakes could not be adjusted by 
the operator, therefore the tensioning 
capability varied with the number of wraps 
on the drum and sometimes exceeded 
SWL. On some machines with variable 
-pressure brakes, pressure was set to 
maximum and the parking brake was also 
set. This defeated the safety purpose of the 
vaiiable-pressure brake. Other operators 
used the foot pedal-controlled variable 
-pressure brake, but operated it by feel, 
having no guage to indicate the pressure 
when using the pedal. Peak tensions on 
these machines were as high as 150% of 
SWL. 
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On the majority of yarders where brake 
pressure could be varied, the operators set 
the pressure at the manufacturer's 
recommended level for the amount of line 
on the drum. Unfortunately, the tension at 
which the brake slipped was not constant, 
even at a fixed pressure (Figure 3). This 
indicated that the brakes' coefficients of 
friction changed over time in response to 
temperature or other factors. For example, 
the slip tension for the fixed band brake of 
one yarder climbed from 30,000 lb to 
50,000 lb as the day progressed. Three 
operators of other machines had found 
large changes in braking capabilities after 
replacing brake linings. The limitations of 
some yarders (standing skylines or those 
with fixed brakes) and the variability in 
friction coefficients show that tensions will 
need to be monitored continuously to keep 
near SWL. 

Guyline Tensions - Guylines were not 
overloaded as frequently as skylines. 
Tensions on the four machines rigged in 
highlead configuration were all less than 
40% of SWL (Figure 4). Two of these 
yarders were monitored while rigged in 
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Figure 4. Worst-case guyline tensions for highlead and skyline machines. 
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Figure 5. Guyline tension ratio Gl/G2 for skyline machines. 

highlead and North Bend skyline modes. 
Guyline tensions were two to three times 
higher when operating with the skyline 
system. 

Overtensioning was observed on only three 
of 12 skyline machines. The guy 
placements on-these yarders were mostly 
favourable. Back guys generally had low 
vertical angles, equal lengths and good 
horizontal spacing. Other situations could 
create much higher tensions in one or 
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more guys. These include landings where 
the slope drops off steeply behind the 
yarder, stump anchor locations which 
result in one guyline being much shorter 
or longer than another or guylines being 
spread at unequal angles, etc. Therefore 
guy tensions are of concern. 

Many operators said they used a sequence 
to pretension guys so that tensions under 
load would be equal, however in many 
cases guyline tensions were not 



Table 2. Number of turns with overload and safe peak tensions for the control and test 
cases. 

Condition Sk!liu.: GuyJines 
Control Test Control Test 

Overloaded 36 14 17 10 
Safe 81 157 141 191 

Chi-square test 
P-value 0.000 0.039 
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Figure 6. Distribution of peak skyline tensions for the control and test cases. 

well-balanced. On a third of the skyline 
machines the ratio G 1/02 exceeded the 
acceptable level of 1.5 (Figure 5). Most 
yarder operators pretensioned their 
guylines until the guy winches stalled. 
Pretensions, with the skyline slack, were 
generally low, e.g. ten percent of SWL. 
While this usually resulted in fairly even 
pretensions, imbalances showed up under 

. load because of differences in line angles 
or lengths. One yarder had a combination 
of winch-tightened and machine-tightened 
guys, the latter being shorter and therefore 
stiffer because they were shackled to the 
top of the tower instead of running down 
to a drum. Guylines on another tower 
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were anchored to a stump and three 
deadmen; the deadmen moved slightly, 
putting an unequal share of the load on the 
stump. 

Safety: Improvement with the RTM 

During the second phase of the study, 
yarder operators were able to significantly 
reduce the occurrences of overloading of 
both skylines and guylines by using the 
RTM (Table 2). Skylines were 
overtensioned on only 8 % of the test turns 
versus 31 % of the control turns. Although 
overtensioning still took place, the most 
severe skyline overloads were eUrninated 



Table 3. Peak skyline and guyline tensions and guyline tension ratios for control and test 
cases. 

I Avera2e I · T-test P-value I Maximum I Observations . 
Peak Skvline Tension (% of SWL) 

Control 1 92 I 0.000 I 148 I 117 
Test 83 119 171 

Peak Guvline Tension (% of SWL) 
Control l 58 I 0~024 I 133 I 158 

Test 51 134 201 
Guvline Tension Ratio. Gl/G2 * 

Control l 1.39 l 0.000 l 1.97 l 35 
Test 1.22 1.56 82 

* for the three yarders where tensions were adjusted when using the R ~ 
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Figure 7. Distribution of gµyline tension ratios G l/G2 for the control and test cases, for the 
three yarders where. adjus1ments were made. 

(Figure 6). Average peak tensio~ in tb.e 
skylines and guylines were significantly 
reduced, by 10% and 12 % respectively, as 
was the average ratio of guyline tensions 
on those yarders where adjustments· were 
made at the start of the test runs in 
response to readings on the RTM display 
(Table 3). The unacceptable imbalances 
between guylines, indicated by values of 
Gl/G2 greater than 1.5, wer.e essentially 
eJiminated by using the RTM (Figtire 7). 
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Skyline overloads were reduced in two 
ways. Some yarder operators changed the 
skyline brake pressure so the skyline 
would slip at or near SWL, as indicated by 
the RTM. Two others used the two-way 
radios to ask the chokersetters to reduce 
subsequent load sizes when tensions were 
too high. It would be logical to use the 
first method on yarders with 
variable-pressure brakes, the latter where 
skyline· brake torque could not be 
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Figure 8. Mean load volumes for five yarders for the control and test cases. 

modulated or where deflection was limited. 

On three of the yarders, guyline 
pretensions were adjusted by the operators 
after they saw the imbalances on the RTM. 
(In the first phase of the study, guy line 
adjustments were made on four of the ten 
yarders equipped with guy line winches.) In 
these three cases the yarder operators were 
not able to predict which guys were under 
higher tensions. Minor adjustments ( of less 
than a foot) to guyline length corrected the 
tension imbalances. These corrections 
contn'buted to the decrease in peak guyline 
tensions. On the other three yarders, the 
guys were sharing the load equally in the 
control situations and no adjustments were 
made. For these machines, any reduction 
in peak guy tension was a result of lower 
skyline loading. 

The importance of balancing guyline 
tensions was illustrated during the study 
when an anchor stump partially failed even 
though guyline tensions were not high. 
The guyline on the guilty anchor was the 
most heavily loaded of the monitored 
three, yet had been loaded to only about 
half of the SWL when the stump gave 
way. The failure occurred during a control 
sequence so the display was not in the cab. 
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If the operator had seen the display, he 
may have noticed the change in relative 
tensions for the three monitored guys and 
responded by dropping the load. Future 
versions of the RTM could be 
programmed to give a visual or audio 
warning when the balance of guyline 
tensions changes drastically. Because of 

· uncertainties in anchor strength, it is 
important to keep guy loads balanced even 
when tensions are not near SWL. 

Effects on Y arder Productivity 

Payload Size - Average load volume when 
using the monitor was two percent larger 
than in the control situation (Figure 8). 
This difference was not statistically 
significant; the study had been designed to 
detect an average difference of 10% or 
more. On four of the five operations, 
increases of approximately eight percent 
were observed. In one case there was a 
decrease of 23 % because load volumes 
were reduced to keep skyline tensions 
within the safe limits. 

It was anticipated that any increases in 
load volume that are truly related to use of 
the RTM would come from the feedback 
on tensions from the yarder operators to 



the chokersetters, allowing the 
chokersetters to hook extra logs when 
possible .. Because of pretension and 
rigging weight, a ten percent increase in 
load volume may change tension by only 
three to s~ percent, so large increases in 
load siz~ are physically feasible where 
tension limits have not yet been reached. 
A one percent increase in productivity 
would recover the initial cost of an RTM 
in approximately two years. 

Where lines are being overloaded and the 
skyline is being operated as slack as 
possible, proper use of the RTM to 
improve safety ·will reduce payloads. Safer 
operations -may be more profitable in the 
long term. In some cases, where the 
skyline is held too high, it may be possible 
to increase load size and still reduce 
tension by lowering the skyline. 

More Efficient Operations ~ As well as 
increasing load volumes, monitors might 
improve productivity by speeding up 
operations. The study did not formally 
evaluate production rates, but several 
time-saving instances were observed. 
Hangups where skyline tension was below 
SWL, occurred with three different 
yarders. One turn stalled just below the · 
landing during a control segment;. the 
chaser· was sent to unhook part of the tum 
which was then choked by itself on a 
second turn. The two other instances 
occurred during test sequences. In ·both 
cases the operators, by monitoring the 
skyline tension, were able to raise the · 
skylines. ( only a couple of feet of line was 
winched in) and lift the loads clear without 
exceeding SWL. One operator avoided 
obstacles by lifting the skyline while 
inhauling at normal speed. He said he 
would not have done this if he did not 
have the RTM to check tension, because 
his. yarder's drivetrain could easily 

overstress the skyline at high engine 
speeds. Another contractor saved 
preparation time due to the RTM. When 
shifting the skyline to reach the last part of 
a unit, the monitor showed that guyline 
tensions· were still in reasonable balance 
and that guy relocation was not necessary. 

RTM COMMERCIALIZATION 

A prototype RTM was used during this 
study; Actronic New Zealand is 
developing a commercial version. 'J'he load 
cells are expected to· weigh about 20 lb 
each and be easier to install than· the 
prototypes, with no loose parts and no 
tools required. Cost is expected to be in 

· the $10,000 range for an upgradeable 
system which includes one load cell, 
receiver and display. 
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CONCLUSIONS 

The tension results indicated potential for 
safety improvement in yarder operations. 
The most critical area was skyline 
tensioning. Although the RTM did not 
eUminate overloads, it was effective in 
reducing occurrences and magnitudes of 
skyline overtensioning. Mechanical 
limitations· of some skyline yarders point 
to a need to monitor skyline tensions 
continuously, rather than using the RTM 
for a one-time calibration. 

The study did not show a significant 
improvement in load volume when using 
the RTM. In some cases, for example 
where deflection is limited, or the , 
contractor does not want to fly more 
chokers or where there is a production 
quota, there is· no potential for increased 
volumes. In other situations, for example a 
setting with good deflection and large 
average piece size, the RTM might help 
increase load size. It appeared that use of 



an RTM might also save time in some 
situations by reducing the number of 
hangups, thereby shortening inhaul times, 
and by decreasing the_ number of guyline 
shifts. 

While most contractors indicated they 
would prefer to use a single load cell on 
the skyline, there appears to be reasonable 
justification for using load cells on 
guylines as well. Overloads did not occur 
as frequently in guylines as in skylines, 
but they did occur. The RTM reduced 
peak guyline tensions and also reduced 
imbalances in tensions between guylines. 
Anchors may fail at less than the SWL of 
the guylines, so it is important to keep guy 
tensions balanced. When multiple guylines 
are monitored, changes in relative tensions 
can show that an anchor is failing. When a 
· mix of sttlm.ps and deadmen are used, 
differences in initial movement may also 
shift the balance, requiring the guys to be 
readjusted. 
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ABSTRACT: Planning transportation and 
harvesting systems in steep and difficult 
terrain presents the forest engineer with 
unique challenges. This paper describes 
the TERRAIN TOOLS computer system 
and its application to planning forest 
operations in mountainous conditions. 
Digital terrain modeling software has been 
available for more than two decades. 
However due to the accuracy of 
topographic maps and the engineering time 
required to build computer models, the use 
of this technology in industry has been 
limited for the most part to long range 
planning (5 to 25 years). Recent advances 
in computer software and hardware 
coupled with the increased availability of 
accurate topographic data is allowing 
forest planners to use digital terrain 
modeling for medium and short range 
applications (1 to 5 years). This paper 
discusses techniques for creating digital 
terrain models from both field run surveys 
and topographic maps. It also describes 
the use of these models for planning road 
locations and cable yarding systems. 

KEYWORDS-Digital Terrain Models, 
forest engineering, cable logging, 
planning, road design. 

INTRODUCTION 

Digital terrain models (DTM's) have been 
used for topographic analysis since the 
1970's. Their use in civil engineering and 
the earth sciences is now standard practice. 
The application of digital terrain models 
for forest planning has also been studied in 
the context of long range planning (Young 
and I..emkow 1976, Twito, Reutebuch 
and McGaughey 1987, Schiess, P. and J. 
Fridley, 1990). 



At the present time DTM's are not widely 
used in industry for short and medium 
range harvest planning. The following 
reasons for this are cited. 

1. Inaccurate or insufficient topographic 
information. 

2. Cost (additional engineering time) to 
create and verify DTM's. 

3. Poor industry perception of the benefits 
that a DTM can provide .. 

A DTM is a representation of. topography 
made up of vertices connected by planar 
facets. In TERRAIN TOOLS the vertices 
are either surveyed locations or points 
extracted· from topographic information. 
Once a terrain model is available the forest 
engineer has instantaneous access to slope 
and elevation information. Pre1iroinary 
skyline. corridors or road locations can be 
traced in plan view using the mouse. 
Profiles are calculated immediately and 
displayed. PreUroinary feasibility of 
roads, landings, yarding roads and tail 
hold positions. can be rapidly determined. 
In short, a DTM is an electronic version 
of a topographic map allowing three 
dimensional calculations to be performed 
quiclcly and accurately. 

The accuracy and quality of topographic 
maps has been a limiting factor in their 
use for detailed harvest planning. . It is 
common that a field layout crew will. find 
significant discrepancies when trying to 
find and mark control points from "map · 
generated" profiles. This has ofteri caused 
confusion and wasted time in the field. 
This situation is steadily improving as high 
quality maps become available .. 

TERRAIN TOOLS provides the forest 
engineer with a second planning 
alternative, creating DTM' s from. field run 
surveys. At present, survey information 
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for an area is gathered from reference 
lines, cruise strips, boundary surveys, 
deflection lines and road traverses. This 
information is drafted (generally using a 
traversing software package) onto setting 
maps with landing and road locations 
determined largely by the engineer's 
judgment and experience. This process 
can be complimented by creating a DTM 
directly from this field survey information. 
Contours can be generated and alternate 
profiles as described above can be 
calculated. 

Layout crews can further take advantage of 
tJiis methodology by recording additional 
information in the field such as side shots 
on deflection lines or break line features. 
In addition, new survey technologies such 
as laser guns and positioning instruments 
can be used to quickly gather large 
amounts of topographic data. 

This approach does not increase 
engineering time since most of the 
information is already available in 
computer form. Generation ·of the DTM is 
fast (usually less than 30 seconds). 

OVERVIEW OF THE SYSTEM 

Overall strategies for developing .. timber 
resources are generally established in a 
long term management plan. Various 
systems and methodologies exist for 
planning at this scale (MacDonald, 1992). 
Planning periods may extend over several 
rotations and must balance resource 
protection such as water, wildlife, and soil 
against the timber values and development 
costs. These long range plans determine 
the approximate location of roads and 
harvest units. 

Short range. planning involves the accurate 
location of roads, landings and yarding 
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Figure 1. TERRAIN TOOLS information flow diagram. 

corridors. Before short range operational 
plans are finalized, extensive field 
reconnaissance and mapping must be 
carried out. Road alignment, drainage and 
stability are assessed. Logging systems 
must be analyzed to ensure adequate 
deflection and payload. In addition to field 
layout, detailed "paper" layout plans are 
often created for regulatory agencies and 
to · assist logging and road building 
operators. 

TERRAIN TOOLS is a set of computer 
tools to assist forest engineers with short 
range planningc Recognizing that 
surveyors and forest engineers spend much 
of their time in the field, emphasis has 
been placed on keeping the software 
intuitive and easy to use. 

DATA COLLECTION 

Information from field notes or 
topographic maps forms the basis for 
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analysis and modeling. Figure 1 shows 
the flow of information in the system. 

Traditional forest level survey information 
recorded in field note book form is 
manually entered into the system or 
downloaded from a handheld data 
recorder. Road surveys ~ include side 
shots, stream locations, ground types and 
overburden depth measurements. 

laser gun surveys can rapidly generate 
large amounts of topographic information 
compared with conventional methods. In 
the case of road traverses, information 
canbe gathered at any orientation relative 
to the p-line and downloaded directly into 
the system. 

Unit boundaries taken using GPS 
instruments may also be downloaded 
directly into the system or combined with 
clinometer or altimeter measurements to 
provide accurate elevations. 



Map information including profiles and 
contours can be digitized. Coordinate 
information in ASCII or DXF format may 
also be loaded into the system. These map 
features can be combined with field survey 
informaf:ion for display· and analysis. 

VERIFYING THE DATA 

Once entered, the user can view both 
survey and map information to verify its 
accuracy and completeness. · 

Survey information can be manipulated so 
that the closing of a boundary traverse can 
be calculated and corrected. In addition, 
related traverses such as spur roads can be 
joined to fonn a network. 

Survey _points are automatically assigned 
x,y,z coordinates once .a starting 
coordinate has been defined. Adjustments 
made to correct a traverse or to join 
individual traverses will· only affect 
these underlying coordinates. Shifting and 
closing of traverses is done by· defining the 
stations which· share the same location .. For 
example, closing a traverse· is done by 
setting the end station to the ·start station 
location, and joining two traverses together 
is done by setting a· station. on one traverse 
to append to a station on a different 
traverse. When a survey is closed the 
underlying coordinates are altered using 
"compass rule" and a closing deviation and 
area· are calculated. Again, only the 
underlying coordinates are altered, the 
original survey' information remains 
unchanged. 

The coordinates of survey locations can be 
altered to match those taken from a map; 
thus allowing field and map information to 
be combined. 
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CREATING AND VERIFYING THE 
TERRAIN MODEL 

TERRAIN TOOLS generates a DTM 
based on the elevation points from all 
sources of elevation data contained in the 
current file (surveyed traverses, digitized 
features or imported coordinates). The 
type_ of model used is a Triangular 
I"egular Network or TIN model. The 
software generates an array of connected 
triangles (planar facets) by essentially 
"connecting the dots"; the vertices of 
the triangles are known elevations and any 
point in between are calculated by linear 
interpolation on the·triangle (Fig. 2). The 
triangle generation algorithm roiidroizes 
the length of the sides of the triangles 
within the constraints of the known data 
points. 

There are many ways to model a surface; 
the TIN model is particularly desirable 
because known elevations are honored 
exactly by the mod~l,. the density of the 
data is flexible and the data points do not 
need to lie on a regular grid. Given the 
coordinates of an original data point a TIN 
model returns the exact elevation of the 
point; a simpler· model may sometimes . 
return an approximate value. A single 
model may contain an area with. dense data 
points where model accuracy is important 
and another area where the points are far 
apart and elevation is more approximate 
between points. 

No matter what kind of model used, the. 
information extracted from a. DTM · is only 
as good .as the data that generated the 
model. In a TIN model elevation is 
calculated by linear interpolation 
between known points; if points are far 
apart and the terrain is irregular then 
elevation accuracy will suffer. On the 
other hand, data collected with an 
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understanding of the modeling technique 
~ give a .realistic surface for a small 
number of data points. 

The TERRAIN software allows the 
engineer to generate contours of any 
spacing on the DTM surface at any time. 
Contours will quickly show any gross 
errors in the elevation of data.points; 
they will also often show a topography that 
the engineer "knows" is not correct for 
more subtle reasons. In this case it is 
necessary to modify the original data set to 
remove any anomalies. 

The most common cause of a discrepancy 
between reality and the DTM is missing 
data. The solution is to add more. data 
points to the model to fill in -the holes. 
Alternately, the model generating software 
can be given a maximum triangle length; 
in this case, areas. where the points are too 
far apart will not be modeled and there 
will be explicit holes in the DTM to 
remind the user that data does not exist in 
those areas. 
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Another cause of an inaccurate model is a 
triangle crossing a "break line" (Fig. 3). 
To generate a DTM of topography it is 
expedient to gather data by surveying 
features where the ground breaks from one 
grade to· another. Examples of these break 
line features are the top of a ridge, the 
edge of an escarpment (top and bottom) 
the bottom of a ditch or creek, the top of a 
cut slope, the bottom of a fill slope, a road 
edge, etc. If the terrain model puts a 
triangle across a break line there will be a 
notch in a ridge top or a dam across a 
creek. To force the software to make a 
better choice of where to put its triangle 
boundaries, the engineer should make 
break line points close together. The 
TERRAIN program allows interpolated 
points to be inserted into a break line 
feature at any time; the DTM can then be 
recalculated more accurately. 

Data points that have almost the same 
position (x, y coordinates) but different 
elevations (z coordinate) will create 
unrealistically shaip features in the DTM. 
If these points come from different sources 
and the elevation difference is just a 
measurement error then it is best to 
remoye one of the offending points from 
the data set. 

Sometimes it makes sense for the engineer 
to simply add points to make the contours 
go the way he knows they must. This 
should be done with care and only if the 
engineer knows the. terrain well. 

A digital terrain model can quickly be 
created from a set of data points but it is 
important to verify that the surface it 
represents is a good approximation of 
reality. If it is not, some or all of the 
above techniques will correct the. DTM so 
that i~ may be used with confidence to 
generate topographic information about an 
area. 
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CALCULATING PROF'Il..ES 

Once a DTM has been generated·and 
verified topographic information such as 
profiles, cross sections, and contours can 
be extracted with vecy little effort. 
Contours can be generated and· labeled at · 
any time and any spacing, they can also be 
smoothed if desired. Any feature that does 
not have elevations defined (for example a 
line drawn with the mouse) will pick up 
elevations from the terrain model. 
Elevations are calculated for the original 
points in the feature and at places where 
the feature crosses a triangle boundary; the 
feature is draped over the DTM. · 

Visibility tests can be performed by 
drawing a sight line on the. computer 
screen; a profile view of the line 
(including user labeled points such as 
block boundaries and view points) is 
automatically generated for viewing or 
printing. 
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Ground profiles for analyzing deflection in 
cable logging can be generated in a similar 
way to sight lines; if two points are 
created with the mouse (or digitizer)· the 
model will provide the elevation 
information for the profile between them.· 

Profiles need not be straight features; the 
profile for a road center line can also be 
generated from a DTM. (Profiles can also 
be generated in the TERRAIN Module by 
digitizing contours from a topographic map 
without creating a DTM.) 

Once a feature has been created (by 
mouse, digitizer or import) it can be 
exported with DTM elevation information 
to the. Survey Notes format (including side 
shots) for further analysis within· . 
Terrain Tools or to DXF for external 
analysis. 



...... 

Figure 4. Plan and profiles view of a contoured terrain model. 

ANALYZING LOGGING SYSTEMS 

The Terrain Tools package has a CABLE 
ANALYSIS Module for analyzing cable 
harvesting systems. Payloads, cable 
tensions and carriage clearances can be 
calculated for various user defined setups. 
Parameters such as tower/tail position or 
yarder type can be changed to quickly 
try several "what if" situations. 

CABLE ANALYSIS Module is an 
extension of the TERRAIN module and 
uses TERRAIN features to define the 
ground underneath the cable; these feamres 
can be shown in plan view with other 
related map elements (roads, boundaries, 
landings, etc.). Surveyed features can be 
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used for a ground profile but if a DTM 
exists (and is accurate enough) profile 
information can be extracted from the 
model. If a proposed location for a tail 
hold ( or landing) does not provide the 
necessary deflection it can easily be moved 
with the mouse to generate a new profile 
from the DTM. 

PRELil\.fiNARY ROAD DESIGN 

Digital Terrain Models allow detailed 
preHminary road design to be done 
quickly. At present, much of the 
preliminary road design work is done 
using a topographic map, a pencil and a 
ruler. The forest engineer attempts to 
sketch a proposed road location on the 



topographic map, measuring with the ruler 
to stay within certain grade line 
parameters. This same procedure can be 
done instantaneously using as DTM. 
Cross sectio11S can also be calculated 
automatically by specifying an offset from 
centerline. 

Using a mouse or digitizer (similar to a 
pencil) the engineer can draw the proposed 
road location. As ~e road is being drawn 
in plan, a profile is calculated and 
displayed in a separate window. 
Additional information such as grades, 
distances, · elevations and distances can be 
displayed. 

Further preliminary design on a proposed 
road can be done including horizontal and 
vertical alignments. The user can assign 
different ground layers, specify cut and fill 
angles, define the road prism or template, 
and develop a detailed road design 
including grades and centerline offsets. 
Since all work ·is done within the program 
changes to the proposed road design can 
be made quickly on the DTM. 

The increasing ability to use TERRAIN 
TOOLS in the preliminary road design 
process allows the forest engineer to 
rapidly try -different road locations. In 
areas where access is difficult and · 
expensive this method of preliminary 
design will benefit any forest operation in 
both the short and long term planning 
horizons. 

CONCLUSIONS 

Digital terrain models can provide the 
forest engineer with a useful medium and 
short range planning tool. DTM's can be 
used at various stages in the harvest 
planning process. 
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When creating a DTM from a topographic 
map the results derived from the computer 
model will depend on the underlying 
accuracy .of the map. Digital terrain 
models can also be created from field 
surveys. In this case, adequate survey 
coverage of an area is critical. 

The increasing availability of quality 
digital maps and new survey technologies 
should increase the use of DTM' s for 
harvest planning. 
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ABSTRACT: While seasonally frozen 
soils undergoing thawing must be able to 
support· the loads imposed by both civilian 
and military equipment and vehicles, at 
present the US Army lacks a procedure 
for addressing methods of handling 
thaw-induced immobilization. 

In response to this lack of guidance, the 
US Army Corps of Engineers Cold 
Regions Research and Engineering 
Laboratory (USA CRREL) recently 
commenced a study to assess a variety of 
environmentally safe chemical and 
mechanical stabilization techniques. The 
stabilized surface must be capable of 
supporting both wheeled and tracked 
transport of materials, supplies, and 
personnel and must withstand at least 
limited repeated traffic. Additional criteria 
include simplicity of construction, 
expediency, material availability, and 
economics. 

The research project is being conducted in 
phas~ over a period of two or three years. 
This paper focuses on Phase I, a review of 
current stabilization practices used by 
forestry industries and/ or tested by the 
military or USDA Forest Service. It 
discusses a variety of mechanical and 
chemical stabilization techniques including 
debris mat/slash, wooden mats, 
chunkwood, tire mats, grating, military 
aircraft landing mats, geogrids, 
geotextiles, geocells, and chemical 
admixtures. Future phases, including plans 
for the development of a demonstration 
project, are also discussed briefly. 

KEYWORDS-Stabilization, rapid 
stabilization, thawing soils, chunkwood, 
geosynthetics, geotextiles, tire mats, 
corduroy, debris mat. 



INTRODUCTION 

Thawing soil conditions may differ from 
other soil stabilization p(oblems because 
the thawing process can weaken otherwise 
stable ground on an intermittent and 
sometimes short-lived basis. During winter 
warm spells or spring thaws, the soil 
surface begins to thaw while drainage is 
restricted by the frozen ground below. 
Water added from snow melt and spring 
rain accumulates in the surface la yet, . 
saturating a soil that may normally be free 
draining. These conditions restrict :vehicle 
operations by making passage difficult_ or 
impossible and result in vehicle-induced. 
terrain damage through severe rutting and 
cutting or shearing of root systems. 

Many thawing soil~ provide· little to no 
support. At. worst, a thawing soil's- bearing 
capacity approache~ that of a viscous 
fluid .. As a consequence the travelway 
must be eith~r supported from the 
underlying frozen layer or constructed to 
float (i.e., treated to resist rutting). The 
stabilizing structure must be able to 
support loads applied via rubber tire or 
tracked vehicles. A more difficult aspect 
of this is the construction of a wearing 
surface suitable to withstand the 
mechanical trauma. of track cleats. 

While we are concerned with stabilization 
techniques for military purposes, the 
methods discussed in this paper are 
applicable to, and often borrowed from the 

. logging, oil, and gas industries. · 

This paper is a review and evaluation of 
selected ·current stabilization techniques. 
Several additional methods were 
considered but dismissed. CRREL did not 
conduct tests for this particular study. 
However, testing of certain techniques for 
other purposes has been conducted by 
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CRREL, the Waterways Experiment 
Station (WES), the USDA Forest.Service, 
and other organizations. This paper 
summarizes exp_eriences and research 
results and recommends additional testing 
(demonstration projects) on thawing soils 
using both rubber tire and tracked 
vehicles. 

EVALUATION CRITERIA 

The stabilization techniques reviewed were 
assessed in light of several evaluation 
factors. What is the life expectancy of the 
road? What are the future plans for it? Are 
materials readily available or must they be 
imported? Is specialized equipment 
necessary for construction? When 
specialized equipment is necessary, what 
level of training is required for operation 
of the equipment; are instruction manuals 
adequate? ls construction labor ·intensive? 
For military purposes, expediency is often 
a crucial factor. Can the road be 
constructed quickly? 

A preliminary evaluation matrix is 
presented herein ·to assist in ranking the 
methods discussed, but an overall ranking 
was not done since function and site 
conditions dictate. If the objective were 
timber access, availability of material 
would rank high, and the use of debris 
mat/slash -or logs would be a likely 
stabilization method. Similarly, skidders 
would not be categorized as specialized 
equipment in such a setting. For a military 
setting, material availability is unknown 
and site conditions govern. In addition, 
some methods are recommended for 
stabilization of localized thawing pockets; 
others could be used for either localized 
areas or for entire. roads. Is the purpose 
temporary passage of equipment and 
supplies, or will this be the site of a future 
road following military activities (i.e., 
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Figure 1. Soil stabilization index system (SSIS) selection procedure (from Carpenter et al. 
1992) 

rebuilding the infrastructure in wartom 
environments)? The ultimate objective and 
recommendation must be considered on a 
case by case basis. 

It should be noted that only. environ
mentally benign techniques have been 
considered, so environmental issues are 
not addressed in this text. Evaluation 
criteria are rated following ~ussion of 
all the methods .. 

STABILIZATION TECHNIQUES. 

Stabilization can be. accomplished by 
chemical techniques, mechanical 
techniques, or a combination of the two. 
While this paper focuses primarily on 
mechanical methods, chemical methods 
for rapid stabilization of thawing soils are 
also discussed briefly. 
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Chemical Stabilization Techniques 

Materials that are unable in their natural 
state to support imposed loads may be 
modified with chemical. admixtures. 
Typically, chemical soil stabilizers are 
intended for subgrades, subbases, and 
bases. In rare instances, however, they can 
also be used for surface courses. Standard 
soil stabilizing admixtures include lime, 
cement, asphalt, fly ash, salts, organic 
compounds, and various combinations of 
these. Less traditional soil stabilizers 
include rice ash and slags. 

Admixtures do not react equally well with 
all soils or for the same soil under 
different temperature and/or moisture 
conditions. As a consequence, grain size 
and Atterberg limit laboratory testing. is 
required to determine the compatibility 



between soil properties and additives. 
Figure 1 summarizes the soil stabilization 
index system (SSIS) selection procedure 
(Carpenter et al.. 1992). · 

Of greater significance than the need for 
laboratory testing and an appreciable level 
of knowledge for -chemical a~e 
selection are the restrictive temperature 
requirements and significant curing times. 
Implied by the phrase "rapid stabilization 
of thawing soils" are the conditions of 1) 
near-freezing temperatures and 2) 
expediency. During thaw, air tempera"'.' 
tures could easily :be near or even cycling 
about 32° F (00 C). Freeze-thaw cycles can 
be destructive to the integrity of the 
stabilized system. Lime, lime-fly ash, -
cement, and cement-flyash should be used 
only when air temperatures are 40° F (4.5° 
C) and rising and should not be used with 
frozen soils (Carpenter et al. 1992). Hot 
and dry weather is recommended for all 
types .of asphalt stabilization. In addition, 
the curing time for most chemically 
stabilized soils is appreciable, particularly 
with lower temperatures (Yoder and 
Witczak 1975). Finally, depending on the 
principle upon which a ·particular · 
admixture works~ certain chemical· 
stabilizers (such as cement) generate a heat 
of hydration. This could accelerate the 
thawing process at the frozen/nonfrozen 
material interface, thus making the initial 
thawing. $Oil pro1'lem worse .. Therefore, 
due to .long curing times and the 
detrimental effects of nearfreezing 
temperatures, the use of chemical· 
stabilization is not recommended for this 
application. 

Mechanical Stabilization Techniques 

Conventional low-volume road construc
tion with on-site borrow-Conventional 
procedures for building standard 
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low-volume roads utilize large quantities 
of relatively dry soil and aggregate. 
On~site borrow or acceptable material 
within a reasonable haul distance provides 
a straightforward means of road construc
tion across thawing soils. Such low-volume 
roads are called "built-up roads" (Mason 
1990). Roads built up over appreciable 
lengths are· generally considered permanent 
roads. Since thawing soils may be extrem
ely soft and provide no bearing capacity, it 
may be desirable to use geotextiles or 
geogrids to both separate and provide 
additional strength. Geotextiles will be 
discussed in a separate section. 

If no fill material is available within a 
reasonable haul distance, or only poor 
quality material is available, a combina
tion· of the following materials can provide 
viable alternatives for road building. A 
combination of borrow material and one of 
the following can also provide a feasible 
alternative." 

Debris mats and. slash-One of the simplest; 
most natural, and most economic methods 
of stabilization is to ~corporate slash 
(brush) and tree limbs into a debris mat. 
This method is often used for construction 
on peat (Phukan 1982) and is typically · 
used for timber· access road construction in 
the Tongass National Forest in Alaska 
(Burnette 1993).. The Tongass National 
Forest uses slash, tree tops, and limbs of 
up to 8 in. ·(20 cm) in diameter. While 
debris itself cannot be easily driven on, it 
aids in stabilization of the subgrade before 
additional rock fill is placed. This 
technique could be used in combination 
with other mechanical stabilization 
methods in instances when large quantities 
of fill material are not available within a 
reasonable haul distance. (It should be 
noted that chunkwood roads, on muskeg, 
in the Chequamegon National Forest were 



Figure 2. Slash-, geotextile and chunk
wood in Chequamegon National Forest, 
Wisconsin. 

also constructed atop slash, as discussed 
below (Figure 2). 

Wooden mats and logs-In locations where 
travel is hindered by thawing of relatively 
small localized areas, the use of wooden 
mats may provide a simple and 
cost-effective means of passage (Figure 3). 
Wooden mats are frequently and quite 
successfully used ·in the logging industry in 
and around North Carolina where freeze
thaw cycles occur repeatedly throughout 
the winter season (Deal 1994). Wooden 
mats are relatively inexpensive, portable, 
and reusable. They can either be 
constructed from available materials or 
purchased (prefabricated) from any of 
several manufacturers. They are also 
frequently used in the oil industry. To 
construct a crude form of wooden mat, 
logs can simply be bound together with 
steel cables or metal bands and oriented 
either parallel or perpendicular to the 
direction of traffic (Mason 1990). Logs 
and limbs placed perpendicular to the 
roadway are sometimes termed corduroy. 
The objective is simply to distribute the 
traffic load over a larger area. If logs are 
readily available, material costs are 
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Figure 3. Wooden mat. 

negligible. No care, no special training, 
and no specialized equipment are required. 

Chunkwood--The USDA Forest Service 
woodchunking machines were initially 
developed in response to a need to 
improve the utilization of low valued 
forest resources, i.e., unmerchantable 
timber (Figure 4). Two experimental 
prototype "chunkers" were built by the 
Forest Service at the North Central 
Experiment Station in Houghton, 
Michigan, and at the Missoula Technology 
and Development Center (MTDC) in 
Montana. The Missoula chunker can chunk 
trees of up to 12 in. (30.5 cm) in 
diameter, and the Houghton chunker can 
handle trees of up to 8 in. (20 cm) in 
diameter. Individual particles range in size 
from that of a conventional "wood chip" to 
the diameter of the parent tree. 

Early uses of chunkwood included biomass 
fuel and a material for manufacturing 
structural flakeboard. Since 1987, 
however, the Forest Service has used 
chunkwood as a material for the construc
tion of several low-volume forest roads. 
Chunkwood serves as a viable alternative 
embankment material when suitable gravel 
is unavailable within a reasonable haul 
distance. 

In 1987, a research and demonstration 
project was conducted in the Chequamegon 



Figure 4. Woodchunker. 

National Forest in Wisconsin by the North 
Central Experiment Station, the 
Chequamegon National Forest and MTDC 
(Arola et al. 1988). Approximately 2.5 
miles ( 4 km) of test sections were 
constructed of different combinations of 
chunkwood, sand, gravel, and geotextile 
on a variety of subgrade materials (Figure 
2). Roads were constructed on silt with a 
very high water content (Schulze 1993, 
1994), on a muskeg swamp (Schulze 1993, 
1994), and on fme-grained sand 
("sugarsand") with a very high water 
table. One typical test section is shown in 
Figure 5 (Arola 1993, 1994). The chunk
wood roads were subjected to loading by 
tandem axle dump trucks with a gross 
vehicle weight of 50,000 lb (220 kN) and 
Evaluation criteria comprised observations 
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of rutting, lateral displacement, and 
settlement. 

Demonstration projects were later 
coordinated by the San Dimas Technology 
and Development Center (San Dimas, 
California) in the Bienville National Forest 
(Mississippi), the Kisatchie National 
Forest (Louisiana), and the Winema 
National Forest (Oregon) . Chunkwood 
roads have since been constructed in 
Northern Minnesota, Alaska, 
Pennsylvania, and at several sites in 
Canada (Karsky 1991). 

In general, chunkwood roads performed 
satisfactorily; however, the Forest Service 
concluded that the optimum design 
depends on the specific ground conditions, 



Figure 5 . Typical cross section of 
chunkwood road. 

subgrade strength, design life, and traffic 
load and volume. Chunkwood roads 
constructed on silt or muskeg, with no 
~ggregate surfacing, usually exhibited 
severe rutting, but could be reshaped by 
blading/ grading. A few inches of 
aggregate surfacing atop the woodchunks 
improved performance considerably. 
Lateral movement was insignificant, and 
roads on muskeg showed no signs of 
bearing capacity failure. Placed above the 
chunkwood, a 4-oz./yd2 (135 g/m2

) 

nonwoven geotextile served primarily as a 
separator preventing loss of aggregate into 
the wood voids. An 8-oz./yd2 (270 g/m2) 

nonwoven geotextile was placed beneath 
the chunkwood to both prevent loss of 
wood .chunks into the underlying swamp 
mat and provide support. 

The major objectives in using chunkwood 
are to minimize the water accumulation on 
the trafficked surface and to elevate the 
roadway to maximize subbase drainage. 
While this could be done with borrow 
material, chunkwood provides a viable 
alternative. Since chunkwood is 
compressible, additional thickness should 
be used compared to aggregate. 
Laboratory tests yielded coefficients of 
permeability ranging from 20 to 115 ft/min 
(10 to 60 cm/s)-substantially greater than 
that of gravel-so drainage problems are 
reduced. 

An evaluation of several chunkwood roads 
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Figure 6. Terra mat. 

utilizing scrap truck tires, 2) minimizing 7 
years after construction was conducted for 
this paper. The rating system used is 
discussed in Eaton (1987, revised 1988). 
Distress evaluation criteria included 1) 
improper cross section, 2) inadequate 
roadside drainage, 3) corrugations, 4) 
dust, 5) potholes, 6) ruts, and 7) loose 
aggregate. All aggregate-surfaced sections 
on both silt and muskeg/swamp were 
visually similar and generally rated fair. 

Tire mats--Terra Mat, a commercial 
product specifically designed to assist 
logging trucks across wetland areas, 
consists of sections of tire sidewalls lashed 
together to form portable road mats 
(Figure 6). The product is presently used 
with much success by the logging, 
construction, oil, gas, and pipeline 
industries (Boise Cascade 1991, Cotton 
1990). No specialized equipment is 
required for placement; the mats can be 
moved with standard logging equipment or 
even dragged with a pickup truck. Stand
ard mats weigh 1,100 lb (5 kN) per 5 ft 3 
in. x 10 ft 6 in. (1.6 x 3.2 m) section 
(Terra Mat 1990). When used for timber 
access roads across wet and thawing soils, 
the mats provide added benefits of 1) 



compaction of the forest floor, and 3) 
reducing mud tracked onto paved roads. 

Furthermore, the manufacturer is 
interested in. optimizing the present design 
by maximizing the load carrying .capacity 
to weight ratio, improving anchoring 
methods for adverse .grades and horizontal 
curves, and assessing mat-soil interaction 
with several types of geotextiles (Goldberg 
1993, 1994). Mason (1990) recommends 
placing Terra Mats atop slas~ or 
chunkwood to facilitate mat portability. 
Geotextiles have. also been used-to enable 
easy removal for repeated use. 

The University of Kentucky is currently 
planning a demonstration project funded by 
the Environmental Protection Agency 
(EPA) (Stringer 1994). Terra Mat will be 
used to stabilize a stream crossing for 
wheeled vehicles, small -dozers, and 
skidders (while skidding timber). Their 
primary objective, however, is to evaluate 
soil loss from the stream bank~ The 
demonstration iS ·scheduled to take place ·in 
the university's experimental forest in the 
summer 1994. 

Logging trucks encounter no difficulties 
driving directly on the mats. Terra Mat 
produces a special mat that enables tracked 
vehicles to drive directly on the mat 
without lifting_ it with their cleats. 
Horizontal curves and adverse grades may 
present problems, so military test sections 
or demonstration roads should include 
Terra Mat with and without cover·on both 
adverse slopes and horizontal curves to 
determine necessary cover. 

Other mechanical methods-In 1991 and 
1992 the Sail Dimas Technology and 
Development Center conducted tests .using 
expanded ·metal grating and bridge deck 
span safety grating, both in combination 
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with a woven geotextile, as a wetland 
crossing (Mason 1992). Grating was· 
selected for testing. because it was · 
portable, inexpensive, and readily 
available. The tests showed the grate
geotextile combination performed quite 
satisfactorily; however, we do not believe 
the system is sufficiently rugged for 
certain military applications. 

Considerable testing of military aircraft 
landing mats for expedient airfield 
construction has been conducted by· WES 
and CRREL (Burns 1979, Crory 1991). 
Conceivably, landing mats could be used 
for road construction on thawing soils. 
Such tests conducted by San Dimas . 
showed that the mats generally performed 
very well on flat terrain and on slopes up 
to approximately 25 % (Mason 1990). 

Geosynthetics--A variety. of geosynthetics 
have been used advantageously in the -
design and construction of low-volume, 
unsurfaced roads on· weak, -saturated soils 
(similar to thawing frost-susceptible soils). 
They are good candidates for use in rapid 
stabilization of thawing soils· for off-road 
mobility. 

Geosynthetic is defined as any planar 
product manufactured from polymeric 
material used with geotechnical 
engineering related material as an integral 
part of a structure or system (ASTM 
_1991). Two geosynthetics of particular . 
interest for the rapid stabilization of 
thawing soils are geotextiles and geogrids. 
Geotextiles are permeable textiles, ·woven 
or otherwise matted together. Geogrids are 
plastics formed into_ an open grid with 
large apertures (Koerner 1990). 
Geotextiles serve a broader range of 
functions than do geogrids, which are 
specialized for use to reinforce soils. 
Another product used for reinforcement is 



a sand confinement grid, or geocells. A 
geocell is a three-dimensional struc~e 
filled with soil, which forms a mattress for 
increased bearing capacity and 
maneuverability on loose or compressible 
soils (Webster 1992). 

Geotextiles are commonly used in the 
construction of roads, where they usually 
serve in some combination of separation, 
filtration, and reinforcement functions. 
Separation refers to the use of geotextile to 
prevent the mixing of dissimilar ma:terials 
so the functioning of the materials remains 
intact or improves (Koerner 1990). 
Filtration occurs when there is movement 
of liquid through the geotextile, but soil is 
retained (i.e., it filters the water and 
piping is prevented). When a geosynthetic 
material reinforces soil, it is actually 
carrying part of.the load applied to the 
soil. Geosynthetic reinforcement is a form 
of "floating" either vehicles or the 
travelway to redistribute load. Geotextiles 
can be used to function in all three ways, 
but geogrids and geocells can be counted 
on only to reinforce weak soils. 

Reinforcement in roadways with 
geotextiles or geogrids occms' in one of 
four ways (Christopher and Holtz 1985): 

1. Base and subgrade restraint occurs 
when the geosynthetic at the bottom of 
the base course restrains aggregate 
movement. The bottom of a base 
course layer and the top of a weak 
subgrade layer tend to move apart 
under tensile loading due to 
compression of the surface. This 
condition leads to the intrusion of soft 
subgrade material. 

2. Lateral restraint reinforcement refers 
to the placement of a geosynthetic so 
that it interferes with the normal 
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bearing failure surface. This forces 
failure to occur along another 
(stronger) surface, which increases the 
ultimate bearing capacity. The elastic 
modulus of the base course is also 
increased, which reduces the 
magnitude of stresses transmitted to 
the subgrade (Figure 7a). 

3. Membrane-type support of wheel loads 
is provided by a geosynthetic when the 
wheel load stresses are sufficient to 
cause rutting. The geotextile, being on 
the subgrade surface also deforms, and 
can provide tensile resistance if it has 
a high enough modulus. Note that 
rutting is required to mobilize this 
kind of support (Figure 7b). 

4. Membrane-type support of the 
roadway system occurs when the 
roadway system itself (e.g., an 
embankment) cannot be supported on 
the subgrade soil. The geotextile acts 
in a similar manner· to that described 
in 3 above (Figure 7c). 

Geocells reinforce soils in a different way 
than geotextiles or geogrids. Figure 8 
shows how a geocell would improve the 
bearing capacity of a shallow foundation 
(Koerner 1990). A geocell mattress also 
interferes with the normal bearing failure 
surface, forcing it to be longer and 
therefore stronger. 

Geotextiles will most likely function in all 
three ways-separation, filtration, and 
reinforcement-for the rapid stabilization of 
thawing soils. In most roadway 
applications, separation is the only 
function of the geotextile usually needed. 
Due to the high water contents and 
correspondingly low soil strengths of 
thawing soils, however, filtration and 
reinforcement will be important. 



Fig7a 

Fig7b 

Fig. 7c 

Area of Wheel 
Fabric Lateral Restraint Load 

Hypothellcal Shear 
Probable Shear with Fabric 
without Fabric 

Vertical support Component 
of Membrane-type AcUon 

Figure 7. Geosynthetics (after Christopher and Holtz 1985), (a) lateral restraint of base 
material caused by geotextile, (b) partial wheel load support developed. by _membrane action 
of the geqsynthetic after being stretched by rutting, and ( c) use of geosynthetic for membrane 
support of roadway system. 
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a. b. 

Figure 8. Bearing capacity failures of soil (a) with and (b) without geocell confmement 
(after Koerner 1990). 

Table 1. Geotextile property requirements 
when used in a separation function (Task 
Force No. 25 1989). 

Grab Punclure Tear 
Slrength Strenglh S1rength 

Survivability (NJ (N) (N) 

Medium· 800/510 310/180 310/180 
High 1200/800 445/335 445/335 

Membrane reinforcement of wheel loads 
will probably occur due to soil 
deformability when soils are saturated. 
Because some geotextiles transmit water in 
the plane of the material, they might also 
accelerate pore water dissipation in soil 
loaded by traffic, leading to more rapid 
consolidation of the. thawing material. 

Any time that reinforcement is thought to 
be critical in thawing soils, geogrids 
should be considered for use since 
reinforcement is their primary function, 
and they are usually easier to handle than 
geotextiles during installation (i.e., they 
are more workable). The tensile strength 
of geogrids is usually intermediate. between 
standard and high-strength geotextiles, but 
the modulus of geogrids · is generally 
comparable to high-strength geotextiles. 
They have been noted to reinforce granular 
materials better than geotextiles when 
placed within an aggregate layer-due to 
good interlocking between the geogrid and 
granular material (Chan et al., 1989, 

Webster 1992). Indeed, there is probably a 
relationship between the grain shapes and 
sizes and the aperture sizes of the geogrid 
for maximizing its reinforcement potential. 

When geotextiles and geogrids are used in 
the construction of roadways they should 
be covered with a soil material before 
heavy construction equipment is driven on 
them. Thus, we expect that they will be 
most effective when used in a similar way 
for the rapid stabilization of thawing soils. 
Since in some cases rapid deployment is 
essential, it is desirable to use products 
that vehicles can drive on with no cover. 
Giroud and Noiray (1981) mention that the 
use of a geotextile with a high modulus 
makes it possible to build an access road 
designed for a small number of passages 
with no aggregate at all. Kenter et al. 
(1986) discuss an instant road made of 
geotextile reinforced with 0.5-in. 
(16-mm)-diameter steel rods placed 
lengthwise and across the geotextile that 
can support a 22,000-lb (100-kN) axle-load 
truck. In this case, the rods provide 
reinforcement due to beam action (i.e., 
bending reinforcement related to stiffness 
of the steel rods) as well as membrane 
action (related to tensile strength). 
McGown et al. (1990) also note the 
benefits Qf bending reinforcement by 
adding (bamboo) rods on top of geotextile 
layers. Thus, it appears likely that.a 
geosynthetic material can be found, or 
further developed, so it can be driven on 
directly without cover material. 
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Table 2. Evaluation matrix. 

Conventional Debris 
"built-up,; mat8/. Wooden 

road slash mat 

Life expectancy p T T 
P=Permanent; T =Temporary 

Material availability l-S 2-S 2-4 
5=Readily available; l=To be imported 

Equipment required s 4 4 
S=Std equipmentb; l::::Specialized 

Level of training for 4 s s 
operating equipment 
5=No/minimal training; l=Specialized training 

Ease of construction 3 4 4 
S=Minimal labor; l=Labor-intensive 

Entire road or Either Either localized 
localized sections sections 

Cost: 
Material s s 

(assuming availability) 
Equipment 3 4 
Labor 2 4 
Overall 3 4 
S=Inexpensive; l=Expensive 

a If no trees, old com husks, etc. 
b Standard equipment: dozer, loader, and dump truck. 
C USDA Forest Service has 2 prototypes. 

For a geosynthetic to perform any 
function, it must survive ·the process of 
being installed. Christopher and Holtz 
(1985) classify the degree of geotextile 
survivability ·required (i.e., medium, high) 
for various types of subgrade preparation, 
lift thicknesses, types of cover material, 
and ground pressure equipment. 
Survivability ratings from Christopher and 
Holtz (1985) .can be used to help· select 
geotexiles. suitable for the rapid 
stabilization of thawing soils with cover 
material. With a few important exceptions 
(e.g., 4-wheel drive vehicles), most 

3 

4 
s 
4 
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Chunk- Terra Geo- Geo- Geo-
Logs wood Mat grid textile cell 

T TorP TorP TorP TorP p 

1-5 1-5 1-3 1-3 1-3 1-3 

4 1c 4 4-S 4-5 4-S 
Skidder 

s 2 4 3-4 3-4 1-3 

4 3 4 2-3 2-3 1-3 

localized Either localized Either Either Either 
sections sections 

s s 3 1-4 1-4 1-3 

3 1 4 3-5 3-5 3 
3 2 4 2-4 2-4 2-3 
4 3 4 2-4 2-4 2-3 

off-road vehicles exert pressures. in a 
ground pressure range such that there · are a 
variety of geotextiles expected to survive 
placement of the fabric and cover material 
then trafficking (Slaughter et al. 1990). 
For the use of cover material other than 
borrow, such as chunkwood, existing 
survivability criteria should be tested. 

Table 1 lists the fuinirouui. properties 
required for geotextile separators to· 
survive installation under Medium and 
High survivability ratings. There are no 
widely accepted minimum geogrid or 



geocell property requirements for 
survivability in reinforcement applications. 
Several design procedures are available for 
the selection of geotextiles for separation, 
filtration, and reinforcement. Christopher 
and Holtz (1985) provide an excellent 
review of the design methods available for 
geotextiles to serve these functions in 
unsurfaced roads. There are also design 
procedures for the use of geogrids to 
reinforce soils (e.g., Koerner 1990). Many 
manufacturers of geotextiles and geogrids 
also provide design guidance for various 
applications of their products. Such design 
guidance can be used or adapted for use 
for rapid stabilization of thawing soils. 
Although there is a design method for 
using geocells to reinforce a statically 
loaded shallow foundation, their use under 
dynamic loading is difficult to analyze 
(Koerner 1990). Thus, even though this. 
method of reinforcement is of interest, 
there is insufficient design guidance for 
geocell use under thawing soil conditions. 

In summary, the benefits of geotextile use 
include separation, filtration, and 
reinforcement on thawing soils. Design 
guidance exists for these function of 
geotextiles with granular cover material. 
Geogrids can be used to reinforce thawing 
soils, and .design guidance exists for their 
use with cover material. If reinforcement 
is the only function that a product needs to 
serve, geogrids offer ease of workability 
and they may be advantageous when using 
relatively large-diameter aggregate or 
cover material due to its ability ta 
interlock with some materials. Geocells 
may reinforce as well, but they need to be 
tested and design criteria developed. 
Finally, there is a good possibility for the 
development and/or use of high modulus 
or geotextiles reinforced with rods that can 
supply both bending and membrane 
reinforcement for rapid deployment of a 
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trafficable surface without cover material. 

RECOMMENDATIONS AND FUTURE 
TESTING 

The primary design components for 
successful stabilization of thawing soils 
are: 1) adequate drainage and/or flotation; 
2) bearing strength to support vehicle 
passage; and 3) sheat resistance of 
horizontal curves. Additional design 
features relate to the time frame of the use 
of the stabilized sections, such as rapid 
deployment for temporary roads and a 
suitable "wear" surface for long-term use. 
All of the techniques previously discussed 
meet at least some of these criteria. 

Table 2 is a matrix developed from the 
literature review for this paper for the 
most preferred stabilization techniques. 
The information in this table is pre1iminary 
and should be verified by testing. In 
addition, the cost-effectiveness of any 
selected technique will be a function of 
many variables, including long-term plans 
(temporary or permanent road) and the 
availability of stabilization materials at 
specific sites. Each of the techniques 
serves some portion of the design function, 
and combinations of the methods may be 
more effective than any individual method. 
Using these ratings and the site-specific 
design criteria, appropriate stabilization 
techniques can be chosen. 

Testing should be performed on Terra 
Mat, wooden mats, and prototype 
geotextiles for use with no cover. These 
products will probably be adequate for 
straight segments with minimal slope. Due 
to the manner in which a tracked vehicle 
turns, testing is recommended on 
horizontal curves to determine the 
minim1un cover thickness required to 
prevent structural damage to the 



underlying supporting structure. Additional 
material may also be necessary on adverse 
grades where slipping can occur .. 

Testing should also be performed on slash, 
chunkwood, and borrow material with and 
without geotextiles or geogrid. ·slash is 
perhaps the simplest and most cost
effective method of ·stabilization, and 
therefore should be a priority for testing. 
Slash should be tried in combination with 
borrow or chunkwood. Geocells. should· 
also be tested for use when sandy material 
is available for filling the cells. 

CONCLUSIONS 

Stabilization can be accomplished by 
chemical ·or mechanical techniques or a 
combination of the two .. Due to the 
complexity of selecting a chemical 
admixture that is compatible .with the soil 
as well as the restrictive temperature 
requirements and sign.incant curing times 
needed, chemical stabilizers are not 
recommended for "rapid" stabilization of 
thawing soils. 

Several simple techniques such as. debris 
mats/ slash, logs, and· wooden mats- are 
commonly and quite successfully used by 
the logging, oil, and gas industries. These 
methods would probably perform well in a 
military setting, _but_they have not been 
tested with tracked vehicles. 

Geotextiles are frequently a critical com
ponent of stabilizing systems, providing 
separation, filtration, · and reinforcement. 
Geogrids and geocells also have proven 
reinforcement capabilities under conditions 
similar to those .of thawing soils. Potential 
problem areas, such .as tracked vehicles 
causing structural damage to the geocells, 
geotextiles, or Terra Mat on horizontal 
curves, must be studied. 

3QL~ 

Finally, each of the methods has been 
evaluated in light of criteria such as 
material· availability, ease of construction, 
equipment required, a¢ cost of material 
and labor. Selection of the best stabilizing 
method is site- and function-dependent; 
there is no generic solution to problems 
associated ~th thawing soils. 
Combinations of these methods will 
usually be more effective than any 
individual method. 
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ABSTRACT: The paper deals with the 
generally beneficial forest functions a1:td 
their influence on the performing of the 
timber production function of the forest. 
The influence of the generally beneficial 
functions is presented by means of the 
limitations classified in five types, each of. 
them again in five marking classes. An 
analysis of the marking of the limitations 
of basic inventory units defined in the 
inventory in 1990 has been made 
separately for state and private forests. 
The generally beneficial forest functions 
and limitations are also presented by maps. 

KEYWORDS-multiple use, forest 
functions, forest operations 

INTRODUCTION 

The managing of Slovene forests is based 
on co-natural approach, a sustainability 
and a multiple forest use. Thereby, the 
timber production function is only one out 
of many, the forest should permanently 
perform within the time and space, 
keeping the balance with other forest's 
uses. It is, however, a well known fact 
that the exploitation of the forest often 
disagrees with the abilities of the forest to 
cope with all the consequences of the 
man's actions, satisfying his needs. 

The study, which is being presented 
(Kosir, KRC, 1993), tries to give some 
answers to the following questions: 

• what is the relationship between the 
timber production function and the 
generally beneficial forest functions 
(social and environmental functuions) 
like from the aspect of forest 
operations; 



• which forest functions do represent 
limitations from the point of view of 
forest operations and which are these 
limitations; 

• what is the extent of an individual 
generally beneficial function. · 

It is first of all the case of the emphasized 
generally beneficial forest functions 
because each forest performs several 
functions at the same time, which has to 
be taken into consideration in forest 
managing. A generally beneficial forest . 
function is emphasized when it· is 
reflected in the forest managing itself and 
in the performing of measures. The 
limitations in the exercising of the timber 
production forest function are going to be 
studied only there where this functiQn 
exists, i.e. in timber production forests. 

FOREST FUNCTION TYPES . 

The new Forestry Act (1993) states the 
following function types: 

• ecologic functj.ons (the protection of 
forest Sites and stands, hydrologic, 
biotope, climatic _function); 

• social functions (protectiv~ - the. 
protection of objects, recreation; 
touristic, educational, res~ch, 
hygienic-medical function, the 
protection of natural and cultural 
heritage ·as well as other environmental 
values, defensive, aesthetic function; 

• production functions (timber 
production,. non-wood production, 
hunting_ function). 

Similarly yet not completely identically, · 
the functions are stated in the cipher list of 
the forest inventory (1990), which includes 
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the data for 86,246 forest stands in 
Slovenia. Subsequently, the forest 
functions from this data base will be 
analysed. and thus the classification of 
forest functions as defined in the forest 
inventory will be. maintained. Their 
explanation, however, is going to be taken 
from other sources (ANKO 1982,1989). 

DATA PROCESSING METHOD ON 
THE FOREST FUNCTIONS OF 
GENERAL INTEREST 

The first information was obtained by 
means of the analysis of socio-economic 
forest category groups, which are the 
following in Slovene forests: 

• timber production forests, 
• forests with special purpose, 
• agricultural land- intended for forests, 
• pe~ent protection forests and the 
• forests with a limited timber 

production purpose. 

There is a separate classification of the 
generally t,erieficial forest functions which 
the forest has besides its prevalent 
function. In the data base the following 
forest functions are determinated: · no 
function defined, permanent· protection, 
temporary protection, hydrologic, 
climatic, hygienic-medical, 
touristic-recreational, educational, 
research, national-defensive, aesthetic, 
protection of natural and cultural heritage, 
protection of the wild, providing .of food 
for the wild, the Triglav National Park. 

Only three emphasized generally beneficial 
functions can be defined for each inventory 
unit at the most. They are equivalent, 
irrespectively of their order of precedence 
in classification. Besides the 14 stated 
functions, it is also possible that no 
emphasized. generally beneficial function 



Table 1. A survey of the areas and shares of the forests with emphasized generally 
beneficial functions. 

Socio-economic category Unit Forests with an 
emphasized 
generally 
beneficial 
(unction 

Timber ha 171.845.05 
production forest % 18 

Forests with a special ha 5,650.56 
purpose % 13 

Agricultural land ha 3.37 
intended r or forest o/o 7 

Permanent protection ha 54,151.95 
forests o/o 90 

Forests with a limited ha 14.750.31 
timber production % 24 

function 
Total ha 246A01.24 

% 23 

is defined in an inventory unit. . This 
means that only the timber production 
function has. been defined in such a forest. 

PreUminary research and studies of forest 
inventory data have shown that there are 
many combinations between individual 
generally beneficial functions, for which 
there is no simple explanation as to their 
meaning~ There from difficulties arise in 
the defining of the forest managing policy. 

Forest functions have also· been presented 
in the form of maps with a raster of 
48,143 points where each point represents 
an area of 25 ha of forest. 

THE RESULTS OF THE SURVEY OF 
THE GENERALLY BENEFICIAL 
FOREST ·FUNCTIONS 

The area of forests comprised by the 
analysis amounts to 1,075,396.40 ha and 
practically represents all the forests in 
Slovenia. Based on the results of the 

Forests without an Total ha Share% 
emphasized 
generally 

beneficial runction 

776.388.4 948.233.45 88.1 
82 100 

536.41 6,186.97 0.6 
87 100 

42.23 45.60 0.0 
93 100 

5,887.34 60.039.29 5.6 
10 100 

46,140.75 6,0891.06 5.1 
76 100 

828,995.13 1,075,396.37 100.0 
77 100 

inventory, it could be claimed that in 77 % 
of all Slovene forests the generally 
beneficial function (Table 1) has not been 
specially defined, which, however, does 
not mean that the managing there would 
be performed irrespectively of the general 
interest. The majority of timber 
production forests, which occupy 88 % of 
the forest area, perform at least the 
protection function as well yet there are no 
limitations in forest operations in tliese 
forests or they are an integral part of 
forest managing principles in Slovenia. 
There are 18 % of timber production 
forests where one or more of the 
generally beneficial functions have been 
defined as emphasized. It can be 
expected that these are such forests where 
the limitations in forest operations should 
be more explicit and ranked as to the 
demands of the additionally emphasized 
function. 

As from the aspect of the state, there are 
even more forests with. emphasized 
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Figure 1. Shares of emphasized generally beneficial functions in timber-production forests. 

Table 2. Forests without emphasized generally beneficial functions by socio-economic 
cate~ories of forests~ 

Socio-economic category 

Timber ,,roduction r orcsts 
Forests a snecial nurnose 

A2ricultural land intended for fore.~ts 
Permanent nrotection r orcsts 

Forests \Vith a limited timber 1>roduction 
function 

Total 

generally beneficial functions yet this. share 
also includes those socio-economic. forest 
categories which defme emp~ized 
non-timber functions .of these forests 
already. by themselves, various 
environmental ones being the most 
freque~t. . Most of the forests with · 
emphasized. generally beneficial functions 
belong to the category of pei-manent 
protection forests and to the forests with a 
limited timber production function. 

Area ha Annual cut in Annual cutin 
coniers m3 decidious m3 

776.388.40 1.527,137 1.207,008 
536.41 690 567 
42.23 0 0 

5.887.34 752 1.260 
46,140.75 7,127 20,790 . 

828.995.13 1,535,706 1,22.9,624 
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Among the forests in. which one ·of the 
emphasized generally beneficial function 
has been stated prevail those with -the 
emphasized permanent protection .or 
temporary protection fwiction. In the 
forests with a defined permanent 
protection generally beneficial 'function 
the forests with permanent protection 
function prevail, i.e. the forests which 
have been ·.ranked into this category . also 
formally. In the analyses carried out later 
on such cases were not included. 



Table 3. The areas and shares of emphasized generally beneficial functions in 
timber-production forests. 

Generally beneficial Arca of the 
function function 

defined in 
im,cntorv 

ha 
No r unction defined 776,388.4 

Hydrolo2ic 75.946.26 
Touristic-recreational 63.797.97 

Climatic 56.234.70 
Aesthetic 32.221.72 

Temporan' protection 30.317.53 
Hytrienic-medical 25.354.67 

Permanent nrotection 25,300.31 
The Trielav National Park 2t689.85 

Protection or the wild 6.660.88 
Protection of natural and 6,378.30 

cultural heritaec 
National-def ensh'e 4,609.32 

Providing of food for the 3,967.22 
wild 

Research 3,267.09 
Educational 2.663.76 

Total 

In the combinations of the generally 
beneficial functions, the hydrologic 
function (Table 3) occurred most 
frequently in timber production forests - in 
as many as 75,946 ha or 21 % of 
combination areas. The touristic-recreation 
function in the combinations with other 
functions does not lag behind a lot - it has 
been defined in as much as 18 % of the 
areas in which generally beneficial forest 
functions -have been defined. They are 
followed by the climatic function, having a 
similar share, and then by the aesthetic 
and temporary protection function,· 
represented by a share smaller by the half. 
The permanent protection function in 
timber production forests has been defined 
in over 25,000 ha or 2.2 % of all timber 
production forest areas. Here it is 
obviously the case of the forests with a 
strongly emphasized protection function 
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Share of the area Share of the 
where Generally total area 

beneficial functions 
are defined 

% % - . 68.8 
21.2 6.7 
17.8 5.6 
15.7 5.0 
8.9 2.8 
8A 2.5 
7.1 2.2 
7.1 2.2 
6.1 1.9 
1.9 0.6 
1.8 0.5 

1.3 0.4 
1.1 0.3 

0.9 0.3 
0.7 0.2 

100.0 31.2 

or even a desire these forests be 
proclaimed permanent protection forests. 

The Triglav National Park occurs as a 
generally beneficial forest function in over 
20,000ha of forests, which represent 
almost 2 % of all timber-production forests. 
It can be expected that in the futl).re the 
forest area, which in occupied by the 
national park, will be altered and the 
functions of forests and the limitations in 
the managing thereof analysed in detail. 

Other functions have been defined in a 
smaller scope, which is, by the latest 
forest inventory, about 2 % of the areas of 
all timber production forests .. It does not 
mean that these functions are less 
important. They are, however, more 
specific and therefore must be taken into · 
consideration even more carefully. 



THE LIMITATIONS IN THE 
CARRYING OUT OF THE Tll\1BER 
PRODUC'IJON FUNCTION DUE TO 
EMPHASIZED GENERALLY 
BENEFICIAL FOREST FUNCTIONS 

To manage different forest functions 
means to plan, to carry out certain forest 
operations and monitor the effects of the 
measures taken in the forest. The most 
important relationship which exists 
between individual forest functions is that 
between the timber production function 
and other functions. A supposition has 
been set that the limitations can refer to: 

• measure types, 
• the intensity of the applying of 

measures, 
• economic expectation, 
• the frequency of the measures taken, 
• the influence· of working_ conditions on 

the carrying out of the production. 

A scale has been elaborated for the stated 
measures and the limitations in individual 
generally beneficial functions have been 
estimated for each measure separately. 
Finally,· the points thus acquired have been 
added up (Tables 4 _ and 5). 

For timber production forests, a table of 
areas has been worked out,· separately for 
private and state forests, in respect of 
assessments based on the marking as to the 
limitation type. There have been 2,662.75 
ha of state forests found where no 
measures should be taken and 3,754.36 ha 
of private forests, which ~ surprisingly 
high~ 

The distribution of functioµs as to ·the 
number of points. in a table has been 
anticipated yet it does not say anything 
about the point values in the combinations 
of individual functions. If we wish to get 
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an applicable assessment of a combination, 
the. condition, which arises from a 
preUminary dealing of functions and the 
relations between them, i.e. that the total 
assessment equals the lowest partial 
assessment of an emphasized generally 
beneficial function in a combination, must 
be taken into. consideration. For each test 
unit the point values were determined 
according to individual criteria and then 
added up. 

It is evident that there are 82 % of all 
timber production forests without 
limitations, 35% of·which are ·state .. and 
65 % private forests (Table 7, Figure 2). 
37. 7 % of the forests with limitations due 
to emphasized generally beneficial 
functions are state .forests and 62.3 % are 
private ones. In timber production forests 
there are -19 .3 % of state forests with 
special limitations and 17 .5 % of private 
forests. It seems that in private forests 
there are less limitations in managing due 
to emphasized non-timber functions then 
there are in state forests, in spite of. the 
fact that the du{erences are small. It is· 
hard to believe · that the reason for that is 
the difference in natural conditions. It 
is more likely it lies in more emphasized 
functions, which can more easily be 
performed in state forests than in a 
property structure of small forest plots. 

The share· of forests with severe 
limitations, where. a special regime should 
be introduced (less than 40 points) 
amounts to 11.1 % in state forests. and 
9.1 % in private forests of all timber 
production forests .. In state forests there 
are 2,663 ha and in private forests 3,754 
ha of such forests where due to various 
reasons timber. mass should not be 
exploited. 

The data in Table 7 could have another 



Table 4. The estimation criteria for the ranking of limitations in the managing of the 
generally beneficial forest functions. 

Score 1. Measure Type 
0 No measures. 
5 The carrying out of a measure is possible due to increased costs and it is technologically scarcely possible if it is 

the case of transoort. The anolication of non-standard procedures. No new forest and skiddini roads 
10 Work methods and organization fonns are selected on environmental criteria. Limited exploitation of the 

environment - soil. Forest roads and skiddin2 trails are rare. 
1S Low forest and skidding road density. Transport fonns are standard yet adapted to the demands of a function. 

20 No limitations. The selection of technologies and communication density are only influenced by the costs aspect 
and 2eneral views as to forest manu.ina. 

2. The intensity of measures 
0 No measures 
5 There is hardly any e.,,,toitation of the forest. Only salvage cuttings are important. The production period is very 

long and it is not even an economic notion. The only goal is the stability of a natural site. When necessacy, tree 
Stnerv is aoolied. 

10 The managing goal is forest stability irrespectively of the yield by quantity or quality. Production period is 
considerably lon~er. TI1itmin2s occur rarely. TI1e restorinst of the previous condition of tbe soil and trees. 

15 The intensity of measures is directed towards tbe exploitation of tl1e stand productivity of a natural site. 
Production oeriods are lonS?er due to thinnin$!S. · 

20 The intensity of e.,-ploitation has been adapted to the best use of site production potential for the timber production 
forest function. The aim is the quality and Quantity of tlte timber produced. 

3. Economic expectations 
0 There is no income and there are no e:\-penses. 
s Costs are higher than the income due to the respecting of special measures, adapted to a function. 

10 The income and c.'\'.pen.c;es are almost balanced with indirect benefit. 

1S Costs are lower than the income is, yet the profit is reduced due to less economic operation methods or special 
additional· iobs. 

20 The profit from the selling. of products is a primary motif. Production is optimized in respect of the higbest 
economic effect, but resocctine the J!eneral limitations of the forest mananement. 

4. The frequency of measures 
0 No measures. 
5 Forest protection is the primary concern. Depending on situation, the exploitation is intensive or it is seldom 

nerfonned. In orotection reaions measures are carried out exeotionallv. 
10 Forest protection is the primary concern, timber utilization is not very important. Therefore, the increasing of 

stability is more imoortant than increased stand productivitv is. 
15 Forest protection as well as timber yield are that matter. Stand productivity increase is important. 

20 Frequency is optimal regarding tile costs and tile expected increase in stand productivity and tree quality. 

5: The influence of working conditions 
0 No measures. 
5 Operations can be perfonned only exceptionally when possible due to working conditions. Once favourable 

working; conditions have been attained, the ooerations have to be carried out ouickly. 
10 Conditions in which severe ground damages (low ground bearing capacity) and trees damages (skidding not performed during 

Ye1H!tation period) mil?ht occur have to be avoided. The work is carried out seasonallv or l>eriodicallv. 
1S The conditions when the ecosystem is more vulnerable are avoided. The work is occasionally interrupted when 

working conditions become worse. 
20 Work can be perfonned in all working conditions if this is pennittcd by technologies and work economy. 
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Table 5. The marking of limitations in timber production function as regards ·additional 
generally beneficial functions (no limitations = 100 points). 

Additional function Measure The Economic The The Total 
type intensity or expectat_i_ons frequency innuence of 

measures of measures working 
conditions 

None 20 20 20 20 20 100 
Providing of food for the 15 10 20 20 20 85 

wild 
National-defensive 15 15 IO 10 20 80 

Aesthetic 10 · 15 10 10 15 60 
Hydrolof!ic 10 15 15 15 s 60 

Touristic.;,recrcational 10 10 15 10 10 55 · 
Protection of the wild 15 10 10 10 10 55 

Climatic· · 10 10 10 10 10 50 
The Triglav National 5 IO 5 10 15 4S 

Park 
Educational 5. 5 5 5 15 35 

. 

Research 5 s s 5 15 35 
Hv2ienic~medical 5. 5 10 s 10 . 35 

Temoorarv protection s 10 s . 10 s 35 
Permanent 1>rotcction 5 s s s 5 25 
Protection of natural 0 0 0 0 0 0 
and cultural herita2c . 

Table 6. The distribution of areas (ha) of timber production forests as regards limitation 
degrees. 

Property Limitations l\·lcasu_re lYJlC The intensity Economic The frequency The influence 

State 

(scores) or measures · cxpcctaiions · of measures or working . 
conditions 

... 
15 4.071.87 ·: · 3 .. 767.66 8,079.10 . ·2 450.61 6072.88 
10 18.818.53 39.995.93 21.069.22 39.022.91 16 186.36 
5 39.242.83 18,369.64 30 694.84 18 369.64 37 210.35. 
0 2.662.65 2~662.65 2.662.65· 2,662.65 2,662.65 

Total . ---- 336,149.75 336,149~ 75 . 336,149. 75 336,149.75 336,149.75 
Pri,,ate 

15 2.386.26 ·s.621.01 ·17 791.95 5.702.67 2 742.34 
10 47 940.02 61277.64 47 527.81 63 523.08 21274.93 
s 52 968.53 33 390.16 37.296.15 33 390.16 78 298~17 
0 3.754.36 3,754.36 3,754.36 3,754.36 · 3;754.36 

Total 612,083.73 612,083.73 612,083.73 612,083.73 61Z083.73 
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Table 7. Forest areas (ha) as regards the point values of total limitations in the· exercising of 
the timber production forest function. 

Class State forests % Private 
forests 

100 271..353.87 ,, . J5~o·=..-: 505.034.56 

80-99 2.290.07 3.5 678.90 
60-79 373.S7 0.6 300.47 
40-59- 24.852.46 38.4 50.232.96 
20-39 34.617.13 53.4 52.082.48 
0-19 2,662.65 4.1 3,.754.36 

Total 64,795.88 100.0 107,049.17 

explanation. A limitation in the performing 
of one type of work is a limitation only 
then if it is observed, otherwise it may 
become the core of antagonism, a 
collision point of two tendencies. Once 
being acquainted with the area in which 
special rules have to be observed, one 
also knows in which area severe 
controversies between the performing of 
the timber production function and the 
emphasized generally beneficial forest 
functions can be expected. 

A spatial survey of limitations (Figure 2) 
shows that the latter are asymmetrically 
dispersed throughout the country, with 
some characteristic concentrations. The 
most evident concentration is located in the 
north, in the region of the Alps with the 
Triglav national park, and in steep areas 
which demand different working methods. 

It is characteristic of Slovenia to have a 
high share (two thirds) of private forests 
with a property structure of small .forest 
plots (Figure 3). The consequence of the 
establishing of generally benefi~ial forest 
functions in private forests is limitations, 
which, however, have to be understood as 
rules which have to be observed by forest 
owners if the forest is to permanently 
perform its functions for the society and 
forest owners. 

% Total % Limitation 
dc2ree 

:/:. 65~0 .. : . 776.388.43 ,.>:100.0:.::. None 
0.6 2.968.97 1.7 Very low 
0.3 674.04 0.4 Low 

46.9 75.085.42 43.7 Medium 
48.7 86,699.61 50.5 Hi2h 
3.5 6Al7.0I 3.7 --1 100.0 171,845.05 100.0 
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The discussion about the limitations and 
the rules is also an important economic 
question because it is the duty of the state 
to reimburse some of the income from the 
forest to a forest owner if it introduces a 
special regime in forest management 
because of the protection of public 
interest, expressed in· the generally 
beneficial forest functions. Economic 
expectation is as a matter of fact already 
the consequence of the limitations, which 
have been elsewhere described and arise 
from the demands of an individual 
function. In case there is no income or 
there are no costs, this means that, in 
respect of the timber production function 
of such forest, it is the case of an extreme 
natural site within the scope of the site of 
higher quality or perhaps of the forest 
which is the object of protection due to its 
special role as a biotope or as an 
educational, recreation or similar object. 

In the forests, where costs are higher than 
the income is due to the considering of 
special measures which are adapted to the 
function, the deciding on their furore can 
be similar. In these cases_ there might also 
be the problem of forest owners who are 
not prepared or capable of the carrying out 
of demanding measures because only a 
small part of forest owners have been 
qualified for the performing of various 
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Figure 2. Spatial distribution of total limitations in the exercising of the timber production 
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Table 8. The shares of forest areas expressed as a percentage as to the property type and the 
limitation in the performing of the timber production function of the forest. 

Property Limitations Measure The intensity Economic The The 
(scores) type or measures expectations frequency or influence of 

State 

Private 

forest operations. In these cases the state 
should gradually become the owner of the 
forests, their area amounting to 37,296.15 
ha or 6.1 % of the areas of such categories 
according to the forest inventory. 

Timber production forests in which the 
income and costs are approximately 
balanced with indirect benefits demand the 
highest degree of demanding professional 
work. Here it should be the task of the 
state to provide for the reimbursement in 
the cases when forest managing. due to 
increased costs does not even yield a 
mjnjmum income. These areas amount to 
47,527.81 ha or 7.8% of the forests of 
these categories. 

Additional operations, which are not a 
constituent part of the usual production 
procedures and are well grounde4,, have 
to be financed by the state. The forests, in 
which the profit counts yet it is limited due 
to special measures and limitations (15 
points) occupy 17,791.95 ha or 2.9% of 
timber production forest areas in private 
property. 

In the forests, in which no emphasized 
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measures working 
conditions 

0.4 
3.5 
12.8 
0.6 

generally beneficial function has been 
stated besides the timber production 
function, the profit from the selling of . 
products represents the primary motif yet 
not at the expense of other forest functions 
even if they are not emphasized and the 
production can be optimized in view of 
the highest economic effect (Kosir, 1992). 
Managing limitations for forest owners 
exist in all cases simply because the forest 
owner cannot be at the same time also the 
owner of non-economic functions. These 
forests are prevalent - 505,713.46 ha or · 
82.6%. 

The area shares expressed as a percentage 
and arranged according to the type of 
property and limitations in the performing 
of the timber production function show 
that there are more private than state 
forests where there have been no special 
limitations set or the latter are minor (15 
and 20 points). Consequently, a conclusion 
can be made that in state forests there are 
more forests with emphasized generally 
beneficial functions or these functions 
setmorelimimtions.Thegreatest 
difference in the marking is in the 
economic expecmtion, which refers to 
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Figure 4. Spatial distribution of limitations due to economic expectations in the exercising of 
the timber production forest function. · 

5 .5 % of private forests, if the most 
limitating categories. are added .up, and as 
much as 9. 9% of the areas of the timber 
production forests in state forests. 

The map (Figure 4) presents the 
limitations in the carrying out of the 
timber production function in private 
forests from the aspect. of the economic 
expectation. The most severe limitations 
have been arranged by means of points or 
in small areas, measuring some 10 
hectares .. A class, which is represented by 
a mark of 5 points is the most frequent in 
the alpine region an.d .in smaller islands in 
the northern and central Slovenia. Smaller 
and moderate limitations (10 and 15 
points) are ·more frequent in the vicinity .of 
populated places because of the prevailing 
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aesthetic, touristical-recreational and other 
functions equally important as to the 
limitation of the timber production 
function. The forests without any 
limitations arising from the .generally 
beneficial forest functions are the most 
frequent ones. The greatest forest plots of 
such forests are situated in the north of 
Slovenia, where large forest estates 
prevail .. 

DISCUSSION 

Together with the rights (orest owners 
have, the Forestry Act lay$ down the · 
responsibility in management, first of all 
in the. field of forest protection and the 
limitations arising from noneconomic 
(ecologic and social) forest functions. As 



to the needs of strategic deciding on the 
state level, it is important to think over 
whether conflicts in the performing of 
economic - especially timber production -
forest functions are probable. These 
conflicts have their roots either in the 
belief of a forest owner that he might do 
in his forest whatever he wants to or in the 
inappropriate carrying out of the 
production. The latter can be intentional or 
is the consequence of ignorance. The 
difficulties in the studying of forest 
functions are hidden in the character of the 
topic dealt with, which has not been made 
sufficiently objective; it lacks definition 
and therefore allows several different 
explanations. The theory on forest 
functions in Slovenia, which is of high 
quality, has many specificities and can 
therefore be hardly compared with foreign 
approaches. 

A special problem is represented by the 
significance of limitations for forest 
owners. The presentations have shown 
that the emphasized generally beneficial 
functions in the private forests of Slovenia 
have been less frequently defmed than in 
state forests. Consequently, the limitations 
arising therefrom are a bit smaller. 
However, this holds good as a general 
statement and· not of absolute numbers 
where the situation is vice versa. There are 
more areas with limitations in private 
forests than in state ones. If the state has . 
a desire to exercise the limitations together 
with the efforts of forest owners and forest 
operation enteiprises, it will have to 
reimburse the loss in income or to 
purchase the forests where the limitations 
due to emphasized generally beneficial 
functions are extremely great or substitute 
them for other forest areas. 

With the increased knowledge as to the 
functions and significance of the forest, the 
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responsibility of forestry experts who 
manage forests as . well as forestry 
workers who have the strongest influence 
in the performing of human ideas in the 
forest, has increased as well. A bridge 
between the planned and the performed is 
represented by a thorough preparation of 
work and reliable organisation of 
operations. 
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ABSTRACT: Future prescriptions for 
opening forest stands or for selective 
cutting with an ecosystem· management 
perspective may be guided by a need to 
assess the potential of particular trees to 
remain standing throughout their normal 
life by withstanding expected natural 
forces such as wind and soil moisture. A 
finite element model of a sample tree was 
generated for predicting stresses and 
deflections of the tree subjected to wind 
load forces. The model indicated that, 
for a wind speed of 60 mph, a 30 in. dbh, 
150 ft. Douglas-fir tree would deflect 
about 11 ft. at the tip and experience a 
maximum internal stress at a height of 15 
ft. of 1,820 psi, which is less than the 
presumed tensile strength of the wood. 
Therefore, the sample tree can be expected 
to withstand breakage by the sample wind 
force. The initial model can be used for 
parametric studies of tree crown and bole 
geometry, wood properties, and wind 
forces, but it does not yet consider 
soil-root interactions on blow-down 
propensity nor the affect of neighboring 
trees on the wind profile. 

KEYWORDS-Wind-throw, blow-down, 
tree strength, wind load, finite element 
analysis, forest structure, cutting patterns, 
tree selection. 

INTRODUCTION 

When a tree falls in the forest and no one 
is nearby to hear it hit the ground, the 
forest is never-the-less changed. After the 
fall, there is a new void in the canopy 
layer and there is suddenly an additional 
mass of organic material on the ground. 
This constitutes radical alterations to 
certain parts of the forest ecosystem, 
bringing life or death to many creatures 



and organisms. Some would say that 
natural processes cause trees to fall and 
therefore· it is of no consequence to 
humans, unless they are standing. in the 
wrong place. Others say that all forest 
trees should re~ standing indefinitely. 
As· engineers involved with forest science, 
we ar~ concerned with how human 
intervention affects the expected vertical 
life span of trees and how planners might 
predict whether certain trees are at 
increased risk of falling or breaking. This 
research is directed toward the eventual 
understanding of how physical 
characteristics of forest trees, including 
wood strength, tree geometry and spatial 
distribution, · affect the long term structural 
strength of a forest subject to variations in 
wind and soil moisture .. 

Trees have structural properties that enable 
them to groVI, compete, and survive. 
These properties contribute greatly to the 
physical and biological aspects of the 
forests in which they grow. Some of these 
properties. have- become commercially 
useful outside the forest, and extraction of 
trees for business uses coupled with road 
building for recreation and protection 
access have changed the natural character 
of many forests. The manner of opening 
and managing forests is currently subject 
to major changes as controversy over -
preservation and use leads policy makers 
and practitioners to focus on managing 
with an ecosystem perspective. Results of 
this research may be important in · 
designing future tree selection and cutting 
criteria to improve the long term structural 
strength of forest stands and reduce 
wind-throw. 

The structural integrity of trees is directly 
affected by at least two natural forces that 
can be dramatically altered by htiman 
action: wind and soil moisture. · Strong 
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winds sometimes break trees or tip them 
over, depending on tree and soil strength. 
Resistance to wind forces can be related to 
tree geometry, wood .strength,. root 
structure, and soil properties: Human 
intervention in forests typically changes 
the exposure of trees to both wind and soil 
moisture .. Moisture greatly affects the 
ability of soils to support tree roots. Tree 
growth can be affected ·by management 
actions. Taller trees with wider crowns 
and shallower roots that are exposed to 
heavier wind loads, because neighboring 
trees have been removed, may be more at 
risk of falling or breaking before their 
normal maturity. Soils that become less 
moist because of exposure to the sun or 
the pumping action of trees have increased 
strength for supporting root structures. 
The location of trees with respect to each 
other and the topography may change the 
direction and magnitude of wind forces 
acting on other trees. If these factors can 
be quantified, better decisions can be made 
with regard to protecting remaining trees 
for their expected life spans, as other trees 
are removed for management purposes. 

This paper presents the results of a 
preiiminary study to model the effect of 
wind forces on a sample tree. A method 
has been developed using Finite Elements 
Analysis (FEA) for predicting whether the 
internal stresses in a conifer tree will 
approach the breaking strength of the tree 
when the tree is subjected to wind loads of 
known magnitude. From the results of 
static linear analysis, the maximum stress 
and its location are determined as well as 
the deflection profile of the tree. With the 
FEA model, parametric studies are 
possible for various tree geometries and 
wind profiles. The initial model, 
presented in this paper, considers only an 
isolated tree growing in very firm soils. 
Additional modeling efforts are needed to 



fully consider the effects of soil-root 
interactions and also the. effects of wind 
forces subject to neighboring trees and 
terrain features. 

BACKGROUND 

Research on the wind-throw of trees has 
been intermittent within forest science. 
There· are numerous articles discussing 
wind damage, but most are based on 
observations after catastrophic events. 
Few attempts have been made to analyze 
the behavior of trees under wind forces. 
On the other hand, theoretical studies and 
field observations on wind damage indicate 
that its occurrence is dependent upon· the 
balance between the magnitude of the wind 
force on the tree and the tree's physical 
resistance against the wind (Fritschen and 
Gao 1992). 

Trees, unpreventably broken or blown 
down by wind, represent ponderous 
changes to forest strucmre and great losses 
to commercial· timber resources. 
Wind-throw can also be a serious safety 
hazard. As an extreme example, one 
report (Dawson 1992) indicates that, in the 
gale on the night of 15-16 October 1987 in 
the UK, an estimated 15 million trees were 
uprooted or extensively damaged. Many 
trees crashed Qnto electricity lines, roads, 
railways and buildings, causing major 
disruption. 

While occasional wind forces may be 
beyond the resistance capabilities of any 
tree, it may still be feasible and desirable 
to intelligently identify which trees have 
greater wind resistance due to their 
geometry or location, in places where it is 
essential to keep trees standing for a long 
time through- normal wind and moisture 
exposures. 
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There are many factors that affect the 
balance ·between wind loading and a tree's 
resistance, including: 

(1) The geometric shape (size) and the 
material properties f the tree: 
Mayhead's wind tunnel studies 
indicate that the drag coefficient 
has a large variation between 
different kinds of trees. Even 
within a species, the coefficient will 
also change due to the· different 
geometry of the specimen 
(Mayhead 1973). Young's 
Modulus of Elasticity ( directional) · 
and Poisson's ratio for heartwood 
and sapwood in standing trees are 
also important. 

(2) The topographical fearures of the 
terrain: Wind damage s often 
heavy on certain surfaces such as 
ridge tops. A ridge which 
protrudes upward into the wind 
stream forms an. obstruction, and 
wind moves at a greater speed 
when it passes over such an 
obstruction (French 1951). 

(3) The soil conditions and root 
interactions: Gratkowski reported 
that shallow soil, in which root 
development was restricted by rock 
or an impermeable layer less that 
18 inches below the surface, was 
an important factor in wind-throw 
of Douglas-fir on localized areas 
(Gratkowski 1956). 

(4) Planting and cutting techniques: 
Forest borders and cutting edges 
can deflect wind as much as 90 
degrees, causing increased 
velocities where the deflected 
currents join others. Clear cutting, 
known as the staggered-setting 



system, has the major disadvantage 
of wind-throwing additional trees 
along the margins of the clear~ut 
units . (Gratkowski 1956). 

OBJECTIVE 

This paper presents the results of an initial 
step in an overall attempt to develop· a 
comprehensive model of a selectively 
harvested forest that can predict resistance 
to wind damage. First, a core model of a 
single conifer tree was developed. This 
model· was. then used to study the stress 
and deflection of a sample tree subject to 
wind loads. 

TREE MODEL DEVELOPMENT 

The assumptions employed in the analysis 
were related tQ geometric definition of the 
tree, approximation of the boundary 
condition (Le .. , soil-root interactions), 
material. properties of the tree, and 
definition of the wind load. Also,. to 
simplify the model and reduce the 
computational time, some idealizations of 
the geometric shape of the sample tree 
were made. 

Some of the assumptions employed in the 
study are as follows: 

(1) The generic conifer tree stands 
individually without neighbors. 

(2) The tree is considered to be a 
cantileyer beam, fixed to the 
ground, with the root and soil 
conditions not effecting the nature 
· of cantile-ver. 

(3) The bending of the tree follows the 
classic Euler (small deflection) 
static analysis, and linear deflection 
and properties are considered. 
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Table 1. Geometric dimensions of the 
sample tree. 

Total Height 150. ft 
DBH 30 in 

Diameter of bole = t; (height) 

at ground base 39 in 

at tip 0 in 

Thickness of sapwood = £;(height) 

at ground base 2 in 
. at tip 0 in 

( 4) The wind is horizontal and steady. 

(5) The force on the branches (crown) 
of the tree will be totally 
transferred to the bole. 

(6) The heartwood and sapwood of the 
-tree are assumed to be 
homogeneous, with elastic 
properties. 

(7) The _heartwood, sapwood, and bark 
are treated as solid, shell, and 
non-contributing elements to the 
stiffness of the tree, respectively. 

Description of the Generic Conifer Tree 

In this paper, the term nbole" refers· to the 
stem fr~m the ground to the tip of the tree, 
while the term ntnmk" means the segment 
of the bole from ground to th~ base of the 
crown. The total height of the ·sample tree 
is 150 ft., with a DBH ( diameter at breast 
height) of 30 in.. The heartwood has a 
variable cross-section from the root to the 
tip, while the thickness of the sapwood 
also varies. with the height of the bole 
(USDA 1992). The basic geometric 
dimensions of the sample tree are shown in 
Table 1. 
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Figure l. Schematic diagram of the idealized sample tree. 

Geometric Model of the Tree 

To simplify the model, the generic conifer 
tree in the analysis is idealized as follows: 

(1) The tree is considered to be a 
symmetric structure, resulting in 
fewer elements and less 
computational time. 

(2) The diameter of the heartwood 
varies as a piece-wise linear 
function of the height. 

(3) A piecewise constant thickness of 
sap wood is employed for different 
bole segments, with 2 in. at the 
ground base and 0.5 in. at 145.8 ft. 
(1750 in.) height. Above 145.8 ft. 
high, the thickness .of tb:e 
heartwood becomes almost 
negligible, thus the model in this 
segment consists solely of the 
sapwood. 
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( 4) The geometric shape of the conifer 
tree's crown is simplified. In this 
analysis, the projectea area of the 
crown is only used for· calculation 
of the drag force. The schematic 
diagram of the idealized sample 
tree is shown in Figure 1. 

Material Properties of the Sample Tree 

Material properties utilized in the FE 
analysis are Young's modulus and ~
Poisson's ratio. In the analysis of the 
sample tree, the properties of heartwood 
and sapwood are assumed to be the same. 
At a density of 28 lb/ft3, typical 
Douglas-fir lumber has a Young's modulus 
of 1.8 x 106 psi (Boresi and Schmidt 
1993). Poisson's ratio of 0.3 was used in 
the analysis. This value is typical for most 
engineering materials. The material 
properties of the sample tree used in the 
FE analysis are listed in Table 2. 



Table 2. Material properties of the sample tree. 

Young's Modulus, E (psi) Poisson's ratio, u 
heartwood 

sapwood 

WIND MODEL DEVELOPMENT 

Wind Profile Approximation 

Wind profile is a major factor in the 
studies of tree breakage and blow-down. 
To date, several wind profile models.have 
been developed to predict the wind 
velocity as a function ofthe height over 
the ground (Fritschen and Gao 1992). Also 
some field experimental tests have been . . . 
performed to measure the wind profile 
within or above vegetation and forest 
canopies (Landsberg 1971, Reifsnyder 
1955~ Meroney 1968, Olivet 1971). 
Although these works ~e important and 
helpful to our· further investigations, they 
are· limited to certain forest stands or 
concentrated to the terrain features of 
mountainous areas (Grace 1977, Araki 
1983). 

As a starting point in the FE analysis, a 
uniform wind velocity .distribution was 
used, which is a ·wind profile often found 
on isolated objects. The assumption here· is 
that barring any· external perturbations due 
to existing structures, the wind profile 
striking an isolated tree would remain 
uniform. The wind velocity profile is 
shown in Figure 2. 

Wind Load Computation 

Drag force ~. The drag force acting on a· · 
tree from a wind of given velocity could 
be calculated as follows (Mayhead 1973, 
Araki 1983): . 

1.8 X 106 0.3 
1.8 X 106 0.3 

where, D is· total drag force (lb) 

D=..!.cdpAVZ 
2 

V is the wind velocity (ft/sec) 
A is the projected area of crown in 

still air ( ft2) 
r is the density of air (slugs/ft'), and 
Cd is the drag coefficient 

( dimensionless) 

Once the Cd is evaluated, the drag force is 
readily calculated from this equation. It 
should be mentioned that the above 
equation does not take into account the 
effect of the trunk; therefore, the area A is 

. the crown area only. Although the drag 
. force acting on the trunk is much smaller 

than that acting on the. crown (the 
projected area of the trunk is much 
smaller than that of the crown), for more 
accuracy, in the FE model the drag force 
is also applied to the trunk. Cd values for 
the crown and the trunk are determined 
separately. 
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The drag coefficient of Douglas-fir crown 
for the current FE analysis com.es from the 
results of May head's wind tunnel studies 
(Mayhead 1973). The Cd for Douglas-fir 
versus the wind speed is shown in 
Figure 3. 

Figure 3 shows ~t specimen with the 
same crown areas have almost identical Cd 
values, while the Cd will increase with the 
projected crown area. Considering that 
the sample tree used in our study has a 



Isolated object Real WiJld Profile Uniform Approximation 

Figure 2. Uniform wind profile 
approximation. 

relatively large crown (with respect to the 
total height), higher Cd value (for 150 ft2 

crown specimen) will be used in the 
analysis. Strictly speaking, only when 
some sets of similarities are approximated 
with sufficient accuracy, will the data 
yielded from small-scale wind tunnel test 
be in good agreement with corresponding 
full-scale phenomena (ASHRAE 1983). 
But as a first step of investigation, the Cd 
picked from wind tunnel tests could be 
used as a good estimation to determine the 
drag force on the sample tree . 

Drag coefficient for the trunk - The trunk 
is considered as a 2D cylinder, which is a 
"standard body. 11 Its Cd value is the 
function of the Reynolds number and was 
determined to be about O .3. 

Projected area - Both the total projected 
areas of the crown and the trunk are 
divided into ten segments as shown in 
Figures 4 and 5. In the calculation of the 
trunk's projected area, an average diameter 
is used. 
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Figure 3. Drag coefficient for Douglas
fir. Reproduced from Mayhead' s result. 

Distribution of the Loads 

As far as the FEA code is concerned, the 
loads were input in terms of the applied 
force. Therefore, the physical effect of the 
wind velocity and the projected area are 
transformed into a distributed load on the 
cross section of the tree. This load is later 
transformed into the point loads applied on 
the individual nodes of the model. 

The total drag force acting on the tree 
could be considered as the summation of 
the distributed loads, which act on the 
center of each individual crown and trunk 
segment. In other words, the total drag 
force equals the sum of the area-weighted 
distributed loads. 

With this convention, distributed loads for 
the crown and the trunk are calculated and 
shown in Table 3 and Figure 6. 
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Figure 4. Schematic representation of the . 
projected area of the crown. 

RESULTS 

Results of the analysis are presented in 
terms of $e stress distribution and 
deflected shape of the sample tree (versus 
the height of the tree) under a sustained 
wind velocity of 60 mph. Material 
properties employed in this study were the 
published data for isotropic lumber .. 
Ideally, anisotropic material. properties 
should have been used for a more realistic 
representation of directio~ properties 
associated with the wood fibers, but such 
data were unavailable. However, a 
primary advantage of the Finte Element 
Analysis is that the current model ~ be 
readily modified for anisotropic materials 
and other "parametric" studies such as 

various wind speeds, soil-root interactions, 
and tree geometry. 

In this report, only the maximum 
combined (Von Mises) stress distribution 
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Figure 5. Schematic representation of the 
projected area of the trunk. 

of the tree· ~ong the height of the· trunk is 
being reported.· The FE ~ysis results 
show that stresses are symmetrically 
distributed about the neutral axis of the 
bending as expected. Figure 7 shows the 
variation of. maximum Von Mises stress 
with the· height of the tree. The maximum 
stress values are extracted along the length 
of the outer fibers of the bole . .- From 
Figure 7, we observe that the peak stress 
occurs at the height of about 200 inches. 
The computed peak stress value is about 
1,820 psi. 

Figure 8 shows the deflection of the tree in 
the wind direction. This sort of deflection 
is typical for the bending of a cantilever 
beam. The maximum value occurs at the 
tip of the tree as . expected.- With the 
maximum deflection value less than 
one-tenth of the total height of the tree, the 
small deflection assumption··associated with 
the Euler's Beam theory utilized in this 
study is reasonably valid. 



Area weigbled loads Uniform wind profile 

Figure 6. Wind loads distribution on the 
sample tree. 

The overall results agree with the 
expectations about the nature of 
deformation of the tree and point to a 
probable location of failure origination at 
the maximum stress location. 

CONCLUSIONS AND 
RECOlv.lMENDATIONS 

This research represents an initial attempt 
in applying Finite Element Modeling 
techniques to the study of wind-throw 
effects. In modeling the single tree, all 
wind forces acting on the branches are 
assumed to be 'transferred to the bole. The 
projected crown and trunk areas in still air 
are calculated to determine the drag force 
from a uniform wind profile. A single 
wind velocity is used to calculate the Von 
Mises stress and deflection variations 
along the height of the bole. 

Results show that the maximum stress 
occurs at the lower potion of the tree, 

tsoo4-1-.L...i....J.....J-...L.-1....J-..-.-'-"--'-....-....__._ ......... _-r-1so 

-... 
16)0 

1"400 

~ 1200 
u 
~ 
!! 1000 

f--o 
0 

~ 800 
'o 
'= ·a 6)0 
:c 
0 

t: G) 

140 

130 

l::ZO 

110 

100 

S)0 

ao i 
70 Cle 

60 

so 
40 

30 

20 

10 

o-l-..---.-.,._.__.,-r-...,-;F=i=::;::::;;:::;:~--r--r-r-+-o 

328 

0 • Q ~ 800 I~ 1~ I~ I~ 18002000 
Von Mises Stress Value (pSl) 

Figure 7. Stress distribution as a function 
of tree height for wind speed of 60 mph. 

about one-ninth of the total height. This is 
plausible for the cantilever model subject 
to the distributed or point loads with 
variable cross section geometry. In · 
addition, it suggests that if failure of the 
bole above ground should occur, it would 
be initiated in the vicinity of the 
aforementioned height. It should be 

emphasized that the above conclusions are 
based on the single sample tree with 
soil-root interactions not considered. The 
maximum deflection in the wind direction 
occurs at the tip of the tree, with a 
maximum value indicating that the small 
deflection assumptions are valid. 

To develop a more comprehensive model 
of the wind-throw effect, the authors 
recommend extending the study to include 
the following: 

1) Perform a parametric study to 
determine the effect of tree 
geometry and wind characteristics. 



Table 3. Distributed loads at center of crown and trunk segments at wind speed of 85.4 
ft/sec. 

. 

Segment Proj. area, . A; ( ft2) Loads, D;(lb) 

No. Crown Bole Crown Bole 

1 17.2 9 41.2 23 
., 

2 51.7 9 124.1 23 

3 87.4 9 209.7 23 

4 100 9 240 23 

5 100 9 240 23 

6 100 9 240 23 

7 100 9 240 23 

8 100 9 240 23 

9 69.8 9 167.5 23 

10 S9.4 9 142.6 23 
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Figure 8. Displacement plot of the tree model subject to wind speed of 60 mph. 
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2) 

3) 

Model tree uprooting (soil-root 
interactions) due to wind loading 
and identify critical variables that 
affect susceptibility to blow-down. 
Expand the single tree model to 
account for the effects of 
neighboring trees and topography 
on wind magnitude and direction. 

THE FUTURE 

Forest management is becoming 
increasingly complex. In addition to the 
physical and biological forces of nature, 
human intervention is affecting the future 
conditions of the world's forests. 
Furthermore, changes are evolving in the 
basic philosophy of forest management and 
the resulting human forest disturbance 
actions. In the future, trees will be saved 
or cut based on the forests' ecological 
needs, coupled with social and economic 
interests. This is a distinct departure from 
purely economic-driven management 
strategies. Technology for accessing and 
altering forests is changing to meet the 
new requirements of managing ecosystems. 
This may present capabilities to achieve 
new cutting patterns with stringent controls 
on tree spacing, .soil disturbance, crown 
damage, road building, etc. Thus, 
knowledge of how human intervention may 
affect the structural integrity of the 
managed forest will be important in 
prescnoing optimum physical 
characteristics to improve the probability 
that leave trees will remain standing 
throughout their normal life. 
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ABSTRACT: Economic problems and soil 
disturbance. of row thinning operations by 
a mobile mini-yarder in small-scale 
forestry are discussed in comparison with 
select thinning operations. 

KEYWORDS-Labor productivity, cost, 
level of soil disturbance, rate of disturbed 
area, shape of thinning site. 

INTRODUCTION 

In Japan, the extent of man-made forests 
has reached 10 million ha, 40% of the 
total forest area. These forests were 
mainly established after World· War II and 
are now at thinning age. Thinnine small 
planted conifers on steep, difficult sites in· 
small-scale forestry is a problem of 
national concern. 

Our project team developed a mobile mini
yarder to solve some of the harvesting · 
problems. Generally, row thinning 
operations by a mobile mini-yarder is 
identified as an effective method 
considering economic and soil disturbance 
problems. 

In this paper, economic problems (labor 
productivity and cost) and soil disturbance 
of row thinning operations by a mobile 
mini-yarder are discussed in comparison 
with select thinning operations. 

ECONOMIC CONSIDERATIONS 

Outline of investigations and results 

Investigations of row and select thinning 
operations were conducted in a 35-year-old 
Japanese cedar stand located in the 
northeast of Japan. The 0.54 ha stand had 
an average DBH of 25 cm and was located 



on an average slope of 16 degrees. Row 
thinning operations consisted of felling by 
a chain saw, full-tree yarding by a mobile 
mini-yarder and delimbing and buckin:g ·at 
a roadside by a small processor made in 
Sweden. · Select thinning operations 
consisted of felling-delimbing-bucldng by 
chain saw and short wood yarding by a 
mobile mini-yarder. 

The following values were obtained by the 
investigations of row and select thinning 
operations: productivity of felling and 
processing, regression equations of yarding 
cycle time on the basis of indicator 
variables for yarding distance, lateral 
yarding distance · and time of rigging up 
and down. 

Comparison of labor productivity and cost 

Labor productivity· and cost of row· and 
select thinning operations were estimated 
by use of a thinning site model as shown 
in Figures 1 and 2. The area for the 
thinning site model was assumed to be 
0.49 ha. This is the average thinning area 
of small scale forestry in the northeast of 
Japan. It.was clear from the model that 
row thinning operations used in the 
investigations were. preferable to select 
thinning operations on the basis of labor 
productivity, but is not preferable o~ cost. 

CONSIDERATION ON SOIL 
. DISTURBANCE 

Outline of investigations and results 

Investigations of soil disturbance were 
conducted in three Japanese cedar stands 
(average slope of 13-34 degrees)· after 
thinning operations by yarding. Soil 
disturbance by yarding operations was 
classified into three levels according to 
depth of surface soil removal that was 
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estimated from organic matter contents in 
surface soil. Soil disturbance caused by 
row thinning operations was low; but that 
by select thinning operations was high, 
especially in conditions of steep slope and 
difficult configurations. 

Comparison of rates of disturbed area 

In select thinning yarding operations on 
steep slopes a high level of soil 
disturbance causing erosion and 
degraduation was estimated on about 5 % 
of the total thinning area. 

CONCLUSIONS 

Row thinning operations by a mobile mini
yarder is preferable to select thinning 
operations on labor productivity, but it is 
not preferable on cost. Intensity of soil 
disturbance caused by row thinning 
operations was lower than that by select . 
tbionin3 operations. A further 
improvement of processing method should 
be considered for reducing total cost of 
row tbinnin3 operations. 
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ABSTRACT: The risk of encountering 
breakage losses during manual timber 
felling operations could sometimes be 
reduced if a falling tree possesses a 
considerable number of live branches. If 
breakage does not occur, the branches ( on 
the underside) would absorb part of the 
shock resulting from the impact on the 
ground. This paper describes a simple 
theoretical model (using a static analysis) 
for estimating the energy-storing capacity 
of live branches of conifers. This will 
hopefully lead to the development of a 
final model to determine the least number 
of branches (shock-absorbing elements) 
required to miniroiz.e the risk of timber 
breakage during the manual felling of 
small-sized trees. The model, named 
BESM (Branch Energy-Storing Model) 
was tested on twelve live branches and no 
significant difference was found between 
the generated. and the experimentally 
determined mean energy values. This 
"cushioning" effect of live branches will 
also be of relevance in the skidding of 
whole trees where a knowledge of the least 
number of branches needed to ensure less 
disturbance of the forest floor is required. 

KEYWORDS-Energy-storing potential, 
live branches, timber breakage, static 
approach. 

INTRODUCTION 

Manual thinning selective cutting 
operations in highly densed stands often 
result in the harvested tree lodging in the 
crown of surrounding trees. An attempt to 
release these "hang ups" may lead to an 
overall reduction in operational efficiency 
(Gabriel et al. 1974), additional 
operatio~ costs and damage to residual 
stand. There is a generally held view that 



branch removal before felling is likely to 
decrease the chances of the occurrence of 
tree "hang ups" during manual felling 
operations. This will also ensure a higher 
efficiency in the subsequent· delimbing. and 
bucking operations as fewer branches 
would be left to handle. However, 
excessive removal of branches would 
rather increase the risk of timber breakage, 
especially where the tree falls onto hard or 
rough ground. Because of the growing 
emphasis on log value recovery, various 
improved logging methods and· modernized 
equipment have been designed purpos~ly. 
to minimize breakage losses as much as 
possible ~specially in cases where trees are 
to be cut to specified lengths or poles. In 
spite of all these efforts, timber breakage 
still occurs and has been found to be the 
result of several complex variables, some 
are controllable and some are beyond the 
control of the feller. Highly defective, 
heavy or relatively brittle trees generally 
tend to suffer more damage than smaller 
and sound trees (Conway 1976). 

When a falling tree makes an impact on 
the ground, the presence of live branches 
on the underside help in absorbing part of 
the shock which would otherwise be 
transmitted to the bulk of the merchantable 
stem. This absorbed shock would be 
stored as strain energy in· the branches if 
breakage does not occur. Dead branches 
often break upon impact and do not help in 
this shock-absorbing or "cushioning" 
process. The aim of this paper is to 
develop a simple theoretical model (using 
a static analysis) to estimate the 
energy-storing potential of coniferous live 
branches. A static analysis is used here 
because the falling of a small-sized 
harvested tree in a dense stand is a gradual 
process and does not possess inertia high 
enough to demand a complex dynamic 
analysis. This will further serve as the 
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basis for the development of a final model 
which would be used to determine the 
extent to which branch removal before 
felling should be done in order to ensure a 
proper balance between (a) avoiding tree 
hang-ups and (b) minimizing breakage 
losses during manual felling operations in 
crowded timber stands. 

The Branch Energy-Storing Model 
(General description) 

A simple theoretical model is constructed 
to determine the amount of energy which a 
given branch of physical dimensions would 
absorb when subjected to a pure bending 
stress. The model, named Branch 
Energy-Storing Model (BESM) is based on 
the. assumption that the branch is · of a 
conical shape of base diameter D and 
length H acting as a cantilever beam with 
a load F (Fig. la). The external work 
done by any applied load (F) will be stored 
by an elemental branch material of length 
dx as strain energy du given by 

M2 
du=-xdx 

2EI 
(1) 

where E is the Elastic Modulus of 
Elasticity, Mx and I are the bending 
moment at a section x and· section Modulus 
respectively . given as 

Mx=F(L1-x) 

and 

l=-1tD_4_(H_-_x_)4 
64114 

(2) 

(3) 

It is further assumed that this absorbed 
strain energy is independent of the time of 
deformation, hence a static approach may 
be used to represent the actual situation 
where suddenly applied loads are involved. 



F 

(a) 

Figure 1. Determining the energy-storing potential of a branch (theoretical model). 
· Note: (a) General use of a branch considered as a cantilever beam and (b) the actual 
·situation where the branch is inclined at an angle a to the stem. 

1.97 inches/t: 
(50 mm/min) 

Load cell 

(a) 

1.97 inches/min 
(50 mm/min) 

(b) 

Figure 2. Experimental set-up for the determination of the energy storing potential of a live 
branch. 
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Substituting (2) and (3) into (1) and 
integrating with a boundary condition of 
x = 0 when u = 0 finally gives the energy 
stored in the branch (when x = L ') as 

32F2HL13 
U----- (4) 

31tED4(H-L') 

Under real situations, a branch is attached 
to its stem at an inclination as shown in 
Fig. lb, which ~ just the result of tilting 
Fig. la through an angle a. Applying the 
same analysis to Fig. lb finally gives 

32F2Hi} U=-------
31tED4(H-L ')cos2a 

(5) 

as the energy-storing capacity of a branch 
expressed in terms of its physical 
characteristics. 

Parameters 

The_ parameters used for BESM are the 
simple physical characteristics such as 
branch base diameter D, branch length H, 
and inclination· to the stem a. The 
Modulus of Elasticity E, can be . 
determined using the non-destructive field 
method described by Onwona~Agyeman et 
al. (1992). The remaining parameters F 
and its .distance from the branch base L' 
may not be readily measured but can be 
determined by an experiment described 
below. 

Experimental determination of the energy 
storing capacity of a branch 

A live branch (still attached to the stem) of 
known dimensions and with needles 
removed was fixed in the ·position shown 
in Figure 2a. The needles were removed 
to facilitate the monitoring of the branch 
movement on the acryl board, assuming 
that needle removal does not affect the 
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capacity of a branch to store energy. By 
allowing the stem-branch system to move 
vertically downwards at a constant speed 
of 1.97 inches/min (50 mm/min), the force 
exerted on the surface of the acryl board 
was measured by load cells arranged in a 
triangular position. Assuming that the 
elastic limit is not exceeded, the strain 
energy· stored in the. branch was simply 
estimated as the external work done on it 
by the acryl board. The situation may also 
be analysed by considering the acryl board 
to move upwards at the same constant 
speed until it reaches a distance V (Fig. 
2b). The external work done (W) was 
estimated as· the area under the curve 
obtained by plotting the total force exerted 
on the acryl board F (recorded by the 
three load cells) against the respective 
stroke z, i.e. 

W=ft-Pd:z=U (6) 

U is the elastic strain energy stored in the 
branch. A plan view of the acryl board 
and the determination of the center of 
force F and its position (x,y) are shown in 
Fig. 3. The force F was determined by 
the algebraic sum of the forces FA, F8 and 
Fe recorded by the load cells at positions 
A, Band C respectively, i.e. 

(7) 

Taking moments about the point (0,0), the 
position of the center of force (x,y) for 
any given position of the acryl board were· 
determined as 

and 

FAm 
y=

F 
(8) 



h(Fc-F~ 
x----

F 
(9) 

In order not to exceed the capacity of the 
load cells 6.615 lbf (3kgf each), the stroke 
V was set at 13. 78 inches (35 cm) for all 
the branches. Twelve branches of 
cryptomeria japonica ranging from 4-7 
years were tested in all. 

NUMERICAL RESULTS AND 
DISCUSSION 

The physical characteristics of the 
branches used. in the laboratory 
experiments are shown in Table 1. The 
age of the branches were determined by 
their basal annual rings. The derived 
Equation (8) above was used to monitor 
the movement of the center of force on the 
acryl board. The results of the total forces 
exerted by the acryl board on the various 
branches and their distances from the base 
are shown in Table 2. These values apply 
to the situation where the acryl board had 
travelled through a vertical distance of 
13. 78 inches (35 cm). This vertical 
distance was arbitrarily chosen just to test 
the validity of the BESM. 

Comparison between BESM generated and 
experimentally determined energy values 

Using the physical dimensions and the 
results in Table 2 as inputs to the BESM, 
the strain energy absorbed by each of the 
twelve branches was numerically 
computed. The Modulus of Elasticity E 
value for all the branches was assumed to 
be 1.422 x 1011 psi (10000 kgf/cm2) 

(Onwona-Agyeman et al. 1992). The 
BESM generated results as well as those 
obtained by estimating the work done by 
the acryl board are shown in Figure 4. 
Mean values of all the twelve branches for 
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the model and laboratory experiments were 
calculated as 0.845 x 10-3 Btu (0.091 kgf x 
m) and 0. 790 x 10-3 Btu (0.085 kgf x m) 
respectively. No significant difference 
was found between these two values using 
the student's t-test, (n =12, P = 0.05 
level). As expected, the experimentally 
determined mean energy value was slightly 
lower than the BESM generated mean 
value. This could possibly be attributed to 
the energy losses due to friction between 
the acryl board surface and the branches, 
which was not accounted for in the BESM. 

Application to whole-tree logging 

The practice of whole-tree harvesting of 
coniferous stands has raised as many 
questions as it has solved. Because of the 
additional weight of limbs and 
ps, and the nature of branches, about twice 
as much power is required to skid whole 
trees as compared to tree lengths from the 
same tree (Garlicki and Calvert 1969). 
There is also the concern that whole-tree 
removal may result in the depletion of 
nutrients from the site (Napier 1972; Boyle 
and Ek 1972; Chatarpaul et al 1984; 
Phillips and Van Lear 1984)). In addition 
to its numerous advantages, the presence 
of live branches during ground-based 
skidding of whole-trees play a very 
important role of preventing the 
merchantable stem from coming into direct 
contact with the ground. In this state, the 
possibility of excessive scratching of 
merchantable stem is reduced while soil 
disturbance is also minimired. 

There is therefore the need for the 
development of a final model which, 
depending on the physical characteristics 
of a tree and its crown, will determine the 
extent to which the number of branches 
should be removed to lessen the 
occurrence of tree hang-ups, minimize 
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Figure 3. A top view of the acryl board showing the positions of the load cells. 

Table 1. Physical characteristics of the live branches ·used in testing the BESM. 

Branch No Ba.~e Diameter (inches) Length (inches) Branch inclination (deg) 

1 0.45 35.04 58 

2 0.40 34.65 62 

3 0.45 39.76 66 

4 0.59 51.18 70 

5 0.44 33.46 60 

6 0.40 35.83 75 

7 0.42 32.68 63 

8 0.45 43.31 73 

9 0.53 38.58 48 

10 0.54 43.31 55 

11 0.46 41.73 64 

12 0.41 34.65 50 
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Age (years) 

5 

4 

6 

5 

4 

6 

7 

s 
6 

7 

7 

4 



Table 2. Total forces on the branches and their respective distances from the base when 
acryl board travels through a vertical distance of 35 cm. 

Branch Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

>. 

0 "' ... .L. 1 
I 
I 

~ 0.1 
5 

"'O e 
0 ... 

Cl.) 

0.0 

Total force, F (lbf) 

1.173 
1.208 
1.579 
2.150 
1.819 
1.136 
1.729 
1.041 
1.956 
2.763 
0.814 
1.332 

Distance from base, 
L' (inches) 

18.15 
18.43 
18.43 
21.22 
17.17 
15.39 
16.50 
19.20 
20.35. 
17.40 
20.94 
17.40 

l2J The energy values generated through BESM 

~ Work done on branch when the acryl board travels through 13.78" (35 cm) 

1 2 3 4 5 6 7 8 9 10 11 12 

Branch Number 

Figure 4. Comparison between the BESM generated and experimentally determined energy 
values. 
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breakage losses and suppress the fear 
of nutrient depletion from the site. 

Further studies 

The BESM described in this paper only 
assumed a ·flat and hard contact surface for 
the branches and does not take the 
condition of the terrain into account. It is 
recommended that information on different 
terrain conditions· that influence timber 
breakage be studied and incorporated in 
the final i;nodel. In the actual s_ituation 
where branch-soil contact is important, 
frictional forces would be called into play 
and must be accounted for in the model. 
Higher capacity load cells should be used 
in the laboratory experiment to determine 
the maximum energy-storing capacity of 
branches of various ·sizes and the results 
compared with the BESM generated 
values. 
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ABSTRACT: Chain flail delimber 
/ de barkers are being used to improve the 
quality of whole-tree chips produced in the 
forest. The aggressive nature of the flail 
process causes high wear and failure rates 
of flail chains. High speed video was used 
to analyze the dynamics of the process 
relative to specific chain and link design 
factors. Several conclusions can be drawn 
from this analysis. The four main factors 
affecting the action of flail chains (relative 
to link design) are the amount of space 
within the link, link length, link mass, and 
link shape. Flail chain with extra space 
inside the link (allowing adjacent links to 
move freely) tends to fold up easily with 
less bounce and interaction. As the 
amount of space available for link 
movement decreases, the chain folds up 
less and bounces more, causing greater 
interaction and wear. As link length 
increases, chains bounce off the stem more 
readily, causing erratic motion and faster 
wear. The same is true as link mass 
increases. Round link chain collapses too 
easily upon impact, resulting in ineffective 
debarking. Studded chain is extremely 
aggressive, causing high wear and wood 
loss. Twisted link chain has properties 
that depend on the direction of twist. In 
one direction, this type of chain collapses 
easily, resulting in nonaggressive action. 
In the other direction, it is very stiff, 
causing increased bounce. These 
properties give this chain design some 
unique debarking possibilities. 

KEYWORDS-Delimbing, debarking, 
processing, chain flail, forest operations 

INTRODUCTION 

Chain flail delimber/debarkers are portable 
machines (can be moved from site to site 



but work in a stationary position) that have 
heavy chains mounted on rotating fixtures 
called rotors. These rotors can be 
mounted vertical (Manitowoc), horizontal 
(Peterson Pacific, Chiparvestor, Forest 
Pro), or at some angle (Treemill). Feed 
systems allow trees to be passed between 
the rotors where they interact with the 
rotating chains. This aggressive action 
removes much of the limbs and bark from 
the stems. The delimbed/debarked stems 
are usually then fed directly into a chipper, 
resulting in better quality whole-tree chips. 
The limb and bark residue can either be 
spread across the site or collected for 
various energy or mulch uses. 

The. aggressive nature of the chain flailing 
process puts considerable stress on the flail 
chains, causing them to wear and fail 
rapidly. This is costly to the contractor 
and a wasteful use of chain. Previous 
research has identified· several factors that 
affect the debarking effectiveness and life 
of flail chain (Thompson et al. 1992). 
These include workpiece variables (tree 
species, wood density, tree size, bunch 
size, season, etc.), machine variables 
(drum design, feed rate, drum rotational 
speed, number of chains per drum, etc.), 
and chain variables (wire size, link 
geometcy, metal composition, heat treat 
ment, ·etc.). 

The pmpose of this research effort is to 
gain insight into the dynamic nature· of the 
flailing process, which should result in 
design improvements that maximize 
debarking effectiveness with rnitrimum 
chain wear and failure. This report 
addresses the results of a high speed video 
test that focused on chain and link design 
factors. This research was cooperatively 
funded by the USDA Forest Service, Stone 
Container Corp., Bowmer Limes Assoc., 
Canadian Pacific Forest ·Products, 

Columbus McKinnon Ltd., Heavy 
Machines Inc., Miljevich Brothers 
Logging, Peerless Chain Co., Peterson 
Pacific Corp., Rud Chain Co., Treemill 
Mfg. Inc., Trygg Chain Co., Turpeinen 
Brothers Logging, and Wallingfords Inc. 

METHODS 

Several flail chains with different link 
designs were obtained from cooperating 
manufacturers (Table 1 and Figure 1). 
These included an extra long link chain, a 
long link chain, a mid link chain, a 
standard link chain, a short link chain, a 
round link chain, a studded chain (standard 
link chain with a stud welded on 
alternating sides of each of the six interior 
links), a twisted link chain with a 
90-degree twist in each link, a ·heavy oval 
link chain, and a quick disconnect link. 
All chain was made with 5/8" wire except 
the oval link chain, which was made with 
23/32" wire. 

Two chain flail debarkers were obtained 
from cooperating logging contractors: a 
Peterson Pacific 4800C from Miljevich 
Brothers Logging and a Manitowoc Series 
II from Turpeinen Brothers Logging. 
Each type of chain was mounted separately 
on each machine and filmed with high 
speed video equipment (a Kodak Ektapro 
1000 B&W and a NAC 1000 Color 
system) made available by Visual Data 
Systems. Natural and artificial lighting 
was used with acrylic shields to protect the 
lights and camera. The insides of the 
debarkers and the test chains were painted 
with flat white paint to improve visibility 
and contrast in the resulting video images. 

· Both debarkers used in this project had 
two rotors with six rods each that could 
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Table 1. Characteristics of chains observed with high speed video. 

Chain type Inside pitch 
(inches) 

Extra long .link 4~00 
Long link 2.52 
Mid link 1.86 
Standard link 1.72 
Short link 1.56 
Round link 1.78 
Studded link 1.72 
Twisted link 2.50 
Oval link 2.58 

hold about twelve chains each. The 
number of chains mounted during testing 
was limited to six lines of about four 
chains each to maximize_ the visibility of 
key chains. The workpiece for most of 
the video segm~nts was an undebarked, 
10" diameter hard maple log. The log was 
fed and removed from the debarker by a 
separate loader.. The feed rolls were held 
open to maximize visibility into the 
debarker when securing video. 

The optimum camera angle for the 
Manitowoc debarker was looking down 
into the machine at the right side rotor 
from above the infeed. The optimum 
camera angle for the Peterson. Pacific 
Debarker was looking down at the bottom 
rotor from the left side of the outfeed. 

RESULTS AND CONCLUSIONS 

The video segments obtained in these trials 
were studied to observe variation in chain 
dynamics as a function of chain and link 
design factors (Figures 2 and 3). We 
found that the main source of chain wear 
and failure was the aggressive interaction 
between adjacent chains; interaction with 
the drum occurs, but appears less 
significant. The chain motion most 

Links Chain length Chain weight 
(number) (inches) (pounds) 

4 
6 
8 
8 
9 
7 
8 
6 
7 
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16.8 3.79 
15.5 4.15 
15.8 4.87 
15.0 4.60 
15.4 4.80 
15.0 5.01 
15.0 · 5.14 
15.5 4.52 
19.0 6.31 

responsible for high impact interaction is 
the whipping action of the last three links 
as the chain attempts to -catch up after 
rebounding off the workpiece. This results 
in a very aggressive snapping action as the 
chain comes taut and causes forceful 
collisions with adjacent chains. It also 
results in much higher tip speeds than 
those created by normal drum rotational 
speed. 

A frame-to-frame analysis of several 
rebounding chains was done to estimate 
the speed reached by the last three links 
after rebounding. From this, we estimate 
that tip speed during the whipping action 
of the chain is at least twice the normal tip 
speed of 85 feet per second (at 545 rpm) 
on the Peterson Pacific· debarker. Speeds 
of this magnitude ~ create very high 
forces on the links when they encounter 
objects (such as adjacent chains, the rotor, 
rocks, or wood). These forces are the 
main causal agent in chain wear and 
failure. ~ 

A similar analysis could not be performed 
on the Manitowoc debarker due to the 
camera angle used. However, normal tip 
speed on the Manitowoc is significantly 
higher (110 feet per second at 635 rpm). 



Figure 1. Chain. designs observed with high speed video. 

Although it was difficult to see, whipping 
action on the Manitowoc appeared less 
aggressive (which may result from the 
angular freedom of movement of the chain 
at the rotor). It is likely that these factors 
combine to produce vecy similar maximum 
tip speeds in· both debarkers. This 
conclusion is supported QY the similar 
chain wear .rates observed on these 
machines in the field. 

Third Link Flattening 

Flattening of the outer end of the third link 
in from the free end is a common form of 
chain wear in flail debarkers (Carte et al. 
1990, Raymond and Franklin 1990). The 
mechanism responsible for this appears to 
be the whipping action of the last three 
links coupled with the ability of the last 
link to rotate freely. When the last link 
encounters resistance, this energy is 
transferred directly to the outer end of the 
third link in. The last link does not 
exhibit flattening because the impacts are 
occurring at any point along the perimeter 
(as it rotates freely on the second link). 

Although the third link from the. end 
sustains the most concentrated wear, the 
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chain rarely fails at this link; normal 
failure is the loss of either the end link or 
the last two links. The mechanism .for this 
action most likely lies in the whipping 
action of the chain and the extreme forces 
on the last two links that result from this 
motion. · Failure most likely occurs near 
the end of the link because this is usually 
the area of greatest wear (Raymond arid 
Franklin 1990). No links were lost during 
the video tests, however, so this theocy · 
could not be substantiated by observation. 

Space Within Link 

The action of flail chain varies with the 
amount of space inside the link in which 
adjacent links can move. Loose link chain 
has a lot of space available for links to 
move freely. Tight link chain. has very 
little space available for links to move 
relative to one another. These are relative 
terms and should not be construed to have 
strict physical meanings. Loose link chain 
folds easily when it encounters the 
workpiece, causing less· aggressive 
interaction. This action is probably more 
effective for debarking, however, because 
this type of chain does not bounce heavily 
off the workpiece, tending to sweep· the 



Figure 2. Frame from the high speed video of the Peterson Pacific 4800C. 

surface instead. Tight link chain exhibits 
more aggressive interaction, but tends to 
bounce more, causing less overall contact 
with the workpiece. This erratic action 
also causes faster chain wear. 

Link Length 

The action of flail chain also varies with 
link length. As link length increases, the 
tendency of the links to bounce 
aggressively off the workpiece increases. 
This aggravated action causes longer link 
chain to wear more quickly than shorter 
link chain. This effect is moderated by the 
fact that longer link chain is also usually 
loose link and will te:Qd to fold up 
somewhat. However, the force versus 
strength relationship favors shorter link 
chain in terms of overall wearability. 
Therefore, we recommend the shortest link 
chain possible while maintaining a 
minimum 5/8" wire size. 

As a result of these observations, Stone 
Container Corp. has adjusted the inside 
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pitch of the chain they are purchasing from 
1. 78" to 1. 65" . This has reduced the 
overall chain length from 15.38" to 
14.92". This seemingly small change in 
link length has increased chain life in use 
by about 20 % with no change in wire size 
or composition. This is a dramatic 
difference for such a simple design 
change. 

Link Mass 

Link mass is a critical factor in 
determining debarking effectiveness and 
chain life. Too little mass causes 
ineffective debarking and high chain 
failure rates, while too much mass causes 
excessive wood loss and high chain wear 
rates. As link mass increases, the chain 
action becomes more erratic due to greater 
bounce causing high wear and failure. We 
recommend a minimum wire size of 5/8" 
and a maximum of about 11/ 16" for 
normal delimbing/debarking. If the 
material being processed has a lot of heavy 
branches and foliage, this residue will 



Figure 3. Frame from high speed video of the Manitowoc Series II. 

serve to cushion the chain impacts. In this 
situation, better results might be obtained 
by using heavier chain (up to 3/4"). 

Link Shape 

Round link chain is, by nature of the link 
shape, a very loose link chain. This 
causes the chain to fold up easily on itself, 
resulting in ineffective debarking. This is 
unfortunate because round links should 
wear well (wear is spread more evenly 
around the link) and be strong (Raymond 
and Franklin 1990). The round link chain 
we tested was 5/8" gauge, which may be 
too small for this link shape. A heavier 
gauge round link chain.(3/4" or more) may 
be more effective for debarking, as well as 
being strong and durable. 

The studded link chain that we tested was 
created by welding studs on alternating 
sides of the inner six links of standard 
8-link flail chain. This chain design was 
extremely aggressive and erratic, causing 
high rates of wood loss and chain wear. 
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Later testing also showed a high rate of 
stud weld failure. This type of chain does 
have good potential for removing limbs 
and bark from difficult species at difficult 
times of year (aspen in winter, for 
example). Good results would likely hinge 
on better stud fixation and the mixing of 
individual studded chains in key locations 
along the rotor with standard chain. 

The twisted link chain we tested had a 
90-degree twist (as opposed to a full 180 
degrees or a figure eight). This chain 
exhibited directional characteristics along 
the axis of the chain. If twisted in one 
direction, it would fold up easily. If 
twisted in the other direction, it would not 
fold at all and consequently would bounce 
heavily. The combination of these actions 
gives this chain design good potential as a 
debarking chain. We recommend 
shortening the link length and color coding 
chain with right or left hand twist. Chain 
could then be appropriately mounted on 
the rotor to take advantage of the opposing 
twists. 



Figure 4. Quick disconnect links observed with high speed video. 

Also observed in these trials was a quick 
disconnect link shaped like a G (Figure 4). 
This link was designed to allow for quick 
replacement of chain by eliminating the 
need to pull the rods (part of the rotor that 
holds the chains) . Short chain sections 
remain on the rod while quick disconnect 
links are used to quickly attach new 5- or 
6-link chain sections. Several stop, start, 
and debarking sessfons were observed with 
quick disconnect links in several different 
orientations. The quick disconnect links 
held securely in all orientations and trials. 

Use for Failed Chain 

A final observation we made in the high 
speed video validates an important use for 
failed chain ( chain that has lost the last 
two links). Prior testing has shown that 
failed 6-link chain is no longer effective 
for debarking. However, it can play an 
important role in extending the life of 
regular 8-link chain. The video clearly 
showed that 6-link chain had a stabilizing 
and shock-absorbing effect when placed 
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adjacent to 8-link chain in the larger 
pockets (holes in the rotor that provide 
access to the rods) of the Peterson Pacific 
debarker. 

The longer 8-link chain bounced off the 
workpiece as usual, but the 6-link chain 
did not. The stability of the 6-link chain 
served to cushion the motion of the 8-link 
chain, holding it against the workpiece 
longer. The result was improved 
debarking effectiveness and increased 
chain life. This effect has been verified in 
field trials. Pieces of 6-link chain should 
be mounted on the outer side (side closest 
to either end of the rotor) of the 8-link 
pieces for maximum advantage. We do 
not know whether the same effect would 
occur with the Manitowoc debarker due to 
its different rotor design. 
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