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ABSTRACT

Modern day survey control methods used by many foresters are based on GPS
(Global Positioning Systems). These methods work very well when satellite
accessibility is possible. However, what does the forest engineer do if for some
reason these methods are not available?

This paper will discuss the possible reason for unavailability and what Forest
Engineering Inc. has done to cope with the situation. Examples of operations in
Borneo and Russia will be presented.

ENGINEERING NEEDS

As their expertise is needed to meet the demands of society to produce cost
effective forest products while minimizing environmental impacts, forest
engineers are facing many challenges in all parts of the world,. They are also
being faced with the fact that the level of knowledge by policy makers concerning
harvesting is on the decline.

It is up to forest engineers to remember that harvesting and road building are
engineering activities requiring quick results, rather than forestry activities where
a crop rotation is often needed to determine accountability. Therefore, forest
engineers cannot afford to “eye-ball” a solution. They must use accurate
information and be precise in their findings.

When forest engineers deal with land management decisions, they must know
where they are on the face of the earth. They must know exactly (within a
reasonable error) where they are on a map, on a photo, and, most certainly, on
the ground. They cannot select a tower landing somewhere within a 50-meter
radius. This is not good enough. They cannot “eye-ball” a profile when
determining what system to use. They must measure, and re-measure, and
measure again.

Forest engineers need to know just what effect an increase in the width of a
riparian management zone will do to 1) the total program of selecting a
harvesting system, 2) determining the rigging requirements, and 3) locating an



adequate road system to access the stand. This information should also be
passed on to the policy makers so they can adequately evaluate the alternatives.
Land managers who do not look at the effect of alternatives should not be putin
the position of managing lands. An example of such mismanagement is when
policies are written that completely stop road building without evaluating the
positive or negative effects of alternative actions.

Because of the past system of developing a grid of surveyed lines, forest
engineers have had an ability to know reasonably well where they are. This
survey, consisting of townships, ranges, and meridians with all of the
accompanying section corners and quarter corners, allowed forest engineers to
tie into a point that they could identify on a map and on the ground. This is not
necessarily true in all parts of the world.

Since the future operating area for most forest engineers is going to be in remote
parts of the globe where survey grids are not necessarily available, what are
forest engineers going to do to maintain location control?

Ask any recent graduate from a university this question and the first answer you
will probably get is: “Oh, well, | will just establish a control base using my GPS
(Global Positioning System) and then develop a survey grid using my EDM
(Electronic Distance Measuring) equipment.” The forest engineer will go on to
say that most of the calculations for correcting traverses and determining the
UTM (Universal Transverse Mercator) points can be done quickly and accurately
on his/her laptop. The problem is, however, what will the forest engineer do if the
GPS is not available or there is limited electricity for recharging the batteries of
the EDM equipment? Wil the forest engineer regress to the point of estimating
(engineers terminology for “eye-balling”) a solution, or will he utilize his basic
skills and techniques to come to a solution?

This paper will present a couple of typical situations where, for one reason or
another, the more recent techniques of forest engineering were not possibie, and
basic engineering by experienced personnel was required. The purpose of this
paper is to stress the importance of basic skills that should be acquired by
present and future forest engineers if they plan to look at the world as their
operating area. The job will normally be the same but under more difficult
conditions, and the quality of work must still be the same.

There are remote locations in certain parts of North America (especially in Alaska
and Canada) where access to computer technology, machine repair, relatively
good logistical support, and consistent electrical output are usually available.
Also, adequate living conditions, medical availability, and communications are
acceptable. However, these conditions are not necessarily the case the world
over.



CASE STUDIES
Project I:

My first example can be considered a success story in that all of the solutions
were accomplished to a certain degree under relatively trying conditions. The
location was in the highlands of central Borneo, approximately 800 kilometers up
the Mahakam and Boh Rivers from Samarinda, East Kalimantan, Indonesia, and
the work was done for an Indonesian company, PT Sumalindo Lestari Jaya.

The remoteness of the location is illustrated by the time it takes to get to the
project site. Helicopter access is spotty due to the high probability of fog and
limited air traffic control. When feasible, it is a helicopter flight of 1-2 hours from
the airport in Balikpapan or Samarinda. The trip from Samarinda to camp is
usually 10 hours by speedboat plus a truck ride of 3-4 hours.

The terrain is rugged with steep slopes, dense jungle, hot temperatures, and high
rainfall. The soils are highly erosive.

One of the most important ingredients to success is the quality of the people on
the site. This project was blessed with an intelligent, progressive, top
management staff, who were committed to doing the job right. They also had a
highly educated group of young engineers who were limited in experience but
highly motivated. These were attributes that had the biggest impact on the
outcome of the project.

Map control means knowing where points are on the ground in relation to each
other. We need to know precisely where all of the physical features are located
so that the critical sites can be identified and solutions can be formulated.
Therefore, we need to know information is available in the form of maps, photos,
and other documentation. We also need to know if the data is accurate.

A search and evaluation of existing documentation was conducted. The
available topographic maps that had been developed for the total forest area of
the country were not acceptable for planning. Not only was the scale
unacceptable at 1:25,000 with a 12.5-meter contour interval, but the maps had
been generated without any ground control. This is not adequate for planning
cable operations in difficult terrain unless an unacceptable amount of ground
verification is anticipated and condoned. The cost of ground-verifying 350,000
hectares was prohibitive.

A new topographic map of the entire area was developed by PT Exsa
International and PT McElhanney Indonesia. The mapping was done to Forest
Engineering Inc. (FEI) specifications with a variable scale and 5-meter contour
intervals based on ground control. The mapping also had to be digital and
acceptable to AutoCAD applications. Because of the dense canopy, some
ground points were not visible, so control points were cut in the forest.



As sections of the maps were developed they were ground verified by running
traverses and controlled profiles to check their accuracy. GPS was used with
some success. The dense wet canopy caused some problems, so many
traverses were run with simple staff compass and chaining procedures.

The impartant point to remember is that even though GPS was not always
available, control was still established. At times, due to inconsistent power
supply from camp generators, the computers were not available. This did not
stop the engineering process-—it just took longer to do the same job.

Much of the harvest planning was done at FEI in Oregon, but it was all field-
verified on site. Changes were made as needed and are continuing at the
present time.

Project Il:

Project Il consisted of a completely different set of challenges. First of all, the top
management was not totally convinced that operational planning was needed.
There was also some reluctance of the people on the ground to support the
engineering effort, even though some distinct advantages were recognized later
in the project.

This project for the Russian logging company, Forest Starma, consisted of
obtaining maps and developing a logging plan for a large area in the Russian Far
East. The area is located on the Tatar Strait at Siziman Bay at Latitude 50
degrees 30 minutes North and Longitude 140 degrees 25 minutes East. It was
approximately 470 kilometers east and 240 kilometers north of Khabarovsk.

The major problem with this project, other than being in a remote location, was
the lack of adequate maps to do harvest planning. The only maps available from
the government were at a scale of 1:100,000. Although we felt there were better
maps available, we were not allowed to use them. We did not know the reason
for this but felt that it was political.

Initial location recognition of the area was done by FEI using a Tactical Pilotage
Chart (TPC) that was prepared by the U.S. Defense Mapping Agency Aerospace
Center. It showed features easily recognized by pilots, such as smokestacks and
airstrips. But at a scale of 1:500,000 with general terrain features, it was
inadequate for harvest planning. One important feature that was plotted near the
project area was labeled as a Power Transmission Line. This information
became an invaluable resource later in the planning process. (See Figure 1.)
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Figure 1. Tactical pilotage chart, TPC-ESC showing Siziman and the
“power transmission line.”

A search for a source of better maps was conducted by FEI. After several
months of searching, a source for a raster map of the area was located. It was
also determined that a vectorized topographic map could be generated from the
raster source, which was at a scale of 1:50,000 with 20-meter contours. The
scale was adequate, but the contour interval was not good. However, after
further searching this was decided to be the only feasible option, and a test sheet
was ordered in the AutoCAD format.

Upon looking at a copy of the raster map sheet of the study area, it was evident
that the same power transmission line identified on the TPC source was also on
the raster source. This was a very important fact since it offered a means of
checking the location of map features to ground points if the power line could be
located in the field.

One map sheet was generated for an area of approximately 32,000 hectares
(Figure 2). Again the power transmission line was identifiable on the vectorized
map sheet and in much clearer detail than that plotted on the TPC. The vectors
of the power line from the angle points from both maps appeared to be the same.
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Figure 2. A portion of a vectorized map of the Siziman project area
showing the “power line,” camp site, GYGK 424 pin, and jetty.

After receiving and plotting the vectorized version of the map sheet containing
Siziman Bay (the identified location of the logging camp), a program of field
verification of the map was developed.

First of all, it was important to accurately locate the camp on the ground. Since
stream intersections were not defined, other points were considered. Two
prominent features assumed to be readily available were the power line and a
rock quarry that was evident on the topographic map. Remember, the test is to
locate the same point on the map AND on the ground. Once this is done the
map can then be referenced to the real world. Since the location of all points on
the map were in UTM coordinates, it was decided to do a GPS check of some
points on the ground and compare these with the map locations.

Here is where a major challenge arose. We found that GPS units were not
allowed in Russia. If we brought one in, we were subject to imprisonment. One
of our most productive methods of verifying our maps was not available.

An option that was considered for getting a UTM location into the country was to
get a GPS location off of the log ships loading at the jetty (Figure 2). Upon
investigation, we found that the Russian ships had GPS errors of several
hundred meters, so this option was abandoned.

Also, at the time we had no surveying instruments of any kind other than hand
compasses, clinometers, and steel tapes. An 8-inch staff compass was shipped
but was turned back at the border. After some arrangements were made, we
succeeded in getting a staff compass into the country. This was our only
available instrumentation for fieldwork. Fortunately, the FEI engineer in charge
of the work was well experienced in the use of these basic surveying techniques.



Our efforts were then directed to tying in the camp to the power transmission line
identified on the two map sources that we had available, traversing from at least
two identifiable locations on the power line. | have identified these points as A
and B on Figure 2.

Points A and B were selected since they appeared, at least on the map, to have
entering and leaving transmission line azimuths that could be accurately verified
in the field. The only thing left to do was to go to the transmission tower locations
and tie these points into the camp.

This is where the second major problem arose. The power transmission line,
plotted both on the TPC map produced by the U.S. Defense mapping
organization and the map generated from a reliable Russian source, did not
exist.

In reality, the power transmission line was a telephone line built by gulag
prisoners in 1938 when Siziman Bay was a large Russian political prison. The
telephone line no longer existed. The question was, “could identifiable evidence
be found that could be used for the map verification project?”

A field search was conducted and the actual corner poles were found at the
identified locations. The poles had decayed and fallen over, but enough
sufficient evidence was found that we decided to use the points. A closed
traverse was run to a steel rod driven into a protected spot in the middle of
Siziman Camp.

Another event happened that further aided in the map orientation process. Near
the beach, an iron pipe with a cap was found that appeared to be a survey
marker (Figure 2). The pipe was marked with “GYGK 424.” After some
investigation as to the meaning of the markings, which were said to mean
“General Administration of Gulag Camps,” the longitude and latitude
documentation of the pipe was found. A further traverse from this point to the
camp control point was run, and the location came within one meter of the
coordinates obtained from traversing from the old telephone line.

At this point, it was necessary to accept or reject the control points for the map
orientation. Since this was determined to be the best option we had other than
flying the area and generating new maps, we accepted this condition.

One of the responsibilities of forest engineers is to make decisions as to the
adequacy of their information base. How critical is the quality of the information
being used? Remember: the engineer should be held accountable for events
arising out of decisions made from the information. This is just part of the job.

Although the maps were not completely accurate, it was decided that they were
the best available and could be useful for harvest planning. Eight map sheets of
32,000 hectares each were developed.



All existing roads and harvest areas were located using basic surveying
techniques and plotted on the new maps. Some poor road locations were
identified once the roads were correctly plotted. These could have been avoided
with considerable financial saving if the maps had been acquired and the roads
engineered prior to their construction. Harvest plans containing ground-based
system areas and cable areas with all required roads were designed for
approximately 70,000 hectares. These areas were being field-verified when FEI
operations were suspended.

An interesting footnote to this project is that at this writing government officials
had declared the generated maps illegal (evidently they were tco accurate) and
that the mapping effort was terminated. When, and if, the engineering efforts will
be renewed is unknown. In the meantime, operations continue to flounder along
with questionable accountability, environmentally or economically.

CONCLUSION

There is no question that the development of technical engineering and
computing equipment can speed up and enhance the engineering work
associated with forest engineering projects. Also, there is no disagreement with
the importance of learning how to use this equipment. However, it is important to
recognize that the future job of forest engineers will be in demand in locations in
the world where some of these tools will not be available for one reason or
another. The engineering job will still need to be done to a professional level.
Just because modern techniques are not possible will not be a good enough
excuse for doing a shoddy job.

Therefore, it behooves forest engineers to learn the basics and get the necessary
experience that will allow them to do the same professional job under more
adverse conditions than expected. As a prominent forest engineer, Les Calder
once said, “A college education is seldom harmful if you are willing to learn
something after you graduate.”
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Keywords: forest operations, trajectories of development, lifelong learning, task analysis,
harvesting, workforce development

1. Introduction

There can be no future of forest operations without consideration of the past. That does not
mean professionals must live in the past but rather they must consider what guiding knowledge
the past is able to offer the future. The means to look at the past and future can be expressed as
trajectories of development for individuals, firms, and the sector in a country or region. The
dimensions of a trajectory of development are defined by those who construct the trajectory and
such dimensions are not limited except by the imagination of users and the availability of
information.

Individual and collective decisions are what shape the future and provide a past trajectory of
development. Individual trajectories are sumried to form the trajectories of firms and firm
trajectories are summed to form the sector trajectory. Individuals who have shaped the trajectory
of forest operations in a country or region are worth remembering for their contributions as
teachers, researchers, developers, operators, and leaders. The list of these outstanding
individuals in forest operations is not long but their contributions have been exceptional and
noteworthy. No less significant for the firm are the individuals who work in all jobs and key
positions, each one having a trajectory of development.

Firms are managed by individuals but take on a general appearance in a trajectory of
development. Many contractor firms are small and often do not make their trajectory of
development visible (although the owners/managers have a sense of the firm's trajectory). Large
firms may have some visible data for a trajectory of development for the overall firm but
individual operating units may need their own trajectories made explicit if they are to use them to
guide future decisions.



The sectors of a country or region also have a trajectory of development. While it is rare to see
such trajectories, it is even more unclear how leadership in the sector can provide guidance to an
entire sector. Who are the leaders and how might they organize to make sector-wide progress on
key issues? Only a few examples now exist and more sector efforts may be needed to guide a
country's or region's trajectory.

2. Individual Trajectories of Development

Figure 1. shows the theoretical trajectories of three workers. The abscissa (x-axis) is age of the
worker while the ordinate (y-axis) is some measure of potential or perhaps income. There is
little empirical representation of such trajectories but the theoretical basis is straightforward.
Workers develop over time as measured by some dimension until they reach the employment
event. They continue development in an upward fashion for a time until some event or aging
limits their continuing development. A number of events may terminate an employment
trajectory: injury, death, termination, redundancy, retirement, and so forth. The smooth curves
shown may in reality be more like steps or waves as workers change jobs or even careers.
Trajectories may be discontinuous if there are periods of unemployment for whatever reason.
Factors which tend to move the trajectory upward are investments in training and education, new
technologies, overall sector improvements, improved jobs or career changes, improved
management, and so forth. Factors which tend to move the trajectory downward are an inability
to adapt to new conditions, aging, occupational accidents or health problems, and of course, the
negative movement of the factors above which support improvements.

Trajectory A may represent the pattern of several types of workers. One trajectory may be that of
a worker in a developing country who must early contribute to sustaining family welfare. Such
workers have both shortened work periods and shortened lives. Many are victims of disease,
industrial accidents, poor sector development, a lack of training and education, management that
exploits workers, and so forth. Few factors to support individual growth and achievement are at
work while a collection of negative factors serve to restrain individuals from achieving their
personal ambitions. Trajectory A could also represent a worker in a developed country who
similarly lacks the positive factors for improvement and falls prey to substance abuse, poor
management, industrial accidents, sector downturns, and other factors which lead to shortened
working lives and potentials.

Trajectory B might be considered a typical trajectory for many workers. Development within the
pre-employment period is dependent on social investments in education. Once employed,
workers raise their potential rapidly. Investments are both from training within the firm and
worker adaptation to the employment circumstances. Once the job becomes familiar,
improvements slow or decline with changes in motivation or aging processes for physically
demanding work. Again, the smooth curve is illustrative while real trajectories may be
step-shaped, wavy, or sawtooth-shaped as job changes occur.

Trajectory C illustrates the high achievers, those individuals who reach high potential and
income levels. Often the shift upward is from job or career changes, investments in training and
education of both the firm and individuals, technology infusions that improve opportunities for



individual advancement, and substantial changes in motivation (such as ownership or incentive
schemes). While there are relatively few at present who have such trajectories as curve C, there
are not many reasons why many workers could not see such trajectories in there own lives.

3. Trajectories of Development for Firms

Firms are also on a trajectory of development whether their owners and managers realize it or
not. On an annual basis, many small contractor firms do not know their current operational
circumstances until some future point in time when financial accounting is complete and taxes
are paid. The press of day-to-day operations often does not allow a more distant look at the
trajectory of a firm over the past years. Furthermore, there is little chance to steer the future
trajectory. Owners and managers may have some sense of the way their trajectory is going, but
few firms make a trajectory explicit.

The dimensions included in a trajectory of development for a firm may include:

. Volume harvested per year

. Employment levels

. Net income to the firm

. Accidents or insurance costs
. Profit

. Technology used

. Others of choice by managers

Many firms have this information but do not customarily display it as a trajectory. Figure 2
shows a trajectory of a western Oregon logging firm. The numbers are estimates but they are
representative of actual circumstances. The firm began as a partnership between two unrelated
loggers who started with a used crawler tractor and a rented loader. No profits were made for
three years even though the volume and employment increased. The firm purchased a yarder just
prior to the recession of 1981 but was not severely impacted by this sector-wide event. A bigger
yarder was purchased in 1983 and steady progress was made until competition reduced profits
and harvest levels dropped in the early 1990's coincident with the Clinton Forest Plan and
reduced harvests on National Forest Lands. The firm cut back and shifted to thinning operations
in smaller timber. With purchase of a new yarder in 1994 (zero profits that year), the firm
rebounded to levels close to the start of the 1990's. Accidents have not been a large problem for
the firm but do show a relationship with increases in the employment level.

For the future, the firm would like to increase volume harvested at about 10% per year and adda
mechanized harvesting side in 2004. Steady profit levels of 15% are targeted but competition
will have an effect on such projections. Accidents are not expected but with employment
increases, an accident is possible. Employment would likely not grow as fast as volume with the
mechanized system addition. Discussions with the owners/managers indicate satisfaction with
the trajectory of their firm. They felt fortunate to have survived the two downturn perieds when
many other firms left the sector. For the future, their major concern is obtaining the financing
necessary to purchase equipment as profit levels make it difficult to generate the income from



depreciation accounts and earnings. The other major concern is finding the workforce needed for
a mechanized harvesting side when such operators are already scarce. Both owners mentioned
their own jobs have changed from operators to supervisors/managers as more demands have been
placed on the firm. The firm has no plans as yet for the transition of ownership that will need to
occur as both owners are nearly the same age.

Timber harvesting in the United States of about 400 million cubic meters is dependent on the
25,000 firms similar to the one described above. It is the author's estimate that less than 1% of
the firms have a trajectory of development to help guide their decisions.

4. Trajectory of Development in the Forestry Sector

Like firms and individuals, the forestry sector of a country or region has a trajectory of
development. It is often not made visible except in various statistical reports of such dimensions
as volume harvested, employment, accident rates, productivity, and so forth. These reports may
even be separately graphed and made visible but seldom combined for a comprehensive view.
Figure 3 shows a trajectory of development for the Swedish forestry sector as displayed by the
technology used and productivity per day (Skogforsk, 1999). This trajectory has been made
visible to industry leaders for at least twenty years to my knowledge. While the representation
would not fit any single operation today, the trajectory does give useful information about
changes in productivity and technology over time. I have made such a trajectory for Oregon's
sector in prior years as well (Garland, 1993).

I have also seen various trajectories on individual dimensions, such as chainsaw accidents in
Norway, that are especially helpful in understanding changes over time (Dammerud, 1989).
When countries or regions track dimensions (productivity, safety, technology, employment,
income, harvest levels, etc.) and display them over time, there is potential for industry leaders to
not only better understand past relationships but to chart directions for improvements for the
sector in the future. I have reviewed such trajectories for developing forestry countries like Chile
which are trying to move quickly along their trajectory of development as a matter of priority at
the national, regional, and firm level (Garland, 1997).

Conceptually, the summation of the individual trajectories of development compose the firm's
trajectory and the summation of all the firm's trajectories compose the sector's trajectory of
development. What remains to be answered for the forest operations of the future are who will
be guiding the trajectories of development and what tool's are available to help make decisions.

5. Forest Operations of the Future and Trajectories of Development

Forest operations of the future will be marvelous new technologies. I do get excited about new
logging machines, synthetic cable the same strength as wire rope, and satellites working through
GIS/GPS applications, and other new innovations! However, feasible technology isreally a
system composed of many physical and non-physical structures that must be technically feasible,
economically feasible and institutionally feasible. If the truth be told, most people think
technology is the physical machines we use in harvesting.



Technical feasibility includes:

. Effective and efficient machines and tools
. Compatibility with physical laws and environmental relationships
. Skilled operators/workers

Economic feasibility includes:

. Sufficient resources
. Markets _
. Efficient allocation, distribution, and equity of efforts/rewards

Institutional feasibility includes:

. Compatibility with laws & regulations
. Organizational support for operations
. Social support of operations

When the concepts of feasibility are considered along with the trajectories of development, the
human component becomes significant for new technologies. When nations take a larger
perspective as in the recent G-8 Summit: Charter on Lifelong Leamning (advanced by Jacques
Chirac), Basic Principles, Essential Elements, and Building Blocks are noted (paraphrased from
Koln Summit, 1999)

Basic Principles
...commitment to investments in lifelong learning...

. by Governments investing to enhance education and training at all levels
. by the private sector, training existing and future employees
. by individuals, developing their own abilities and careers

Essential Elements
...elements of a strategy for lifelong learning and training...

. high quality early years education

. primary education

. secondary education

. vocational training

. higher education

. adult skill acquisition through public and employer support
Building Blocks

...effective strategies for modernizing... education and training systems to raise standards...
. Teachers

. Public & private finance

. Modern methods of teaching & learning

. Testing and benchmarks

. Professional qualifications and work experience
. Study foreign languages & cultures

. Clear targets and standards



. Culture of entrepreneurship with close private sector R&D ties to universities
(G-8 Summit: G-7 Charter on Lifelong Learning, Cologne, Germany, June, 1999)

When one compares the investments in workforce development between the forestry sector and
other sectors like automobiles or electronics, the differences are rather astounding. Further, when
most forestry jobs came from a process of evolution and not design, it is apparent that major
opportunities exist for the forestry sector to make workforce improvements and influence the
trajectories of development of individuals, firms and the forestry sector.

There are tools to help accomplish these improvements. One powerful tool is the "Task Analysis"
which specifies the operating tasks and subtasks in the job and outlines the knowledge, skills,
abilities, and risks for each task. It is beyond the scope of this paper to elaborate a task analysis
but information and examples are available (Garland, 1994 ). Because of the importance of safety
and health to forestry tasks, some years ago, I added "risks" to the task analysis for the work in the
forestry sector. I now wish to amend the format of the task analysis to add one additional
definition to the KSAR's above. Any future task analysis I conduct will also address the
motivation associated with the task. Motivation at the task level needs better consideration and
definition before motivation is understood at the job level. Figure 4 shows a sample task with the
new KSARM's identified.

Summary

The discussion above has reviewed trajectories of development and their usefulness showing how
the human component will influence future forest operations. Examples of individual, firm, and
sector trajectories illustrate key concepts. A larger perspective on lifelong learning links
trajectories of development with future forest operations. Task analysis with a new modification
is advanced to add "motivation" to the task items of knowledge, skills, abilities, and risks. The
final comment on the future is that old saying, "The future is what you make it!"
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TRAJECTORIES OF INDIVIDUALS
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Trajectory of a Logging Firm
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Figure 2. Trajectory of a logging firm in Western Oregon
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Figure 3. Trajectory of Swedish technology and productivity (courtesy Skogforsk)



TASK/SUBTASK KNOWLEDGE SKILLS ABILITIES RISKS MOTIVATION
Forwarder operation: | *Limits of crane & | *Operate smoothly *Vision,esp. depth *Vehicle Motiv: Information—
Loading machine within limits perception overturning on slope | *pieces per load
*Species identif. *Quick operation when | *Hand-eye-foot *Frontal object *time per load
*Sorting criteria needed coordination penetration *loads per time
*Positioning * Builds safe loads up | *Judgement *Maintenance *weight per load
among piles to machine limits *Spatial orientation | hazards, if maint. Quality checks on
*Pick indexing *Handles unusual *Concentration occurs load
*Maintenance stems, eg oversize, *Neck-shoulder De-Motiv:
demands during crooks, etc. damage *Poor workplace
loading (piles) by Harvester
operator

*Time alone

Figure 4. Sample of a partial task analysis for loading task on a forwarder. Identification of task, knowledge, skills, abilities, risks, and

motivation in the task.




WINTER LOGGING WITH A PONSSE CTL SYSTEM

by
Bobby L. Lanford
School of Forestry and Wildlife Sciences
Auburn University
Auburn, AL 36849
ABSTRACT
A Ponsse harvester and forwarder cut-to-length (CTL) harvesting operation was used to

evaluate winter logging productivity and costs of an early first thinning, a second thinning, and a
clearcut. The Ponsse harvester with a reach of 33 feet built a bed of limbs, tops, and
nonmerchantable trees that permitted both the harvester and forwarder to travel over the soft
ground. Productivity studies were conducted and production rates were developed. Tree size
and stand density were found to significantly affect harvester productivity while forwarding
distance and volume loaded at each machine stop were the significant factors affecting forwarder
productivity. Cost assumptions were made based on best available information from loggers,
forest land companies, and equipment manufacturers. Costs per unit of volume were calculated
for each machine and included with other system expenses. The conclusions reached were that
winter logging was feasible with this CTL harvesting system and that reasonable costs could be
attained. Based on cruises from the three harvesting prescription areas, onboard truck costs

(profit not included) were estimated to be $23.19 per cord ($8.59 per ton) for first thinning,

$20.92 per cord ($7.75 per ton) for second thinning, and $17.32 per cord ($6.41 per ton) for

.

clearcutting.



WINTER LOGGING WITH A PONSSE CTL SYSTEM
by

Bobby L. Lanford

During the winter months in 1997 harvesting trials were performed in Louisiana using a
cut-to-length (CTL) set of equipment. The southeastern states, and particularly Louisiana, are
typically very rainy during winter months, which restricts logging. This year was no exception;
as was observed by the lack of haul trucks on the highways, most contractors were not operating
during the study period due to wet ground conditions. A major goal of this study was to
determine if CTL equipment could operate during this time of year in a cost effective manner
without undue damage to ground and residual stand conditions.

A second major goal related to the mill requirements of the sponsoring company, Martin
Timber Company (Martin Timber). Plywood was the primary manufacturing product needed for
their parent company. Therefore, their interest was to grow plylog size trees as quickly as
possible. In this regard, they wanted to enter stands as early as possible for first thinning.

In addition to early first thinnings, Martin Timber had stands ready for second thinning
and clearcutting that were included in the study. These goals offered the opportunity to test the
effects of wet weather logging over a wide range of tree sizes and stand conditions.

Martin Timber selected Ponsse USA to supply CTL equipment and operators. Two CTL
machines — a Ponsse S-15 Harvester and a Ponsse S-15 Forwarder — cut, processed, and

forwarded wood to roadside. Travis Taylor Logging and Chipping supplied trailers to receive

CTL logs from the forwarder.



METHODS

Three test sites were chosen for this study — one each for first thinning, second thinning,
and clearcutting. The study was conducted during February and March of 1997 on Martin
Timber’s company woodlands. Martin Timber foresters cruised the thinning test tracts prior to
and after the CTL harvesting activities. The first thinning stand was a 12-year-old genetically
improved loblolly pine plantation carrying approximately 21 cords (57 tons) per acre. (Table 1)
The second thinning stand was a 23-year old loblolly pine plantation that had been fifth row
thinned with between row selections earlier. It had approximately 32 cords (86 tons) per acre.
(Table 2) The clearcut tract was a mixed pine-hardwood natural stand with 79 percent pines and
21 percent hardwoods. The total stand carried 32 cords (88 tons) per acre with 26 cords (69 tons)

per acre of pine. (Table 3)

Table 1. Stand conditions before and after first thinning.

DBH Pre-harvest Harvested Portion Post-harvest
(inch) Trees per Cords Cords Trees per | Cords Cords Trees per Cords Cords
acre pertree | peracre acre pertree | peracre acre pertrec | peracre

4 78.0 0.015 1.17 70.9 0.015 1.06 7.1 0.006 0.04
5 91.1 0.027 2.46 69.7 0.028 1.95 21.3 0.021 0.45
6 101.1 0.043 4.35 66.2 0.048 3.18 34.8 0.033 1.15
7 824 0.065 5.36 35.5 0.078 2.77 46.9 0.055 2.58
8 53.3 0.090 4.79 22.3 0.110 2.46 30.9 0.075 2.32
9 18.3 0.117 2.14 5.7 0.154 0.88 12.6 0.100 1.26
10 4.2 0.152 0.64 2.3 0.160 0.36 1.9 0.143 0.28
11 1.9 0.180 0.34 0.3 0.252 0.08 1.6 0.166 0.26
12 0.6 0.228 0.14 0.6 0.187 0.12

Total 430.8 21.39 272.9 12.74 157.9 8.46
Average DBH=  6.25 5.79 6.97
Basal Areca/acre= 91.80 49.94 41.86




Table 2. Stand conditions before and after second thinning.

DBH Pre-harvest Harvested Portion Post-harvest
(inch) Trees per Cords Cords Trees per Cords Cords Trees per Cords Cords
acre per tree per acre acre per tree per acre acre per tree per acre

4 4.0 0.011 0.05 3.0 0.011 0.03 1.0 0.011 0.01
5 4.0 0.028 0.11 3.0 0.028 0.08 1.0 0.028 0.03
6 7.0 0.050 0.35 6.0 0.050 0.30 1.0 0.050 0.05
7 8.0 0.077 0.62 6.0 0.077 0.46 2.0 0.077 0.15
8 14.0 0.110 1.54 8.0 0.110 0.88 6.0 0.110 0.66
9 25.0 0.147 3.69 9.0 0.147 1.33 16.0 0.147 2.36
10 28.0 0.190 5.33 5.0 0.190 0.95 23.0 0.190 1.38
11 27.0 0.239 6.45 5.0 0.239 1.19 22.0 0.239 5.25
12 20.0 0.292 5.85 2.0 0.292 0.58 18.0 0.292 5.26
13 12.0 0.351 4.21 3.0 0.351 1.05 9.0 0.351 3.16
14 4.0 0.415 1.66 1.0 0415 0.42 3.0 0.415 1.25
15 1.0 0.485 0.48 1.0 0.485 0.48
16 1.0 0.559 0.56 1.0 0.559 0.56
17 1.0 0.639 0.64 1.0 0.639 0.64 0.0 0.639 0.00

Total 156.0 31.54 52.0 7.91 104.0 23.61
Average DBH = 10.21 9.05 10.74
Basal Area/acre=  88.67 23.23 65.44

Table 3. Stand conditions before clearcut.

DBH Pine Hardwood All Species
(inch) | Trees per | Cords Cords | Trees per | Cords Cords | Trees per | Cords Cords
acre per tree | per acre acre per tree | per acre acre pertree | per acre

4 42.2 0.017 0.70 42.2 0.017 0.70
3 46.7 0.023 1.06 46.7 0.023 1.06
6 2.2 0.048 0.11 8.9 0.035 0.31 11.1 0.038 0.42
7 6.7 0.077 0.51 15.6 0.053 0.83 22.3 0.060 1.34
8 133 0.123 1.64 6.7 0.087 0.58 20.0 0.111 2.22
9 13.3 0.165 2.20 2.2 0.152 0.34 15.5 0.163 2.54
10 17.8 0.219 3.89 8.9 0.172 1.52 26.7 0.203 541
11 11.1 0.276 3.07 2.2 0.210 047 13.3 0.265 3.54
12 13.3 0.343 4.58 13.3 0.343 4.58
13 8.9 0411 3.65 8.9 0411 3.65
14 6.7 0.512 3.42 6.7 0.512 3.42
15 4.4 0.592 2.63 2.2 0.454 1.01 6.6 0.546 3.64

Total 97.8 25.68 135.6 6.82 2333 32.50
Average DBH = 10.73 6.17 8.39
Basal Area/acre = 61.40 28.18 89.58

Productivity for the harvester was measured on rectangular plots which encompassed the
machine’s harvesting path. Trees were measured in these plots to determine their size and

species and were identified with numbers on 3 by 5 cards stapled to each tree. The harvester was



video taped as it proceeded through the plot and tree numbers were spoken onto the videotape.
Activity of the forwarder was also recorded on videotape with travel distances and number of
logs loaded. Average log size was determined from logs produced from harvester test plots.
Productivity for the harvester and forwarder was modeled using least squares regression.

Cost and work assumptions were obtained from Travis Taylor Logging and Chipping and
Ponsse USA and are shown in Table 4. The Auburn Harvesting Analyzer spreadsheet approach
was used to combine stand conditions, productivity, hourly costs, and work conditions.

Table 4. Costs and work conditions assumptions.

General information Machine operators
Hours /day 8 hours Labor rate $13/hour
Days/week S days Labor overhead 37.65%
Weeks/year 50 weeks Equipment costs
Tract size 160 acres Ponsse S 15 Harvester $405,000
Average forwarding distance 696 feet Fuel & lubrication $4.79/PMH
Move-to-tract time 4 hours Maintenance & repair $8.59/PMH
Distance to home 55 miles Availability 80%
Support Ponsse S 15 Forwarder $245,000
Crew transportation 1@ $0.45/mi. Fuel & lubrication $3.81/PMH
Office overhead $1,000/mon. Maintenance & repair $4.88/PMH
Spare chainsaw 1@$700 Availability 80%
Road construction costs Loan period 6 years
Push-out none Interest rate 9%
Highway entrances ' none Down payment 10%
Landings none Insurance 2.2%
Conversions
Weight/cord [ 5,400 Ibs.
RESULTS
Harvester Productivity

The CTL harvester was time studied on nine test plots - three first thinning, three second

thinning, and three clearcut. From these plots a total of 223 trees were used to estimate



production rates for the harvester. Total productive time per tree combines the four productive

time elements of moving, swinging, felling, and processing. DBH and cut trees per acre affected

total productive time significantly, but number of buck cuts was not significant. Apparently, the

effect of number of buck cuts that was highly correlated with DBH could not be detected after

combining processing time with the other three time elements. Figure 1 gives a plot of harvester

productivity estimates (cords per productive machine hour (PMH)) over DBH for three

harvesting densities (50, 250, and 450 trees per acre.)! The study’s local tree volume equation

was combined with the total productive time per tree regression model to create this plot. It

should be noted that trees per acre harvested had the greatest influence on large trees and sparse

density.
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Figure 1. Ponsse S 15 Harvester productivity based on DBH and harvested

trees per acre.

! Lanford, B.L., C. deHoop and C.G. Vidrine. 2000. Performance of a Ponsse CTL system working in Louisiana
during winter months. Forest Prod. J. In review.



Forwarder Productivity

Forwarder productivity studies involved timing complete turns from traveling empty from
roadside to the next traveling empty and included loading and offloading onto setout trailers or
onto the ground. Eight complete turns were timed for the forwarder - one in first thinning, two in
second thinning, and five in the clearcut test area. Overall forwarder productivity for these eight
turns averaged 6.99 cords (18.9 tons) per PMH and was determined by dividing the volume of a
turn load by the sum of the travel times with the loading and unloading times for that turn. | These
complete turns were subdivided into stop cycles to give more sensitivity to the forwarder’s
activities. A stop cycle included moving from the last stop location to the next stop location and
loading or unloading at that stop location. There were 179 stop cycles from the eight turns. Each
stop cycle had the time elements of traveling and loading or unloading per stop.

Figure 2 shows the relationship of productivity (cords/PMH) to forwarding distance by
various levels of volume per acre and tree size that includes the range of conditions found during
the field study.' This plot was constructed by calculating the time to travel empty and loaded over
the distance shown on the horizontal axis (one-way distance). For the additional travel time
required during log pickup in the woods, time was predicted using average in-woods distance
traveled times the number of stops needed to complete the load. Average in-woods distance
between stop locations was calculated by dividing cut volume per acre by volume per stop
location, inverting, converting to square feet, and square rooting. (Volume per stop required
inputs of volume per acre and average tree volume.) The number of stops was calculated by
dividing the load capacity of the forwarder by the volume picked up at each stop location. In-
woods travel time was calculated by solving the travel equation for the average in-woods travel

distance and multiplying by the number of stops made by the forwarder less one (travel to the



first loading stop was accounted for as travel empty). In-woods loading time was calculated
using the loading time equation based on volume per stop. Unloading time was calculated using
the unloading equation and the total load volume on the forwarder (4.9 cords). Summing the
times of traveling empty and loaded, in-woods traveling, loading, and unloading gave the total

productive time per turn which was divided into forwarder load volume to give productivity in

cords per PMH.
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Figure 2. Ponsse S 15 Forwarder productivity based on distance, harvested v
per acre, and tree volume.

CTL System Productivity and Costs

Table 5 shows the results of Harvesting Analyzer calculations after incorporating
productivity rates of the harvester and forwarder, costs and operating assumptions (Table 4), and
forest stand conditions from the three test areas (Tables 1 through 3). Average DBH and cords

per acre for the trees that were harvested during first thinning, second thinning, and clearcutting



were supplied from Tables 1 through 3. Note that costs in Table 5 do not include hauling costs
or contractor profit and should not be used to set cut and haul contract prices.

As expected, cost per cord decreased as tree size increased. First thinnings, which
averaged less than 6 inches at DBH, were the most expensive, and cost to cut, forward, and load
onto trucks was estimated to be $23.19 per cord ($8.59 per ton). Only 6.08 cords (16.42 tons)
were harvested per acre and weekly production was only 243 cords (656 tons). Clearcutting gave
the lowest cost at $17.32 per cord ($6.41 per ton) with larger trees (8.38 inches DBH) and
considerably more volume (32.5 cords or 87.75 tons per acre.) Clearcutting was performed in a
stand that was not considered by Martin Timber to be their optimum final harvest stand. The
second thinning stand had larger cut trees (9.06 inches DBH) than in the clearcut stand but had
less volume removed (7.91 cords or 21,35 tons per acre.) Because of these conditions, second
thinning costs were estimated to be $20.92 per cord ($7.75 per ton.) Weekly production was 265

cords or 715 tons for second thinning and 315 cords or 850 tons for clearcutting.

Table 5. Onboard cost and productivity of CTL harvesting system working in three stand conditions.
Test Conditions First thinning Second thinning Clearcut stand
Average DBH 5.79 9.06 8.38
Harvested Cords 12.74 791 325
(tons)/acre (34.40) (21.35) (87.75)
Harvester $12.38 $10.71 $9.03
$/cord (tons) ($4.59) ($3.97) ($3.34)
(% Utilization) (80%) (48%) (49%)
Forwarder $/cord (tons) $8.39 $7.76 $6.53
(% Utilization) ($3.11) (82.87) (82.42)
(75%) (80%) (80%)
Support and moving $2.43 $2.44 $1.76
$/cord(ton) ($0.90) (30.90) ($0.65)
Onboard truck $/cord $23.19 $20.92 $17.32
(tons) ($8.59) ($7.75) ($6.41)
Cords (tons)/SMH 6.08 6.62 7.87
(16.42) (17.87) (21.25)
Cords (tons) 243 265 315
/week (656) (715) (850)
Annual cords (tons) 12,150 13,250 15,750
(32,805) (35,775) (42,525)




CONCLUSIONS

Harvester productivity studies found that stand density (trees per acre), tree size (DBH),
and the number of buck cuts significantly affected one or more of the productive time elements.
The hardwoods observed did not significantly affect felling and processing time. A regression
model incorporating DBH and trees per acre could best represent the total productive time per
tree. Forwarder productivity was influenced by distance traveled and volume picked up at each
stop location.

Based on available assumptions, production costs were heavily influenced by the different
tree sizes and stand volumes. As tree size and stand volume increased, unit production costs
decreased and productivity increased. In general, the study found that this CTL system could

work during winter logging conditions with ‘acceptable costs and productivity.
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Ground Disturbance and Residual Stand Impacts from Horse/Mule Logging

Suraj Prasad Shrestha', Dr. Bobby L. Lanford?, and Dr. Bob Rummer®

Abstract

Animal logging systems are labor intensive, and due to the efficiency of modern mechanized
logging equipment, animals and other manual efforts have been largely replaced by machines. Even so,
there is considerable interest and demand for animal logging. In this study, ground disturbance and
residual stand damage using five different horse/mule harvesting systems were investigated. It was found
that ground disturbances from horse and mule logging were very low. About 75 percent of ground cover
was undisturbed and more than 20 percent of the remaining ground disturbance was minor. Only 3 percent
of the disturbed ground area was considered to be prone to soil erosion in the horse/mule harvesting
systems studied. Damage to residual stands by animal logging systems was also low. Observations
suggest that horse and mule logging is environmentally friendly and suitable for ecologically sensitive
areas.

Introduction:

“Before mechanized tractors became available, animal logging (horses, mules and
oxen) were common on the Alabama landscape. Indeed many older mechanized loggers
of today began their careers holding the reins of a mule or horse” (Toms et al 1998).
Various animals such as, oxen, elephants, water buffalo, camels, llamas, yaks, sheep,
goats, horses, mules, donkeys, and cattle in many regions of the world have been the
source of energy for agricultural and forestry work and transportation. The most
important animals as sources of energy are bovines (cattle, water buffaloes and yaks),
donkeys, horses, elephants, llamas, and mules (Rodriguez and Fellow 1986). It is
estimated that outside the USA there are 400 million animals trained as draft animals, of
which 225 million are bovines (Damerow 1994; Rodriguez and Fellow 1986). The
objective of this study was to investigate ground disturbance and residual stand damage

from horse and mule logging systems.

! Ph.D. candidate, School of Forestry and Wildlife Sciences, Auburn University
2 Associate Professor, School of Forestry and Wildlife Sciences, Auburn University
? Project Leader, Forest Operations and Engineering Research, USDA Forest Service, Auburn



Methods and Materials:

Animal logging crews currently working in Alabama were selected as the
purposive sample for this study. They were involved in partial cuts and used cut-to-
length (CTL) saw logs and variable length pulpwood by the use of chainsaws. Horse and
mule logging operations can be divided into three main functions: 1) felling and
processing of trees, 2) skidding, and 3) loading and forwarding. The scope of this study
was limited to the operations that took place in the woods and excluded hauling. The
horse and mule logging systems observed during this study were:

1) Horses with forwarder: This crew was comprised of three people; a chainsaw
operator, a horse driver and a forwarder operator. All the crews were cross-trained in job.
Chainsaw; two Belgian horses with harnesses and hooks; and a forwarder are the used in
this system.

In this operation the chainsaw operator felled the trees, and limbed and
merchandise them. Sometimes the chainsaw operator was involved in skidding the logs
with the horses or clearing the roads so that skidding and forwarding could be done more
efficiently. The chainsaw operator was the owner of this harvesting operation.

The horse driver operated both the horses alternatively to skid logs to the nearest road
where the forwarder picked them up. Sometimes the horse driver was involved in
measuring the logs, clearing the roads, assisting the forwarder, or limbing and bucking
the logs. The owner has been in the business for more than 27 years. The forwarder
operator loaded and forwarded the logs to the deck and then loaded logs on a setout
trailer. Sometimes the forwarder operator skidded logs, cleared roads, or limbed and

bucked logs.



2) Mules with forwarder: This system consisted five employees, four mules and a
forwarder. This crew used two mules each day and all mules were left in the forest
overnight. They had two chainsaws, a van to transport the crew, and a forwarder. The
owner of this operation did not work in the woods.

The chainsaw operator felled the trees, limbed and merchandised them, and
sometimes he maintained the forwarder. In addition he supervised the crew. The
assistant to chainsaw operator helped the chainsaw operator by measuring the logs for
bucking and servicing the chainsaw. The two mule drivers skidded the logs to the nearest
trail, so that the forwarder could pick up the logs. The forwarder operator loaded the
skidded logs, forwarded them, and loaded on a setout trailers. The owner has been in this
business for more than 25 years. Most of the crewmembers have been associated for
more than 15 years except the assistant to chainsaw operator.

3) Horses with side loading truck (SLT): The crew had three people; a chainsaw
operator, two horse and side loading truck operators. This business was operated with
family members. Chainsaw operator has been in this business for more than 25 years,
where as the horse driver and the side loading truck operator has been in this business for
last three years only. They had two Belgian horses.

The chainsaw operator felled the trees and limbed and merchandised them. The
two horse drivers skidded the logs near the loading arms of a side loading truck and after
2 to 5 logs were accumulated near the arms of side loading truck, they were loaded onto
the truck by the side loading device.

4) Horses with knuckleboom loader (KBL): The owner of this logging company

performed all operations including felling and processing of trees, skidding, and loading



logs onto the haul truck with a KBL. This logging unit had two chainsaws, two Belgian
horses and one KBL. Knuckleboom loader was used only load the logs to the trailer of a
truck after the logs were skidded by horses. In this system knuckleboom loader did not
go in the woods.
S) Horses with long stick cable loader truck (LSCLT): This system had a chainsaw
operator, a long stick cable loader truck operator, and an assistant for loading trucks.
They had two chainsaws, a pickup truck with a cage made to carry a horse, and two
LSCLT. They used only one horse each day even though they had two horses. LSCLT
should not be confused with big stick truck. In LSCLT the loading device is located at
the center just behind the top of driver’s seat, where operator sat and loaded the logs in
the truck. Loading stick is about 5-6 feet in length with 150 feet of cable and a pulley at
the front end of the stick. Cable is mechanically rolled and released and left-right swing
of stick is controlled hydraulically.

The chainsaw operator felled and processed the trees, skidded logs with a horse,
and loaded the logs with a long stick cable loader truck for forwarding and hauled to the
mill. One LSCLT operator operated another LSCLT. The long stick cable loader truck

yarded the logs as far as 100 feet, which made the loading and forwarding more efficient.
The assistant to LSCLT operator assisted during the loading of logs. His main job was
to pull the cable and hook the log for loading and adjust the logs on the truck.

Ground disturbance and damage to residual stand damage measurements.
Data were collected during the summer of 1999 in all five types of animal logging
systems described above. Systematic grids of 40 by 40 feet were laid out in each animal

harvested area within a week after harvesting but before any rain and storm event. The



grid covered both animal and machine travel areas. To maintain the uniformity of
samples, north-south lines were installed as base lines and east-west perpendiculars were
used for measuring ground disturbance. Twenty sample plots were taken for each animal
harvesting system - five plots on east-west lines for each of four north-south lines.
Ground slopes were less than 10 percent for all sample sites. At each of the sample plots
located at the intersection of 40 by 40 feet grid lines, a circular plot of 1/40™ acre (18.62
feet radius) was installed to record the damage to residual trees. Height and width of
scars for trees 4 inches DBH and larger were recorded for the damaged trees along with
DBH, species (pine or hardwood), and height of scars above the ground.

A 30-foot transect (15 feet to each side of the center) was installed at each grid
intersection perpendicular to the north-south base line. Lengths of ground disturbance
were measured on this transect based on the definitions as shown in Table 1. Ground
disturbances for these codes were recorded to the nearest inch for the 20 transects taken
on each animal harvesting operation. The ground disturbance categories code used by

Lanford and stokes (1995) was used for this study.

Table 1. Ground disturbance categories

Code Description

1 Undisturbed.

2a Slightly disturbed with litter in place.

2b Slightly disturbed with litter removed and mineral soil exposed.
2c Slightly disturbed with litter and mineral soil mixed.

2d Slightly disturbed with mineral soil deposited on the top of litter.
3 Deeply disturbed with surface soil deposited on to of litter.

4a Rutted 0 up to 6 inches by log and/or machine.

4b Rutted 6 up to 12 inches by log and/or machine.

4c Rutted 12 inches or more by log and/or machine.

6 Downed wood, stumps, standing trees.

(Code source: Lanford and Stokes 1995)




Results and Discussion:

Ground Disturbance:

A summary of ground disturbance for the five animal harvesting systems studied
is given in Table 2 and shown in Figure 1. Horses with side loading truck showed the
most soil disturbance (37.2 percent) and mules with forwarder showed the least (15.7
percent). As an overall, ground rutting by horse/mule logging average was 1.2 percent
with a high of 1.9 percent by horses with forwarder and horses with SLT. An average
over the five animal logging systems showed that approximately 75 percent of ground
was undisturbed (addition of Code 1 and 6) and only 22 percent of the ground was
slightly disturbed. Severe ground disturbance, which may cause soil erosion, was only

3.2 percent (Code 3 and 4).

Table 2: Summary of ground disturbance by horse/mule logging systems in percent

System/disturbance Undisturbed Slightly Deeply Ruts Total
(1&6) disturbed disturbed (4ab,c) | disturbed
(2a,be,d) 3) (2+3+4)
1. Horse/forwarder 78.5 19.6 0.0 1.9 (215
2. Mules/forwarder 84.3 9.0 5.0 1.7 {157
3. Horses/side loading truck 62.8 30.8 45 1.9 |372
4. Horses/knuckleboom loader 74.1 25.6 0.0 0.3 25.9
5. Horses with long stick cable 734 26.2 0.3 0.1 |26.6
loader truck truck
74.6 22.2 2.0 1.2 254
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Figure 1. Percentage of ground disturbances among five animal logging systems

Damage to residual stands:

A summary of residual stand damage is given in Table 3 and shown in Figure2.

Table 3. Damage to residual stands by horse/mule logging

Systems Damaged tree/acre | Average height of | Avg.size of scarin | Total scars in sq
scar above ground sq in in/acre
(inches)
Horses/forwarder 14 15.00 26.69 373.68
Mules/forwarder 18 20.33 27.21 489.76
Horses/SLT 10 6.00 33.34 333.38
Horses/KBL 14 23.52 25.51 357.12
Horses/LSCLT 20 28.49 41.62 832.32
Average 15.2 20.20 31.40 477.25

Horses with side loading truck had the least number of trees damaged (10 trees
per acre) and horses with LSCLT with had the highest (20 trees per acre). Horses with
side loading truck caused the smallest average scar area per acre (333 sq. in.) and horse
with long stick cable loader truck scarred the most (832 sq. in. per acre). The average
size of tree scars was largest for horses with long stick cable loader truck (41.6 sq. in) and
least for horses with knuckleboom loader (25.5 sq. in). The reason for the smaller scar
size on trees by horses with knuckleboom loader system was due to the fact that all
yarding was done with animals rather than animals and forwarders, which mostly

occurred in a limited number of trails. Horse with long stick cable loader truck and




mules with forwarder had relatively larger average scar sizes compared to the rest.
Reasons for this larger scar size on residual trees by long stick cable loader truck system
was because logs were yarded from long distances of up to 100 feet giving more

opportunity to scar trees along the yarding path.
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Figure 2. Average number of trees damaged/acre and average scar size/tree in among five animal logging systems

Summary and Conclusion:

This study was conducted to assess the environmental impacts by horse and mule
logging in respect to ground disturbance and damage to residual stand damage. Five
animal systems were observed and it was found that the mules with forwarder and horses
with SLT systems did the most soil disturbances of 6.7% and 6.4% respectively that was
prone to soil erosion. Horses with knuckleboom loader and horses with long stick cable
loader truck systems had the least severe ground disturbance (category 3+4) among five
systems. In the case of damage to residual stands, horse with long stick cable loader
truck and mules with forwarder systems did the most.

The amount of soil disturbance which was considered to be susceptible to soil
erosion was found to be only 3.2 percent. This study revealed that there is a potential for

animal logging in ecological sensitive areas which are prone to soil erosion.



Literature Cited:

Damerow, G. Logging, the new fashioned way. Mother Earth News, April/May 1994,
pp 54-56.

Lanford, B. L. and B. J. Stokes. 1995. Comparison of two thinning systems. Part 1.
Stand and site impact. Forest Prod. J. 45(5):74-79.

Rodriguez, E. O. and A. M. Fellow. 1986. Wood extraction with oxen and agricultural
tactors. Food and Agricultural Organization of the United Nations, Rome, Italy,
pp 18-24.

Toms, C. W., M. R. Dubios., and J. C. Bliss. 1998. Horse and mule logging in Alabama.

In Alabama’s Treasured Forest. 17(2):18-19.



EFFECTS OF FOREST CANOPY ON DYNAMIC GPS ACCURACY

Matthew W. Veal, Steven E. Taylor, Timothy P. McDonald,
Dinah K. Tackett, Matthew R. Dunn’

ABSTRACT

This paper describes the results of a study that measured the accuracy of using the GPS to
track movement of forest machines. Two different commercially-available GPS receivers
(Trimble ProXR and GeoExplorer I1) were used to track wheeled skidders under three different
canopy conditions. Dynamic GPS data were compared to position data established through
precision surveying techniques. Maps from data collected by both receivers showed general
travel patterns of the skidders. Mean position errors in data collected by the GeoExplorer (2.75
m) were significantly greater than those of the data collected by the ProXR (1.34 m). Errors in
3D positions were always greater than those of 2D positions. When tested under different canopy
conditions, GPS position accuracy showed a clear decreasing trend as the canopy changed from

open to heavy.

INTRODUCTION

The Global Positioning System (GPS) is being used in an ever-increasing array of
applications for managing forests and our natural resources. The Global Positioning System is a
satellite-based positioning system developed by the United States Department of Defense. The
user must have a receiver to interpret radio signals sent from a constellation of satellites orbiting
the earth. The interpreted signals can be used to calculate the latitude, longitude, and elevation of
the GPS receiver. A GPS receiver can be used to determine positions of stationary or moving
objects anywhere in the world, twenty four hours a day. Considering the benefits of obtaining
position data from moving forest machines and the technology available through GPS, there is a
need to determine how accurately and consistently GPS can be used to track working forest
machines.  Accuracy results have been reported for GPS in static forestry applications.
However, little data are available that report GPS accuracy in dynamic vehicle tracking

applications. Therefore, the specific objectives of the research reported in this paper are to:
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1) Quantify the accuracy of GPS position data collected on mobile forest machines,

and

2) Examine the effects of GPS receiver types and forest canopy on GPS accuracy.

For example applications of vehicle tracking, this paper discusses the use of typical commercial
GPS receivers to track the movement of wheeled skidders as they traversed courses laid out in a

cleared area and in a thinned loblolly pine plantation.
BACKGROUND

GPS in Forestry Applications

Gerlach (1991) stated that the most important recent advance in the field of remote
sensing was the development of GPS. He predicted that most current surveying methods would
be significantly, if not entirely replaced by more accurate GPS survey methods. Current forestry
related applications of GPS include; location of sample points, verification of areas as a basis for
payment, establishment of digital terrain models, and location of wood inventories in the field
(Forgues, 1998). Since GPS uses microwave signals, and since vegetation can influence
microwave signals' effectiveness, some work has also been completed to ascertain the usefulness
of GPS under forest canopy conditions. Forest vegetation and topography may block satellite
signals sent to the GPS antenna causing a loss in position fixes. In the event of a signal blockage,
the GPS receiver will switch to another constellation of satellites or the antenna must be relocated
so unobstructed signals may be obtained. Another signal interference that occurs under forest
canopies is multipath, a term describing the circumstance when a satellite signal arrives at the

receiver’s antenna with two or more paths (Liu and Brantigan, 1995).

Recent studies on the effects of forest canopies on GPS accuracies showed the average
error under a coniferous canopy was 6.4 m for a three-dimensional position (Deckert and
Boldstad, 1996). These results were based on the discrepancy between values of coordinates for

a point found through GPS and the coordinates of the same point determined by a theodolite
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Plots were placed in hardwood, softwood, and mixed species stands with three distinct canopy
covers in each stand. GPS measurements were made throughout the year so leaf on and leaf off
conditions could be studied. The results indicated stands with denser canopies produced larger
errors and better GPS results were obtained in hardwood stands. These results were based on the
precision that was determined by the average standard deviation, therefore the actual error under

the varying conditions is not known.
GPS in Vehicle Tracking Applications

Forques (1998) reported GPS used in the location and navigation of trucks on road
networks was quite feasible due to the low precision requirement. However, they concluded that
real-time applications that require more than 2 to 5 m precision, such as forest machine
navigation near buffer strips, were not practical at that time. As machines traveled under a forest
canopy, the rapid changes in satellite constellations and multipathing from vegetation led to
considerable errors in GPS positional data (Reutebuch et al., 1999). These errors were attributed
to obstructions, such as trees and components on the machine, which decrease accuracy by
reducing the number of satellites a receiver can track. Spruce et al. (1993) observed the
degradation of GPS signal quality under forest canopy conditions. A tractor was tracked and
relative accuracies were assessed under open sky and canopy conditions. Based on the results of
the open sky trails, they reported that GPS was a valuable tool for tracking machines under open
sky conditions. However, under forest canopies GPS performance needed improvement as a
major decrease in accuracy was observed. This decrease was attributed to multipathing

associated with vegetation.

McMahon (1996) believed GPS could be used as a means of measuring machine travel.
His research reported an error of 1.15 m when monitoring the movement of a skidder with a
Trimble Pro XR GPS receiver attached at the center of the cab. There was no mention of any
effects that changes in canopy, location on the cab, or skidder speed would have had on this error
factor. Mechanized harvest operations can be monitored with GPS to determine where the
highest traffic intensities occur and the resulting impacts on soil physical properties (Carter et al.,
1999). McDonald et al. (1998) monitored the traffic patterns of forest machines utilizing a
Trimble ProXR on two grapple skidders and a Trimble GeoExplorer II on a feller-buncher. The
positions obtained from the GPS were prone to random shifts in one or more sequential locations.

The positions obtained from the GeoExplorer appeared to have larger errors occurring with
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greater frequency. Due to inconsistent conditions, the source of these errors could not be
determined as the receivers were placed on different machines working under varying canopy

conditions.

PROCEDURES
This section describes the use of two commercially-available GPS receivers to track
forest machine movement. Although these techniques can be applied to a variety of machines, the
machines used in this research were typical wheeled skidders. The skidders were tracked in three

different canopy conditions.
GPS Equipment

Two hand-held GPS receivers manufactured and sold by Trimble Navigation, Ltd.
functioned as rover units and were used to collect all location data in the tests. The receivers were
the ProXR and the GeoExplorer 1. The ProXR is a 12-channel receiver that uses course
acquisition code, is capable of real-time differential corrections, and is considered as having
submeter accuracy in static differential modes. The ProXR used a TSC1 datalogger that was
running Trimble’s AssetSurveyor software version 4.01. The GeoExplorer II is a six-channel
receiver that uses C/A code and has a nominal horizontal accuracy of two to five meters. The
GeoExplorer was using version 2.20 operating software. Both receivers used external antennas
mounted on the top surface of the cab of the skidders. During the field tests, both receivers were
used simultaneously to track the movement of skidders. Therefore, both antennas were mounted
on the skidder cabs at the same time. Antennas were placed along the longitudinal centerline of
the cab with the ProXR antenna placed 150 mm behind the geometric center of the cab. The

GeoExplorer antenna was placed 150 mm in front of the geometric center of the cab.

Data collection rates were set at one position per second. Both rover units were
configured with a PDOP mask of 6.0, an elevation angle mask of 15 degrees, and a signal-to-
noise ratio mask of 4:1. Rover receivers were placed in the Auto 2D/3D mode. In this mode, the
receivers would collect three-dimensional data as long as there were sufficient satellites and the
other data collection parameters were satisfied. When the number of visible satellites was
insufficient to allow computation of three-dimensional solutions, a two-dimensional position was
recorded. Elevation data were based on the WGS84 datum.
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In addition to the rover units, a Community Base Station from Trimble Navigation was
used to collect data for use in differential corrections. This base station unit is an eight-channel
receiver installed in a desktop computer. The base station was on the Auburn University campus.
Base station position data were collected at a rate of one position every ten seconds. The
elevation angle mask was set at 10 degrees. The PDOP mask was set at 6 and the signal-to-noise
ratio mask was set at 6:1. After all field data collection sessions, data from the rover units were
post processed and differentially corrected using Pathfinder Office Version 2.10 from Trimble

Navigation.

Test Locations - Canopy Conditions

Vehicle tracking sessions were conducted at the Caterpillar Forest Products Training
Center near Opelika, Alabama (approximately 32° 42’ 48.14” N, 85° 17° 25.07” W, 214 m
MSL). This site has mixed stands of hardwoods and pine. Three different vehicle tracking
courses were established in stands of loblolly pine at the site. Each of the courses reflected a
different forest canopy situation: Open, Light, Heavy. Canopy conditions are described in Table
1 for each of the three areas. The open canopy condition was established in a clearcut area and
had a tracking course 400 m in length. The light canopy condition was established in an area that
had been heavily thinned and had a tracking course 200 m in length. The heavy canopy condition
was established in an area that had been lightly thinned and had a tracking course 175 m in

length.

For each tracking course, a general path was established for the skidder to follow. On
each of these paths, general areas were established where the position of the skidder would be
marked as it passed by that position. The position of the outside edge of the left rear skidder tire
was marked by a pin flag as the skidder passed near the sampling point. The number of these
sampling points is listed in Table 2 for each canopy condition. Differences in sampling points for
the different canopy conditions are due to differences in accessibility to the points. Table 2 lists
the number of test runs conducted in each canopy condition and the total number of GPS

positions marked by the pin flags.
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Machines

The machines used for tracking were Caterpillar wheeled skidders. For test runs
conducted in open and light canopy conditions, a Caterpillar Model 525 skidder was used. For
test runs in heavy canopy conditions, a Caterpillar Model 515 skidder was used since it was more
maneuverable. The Caterpillar 525 skidder is 3.3 m wide, has a wheelbase of 3.5 m, and has a
cab roof height of 3.2 m. The Caterpillar 515 skidder is is 2.9 m wide, has a wheelbase of 3.3 m,
and has a cab roof height of 3.0 m.

Before each test run, the machine was positioned in the skidder path and the GPS
receivers were configured to record data. Then, the skidder was allowed to proceed around the
test course. As the skidder traversed the course, pin flags were placed at the position of the
outside edge of the left rear skidder tire.

Survey Techniques

At the completion of the skidder test runs, traditional surveying techniques were used to
establish the location of each point identified by the pin flags. First, two reference points were
established in an area with a clear view of the sky. At these reference points, the ProXR GPS
receiver was used to determine the coordinates by collecting static position data for 3 hours (9600
GPS positions were collected at each of the points). Then, carrier-phase postprocessing
techniques were used to obtain the coordinates of the reference positions. Precisions of the
resulting reference position coordinates were + 15 cm horizontal and + 24 cm vertical. Once
these reference positions were established, a Topcon Model GTS-710 optical total station and a
signal prism were used to determine the location of each of the mobile skidder tire positions
marked by the pin flags, based on the reference position coordinates. The optical total station has
an accuracy of + (2 mm + 2 ppm * distance). Based on the longest distance shot with the optical
total station, all survey measurements were theoretically within an accuracy of + 2.174 mm. The

two reference positions were used to establish a north reference for the total station surveying

activities.

Accuracy Calculation Procedures

The procedure used to determine the error between the GPS-based skidder path and the
surveyed points is depicted graphically in Figure 1. To determine the error, E, the two GPS
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positions closest to each of the surveyed positions (i.e., where the pin flags were placed) were
selected from the GPS data file for each test run. The next step determined the perpendicular
distance, D, between the line segment connecting the two GPS positions and the pin flag location.
Finally, since the antenna was placed on the centerline of the machine and the flags were placed
at the outer edge of the tire, one half the width of the skidder, W/2, was subtracted from D to

obtain the error, E.

w
E_D—? (1]

The errors were calculated for two dimensional positions (latitude and longitude) and for three
dimensional positions (latitude, longitude, and elevation). In other words, the error term for 2D
data was the straight line distance on the horizontal plane between the surveyed pin flag position
and the GPS position. Correspondingly, the error term for 3D data was the straight line distance
on the space plane between the pin flag and the GPS position. This error calculation procedure
was conducted for each pin flag that was placed during each test run. The resulting errors are

discussed in the next sections.

RESULTS AND DISCUSSION

GPS Vehicle Tracks

Example plots of skidder paths recorded by the GPS receivers are shown in Figures 2
through 4 for the ProXR and GeoExplorer receivers. These plots show the path of the centerline
of the skidder as a line and the location of the pin flags, which is where the edge of the left rear
tire was. The plots show that in the open and light canopy conditions, the ProXR successfully
mapped the skidder path. When the ProXR mapped the skidder path in the heavy canopy, a few
small discontinuities developed in the line that mapped the skidder path. These discontinuities
are much more frequent and of greater magnitude in the data recorded by the GeoExplorer
receiver. It appears that these discontinuities are the result of changes in the satellite constellation
and multipathing errors, which would result from the GPS signals being deflected by the trees.
The difference in the apparent accuracy of the plots from the different receivers is due to more

advanced firmware and hardware in the ProXR receiver.

Vealetal. -7



Information on PDOP was recorded during the test runs to determine if satellite geometry
varied during the various test runs. Table 3 contains summary statistics for PDOP collected
during the tests. Although there were slight differences in PDOP, these differences were

probably not large enough to cause significant differences in GPS accuracy during various tests.

Accuracy Results
Receiver Effects

Table 4 contains summary statistics for GPS position errors for the ProXR and the
GeoExplorer receivers. This table also reports errors in two-dimensional positions versus those
of three-dimensional positions. Overall, the mean position error of all test runs for the ProXR was
1.34 m with a coefficient of variation of 163%. The mean position error of all test runs for the
GeoExplorer was 2.75 m with a coefficient of variation of 127%. This increased accuracy in the
ProXR was expected due to the more advanced hardware and firmware used in the ProXR
receiver. Since these receivers are generally expected to provide position accuracy to within +/-
two to five meters, these mean errors are within the range that would be expected from these
types of receivers. Note that the maximum position errors were 14.63 m and 21.59 m for the
ProXR and the GeoExplorer receivers, respectively. Although the mean position errors were
within the normally reported accuracy of the receivers, the magnitudes of these maximum errors
indicate that there are times when the GPS position will be signficantly different from the true
position of the machine. An analysis of variance was conducted on the GPS data using the
general linear models procedure. This analysis showed that the GPS positions calculated by the
ProXR resulted in position errors there were significantly less than the position errors from the

GeoExplorer (alpha levels less than 0.001).

This table also shows that when calculating the position error, the 3D position error was
always greater than the 2D position error. Mean 2D position error for the ProXR was 1.05 m
versus 1.63 m for 3D position error. For the GeoExplorer, the mean 2D position error was 1.23 m
versus 4.26 m for the 3D position error. This additional error in 3D positions is the result of two
primary causes: 1) there is one extra term in the error equation for 3D positions, and 2) the
elevation term in the GPS coordinates has a greater error when compared to the latitude or
longitude. The differences in 2D versus 3D errors were statistically significant for alpha less than
0.001. Also, there were no significant receiver*dimension interactions revealed by the analysis of

variance.
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Canopy Effects

Summary statistics for GPS position error in the different canopy conditions are shown in
Table 5. Figure 5 also contains a graphical representation of these data. The data indicate that for
3D positions, there is a clear downward trend in accuracy as canopy conditions change from open
to light to heavy canopy. Mean 3D GPS position errors for the ProXR were 1.26 m, 1.77 m, and
3.76 m for the open, light, and heavy canopy conditions, respectively. Similarly; the mean 3D
GPS position errors for the GeoExplorer were 4.11 m, 4.16 m, and 5.14 m for the open, light, and

heavy canopy conditions, respectively.

It is important to note that for much of the data collected by the GeoExplorer and the data
collected by the ProXR in the heavy canopy, the GPS-based map of the vehicle travel path could
have been in error by distances equal to or greater than the width of the skidder. Therefore, for
many machine tracking needs, these data may not be of sufficient accuracy. When the 2D
positions are examined, the trends in accuracy are not as consistent as those reported above for
the 3D data. However, overall, there is a clear decrease in GPS accuracy as the canopy
conditions change from open to one that is obscured by trees. Analyses of variance showed that
differences in GPS position accuracies for the different canopy conditions would have been
significant at a level of alpha of 0.08. These results indicate that when tracking machines in

heavier canopy conditions, the more sophisticated receivers yield more accurate data.
SUMMARY AND CONCLUSIONS

Although researchers and practitioners are beginning to use GPS more frequently for
vehicle tracking, little data have been available to document the accuracy of dynamic GPS data
collected in forest operations. This research quantified errors in GPS positions collected during
operation of wheeled skidders in three different canopy conditions. Two different commercially-
available GPS receivers were used in the study. Based on the results of the study, the following

specific conclusions can be made:

1. GPS is a useful tool for mapping forest machine movement. GPS-based maps showed
general travel patterns for wheeled skidders.

2. There were significant differences in the accuracy of positions collected by the two
receivers. Overall, positions collected by the ProXR receiver had mean errors of 1.34 m

versus 2.75 m for the GeoExplorer.
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3. There were significant differences in the accuracy of 2D versus 3D positions. Errors in
3D positions were always greater than those in 2D positions. The 3D positions mapped
by the GeoExplorer resulted in mean errors of 4.26 m.

4, There were clear trends in accuracy of positions collected in the various canopy
conditions. Accuracy decreased as canopy conditions changed from open to heavy

canopy. These differences were significant for an alpha of 0.08.

The errors reported in this research indicate that the researcher or practitioner needs to be
cautious when planning studies or other forest operations that rely on GPS to track forest
machines. For general knowledge on where machines travel, current GPS hardware (when
differentially corrected) is sufficiently accurate. However, for more detailed studies of travel
patterns or environmental impacts of machines (e.g., soil compaction studies), some of the data
reported in this study may not be of sufficient accuracy. In the case of detailed studies that

require high accuracy, the more sophisticated receivers will be needed.
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Table 1. Description of canopy conditions.

Canopy Type Open Light Heavy
Crown Density
(% Cover) 0 57 85
Light Intensity
(flux) 857 555 263
Mean DBH
(cm) NA 32.7 33.7
Mean Tree Height
(m) NA 19.9 17.1
Number of
Sampling Points 20 13 9

Table 2. Summary of GPS data sample sizes.

Data Collection Open | Light | Heavy

Sampling Points 20 13 9

Number of Runs 5 5 9
GPS Positions Sampled 100 85 81

Table 3. Mean PDOP results for data collection sessions of the Pro XR and GeoExplorer receivers.

Open Canopy Light Canopy Heavy Canopy
ProXR 2.75 2.50 2.52
GeoExplorer 3.03 N/A 3.66
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