
,

I

4
Ii

I
o

43.; ;:r-

?:
;0 - 4':--'

0$

I

2
T

-
\

tiI
- --- ---;#-

,
4

_?
I

:
I

.
4 . *c 7 :--- - - 'LA ;



This is the fourth volume of a series of short courses by the
School of Forestry on the management of young forests in the
Douglas-fir region. The three preceding volumes are:

Management of Young-Growth Douglas-Fir and
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Economics, Yield Control, and Thinning. September
1971. 5Y2 x 8'/4 inches. 175 pp. $5.00.

Managing Young Forests in the Douglas-Fir Region.
September 1972. 5½ x 8¼ inches. 224 pp. $5.00.
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FOREWORD

These are the proceedings of the fourth short course
in managing young Douglas-fir and western hemlock,
conducted by the School of Forestry, Oregon State
University, June 14-16, 1972.

The art of young-growth management is more com-
plex than merely selecting trees to leave or to remove from
the stand, important as that process is to the success of
any management program. Present society demands care in
the management of natural resources. The logger, while
removing timber crops, must guard carefully the soil,
streams, wildlife, esthetics, and other values of the forest.
Foresters, as true professionals, must develop and use skills
in management that will give society the products and
services it needs, without undue damage to the resource.

The forest industry is faced constantly with the
economics of management. Taxes on land and timber have
great impact. The logging operation is more costly, because
it must be geared to removal of small logs from dense
young stands without damage to the environment. How
does the forest landowner confront these economic and
operational problems, so that management can obtain
maximum yield and profit, but also protect the environ-
ment? The past short courses were, and this short course
is, oriented toward answering this question.

I would like to thank my colleagues in the School of
Forestry who participated as instructors. I especially
would like to thank the instructors from Crown Zellerbach
Corporation; Georgia Pacific Corporation; Starker Forests;
Timber Services Company; Mason, Bruce and Girard;
National Environmental Research Center; Siuslaw National
Forest; and the Oregon State Forestry Department. With-
out their help, this short course could not have been
presented.

Alan B. Berg
Short Course Director

iv



WELCOME

J. Richard Dilworth
Head, Department of Forest Management

Oregon State University
Corvallis, Oregon

I welcome you to the fourth annual symposium,
which deals with the management of young-growth
Douglas-fir and western hemlock forests of the Pacific
Northwest. The goal of this series of symposia is to present
research results and field experiences on all aspects of the
management of these two important forest types. We make
available the results of our research through normal
publication channels. Our experience has been, however,
that a symposium of this type is more effective in bringing
professional foresters up to date on the "State-of-the-Art"
in management and other important areas. "Eye-to-eye"
communication, with an interchange of ideas, is always the
most effective way to learn.

Young trees are important, whether they are seed-
lings, saplings, or poles, for they will make up the
commercial forests of the future. No surplus of timber
exists now, and it never will in the United States.
Gradually, public and private forest landowners are begin-
fling to fully appreciate the value of our forests to society.
Your presence here is recognition that you and your
employers appreciate the need for efficient and effective
management of young stands.

We trust that the instructors of this course, with their
collectively broad background in young-growth manage-
ment, can answer your most pressing questions. Some will
remain unanswered because research has not yet found the
solutions. These unanswered questions, however, will help
us in planning research to fill the voids that now exist. I
commend to you the proceedings of the three previous

V



symposia as excellent sources of information for the
management of young-growth timber.

Thanks to the contributions of a fine group of
instructors and cooperating companies, I am sure you will
find this symposium valuable to your professional educa-
tion. We and they welcome this opportunity to serve you.

vi



THINNING AND MECHANIZATION

Donald B. Malmberg
Supervisor of Research and Development

Gerald Outslay
Research Forester

Crown Zellerbach Corporation
Northwest Timber Division

Portland, Oregon

The knowledge of business men is needed now as never
before. Forestry, in general, and silviculture and engineering, in
particular, will benefit. The business of growing and harvesting
trees more rapidly and efficiently is the challenge of the 70's.
This is not to say methods and systems of the past were no
good. It simply means that a modern, more efficient system of
harvesting is mandatory to stay in business today and to-
morrow. I am not here today to propose or explain new
technology that is detrimental to the forest resource. Far from
it. Trees are my friends. Their safety, health, and vigor hold top
priority in my scheme of things. The juvenile trees especially
need help from mankind to develop into strong, proud
specimens that are better able to withstand pressures from
weather and pests. I am here today to support with enthusiasm
the topic of "Thinning and Mechanization," a fine way to go in
the game of intensive management of natural resources.

When Alan Berg invited me to speak at this symposium, I
accepted with indecent haste. A month later, Alan informed me
that 1 hour had been allocated to my topic. This created a
crisis, as all I knew about the new game of thinning and
mechanization could be said in 20 or 30 minutes. The solution
was to ask Gerald Outslay to share the speaking assignment. As
Crown Zellerbach's research forester for Oregon and Washing-
ton operations, surely he could contribute some findings on the
present state of the art and compare these with something on
the drawing boards for the 70's.

Here, then, is what we prepared for you: a statement of what
is going on in Europe and elsewhere in the world, namely
thinning methods; a statement of why new silvicultural systems
are needed for modern thinning operations; a summary of what

1



2 Managing Young Forests in the Douglas-Fir Region

has happened on equipment development in Europe, Canada,
and the United States; and a new look for the 70's with
emphasis on the Pacific Northwest.

SWEDEN TAKES THE INITIATIVE

Thinning and mechanization are becoming hot topics in some
parts of the world. During September 1969, a conference was
held in Stockholm, Sweden, to examine this opportunity. Men
from various regions of the world were invited to present papers
to give examples that show the variation and complexity of the
problem and to focus on needs for future research. In
September 1971, another meeting, hosted by Russia, dealt with
the problem of operations in mountainous terrain. Thinning is
an important feature of sustained-yield forestry. Its aim is
generally to improve status and development of the remaining
stand by redistributing growth onto fewer trees. Another aim is
to supply wood that cannot be recovered by clear felling only.
Rising labor costs require development of new silvicultural
systems that favor mechanization of the harvesting process.

HOW FAST ARE WE PROGRESSING

Over 1 50 years ago, the handsaw and horse was the system.
Since World War II, we have had the chain-saw-tractor system.
The mechanized system will emerge in the 70's.

NEW METHODS AND PATTERNS OF HARVESTING

We have reached the crossroads. We must develop and
improve methods of harvesting young forests and rededicate
ourselves to doing an even better job of total resource
management, which includes water, air, soils, and trees. The
new methods must favor mechanization in the harvesting
process. Strips, lines, rows, and corridors are the most efficient
patterns developed so far. We are talking first about tree-length
systems, and then will come full-tree systems in highly
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mechanized operations of the future. We are pushed hard now
because yearly labor cost increases about 10 percent per hour as
yearly machine cost increases about 4 percent per hour. The
chain-saw-tractor system has a labor content of about 85
percent, but the fully mechanized system has a labor content of
about 20 percent. Right now, mechanized systems are about 10
percent costlier than chain-saw-tractor systems. The lines when
plotted on a chart are coming closer together and will cross in a
few more years. Because the process of change is painful,
controversy results. This causes some decisionmakers to take a
critical look at thinning and to consider harvesting methods,
suitable for mature timber, for application in immature stands.
Costs must be reasonable, or no game will be played.

OPERATIONS OVERSEAS

Great Britain
This nation now is going to row or line thinning on the first

and sometimes second cutting to save on the high cost of labor.
After the first and second cuttings are completed, the British
expect to return to selection thinning methods, marking cut
trees from the remains of the regulated forest.

Sweden
This nation will be worth watching. Within 10 years, they

expect to have 80 percent of their operations fully mechanized.
Harvesting will be done by systems in which no human hands
touch the tree or log from the stump to the dump. Currently,
the thinning cuts are heavy. In the North, only one or two
cuttings are made in the life of the young forest. In the South
where trees grow faster, three or four cuttings are made. The
goal is to have heavy volumes available at the final harvest. One
big difference exists between volume growth per acre in Sweden
and growth here in western Oregon and Washington. Our trees
along the coast grow at rates that are eight times faster than
those in Sweden. In other words, the volume we can grow for
removal every 5 years would take the Swedes 40 years to grow.
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Germany
Row thinning is underway because of lower management

costs. No marking cost exists, logging costs are lower, and the
system lends itself to machine cutting and yarding.

Australia
The high cost of first thinnings with powersaws are encourag-

ing a trend to mechanical first thinnings with machines along
rows, strips, or lines. The Australians agree that thinnings
provide intermediate cash flows to reduce the capital debt of
plantations. The first thinnings are heavy to yield much needed
volumes. In Australia, the growing season lasts from 8 to 9
months. Coupled with good soil and adequate rainfall along the
coast, growth in volume is high, some of the highest in the
world.

Finland
Early thinnings were made by cutting to a diameter limit. In

1948, methods changed to selection, where trees were marked
individually. Today, the Fins are looking at mechanization
methods to reduce cost, but partial mechanization is getting the
most attention by small landowners. New laws and guarantees
are required to avoid tree damage.

Russia
Vast areas of old but small timber exist in Russia and Siberia.

Pulpwood and chipping operations have enormous potential. A
fully mechanized logging system for thinning is being developed
and introduced in Russia. The project is still in the prototype
stage. Strips, 10 feet wide, are cut through the forest, from 30
to 60 feet apart, and are to be used during the lifetime of the
forest. The key machine is the "Dyatel," translated "wood-
pecker," which cuts the tree and hauls it away whole. Tree
length or whole tree is the objective. The feller-buncher-limber
concept is followed by multiple-tree-handling and processing
equipment.
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Norway
Rocks and snow create problems for mechanization. A new

logging system, however, is now in development. Whole trees
are removed, and limbing, bucking, and barking are done at the
landing with high-speed processing machines. This too will be a
system worth watching, and we are keeping in touch with Ivar
Samset, the director of the project (A New Concept for
Thinning on Steep Ground, by John O'Leary in these proceed-
ings).

Japan
This nation mostly is stuck with hand-labor methods, but is

moving toward systematic patterns of trails to use single-cable
systems on over 30 percent of the ground, which accounts for
most of their forest land.

Poland
Pine occupies about 80 percent of the forests in Poland.

Manual labor still is used to cut, limb, bark, and stack wood.
Mobile chippers are now in test, and efforts have begun on
development of logging systems for early thinning operations.

France
Articulated skidders have promoted tree-length logging on

flat land, which is now standard practice. In mountainous areas,
several types of cable systems have been developed for thinning,
with the multiple-cable type the most popular.

Southern United States
A dramatic story is unfolding in the South. The area is large,

199 million acres with four main species of pine, of which 16
million acres are manmade forests. At the moment, thinning is
under critical review. If pulpwood is the goal, no thinning is the
way to go, and everything is harvested at once. But if maximum
value growth is the goal, then thinning is a must. The picture of
southern progress in harvesting mechanization is not complete.
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It is changing and moving too rapidly. Each pulp company
keeps abreast of its own operation, but this information is not
available yet on a broad scale. Probably, more than 1,000 shears
are operating in pulpwood harvesting. Grapple loaders are
taking over rapidly. The acceptance of tree-length logging and
outlying chippers have contributed greatly to the increase in
southern mechanization. Demand for pulpwood will continue
strong, and in the face of labor costs, mechanization is
mandatory. Skilled manpower is in short supply. A training
program is underway to fill this need. Courses in pulpwood
production and timber harvesting are taught at more than 150
high schools from Virginia through Texas. In addition, four
post-high-school courses give full-time instruction for periods
from 9 to 10 months. About 11 percent of the graduates find
employment in the forest industry. These training activities are
regarded as an initial effort only in comparison with the
potential needs of the industry. The recruiting and training of
skilled labor required for more rapid mechanization confront us
all as a major challenge in the future. These skills will be needed
in all regions of the United States, not just the South.

Western United States
One hundred and thirty-six million acres contain eight major

species of trees. Action is increasing, with much action
promised for the 70's. Even precommercial thinning is moving
on a good scale. In 1968, the Big Year, 152,000 acres were
thinned precommercially, with ponderosa pine getting the most
attention.

THINNING STUDIES REVEAL NEED
FOR NEW SILVICULTURAL SYSTEMS

Before 1960, thinning forest land to develop and obtain
wood products was encouraged by many foresters in different
parts of the world. In the Pacific Northwest, few facts on the
growth-response impact of various thinning practices on our
native species were available. Our company attempted to
determine this response by installing a comprehensive program
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of thinning research. From 1960 to 1970, we established and
monitored 46 thinning projects, which consisted of 2,002 acres
and 1,205 sample plots. The site index ranged from 100 to 200.
The species, which ranged from 10 to 80 years of age, included
Douglas-fir, western hemlock, Sitka spruce, red alder, ponderosa
pine, and lodgepole pine.

This extensive effort, spread over Oregon and Washington,
sampled portions of seven Crown Zellerbach managed forests.
Low, crown, and selection thinnings, and combinations of
thinnings were performed. From 10 to 76 percent of the basal
area was removed.

MANAGEMENT OBJECTIVES

The many thinning experiments were designed to develop
specific products in a regulated forest. The product goals were
pulp, sawlogs, poles, piling, or peelers, or combinations of these
products.

Hither to unknown facts about what response to expect from
our native tree species were developed. One of the outstanding
examples of this response can be shown in our Volimer Creek
Project near Seaside, Oregon. Some of you may have visited this
area in 1969 for the short course, Management of Young
Douglas-Fir and Western Hemlock. The trees are now 25 years
old, and the stand was first thinned in 1961 at age 15 years.
Table 1 illustrates the impact that thinning had on tree growth.

PLANNiNG

Maintaining, remeasuring, and analyzing all of the projects in
detail as thinnings were repeated up to rotation age were not
our goal. Our goal was and is to monitor the thinning
experiments for a reasonable time. Then, those specific projects
indicating favorable opportunities in wood-product yields are
selected for detailed economic analysis.

One of our main concerns has been how to implement into
practice any of our findings. To do this, we took a long look at
the work we had completed. On examining the thinned
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projects, we became aware of the shortcomings of our initial
logging plans. This, coupled with an apparent gap between
actual operations and research, caused us to develop a
1,300-acre, operational-thinning project. This project was estab-
lished near Seaside, Oregon, in western hemlock from 35 to 40
years old. The goal of this operational project has been to

Table 1. Precommercial Thinning of Western Hemlock, Site
Quality Class II. Acre Basis.

Treatments

Thinned
Control once

Stand 1961 1971 1961 1971
Before thinning
Numberof trees 6,190 2,180 5,940 312
Basal area,sqft 103 247 109 191
Avgdbh,inches 1.7 4.5 1.8 10.6

Removed
Number of trees 0 0 5,628 0
Basal area, sq ft1 0 0 83
Avg dbh, inches 0 0 1.6

After thinning
Number of trees - - 312 -

Basal area, sq ft - 26
Avg dbh, inches - 3.8

1 of basal area removed is 76.

upgrade new thinning equipment and to improve methods and
techniques for extractmg logs on a production basis from
young-growth timber. We have met success in developing this
area with rubber-tired and tracked skidders. Pretrailing opera-
tions to prepare the project for efficient logging entailed:
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Days worked (4-man crew)
Total production, cubic feet
Total logs produced
Average tree-length log, cubic feet
Total distance of skid trails, miles
Total number of skid trails
Rocked haul roads, miles

GUIDELiNES

287
510,881

32,547
16

30.3
285
13.5

Thinning projects, with overstocked forest stands from 10 to
25 years old at the time of initial thinning, have shown the
greatest growth response. Wood products can be developed and
a quality-managed forest can be obtained in these forests 10
years sooner than when no thinning is performed. Table 2
summarizes a suggested number of leave trees to obtain wood
products other than pulp by rotation ages from 40 to 60 years.
A range of 20 percent over or under the numbers listed in the
table is suggested. This difference in number of trees per acre is

Table 2. Number of Leave Trees Suggested to Obtain Wood
Products Other Than Pulp by Rotation from 40 to 60 Years.

Age

Trees per acre, residuals1, by site index

Douglas-fir Western hemlock

200 170
I

140 200
I

170 140
Years
15-20
25

225 250 300
200 225 250

250 300 350
225 250 300

1Twenty percent over or under the number of trees listed is
acceptable.
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required to compensate for differences in elevation, slope,
aspect, and soil. Fewer trees are adequate to sustain satisfactory
rates of growth on Site I lands than on Site II or Site III lands.
Fewer trees per acre are adequate on bottom lands and lowlands
than on highlands, ridges, or steep slopes.

Commercial thinning operations in the 1 ,300-acre model
emphasized the critical need of a market for small logs of
merchantable size. As markets for small logs disappeared,
economical justification for continued logging was gone. Thin-
fling for thinning's sake is not acceptable.

POSiTIVE FINDINGS

Positive findings that have evolved from this thinning
research are: Douglas-fir and western hemlock will respond
dramatically to thinning when done before the forest reaches
from 40 to 50 feet in height; initial thinning activities in forests
from 10 to 25 years old rapidly must reduce stocking to 200 or
300 trees per acre when commercial thinning is desired 10 years
sooner than without thinning; a market demand for merchant-
able products must exist to continue commercial thinning; and
present labor costs and technology prohibit many commercial
thinning operations from happening.

Today the need is for new silvicultural systems that lend
themselves to mechanization of the harvesting process. Thinning
mechanization holds the most promise for expanded intensive-
management activities.

MECHANIZATION

Thinning mechanization on tractor ground and steep moun-
tainous terrain is keyed to straight-line methods or a system of
straight lines, which feed into one another. The reasons are:
timber marking can be eliminated on the first, second, and third
cuttings; feffing costs are lower; and access to the forest is
simplified and safer than selection of some trees to cut from
among clusters of trees.
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WHAT HAPPENED ON EQUIPMENT DEVELOPMENT

Mechanization of logging was talked about before World War
I. From then until now, an evolutionary growth occurred in the
application of mechanical equipment. The story of the intro-
duction of the chain saw, the wheeled skidder, and the
cable-yarding-grapple system is well known. These machines and
their economics completely changed the pattern of wood
production.

Mechanization implies that the entire logging operation--
felling, processing, handling, and transportingis carried out
with machines, that the direct labor is all machine operators,
and that no hand tools are used. Few logging operations yet can
be considered to be fully mechanized. From 1945 to 1948, the
first major attempt to introduce mechanized logging on a large
scale was made by Anglo-Canadian Paper Mills, Ltd., at
Forestville, Quebec. From 1950 to 1959, the Woodlands
Section of the Canadian Pulp and Paper Association actively
participated in the development of mechanized logging.

The industries of pulp and paper and logging-equipment
manufacturing in the past decade have spent hundreds of
millions of dollars on the development and application of
tree-harvesting equipment. The results of this investment have
proved unsatisfactory. A few manufacturers have made money,
but as a whole, the losses have far outweighed the profits. Little
is really known of the forest environment and the forest crop
from an engineering view. Because of this, machines have been
designed that have not been able to perform to their specifica-
tions. The low machine availability has made logging companies
unwilling to make large investments in any one system. Instead,
rightly or wrongly, they have tended to try one or more of
everything offered in the hope that one machine would prove
successful and that they could then concentrate on it. Mechani-
cal availability of machines is probably the critical factor in the
success or failure of any mechanized logging machine or system.
For example, a machine with four interdependent elements,
each with an availability of 90 percent, will have an overall
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availability of 90 x 90 x 90 x 90 = 65 percent. No operator can
live with this percentage of machine availability.

A serious side effect of low availability is in the morale of the
workers. And how does one assess this? In 1966, a wheeled
version of the Vit feller buncher was produced by Sicard. Some
41 units were built, but few were sold, and this company has
withdrawn completely from the manufacture of tree-harvesting
equipment. Why did this concept and machine fail? Several
reasons are reported (Ross Silversides, Forest Management
Institute of Canada). The Bombardier chassis was too light and
mechanically unreliable, no machine had been developed to
process the trees once they were delivered, and the concept was
wrong. The machine had to approach each tree, grapple it, sever
it from its stump, and lay it down. The right concept has the
felling head at the end of a boom, which permits the harvesting
of several trees by a machine from one point. Beloit, an old and
respected corporation, got into a similar trap. A total of 40
tree-harvesting machines was produced by Beloit Corporation
before it decided to withdraw completely from the logging-
equipment manufacturing business, with losses estimated in the
tens of millions of dollars. A complete system was not carried
through.

This brings us to an example. The woods, as any other
business or industry, is production oriented. Production man-
agers are the key people in such an industry. With them, what
has been tried and proved and is working is of greater interest
and more worthy of support than what is new, untried, and
unprovedno matter how big the added production or cost
reduction promised. When new ideas are tested, the tendency is
to purchase or lease one machine of this type and one of that
type, and try them out as part of the existing production
operation. No matter how promising a machine type is, to put
one unit of this type into an operation that it is not designed
for, and have it perform successfully, is almost impossible. Two,
three, or more machines are necessary to reach specified
capabilities. Several units usually enable production men to
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keep their operation going in spite of breakdowns in excess of
those anticipated.

There is still hope. In 1961, three companies formed Logging
Research Associates in Quebec. The struggle for success was
tough. Ten years and many millions of dollars later, Logging
Research Associates have produced a machine that appears to
have both high productivity and good availability. This marked
a turning point in the history of logging and was noted
internationally. Since the formation of Logging Research
Associates, many major manufacturers have moved into the
field of logging equipment and are producing a variety of
machines and systems probably years before they would have
normally. Now, some outstanding successes have occurred with
logging equipment, and some outstanding failures as well,
namely tree harvesters. In the first instance, the machine was
evolutionary and readily accepted. In the latter instance, the
machines were revolutionary and were trying to do something
never done before. This was perhaps an instance of an industry
trying to apply new technology without having a solid basis on
which to develop.

In the Pacific Northwest, a pool of experience, if brought
together, could solve the needs of any one challenge. Is it time
now to unite and determine a proper course of action for
success?

A NEW LOOK FOR THE SEVENTIES

Perhaps by 1980, the whole tree can be utilized, and scraps
left on clearcuttings can be cleaned up and utilized. Industry is
looking at three forms of chips, and tests to date show that:
white wood chips are bark free and are preferred; brown chips
include bark and new products are needed; and green chips
include bark, leaves, and needles, but the yield is low.

Leaves, needles, and branches can be utilized as raw material
to produce carotene, chiorophyl, oils, vitamin meal, and plant
foods. When particle board and flakeboard products are
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considered, the economic possibilities are enormous, and the
environment is cleaned up in the process.

FORMATION OF A REGIONAL TASK FORCE

What justifies formation of a team now, when the industry
has come this far in the Pacific Northwest without one?

If a clear and urgent need exists to activate a regional
cooperative task force to mechanize the harvesting process and
develop new systems, what will be the role of each of the
cooperators?

How can we determine whether or not industry in the Pacific
Northwest is ready to unite and pool knowledge, determine
needs, and set priorities for development of new methods and
machines to operate better in mountainous terrain?

Need
Recent developments have moved our industry toward total

resource management. The need in the 70's will be to improve
our performance in the woods. Road construction and tree
harvesting are two programs that have visible impact upon the
terrain. They merit high priority.

Specific Needs
New silvicultural methods that lend themselves to a systems

approach are of vital concern today, and certainly will be
tomorrow.

New machinery designed to do a specific task or combination
of tasks with minimum disturbance to the soil, water, and
human resources will find a market through intensive manage-
ment programs both present and future.

Machinery that has a high availability rating and is not in
constant need of repair will have to prove its worth.

Systems that rely on machinery are needed now to replace
some of those that rely on labor where numerous unsafe acts
occur.
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Objective
The objective of a task force would be to improve the safety

and efficiency of the harvesting process and utilization of the
timber resource.

Cooperators
The cooperators would be private companies, logging equip-

ment manufacturers, and public agencies interested and con-
cerned with the harvesting of forest products from mountainous
terrain.

Representatives
For representatives on the task force, a mixture of talent

should be required. They would be administrators, logging
engineers, timberland managers, foresters, equipment specialists,
engineers, economists, business men, soil specialists, statistic-
ians, wildlife biologists, and watershed specialists.

Five-Year Goals
The 5-year goals should be to monitor regional developments

in mechanization, assist in design specifications for new
machines, develop guidelines for mechanized harvesting
systems, and evaluate systems economically and silviculturally.

Constraints
Practices developed must be economically sound, ecologically

safe, and esthetically acceptable.

Purpose
To develop machinery and systems for mechanization of the

harvesting process would be the purpose of the whole exercise.

CONCLUSION

We simply must find ways to increase production per
man-hour, increase production per machine hour, and reduce
cost per unit of production.
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RECOMMENDATION

After this symposium, return to your job and rededicate
yourself to continuing education and on-the-job training. You,
your employer and, in fact, the state and nation will benefit
from a better profession of forestry.
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QUESTIONS

Audience. What impact on the environment do you see from
commercial thinning practices?

Outslay. The impact is a favorable one. Thinnings properly
applied benefit forest resources. The keyword is "properly."
Logging damage to soil and timber resources can occur when
influences of weather and planning are ignored. An example of
what I mean is illustrated by the practice of trying to thin a
summer show in the winter when wet weather and steep terrain
create problems.

Audience. How will the paper and wood products industry
meet the challenge of the 70's?

Malmberg. The 70's will be one of the most exciting periods
ever experienced. Change will be accepted as an everyday fact.
Management must stay loose, be ready for change, and be ready
to live by new rules. Manufacturers must build trouble-free
products or be ready to fix them fast. Forest managers will be
asked to respond with new harvesting systems. Manufacturers
will be asked to respond with new equipment tailored to these
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systems. Systems must insure cost per unit below the selling
price of wood. The challenge will be met by innovation and
implementation of new harvesting systems from the stump to
the dump and new conversion systems from the log to the final
product.

Audience. What is necessary to gain acceptance of commer-
cial thinning as a broad-scale forestry practice?

Outslay. When the demand for wood in the marketplace
exceeds the supply, tree farmers will turn to intensive manage-
ment of their timber resources. Commercial thinning is one
operation of intensive management that improves utilization
and upgrades the value of the remaining trees for harvest in the
future. Today, the price-cost squeeze causes decisionmakers to
take a critical look at thinning, and it should. What is necessary
for commercial thinning to gain broad acceptance is a commit-
ment to graduate from the present state of the art. Present
methods are operational, but not economical in many areas.
Forests that are close to markets and are growing on gentle
terrain at rates of 200 cubic feet per acre or more each year are
prime targets for economic success.

Audience. How big is the paper industry, and how can we
achieve worthy goals in the least time at the lowest cost?

Malmberg. The paper industry, intensely competitive, con-
sists of 380 companies, which operate 842 mills perhaps in 750
locations. The time has come to graduate from the piecemeal
approach to the systems approach, which has been so successful
in some professions. In our business, harvesting systems need to
be evaluated negatively as well as positively. Planning systemati-
cally rather than haphazardly pays off on today's market. In the
woods industry, our goal is laborsaving and quality-improving
devices. One way out appears to be the pooling of knowledge
and ideas to reduce overhead and achieve worthy goals. This
strategy could work in the least time at the lowest cost. As to
the outlook in practical terms, I would estimate that within 5
years, new methods and machines will give us the possiblity to
utilize the small, troublesome, limber, slow-growing understory
trees. The slow-growing understory trees are suitable for chips



18 Managing Young Forests in the Douglas-Fir Region

and products other than pulp, but economical harvesting
systems are just beginning to gain the attention of the
decisionmakers. Thinning guidelines are expected to be upgrad-
ed as new opportunities arise from intensive management
practices now in development at home and abroad.

Audience. Many new types of equipment are needed. The
normal study, engineering, prototype building, testing, and
preproduction units may cover 5 years before one piece of
equipment is in production. Can the timber industry afford this
time lag? Can you suggest a shortening of this time lag?

Malmberg. Collectively, the industry concerned with timber
resources cannot afford this time lag. Because goals of individ-
ual companies are not the same, no pat answer exists realisti-
cally. Looking at the whole exercise of trying to stay in
business, new and better methods are mandatory. To shorten
this time lag, I see two needs. First, individual companies will
reduce the time lag on targets of interest to them specifically by
forming their own team to work with equipment people to
develop needed machinery. Second, activating a Regional
Cooperative Task Force to work on goals of first priority for
the common good will reduce the time lag and help gain
acceptance of new technology.

Audience. With respect to commercial thinning and future
young-growth reproduction cuttings, how would you assess the
need to change the attitude of the organized labor force toward
traditional concepts of crewing, job content, and differential
wage structure for future work activities, compared to the need
to develop new machines and mechanized systems?

Maimb erg. Your question is a powerful one and needs a
practical answer. I think the issue can be resolved. Reasonable
men can arrive at a fair and equitable solution. I would assess
the need to change the attitude of the organized labor force
toward mechanization through negotiation and bargaining as
top priority. Trust and mutual respect are two factors in a
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formula necessary to achieve this change in attitude you ask
about. Compromise that yields benefits for both sides, not just
one side, is necessary. In this sense then, we can approach
mechanization of the harvesting process as a viable course of
action and in the national interest as well.

Audience. Can commercial thinning be done economically
now with our present systems? If so, for how long?

Maimb erg. Yes, on highly productive sites close to markets.
Each year the task is more difficult, with the margin of profit
shrinking because of labor-intensive systems we now employ.
Markets are good now, and commercial thinning is economically
feasible. Operator skills with present equipment must be
excellent, or the operator has no profit margin in marginal
thinning shows because of small logs and long yarding distances.

Audience. Will commercial thinning pay on net realization
terms and from the standpoint of future value growth of the
residual stand, when we consider reallocated growth, damage,
kind removal of larger dominants?

Malmberg. If I understand your question, my answer is no.
Please let me explain. When fast-growing trees are cut at age 50
years or more and slow-growing understory trees are expected
to respond, catch up, and sustain equal volume growth per acre
as before, time is the limiting factor. A first thinning is
practical, but repeated cuts that remove only fast-growing
dominant trees will upset the growing capacity of the growing
stock in a negative way over the long pull. The impact of
logging damage has more to do with quality of logging. The
effect of scarring or breakage is negative and must be
minimized, or defect and downgrade result to the remaining
trees as time goes on toward rotation age.

Audience. Do you believe that recycling of used paper will
hold back demand for products and, thereby, the incentive to
develop new systems?

Malmberg. No, I do not agree with that idea. I do agree that
companies will expand their facilities to recycle used paper, and
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some impact will result in local areas. This will not hold back
the demand for developing new systems.

Audience. Are any representatives from logging-equipment
manufacturers present at this course?

Maimb erg. Yes, I see two men I know from Washington Iron
Works Division of Formac International, Seattle, Washington.
Others may be present.

Audience. Is line or strip harvesting on flat ground best when
laid out north, south, east, or west? Does harvesting direction
influence growth?

Malmberg. Your question has a fine point. I would say, Fit
your system to your land, and your whole wood-handling
process as well, to the direction of strong seasonal winds. On
flat ground, I would estimate little practical gain or loss in
growth because of harvesting direction in young stands.

Audience. Is any work pointed toward optimum volume per
log for handling economics and product recovery? Seems to me
that gross volume is not a good goal. Log size will determine
equipment, size of machines, and cost of the machine.

Malmberg. Yes, some work is going on to determine the
yield, grade, and recovery of products by log sizes. The
difference is large and explains the need to measure round wood
by the metric system. Cubic volume of small logs is a good unit
of measure. Converting cubic volume to Scribner-board-foot
volume results in a range of conversion factors. The optimum
volume per log in lumber formon small logs is vital information
and is worthy of continued study. I agree with you that
machinery must fit the size of the timber to be harvested.
Others do not agree, however. The idea remains controversial in
my opinion.

Audience. Won't the need and the economic and public
pressures cause equipment manufacturers to produce new
systems without the task-force approach? If there is money in
it, the new systems will be developed.



Thinning and Mechanization 21

Malmberg. Your point is good. I think the machines will be
developed out of need without pushing an organization. The
rate of change and acceptance of new technology, however, are
the pressure upon the industry. High-quality forest management
is another impact that is real, and this challenge is met today at
a higher cost. One option usually is a normal one, which is to do
nothing, wait, see what happens, and then decide. Time is lost,
however, and that penalty is more today than we can afford.

Audience. As I understand it, strip thinning benefits the
remaining stand by an edge effect. It seems that we should have
a large amount of edge effect then. This means that many
narrow strips might be better than fewer larger, but cheaper,
strips. What technique do you suggest to determine the
optimum spacing and width of strip?

Malmberg. I think that we can not afford the optimum on
mountainous terrain where variations are many. "Optimum," to
me, sounds like "orchard forestry." For example, apple and nut
growers operate mostly on uniform conditions. A forest
monoculture on flat ground would be a likely target where the
word "optimum" might fit in a real and practical sense.
Presently, we are charged with doing the best we can with what
we have and setting goals to improve our performance both in
quality and quantity. Now, as to narrow strips in abundance or
wide strips at less frequent intervals, I favor cutting strips 20
feet wide in western hemlock and Douglas-fir that grow on
steep ground. In forests under 100 feet tall, I would space these
strips according to the terrain and strive for an average distance
of 80 feet apart. This, I would call Phase I. Phase II could be
delayed a few years, and then the system applied again as
20-foot-wide strips are placed between the strips made during
Phase I. On such a plan, I would use the cable system, not
tractors. For tractor operations on gentle slopes, the corridor
system, with 15- to 20-foot-wide trails, is my choice. A rigid
spacing plan is hard to fit on variable terrain. A compromise is
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necessary to make things work successfully. Optimum spacing,
therefore, is not realistic, in my view, under northwest
conditions.

Audience. Industry gets rid of people to reduce costs. In
America, we have many people untrained, who possibly could
do useful and productive hand work in the woods. If we should
have a severe economic overturn as in the 30's, could the
industry once again adapt to hand labor in the woods, or are we
becoming so machine oriented we would not know what to do?

Malmberg. There is a new ball game now. Please remember,
work exists now that can be done without an economic
downturn. Precommercial thinning crews are emerging in
greater numbers, tree planting crews are increasing, and ecolo-
crews do exist to help clean up the scene in the forests, both
public and private. Yes, I think industry can help and will
continue to help and knows what to do, and for good reasons.
We must try to find sound programs where men can apply
whatever skills they have and help them upgrade their ability.

Audience. With regard to brown chips and green chips, how
do these tie in now with precommercial and commercial chips
from thinnings? Are green chips just from precommercial
thinnings? Are brown chips just from commercial thinnings?

Malmberg. No, green chips result when the total treebark,
limbs, needles, leaves, and trunkis processed in one action.
Brown chips result when the limbs and the top of the tree are
removed, and the tree trunk with the bark left on is processed
in one action. White wood chips, the normal, conventional chips
on today's market, result when logs are debarked and the clean
trunk, slabs, and chunks of trunk wood are processed into
chips.

Audience. If machines have proved unproductive to suit
companies, what have the major companies done or intend to
do to assist manufacturers rather than being fickle?

Malmberg. Your question touches a nerve of mine, and I am
sure, of the men here today from manufacturing companies. I
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think we have made mistakes and must look forward, not
backward. Lessons learned to date have been torn with
frustration and some hard feelings on both sides, the manu-
facturer and the machine operator. In my opinion, a marriage is
required between a group of companies that operate machines
and the manufacturer who is trying to produce the machines we
need. Therefore, my answer to your question is that we intend
to get timber companies together with equipment-development
people to hammer together a set of specifications that meet a
need and fill a demand. We will not accept the judgment that
timber companies are fickle. We are dedicated to a job well
done. We intend to succeed once in awhile and must take our
lumps when we are not successful. The men in manufacturing
stand ready to cooperate when timber companies make up their
collective mind what they want. Thank you for your question.

Vern Schmidt. What is the level of stems per acre you seek in
western hemlock ultimately on Sites I-IV by final harvest? What
are the rotation ages for these sites? What are haul road widths?

Outslay. The level of stems per acre that remain at final
harvest will depend on your organization's management goals.
One good guide for Sites I-IV would be 75, 100, 125, and 150
trees per acre. Acceptable rotation ages would be 50-60 years in
Sites I and II and 60-70 years in Sites III and IV. Harvest roads
must be kept as narrow as practical to capitalize on the area
available for growing trees. To construct short spur roads with a
35-foot-wide, felled right of way, 20-foot-wide subgrade, and
14-foot-wide, ballasted road is practical. Again, you must
recognize your management goals and develop your areas
accordingly.

Audience. Comment please on logging damage to residual
western hemlock. What is considered acceptable damage? What
losses result from infection?

Outslay. Any logging damage to residual western hemlock
must be considered unacceptable. When logging, one must not
set an acceptable damage level, but must continually upgrade
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logging methods and encourage development of equipment that
will avoid damage. Reports vary as to losses because of
infection. In general, when western hemlock 30-60 years old is
damaged, some degree of decay will occur. Little cubic-
foot-volume loss has been observed in these young timber
stands.

Audience. What parts are biological limitations (disease and
insect attacks) going to play in thinning young-growth conifer
stands in the northwest?

Outstay. Biological limitations will force forest land managers
to develop logging systems that avoid creating conditions
conducive to disease and insect attacks. This means they must
develop logging systems that avoid damaging the timber stands
and that utilize the wood fibers generated in the thinning
operations.

Vern Schmidt. Considering the loss in growing space because
of area occupied by haul roads and skyline roads in cable
thinning, what is the net gain to be expected, in general, in
growth and yield from a heavily thinned stand as compared to
the growth and yield on a totally undeveloped similar stand?

Outstay. Areas cable-thinned with skyline roads generally are
limited to stands 45 years old and older. In general, no net gain
will result in growth and yield. Generally speaking, the three
objectives that could be achieved from this cable thinning are:
to generate an early cash flow that enables other forest-
land-management activities to be achieved; to utilize road
systems more fully for logging where steep ground was passed
by and not logged; and to recover salvageable dead, down, and
dying timber.

Audience. What is the board-foot to cubic-foot ratio?
Outstay. Generally speaking, this ratio in old-growth trees

with little taper, for example, 1-inch taper in 20 feet, will be
190-200 cubic feet per 1 ,000-board-feet Scribner volume. When
handling small logs with 4-6 inches top diameters and tapers of
1 inch in 5 feet (generated in thinning), the ratio is different.
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Ratios of 300-450 cubic feet per 1,000-board-foot Scribner
volume are common.

Walt Mobley. What degree of release do you realize in strip
thinning, and what age stand do you generally operate in?

Outslay. The degree of release realized in cable strip
thinning has not been measured clearly in western hemlock. I
would estimate response in stands 30-50 years old to be 50-80
percent of conventional thinning methods. The age stands that
we operate in are controlled by log and tree size. Cable strip
thinning in stands under 45 years old is too expensive with
available logging equipment. We recently have been limiting our
operations to stands over 45 years old.

Audience. Can precommercial thinning be mechanized? Can
commercial stands be developed without precommercial thin-
ning?

Outslay. Precommercial thinning can be mechanized on many
acres only after new equipment has been developed. Com-
mercial stands can be developed without precommercial thin-
fling. The major factor restricting this is lack of a market for the
harvestable logs. With a market available for these logs,

commercial stands will become managed more intensively only
as new harvesting systems are developed.





WORLD-WIDE SCOPE AND TRENDS
IN FOREST FERTILIZATION
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This material summarizes a report published by the
National Environmental Research Center, Environmental Pro-
tection Agency (EPA) (1). The report outlines background data
on the scope and trends of forest fertilization throughout the
world, to determine the extent of actual and potential
detrimental effects on water quality, and to assess priority of
federal grants to agencies that perform research in this field.

The EPA has cooperated with the U.S. Forest Service and
forest industry in monitoring two fertilized watersheds, and
grant support for a study on the volatilization of urea by a
forest industry research organization is pending.

The EPA publication describes the development, current
status, and possible trends of forest fertilization in 15 countries
and the southern pine regions and the Pacific Northwest of the
United States. It also evaluates the effect of fertilizers on water
quality, based on information derived from lysimetry and
watershed studies. References from many courses throughout
the world are cited.

Because of the length and scope of the publication, I can
cover the material only briefly, but more detailed figures and
conclusions are in the publication.1

I believe you will notice some similarity between fertiliza-
tion and thinning, especially in the Pacific Northwest where
both practices are new and changing rapidly in concepts and
techniques.

When I refer to forest fertilization, I mean operational
forest fertilization, defined as "that carried out on commercial
forests as part of a management plan with profit motive" (2).
This excludes many other specific purposes and special product
1 Each participant m the short course interested in this subject received a
copy of this report.
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uses employed by foresters on forest land, such as seed
production areas, seed orchards, nurseries, Christmas tree
plantations, wildlife management, range management, control
of water yield, and spray irrigation.

Historically, the development of forest fertilization in
Europe may be separated into four periods. From about 1865
to 1900, recognition was given to forest-nutrient cycling and
tree-nutrient demands, but few experiments were conducted.
Investigations of a "trial-and-error" type, rarely based on
analytical thinking, occurred from 1900 to 1925. During the
next period, numerous forest nutritional experiments, based on
a firm scientific basis, were initiated, and the first practical
applications were attempted on a limited basis. Large-scale
operational forest fertilization began in some countries in 1960.
Since then, the use of fertilizers in silviculture has increased
dramatically.

In other areas of the world that now practice or consider
fertilization, a similar sequence of development generally has
occurred, although regional conditions have altered the dates,
intervals, and research emphasis.

Some reasons for the past neglect of interest in soil-
fertility improvement as a scientific method for increasing
wood-fiber production are: an adequate supply of accessible
wood products to meet demands; a lack of interest in the
management of forest lands for wood production; a lack of
interest in the physiology of forest and range plants, particular-
ly with respect to mineral nutrition, and the common belief
that all forest soils contained adequate amounts of essential
elements; a general opinion among forest biologists that the
natural state is in balance, and that any nutritional changes
imposed on it by man would upset this balance and be harmful
(even though differences in land productivity and plant com-
position were recognized, little research was initiated); the low
economic value of products from forest lands, commonly
expressed in the phrase that "it is not economical to put
fertilizers on these lands"; the restricted supply of fertilizers
available and the high cost of application; the general lack of
information on the soils of forest lands; the impression that
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added fertilizers would be leached rapidly and lost from the
site; the common concept that the crops in question are strictly
soil builders, and therefore production does not constitute a
drain on the soil; and finally, poor design and analysis of some
of the forest fertilizer work.

In the last quarter century, intensified basic and applied
research in forest soils and tree physiology has advanced
knowledge of forest-nutrient cycling. Three general, major
findings of forest-soils studies are that:

The historical concept that forest vegetation is
strictly soil conserving is placed in proper perspective.
Under intensive management and harvest, forest soils
can be drained of essential plant nutrients as easily as
soils under agricultural production. These losses may
be more critical than in agriculture because forest
soils frequently have a low nutrient status.

Studies of the total nutrient cycle have demon-
strated a conservation of applied elements.

Significant increases frequently occur in overall
wood production on forest soils when limiting nutri-
ents are applied. Concepts about what is productive
are changing, because trees on those sites designated
as high actually show more response to fertilizers
than trees on poorer sites.

Because this is a short course in young Douglas-fir and
western hemlock, I will review only the history and current
status of the practice in the Douglas-fir subregion. In addition
to Douglas-fir, the young redwood stands of northern California
and the western hemlock-Sitka spruce along the coasts of
Oregon, Washington, and southern Alaska must be considered as
potentially amenable to fertilization.

Symptoms of nutritional deficiencies were observed in
trees, and forest-nutrition research was initiated in the Douglas-
fir subregion in 1949. Laboratory studies indicated and field
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trials confirmed that nitrogen is the most common limiting
element that is essential to growth in this area.

Operational fertilization of forest stands was practiced first
in 1965 when 1,500 acres were fertilized by Crown Zellerbach
Corporation in western Oregon. Bulk urea (46 percent nitrogen)
was applied at a rate of 440 pounds per acre by fixed-wing
aircraft on an operational trial basis.

Acres fertilized or tons of fertilizer applied in the
subregion from 1966 through 1971, and especially for the years
1970 and 1971, are not known exactly. From a widely quoted
base figure of 200,000 acres fertilized through 1970, however,
the total fertilized acreage is probably between 300,000 and
350,000 acres, and probably closer to 350,000.

The original operational applications were performed by
fixed-wing aircraft. Helicopters were used first in 1967 to apply
fertilizer. Since that time, all forest-fertilization projects of
record in the Douglas-fir subregion have utilized this dissemina-
tion method. Mechanical ground equipment for applying
fertifizer has been tried, but rough terrain and logistics indicate
little practical value for this method, especially on larger
acreages.

Only a small number of the public and private organiza-
tions that could advantageously employ operational forest
fertilization on their lands have been engaged actively in the
practice since 1965. According to available data, two forest-
industry corporations and one state forestry agency accounted
for more than 99 percent of the total acreage fertilized in
Washington and Oregon so far.

Inasmuch as the soils of the Douglas-fir region are
commonly deficient in nitrogen, urea pellets have been used
almost exclusively. Application rates range from 150 to 200
pounds of nitrogen per acre.

Authorities anticipated annual fertilization of about
100,000 acres in the first 5 years of the 1970 decade, but this
figure already has been exceeded. Annual fertilization is
foreseen on 250,000 acres during the last half of the decade.

The Regional Forest Nutrition Research Project is the
coordinating organization for research in fertilization and
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dissemination of information. This project was initiated in 1969
under the direction of the Institute of Forest Products of the
University of Washington, and is concerned with Douglas-fir,
western hemlock, and Sitka spruce in Oregon and Washington.

The interaction of thinning and fertilization and the
effects of forest fertilization on various components of the
ecosystem also are studied.

Because of preliminary findings, general statements that
are apparently applicable to growth response through fertiliza-
tion in the Douglas-fir subregion are:

From all indications, nitrogen is the most
effective element for stimulating growth of Douglas-
fir and western hemlock. Other elements, alone and
in combination with nitrogen or other elements, have
not been tested adequately to evaluate their potential
importance. Other elements are likely to become
growth-limiting when inadequate natural supplies of
nitrogen have been corrected by fertilizer application.

Western redcedar and Sitka spruce also have
shown response to fertilization.

Responses in cubic volume by Douglas-fir to
nitrogen range from 0 to more than 100 percent over
the pretreatment growth rate, and probably average
about 30 percent during a 5- to 7-year period.

Although growth response was observed in
Douglas-fir stands up to 300 years old, most opera-
tional fertilization took place on younger stands with
closed crowns. The Regional Forest Nutrition Re-
search Project is concentrating its efforts on field trial
plots in stands from 15 to 60 years old.

Response to nitrogen fertilization was noted
over a wide range of stocking densities and site
qualities.

This concludes the brief general description of operational
forest fertilization in the Pacific Northwest and introduces
influences and possible trends.
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An assessment by a forest-fertilization expert of the
"prospects and challenges ahead" for forest fertilization in the
South are also applicable in some degree to all fertilization
programs worldwide (2). His conclusions are that:

"... Beyond the year 2000, it is difficult to
conceive of what our forests will be like, what types
of land they will occupy, how extensive they will be,
and what the demand price situation for forest
products will be. Nevertheless, there is good reason to
believe that if we continue to upgrade the stocking
and quality of our existing forest, to employ, where
appropriate, land management techniques which com-
plement fertilization . . . ., and press ahead with the
selection and propagation of tree genotypes having
high fertilizer response potential, we eventually will
see fertilizer being used profitably on virtually every
acre of commercial forest land (in the South). The
achievement of the effective coordination of tree
improvement, stand regeneration, site amelioration,
and forest protection required to attain these goals is
the challenging task for silviculturists in the years
immediately ahead. It certainly ranks in importance
with the research activities of the specialists in these
areas, because the greatest increases in forest pro-
duction will come, in most cases, not from any one of
these silvicultural but from their multiplying effects
one upon the other."

Various countries have problems of overpopulation or
climatic factors, or both, that have led to such pressures on
good land that little or nothing can be set aside for the
production of wood. To speak of a major use of fertilizers in
countries where the population suffers from hunger or malnutri-
tion would hardly be opportune. Therefore, we may reasonably
assume that forest fertilization, in the foreseeable future, will be
confined to developed nations with a past history of substantial
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wood-fiber production that are currently practicing or consider-
ing intensive management practices.

Pressures of expanding population in the developed coun-
tries that now produce wood fiber likely will force further
withdrawal of some of the higher site forest lands for
population expansion, recreation, and other values. This will
shift some operations of forest land management to previously
neglected lands of poorer quality. We face this situation in
optimum management of young-growth Douglas-fir.

Economic factors hinge on the basic principle of produc-
tion of a greater volume of wood fiber from a treated stand
than would be realized over the same time and on the same area
of unfertilized land. The added increment produced through
fertilization would justify the treatment investment, if the value
of the additional increment were equal to or exceeded the
fertilizer investment compounded annually at an acceptable rate
of return.

Perhaps a more realistic way to consider the economics of
fertilization caused by a shrinking land base is through a
shortening of the rotation period. This example of resource
substitution would produce the same volume on the same area,
but in less time, which is equivalent to growing the same volume
on less land. This principle eliminates the acquisition of
additional land and eliminates the purchase price and fixed
costs, both of which have been rising, although the expense of
fertilization has remained stable within the past several years.

Another option to be considered is the stimulation of
growth in immature stands on better sites close to established

mills, which decreases transportation costs and, in some
instances, increases wood quality.

Other benefits correct imbalanced age-class distributions,
have synergistic effects with other silvicultural practices, and
accentuate expression of crown-class dominance in dense,
young, precommercial stands.

Technology probably will improve dissemination methods
and fertilizer formulations, but no substantial reduction in
expenses can be anticipated.
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Concern has been expressed over possible detrimental
effects to the environment caused by inorganic fertilizers on
forest lands. No deleterious consequences have been discovered
yet, but interested organizations, especially in the United
States, are accelerating water-quality research efforts to under-
stand the effects of forest fertilization on the ecosystem, to
dispel incorrect assumptions with concrete information, to
recognize and correct harmful aspects before they become
irreversible and, ultimately, to insure that forest fertilization
will not be placed under restrictions that will diminish its value
in silviculture.

I will not go into detail on the few studies of forest
fertilization on water quality conducted to date, but indications
are that toxic levels are not approached in natural water
supplies and that the total loss of applied nutrients is
inconsequential. Numerous studies in progress or contemplated
will provide more conclusive information on the real or
potential hazards, if any, of forest fertilization on water quality.

The greatest loss and the most immediate concern for
correction is through direct application to open water surfaces
and adjacent riparian zones. Increasing use of forest fertilization
in certain areas, reapplication to previously fertilized forest
lands, changes in application rates and fertilizer formulations,
and new application methods conceivably could cause toxic or
eutrophic consequences if predictive results and corrective
procedures are not available.

This presentation has been a cursory examination of the
broad field of forest fertilization. The EPA publication is more
detailed, and will provide the information necessary to under-
stand the advantages and drawbacks of the practice.
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Oregon State University

I had opportunities to visit several foreign skyline logging
shows in the last few years, and I have seen only one that
impressed me as having sufficient potential to help us on the
West Coast with our cable-thinning problem. It is known as the
"Vinje" system and was built, developed, and modified in
Norway over the last 7 years by Ivar Samset, chief of the Forest
Engineering Research Station in Vollebekk, and Ragwold
Nestestog of Telemark, Norway. Mr. Nestestog manufactures
the system in his shop at Telemark (1,2).

This system is unique because it was developed as an entire
system, not for yarding only. The purpose was to develop the
most economical system, which includes engineering, forestry,
felling, bucking, limbing, yarding, and stacking. Extensive use is
made of radio controls and teamwork. A few of the unique
features are: the complete system costs $15,120 in Telemark,
Norway; two men can operate the entire operation, although a
third man is used sometimes when skylines are changed; the
yarder consists of a single drum mounted on the rear of a
90-horsepower farm tractor or truck (this drum can run in
either direction); the skyline is tight, runs through intermediate
supports, if necessary, and can go out a distance of 3,000 feet;
the drumset operates hydraulically off a pump, mounted on the
front end of the tractor; an endless line is used instead of a
mainline and haulback, and operates off the single drum; logs
are yarded with one end supported, not free carried (Figure 1);
the system is capable of yarding downhill, uphill, or sidehill on
any slope; and the system can thin, selectively cut, or clearcut.

The main components of the system are the tractor- or
truck-mounted winch, carriage, two stop devices, endless line,
hoist line, skyline, and radio controls. The operating principal is
shown in Figures 2, 3, 4, 5.

The endless line runs from the drum on the winch, up
through a block on the head spar tree, out and around a
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Figure 1. Yarding a tree-length turn downhill.

grooved drum in the carriage, continues to a tail block on the
tail spar, through a corner block, then returns to the main
winch drum. The winch drum is capable of running in either
direction, one direction to pull the empty carriage out and the
reverse to yard the carriage and load back to the landing.

When the carriage is free of either stop device, a locking
device (Figure 6) holds the grooved drum. If the endless line is
pulled from either direction, the carriage will move along the
skyline in the direction of the pull. Upon making connection
with either stop device, the locking device is disengaged, and the
grooved drum is free to rotate. This movement, which can be in
either direction, drives a chain to propel the hoist drum that
spools out or reels in the hoist line.

The movement of the endless line is controlled by either of
the two men by radio. The choker setter usually controls the
operation when the carriage is in the vicinity of the stop device
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Figure 2. Method of operation for the system.

of the tail tree, and the chaser usually controls the carriage
when it is in the vicinity of the landing.

The skyline is tight, runs through tree shoes at the head
and tail trees, and is anchored to stumps or trees at both ends.
An auxiliary drum on the yarder tightens the skyline.

Because storing line on the drums of the main winch is
impossible, a second unit is used for this purpose and is called
the "cable trailer" (Figure 3). The skyline, endless line, and
strawline are stored on separate drums on this trailer, and they
are powered individually by a short endless line operated off the
tractor winch. A yarding engineer is not needed because the
radio system completely controls the movement of the drums,
brakes, and clutch at all times.

The crew consists of two men. One does the felling,
topping, partial limbing, and choker setting. The other, located
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Figure 3. Tractor with rear-mounted cable winch (left) and
cable trailer (right).

at the landing, unhooks chokers, finishes the limbing, and
manually stacks the tree-length logs. Both men are free to carry
on with their assigned tasks as the loaded carnage moves down
the skyline and returns empty (Figure 3).

When the carriage reaches the backstop device (Figure 7),
it will stop automatically and feed slack to the choker setter. He
will pull the rigging to the side, a distance up to 200 feet, hook
on the preset chokers, and begin yarding by radio signals to the
winch. The turn is subyarded up to the carnage, then on down
the skyline to the landing. As the turn reaches the landing stop
device, it is locked automatically and is lowered to the ground.
The chaser unhooks the turn, and by means of radio, sends the
empty carriage on its next trip.
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Figure 4. Truck with rear-mounted cable winch (left) and
rubber-tired skidder.

In setting up the skyline, the skyline, waistline, and
haulback roads are selected on a topographic map and aerial
photographs, marked in the field, and cut out by the fallers.
The strips run from 9 to 15 feet wide, and they must be
straight. A worker rolls out the construction line around the
strips from a roll, which is carried on a pack board on his back
(Figure 8). This is coupled to the strawline, then to the endless
line, and finally the skyline is taken to the back end of the
skyline road and anchored. The carriage and two stop devices
are placed on the skyline, the skyline is tightened by the winch
drum, and the system is ready to operate (Figure 7).

The Norwegian forest engineers have a unique and simple
way of testing the skyline tension. A worker hits the skyline a
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Figure 5. Cable winch showing grooves and endless
line.
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STOP DEVICE - -- -- STOP DEVICE

Figure 6. Carriage and stop devices.

few feet from its anchor with a bar or stick and measures the
time the wave takes to travel up to the first support and return.
The skyline is sufficiently tight when this time in seconds equals
the span length in hundreds of meters. For example, a span of
1,640 feet, or 500 meters, will require 5 seconds for the wave to
make the round trip. Naturally, the clearance under the skyline
is critical, but deflection in percentage, as we know it, is not
critical, because it has been taken into consideration. If the
clearance is insufficient, another intermediate support is in-
stalled.

Norwegian costs are calculated with the following assump-
tions (Table 1): purchase price of the complete skycrane, which
includes the tractor, is $15,120 (tractor is reconditioned, not
new); depreciation period is 5 years; interest rate is 6 percent;
labor costs, which include all social costs, are $22.50 per man
per day; skycrane is operated two hundred 8-hour shifts per
year; and fuel, lubrication, maintenance, and repair costs are
assumed to be 120 percent of the depreciation.
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Figure 7. Top end of a clearcut setting, which
shows top stop.
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Figure 8. Fifteen-hundred-foot roll of construction
line on the back of a forest worker.
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To recognize the disadvantages of this system as well as the
advantages is important. The "Vinje" is a foreign system, and
problems develop when the logger in the United States tries to
interpret the instructions, which are usually written in Nor-
wegian. Compared to the average American yarding system, the
"Vinje" is slow, and low daily production is common (Table 2).
The system usually has intermediate supports. All lines are small
compared with ours and would have to be enlarged to cope with
bigger timber (Table 3). Also, line changes possibly may alter
the smooth operation of the carriage and winch drum. Line
changing and splicing is a major time-consuming element in the
total time cycle (Table 4). Table 5 presents, for comparison,
equivalent Norwegian and American units.

I do not want to give the impression that I think this
system is a cure-all for our thinning problems. I do believe,
however, that we might borrow parts of this system when we
finally put together an engineered system. I was particularly
impressed with: the overall concept of "least cost for the entire
system"; the use of the endless line as the mainline, haulback,
and skyline rigging-up line; the simplicity of the hydraulic
One-drum winch; and the ease with which the radio operates,
and the tremendous amount of work that can be realized with
its use.

Table 1. Norwegian Costs in 1972 in Dollars per Thousand
Board Feet of Felling, Bucking, Limbing, and Yarding in
Clearcutting.

Length of
skyline road

Men in
crew Labor

Cost
Machine Total

Feet

1,640 2 11.41 9.29 20.70
1,640 3 12.84 7.04 19.88
3,280 2 13.66 11.27 24.93
3,280 3 14.62 8.20 22.81
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Table 2. Daily Production in Thousands of Board Feet in Clear-
cutting That Includes Felling, Bucking, Limbing and Yarding,

and Setting Up, Taking Down, and Moviig a Skyline (1).

Length of
skyline road

Men in
crew

Output per
man day

Output per
crew day

Feet

1,640 2 2.0 4.0
1,640 3 1.8 5.4
3,280 2 1.7 3.4
3,280 3 1.6 4.8

Table 3. Cable Specifications for a 1,000-Meter Skyline.

Line
type Length Diameter

Breaking
strength Weight

Feet Inches Lb Lb

Skyline 3,280 0.65 (11/16) 38,140 2,359
Endless line 8,200 .33 (5/16) 8,598 1,433
Hoisting line 246 .40 (7/16) 12,346 66
Construction line 8,200 .08 (1/16) 661 93
Strawline 8,200 .13 (1/8) 1,984 209

Table 4. Number of Days for a Three-Man Crew to Set Up
and Take Down a Skyline.

Length of skyline road
1,640 feet 3,280 feet

Easy Difficult Easy Difficult
Operation conditions conditions conditions conditions

Settingup 1 2 2 3
Taking down 0.5 1 0.5 1

Total 1.5 3 2.5 4
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Table 5. Equivalent Norwegian and American Units.

1 KR(Kronor)a $ 0.1512
1 M3 (cubic meter) 220.0 fbmb
1 M thm (thousand board feet) 4.52 M3
Avg treec 65-80 thm

ajufle 15, 1972.
b Scribner Decimal C log rule.

Tree-length logging.
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QUESTIONS

Bill Zach. How far can this system yard to each side of the
skyline?

O'Leary. About 125 feet to each side.
Bill Zach. What is the size of the average turn in cubic

feet?
O'Leary. About 17 cubic feet.
A u dience. What is the name and address of the

manufacturer?
o'Leary. Mr. Ragnvald Nestestog, Ytre Vinje, Telemark,

Norway.
Audience. What is the maximum pull of the hoist drum?
O'Leary. The maximum pull is 5,513 pounds.



SOIL COMPACTION:
IMPLICATION FOR YOUNG-GROWTH MANAGEMENT

Henry A. Froehlich
Associate Professor of Forest Engineering

School of Forestry
Oregon State University

Man's activities in the development and extraction of
natural resources almost always are accompanied by a variety of
impacts that influence the long-term success of that develop-
ment. Short-term goals often must be modified to assure the
continued yield of a renewable resource. In forestry, the form
or method of harvesting the old-growth forest, as well as the
methods for thinning and final harvest of young-growth stands,
can influence the future productivity of a forest site. One of the
impacts produced by harvesting and thinning that deserves our
attention is that of physical changes in the soil that supports the
whole forest-management system.

Although some soil-plant relations are still not well
understood, a complex relation between two interacting sys-
tems is readily apparent. A soil is made up of both inorganic
and organic materials with a host of micro- and macroorganisms
plus a tree root system that attempts to extract moisture and
nutrients. In developing young-growth-management concepts,
we have tended to give far more attention to the aboveground
portions of the young forest than we have to the root-soil
system. The potential problem has been minimized both by the
great adaptability of the root system of most conifers and by
the tendency of soils to recover through biological and physical
processes unaided by man. The adaptation of tree roots to a
seriously modified soil condition, however, is likely to be at a
cost in production of wood fiber or desirable tree charac-
teristics, and the natural recovery of a damaged soil layer may
be unacceptably slow to an agency or industry interested in
fully utilizing the potential of a given site.

49
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THE PROBLEM

The problem of seriously modifying the surface soil layers
while tilling and harvesting a crop is an old one for agriculture.
The problem was intensified by the advent of heavy-wheeled
machinery designed to make the whole process more efficient.
The same may be said of forestry, although the effects on the
soils generally have not been as well recognized. In logging on
moderate to steep slopes, the problem also includes the effect
of soil disturbance from excavating and sidecasting material and
exposure of generally poorer subsoils on skid trails. This review
will be concerned primarily with soil compaction.

DESIRABLE SOIL CONDITIONS

Although to quantify the ideal soil system for each
commercial forest species may not be possible, statements can
be made that generally identify the highest producing forest
sites. Lutz (13) states that the critical apparent density varies
with texture, and "optimum compactness is that apparent
density at which the particular soil has the pore-size distribution
that will give the water and air capacity and movement best
suited for plant growth." Lutz' concept of an optimum
compactness is supported by Steinbrenner's (25) findings on the
relation of macroscopic pore space in the B horizon to site
index of Douglas-fir in western Washington. He found from a
lower reading of 7 percent that site increases with an increase in
macroporosity up to 14 percent, followed by a decrease in site
with an increase in porespace beyond this. Carmean's (2)
extensive examination of 155 even-aged young-growth stands in
Southwest Washington shows that site quality decreases with
increase in elevation and with increase in gravel content and
compaction of the soil layers above the substratum.

The natural density of high-site forest soils is generally low
and normally increases with depth. Expressed as bulk density,
the surface layers of many productive soils are reported to have
densities that range from 0.5 gram per cubic centimeter (g
cm-3) to 0.9 g cm-3. Schlots and others (22) give detailed
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descriptions of 14 Douglas-fir soils in western Washington. The
highest site-index values are on those soils with a porosity that
permits free permeability of air and moisture throughout the
profile. Soils that are naturally this porous are also those that
will show the greatest change when subjected to pressure and
vibration from equipment. This is not to say that even the
poorer sites may not be affected significantly by equipment,
but only to note that the greatest potential for change in the
physical condition of the soils occurs on the higher quality sites.

THE COMPACTION PROCESS

The loose, friable nature of the most productive forest
soils has been developed because of chemical and physical
weathering and biological activity. Freezing and thawing, root
growth and decay, and soil micro- and macroorganisms have all
played a part in forming the surface layer of soil into aggregates
of finer material to provide a medium in which soil-water
solutions may move freely, and adequate aeration may occur.
Mechanical impedance of the coarse lateral and fine feeder roojs
under natural conditions is at a minimum.

Both vertical pressure and vibration play roles in changing
the physical condition of the soil. Any pressure on the soil
surface greater than the natural internal friction will cause the
aggregates to shift relative to each other and initially reduce the
macroscopic pore space while basically retaining the aggregate
units. With further pressure, plastic deformation will occur at
contact points between the aggregates. Repeated trips over a
soil surface also produce a kneading action that alternates the
direction of pressure in a soil unit, which compacts the soil to
some upper limit. Continued action and vibration in the
presence of sufficient moisture to lubricate shear planes will
lead to puddled soils, which is a severe breakdown of soil
structure.

The standard Proctor test to determine the optimum
moisture content for soil compaction illustrates this principle.
In this test, soils confined in a cylinder are subjected to a
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known compactive effort. Increments of soil moisture are added
to find the moisture content at which maximum density can be
achieved. Below this optimum moisture content, a greater
compactive effort is needed to achieve the maximum com-
paction. At soil moisture levels above the optimum moisture
content, the excess pore water effectively limits the density that
can be attained. At some point above the optimum moisture for
compaction, the soils will become plastic enough to flow away
from the compactive force with a rapid loss in soil structure.

A soil with a wide range of particle sizes may be
compacted to a greater density than more uniform soils and will
compact at a lower moisture content. Sandy clays, for example,
may be compacted to 1.7-2.1 g cm3 at only from 8- to
15-percent moisture, although the maximum densities of clays
are in the range of 1 .5-1.7 g cm3 achieved at from 20- to
30-percent soil moisture. Maximum densities, however, often
are not achieved even under construction practices. Stein-
brenner's (24) work illustrates that, on wet soils, the largest
increase in density is achieved with one or two tractor trips, but
on dry soils four or more are needed to have a comparable
impact. Weaver and Jamison (31) also reported that the first
four passes of a tractor produced the greatest increase in
density.

CONIFER ROOT SYSTEMS

The natural root distribution of the young stand is of great
importance in understanding the potential for damage from
compaction. A fairly common comment among foresters
discussing this problem has been that, with the spacing of stems
greater than the width of tractor trails, no serious effect should
result. Smith (23), however, reports that ratios of root spread to
crown width averaged 1.1 for open and 0.9 for forest-grown
Douglas-fir in their British Columbia study areas. McMinn (14)
found that the root systems of dominants in young Douglas-fir
stands exceeded that of intermediate and suppressed trees of
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similar age. His data for dominant Douglas-fir show that
Douglas-fir roots may penetrate to depths of several feet or
more when conditions are suitable. Krygier (11) found that
roots of young stands on Site Class II were distributed over
several feet in depth, with about 40 percent of the root system
in the 0- to 15-inch soil layer. Strand (28, 29) reported that 38
percent of the roots of a Douglas-fir stand were found from 0-
to 9-inch depth, with 71 percent of the roots within 16 inches
of the surface.

Curtis (5) described root characteristics of a 60-year-old
ponderosa pine and found that the horizontal area was 5.4
times larger than the projection of green crown. Most lateral
roots were located within 18 inches of the ground surface,
many within an inch or two of the mineral soil surface. More
than 73 percent of primary and secondary laterals were located
between 6- and 24-inch depths. He concluded that many main
laterals are close to the surface and can be injured, even severed,
by surface fires and logging activity.

Costin and others (4) observed that, although conifer
stands in the Australian Alps had roots penetrating to at least 8
feet, 70-90 percent of the roots are concentrated within the
top 2 feet, mostly near the surface. Moir and Bachelard (1 7)
found that fine roots perfuse the 0- to 6-inch soil depth in all
stands (Pinus radiata) and are significantly less abundant at
6-12 inches.

Bishop (1) found that 90-year-old lodgepole pine in the
Blue Mountains of Oregon developed two distinct systems
(vertical and lateral), but that a high proportion of roots was
found in the first foot of depth, probably because of perme-
ability and moisture availability in that soil layer. Under even
more unfavorable conditions, Olson (19) observed that most of
the strong laterals of western white pine were located about 4
inches under the surface. Coil (3) traced the distribution of
35-year-old loblolly pine roots in North Carolina piedmont soils
(slaty loam) and found a preponderance of roots less than 0.1
inch in diameter near the surface. A marked decrease in
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frequency of roots of all sizes was found below 5 inches.
Fifty-year-old shortleaf pine showed a similar drop below 7.5
inches.

Although considerable variation in rooting characteristics
is found both between and within species, and with specific soil
conditions, the greatest proportion of the water and
nutrient-absorbing surfaces are located at a depth easily subject
to changes produced by traffic of humans, animals, and
equipment.

CHANGES PRODUCED BY HARVESTING AND THINNING

What are some of the physical changes in soils produced by
harvesting and managing forest stands? The direct effect on soils
is generally a reduction of macroscopic pore space from
compression and vibration. A minor portion of disturbed areas
may be puddled, which not only has a marked reduction in pore
space, but has suffered severe aggregate dispersal and soil-
structure breakdown. The areal extent of the impact on the
surface soils varies by slope, volume of material moved at
harvest, season of logging, and operator interest.

As early as 1947, Munns (18) raised the question of
possible damage to soils when he observed that tractor trails and
roads covered from 25 to 40 percent of a logged area in the pine
region of California. Steinbrenner (24) reported that 26 percent
of a tractor-logged area was occupied by tractor skidroads and
included deep displacement of soil, surface compaction, and
puddling of saturated soils. Dyrness (6) also found that,
although up to two-thirds of a tractor-logged area may be
disturbed during logging, about 26 percent is compacted. His
report shows that highlead cable logging (clearcutting) com-
pacted about 9 percent of the surface soil. Wooldridge (32)
compared the soil disturbance produced by partial cutting with
tractor logging and skyline-crane methods. He reports deep soil
disturbance on about 16 percent of the tractor logging and 3.2
percent under the skyline-crane method. Haupt (9) observed
that partial cutting on gentle slopes in old-growth ponderosa
pine disturbed from 3 to 18 percent of the soil, which varied



Soil Compaction: Implication for Young-Growth Management 55

with initial stand volume, volume removed, and size of
equipment.

On some local thinning in 50- to 90-year-old Douglas-fir,
40-60 percent of the sites were estimated to be disturbed, with
20-30 percent heavily disturbed and compacted.

Steinbrenner and Gessel (26) found that tractor-yarded
cutover land had a 2.4-percent increase in bulk density, a
35-percent loss in permeability, and a 10-percent decrease in
macroscopic pore space. Skid trails in the same area showed a
53-percent loss in macroscopic pore space and a 93-percent loss
in permeability. These authors also show that winter logging
had a much greater impact than summer logging in reducing
macropdrosity. Dyrness (6) noted that undisturbed forest soils
in his study had about 77-percent pore space, but compacted
soils averaged about 63 percent. The reduction in macroscopic
pore space directly affects permeability and infiltration. Stein-
brenner's data show that a small change in density and porosity
greatly affects infiltration.

Munns (18) found that infiltration was reduced by 75
percent, and Hulisashvili (10) found that compacted areas had
about 50 percent less noncapillary porosity, which gave rise to a
3.5-fold decrease in infiltration. Some observations by students
using simple infiltration tubes on undisturbed and heavily
disturbed soils in thinned young growth show that from 5- to
10-fold decreases in initial rate of infiltration may be expected.

The depth to which the compaction is found is variable. It
penetrates deeper under wet soil conditions than under dry
conditions, and the more porous the soils initially, the greater
the compaction depth. Munns (18) found that compaction
under tractor logging with light equipment in the pine region of
California penetrated to at least 10 inches in depth. Lull (12)
reviewed studies that show compaction depths from 6 to 24
inches. He concludes that the depth to which compaction
occurs generally does not extend below 12 inches deep in the
bearing surface, and that the effect is limited laterally to 12-18
inches from the tire or tread. The compaction measured after
logging is produced by a combination of tire or tread pressure,
kneading action, vibration, and pressure and scarification from
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the turn of logs. In tractor-logged areas, a surface layer of 1 or 2
inches of loosened soil above a densely compacted layer is not
uncommon.

EFFECT ON SEEDLING GROWTh

The effect of this change in the physical properties of the
soil may be readily measured in seedling growth. Hatchell and
others (8) state, "Root weight was negatively correlated with
bulk density over a range in density from 0.8 to 1 .4 g cm-3.
Shoot-root ratio was positively correlated with non-capillary
porosity and oxygen diffusion rate, and dry-root weight and
shoot-root ratio were significantly correlated with oxygen
diffusion rate per unit bulk density." This was shown nu-
merically by the fact that in one test area on slightly disturbed
soils, the height of 1-year-old seedlings was 5.5 inches, although
adjacent undisturbed sites had seedlings with heights of 6.3
inches. This small difference was not statistically significant. On
a primary skid trail, however, the first-year height was 2.9
inches, although seedlings on adjacent undisturbed soils were
5.1 inches high. Similar values were found on a second test area.
An unpublished paper (Bureau of Land Managment District
Office, Eugene, Oregon) shows that 1 year's leader growth was
reduced from about 27 inches at bulk densities at 0.85 g cm3
to about 17 inches at 1.25 g cm-3. These values compare with
Steinbrenner and Gessel's (27) observations that seedlings
grown on skidroads were of poor quality and showed less
growth the first 2 years. Minore and others (15) note that
several northwestern tree species can grow in dense soils, but at
a cost in vigor. They report a 58-percent loss in shoot weight
and a 42-percent loss in root weight of Douglas-fir seedlings as
bulk density increased from 1.32 to 1.59 g cm-3.

Youngberg's study (34) shows a 22-percent reduction in
leader growth of seedlings that grow on a skid road berm with a
density of 1 .0 g cm3 and a 43-percent reduction in leader
growth of Douglas-fir seedlings that grow in a heavily com-
pacted tractor trail with a density of 1 .6 g cm-3. Foils and
Ralston (7) observed a negative linear relation between root
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weight and densities that range from 0.8 to 1.4 g cm-3. Their
project mvolving loblolly pine also showed that even small
changes in simulated compactive effort produced differences in
seedling size and weight. They concluded that reduced soil
aeration and increased mechanical impedance reduced root
growth to unfavorable levels. Pearse (20), working with
Douglas-fir and western hemlock grown in sandy loam com-
pacted to densities of 0.59, 0.84 and 1.02 g cm-3, found that
total root length after 8 weeks was least in the most compact
soil.

THE EFFECT ON RESIDUAL TREES

Only a few studies have been undertaken to observe the
effect of compaction on residual trees in a thinned stand. Olson
(19) described a "logging shock," which causes considerable loss
of trees and arrested growth in residual stands of western white
pine. This is partially attributed to direct root damage. Perry
(21) measured 26-year-old loblolly pine trees planted on
compacted sites to find a 55-percent reduction in growth as
compared to trees that grow in adjacent sites. Moehring and
Rawls (16) measured the loss in increment by various degrees of
compaction in 40-year-old loblolly pine. Their observations
were on a series of trees compacted on 1-4 sides by a small
tractor that pulled three 10-foot logs. Growth in 5 years after
compaction was found to be affected only slightly when
compaction was limited to one side of a tree. Compaction on
two, three, and four sides of a tree produced 13.7-, 36.3-, and
43.4-percent losses in growth.

IMPLICATIONS FOR MANAGEMENT

Perhaps the most important question about soil com-
paction is: What is the actual net effect on productivity over the
length of a rotation? Unfortunately, no research project has
answered this question as conclusively as we might wish. We can
say today that the evidence indicates that, under conventional
tractor or skidder-harvesting operations, potential productivity
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is reduced on from one-fourth to one-third or more of a
harvested area. The potential for compaction is greater when
operating on wet soils than on dry soils, and it varies with soil
type. Thomas, Pomerning, and Simonson (30) provide a
compaction hazard rating for a large number of soils common
to western Oregon. For example, the soil series Apt, Astoria,
Honegrave, and Peavine, generally Site Class II soils, are all
listed as having high compaction hazard. On the other hand,
Hembre and Horeb soils, also generally Site Class II, are rated as
having low or low-to-medium compaction hazard. This same
publication also gives an estimate of the moisture content for
optimum compaction.

The first implication for management of young-growth
stands is to assess, on a site-by-site basis, the potential for a
serious problem. Eventually, a breakeven calculation needs to
be made to determine whether or not the value of expected loss
in wood fiber exceeds any additional cost to manage the stand
in a manner designed to reduce the impact. Also, we might look
at any additional cost of harvesting as an investment to secure
an anticipated greater yield. Perhaps, before we reach that stage,
we should examine current practices to see whether or not we
are doing anything that would lead unnecessarily to a soil
problem.

The most obvious thing might be the choice of harvesting
or thinning methods. For example, at the final harvest stage,
clearcutting by a cable system may be as economical as by
tractor or skidder. If only a ground-based machine is possible,
then selection of the machine with the best floatation and least
vibration of those available is in order. Of course, the timing of
logging on problem soils to avoid the most favorable conditions
for compaction also will affect the degree of soil disturbance,
regardless of the machine used. Setting design and yarding
pattern will affect the proportion of the area affected. I know
of no study that shows a significant difference between
equipment operators in the extent and degree of soil dis-
turbance, but general observations convince me that it exists.
Training equipment operators to be sensitive to the problem
and instructing them on effective machine and log handling
could reduce the problem to some degree.
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The last implication I would like to discuss lies in the
planned thinning regime itself. Under conventional methods,
each entry into a stand will recompact or further compact some
area, and probably some additional surface area will be affected
each time a portion of a stand is removed. We should be certain
that each new entry is absolutely required. Frequent light
thinnings probably will give rise to the greatest proportion of
the soil affected over a rotation period.
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QUESTIONS

Many of the questions asked were concerned with the
recovery of compacted soils either by natural means or by some
mechanical or chemical treatment. Perhaps we can summarize
the answer to some of the questions.

The natural forces that created the porous, permeable,
natural condition will begin to work on the compacted soils
almost immediately. The degree of compactness and the type of
soil greatly influence the rate of recovery. Coarse-textured soils
will recover faster than clayey soils. A study in Minnesota found
that sandy soils recover markedly after one or two winters
where the sandy soils were frozen to several inches. In clayey
soils, even with heavy freezing, the response is much slower,
perhaps a few decades. Perry's (21) work indicates that the
effect on growth of loblolly pine was evident after 26 years.
Simple infiltrometer tests on clay-loam soils showed little
change in infiltration in 8 years.

Scarification appears to offer the most help, if done under
dry conditions. Possibly, the soil may be further compacted,
however, if scarified when soil moisture is too high. Stein-
brenner mentions scarifying skid trails. Although the effect of
the scarification on improving seedling growth has not been
studied, at least it should aid the natural forces in soil recovery.
Because many grass species, alder, and Ceanothus have roots
capable of penetrating compacted soils, revegetating the com-
pacted trails also would seem to hasten the loosening process.
The actual length of time required for any given soil, under a
given set of conditions, still is not known.

Audience. How would you compare the effects of
compaction of crawler-tractor yarding with rubber-tired
skidders?

Froehlich. I do not know of any studies that compare the
compaction produced by crawler tractors with rubber-tired
machines, but the ground pressure of a normally loaded skidder
is likely to be between 20-28 pounds per square inch, and that

of a small crawler is probably between 6-10 pounds per square
inch.
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Audience. What would a comparison of survival rate of
seedlings on skid trails with those on undisturbed areas show?

Froehlich. Seedlings, once established, appear to have as
high a survival rate on compacted areas as on undisturbed areas,
but with markedly reduced growth.

Audience. Is burning better than scarification for site
preparation (considering compaction effects)?

Froehlich. To give a clearcut answer is impossible. Scarifi-
cation conducted while soil moisture is low appears to have
little adverse effect on soil conditions, but similar treatment
near optimum moisture content for compaction would have an
extreme effect. Some studies indicate that normal burning may
produce a slight increase in surface soil density, presumably
because of loss of organic matter, but the effect usually is
limited. The probability of a serious impact on the soils would
appear to be less with controlled burning than with mechanical
scarification.
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The small streams in forested watersheds of western
Oregon are some of the region's most valuable resources. These
streams, with their high-quality water, provide much of the
habitat for the spawning and rearing of salmon and steelhead at
the fishery. Many streams also support resident trout popula-
tions and contribute to the sea-run cutthroat fishery. Many
Oregon communities obtain their water from forested water-
sheds. Throughout the Coast Range, as in other forested regions
of the state, groups of families or individual ranches use small
streams as their sole source of water supply. Most of this
high-quality water requires little treatment before it is used.

Public concern about the relation between logging and
environment stems largely from these two issues: the impact of
logging on water supply arid the impact of logging on water
quality. The purpose of this paper is to explore the effect of
logging on water supply and water quality as we move into a
young-growth management system.

Little direct evidence can be found on the impact of
young-growth management on forest streams. Most of the
information available in the literature describes the relation
between some form of clearcutting and water yield or quality.
Also, the term "young-growth management" is not a precise
definition of a given treatment. The frequency of visitation to a
given stand, the degree of stand removal at each visit, and the
type of equipment used to remove the trees are all important
variables in determining the impact on streams. I will limit my
discussion to consideration of a young-growth management
system that consists of frequent, light thinnings, an intensive
road network, and the use of tractors or skidders for tree
removal.

65
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WATER YIELD

Studies in western Oregon show that annual increases in
water yield after complete clearcutting ranged from about 22
percent in the Coast Range (unpublished data, U.S. Geological
Survey, Portland, Oregon) to about 35 percent in the Cascade
Mountains (12).

In both studies, partial removal of forest cover by patch
cutting in nearby watersheds did not increase water yield
appreciably. In the Coast Range, about 25 percent of a
watershed was clearcut in three small patches. Water yields
remained within the range of variation observed during the
prelogging period (unpublished data, U.S. Geological Survey,
Portland, Oregon). Rothacher (12) noted that the same type of
treatment in the Cascade Mountains, but with 30 percent of the
area clearcut, showed only 10-percent increase in water yield.

Systems of young-growth management that seek to attain
continuous, full occupancy of the site could be expected to
produce even less increase in water yield. Rothacher (13)
suggested that, where 20 percent or less of the forest is removed
by thinning, prompt extension of the canopy and root system
would preclude any water-yield increase.

An intensive road network developed to service an
extensive forest area may influence peak flow (or flood flow) in
nearby forest streams. Roads often interdict subsurface flow
and route this water and road-drainage water quickly into
surface channels. One group of studies (8, 9) noted that, where
12 percent of a small watershed was in roads, peak flows were
increased significantly, especially during fall storms. The evi-
dence, however, is far from conclusive about the impact of
roads on peak flow during large storms in winter.

Surface runoff from the managed young-growth forest is
not likely to occur unless severe compaction is created by
tractor or skidder traffic within the stand, or unless skid trails
are not maintained, but are allowed to erode. Barring these
conditions, the compaction created by one tractor trip is not
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likely to reduce infiltration rates below the precipitation rate on
most forest soils.

WATER QUALITY

Much of the controversy regarding the environmental
impact of logging focuses on water-quality changes that result
from operations in the woods. I will discuss the impact of
young-growth management on several water-quality character-
istics, which include sediment, temperature, logging-debris
accumulation in streams, nutrient release to the stream, and
chemical residues from pesticides or fertilizers.

Sediment
Sediment may enter forest streams in managed watersheds

from three sources. The most important source in western
Oregon is the road system that serves the logging units. A
second source is the soil surface in general, and the third is the
stream banks and bed. Let us examine each of these sources.

Roads. Several studies show that roads are the greatest
single source of sediment in our forest watersheds. Fredriksen
(6) found that landslides from midslope roads constructed
across a patch-cut watershed produced concentrations of
sediment 34 times greater than expected from observations
during the preconstruction period. Mean annual yield of
sediment from this same watershed was 8,000 tons per square
mile per year in a 9-year period, 109 times the loss from an
undisturbed control watershed.

A similar effect was noted by Brown and Krygier (4)
during a study in Oregon's Coast Range. A ridgeline road system
was used for access to three small clearcuttings. One slide
occurred that contributed 349 tons of material, or 40 percent
of the annual yield, to the stream during the first year after
construction. Sediment yields returned to near preconstruction
levels the next year, but slides have continued to occur from
this road system 6 years after construction.



68 Managing Young Forests in the Douglas-Fir Region

Roads in the Idaho batholith area, a region of highly
erosive soils, produced sediment yields as high as 12,400 tons
per square mile in one season. Neighboring watersheds with no
roads produced no sediment (5). These roads were constructed
for jammer logging, a system that has a reach from 400 to 500
feet.

A great deal of controversy has centered about the best
logging system for thinning. Thinning young growth, however,
whether by a small cable system or a tractor, probably will
require roads at about 500-foot intervals. The standard for these
roads probably will remain about as it is today. Further, roads
will require continued maintenance and consequent distur-
bance. These roads can not be put "to bed," because frequent
visitation to the same stand is anticipated. In these circum-
stances, roads will cause even greater sediment problems than
they do today.

Soil surface. Great care must be exercised in location and
drainage of the skid roads. An intensive network of skid roads
that are poorly designed or maintained can produce much
erosion and sedimentation to streams, even in the less steeply
sloping terrain where tractors are able to operate.

Cable systems seem to hold great promise for thinning in
areas where soil compaction or surface erosion are probable.
The environmental impact of cable systems is so slight that
heavier thinnings could be tolerated without site damage. Much
of the terrain now producing young forests is too steep for
tractors, anyway. Development of a cable system for managing
young forests seems a necessity for both managerial and
environmental considerations. Cable systems capable of reach-
ing from 1 ,500 to 2,000 feet also would contribute significantly
to reduction of sediment problems associated with roads.

Surface erosion also may result from severe disturbance by
fire (4, 6) or techniques for site preparation, such as scarifica-
tion. Usually, neither fire nor scarification will be part of
young-growth management. Thus, this source of erosion will be
reduced significantly in the young-growth forest.

Stream banks. Degradation of stream banks can be a
significant source of erosion and sedimentation to streams.
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Eroded materials are available immediately for transport by the
stream. Yarding logs through or across streams can damage both
channel banks and the stream bed. In a young-growth forest,
where trees are smaller and are selected individually for harvest
and where yarding distances are short, the probability of direct
damage to streams should be much less. Felling of smaller trees
may be controlled better. The remaining trees may prevent
downslope movement of the felled tree. The accumulation of
logs and logging debris in the stream channel that accompanies
clearcutting, therefore, should not be so severe in a young
stand. Stream damage, as a result, would be reduced for it is the
removal of this material by equipment or by high-flow
conditions that causes most of the stream bank erosion.

Temperature
Studies in the Pacific Northwest show that clearcutting

along small streams can increase significantly water temperature
(3, 10). The reason for this increase in temperature is direct
exposure of the stream to sunlight (1). The solution to these
temperature problems in small streams is to maintain shade by
leaving streamside vegetation or a buffer strip.

Buffer strips should be easier to manage in the young-
growth forest. One of the greatest hinderances to management
of buffer strips in the old-growth forest is the problem posed by
salvage or tree removal after the initial clearcutting. Relogging a
buffer strip area is often expensive. The operation also may
damage the stream, other trees in the strip, or the reproduction
in the clearcutting. These problems should be eliminated in the
young-growth forest. Frequent visitation, partial removal of the
canopy, and provision for a continuous canopy in both space
and time should make management of the streamside zone both
possible and effective for temperature control.

Logging Debris
Accumulation of logging debris in stream channels poses

several threats to water quality. Large debris may scour the
banks and bed of the stream, which causes erosion problems.
Small material, such as needles, leaves, branches, or bark, mity
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reduce the concentration of oxygen dissolved in stream water.
The green materials contain large amounts of simple sugars, the
product of photosynthesis. The sugars, in turn, are utilized by
microorganisms as a source of energy. Oxygen is removed from
the water as the sugars are biochemically oxidized.

The solution to these problems is simply to keep logging
debris out of stream channels. This should be less difficult in a
young-growth forest than in old growth. Better opportunities
for management of the streamside zone mentioned earlier and
less defective material in the forest should all contribute to
fewer water-quality problems from logging debris.

Nutrient Release
Nutrient release after clearcutting forests and slash burning

in watersheds of the Pacific Northwest has been shown to
increase from three to four times that observed under fully
forested conditions (2, 7). This increase, however, represents a
small part of the nutrient capital on most West Coast forests
and lasts only from 3 to 4 years, depending on the rate of
revegetation in the clearcutting.

Nutrient losses in the young-growth forest should not be
significant. Where only a portion of the stand is removed by
logging, nutrients normally cycled through the harvested trees
simply will be taken up by the remaining stand.

Slash burning is not likely to be a part of the plan of
young-growth management. Nutrients released by fire or those
that reach streams as part of the sediment load after fire now
will remain as part of the forest soil-plant system.

Chemicals
Application of chemicals to young forests will continue to

be a part of young-growth management. These chemicals
include both pesticides and fertilizers. Likely, chemical applica-
tions will increase in both extent and amount applied.

Chemical applications should pose no threat to water
quality if operations are controlled closely and direct applica-
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tion to water surfaces is avoided (11). The fact that more
chemicals are likely to be used and more area treated suggests
that the probability for accidents and stream contamination will
increase. Realization of this fact should lead to tighter control
and more rigid inspection of application operations. If guide-
lines recommended for application can be followed during
extensive operation, contamination of water supplies should be
kept within acceptable limits.

SUMMARY

In most instances, young-growth management systems
should produce less change in water yield or water quality than
clearcutting. The one important exception is sedimentation
caused by an extensive and intensive road system, which is
necessary to harvest smaller material over a greater area. Skid
trails that are poorly constructed or maintained, particularly in
steep terrain, add to the sedimentation. Problems associated
with water temperature, debris accumulation, and nutrient
release should be reduced in a young-growth forest. Problems
associated with chemical application depend upon the degree of
control that can be attained during widespread operations.
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QUESTIONS

Audience. How can we translate changes in water quality
into damage estimates for fish and then to some sort of rational
water-quality standard?

Brown. Only with difficulty can we interpret the full
impact of a change in water quality to aquatic ecosystems.
These systems are highly variable, which, in most instances,
leads to difficulty in separating the changes observed after
logging from the natural variations. This means only the most
drastic changes in water quality and fish numbers can be related
easily. Estimating the impact of sublethal changes is currently
beyond our capability for most field studies of migratory fish.
Water-quality standards usually are set with laboratory data,
which often poorly represent either the conditions encountered
in the field or the response of the aquatic system. These data
are often the only data available, which makes setting standards
a difficult task. It also means that standards require constant
scrutiny and revision.

Audience. If the final harvest in young-growth manage-
ment is a clearcutting, will its effect be as severe as a
clearcutting without earlier thinning? Would not clearcutting a
whole watershed quickly be preferable to partial cutting over a
long period?

Brown. The effect of a final clearcutting after earlier
thinning may not be as severe as one without thinning. First,
opportunity is better for streamside management with a
thinning type of management. Second, fire is less necessary,
particularly if a young stand is established under the thinned
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canopy. The impact from roads, however, is unlikely to be any
less, If road spacing is reduced because of the thinning
operation, the long-term impact will be more severe.

The long-term impact of completely clearcutting a water-
shed, and not returning for 60 years, compared to continual
partial cutting in the same watershed, is difficult to determine.
Many "ifs" are involved. If the same amount of planning for
road location and construction, harvest method, stream protec-
tion, and regeneration is given to both, the answer is probably
that the effect on most water-quality characteristics would not
be different. And that is a big "if." For example, putting the
roads to bed rather than continually maintaining and disturbing
them may be advantageous. On the other hand, if less attention
is given to road location and construction because they are not
going to be used long, then the impact of completely
clearcutting a watershed in a short time could be severe.

Audience. What rationale do policymakers have to decide
how wide buffer strips should be?

Brown. Buffer strips provide a variety of protection to
streams. They may shade the stream and control its tempera-
ture, protect stream banks, and act as trash racks for logging
slash. Each of these benefits must be considered separately.
Temperature control can be achieved by simply shading the
stream. Those plants (trees or brush) that provide this shade can
be identified readily and are the only ones that need be left.
Whether a buffer strip is required for stream bank protection or
slash control depends on the topography and the logging
method. In short, standardizing the width of buffer strips as a
matter of "policy" is probably the wrong way to go about it.

Loren Gee. At what point in the stream is the sediment
load measured?

Brown. Anyplace.
Loren Gee. How far downstream is the effect noted?
Brown. It varies.
Loren Gee. At what level of sediment load is fish life

endangered?
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Brown. LethaJ level is about 20,000 parts per million, but
by far the most common and important effects are those that
affect habitat and not the fish directly. We can't specify any
level yet.
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Our population is increasing, the demand for wood is
rising, and the area available for the production of wood is
shrinking. The implications are obvious. Foresters will have
to grow more wood on less land than they ever have before.
This means that they will have to increase the quantity and
quality of wood produced on a given area of forest land.
Intensified silvicultural practices, including site amelioration,
selection and breeding of trees for high yield, and other
desired characteristics are means toward achievement of this
goal. Foresters should realize, however, that rate and extent
of progress with silvicultural and genetic techniques ultimate-
ly are controlled by the degree of our knowledge of the vital
life processes of trees. Unfortunately, our understanding of
the physiology of trees, especially at ages beyond the seedling
stage, is incomplete. The purpose of this paper is to outline
briefly what we know or, perhaps more correctly, what we
do not know about some important physiological processes
in pole- and tree-size Douglas-fir and western hemlock, and
their relation to management procedures.

PHOTOSYNTHESIS AND RESPIRATION

To gain an understanding of photosynthetic behavior of
trees in stands is a difficult undertaking, because the
environmental factors that govern photosynthesis are modi-
fied continuously throughout the stand because of its
variation in structure.

77
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For instance, light conditions change, depending on size
and shape of crowns and the degree of mutual shading of
trees. In effect, every needle experiences different conditions
of light for photosynthesis. The situation is complicated
further by differences in photosynthetic capacity with age
and developmental stage of needles. Photosynthetic activity
is low in new needles and may even lead to a negative
photosynthetic balance because of their high respiration.
Neuwirth (42) demonstrated for Douglas-fir that photo-
synthesis of older needles on twigs is insufficient to provide
enough photosynthate for growth during bud burst, so
mobilization of food reserves from the stem becomes
necessary. Productivity of needles of Douglas-fir decreases
each year because needles not on'y assimilate less, but also
respire more with age (46). Poister's (45) investigations
indicated also that photosynthetic capacity of foliage of
Douglas-fir seems to reach a peak when the tree is 40-60
years old, which substantiated Burger's (8) findings that
Douglas-fir needs between 900 and 1 ,500 kilograms of
foliage, depending on age and site, to produce I cubic meter
of stem wood.

Moisture supply of the tree plays an important role in
photosynthesis, although small amounts of water are needed
for the actual process of photosynthesis. Increasing moisture
stress leads to stomatal closure and thus reduced assimilation.
Reed's (47) work with Douglas-firs from 10 to 50 years old
in the eastern Siskiyou Mountains of southern Oregon
showed a pattern that is probably typical for many sites in
the Douglas-fir region. Moisture stress of Douglas-fir increas-
ed progressively throughout the growing season, as did
duration of stomatal closure. The minimum, or predawn,
stress in the xylem sap gradually increased from +3 to +5
atmospheres in spring to +12 to +28 atmospheres in
September. We have no data to demonstrate the photo-
synthetic response of Douglas-fir to such moisture stresses
except in 2-year-old seedlings. They showed an almost linear
decline from maximum net photosynthetic rate at moisture
stress of 8 atmospheres to 20-percent net photosynthetic rate
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at moisture stress of 23 atmospheres (10). Undoubtedly,
similar trends may be expected in older Douglas-fir. How
soon moisture stress will become critical, and with it a
decrease in photosynthesis, probably will depend in part on
the efficiency of root systems in utilizing available soil
moisture.

Mineral nutrition has a definite effect on photosynthetic
efficiency through stimulation of chlorophyll synthesis and
increase of the assimilatory surface, namely increased leaf
area. Low levels of nitrogen apparently are more limiting to
CO2 assimilation than to low levels of other nutrients (38).
In general, causal relation between mineral nutrition and
photosynthesis are not well understood yet. Scientists co-
operating in multidisciplinary teams under the Western
Coniferous Forest Biome of the International Biological
Program (IBP), however, have a series of investigations that
should extend greatly our knowledge of how factors of the
environment, such as the availability of mineral nutrients,
affect the rate of photosynthesis in both young and mature
Douglas-fir stands.

Of the factors influencing photosynthesis, light is
undoubtedly the most decisive and the one that can be
controlled most easily, namely by thinning operations.
Research carried on within the framework of the IBP should
help us to determine the types of crowns most effective from
the standpoint of favorable ratios of photosynthesis and
respiration and thus provide the practical forester with
guidelines for selection of the best producers in the stand.
Work also is planned under the IBP to follow the suggestion
of Assmann (1) to measure CO2 exchange in different parts
of forest canopies. These measurements should be combined
with studies of volume increment of individual trees and the
annual increment of entire stands. This combination of
photosynthetic and increment measurements in yield studies
may provide clarification of basic questions of forest produc-
tion, such as physiological basis for "shock" after thinning
and distribution on the bole of the additional increment
stimulated by thinning, fertilization, or irrigation.
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In addition, we have to consider the amount of
photosynthate lost by respiration. Unfortunately, analysis of
respiratory losses is still fraught with errors because of the
procedural difficulties of determining these losses, especially
from branches, stems, and roots.

Foresters mainly are interested in the "net utilization
rate," that is, the amount of produced matter that actually
becomes available for harvest. Construction of balance sheets
that outlined what happened to total production of organic
matter was attempted for central European (38) and eastern
Asian forests (31). They show that, on the average, 50
percent of the production is lost by stand respiration, 20
percent goes into foliage, branches, bark, and seeds, and only
30 percent into harvestable wood.

Research to determine amount and nature of respiratory
losses in our forests is needed urgently. The value of this
research is demonstrated by the studies of Japanese workers
in subtropical ram forests (31). They reported that average
respiration per unit amount of tree biomass decreases
progressively towards larger diameter at breast height (dbh).
Therefore, a forest stand composed of many small trees
consumes a greater amount of organic matter by respiration
than another stand of the same species composed of a smaller
number of bigger stems, even if the biomass is the same in
both stands. The usefulness of such information for design of
stand treatments should be obvious.

MIIERAL NUTRiTION

Interest in addition of mineral salts to improve forest
land productivity appeared first in northern Europe about a
century ago. Here, a combination of generally ample mois-
ture and slow decomposition of nutrient-rich, but acid,
coniferous litter produced forest stands whose growth was
limited strongly by the low levels of available nutrient
elements. In the Douglas-fir region, however, much of the
early research in forest productivity indicated that, because
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of the frequent, prolonged, summer droughts obtaining in much
of the Douglas-fir region, the moisture-holding capacity of the
soil was correlated more closely with site productivity than
were readily available supplies of the major nutrient elements
(9, 25, 30, 39). Tarrant (56, p. 719) noted:

No statistically significant relation was found be-
tween site class and values obtained from laboratory
determinations of soil reaction, silt plus clay content,
total nitrogen, available phosphorus and potash, base
exchange capacity, replaceable calcium and magnes-
ium, and organic matter. In general, the nutrient
content of forest soils of the Douglas-fir region
appears to be too high to constitute a limiting factor
in tree growth.

Tarrant qualified these conclusions by noting that the lack
of correlation between soil mineral content and tree growth
may have been because of failure of the methodology employed
to reflect the ability of trees to extract nutrient salts. Little
consideration was given, however, to the potential value of
nutrient amendments for Douglas-fir stands in Oregon until
recently, except for research plots installed in the Molalla area
by Dr. R. Strand of Crown Zellerbach Corporation and other
rare trials, such as the plots established in the Tillamook Burn
by the Oregon State Board of Forestry, or those of the Timber
Services Company in the South Santiam River drainage.

In contrast, a series of studies at the University of
Washington reported by Gessel, Stoate and Turnbull (22, 23)
yielded substantial data, which indicate that the growth of
Douglas-fir stands on soils derived from glaciated materials in
western Washington is significantly increased by additions of
nitrogenous fertilizer. Similarly, Crossin, Marlow, and Ains-
cough (12), and Lee (37) in British Columbia, Heilman (28) in
southwest Washington, Strand and Miller (55), and Steinbrenner
(52) in the entire Pacific Northwest, and Krohn, Rydelius, and
Little (35) in California have reported data demonstrating that
application of nitrogenous fertilizers will stimulate volume



82 Managing Young Forests in the Douglas-Fir Region

growth of Douglas-fir stands on a wide variety of soils. Both
Steinbrenner (52) and Heilman (28) note that the highest net
increments occurred in areas of high productivity. Lack of a
consistent, predictable response for a given soil or region in the
Pacific Northwest, however, has stimulated a region-wide,
cooperative study of tree nutrition designed to establish the
range of growth response of both thinned and unthinned
young-growth Douglas-fir and western hemlock that may be
expected from the application of nitrogen to major soils of each
of six provinces for Douglas-fir and three provinces for western
hemlock in Washington and Oregon (58, 59).

This research has yielded data to demonstrate that
substantial growth response may result from fertilization only if
nitrogenous salts are present in the material applied. No
evidence shows that the increment of young-growth Douglas-fir
stands may be increased by application of other major nutrient
elements, such as phosphorus, potassium, calcium, magnesium,
or sulphur, or of any of the minor nutrients. These studies,
however, leave unanswered questions that concern the uptake
and utilization of nitrogen by Douglas-fir and, therefore, make
impossible the accurate prediction of growth increments that
may result from fertilizer applications to any given site. Current
knowledge shows the effects of increasing the available nitrogen
upon the growth physiology of Douglas-fir.

Some evidence shows that the magnitude of the growth
response to be expected is affected by the productivity of the
site treated. Dr. Richard Miller, Forestry Sciences Laboratory,
U.S. Forest Service, Olympia, Washington (personal communi-
cation) suggests that by a rough rule of thumb, the percentage
of additional increment that results from nitrogen fertilization
is equivalent to the site class times 5. That is, the percentage of
increment expected to result from the application of 200
pounds of elemental nitrogen to a Site III would be 1 5 percent
greater than the annual increment of the control. This research,
however, has produced conflicting testimony. Steinbrenner (52)
notes that the greatest relative and actual response to fertilizer
on Weyerhaeuser Company lands has occurred on the higher
sites. In contrast, trials by both the University of Washington
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(22) and Crown Zellerbach Corporation (28) yielded evidence
that the greatest response occurred on low sites. Heilman (28)
reports that, although response to fertilizer on high sites may,
indeed, be substantially greater than that achieved on low sites,
this response is much less consistent than that reported for low
sites. Because available nitrogen and moisture were identified as
the principal factors that limit tree growth in the Pacific
Northwest, one is tempted to hypothesize that the strongest
growth response to nitrogen additions will occur on those sites
high in available moisture and low in available nitrogen. Current
experimental data, however, do not substantiate this specula-
tion.

Gessel (21, p. 223) noted that "In order to really
understand tree nutrition and make full use of forest fertiliza-
tion we must have more complete knowledge of what part of
the producing system we are affecting." Certainly, several
studies (6, 12, 33, and Lavender, Unpublished) presented data
to demonstrate that nitrogen fertilization strongly increases leaf
size. The question, however, of whether nitrogen fertilization
increases the net photosynthesis per gram of needles, such as
needle efficiency, apparently is still open to question. Brix and
Ebell (6) note no increase in photosynthetic efficiency because
of mineral amendments. Brix (5) describes much more elaborate
trials, however, and demonstrates substantial increase in photo-
synthesis per unit of foliage. Helms (29) found that fertilization
increased needle weight, but not photosynthetic efficiency. And
Gessel, Stoate, and Turnbull (22) noted that fertilization
increased the ratio of stem to foliage weight, an indication,
perhaps, that fertilization increased foliar efficiency.

Some evidence shows that application of nitrogenous salts
to young-growth Douglas-fir stands increases the relative foliage
production of dominant trees to a greater extent than it does
for those in subordinate crown classes. The net result is increase
of the growth rate of primarily the dominant trees to hasten
natural thinning (21). Some foresters, then, have considered
that fertilization might substitute for other precommercial
thinning treatments. Gessel, Stoate, and Turnbull (23) note,
however, that the relation between increased mortality and
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nitrogen additions is no more than a general trend; and Heilman
(28) observes:

Hope for an alternative to pre-commercial thinning in
dense stands of small timber rose after observation of
increased mortality of trees in nitrogen-treated
stands. This finding was enthusiastically received by
many foresters who would like to substitute nitrogen
fertilization for pre-commercial thinning. However,
experimental data discourage this hope. The increased
mortality is relatively insignificant compared to the
number of trees removed in pre-commercial thinning.

Whether or not an increased supply of nitrogen will result
in increased mortality of the subordinate crown classes is
undoubtedly a function of the area fertilized. No question
seems to arise that, where available nitrogen strongly limits
growth, fertilization definitely increases the relative ability of
dominant trees to compete for light, moisture, and other
nutrients.

This increased competition will result in an increased
mortality rate for understory trees within a few years after
treatment only in stands where the understory has marginal
vigor when fertilizer is applied. Similarly, the conflicting data in
the literature (28), with reference to the effects of both
thinning and fertilizer upon the growth response of young-
growth Douglas-fir stands, is undoubtedly a reflection of
differing levels of competition within the stands at the time of
treatment. Obviously, thinning an open stand when the ferti-
lizer is applied will result in a reduced response to nitrogen
simply because the residual growing stock does not have the
capacity to compensate for the growth potential removed. At
the other extreme, however, individual trees in a stand with
high density, even if they are dominants, obviously do not have
the growing space required to develop the increased crowns
necessary to demonstrate maximum response to additions of
nitrogen.
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It is in the vast majority of young-growth stands, which are
neither extremely dense nor open, that the forester's skill in
evaluating factors that limit growth on a given site will
determine the degree of thinning required to achieve the
maximum growth response to additions of nitrogen. We can
hope that further research designed to determine how trees
utilize available light, moisture, and nutrient elements and how
increased levels of any one of these affects utilization of the
remainder will facilitate such judgments.

The reports cited are generally in agreement that the form
of nitrogen and the season of the year of application (provided
the fertilizer is spread during the cool, moist months) do not
affect the growth response differently. Further, although
growth responses were recorded for application rates of
between 50 and 1,000 pounds per acre, with 300 to 400 pounds
of nitrogen per acre possibly the optimum treatment (21),
research to date has been unable to develop an accurate scheme
for predicting growth response for any given stand. Interpreta-
tion of soils tests, developed primarily for agricultural soils and
crops, is limited by the extent to which artificial extraction of
nutrient salts from soils corresponds to the ability of the
root-mycorrhizae complex to remove these same ions. Little is
known of the mechanism of ion uptake by roots even under the
simple systems devised for laboratory experimentation. Until
we understand the factors that govern the uptake of mineral
salts by the much more complex fungus-root system from soils,
which are, both chemically and physically, in much of the
Douglas-fir region, laboratory analyses of soils offer no more
than the most general guide to potential growth response.

Unfortunately, interpretation of foliar analyses can pro-
vide little or no better estimate of potential growth response
than the results of soils analyses. Current foliage analyses are
designed to eliminate variation from sample to sample and, in
accord with the practice established in horticulture, to measure
nutrient levels in the part of the plant where they are most
affected by changes in external nutrient supplies (36). Unfor-
tunately, although the current schemes for sampling and
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analysis may provide consistent data, there is little evidence that
the results truly reflect stresses in growth physiology occasioned
by possible nutrient deficiencies.

Current research is investigating the value, for predictive
purposes, of the following: modifying sampling techniques or
incorporating other tree parameters, such as weight of indivi-
dual needle or of foliage produced on given shoot tips, with
percentage of nutrient content of foliage; amino acid content
(Debell, D., personal communication); and the concept advanc-
ed by Waring and Youngberg (60) that the sampling of tree
foliage should be keyed to the phenology of plants sampled.
This last plan would relate potential response to the level of
nitrogen in tree foliage when the demand for nitrogenous
compounds necessary for active growth is greatest, rather than
when the tree is dormant. One obvious difficulty with this
procedure is that the timing of sample collections must be much
more precise, if reproducible results are to be obtained, than
that required for dormant-season samples.

In the long run, however, foliar samples probably will not
yield data to permit accurate estimation of potential growth
response until we understand much more of the physiological
requirements for tree growth. Currently, for example, we know
that nitrogen is an essential component of the great majority of
plant compounds except those that are obviously structural,
such as cellulose, or are energy substrates, such as sucrose. But
we know little about the various changes in metabolism in trees
affected by nitrogen or how small changes in nitrogen content
of any tree component may affect the ability of the plant to fix
and assimilate carbon and ultimately produce wood fiber.

Similarly, although Erickson and Lambert (17) demon-
strate little difference in the wood produced by trees after
fertilization or thinning from that of the same trees before
treatment, we know little of how changes in tree physiology,
engendered by fertilization, affect those processes that control
the development and growth of wood elements.

Two recent papers (32, 51) discuss the effects of stimula-
ting increased wood production by the addition of nutrient salts
to forest stands. In an excellent review of papers that describe
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effects of fertilizer on wood production, largely in pine and
spruce stands, KIem (32, p. 102A) notes that fertilization
generally decreases specific gravity of wood formed after
treatment, but that ". . . of perhaps greater importance than the
reduction in specific gravity and strength properties are the
problems encountered in connection with the great jumps in
ring width, which occur when fertilization is started or is not
carried out at proper intervals. The influence of such varying
ring widths on the properties of the wood has not been
investigated, but theoretical considerations indicate the neces-
sity for a close study of this problem." and, "Comparison
between the effects on the wood properties of fertilization
together with thinning, and of thinning alone, do not indicate
any specific effect of fertilization independent of the effect of
thinning, provided the two treatments result in the same growth
rates. The few studies published on this subject do not report
any changes of practical significance in wood properties caused
by fertilization, apart from those which can be directly related
to increased growth." and, "There is less tree-to-tree variation in
wood formed after fertilization."

Finally. Siddiqui, Gladstone, and Marton (51) report on
the analyses of wood produced before and after fertilization of
a Douglas-fir stand, which resulted in a 74-percent increase of
wood volume and a 10-percent decrease in wood specific
gravity. They conclude that one major effect of the fertilizer is
to reduce the differences normally found between springwood
and summerwood tracheids. The result is to produce increase in
the uniformity of fibers, a favorable effect for papermaking,
and to increase the yield of pulp per unit weight of wood.

Our discussion has been concerned with possible modif-
ications, by additions of mineral salts, of those growth processes
that control the volume of wood produced by a Douglas-fir
tree. Also, one other growth response, production of cones and
seeds, is subject, apparently, to modification by the addition of
fertilizers. The evidence to date, although no more definitive of
a possible causal relation between fertilization and increased
seed production than that for wood production, does indicate
that nitrate salts applied when the vegetative buds first flush in



88 Managing Young Forests in the Douglas-Fir Region

the spring will increase the next year's cone crop on treated
trees if at least some cones are produced by control trees. It will
not, however, stimulate the production of cones during those
years when no cones are borne on untreated trees. Evidence
reported by Ebell (14) indicates that the effect of the nitrate
fertilization is to reduce the abortion of the initials of
reproductive buds that will develop the next year. Griffith (26,
p. 46) notes, "Nitrogen fertilizer increased the number of trees
producing flowers by about 10 percent but had little effect on
increasing the number of trees producing cones," and Ebell and
McMullan (15, p. 2176) state, "Effective use of nitrogenous
fertilizers to control cone production requires more knowledge
of how the fertilizers affect nitrogen metabolism and how
nitrogen metabolism affects cone production." They emphasize,
however, that more research is necessary before the practicing
forester can employ fertilization as an efficient tool to stimulate
flower and cone production on Douglas-fir.

Another major aspect of tree physiology, commonly
termed water relations by botanists, may be affected by control
of the environment and may play a major role in governing
growth rates.

Forest irrigation can be divided into two parts: irrigation
of seedlings to facilitate reforestation, and irrigation of estab-
lished trees to increase wood production. These two parts have
different objectives, require different approaches, and have little
in common. In this discussion, we shall consider only the
second part, irrigation of established trees to increase wood
production.

Effects of irrigation of agricultural crops have been known
for centuries, but the thought of irrigating forests to increase
wood production is a relatively new idea. The first question we
must ask is: Does moisture limit tree growth? In some instances,
the answer to this question is obvious. The science of
dendrochronology (dating by tree-ring analysis) depends heavily
upon annual variation of rainfall (18, 44, 50). We know from
observation that some sites remain moist throughout the year
and obviously would not profit from irrigation. On the other
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hand, we see instances where trees that sometimes die of
drought obviously would benefit from irrigation (7, 40).

We know of at least five experiments in which forest trees
were irrigated, and a subsequent increase in growth was
observed (11,49, 53, 54, 61). We do not know how many times
trees have been irrigated and no increase in growth was
observed. Negative results usually are not reported in the
literature. In any event, there is good reason to believe that
under certain conditions irrigation can increase growth of forest
trees (34, 65). Then, the problem boils down to identifying
those sites where the trees would be likely to benefit from
irrigation.

Once these sites are identified, the question of biological
effects on other plants and animals, water availability, water
rights, and engineering and economic feasibility must be dealt
with. The problem of water rights is complex and promises to
be with us for a long time. Long-term ecological effects of
irrigation are not known, although we might speculate about
them. Water is not available for irrigation in all regions,
particularly those in which trees are likely to benefit from
irrigation, for example, arid regions. As techniques for applying
water in agriculture are not entirely suitable for forestry
purposes, new techniques must be developed. And the econom-
ic feasibility of forest irrigation is not known. In brief, forest
irrigation is not now a routine operational procedure, but it
may become so in certain limited areas.

Figure 1 presents the average annual increment of 20 trees
(7-20 inches dbh), which were irrigated all summer, and 20
adjacent trees, which were not irrigated. No matter how one
interprets these data, an effect of irrigation cannot be shown.
These trees obviously were not limited in their growth by
moisture. Irrigation of this stand to improve growth was a
complete waste of time.

Data from a second experiment are presented in Figure 2.
These trees near Corvallis were watered on demand (62). That
is, the plant moisture stress of each tree was measured each
week. For the ten heavily irrigated trees, water was applied
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Figure 3. Effect of irrigation on the growth of a
young stand of Douglas-fir trees compared with the
average growth. (Same trees as in Figure 2). The
positive response indicates that moisture was
limiting tree growth on this site.

At present, the forest manager does not have at his
disposal natural growth regulators (herbicides, such as 2,4-D, or
2,4,5-T that achieve their effects similar to natural regulators)
to control the growth of forest trees (2). Furthermore, the
scientist is not in a position to offer much encouragement along
those lines. We do not know exactly what regulators occur in
trees, and our understanding of the formation, action, and
ultimate fate of the known regulators is appallingly meager. We
know, at least, four general classes of growth regulators in forest
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trees: auxins, gibberellins, cytokinins, and inhibitors, notably
abscisic acid (19, 20).

Auxins are found throughout the plant kingdom and are
thought to influence a variety of physiological functions. For
example, the auxin, indoleacetic acid, has been associated with
apical dominance (34), cambium activity (13, 57, 63), root
growth, bud activity, leaf growth, shoot elongation, phototropic
(growing toward the light) and geotropic (growing toward the
earth) effects (34, 64), and leaf and branch abscission (3).
Indoleacetic acid can control shoot elongation and cambial
activity of seedlings under certain conditions in the laboratory,
but trees in the forest cannot be controlled similarly at present.

Ethylene, a gas at room temperature and pressure, also is a
potent auxin. It has long been associated with indoleacetic acid
and thought to be a product of the action of indoleacetic acid
in some tissues. Ethylene is a potent growth regulator,
particularly in its effects on fruit ripening and leaf abscission
(27), but it is difficult to handle because it is a gas.

Gibberellins are known to control shoot elongation,
flowering, and perhaps dormancy in some plants (43). Over 30
different gibberellins are known, most of which occur in trees.
Just what those substances are doing, however, has not been
determined. Some of them probably affect the flowering
process and others may affect the control of dormancy (41).
One of the problems of working with gibberellms is that they
are present in extremely low concentration. We measure some
essential elements in parts per million, but gibberellins often are
measured in parts per billion or even parts per trillion. Thus, the
gibberellins are powerful agents, but we have not learned to
harness them yet.

Cytokinins are thought to be produced in the roots and
affect shoot growth, such as cell division and senescence, or the
aging process (48). Little is known about the cytokinins in
trees.

Inhibitors in plants are easy to find, but what they do m
the plant is not so easy to discover (4, 16, 24). Abscisic acid
(ABA) has been identified in most plants, which include
Douglas-fir (20). It apparently is related to dormancy, but
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whether it is the initiator of dormancy, or the product of
dormancy, is not known. Small seedlings can be encouraged to
go dormant with abscisic acid in the laboratory, but practical
applications of this inhibitor are not feasible at present. Abscisic
acid has an immediate effect on stomata, and it could affect
certain relations of water and trees (34).

To summarize the growth-regulator knowledge then, we
have a vague idea of what some of the regulators do in plants,
but we are far from being able to regulate plants with them in
the forest. Perhaps foresters of the future can.
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QUESTIONS

Bill Zach. Is it possible that the increase in growth for the
first 5 years after fertilization might be at the expense of the
normal growth after 5 years?

Lavender. We have no data to indicate so. In fact, many
studies that have continued measurement of growth for more
than 5 years after fertilization indicated that the growth
stimulus of the added nutrients persists for longer periods. Our
study in the George T. Gerlinger Experimental Forest indicates
a continuing growth stimulation 10 years after fertilization. One
could speculate, however, that, because fertilization has been
shown to increase competition between trees, the level of
competition sufficient to limit tree growth might be reached
sooner because of the growth stimulation that results from
fertilization. This may explain why strong growth response to
thinning was reported for stands fertilized several years pre-
viously.

Jack Barringer. Eccentric growth is often the response to a
stimulus received during the winter, a dormant season. Where is
this information stored in the tree?

Lavender. I know of no data that provide a direct answer
to your question or, in fact, that such information is stored in
the tree. Larson ("Stem Form Development of Forest Trees," p.
21, 1963, Forest Science Monograph 5) says, "Externally
applied snow and ice loads present an entirely different
proposition, and the weight of these loads can exert a definite
influence on stem form, particularly when the loaded crowns
are also subjected to strong winds. Because these conditions
occur during the winter dormant period, no direct growth
stimulus is involved. Instead, they are contingent upon heredi-
tary attributes related to branch arrangement and breakage, and
the effect on stem form may be regarded as indirect."

Barringer. How soon will results of the regional study of
growth response to soil fertilization be available?

Lavender. I suspect that general distribution of the data
will not be made before 1974. Persons interested, however,



Role of Physiology in Young-Growth Management 103

should write to: Professor David Thomas, Institute of Forest
Products, College of Forest Resources, University of Washing-
ton, Seattle, Washington 98195.

Barringer. Do you think irrigating with heated water from
nuclear reactors will increase growth greatly because of the
"change in environment" effects?

Lavender. Both laboratory and field studies show that the
growth of Douglas-fir may be limited by low soil temperatures.
In sites with cold soils, then, one might expect a positive
response to warm water irrigation. This speculation, however,
must be qualified because we do not know precisely what other
effects might result from warm-water irrigation. Possibly, this
treatment might stimulate greater activity of nitrifymg bacteria
and thus modify the nutrient status.

L. C. Johnson. Can an unusually rapid growth-rate of trees
in an old field be explained by a depletion of some particular
element?

Lavender. High growth-rates eventually may cause deple-
tion of nutrients, but can hardly be explained by this reduction.

Johnson. What are the possibilities to selectively apply
fertilizer to stand dominants, thus hastening natural thinning?

Lavender. I know of no direct data to answer this
question. Results to date, however, suggest that this treatment
would be successful only in those stands where the lower crown
classes were composed of trees of marginal vigor.

Johnson. Through forest fertilization at young age classes,
could we carry more stems per acre without precommercial
thinning and get a product at 25-3 5 years of age?

Lavender. We must remember that mineral nutrients are
only one of a complex of environmental factors that limit tree
growth. For example, on a site where nitrogen is definitely the
most limiting factor, probably nitrogen fertilization would
produce the results you suggest. Temperature, moisture, and
light, however, also limit the potential production of a given
site. To the extent that any of these is the prime limitation on
growth, the possibility of increasing yield by applying mineral
amendments is reduced.
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Tom Davkls. What application or treatment of fertilizer
was used to obtain a 10-percent increase in flowering on
Douglas-fir?

Lavender. Six hundred pounds of Nitrapills (33.5-0-0) per
acre were applied at the time of vegetative bud burst.

Vern Roundy. Can abscisic acid be used to induce
hardening off of nursery stock prematurely before lifting for
outplanting?

Lavender. Laboratory trials have demonstrated that the
dormancy of Douglas-fir seedlings may be accelerated by
applications of abscisic acid. Successful treatment, however,
requires daily application of the compound for several weeks.
Further, the active form of abscisic acid is light-labile and,
therefore, not practical for field use.

H. Froehlich. What is the feasibility of utilizing municipal
sewage wastes in forest fertilization?

Lavender. This was tried in Pennsylvania, I believe, in the
1950's. The forest community definitely cleaned up the applied
water, but no data were presented on the growth response or on
the economics of application.



USING OSCUR
TO PLAN STATE FOREST OPERATIONS

Robert Mounteer
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Oregon State Forestry Department
Salem, Oregon

The management program for state forests expanded
steadily during most of the 1960's. Individual forests increased
their timber sales and other management projects, and the re-
habilitation of the Tillamook burn was in full swing. Most work
was based on timber inventories completed in the late 1950's
and early 1960's.

Then two events occurred that caused considerable self
examination about management goals for state forests and
methods used to reach them.

First, the legislature ordered a study on financing of forest
operations and asked for justification of timber-management
functions as part of the study. The forestry department com-
pleted the study during 1968 and presented its findings to an in-
terim committee. The net result of the presentation and subse-
quent action by the legislature was a charge to step up the pace
of timber management on state forests under a six-point pro-
gram. The program included more thinning in stands, both com-
mercial and precommercial, coupled with regulation of clear-
cutting and partial cutting together. An expansion of positive
reforestation measures included more conversion of brushlands
and scrub alder stands to conifers where suitable, along with
control of alders overtopping plantations. Also, in the ac-
celerated program, were completion of the primary road net-
work within 10 years and fertilization. As much of the work
was to be financed from the department's share of timber-sale
receipts, a raise was authorized in the percentage of the receipts
retained by the department from most sales. Because reforesta-
tion on the Tillamook burn was near completion, an arrange-
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ment was made for phasing out the main rehabilitation program
in a few years.

Then, in 1970, the department undertook to budget all its
activities for the next biennium (1971-1973) according to spe-
cific accomplishments, in place of functional budgets that were
used before. This was a state government effort, sponsored by
the executive department.

The program emerged considerably strengthened by the
budget work and the study in 1968 of timber management.
Goals became clearer and more definite, as activities were or-
ganized with specific accomplishments in mind. Although the
state forests had been managed for many years according to the
concepts of sustained yield and multiple use, requirements had
not been spelled out. Simply stated, the new goals were to in-
crease long-term timber production by raising productivity,
making forest visits more enjoyable, providing for other uses,
and protecting environmental values, all according to definite
requirements. A series of basic management policies were
formed also.

One element of frustration, which hampered the examina-
tion seriously, was a shortcoming common to many forestry
agencies. The old inventories were inadequate for the demands
made upon them. Not only were they obsolete, they were not
comprehensive enough, as they were based upon general timber
characteristics. Little information existed on site productivity
or site limitation. Damageable areas were not identified. As a re-
sult, evaluation of data on timber and sites was inadequate for
suitable uses and operations that might be needed.

Although data for both projects were derived from interim
surveys and corrections of timber inventories, general recog-
nition was that new, more comprehensive inventories could not
be delayed much longer, if the department were to fulfill the
charge to step up timber production while conducting other
uses and protecting environmental values as well.

The department undertook to correct the situation in
1970 by organizing a small group of planners and analysts (four
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in all). Their task was to revamp inventory procedures and also
set up planning routines to account for all forest uses and
values. The planning group also was to provide technical help to
district men charged with the conduct of inventories and plan-
ning operations.

In the past 2½ years, considerable advancement in plan-
ning was made. Systematic planning was set up, new resource
data were obtained at a steady pace, guidelines for management
were developed, and guidelines were matched with resource
data to decide on suitable uses and operations.

Most developments included adaptation of known findings
and techniques to state forests, with just enough original work
to integrate them all into a system.

If I may talk to you as a group of state forest managers, I
can introduce the planning system and show more easily how it
is to work.

If you were state forest managers, you would have been
briefed once or twice on the system already and have had the
experience of managing inventory and planning projects. This
would be, however, your first full-scale review of specific rou-
tines and computer reports for planning. Some of you would
have participated in pilot projects as well, because many of the
techniques were developed in that manner. You would under-
stand the system as a complete revamping of old methods, al-
though the general approach stays familiar. Because some of
you still would be suspicious about the use of computer de-
cisions for management, certain points in this talk deal with
values and limitations of computerized decisions.

As a manager, you and two or three helpers would handle
a unit of from 30 to 70 thousand acres of state forest, de-
pendent on its locality. Fourteen other managers, besides your-
self and your crews, are the field force for managing 780,000
acres of state forest. Most of the forest land is in northwest Ore-
gon, and tracts extend southerly to coastal Douglas and Coos
counties with the remainder scattered throughout the state. The
land is primarily in young-growth forests. You are supervised by
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The system is set up for OSCUR to carry out repetitive
tasks difficult to do by hand and display resource information
that makes good use of our human judgment.

THE FIVE PHASES OF OSCUR

OSCUR provides the framework for the jobs that go into
developing plans by providing slots for various tasks within its
five phases (Table 1).

Phase 1 is for inventories. It is organized into four sections
for various types of inventories. Three of them are self explana-
tory: site, cover, and water. The fourth section labeled "use"
has to do with the department's capabilities for managing re-
sources, such as ownership, finances, legal authority, and man-
power. It also includes information on management activities.

Table 1. Resource Planning by OSCUR1 for Oregon State For-
ests: Phases, Tasks, and Types of Reports.

Inventory Recording Analysis Evaluation Planning
1 2 3 4 5

By use USe Use Set standards Program

Ownership Ownership Use/production Management prin- Forest use

Management (Transfers to balance ciples Timber production

Fiscal, legal use nap) Multiple purpose (Forest use, tin- (SIMAC)
Activity (Phase Operating caps- ber management. Environmental

By site 5) city protection) protection

Soil, geology, Requsremeots

topography maps Site Environment (silvicultural, Activity
Site measurement SITE(S) MR Impact (use, pro- environmental, Biennial budget:

(Combined with teotion) ecnnoeic) reforestation,

Timber cover use for now) Site productivity Activity (phase early stand mgt.

Volume/growth (Phase 4) Operability 5) sales S roads,

Stand condition Project guideline environmental mgt
Cover Biological (recreation, habi-

Water Volume/prouth Silvicultural Class by ass tat, protection,

Temperature COVER(C) MR Stand yield USE(S) MR misuse), lands

Chemicals, silt Forestry yield (Ownership (0) (property survey R/W,

Streams, lakes Water (SIMAC) and site (5) land exchange, re-

Rain, snow, flow Not developed data included) source planning)

Economic
B/C, PS, PNW, Operation Project
IROR (INVEST) Production Plans overlay
Plow impact Use-production Results

(SIMAC) (not developed) Analysis

'Computer-map records are in capital letters followed by MR. Acronyms other than OSCUR are

for computer programs.
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Table 2. Prime-Use Classifications for State Forest Areas.

111

IPrime use area classifications' I Classification details I Code I

Top production (TP) Partial cutting by tractor (T)

Partial cutting by cable (K)

Clearcutting only (C)

Regular production (RP) Partial cutting by tractor (T)

Partial cutting by cable (K)

Clearcutting only (C)

Limited production (LP) Low site (L)

Damageable (D)

Isolated (I)

USE ZONE (UZ)
Scenic production (SP) Partial cutting by tractor (1)

Partial cutting by cable (K)

Clearcutting only (C)

Forest recreation (RU) Forest park (P)

Swim site (S)

Launching site (B)

Viewpoint (V)

Heritage site (H)

Recreation homesite (R)

Recreation enterprise (C)

Watershed (WU) Community watershed (C)

Home water supply (I)

Service (SU) Government (G)

Commerce or industry (C)

Residence (R)

OrganizatIon (0)

Research study (S)

Demonstration (D)

Farm or ranch (FU) Cropland (C)

Pasture (P)

Forest range (R)

Transmission (TU) Powerline (L)

Pipeline (P)

USE OR PRODUCTION ZONE
Extraction (EU) Rock (R)

Mineral (M)

Oil (0)

Scenic conservancy (SC) Park buffer (P)

Highway corridor (H)

River corridor or lakeshore (W)

Scenic attraction (A)

Protective conservancy (PC) Damageable or dangerous (D)

Special game habitat (G)

Special fish habitat (F)

'Prime uses usually are associated with the zones as shown,
although overlapping does occur.
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Table 3. Ratings for Operations and Priorities on All Production
Areas. 1

Use

Coniferous stands
Hard
wood Brush,Diain- Adequate Under

ode eter Over (T)2 (T)' (T)2 Poor stands grass

-1 S4 R3 SI R3 P2 R3 -- 12 Dense, 13
PT 1-4 Si RS1R2 S4 Ri P3 R3 12 Medium, Ii
'PK 5-10 T3 RS1R4 R3 -- R4 -- 13 Thin, P1

11-23 Ti -- T4 -- C2 -- Ti Cl Ci
24+ T2 C4 -- C4 -- C2 -- Cl --

-i S4 R3 SI R3 P2 R4 -- 13 Dense, 13
PT 1-4 S2 RS2R3 S4 R2 P3 R3 -- 13 Medium, 12
PT S-iO T3 RS2R4 -- R3 -- R4 14 Thin, P1

ii-i9 Ti -- Fl T4 -- C2 -- Ti Ci Cl
20. T2 C4 -- C4 -- C2 -- Cl --

-i S4 R3 -- R3 P3 R4 -- 13 Dense, 14
PK i-4 S2 RS2R3 -- R2 P4 R3 -- 13 Medium, 13
;px 5-10 -- R52R4 -- R3 -- R4 -- 14 Thin, P2

li-is T2 -- F2 -- C2 -- Cl Ci
16. T2 C3 -- C3 -- C2 -- Cl --
-1 S4 R4 -- R3 P4 R4 -- 14 Dense, IS

'PC 1-4 S3 RS3R3 -- R2 PS R4 -- IS Medium, 13
PC 5-10 -- R53R4 -- R3 -- RI II Thin, P3

LPI 11-11 -- -- -- -- C2 -- Cl Ci
X 16+ C2 -- C3 -- C2 Ci --

-i S4 RI -- R4 PS RI -- IS Dense, IS
PC 1-4 S3 RS3R4 -- R3 PS R4 -- IS Medium, IS

LPL 5-10 - RS5RS -- R4 -- RI -- IS Thin, P4
LPD 11+ C3 -- C3 -- C3 -- C2 C2

1Codes and ratings are explained in Table 4
°Includes stands overtopped by hardwoods.

development has been done, just a slot made ready for work
whenever it can be done.

Inventory routines are fairly well developed for collecting
cover data. Key revisions include generalized type mapping to
replace detailed typing, with descriptions of predominate forest
covers and associated covers, such as intermixed stands or over-
stories and the use of D-plus for stocking relations.

Although some data on streams are collected now (such as
chemical analysis after certain spray applications), reports on
water data are not systematized yet.

Information on use and activity is reported routinely in
part, but needs improvement to become effective for the later
stages of planning. Owner data contain funding, income con-
trols, and deed restrictions.
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Table 4. Explanation of Codes and Ratings.

USE codes'
TPT, top production, tractor
TPK, top production, cable

RPT, regular production, tractor
SPT, scenic production, tractor

RPK, regular production, able
SPK, scenic production, cable

TPC, top production, clearcut
RPC, regular production, clearcut
LPI, limited production, isolated
EX, exchange tract

SPC, scenic production, clearcut
LPL, limited production, low site
LPD, limited production, damageable

OPERATION codes
P, plant or seed
I, improve site for planting
R, release stand for overstory
5, space (precoimnercial cut)
1, thin (intermediate cut)
C, convert stand (final cut)
F, fertilize

OPERATION PRIORITIES
1, Top
2, High
3, Acceptable
4, Marginal
5, Submarginal

STOCKING2, TIMBER-SIZE STANDS
Over, denser than D+2
Adequate, D+2 to D+8
Under, more than D+8

CONDITION
Poor, fewer than 2/3 of the trees are good

growing stock

'The use codes sort site conditions for productivity
and operability in sustained yield. The five groups

are in descending order of management intensity.

2Di-2 or +8, the diameter (D), in inches, converts to

spacing in feet.
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Site data present a special problem. Eventually, several
items of information are to be consolidated by soil types. Pro-
ductivity, according to site indices, operating limitations, slopes,
and possibly aspect and Iandform, are the types of data wanted.

Because only 100 thousand acres of state forest have been
soil-mapped to a degree of accuracy wanted for OSCUR, an al-
ternate approach has been necessary until mapping becomes
available. The alternative is to map areas according to pro-
ductivity in three general groups: top, regular, and limited pro-
duction. These are subdivided according to such operating limits
as whether or not they are suited to partial cutting. Areas
limited to single-cut management, because of yarding difficulty,
are kept separate. Damageable areas are placed under limited
production or reserved from cutting. The information is added
to the use record in Phase 5. Mapping is mainly by photo study
of land forms with ground checks of terrain and site index.

Data on growth and yield are being collected from a grid
of permanent plots in forest blocks. Although the data may be
applied to individual cover types in the future, they are being
applied by strata within districts at present. Some plots are
10-point clusters of the type used for the forest survey, or
Bureau of Land Management forests and some national forests.
Recent plots and one set of older plots are 5-point clusters with
some advanced features in design and volume calculations,
which may be of interest to those of you with a bent for bio-
metrics. These can be supplied on request.

Recording routines for inventory data have one feature of
special interest, the use of the map-modeling technique (Figures
1-5, Tables 5-8), which serves as the nervous system of OSCUR
by communicating data effectively and efficiently between one
element of planning and another.

Table 5 applies to the cover overlay in Figure 2, and pro-
vides a detailed description of each type supplied by the man-
ager. The headings for the columns are deciphered at the top of
the page as levels, details, and values. Levels are for summaries,
details are for descriptive items, and values are computed items.
In this example, value 1 is the acreage of the type, and value 2 is
the acreage of main cover in the type. The heading format
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Figure 1. This Douglas County base map displays one-quarter
township of state forest immediately south of the Umpqua
River a few miles east of Reedsport, T22S, R lOW. This exhibit
references the map model plats and reports that follow. They
apply to this quarter township.

seems confusing, but is an integral feature of the map-model
system and becomes easier to interpret with practice. Table 6
provides the detailed data on use and owner types. Table 7 is
printed as the operation areas are selected by the computer. It
provides key descriptive items as well as cross referencing of the
areas to the use-cover type numbers. Table 8 is a sample of a
complete listing of all use-cover conditions in the quarter town-





Using OSCUR to Plan State Forest Operations 117

Figure 3. This land-use model is the second overlay for Figure 1
and is computer plotted from a source map as is cover. The let-
ter annotations are the prime-use and detail-use codes; SCW in
the upper right-hand corner is a scenic conservancy area for a
river corridor.

The map-modeling capabilities were summarized briefly
earlier as the ability to store, update, look up, report, and plot
map data as well as compute acreages and compare or combine
various maps. The possibilities opened by these capabilities
seem endless, and to explore even a fraction of them during this
session would be difficult. Our limitations were imposed mainly
by cost considerations and computer capacities.

Map modeling came to our attention when planners in the
Portland metropolitan area used it for land-use records. Al-
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Figure 5. In this unlabeled composite map, the large squares
that form a grid pattern are the quarter-township boundaries.
This map illustrates other capabilities of map modeling, in that
several records are combined and maps are at different scales.
The quality of reproduction is not good in this exhibit because
it is a photographic reduction of a computer-plotted map,
which was scaled at 1 inch to 1 mile; in it, reproduction is excel-
lent. For comparison, the quarter township in the other exhibits
(originally plotted at 1 inch to 1 ,000 feet) can be spotted 1
square down and 1 square in from the upper right corner.
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Table 7. Areas for Operations.
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Table 8. Listing of Use-Cover Conditions.
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Table 9. Relations of Priorities Among Operations. Priorities in
a Single Column Have About the Same Rank.

Operation Code Priorities
I

Required for continuous production
Stand conversion C 1

Planting, seeding P 1

Stand release R

Site improvement, recent cuttings I

tional to increase production or value
te improvement' I

mmercial thinning I

acing, precommercial thinning S

rtilization F

'Old brushfields and grasslands.

2 3 4 5

2 3 4 3

1 2 3 4, 5

1 2 3 4, 5

1 2 3 4, 5

1 2 3 4, 5
1,2 3 4,5

1 2 3, 4, 5

Under bioanalysis, a series of regimes were developed for
Douglas-fir stands, both of natural origin and planted. They are
based on Hoyer's regimes, which he developed for the Division
of Natural Resources in Washington State. These regimes utilize
the same measurements used to describe stands in inventories so
yield predictions may be correlated with stand conditions. The
regimes are used for projecting yields in western Oregon and for
calculating benefits during investment analysis. The same
regimes also are used for rough estimations of yields of hemlock
and mixed fir stands. For now, they serve as stand models to
simulate the development of individual stands.

Also, we are setting up a simulation technique, which can
serve as a forest-wide model. The technique is the computer
system labeled SIMAC. The system was developed originally by
specialists of the Bureau of Land Management and used to cal-
culate the latest allowable cuts for bureau lands in western Ore-
gon. The Pacific Northwest Forest and Range Experiment Sta-
tion recently rewrote the programs for general usage. We see
promise with SIMAC to project sustained-yield levels. Ap-
parently, it is not sufficiently sensitive to test effects of indi-
vidual practices, but can detect differences in yields under vari-
ous management regimes that combine all practices into
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timber-management programs. SIMAC has a reputation as a
device that requires evenflow over 400 years. The system, how-
ever, does permit some control of flows during early decades so
that cuts from present stands may be managed to secure a bal-
ance between growth and drain in less time.

Another series of routines test prospective operations
strictly as investments by a landowner. The job is handled by a
computer program known as INVEST, which is a slightly modi-
fied version of Chapelle's investment program. Costs of manage-
ment and returns from the same acre are used to compute bene-
fit-cost (B/C) ratios, present net worth, and internal rate of re-
turn. B/C ratios are the key indices used in departmental
planning. Increases in B/C ratios, however, are not the main ob-
jective, because the main goal is to increase production as long
as the increase is consistent with economic and ecologic require-
ments. Instead, B/C ratios are used to check the relative
efficiency of alternate operations under variable conditions. Ac-
ceptable B/C ratios also have a sliding standard. Some opera-
-tions, considered essential to continue production beyond a
single cycle of cutting, may be marginal as investments, but are
still considered acceptable. On the other hand, some optional
operations have rigid B/C standards.

The eventual aim is to base investment analysis on changes
in timber flows. State forests, for the most part, do not contain
large backlogs of old growth or mature timber where manage-
ment might allow immediate increases in cuts. Therefore, analy-
sis becomes complicated, because effects might not appear until
decades after productivity improves. We are hopeful that
SIMAC will give us the ability to check on investments in this
manner.

We think economic analysis will not be complete until
management programs can be tested for their effects on local
and regional economies. This analysis is enormously more com-
plex than those for landowner investments. Top economists
have been gnawing away at the question for years. Conse-
quently, any one agency may not be able to make an out-
standing contribution to answering this need. The area seems to
be ideal for cooperative work among forest owners, at least
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those in the public sector. We are hopeful a few indices can be
tagged to serve as guides.

We hold the belief that basic decisions about growing
stock, such as rotations and stocking levels, should be con-
sidered for their contributions to the economy when forests are
in public ownership. In that light, they well may be considered
as investments that affect public welfare, although decisions
based only on landowner investments are too narrow in perspec-
tive for public forests. For this reason, decisions regarding tim-
ber flows and growing-stock levels are excluded from invest-
ment standards. In the meantime, we are proceeding on a some-
what intuitive position that management directed towards
maximum cubic-foot production may tend to balance growing-
stock investments and income flows suitably.

Ecologic and other environmental requirements have not
been subjected to the same rigid analysis given to economics
and productivity. One reason is that so many interrelations
must be considered. Another is that analytic techniques have
not reached the same degree of development. From a planning
standpoint, we are trying to account for environmental impacts,
and work performed on the new Forest Practices Act by staff
members and the regional rules committees has provided the de-
partment with considerable competence in these protective
measures.

Evaluation routines are well established now for judging
owner, site, and cover data for suitable uses and rating areas for
operations.

Prime uses have been mapped on most state forests, and
map records are being prepared for the use decisions. Although
42 use categories are to be considered, they all fall into three
general types: timber production, conservancy, and use. All
others are specialized subcategories of these three.

Already explained is the manner in which timber-
production areas are subdivided on the basis of site conditions,
according to productivity and operability. There are two con-
servancy classes: scenic and protective. Scenic areas are reserved
principally because of scenic values associated with natural,
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undisturbed landscapes. Many other conservancy areas are for
protection of sites, associated values, or public safety.

Several categories cover a range of uses for forests not con-
nected with timber production or protection. The principal
categories are park lands, watersheds for community water sup-
plies, and transmission corridors.

The classification has been done in this manner so far:
General zones were identified where use considerations
appeared to outweigh timber production. Then areas within the
general-use zones were classified. After this task was completed
statewide, full-scale reviews of the results were conducted for
managers, area directors, department executives, and forestry
board members.

Analytic reports were prepared for the review. They in-
cluded estimates on the acreages classified according to prime
uses, potential impacts on production, and other values that re-
sult from classification. The acreage estimates indicated that
conservancy areas in use zones might account for about 1 per-
cent of the total state forest acreage (an additional 1 percent
might be classed for protection in production zones). Another 3
percent would be in various use categories, with the largest acre-
age for community watershed. About 60 small park areas also
were designated on about 2,000 acres. The remaining 95 per-
cent would stay in production classifications, which include
about 30,000 acres in use zones classed as scenic production
areas.

The analysis of net impact on long-term timber pro-
duction, as a result of classification, indicated the effect as
somewhat neutral. Production would be excluded on only 2
percent of the forest. Another 13-15 percent would stay in
limited production because of site limitations. Modified pro-
duction would be on about 2 percent (mainly for community
watersheds), and over 80 percent would have intensified man-
agement, which includes many scenic areas.

Sustained-yield capacity, measured as average production
of cunits (C-units, 100 cubic feet) per acre per year, was esti-
mated as dropping only a few cubic feet because of "no-
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production" or "modified-production" decisions. At the same
time, production could rise by several cubic feet on the other
areas because of intensive management. Consequently, the re-
suit could be a prospective increase of 30 percent in production
eventually.

We do expect impact on interim yields because of classifi-
cation. Until we get a listing of cover types by use
classifications, we can not make an accurate prediction, because
the impact is dependent entirely on the proportion of mer-
chantabie stands within no-cut or modified-cut areas. We do
recognize that much of this impact would have occurred
regardless of classification, because many of the merchantable
stands in these areas were left because of earlier decisions to
postpone or avoid cutting.

Consideration of covalues and co-uses on production areas
will cause some impacts on timber flows. Such practices as
retention of timber strips along some streamsides as buffers will
have to be accounted for, but again the net effect is expected to
be fairly minimal.

Routines for rating areas, according to their need for
operations, are developed for timber production.

The rating routines use another capability of map model-
ing. One computer run compares use types with cover types.
The result is a set of many more new types made up of portions
of the use and cover types. The data on conditions also are
transferred to the new types, which are referred to sometimes as
condition types, or simply use-cover types. In another run, the
computer examines each of the combined types and picks out
those with conditions that indicate they should get high priority
for any timber operation.

Two reports are prepared from the runs. The first run sup-
plies a listing of all use-cover conditions. The second run pro-
vides a listing of areas for operations. Maps of operation areas
are computer-plotted from the second run. These are placed in
plat books as overlays of operation maps, along with two other
overlays for cover and use. Together, the series of overlays and
the listings that accompany them provide much of the data for
plans.
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The most difficult task in rating areas is deciding how to
apply the ratings to different conditions and preparing instruc-
tions so the computer can pick out areas that may need opera-
tions.

To simplify the task, production operations and use and
cover conditions must be classified.

Production operations are classified as: C, stand conversion
(final and shelterwood cuts); P, planting and seeding; R, stand
release (overstory removal); I, site improvement (site prepara-
tion for planting); T, thinning (all intermediate cuts in timber
sales); S, spacing (precommercial thinning); and F, fertilization.

Only areas designated for timber production are con-
sidered for production operations during rating. They are sorted
into six groups according to potential production based on pro-
ductivity and operability.

Cover conditions are sorted into timber and nontimber
types. Then timber is classified further as conifer or hardwood.
Classification then concentrates on size, stocking, and condition
of conifer stands, with age a secondary consideration according
to its effect on conditions. The reason for carefully sorting coni-
fer stands, even when they are mature enough for harvesting,
might be puzzling. The reason revolves around forest structure
and the concern on improving productivity. Choices for harvest
are not as obvious now as in years past, especially with the small
backlogs of older timber remaining.

Those stands are sorted by size and whether or not they
are considered overstocked, adequately stocked, or seriously
understocked. Stands in such poor condition that stocking is
less important than conditions are sorted separately. Young
stands overtopped by other trees are separated also. Hardwood
stands are sorted by size alone. Grass and brushlands are the
only nontimber types considered, and they are sorted into
density classes.

In all, 1 76 categories of conditions must be considered for
production operations. This is reason enough to assign the sort-
ing job to a computer and to set up a rating system that can re-
late condition types to prospective operations. It is our method
for making sense out of inventories.
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Table 3 shows ratings assigned to condition types. These
ratings are explained in Table 4. A rating is a shorthand nota-
tion, which consists of the code letter for an operation and its
priority number on any condition type. For example, Cl means
a stand of trees has top priority, 1, for conversion, C.

Priorities for any operation range from 1 to 5, with 1 being
highest. Their labels are: 1, top; 2, high; 3, acceptable; 4, mar-
ginal; and 5, submarginal.

A third symbol is optional for ratings and explains the pri-
ority. For instance, if the rating is shown as C1P, it means the
stand has top priority for conversion, because it is in poor con-
dition (P). Usually, an explanation is needed only when an area
is marginal or submarginal operationally, but is included in a
project for some other purpose, such as for roadways.

The computer instructions specify that areas with pri-
orities of 1 or 2 for any operation are to be picked for the oper-
ations overlays and listings. The purpose in this is to focus
attention on areas of top and high priority for plans. It does not
mean that areas with lower priorities are excluded from opera-
tions.

Just as a system, such as rating, is essential for showing the
relation of conditions to operations, a system is needed to show
the relation of priorities between different types of operations.
After all, a Cl for stand conversion may imply entirely different
priority than an Sl for precommercial thinning. To handle this,
some types of operations have been designated as required oper-
ations, which means they are needed for continuous produc-
tion, although production increases result also. Other operations
are optional when the main purpose is to increase either pro-
ductivity or value; that is, they can raise sustained production
or value, but are not essential to continuous production.

Required operations are designated as stand conversion,
planting and seeding, stand release, and site improvement on
cutover land. Operations considered optional are site im-
provement on brushlands or grasslands, commercial thinning,
spacing (precommercial thinning), and fertilization.

Further, general priorities are in descending order. The re-
lations among rating priorities is shown diagrammatically in
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Table 9. Priorities of equal weight are grouped in columns. For
example, ratings of P1 through 4 rank equally with Cl through
4 so the "l's" are in the same column. A C2 is roughly on par
with an Ri; and an R2 can be considered the same as 12. The
break still must be considered between required and optional
operations, however.

Planning routines are being developed now. Many elabo-
rate plans have been tried in the past. Examples such as 5-year
sale plans, 10-year sale plans, long-range rehabilitation plans,
and 10-year, road-building plans give an idea of the cost and
manpower that have gone into planning. Most plans were built
by developing tentative project plans, one by one, and adding
them together for projections. With OSCUR, we propose to
postpone most project planning until required to keep work on
schedule. The expectation is that most long-range plans will
consist almost entirely of projections. Timber flows, income
flows, and management levels are typical examples.

Two features in OSCUR provide the expectation: the use
of computer-map modeling to provide acreages of condition
types; and the use of SIMAC to calculate timber flows and
project the level of operations needed to sustain those flows.

The acreages for condition types already are supplied at the
point where use types and cover types are matched into con-
dition types. SIMAC was discussed earlier under analytic rou-
tines. Of the computer runs needed for analyzing potential
flows, the optimum run can become the long-range plan. The
operation acreages needed to maintain that flow are given by
SIMAC along with the harvest acres. All production operations
for state forests are controlled on an acreage basis for compati-
bility. Income flows can be derived from SIMAC by conversion
factors, as can other operations not calculated directly.

Budgets are prepared every 2 years by the department.
Planning work surges upward just before budget time, because
this is traditionally the period for appraising past work and set-
ting directions anew for future work. The intention is to follow
this tradition by gearing the planning focus to a 2-year cycle.

Biennial plans can be based on projections of flows for the
most part, but additional work is advisable. Short-term adjust-
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ment in the level or type of timber sales often is worthwhile,
especially with hardwood and thinning sales. The department is
handling these adjustments with biennial sale budgets, also
called cutting budgets. The same type of short-term budgeting is
appropriate for other work also. It is being done for some
operations, but the intention is to convert others to the same
basis so that all biennial plans will become known as 2-year ac-
tivity budgets, to place them on the same footing as the 2-year
fiscal budgets.

Technological, manpower, and money considerations are
injected here. This is also where we expect to say "Thanks,
OSCUR," for the computer processing and bring our own judge-
ment to bear on management questions that need extra dis-
cretionary action, which computers can not supply. By
computerizing much of the routine work needed for long-term
and two-year projections, forest managers should be able to
spend more time on the tough decisions.

Project planning can be simplified considerably with the
operations overlays supplied to the unit foresters by OSCUR.
Areas for high-priority operations shown there normally will
form the nuclei of projects, if not the whole of them. Then,
too, provisions must be made for cancelling or holding up
operations, if field checks show conditions are not as reported,
or if other circumstances not considered during the selection
make changes advisable, such as access problems or management
effects on surrounding areas. Then, too, the listing of condition
types permits the search of the entire forest for conditions not
shown on the operation overlays.

A recent development in mapping should prove to be a
boon in making the operation maps and overlays more helpful
for managers. The customary planimetric maps used as base
maps for the overlays are being replaced by orthophoto maps.
They look similar to photomosaic maps, but are corrected for
scale and distortion. Orthomaps are supplied for state forests in
northwest Oregon and should be available soon in the south
coastal area. This means managers will have maps as accurate as
the old "planimetrics," but will have the added advantage of
photoimagery for many additional features.
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Orthophoto maps are prepared from small-scale aerial
photographs by scanning the stereoimages with a device that
corrects for scale and distortion. The orthomodels for the de-
partment were prepared by a Canadian firm, which uses a scan-
ner of advanced design. It rectifies small sections of photo-
graphs by computer and combines them into orthophotos.

Orthomapping, as a development with outstanding promise
for improving mapping capabilities, offers an area where cooper-
ative financing can bring the cost within reach of most land-
owners.

FUTURE DEVELOPMENTS

OSCUR, in its present form, is a working system. Although
some of its routines are developed only partially and some data
needs are not met yet, it works. The main emphasis right now is
on collecting more data and converting the data for the map
records into digital form so it can be digested by the computer.

The system has been kept in simple form to date, even
though some decisions took complex analysis for the routines.
Some additions, which would be desirable, have been postponed
to maintain simplicity. For example, covers, other than main
covers of each type, have not been rated for operations (recall
that intermixed covers and other than main stories of stands
also are recorded for cover types). The reason for not rating
other covers at this time is that any operation in other covers,
by standard, must be considered in relation to the needs and
possible operations in the main covers. This check will require
additional programming before the map-model programs can
handle it.

Similar considerations were the reason for postponing any
rating of areas for operations associated with uses other than
production.

Then, too, OSCUR uses only a few of the map-model capa-
bilities in its present form. For instance, map models can be pre-
pared for lines and points as well as area data. Visualize what
this might do for transportation planning or questions on
stream habitat or water flows. Prospects seem to be limited by









SOME ECONOMIC ASPECTS OF THINNING

Larry Streeby
Assistant Professor of Forest Management

Oregon State University

I appreciate the opportunity to speak to you this morning.
I come to you as somewhat of a neophyte in analyzing the
economics of thinning. When I agreed to speak to you, I was
partially unaware of the difficulties in analyzing thinning
investments. Now, having made some attempts at pulling
together information on thinning, I will discuss some general
problems in making an economic analysis of thinning rather
than report any of the results of my figure-juggling attempts. I
think that when I finish you will understand why I made this
decision.

In making an economic analysis of any thinning program,
we must know the objectives of the manager or owner of the
timber. If the objective is to maximize wood production, a
different thinning program will be called for than that for a
profit objective. I mention this because, for the remainder of
this discussion, I will speak in the context of thinning for profit
maximization.

One other thing we must know for analysis of any specific
thinning program is the constraints under which the decision-
maker operates. Let me give you a familiar example of why this
is necessary. First, consider a manager of timberland who, for
one reason or another, operates under the so-called even-flow
constraint. That is, he will not or cannot consider varying his
overall timber harvest in any year unless he can plan on
maintaining that level of harvest each year in the forseeable
future. Now, if Joe Evenflow, as we will call him, undertakes a
new thinning program that is expected to increase future yields,
he can increase his present harvest levels, if he has any
merchantable timber around that he was planning to hold until
the thinning-yield increases start to come in. So, what we have
is an immediate increase in revenue, which comes from the
increase in the cut. The increase occurring now, and in the
future, must be balanced against the thinning costs in an
analysis of thinning advisability.

141
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Contrast Joe Evenflow's situation with that of Nate
Fluctuate, who will vary his harvest level any time it looks like
doing so will increase his longrun profits. Because he is not
holding onto anything to avert some future dip in the cut,
thinning costs must be offset entirely by future cut increases
rather than by both present and future increases. Thinning is
not going to be as attractive to Nate as it was to Joe. He
probably will not be able to invest as much in thinning. This
does not mean Joe Evenflow will have a more profitable
operation in the long run. On the contrary, his even-flow
constraint can only cost him money. It cannot earn him money.
If he has this constraint (and the losses that go with it),
however, he will find it profitable to thin more than Nate rather
than less than Nate.

I have used this particular example of how constraints
influence an economic analysis and management decisions,
because the so-called "allowable cut effect," which results from
an even-flow constraint, is presently under considerable discus-
sion among forest economists and foresters, and because I want
to stay out of this controversy today. For the remainder of my
discussion I will speak in the context of Nate Fluctuate's
situation rather than Joe Evenflow's.

Three questions have a bearing on the analysis of thinning
decisions: What do we need to know? What do we know? What
do we do?

WHAT DO WE NEED TO KNOW?

To complete an economic analysis, we need several kinds
of information. First, we need some good estimates of the
growth response that can be expected from thinning. If we
invest in thinning in a certain way in a certain kind of stand,
how will that stand respond? If we repeat with different kinds
and intensities of thinning, what will happen? A related
question concerns the effect of thinning on future rotations.
Will thinning reduce the productivity of the site through
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nutrient losses or soil compaction? To what extent does the
answer to that question depend on the method of removing the
material. For example, how much does it depend on whether
we use tree-length logging or conventional techniques, or
whether we thin by tractor or cable systems?

We also must know how thinning affects the quality of
material to be removed in future thinnings and in the final
harvest. Will the accelerated-growth material have acceptable
pulping characteristics? Will it have acceptable structural
characteristics?

A second class of information needed concerns thinning
costs. What are the present costs of conducting various types
and intensities of thinning under different stand conditions?
How are these costs likely to change in the future?

These direct costs are easy to understand, but we
sometimes tend to forget another cost, which may be more
important than direct costs. I refer to the cost of capital, as
expressed by the interest rate used in compounding and
discounting. A cost is something you give up. For example, if
you invest money in thinning, you give up the opportunity to
invest that money elsewhere, and you give up the earnings you
would have gotten had you invested elsewhere. It is a significant
cost when we talk about long investment periods, which is
typical in most thinning analyses. When you start compounding
costs for 1 0, 20, 30, or more years (or discounting returns for
those periods), the cost of capital, or the interest rate, becomes
a significant item.

You may think that this is only a factor for precommercial
thinnings and has no bearing on commercial thinnings. After all,
commercial thinnings by definition give us a return rather than
impose a cost. A commercial thinning is essentially a disinvest-
ment. We remove some commercial growing stock and convert
it to cash. We disinvest in growing stock. A commercial
thinning, at least according to some people, is a remarkable
operation: a decrease in investment results in an increase in
future returns! How can you lose with a proposition like that?
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Of course, you should note that I hedged by saying "according
to some people." I think Jack Barringer will have comments on
this problem.

Because we are comparing alternative investments and
disinvestments, even for commercial thinning we must consider
the cost of capital. Presumably, among the alternatives are
different levels of disinvestment (different thinning intensities),
which include complete disinvestment in the form of clear-
cutting. To make these comparisons, we must discount all costs
and returns to some common point in time.

Finally, we need projections of future prices for material
to be removed in thinnings and final harvests. The price that we
ultimately will receive for wood depends on the general price
trend for stumpage that will develop over the intervening years
and on the price differentials that will exist for material of
different quality. So, the price question is linked closely to the
quality question. Predictions of future prices rest on predictions
of wood quality for various purposes.

Therefore, to conduct an economic analysis of thinning,
we need to know future yields that result from thinning,
present and future costs of thinning, which include the cost of
capital, and the future prices we will receive.

WHAT DO WE KNOW?

Well, what do we know about these things? First, what do
we know about yields? We all agree that we do not know nearly
enough. At least, we do not know nearly as much as we would
like. The primary reason is that we have not had time to
monitor responses for thinning on a wide scale. We have
fragmentary evidence such as Berg's data and some of the
evidence we saw yesterday in the field. These, however,
represent only fragments of information, which relate to widely
differing conditions and treatments. They represent a smatter-
ing of clues to a mystery rather than the whole story.

What do we know about the quality of wood from thinned
stands? I must admit that I have been unable to really
determine just how much we know, although we seem to be in
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fairly good shape here. Although much work remains to be
done, at least wood technologists can tell us quite a bit about
the physical and chemical properties of wood and wood fiber
from trees that have grown at different rates. So, the problem
can be reduced to yield forecasting. We need to know how
growth rates will be influenced by thinning.

Another area where we are in fairly good shape is in
estimation of direct thinning costs. I can not tell you how much
a thinning operation is going to cost you, but you can tell me if
you have had much experience. Even if you have not, to
determine this for your particular kinds of stands, labor force,
crew organization, and methods does not require too much
experience. So I say, we are in fairly good shape as far as
current thinning costs go.

More cloudiness, however, surrounds prognostications of
future costs, and often an analysis of thinning will involve
repeated thinnings over many years. Future costs will depend
on future trends in wage rates and future technology in
equipment and systems for thinnings, as Don Malmberg pointed
out. Anyone who has been around the last 10 or 20 years will
agree that wage rates probably will continue to rise, at least
barring a depression, and technology likely will continue to
improve. With technological advances in the form of mechaniza-
tion, a smaller labor force will be needed to accomplish a given
amount of work. Of course, all that technology will not come
free, but on balance, I would be willing to bet that thinning
costs will hold fairly stable over the coming years.

What about capital costs? Here, I have less certainty.
Because the cost of capital is the income foregone by not
investing that capital elsewhere, future capital costs depend
entirely on future investment opportunities. If many opportuni-
ties arise to make money, the capital costs of investing in
thinning, or in any timber-management activity, will be high. If
we face a future without many opportunities to make money,
the capital costs of thinning investments will be low. Viewed in
this way, much broader questions than thinning, or even timber
management, become relevant, such as "zero population-
growth," tax policy, and international relations. Let me
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illustrate. I suspect we in the United States are embarking on a
period where the birthrate will continue to remain consistently
lower than it was a few years ago. Suppose that each family is
going to have only two kids, as we are told to do by some
groups. This would seem to have enormous implications for the
kinds and amounts of goods and services needed and, therefore,
investment opportunities available, in the future. But we really
do not know what those implications are, except in a general
way. Consumers will be fewer than they would have been if past
trends had continued and growth will be slower in the consumer
pool than we had in the past. We must remember, however, that
after a timelag when present kids grow up, producers will be
fewer also, compared to the numbers we would have had if past
trends had continued. What will be the life style of these future
generations? Will they really voluntarily return to the spartan,
nonmaterialistic existence some predict? I doubt it. The answer
to that question, however, is probably much more significant
than the absolute numbers of people we will have around.

The point I want to make is that in the face of potential,
major, basic shifts in the structure of our society and its
economic system, much uncertainty surrounds estimates of the
interest rate we plug into our calculations in a routine manner.
The little thought we do give to choice of an interest rate
focuses on what we can earn elsewhere today. Just because your
company can earn a 10-percent rate of return now, however,
does not mean that you should simply use a 10-percent interest
rate to evaluate a precommercial thinning operation, for
example. If we really knew what we could be earning each year
in the future, we might use a different interest rate each year in
the future in discounting thinning costs and returns! I am not
really suggesting that we do this, because of the enormous
uncertainty that surrounds estimates of the interest rates that
will be appropriate in future years. So, crudely using a single
interest rate may be as sophisticated as our present estimates
will allow.

What about prices? How accurate are our forecasts of
future prices? You know, my friends across campus in
Economics and Agricultural Economics laugh at me when I
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mention forecasts of prices 10, 20, or even 50 years hence.
That, however, is what we are faced with in this business.

Let me describe some of the methods used by economists
in making price forecasts. My aim is to point out some of the
crucial weaknesses in those methods of long-term forecasting. I
want to describe briefly three methods, which range from the
simple to the sophisticated. This list is by no means all inclusive,
but it serves to illustrate my points.

The first and simplest method is to forecast that prices will
remain at today's levels; that is, to forecast no change. It is
quick and easy, but how accurate is it likely to be? Not very
accurate, is my guess.

The second method is more sophisticated. It is called
multiple-regression analysis. Most of you are somewhat familiar
with it, but I'll refresh your memory cursorily. Typically, we
statistically analyze prices, income, population levels, interest
rates for home mortgages, prices of substitute materials, and
other similar variables to try to determine how prices respond
to changes in these other variables. This is difficult, because we
have no controlled experiments. We cannot take hold of the
economy and systematically vary mortgage interest rates, for
example, while rigidly holding all other variables constant. In
the real world, all variables are moving at the same time. And if
two variables tend to move together in parallel fashion during
the period from which observations were taken, to separate the
influence of those two variables on prices becomes impossible.
Now this is fine, if they continue to move in tandem in the
future forecast. Suppose, however, something happens, such as
a fundamental shift in the structure of our economy. Then the
forecast will, in all likelihood, be off. In addition to this
problem, you easily can see that even if you come up with a
regression equation in which you have complete confidence and
which defines what prices will be for given levels of the
independent variables, you still have to arrive at forecasts of the
values of the independent variables to be plugged in the
equation for the purpose of arriving at a price forecast. And
how do you forecast these variables? Typically, we choose the
independent variables for which we have some forecasts at hand
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and in which we have some confidence. For example, in a lot of
past work, we chose population level as an independent variable
because we thought the Census Bureau was right on top of
population forecasting. But look what is happening there! The
population forecasters were fairly good as long as the things
that influenced population moved in a straight line over time.
Suddenly that changed, at least temporarily, and these people
are scrambling madly to revise their forecasts.

The last method is, in a sense, simpiy an elaboration of
multiple-regression analysis and suffers from some of the same
weaknesses. It consists of simultaneously running a series of
multiple regressions where each equation depends on the others.
Its advantage is that it allows more realism in specifying the
interdependencies that exist in our economy or a segment of
our economy. We run into the same problems, however. When
we get some change in the structure of the economy, we find
variables moving in patterns that are entirely new, and our old
observations do not provide enough information to pick this up.
Also, we are still faced with making independent forecasts of
some independent, or outside, variables to plug into the
forecasting model.

So, if you have a pessimistic picture of the ability of
economists and statisticians to make accurate long-term fore-
casts, I have accomplished one of the things I set out to
accomplish. We are not good at this game, and we are not apt to
be much better in the near future.

If my assessment is correct, we do not know enough about
yield and quality responses to thinning. We know something,
but not enough, about thinning costs and the cost of capital,
and we know next to nothing about future prices of wood of
different sizes, shapes, and densities.

WHAT DO WE DO?

The first thing we do is realize that decisions still must be
made, even though we do not have as much information as we
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would like. We must search for and use the best information
available and make our decisions on the basis of that informa-
tion along with our personal assumptions, value judgments, and
hunches.

The second thing we must do is determine which of our
information gaps are most crucial and which are of less
importance. The methodology here is called sensitivity analysis,
and I am not referring to any psychological encounter sessions
on the California coast where you disrobe and call each other
names. The idea here is to take the best information you have
and construct an economic model to analyze precommercial
thinning, for example. Now suppose you rerun the analysis with
not one but several interest rates. If your analysis shows that
precommercial thinning would pay for each interest rate you
used, you have some evidence that the cost of capital is not
important in determining the profitability of your investing in
precommercial thinning. If your analysis, however, shows that
precommercial thinning pays for interest rates less than 10
percent, but does not pay for interest rates above 10 percent,
the cost of capital is a crucial piece of information. You can do
the same for such things as prices and thinning costs. I do not
want to sell this idea too hard, because the conclusions
indicated by varying one item such as interest rate and
observing its effect on the answer are contingent on the values
of all the other factors in the analysis and, as I have indicated,
we have a problem where our information is shaky for several
items that go into the analysis. I think this procedure, however,
would be helpful in giving us some clues as to which pieces of
information are most crucial.

One more thing we can do in the face of all these problems
is obvious. We can make an effort to improve the estimates we
need in analyzing thinning. The sensitivity-analysis results may
be helpful in choosing estimates to concentrate on initially.
That is not the only criterion we should use, however. I have
the feeling that we can improve some estimates, such as the cost
of thinning and yield responses to thinning, at a cheaper cost
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than we can improve our estimates of future prices, for
example. So the probability of success and the cost of
improving different kinds of estimates also must be considered.

We are making progress in learning how stands respond to
thinning. It does take time, and we have not yet had enough. I
would be willing to bet, however, that if we were able to pool
effectively all the information on the thinning experiences of
people in this room, and if we could collate and disseminate this
information, we would know more in this area than we think
we do. An overabundance of duplication of effort occurs among
companies, agencies, and even individuals in the same organiza-
tion. The project, Cooperative Levels of Growing Stock, is a
start along the direction of reducing duplication and coordinat-
ing experience, but it is only a modest beginning. We need more
efforts of this type.

I have indicated already that as far as direct thinning costs
go, we are in fairly good shape. So, no particular problem exists
here. We can monitor thinning costs in a few operations under
different conditions and come up with some acceptable
estimates. Of course, we must keep our records of man- and
machine-hours required rather than those of dollars. In this
way, our information will still be useful when wages change.

How can we improve our estimates of future capital costs
and future prices? This is not really the bailiwick of the
forester. It is the business of the forest economist and the
general economist. I have already told you that I am pessimistic
about possibilities for much improvement in long-term fore-
casting in the near future. I think, possibly, short-term forecasts
can be sharpened, but that is another topic.

Because we can not do much about predicting future
prices and capital costs, we simply must try to adopt manage-
ment practices and strategies that retain flexibility to meet
changing market conditions. We should try to keep our options
open. I find myself in somewhat of a predicament here. On the
one hand, I think that building flexibility into our second-
growth management programs is necessary. But with my limited
experience, I am not really sure how we should go about this. I
hope that each of you will give this problem some thought. I do
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have a couple of examples of the kinds of things I am driving at.
Suppose you are faced with a choice of tree-length logging as
opposed to bucking at the felling site in a commercial thinning.
Suppose you are selling poles in this operation, but no market
for posts exists today. We all know that markets like this are
sporadic. If you were to buck those trees at the landing, you
would already have post-size material near the roads that could
be sold if a post market suddenly developed the next year. If
you buck those trees in the woods, however, you may not be
able to sell the presently unmerchantable material. That is one
example of a practice that retains some flexibility. Of course,
one would not want to incur a great expense to maintain his
options, but some sacrifices might be called for.

For another example, suppose you had studied the
economic advisability of two different precommercial thinning
programs: one, a thinning at age 15 years and the other, at age
25 years. Further, suppose that your analysis indicates that the
earlier thinning would be more profitable, but only slightly so.
In that instance, I think 1 would choose the 25-year thinning
even though, according to present estimates, less profit would
be earned. In those 10 years between ages 15 and 25 years, a lot
can happen. Company policy might shift from producing
sawtimher toward growing pulp-size material, for example.
Market conditions for small material might change so that what
you thought was going to be a precommercial thinning actually
turns out to be a commercial-thinning opportunity. Any
number of other things could happen to make the thinning at
age 25 years preferable to the earlier thinning.

Now, to keep your options open, you must know what
your options are. And many of our present inventory systems
do not allow us to tell what potential products we have in the
forest. We may know how many board feet we have, for
example, or even how many cubic feet, but do we know how
many poles or how many posts? Or we may know that we
removed a given number of posts 10 years ago, and we may
want to thin a similar stand to get the same growth response. If
our best market is now for pulpwood, how many cords should
we sell? We need inventory information that can be converted
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to the amounts of different products we could sell. I am
convinced that money can be made by actively and aggressively
sensing and reacting to changing market conditions for different
products. But this is impossible if we do not know what kinds
of potential products we are growing and where they are
located. The use of tarif tables is a positive step in this
direction, but this is not the ultimate answer.

To summarize, I think we must try to determine which of
the many estimates going into a thinning analysis is most crucial
in terms of changing indicated practices, we must try to
improve those estimates that are important and amenable to
improvement, and we must adopt the attitude that changes and
revisions in plans are an important management strategy in the
face of uncertainty.

Let me add one thought that may clear up something I
have implied before. I have referred to economic analysis of
thinning repeatedly, when what we really need is economic
analysis of combinations of thinning, fertilization, planting-
stock improvement, and other intensive management practices.
You can visualize that this will open up many more uncertain-
ties than those I mentioned. It in no way negates, however, the
points I have tried to make about the need to identify crucial
information, improve the quality of the information we have
available, and build flexibility into our management of young
Douglas fir and hemlock. If anything, it accentuates the need
for these actions.

QUESTIONS

Richard Knudson. Regarding your example of rejecting the
more profitable 25-year-old precommercial thinning in favor of
the 15-year-old, doesn't this mean that you did not use a high
enough discount rateone that did not fully account for the
business risk involved? Shouldn't a higher rate be used?

Streeby. Risk can be accounted for several ways, and using
a higher discount rate is one. It is not the one that I prefer. I
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would rather use the unadjusted interest rate in analyzing the
alternatives and then subjectively assess the differing degrees of
risk involved when making the final decision. I think this makes
for a better informed decision, because it takes more explicit
account of risk than does a higher interest rate, which lumps
risk and the cost of capital together in a single measure.

I suspect that we need to modify our analyses to explicitly
build in the risk involved in the form of probability statements.
Many probabilistic models are available for evaluating alterna-
tives. It is strange that foresters, who typically have more
uncertainty involved in their decisions because of the long-time
periods involved, have not made much use of these models.
think we will see more use of these models in the future.

Jim Vodnais. Why do we invest money in growing wood
when an interest rate of even a conservative 5-6 percent outruns
our return in around 40 years?

Streeby. One reason is that many of the people investing in
forestry do so partly because forestry is what they know. They
know nothing about data-processing equipment, mining, or
whatever other alternative investments they face. Man is not an
entirely economic animal.

Also, investments in growing wood vary widely in their
return. We have only a limited idea of what return we can
expect from a combination of different silvicultural and cultural
treatments coupled with shorter returns, for example. A good
deal of present investment in growing wood is committed with
the idea of doing exactly this. Weyerhaeuser, for example, is
apparently betting that combined silvicultural practices and
shorter rotations will return considerably more than the 5-6
percent you mention.

Even in the public sector, we should consider seriously
concentrating our timber management on high-site lands where
we have some chance of giving the public a reasonable return on
their tax dollar spent for timber. This, also, would tend to leave
more high-elevation land open to low-density recreation use. By









ONE APPROACH TO AN ECONOMIC
EVALUATION OF PRECOMMERCIAL THINNING

FOOLS RUSH IN WHERE WISE MEN NEVER STRAY

Jack Barringer
Forester, Timber Service Company

Sweet Home, Oregon

For the next few minutes, I will discuss potential returns
from various treatments of a young Douglas-fir stand, Site II.

My purpose is to describe the methods used to construct a
simulation model of growth in a managed stand and to list the
objectives, basic assumptions, and conditions that relate to the
model.

The model is not intended to be used over a wide range of
conditions, but rather to compare the volume returns expressed
as Scribner board feet to a 6-inch top and the economic values
in the form of present-value net-return for alternative treat-
ments. The field data for precommercial thinning are from a
small, but fairly intensive, sample of growth plots. The values,
however, are theoretical and are derived from a report by
Gerald Hoyer, Silviculturist (1).

After two unsuccessful attempts to fit growth-response
values of early precommercial thinning to these tables, a third
try with "Comprehensive Tree-Volume Tarif Tables," by
Turnbull, Little, and Hoyer (2), resulted in the model I will
discuss.

My observation is that growth-simulation models, as with
motherhood, are appreciated best by those who have experi-
enced the labor pains. Every old crow thinks her little crow is
the blackest.

A SIMULATION MODEL FOR GROWTH
IN A MANAGED STAND

Objectives of Stand Management
The silvicultural objectives are to redistribute growth

potential of the stand to optimum advantage, which considers
157
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tree size and quality, and to utilize all merchantable material
produced by a stand during a rotation. The economic objective
is to maximize dollar returns.

Basic Assumptions
Basic assumptions are: the costs of management from age

o to 15 years are identical, and no other costs unique to any
one treatment are incurred; a wide range of stocking will result
in full volume growth and yield; the amount of thinning volume
that can be removed from well-stocked stands is limited, and
thinning beyond this limit will reduce total gross yield
significantly; and the volume in suppressed trees may be
removed and not be counted as part of the optimum intensity.

Basic Conditions
Basic conditions are: all volumes, costs, and returns are

presented on a per-acre basis; thinning is at 5-year intervals, but
can be varied slightly to take advantage of favorable log
markets; the units of measure are cubic-foot volumes converted
to Scribner-board-foot volumes to a 6-inch top; the price-
diameter relation is expressed by the equation, y = 29.3 1 -I-

0.69x, where y = value per thousand feet, board measure (M
fbm), and x = average diameter of trees cut, which is based on
the price-diameter relation of thinning sales of the Department
of Natural Resources, State of Washington, during 1970; the
costs of precommercial thinning are based on 1970-1971 costs
by age class on Timber Service Company lands; all interest was
compounded at 6 percent; the basic growth data came from
growth plots on Timber Service Company land, and projected
growth data came from "Provisional Optimum Thinning Inten-
sity Tables" (1); and the marking of trees for removal and the
logging operation are done carefully on slopes of 35 percent or
less.

RESULTS

Figure 1 presents in graphic form the harvest yield in
board feet for the four management schedules.
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Figure 1. Volume of harvest per thousand feet,
board measure, for four management schedules
in Douglas-fir, Site II, to age 70 years.

Table I presents average diameter, average height, tarif
number, and board-foot volume for each 5-year interval for the
stand managed by a precommercial thinning at age 15 years,
commercial thinning at 5-year intervals from 30 years to age 65
years, and clearcutting at age 70 years. Also presented are
average diameter, number of trees cut, and the harvest yields for
each 5-year interval. Table 2 gives the predicted yields and net
returns per acre for the four management schedules. Table 3
compares the percentage increase in volume and value by
management schedule.
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Table 1. Predicted Harvest Yields per Acre for Douglas-Fir on
Site II (Precommercial Thinning at Age 15 Years and Commer-
cial Thinning at 5-Year Intervals from 30 Years to 65 Years, and
Clearcutting at 70 Years).

Trees Avg Tarif
Age Stand cut height numbc

Years Inches Inches Feet

24 8.6 -- 49.7 21.5
25 8.9 -- 52.5 22.5
30 10.6 10.6 65.0 25.5
35 12.1 11.0 77.5 30.0
40 133 11.8 88.5 33.5
45 14.2 12.8 98.5 36.5
50 15.4 13.7 106.5 38.5
55 16.3 14.6 114.5 41.5
60 17.4 15.4 121.5 43.0
65 18.3 16.2 128.5 45.5
70 19.2 19.2 135.5 47.5

vol- Trees Trees
ume' cut left

M
ibm

20 0 323
22 0 323
48 57 266
72 43 223

105 32 191
149 24 167
194 17 150
251 13 137
301 11 126
366 9 117
571 117 0

1Volume per tree to a 6-inch top by Seribner log rule.

QUESTIONS

lative
Yield yield

fbm fbm

0 0

0 0

2,756 2,756
3,090 5,846
3,340 9,186
3,590 12,776
3,218 15,994
3,220 19,214
3,210 22,424
3,125 25,549

66,807 92,356

Eric Stone. Does your firm intend to follow this or a
similar program on your lands (thinning every 5 years)?
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Barringer. We hope we are building enough flexibility into 
our young-growth-management program to take maximum 

advantage of future markets. We think our thinning cycle could 
vary as much as 10 years and still maintain optimum growth. Of 

course, several management variables (for example, logging 
costs) are major considerations. 

Eric Stone. Do you intend to compute similar tables for 
alternate thinning schedules (every 10 or 1 5 years)? 

Barringer. We are looking forward to the time when 
thinning tables for young growth, compiled by competent, 

experienced silviculturists, will become available. Until the 
arrival of that golden era, we will do what we have to do to get 

on with the job of managing our young growth. 
Eric Stone. Did you project into your tables increase in 

grade of the timber and corresponding values (pee-wee peelers)? 
Barringer. I am assuming that the formula of the Depart- 

ment of Natural Resources, State of Washington, based on 
price-diameter relation of their thinning sales during 1970, had 

grade and other increased value considerations built into it. 
Audience. As you have chosen maximum present value as 

your discussion criterion, why have you picked a fixed rotation 
age? What rotation ages maximize present value for each 

management regime? What is the effect of interest, for example 
of 6,8, 10, or even I2percent? 

What are the results of discounting your net present values 
of age 15 back to stand age zero, and then subtracting the cost 
of land and regeneration investment? With your volume and 

value projections, would a regeneration investment be justified? 
Also, what are the results with 8, 10, and 12 percent? 

Barringer. A full discussion of all the possible management 
variables is beyond the scope of this presentation. The questions 

you raise are obviously pertinent, but it seems equally obvious 
that each management unit will have objectives peculiar to its 
own situation and, therefore, will require the consideration of 
the many variables in the light of those objectives. 

Dick Knudson. Your model of Stands 2 and 3 says that an 
unthinned stand of 10.2 inches average diameter breast high 

(dbh) contains the same volume as a thinned stand of the same 



Table 2. Predicted Yields and Net Returns per Acre for Four Management Schedules
for Douglas-fir, Site II.

Avg Vol- Avg Value Vol- Avg Value
Avg Treat- dbh ume dbh per Avg ume dbh per
age ment' stand cut cut M thm Return dbh cut cut M fbm Return
(ears In. M In. $ $ In. M In. $ $

fbm fbm

15
25
30
35
40
45
50
55
60
65
70

Total

EPT
LPT
cr
er
CT
CT
CT

CT
CT
CT
CC

STAND 1

14.2 55.4 14.2 48.00 2,659.20

-- 55.4 -- -. 2,659.20
-- -- -- -- 107.872

STAND 2

10,2 2.8 10.2 36.35 101.78
11.1 3.1 11.0 36.90 114.39
12.2 3.1 11.0 36.90 114.39
13.1 3.3 11.8 37.45 123.59
14.2 67.0 14.2 50.00 3,350.00

-- 79.3 -- -- 3804.15
175.282 I



STAND 3 STAND 4

15 EPT -- - -- -- -26.42 -. -- -- -- -43.00
25 LPT -- - --

473Ø3 8.9 -- -- -- --

30 CT 7.8 -- -- -- -- 10.6 2.7 10.6 36.62 98.87
35 CT -- -- -- -- -- 12.1 3.1 11.0 36.90 114.39
40 CT 10.2 2.8 10.2 36.35 101.78 13.3 3.3 11.8 37.45 123.59
45 CT 11.1 3.1 11.0 36.90 114.39 14.2 3.6 12.8 38.14 137.30
50 CT 12.2 3.1 11.0 36.90 114.39 15.4 3.2 13.7 38.76 124.03
55 CT 13.1 3.3 11.8 37.45 123.59 16.3 3.2 14.6 39.38 126.02
60 CT 14.2 3.6 12.8 38.14 137.30 17.4 3.2 15.4 39.94 127.81
65 CT 15.2 3.2 13.7 38.76 124.03 18.3 3.1 16.2 40.49 125.52
70 CC 16.2 67.0 16.2 53.00 3,551.00 19.2 67.0 19.2 55.00 3,685.00

Total -- 86.1 -- -. 4,240.06 -- 92.4 -- 4,619.53
-- -- -- -- 228.142 -- -- -- -- 274.812

1CC, clearcutting at rotation age.
CT, commercial thinning.
LPT, late precommercial thinning at about age 25 years.
EPT, early precommercial thinning at about age 15 years.

2Present value net return at 6 percent.
3Minus value signifies a cost of treatment.
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Figure 2. An example of two similar stands, one
unthinned and the other with a precommercial
thinning. Although the thinned and unthinned
stands may have the same average dbh, the
unthinned stand has more merchantable timber.

average diameter. Doesn't this average hide the fact that the
unthinned stand contains many small stems and an offsetting
number of large stems? The thinned stand of the same average
diameter has had the small stems removed (Figure 2). In this
instance, I am sure that the 50-year-old unthinned stand has
much more total volume than the thinned stand. This should
raise the value of the unthinned stands beyond the value that is
commonly indicated by analysis using average dbh rather than
stand-structure considerations.

Barringer. The model doesn't say that Stands 2 and 3
contain the same volume, and as you point out, they don't
contain the same number of stems. The model says that the
advantage of late precommercial thinning over commercial
thinning only is an earlier molding of the stand, a redistribution
of growth potential of the site on crop trees that are or will be
of merchantable size. This would not be an advantage if you
were concerned with cubic volume only. You will note that
your final harvest cuts in Stands 2 and 3 are the same, but the
average diameter of the stand is 2 inches greater in Stand 3. This
should bring you a better price at the market place because of a
more uniform product that is cheaper to log and manufacture.
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Table 3. Percentage Increases in Volume and Value
by Management Schedule.

Ratio of
returns1

Volume
increase

Value
increase2

Percent Percent
CT/CC 43.1 62.5

LPT/CT 8.6 30.2

EPT/CT 16.5 56.8

EPT/LPT 7.3 20.5

EPTICC 66.8 154.8
.._ ....k

vJn..ssnanz.an..#LL.a1IovvsLanva1r.J(A.,

CT, commercial thinning; CC, clearcutting at rotation age;
LPT, late precommercial thinning at about 25 years age; and
EPT, early precommercial thinning at about 15 years age.

2Present value net return.

If your final harvest cut was at age 50 years in Stand 2 and
40 years in Stand 3, then I would agree with you. In comparing
the two treatments, I base my judgement on the ultimate yield
at rotation age, quality, and quantity.





HOW TAXES INFLUENCE
YOUNG-GROWTH MANAGEMENT

Lucien B. Alexander
Partner, Mason, Bruce, and Girard

Portland, Oregon

Most forest owners are in business and manage their lands
with the idea of the most dollars in their pockets over a period
of time, either from sale of products or eventual sale of the
forest. Taxes enter the picture because they are a cost that
cannot be avoided. Management can be planned to lessen the
impact of the tax cost to some degree.

Taxes that have the most impact on management are
income tax, property tax, and inheritance tax. Volumes of
studies and reports exist about each of these taxes and their
influence. Usually these reports and studies confuse, rather than
clarify, tax planning and the point when the forester should
find an expert on taxes to help in planning.

INCOME TAX

Probably one of the most critical taxes that knowledge can
help plan for minimum impact is the income tax, particularly
the federal tax. Section 631 of the Internal Revenue Code,
capital gains tax, must be applied with knowledge. Any
managing forester should be familiar with the Timber Tax
Journal of the Forest Industries Committee on Timber Valua-
tion, particularly the 1969 journal. As most tax experts do not
deal with or understand the particular sections of the law on
timber, the forester must be somewhat of an expert to be sure
the tax man does know these sections. Several small, but very
important, points must be understood to keep the income in
the most advantageous category. Many common ideas about
timber income taxes simply are not true, and some of the
important points are not common knowledge. Study the Book!
Know your owner's tax plans, and be sure he knows the
alternatives on income.

/67
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INHERITANCE TAX

Individually owned forests are subject to drastic effects of
our inheritance tax laws. When an individual dies, and the
property goes to his heirs, the government wants cash for the
inheritance tax. If the forest survives that blow, then the
problem of splitting the property among the heirs rears its ugly
head. The long term that foresters plan in management does not
fit the average lifespan of humans, at least, not if most owners
are mature to overmature when a tree reaches its minimum
operable size.

Each owner has his particular estate problem. Lawyers
who specialize in this field of law can give guidance. The
forester must know enough about the problem to convince the
owner that planning for estate tax is drastically important.

PROPERTY TAX

When people mention taxes to foresters, they automatic-
ally start discussing property taxes and their levels. We could
spend several days talking about the philosophy of property
taxes, who should pay for public services, and how the tax laws
can influence land use, which includes growing forest crops. The
day-to-day planning of forest management, however, must deal
with the laws now in effect.

In Washington, a new law is now being implemented. The
tax is split into two parts:
An annual tax is on the value of the land. Values for land are

established by the State Department of Revenue, and the
rate is the local tax rate.

Values for timber are established by the State Department of
Revenue, and tax is paid on the value harvested each
quarter year. Tax rates and values are not yet established.
The yield tax probably will be phased out, although no
decision has been made on how this will be done.

In Oregon, we have four basic forest property tax systems
that run concurrently. Two apply east of the Cascades, and
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three apply on the west side. The Forest Fee And Yield Tax
applies on both sides of the mountains.

Table 1 gives the basic information about each of these tax
systems as well as the forest products harvest tax.

In managing young growth, each of these laws would place
different incentives on how the growing stock would be treated.
Let us review each one to point out the primary effects.

WESTERN OREGON AD VALOREM TAX

Annual tax must be paid on land, a value that cannot be
changed by management, except in the buying and selling of the
land and forest it contains. These land values are established by
the Oregon State Department of Revenue after a study of
transaction evidence. The values are updated periodically, and
sales are screened carefully to use only forest land.

Annual tax must be paid on value of trees over 1 2 inches
diameter breast high (dbh). Again, values are established by the
Oregon State Department of Revenue periodically after careful
study of timber transactions.

Trees over 1 2 inches in diameter are valued at 30 percent
of their immediate harvest value for the purpose of the annual
tax.

ADDITIONAL TAX

In the year the trees are cut, trees over 1 2 inches in
diameter are valued at 70 percent of their immediate harvest
value. Trees under 12 inches in diameter are valued at 100
percent of their immediate harvest value. The tax is computed
with these valuations and the local tax rate as it applies to all
land in that particular tax code district.

One of the big problems in application of this law to
young growth is to separate the volumes from trees over that
magic 12 inches dbh in the inventory and cutting. This problem
will eventually force a change in the law.

For now, however, the incentive is to keep growing stock
small through frequent thinnings. The tax then becomes a yield
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Table 1. Property Tax and Alternative Systems

Tax Responsibility Forest land

Western Oregon State Dept. Value is based on
Ad Valorem of Revenue highest and best
(mandatory where use, except land de-
available options signated as forest
not taken), enacted land is valued as
1961 forest land, subject

to additional tax if
designation is removed.
Tax is paid annually.

Eastern Oregon State Dept. of Land tax, based on market
Severance (manda- Revenue (assess- value, is paid annually.
tory), enacted 1961 ors value land)

Forest Fee and Yield State Dept. of Law established flat fee
(optional, applies to Revenue of $0. 10 per acre in western
eastern and western Oregon, $0.05 per acre in
Oregon), enacted 1929 eastern Oregon, which is

paid annually.

Western Oregon State forester Only timber tracts less
Small Tract (optional), than 1,000 acres, with
enacted 1961 trees under an average

age of 60 years are eligible.
Tax is paid annually.

Forest Products State Dept. of Currently, a tax of $0.06
Harvest (mandatory Revenue is levied per M fbm,
supports state harvested from all forest
expenditures on lands. An additional tax
fire control and up to $0.04 per M fbm is
forestry research), levied on timber, harvested
enacted 1947 on lands the State Forestry

Department has fire control.
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for Forest Lands and Timber in Oregon (1).

Reproduction

All reproduction
under 12 in. dbh is
exempt from annual
property tax, except
if harvested. Then
prevailing property
tax rate is applied
to 100% of immediate
harvest value.

Merchantable timber
Immature

Timber over 12 in. dbh,
but under age 90 years
in 1961,isvaluedat
30% of its immediate
harvest value. Tax is
paid annually. An addi-
tional tax, based on
70% of value of immed-
iate timber harvest,
paid only after
timber harvest.

171

Mature

Timber over age 90
years in 1961 is valued
at 30% of its immediate
harvest value, except
timber expected to be
harvested over a period
that exceeds 30 years.
Until 1976, this timber
will be valued at 25%
of its immediate
harvest value. Tax is
paid annually. An
additional tax, based
on 70 or 75% of immed-
iate timber harvest
value, is paid only
after timber is
harvested.

No property tax on timber, 5% tax in lieu of property tax is paid quarterly on value
of forest products removed to State Dept. of Revenue and redistributed to counties
in the proportion of each county's timber value to the total in eastern Oregon in
1964.

Eligible lands must be cutover and have adequate provisions for reforestation. A
1 2½% tax on the value of the forest product harvested is paid semiannually, within
30 days after June 30 and December 31 of each year, after harvest. Owner must apply
for a permit to harvest timber from State Dept. of Revenue, which authorizes harvest
and establishes timber value.

Land and timber valuation is combined into a statutory true cash value by site
classes, in dollars per acre.

Site! $110.00
Site II 85.00
Site III 55.00
Site IV 20.00
Site V 7.00

tax at the local tax code rate, with no incentive to reduce
growing stock levels for the smaller trees. In fact, the values the
state has established for trees in the 1 2- to 18-inch range have
not been high enough to make the incentive toward reduction
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of that size of growing stock sufficient to be considered, except
in high tax rate areas.

The fact that values are established on a stand for both
annual and additional tax purposes can overappraise the value
of removed trees in some thinnings. The values for this sort of
operation are not treated separately in Oregon now, but the
system now developing in Washington will recognize this as a
separate valuation problem. Oregon probably will do the same
when thinning becomes more common.

EASTERN OREGON SEVERANCE TAX

This tax, a straight 5-percent tax on value of forest
products removed, is the most neutral possible tax for manage-
ment planning. The land tax is on local valuations and at local

rates.

FOREST FEE AND YIELD TAX

Most of the land has been classified under this law for
several years and declassification is expensive. The 1 2½ percent
of value as appraised by the State Department of Revenue has
the direct effect of making thinning less possible. In theory, a
zero-margin thinning would pay no tax, but in practice it does.
The administration of the law is improving. If the law works as
it should, it will have a neutral effect on management. The
current attitude toward the law is created because the harvest
tax is higher than similar current taxes under other laws. The
higher current rate, though, is actually catching up for taxes not
paid in the past. As the other tax rates increase, the classified
land becomes more attractive to management.

WESTERN OREGON SMALL TRACT OPTION

Tax is paid on statutory value based on site and computed
at local tax rates. This law places considerable incentive to
produce a maximum crop.
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The problem with bringing eligible land under the law has
been the rollback, or adjustment tax provision of tax payment,
to get the land classified. This is the payment for the difference
between actual tax paid under western Oregon law and the tax
that would have been paid under the option. The difference is
created because, under the western Oregon law, young forests
(under 12 inches dbh) pay no tax except on land, and that land
alone is less value than the statutory values under the optional
law. The optional law saves money for the owner after the trees
are over 12 inches dbh, but not before.

Although this procedure is complicated, the result is often
a substantial tax bill to get land under the optional tax. As the
rollback starts from 1961, 11 years ago, the payment could be
increasing.

Once the land is classified, the tax cost of a crop is not
based on the crop, but on the potential crop. Because stands
over 90 years old must be removed from the provisions of the
law, on classified land, the law establishes a rotation-age
incentive.

HIGHEST AND BEST USE PROBLEM

Small ownerships do riot fit necessarily the criteria for
classification under one of the forest land classifications, and
some owners do not choose to classify even when the criteria
can be met. Such a nonclassified property is subject to appraisal
by the county assessor on the "highest and best use" as he
judges it and as land transactions in that locality indicate. Many
of the young forests are in foothill areas where the land use is
shifting to the house-with-a-horse sort of residential develop-
ment. I cannot fault the assessors for the treatment they give
these areas, although I do not like what is happening or the tax
effects. On this type of land, the owner is almost forced to
either classify or subdivide. Unless a major change occurs in
Oregon's tax system, long-term forest management on these
lands is probably not a self-sustaining business. It should be
treated as an addition to any other management objective for
the area.
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APPLICATION OF TAX LAWS

These examples (1) were designed only to give a general
idea how Oregon's different forest tax laws are applied. Beyond
this, absolutely no inferences should be drawn from such
particulars as the volume and value figures used or the relations
between cut and inventory.

WESTERN OREGON AD VALOREM TAX

Suppose you own a 2,200-acre tract of timber in western
Oregon with an average land value of $40 per acre (values based
on Department of Revenue surveys of sales of similar quality
forest lands in your region). Two hundred acres are covered
with tax-exempt reproduction under 1 2 inches dbh. The
remaining 2,000 acres have some old growth and some young
growth, and timber volumes average 40,000 board feet per acre
(40 M fbm). If the timber is valued at $50 per thousand board
feet (based on Department of Revenue studies of the year's
sales of similar stumpage), immediate harvest value is then 40 M
fbm x 2,000 acres x $50 per M thm = $4,000,000. Assume tax
rate is 2 percent. Each year the timber tax is applied to 30
percent of the immediate harvest value (assuming that your past
harvest rates indicate you would exhaust your old growth in less
than 30 years. For a longer depletion period, the 25-percent
valuation factor would be applied). The timber tax for ihe year
in question would be 0.02 tax rate x 0.30 valuation factor x
$4,000,000 = $24,000. Suppose that I ,500 M thm valued at
$50 per M Thm are harvested from the tract that year. The
"additional tax" of 2 percent applied to 70 percent of this total
value will be 0.02 tax rate x 0.70 valuation factor x 1 ,500 M
fbm x $50 per M thm = $1,050. Land tax is 0.02 tax rate x
2,200 acres x $40 per acre = $1,760. Taxes for the year are
$24,000 timber tax, $1,050 additional tax, and $1,760 land
tax, which totals $26,810 ad valorem tax.

Next year's inventory for assessment purposes (with
appropriate adjustments for growth) will be 1 ,500 M fbm less
than it would have been without the harvest.
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FOREST PRODUCTS HARVEST TAX

When I ,500 M Thm are harvested, the year's harvest tax on
forest products (at 6 cents per M thm for forestry research and
4 cents for fire control) would be $0.10 per M fbm x 1,500 M
fbm = $150.

FOREST FEE AND YIELD TAX

Suppose you have a 2,000-acre tract classified under the
forest fee and yield tax. The area would have young-growth
volumes which would be considerably lower on the average than
the tract that illustrates ad valorem taxation. The land tax at 10
cents per acre would be 0.10 per acre x 2,000 acres = $200
"forest fee."

Assume that 1,500 M thm worth $50 per M thm are
harvested for the year. The 12.5-percent yield tax on this
harvest would be 0.125 tax rate x 1,500 M thm x $50 per M
thm = $9,375.

EASTERN OREGON SEVERANCE TAX

Imagine owning a 2,000-acre tract of timber in eastern
Oregon from which you harvest 500 M thm this year. Suppose
that the assessor values your land at $15 per acre and the tax
rate is 2 percent. Land tax will be 0.02 tax rate x 2,000 acres x
$15 per acre = $600. Assume the Department of Revenue's
timber sales survey for the year indicates a stumpage value of
$50 per M fbm for your species and region. The timber tax at 5
percent of harvest value will be 0.05 severance tax rate x 500 M
thm harvest x $50 per M thm $1,250 severance tax.

An eastern Oregon forest owner's taxes are independent of
his standing timber volume. Tax receipts go to the State
Department of Revenue, and after a small portion is set aside
for a reserve fund, moneys are redistributed to counties in the
proportion that each county's timber valuation bore to the total
eastern Oregon timber value in 1964.
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WESTERN OREGON SMALL TRACT OPTIONAL TAX LAW

Woodland owners meeting the requirements of this law as
outlined in Table 1 will have the local tax rate (2 percent, for
example), applied annually to the "productivity" values out-
lined in Table 1. Suppose you have 900 acres of Site II forest
land under this act. Your annual tax would be 0.02 tax rate x
900 acres x $85 per acre = $1,530 small tract tax. This tax is
independent of standing timber volumes or harvest levels. It
varies only with changes in the tax rate or when the Department
of Revenue raises productivity values from time to time.

LITERATURE CITED
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QUESTION

Audience. Can a corporation be formed in a family to
eliminate an inheritance tax?

Alexander. Before making any decisions about a family
corporation, consult a tax attorney. In some situations, a
corporation is an advantage, but some limitations restrict the
desirability of this approach for most people.

Audience. If you had a small ownership, 100 acres of
40-year-old Douglas fir in western Oregon, for example, and all
property tax options were open at this time, would you choose
ad valorem, small-owner option, or Forest Fee And Yield Tax?

Alexander. I have almost this situation personally and
chose ad valorem with forest land designation. If the tract is
removed from that designation, a 5-year rollback tax will be
due. I have no intention of removing the designation, but my
heirs may not have the same land-use objective. For that reason,
I am retaining the flexibility for their benefit.
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When I made the choice, I could see no advantage to the
small tract option compared to the forest land designation. If
the land had been placed under the small tract option before
the adjustment tax provisions became effective, I would have an
advantage now and later. The adjustment tax to obtain the
small-tract-option classification, however, made that alternative
unattractive.

The Forest Fee And Yield Tax was a depression-born
system to allow deferment of taxes when no cash was available
to pay yearly assessments. The effective tax rate on managed
forests is high, and declassification for land-use change carries a
rollback for the entire time of classification.

Audience. This is along the line of your (Larry Smith)
comment on disinvestment. Berg speculated last night that a
heavily thinned stand might take 15 years to recover the volume
removed by the thinning. What is the reduction in outlay of ad
valorem taxes upon the reduced inventory as another advantage
for commercial operations?

Alexander. With present western Oregon forest taxation
under the ad valorem system, trees less than 12 inches dbh are
not valued except for "add tax" at the time of cutting. The tax
values of trees over 12 inches dbh, but still small, are low. Such
a tax system places little incentive on reduction of growing
stock.

From my observation, the lack of confidence in the future
taxation probably is more important in the decisionmaking
process than is the present tax structure. Almost every session
of the legislature is blessed with someone who uses the forest
tax laws as a means of getting publicity. The continual threat of
a major shift in tax burden to the forest has a definite effect on
the decision of the small owner, especially, to liquidate rather
than manage.

Audience. You say "tax to create incentive." Almost our
entire tax structure is the reverse of this. Are you saying, "Tax
out of existence the owner who cares nothing about regenera-
tion or managing his land for maximum production?" If so, I
agree
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Alexander. No, I do not suggest or believe it desirable
public policy to confiscate private property, directly or indi-
rectly, because the owner does not do what I believe is most
desirable. Minimum standards of land management can be
achieved other ways.

I did say that we have three basic philosophies of land tax
distribution: tax bills distributed strictly on the basis of present
market value of property; tax bills paid according to the service
received by the taxpayer (Forest Products Harvest Tax in
Oregon); and tax bills distributed to create incentives toward
property-use goals, one of the variable ratio alternatives.

Our present tax systems contain some element of all three
philosophies and are a compromise. Because they are a
compromise, they are not satisfactory to those who believe in
any one of the approaches.

Audience. How can the 1 ,000-acre limit on the small tract
option be justified? If this is a good law, should not larger
owners also be allowed to use it?

Alexander. The 1961 legislature was the source of the
three basic forest tax laws in Oregon: The Eastern Oregon
Severance Tax, the Western Oregon Ad Valorem Tax, and the
Western Oregon Small Tract Optional Tax. Those legislators did
a tremendous job of bringing order to an extremely complex
problem of pressure groups who advocated different approaches
to the common objective of fostering forest management, yet
producing local tax base and income. One of the pressure
groups was a small woodland-owner organization who advo-
cated the plan now contained in the small-tract-option law. The
plan does fit the problem presented to the legislature by that
group, but did not and still does not fit an owner with
substantial inventory of mature timber. The legislature recog-
nized the difference.

Audience. Under the new Forest Practices Act, leave strips
along streams will sometimes be necessary. Will the valuation of
these lands be changed?

Alexander. Time will tell if the market does discount
forest values on the basis of the requirements of the Forest
Practices Act. The tax appraiser is supposed to follow the
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market, not lead it. I expect considerable controversy about the
appraisal of specific tracts when the new requirements increase
logging costs or delay harvesting.

Audience. Do you have any comments on the new
Washington "open space" law?

Alexander. I have little knowledge of how well this law
actually operates, primarily because the people I have discussed
it with are forest land owners and have found that the
classification under the law is complicated. Each county is
allowed to charge a "filing fee" before any consideration is
given.

Audience. Would you briefly outline the new Wash-
ington law?

Alexander. When the law becomes fully effective, forest
land will be taxed at local tax rates applied to a land value
established by the State Department of Revenue. Land values
are to be those values indicated by the market for land (and
land only) purchased for forest management. Timber will be
taxed when it is cut at a rate established by the legislature and
applied to a stumpage value set from time to time by the
Department of Revenue after a review of timber transactions.
Now, apparently, the rate will be between 5 and 6 percent.

The law contains a phase in schedule to allow local tax
districts to adjust their financing. It contains details for
distribution of the timber-tax income to the local districts,
provisions for decision on what land is to be included under the
law, procedures for determining the value schedules, and other
administrative details.

Audience. Is the Washington tax law best for all forest
owners? If not, what groups does it favor, and why?

Alexander. I think the new Washington tax law favors the
small forest owner who has a periodic income stream, because
the tax on the forest land is low when the owner has no income
to generate money to pay the tax, and is high after cutting has
generated this income.

A side benefit to the small owner is the value schedule that
must be published by the Department of Revenue. Small
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owners will have a source of value information they can use in
selling their crop.

Audience. What, in your opinion, is the best form of forest
tax? Is it the Washington forest tax?

Alexander. The question reminds me of the definition of a
good tax. The good tax is the one someone else pays.

Each of the basic forest tax systems now in effect in
Oregon has advantages. Any of the systems have advantages and
disadvantages, both from the public point of view and because
of the different incentives they build into forest management. I
think the Eastern Oregon Severance Tax and the Washmgton
tax laws have the least disadvantage in most situations. The
Western Oregon Small Tract Option has one advantage none of
the other current tax laws cover. It places economic incentive
on growing a maximum crop. It has the defect, however, of not
being adaptable to areas that now contain mature timber,
without serious consequence to local tax-supported services.

Audience. How does governmental (sale) action affect the
small-owner tax?

Alexander. The government timber sale programs affect a
small-owner tax bill two primary ways.

First, most of the government agencies return part of the
timber-sale proceeds to local government units as an "in lieu of"
tax payment. Some of these funds are designated for specific
purposes, some are not, but they all help pay for local service
and, thereby, reduce the amount of money local tax units must
raise through local tax rates. In Oregon and California lands and
some of the State of Oregon lands, this "in lieu of" payment is
a substantial portion of the net proceeds and represents
considerable income to some counties.

Secondly, the bid price on government timber sales is
usually the most available and predominant evidence of market
value on which the timber appraiser must base assessed values of
private timber. As competition for the government timber
increases, the assessed value of private timber increases in the
same general area. The increased local income from the sale of



How Taxes Influence Young-Growth Management 181

the government timber offsets taxes on all classes of property.
The increases in value of timber, compared with increases in
value of other property, shifts the tax burden from other classes
of property to the private timber.

Audience. If you object to valuation comparisons based on
government sales, how can more valid data be obtained from
private industry sales of land or timber, or both?

Alexander. My comment about use of government timber
sales as evidence of market value of private timber was directed
at the need to recognize the differences in the conditions or
requirements for purchase and operation of government timber,
opposed to identical timber on private land.

The federal government and both the Oregon and Washing-
ton State Tax Commission have the right to obtain private
transaction details for consideration, but the majority of
transactions are the government sales by far. Those sales, then,
are the common working tool of the timber appraiser. Those
tools, however, must be used with the knowledge of what to
discard and how to adjust the remainder to bring the sales to
comparable results.

Audience. Will you describe the meaning and tax implica-
tions for timber management of a corporate ordinary income
deficit?

Alexander. The question is not clear unless it refers to
what I said about the tax effects of Section 631(a) of the
Internal Revenue Code. I said that the federal income tax rate
on total before-tax net income was at the lowest point when all
of the net income was in the capital-gains value, and ordinary
income was exactly zero. The effective tax rate increases when
the ordinary income is either a gain or loss. The point I was
making is that high present market values for capital-gains
treatment of timber used by a not-so-efficient operation can
result in a high tax rate. For example, a corporation owns
timber that cost $10 per thousand board feet (M fbm) many
years ago. Sale of similar timber in the area indicates a present
market value of $60 per M thm. The company operation for the
year returned $60 per M thm for stumpage and profit.
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Under ordinary income accounting, the corporation would
cost the timber at $10 and have a taxable income of $50. If
they pay at the 52-percent tax rate, the tax would be $26 per M
fbm.

Under capital-gains accounting, the corporation would
have a capital gain of $60 minus $10, or $50. At a tax rate of
26 percent, they would pay $13 per M thm.

If their operation only returned $30 per M thm for
stumpage and profit they would still pay $13 per M fbm tax, or
effectively 65 percent of the amount available. They would
have an ordinary income loss of $60 minus $30, or $30 per M
fbm, but they would have no credit to offset the capital gains
tax. This is the ordinary income-deficit situation.

If their operation returned $90 per M fbm for stumpage
and profit, they still have to pay the $13 capital gains and, also,
$90 minus $60 = $30 x .52 = $15.60 tax on ordinary income.
The total tax would be $28.60, or 36 percent of the amount
available.

Audience. For the corporate timber owner, do you believe
that elimination of the capital-gains tax treatment for timber
will require shorter rotations to make the timber-growing
investment pay a rate equivalent to that now earned?

Alexander. No possible modification of forest management
can offset the tax difference between the capital-gains rate and
the ordinary rate on income. The relative difference between
the two tax treatments will remain the same, regardless of the
different income streams generated under alternative manage-
ment systems. Generally, the capital-gains treatment raises the
after-tax income above what it would be under ordinary income
tax rate, and the net rate of return on investment is more
competitive with the net rate of alternative opportunity
investments. Capital-gains treatment mostly affects income
potentials of corporate owners in early activities such as
precommercial thinning and fertilizing. With these operations,
which eventually produce more valuable harvest, costs can be
charged to ordinary income, yet proceeds can be treated as a
capital gain. Because planting must be carried as a capital
investment, the present tax law does not favor that particular
activity.
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FERTILIZING

Is a better, more economical way available to mass-
produce accelerated growth than relying on various thinning
methods?

On Toledo Division lands, fertilizer experiments have
indicated that excellent growth can be obtained with applica-
tions of 200 pounds of nitrogen per acre on 35-year-old stands.
These experiments have led to additional large-scale tests that
we believe will increase wood volume substantially without
thinning (Figures 1, 2; Table 1).

QUESTIONS

Audience. What age classes will you fertilize?
Rodgers. At the present time, we will concentrate on

stands 30 years of age and older, because these stands will be
cut first. We have so much acreage in these age classes, we will
be unable to do much with younger stands for several years.

Audience. How many times and at what intervals will you
fertilize'?

Rodgers. At least once and, depending on the age at which
the first application is made, up to four or five fertilizations at
about 7-year intervals.

Audience. Did all of the plots respond to the fertilizer
treatment'?

Rodgers. The plots in stands 25 years old and older
responded very well, but the younger stands did not show any
particularly good results.

Audience. What site classes will you fertilize? What order
of preference?

183
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Rodgers. This will depend on the cubic volume gained
from fertilization. At the present time, we figure that the higher
sites will yield the best volume even though the percentage gain
may not be spectacular.

Audience. Do you plan to combine fertilization with
precommercial thinning?

Rodgers. We have not planned this yet, but it is possible.
We really expect that fertilization will provide enough incre-
ment gain to make precommercial thinning unnecessary.

THINNING

Precommercial and commercial thinning are the classical
methods for gaining additional wood volume from the forest.
When properly done, thinning will accelerate growth of the
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Figure 1. Mean, annual, diameter increment by diameter class in
35-year-old Douglas-fir over a 3-year period (April 1968
December 1970), Georgia Pacific Corporation, Toledo Division.
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remaining trees and result in harvest of more and better timber
from a given acre of ground.

Several factors, however, deter initiation of large-scale,
thinning projects. These are: commercial thinning tends to
lengthen the rotation, which increases the total cost of the
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H

Figure 2. Location of experimental precommercial thinning and
fertilization in Douglas-fir, 1, and commercial thinning in mixed
Douglas-fir and western hemlock, 2, Georgia Pacific Corpora-
tion, Toledo Division.
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Table 1. Increase in Inches at Diameter Breast High (dbh) for 3
Years Before and 3 Years After Treatment in 25-, 35-, 45-, and
55-Year-Old Douglas Fir (Thirty 1/50-Acre Plots), Georgia
Pacific Corporation, Toledo Division.

Fertilized
Fertilized Thinned and

Control only only thinned
Stand___________

Beforel After BeforelAfter BeforelAfter Beforej Afterage
25 0.74 0.56 0.78 0.74
35 .64 .56 .70 .90 0.74 0.88 0.66 0.90
45 .60 .46 .42 .52
55 .28 .24 .38 .50

initial investment by compound interest; cost of precommercial
thinning must be carried through to final harvest with an
additional interest cost; road construction takes land from
production that could be contributing annual growth; selection
of trees to remain for final harvest may not leave the best trees;
and even the best methods of commercial thinning result in
some undesirable effects, such as soil compaction, scarring, loss
of limbs, blowdown, or a combination of effects.

Five 1/4-acre plots were established in a 25-year-old stand
of Douglas-fir near Siletz, Oregon (sec. 17, T. 10 S., R. 10 W.).
This area was selected for its high site and gentle topography
suitable for operating thinning equipment (Figures 2, 3).

C. D. Johnson Lumber Company logged the area in 1923
and 1928. In 1929, a wildfire burned several thousand acres.
Most of the reproduction is natural, although some planting was
done by Boy Scouts in 1933-1935. In addition to Douglas-fir,
ponderosa pine, Port-Orford-cedar, and black locust were
planted. About 100 trees per acre were pruned to a 17½-foot
height on 85 acres during the spring and summer of 1960.

The objective is to obtain data for possible future
silvicultural treatments. The three plots selected for thinning in
June 1961 were to have 10, 20, and 40 percent of basal area
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removed. Actual removals, however, were 5 percent from plot
3, 23 percent from plot 1, and 44 percent from plot 2. Plots 4
and 5 were maintained as controls.

All marked trees were felled, bucked, and left on the plots.
On plots 1 and 2, all material 4 inches plus diameter inside bark
(small end) was scaled. Pulpwood (4 inches plus 8 feet
minimum) was scaled in cubic feet, and sawlogs (6 inches plus 8
feet minimum) were scaled in board feet. No scaling was done
on plot 3 because of light cutting and small size of material
removed.

Figure 3. Experimental precommercial thinning in Douglas-fir,
Georgia Pacific Corporation, Toledo Division.
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Each plot will be remeasured at 5-year intervals. Table 2
gives the basic data for the plots in 1961, both before and after
thinning. Tables 2, 3, 4, and 5 compare the stand data for 1961
and 1971. To indicate changes in volume growth over the
10-year period, the volumes for 1966 are included. This shows a
slowing of growth in the last 5 years. Table 6 gives the
cubic-foot volume by 1-inch classes in 1971 for each plot.

Commercial thinning operations have not been successful
economically (Figures 2, 4, 5). Costs of thinning are exception-
ally high when thinning is done by either company crews or
contract crews (Tables 7, 8).

Figure 4. Unthinned, mixed Douglas-fir and western hemlock
stand, Georgia Pacific Corporation, Toledo Division.
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QUESTIONS

Audience. When will you thin this stand again (Figure 5)?
Rodgers. I do not expect to thin this particular area again

before the final cut. Another thinning would prolong the final
harvest to a date later than we expect to be desirable.

Audience. At what age will the final harvest occur?
Rodgers. About 55 years.
Audience. Did you log tree lengths?

Figure 5. Thinned, mixed Douglas-fir and western hemlock
stand, Georgia Pacific Corporation, Toledo Division.
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Table 2. Basic Data for Experimental Thinning in 25-Year-Old
Douglas-Fir, 1961, Georgia Pacific Corporation, Toledo
Division.

Basal
area

Volume removed
Saw- Pulp-

Plot removed Trees Basal area Dbh log wood Total
No. % No. % Sq ft %' In. % Fbm Cu ft Cult

BEFORE THINNING
23 400 87 163 128 8.7 127

2 44 484 105 259 202 9.9 136
3 5 520 113 195 154 8.3 114
4 none 472 103 171 135 8.2 112
5 none 628 153 205 162 7.8 105

REMOVED IN THINNING
23 168 38 280 252 322

2 44 224 115 835 304 513
3 5 200 10 Not Scaled
4 - -- -- - -
5 - --- - -- -- --

AFTER THINNING

23 232 50 125 98 10.0 138

2 44 260 57 144 113 10.1 146

3 5 320 70 185 146 10.3 147

4 none 472 103 171 135 8.2 112

5 none 628 153 205 162 7.8 05

Based on normal stocking.

Rodgers. Yes. In some events, trees were bucked where
skidding tree length would scar the residual trees.

Audience. What about the windthrown trees'? Will you
salvage them?

Rodgers. No. Although we could pick up a few truck loads
over the entire area, we are unlikely to spend a quarter to
retrieve a nickel.

Audience. Do you expect rot in the hemlock that is
scarred by logging?

Rodgers. Yes, to some extent. The rot loss could offset the
increment gain from several other trees, however.
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Table 3. Stand Data before and after Thinning in 1961 by Plot
for 1961-197 1. Experimental Thinning in 25-Year-Old Douglas-
Fir, Georgia Pacific Corporation, Toledo Division.

No. of trees
I Basal area

J I
Average dbh

Be- Be- Be- In-
Plot1 fore After 1971 fore After2 1971 Annualgrowth fore After 1971 crease

Sq ft Sq ft Sq ft Sq ft Percent In. In. In. In.
1 400 232 220 163 124 204 8.0 6.4 8.7 10.0 13.1 3.1
2 484 260 260 259 144 227 8.3 5.7 9.9 10.1 12.7 2.6
3 520 320 320 195 185 266 8.1 4.4 8.3 10.3 12.4 2.1
4 472 472 316 171 160 233 7.3 4.6 8.2 8.2 11.6 2.6
5 628 628 464 205 191 271 8.0 4.4 7.8 7.8 10.4 2.6

Plot 1 had 23 percent of basal area removed in 1961; Plot 2,
44 percent; Plot 3, 5 percent; and Plot 4 and Plot 5, none.

2 Accounts for mortality also.

Table 4. Gross Volume for Trees Alive in 1971.1 Experimental
Thinning in 25-Year-Old Douglas-Fir, Georgia Pacific Corpora-
tion, Toledo Division.

Volume Scribner
5-inch trees to 7-inch trees to International

4-inch top 6-inch top
Plot 1961 1966 1971 1961 1966 1971 1961 1966 1

1 3,368 5,328 6,658 11,670 23,040 30,830 16,340 20,070 37,780
2 3,946 5,936 7,256 13,500 24,950 32,590 18,720 31,770 40,440
3 5,347 7,197 8,587 19,960 30,590 38,640 26,390 38,420 47,510
4 - - 7,426 - - - - - -
5 5,155 7,100 8,375 16,730 27,630 34,850 22,790 35,340 43,600

Computed with "Comprehensive Tree-Volume Tarif Tables."
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Table 5. One Hundred of the Largest Trees. Experimental
Thinning in 25-Year-Old Douglas-Fir, Georgia Pacific Corpora-
tion. Toledo Division.

Basal area Average dbh
Annual Annual

Plot 1961 1971 increase 1961 1971 increase
Sq ft Sq ft Sq ft In. In. In.

1 80 133 5.317 12.1 15.6 0.35
2 80 127 4.709 12.1 15.3 .32

3 99 143 4.474 13.4 16.2 .28

4
5 81 124 4.312 12.2 15.1 .29

Table 6. Distribution of Volume in Cubic Feet by Dbh Class,
1971.1 Experimental Thinning in 25-Year-Old Douglas-Fir,
Georgia Pacific Corporation, Toledo Division.

class
I

Plot I
I

Plot 2
I

Plot 3 I
Plot 4 I Plot 5

In. Cu ft % Cu ft % Cu ft % Cu ft % Cu ft %
5 7.2 0.1 21.6 0.2 14.4 0.2 50.4 0.6

6 16.0 0.2 16.0 0.2 16.0 0.2 80.0 1.1 144.0 1.7

7 79.2 1.2 52.8 0.7 26.4 0.3 158.4 2.1 316.8 3.8

8 114.0 1.7 114.0 1.6 342.0 4.0 114.0 1.5 418.0 5.0

9 51.6 0.8 206.4 2.9 464.4 5.4 516.0 6.9 361.2 4.3

10 265.6 4.0 597.6 8.2 730.4 8.5 398.4 5.4 730.4 8.7

11 499.2 7.5 915.2 12.6 582.4 6.8 915.2 12.3 832.0 9.9

12 809.6 12.2 202.4 2.8 809.6 9.4 1,214.4 16.4 506.0 6.1

13 604.0 9.1 1,449.6 20.0 604.0 7.0 1,208.0 16.3 1,449.6 17.3

14 852.0 12.8 568.0 7.8 710.0 8.2 426.0 5.7. 710.0 8.5

15 495.6 7.4 1,486.8 20.5 1,156.4 13.5 660.8 8.9 991.2 11.8

16 1,327.2 19.9 568.8 7.8 1,327.2 15.5 379.2 5.1 948.0 11.3

17 1,293.6 19.4 1,078.0 14.9 431.2 5.0 215.6 2.9 431.2 5.2

18 243.2 3.7 0 0 486.4 5.7 486.4 6.6 486.4 5.8

19 0 0 0 0 272.4 3.2 0 0 0 0

20 0 0 0 0 606.4 7.1 303.2 4.1 0 0

21 0 0 0 0 0 0 335.6 4.5 0 0

5-10 533.6 8.0 986.8 13.6 1,600.8 18.6 1,281.2 17.2 2,020.8 24.1

11-14 2,764.8 41.5 3,135.2 43.2 2,706.0 31.5 3,763.6 50.7 3,497.6 41.8

15+ 3,359.6 50.5 3,133.6 43.2 4,280.0 49.9 2,380.6 32.1 2,856.8 34.1

5-21 6,658.0 100.0 7,255.6 100.0 8,586.8 100.0 7,425.6 100.0 8,375.2 100.0

1 Plot 1 had 23 percent of basal area removed in 1961; Plot 2,
44 percent; Plot 3, 5 percent; and Plot 4 and Plot 5, none.
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Table 7. Example of Company Costs in Thinning.

Item
I

Values
DESCRIPTION OF AREA

Volume removed, M fbm' 11 ,5 70
Stand composition, percent

Douglas-fir 74
Western hemlock 18
Sitka spruce 3
Red alder 5

Acres thinned 186
Acres clearcut 47
Average load

Logs, number 69
Weight, pounds 43,944
Volume, Ibm 2,462
Weight, lbperMfbm 17,850

Logging costs, per Mfbm
Felling, bucking $18.12
Yarding, loading 37.98
Hauling 13.47
Crew transportation 2.45
Road maintenance 2.47
Forestry 0.79

75.28

Road construction 15.00
Yield tax 2.00
Cost, per Mfbm $9228

1 Thousand feet, board measure, Scribner log rule. Conversion
factors are:

1 board foot Scribner = 0.233 cubic feet.
1 board foot Scribner = 2.80 board feet Brereton.
1 cubic foot = 4.29 board feet.
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Table 8. Example of Contract Costs in Thinning.

Item I

Values
DESCRIPTION OF AREA

Volume per acre,fbm 22,000
Volume removed per acre,Jbm 5,000
Area thinned, acres 45

Average load
Weight, pounds 43,586
Volume,Jbm 2,355
Weight, lb perMJbm1 18,508
Loads per day (29 tons), number 1 1/3

COSTS
Logging costs, perMfbm
Contractor

Cost to landing, $4.00 per ton $37.02
Hauling, $1.70 per ton 15.73

$52.75
Company

Forestry 0.79
Road construction 15.00
Road maintenance 2.47
Yield tax 2.00

$20.26
Total logging cost $73 01
Contractors daily operating costs
(Does not include costs such as payroll taxes)

Three men, $4.00 per hour $96.00
Two power saws, $10.00 per day 20.00
One 450 Case tractor, $7.50 per hour 60.00
One 4x4 Ford pickup 6.00

$182.00
Contractor's gross daily earnings
($37.02 x 3.143 thm per day) $116.00

1 Thousand feet, board measure, Scribner log rule. Conversion
factors are:

1 board foot Scribner = 0.233 cubic feet.
1 board foot Scribner = 2.80 board feet Brereton.
1 cubic foot = 4.29 board feet.
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COMMERCIAL THINNING IN DOUGLAS-FIR

The original old-growth Douglas-fir stand was logged about
1920. Many trees, nonmerchantable then, were left. The first
thinning in 1967 removed about 20 percent of the volume in
the young-growth stand and many of the old-growth residuals.
The stand is infested with Poria weirii root rot. (Figures 1, 2).
The stand is located in SE114, SE1/4, sec. 9, T. 12 5., R. 7 W.,
Willamette meridian (Figure 2). The age is 46 years. The site
index is 180+. The height of dominants is 115 feet.

Stand statistics for 1972 show a basal area of 1 70 square
feet per acre, 210 trees, an average of 13 inches diameter breast
high, and Scribner volume of about 46,000 board feet.

QUESTIONS

Audience. Will you salvage the trees killed by root rot?
Blanchard. Yes.
Audience. What effect will the presence of root rot have

on management?
Blanchard. As this stand appears to have enough healthy

trees, we probably can manage it about the same as our other
intensively managed noninfected stands. The presence of the
root rot, however, cuts down our options when making
selections for thinnings. Because of the rot, we may have to
carry through the rotation some undesirable, but uninfected
trees that normally would be removed.

Audience. How many times or how often will you thin this
stand?

Blanchard. We plan to thin stands of this quality at least
every 5 or 6 years, or about 5 or 6 times before the final
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harvest, if good markets develop for small thinnings, we
probably would make one more earlier thinning.

Audience. Assuming no loss from root rot, when would
you make the final harvest on this stand?

Blanchard. Probably at about age 70.
Audience. Do you know what the growth per acre is?
Blanchard. Not exactly, but probably about 700 to 900

board feet per acre per year.

Figure 1. Unthmned, 46-year-old Douglas-fir stand, Starker
forests.
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Audience. What kind of yarding equipment was used?
Blanchard. A Caterpillar 955 (front end loader on a D-4

chassis).
Audience. How were the trees selected?
Blanchard. They were selected by the thinning contractor

on the basis of form, apparent vigor, and spacing.

Figure 2. Thinned, 46-year-old Douglas-fir stand, Starker
forests. Note the three trees on the ground, which were
weakened by Poria weirii and blown over by moderately strong
winter winds.
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PRECOMMERCIAL THINNING
IN 30-YEAR-OLD DOUGLAS-FIR

Hilltop Precommercial Thinning

This 30-year-old Douglas-fir stand is located in SW1/4, Sec.
9, T. 1 2 S., R. 9 W, Willamette meridian (Figure 1). It became
established after farmers stopped burning the hillsides each year
for grazing. Average stocking was 73 1 trees per acre. Diameters
ranged from 3 to I 8 inches. Sixty-two percent of the trees were
7 inches or less in diameter 90 percent were 11 inches or less.

When it was thinned July 1969, all live conifer trees more
than 7 inches in diameter were designated as crop trees and not
cut. In an opening more than 24 feet in diameter that did not
contain a crop tree, the largest conifer with good form and vigor
was left to maintain an average spacing of 14 feet. All conifers,
not designated crop trees, over 2 feet in height, and all
hardwoods and brush overtopping crop trees, which extended
to two-thirds of stand height and were within 10 feet horizontal
distance of the tops of crop trees, were cut. Slash was piled, but
not burned. Contract cost was $49.90 per acre (Figure 2).

Our goals were to transfer growth to fewer stems, prepare
for first commercial entry, convert stand to stocking density
(Table 1), and remove undesirable species that compete with
crop trees.

QUESTIONS

Audience. What are the present stand statistics of the
hilltop precommercial thinning'?
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Table 1. Theoretical Example of Management of Douglas-Fir Stand on Acre Basis
with Intermediate Cuttings at 15 Years and Shelterwood Regeneration Cutting at
100 Years.'

Stand before cutting Trees cut Stand after cutting

Cutting No.
cycle of Basal
age trees area Volume

Years Sqft Mfbm

No. Basal
of Avg Basal area

trees dbh area cut Volume
In. Mfbm

25 435 246 6,8002 205 9

40 230 289 47 110 14
55 120 265 59 45 19
70 75 271 65 20 24
85 55 278 71 15 28

100 40 284 78 30 36
110 10 83 23 10 39

SITE II

89 35 2,0002

118 40 17

79 30 18
63 25 14
64 25 16

212 75 58
83 100 23

20
1 46

No.

of Avg Basal
trees dbh area Volume

In. Sqft MJbm

230 11.6 157 4,8002
120 16.5 171 30
75 21.5 186 41
55 26.4 208 51
40 31.3 214 55
10 36.3 72 20



25 435 161 3,8002

40 300 234 2,8002

55 170 232 43
70 105 236 48
85 70 237 52

100 50 245 58
110 10 56 13

SITE III

135 7 35 20
130 11 86 35
65 15 74 30
35 19 59 25
20 23 58 25
40 30 196 75

10 32 56 100

'From Forest Service Handbook 23, Timber Stand
Improvement, April 1967, p. 6-7, Amendment 7, Table 3.

2 Cubic feet.
Total cutting, cords.

cutting, M thm.

7002

2,8002

13
13
12
46
13
353
974

300 09.1 126 3,1002

170 13.2 148 22
105 17.3 158 30
70 21.5 177 35
50 25.6 179 40
10 30.0 49 12

0 - -

t\J
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Figure 1. Location of stops on field trip to Alsea Ranger
District, Siuslaw National Forest. Hilltop precommercial thin-
ning, 1, and skyline partial cutting, 2.

Answer. We have not taken a stand exam since the
thinning. The number of trees left after thinning was about 360
per acre.

Audience. Do you believe this thinning is beneficial? Did it
increase growth significantly? It seems to me that more trees
should have been removed.

Answer. Increment borings taken recently indicate a
definite release; 3 to 4 rings per inch compared to 12 to 1 5 rings
per inch before thinning. We agree. The thinning should have
been heavier. The following year, below the road, we did thin
more heavily.

Audience. When will the first commercial thinning be
made? The stand appears to need thinning now.
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Figure 2. Hilltop precommercial thinning, Alsea Ranger District, 
Siuslaw National Forest. Slash along road was piled to burn. 

Answer. Within 10 years, depending on growth and 
market. 

Audience. Why was the slash piled? Did you or do you 
intend to burn? Would burning damage nearby residual trees? 

Answer. The slash was piled as a precaution against fire, 
because of heavy public travel on this route and as a training 
project for a newly employed minority crew. The slash piles 

were burned during the rainy winter season with minimal 
damage to residual trees. In less traveled areas, we fireproof a 

strip along the road. 
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SKYLINE PARTIAL CUTTING
IN MATURE DOUGLAS-FIR

North Nettle Skyline

The stand is located in S½, sec. 21, T. 12 S., R. 9 W.,
Willamette meridian (Figure 1).

This 100-year-old Douglas-fir stand on 135 acres, Site Class
II, has a basal area of 248 square feet per acre and a volume of
75,000 board feet per acre, gross, and 65,000 board feet per
acre, net (Figure 3). Forty-eight square feet of basal area and

Figure 3. Unthinned, 100-year-old Douglas-fir. North Nettle
Skyline thinning.
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14,000 board feet, Scribner Volume, were removed. Our goals
were to salvage, sanitize, and thin rotation-age stand and to
remove trees expected to die before regeneration cutting. Some
release is expected (Figures 4, 5, 6).

QUESTIONS

Audience. In the skyline partial cutting, how far laterally
from the sky road did you reach?

Answer. From 150 to 200 feet.

Figure 4. Thinned, 100-year-old Douglas-fir stand, North Nettle
Skyline. View from landing down the skyroad.
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Audience. Were the trees to be removed marked? And
how?

Answer. All trees to be removed were marked above and
below stump height with blue, tree-marking paint. The skyline
corridors, however, were marked at the time of felling.

Audience. Did the fallers experience difficulty in felling to
lead?

Answer. Yes, on slopes over 50 percent with sidehill
skyline corridors.

Figure 5. Thinned, 100-year-old Douglas-fir stand, North Nettle
Skyline. Skyroad extends downhill into the distance.
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Audience. Why didn't you clearcut and plant this area?
Hasn't it reached rotation age? Do you expect increased
growth?

Answer. The area is not planned to be regenerated for
30-50 years. Mortality and growth can be expected during this
period. With this sale we are attempting to better utilize each.

Audience. Will you clearcut and plant? Or will you use a
shelterwood system to regenerate? When?

Answer. We will clearcut and plant in 30-50 years.

Figure 6. Thinned, 100-year-old Douglas-fir stand, North Nettle
Skyline.
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Audience. When did you cut this?
Answer. During the summer and early fall of 1971.
Audience. How far apart are the skyline roads?
Answer They are from 200 to 300 feet apart at the tail

tree.
Audience. How long are the skyline roads?
Answer. The average road is 1400 feet long with a 30-foot

cleared width.
Audience. What are truck road costs in this area?
Answer. From $50,000 to $80,000 a mile.
Audience. What equipment was used to log this area?
Answer. A Skagit BU94 yarder with a 90-foot tower. This

equipment was modified to hold 2400 feet of 1 ¼-inch mainline
and has an underslung haulback fairlead. A RCC 13 carriage was
used.

Audience. Did the loggers slack the skyline?
Answer. Yes, it was live.
Audience. Did you get complete coverage of the ground?
Answer. Yes.

PRECOMMERCIAL THINNING
IN MIXED DOUGLAS-FIR AND WESTERN HEMLOCK

Woods Creek Precommercial Thinning

The stand is located in NE¼, sec. 21, T. 12 S., R. 7 W.,
Willamette meridian (Corvallis Watershed) (Figure 7).

In 1953, the stand, Site Class III (high), was a 5-acre area,
clearcut and burned and, in November, planted with 2-0
Douglas-fir (600 trees per acre).

In 1966, because of natural seedfall, stocking increased to
5070 trees per acre with 56 percent western hemlock, 41
percent Douglas-fir and 3 percent noble fir. The area was
thinned in December. Work was done by a forest service crew.
Cost is not available (Figure 8).

In the treatment, we maintained spacing of 12 feet by 12
feet. Either hemlock or Douglas-fir was left. All noble fir was
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Figure 7. Field trip to Starker Forests and Alsea Ranger
District, Siuslaw National Forest. Starker commercial thinning,
3; precommercial thinning in mixed Douglas-fir and western
hemlock, 4; proposed shelterwood, 5; teardrop precommercial
thinning, 6; proposed partial cutting in mature Douglas-fir, 7;
and recent precommercial thinning, 8.

left, with the preference given to Douglas-fir. All deformed and
injured trees were removed.

Our goals were to transfer growth to fewer stems, prepare
for first commercial thinning, reduce potential of damage from
snow, maintain maximum growth rate, and achieve balanced
mixture of conifer species.
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Figure 8. Woods Creek precommercial thinning. Mixed Douglas-
fir and western hemlock thinned at age 13 years, now 19 years
old.

QUESTION

Audience. In the mixed Douglas-fir and western hemlock
at Woods Creek, will another precommercial thinning be made?

Answer. No. The next entry will be commercial.
Audience. What do you mean by a balanced mixture of

conifer species?
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Answer. In this area, we are talking about Douglas-fir,
hemlock, and noble fir. We would plant from 50 to 60 percent
Douglas-fir, 30 to 40 percent hemlock, and 10 to 20 percent
noble fir.

Audience. When will the first commercial thinning be
made?

Answer. Probably within 10 to 15 years, depending upon
growth and market demand.

Audience. How do you maintain spacing control?
Answer. By laying out a measured demonstration plot on

the site and by periodic measured checks of actual spacing
during thinning operation.

PROPOSED SHELTER WOOD CUTTING
IN MATURE DOUGLAS-FIR

The location is SWT/4, SW1/4, sec. 15, T. 12 S., R. 7 W.,
Willamette meridian (Corvallis Watershed) (Figure 7).

The stand is 60 acres of old-growth Douglas-fir, western
hemlock, and western redcedar. Basal area is 320 square feet per
acre. Estimated volume is 125,000 board feet per acre, gross,
and 80,000 board feet per acre, net (Figure 9). Figure 10 shows
a nearby overstory of old-growth Douglas-fir and an understory
of western hemlock that resembles a shelterwood.

We will remove 70 percent of the basal area, leave residual
trees evenly spaced at one chain (66 feet) spacing, and pile
slash, scarify seedbed, and burn immediately after yarding.

Our goals are to obtain natural regeneration, reduce
damage to seedlings by animals, especially deer, and maintain a
pleasant scenic view for travelers on Road 1243.

QUESTIONS

Audience. In the proposed shelterwood cutting, why will
you pile the slash to burn? Why not reduce the hazard around
the seed trees and then broadcast burn?

Answer. Broadcast burning is definitely an alternative. We
thought that the potential slash would endanger the shelter-
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Figure 9. Stand of old-growth Douglas-fir, western hemlock,
and western redcedar marked for shelterwood cutting, left, and
thinned, right.

wood. Also, piling allows us to dispose of the slash at less
objectional times of the year.

Audience. Why leave only 10 trees per acre? Why not
more?

Answer. Foresters skilled in shelterwood cutting in
Douglas-fir recommend leaving about 30 percent basal area of
the stand. With our tree size, 30 percent worked out to 10 trees
per acre.

Audience. Are you concerned with overstocking in regen-
eration?

Answer. Yes. We hope that quite a bit of stocking is
destroyed during overstory removal.

Audience. What species do you expect to regenerate?
Answer. We can expect about 60 percent hemlock and 40

percent Douglas-fir.
Audience. What kind of equipment will you require, cable

or tractor?
Answer. Tractor.
Audience. Are you concerned with soil compaction?
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Figure 10. Overstory of old-growth Douglas-fir with understory
of western hemlock that resembles a shelterwood, left, and with
overstory cut, right.

Answer. The soils on this area are moderate to low in their
compactibility. With dispersed skid trails, we do not expect site
damage.

Audience. What about mortality, blowdown for instance,
in seed trees? Will you salvage them?

Answer. Undoubtedly, some trees will blow down. We plan
to leave these trees to be removed with the overstory.

Audience. How will you harvest the shelterwood?
Answer. Tractor skidding over predesignated skid trails (to

help control stocking).

PRECOMMERCIAL THINNING IN DOUGLAS-FIR

Teardrop Precommercwl Thinning

The stand is located in SW1%, sec. 15, T. 12 S., R. 7 W.,
Wilamette meridian (Corvallis Watershed) (Figure 7).

In 1954, the stand was a 9-acre area, clearcut and burned.
The area was hand planted in March 1955 with 2-0 Douglas-fir
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(600 trees per acre). In 1957, a survey indicated a 36-percent
survival of planted stock. Of the surviving stock, 90 percent had
been browsed and trampled by deer. In 1962, vine maple stems
were sprayed with 2,4,5-T. In 1970, a survey revealed from
3,000 to 11,000 stems per acre because of natural seedfall. The
area was thinned in January. The contract thinning cost was
$45.00 per acre.

All live conifers 4 inches diameter breast high (dbh) and
larger were left as crop trees (Figures 11, 12). In any area more

Figure 11. Teardrop precommercial thinning, which shows the
large number of trees removed to maintain an average spacing of
12 feet.



Field TripSiuslaw National Forest 215

Figure 12. Teardrop precommercial thinning in 1 6-year-old
Douglas-fir. Stand is now 18 years old. Old-growth stand on left
in background will receive a shelterwood cutting; on right, the
shelterwood cutting has been made.

than 20 feet across that does not have a crop tree identified by
size, the largest conifer of good form and vigor was left to
maintain an average spacing of 12 feet.

Our goals were to transfer growth to fewer trees, prepare
for the first commercial thinning, reduce potential for snow
damage, maintain maximum growth, remove undesirable com-
peting species, and achieve balanced mixture of conifer species.

QUESTIONS

Audience. In the teardrop precommercial thinning, how
did you apply the 2,4,5-T to the vine maple stems and how
effective was treatment?

Answer. With the mist-type blowers. The vine maple was
controlled to the extent that Douglas-fir could dominate the
site.

Audience. What undesirable competing species were re-
moved?

Answer. Mostly hardwoods; vine maple, cherry, madrone,
and chinquapin.
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Audience. Is deer browsing and trampling a problem on
the Siuslaw National Forest?

Answer. Yes, but secondary to damage by elk and
mountain beaver.

Audience. With natural restocking apparently so success-
ful, why do you plant? Particularly, with only a 36-percent
survival?

Answer. Natural restocking is an "iffy" situation. It is not
nearly as spectacular where the ground litter is undisturbed or if
there is a brush cover or poor (if any) burn. Then, the
restocking is spotty with numberous half-acre, or bigger,
"holes." We are taking natural restocking into consideration and
planting with much wider spacing, or not at all, if a good
seedbed is available.

PROPOSED PARTIAL CUTTING IN MATURE DOUGLAS-FIR

The stand is located in SW'%, sec. 15, T. 12 S., R. 7 W.,
Willamette meridian (Figure 3).

The stand is a 200-year-old Douglas-fir stand with an
understory of western hemlock and western redcedar. It has
308 square feet of basal area, 125,000 board feet per acre,
gross, and 75,000 board feet per acre, net. Marked for cutting is
50 square feet of basal area and 8,460 board feet per acre. Total
area marked is 390 acres (Figure 1 3).

We will salvage all merchantable dead trees and harvest all
trees estimated to die within 5 years, all trees less than 30
inches dbh, all intermediate and suppressed trees, and all
western hemlock trees.

Our goals are to remove dead and dying trees, prelog small
material, and remove western hemlock, which is susceptible to
damage by yarding and to decay.

QUESTIONS

Audience. Can you log this area economically?
Answer. Yes. Sales of this nature are most always overbid

which indicates to me that someone must see some profit.
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Figure 13. A 200-year-old Douglas-fir stand with an understory
of western hemlock and western redcedar marked for partial
cutting.

Audience. Why not use a diameter limit?
Answer. If we can develop a method that designates

expected mortality in the contract, we plan to use diameter
limit and species designation on the next sale of this type.

Audience. What equipment will you require here?
Answer. Tractors and mobile cable yarders.
A udience. Will you restrict the season of logging?
Answer. Tractor logging is restricted to the period of the

year when soil damage does not occur. Because this sale is in the
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Corvallis Municipal Watershed, yarding and hauling will be
restricted to May 1 to October 31.

Audience. Will you follow the partial cutting with a
shelterwood?

Answer. Probably not, unless shelterwood cutting proves
more economical.

Audience. Have you considered stage logging this area?
Answer. Not on this sale. This sale, however, is a prelog

(stage cut) in that all trees under 30 inches dbh were designated
for cutting.

PRECOMMERCIAL THINNING IN DOUGLAS-FIR

Connection Road Chance (Christmas Tree Unit)

The stand is located in sec. 22, T. 12 S., R. 7 W.,
Willamette meridian (Figure 7).

The stand, a 29-acre area, was clearcut and burned in
1953. Fifteen acres were hand planted in March 1957 with
8,250 2-0 Douglas-fir from the Olympic Wind River Nursery.
The remaining 14 acres regenerated naturally. Stocking surveys
in 1958 and 1961 found stocking satisfactory, but by 1964 the
area was overstocked. Christmas tree sales for family cutting
were made in 1967-1970. Less than 1000 trees were removed
each year. The area has been used by M. Finis for a seedling
study. Before thinning, a survey showed an average of 3209
trees per acre (range 1 ,000-1 1 ,000 trees per acre) in trees from
1 to 5 inches dbh. The stand was thinned in May 1972 to 300
trees per acre with a 12- by 12-foot spacing (Figure 14). The
contract cost was $29.95 per acre.

QUESTIONS

Audience. Why was the Christmas tree unit thinned so
much more cheaply than the others?

Answer. This was caused by competition amongst thinning
contractors. The cost per acre has decreased during the last 4
years as more contractors have bid on each job.
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Figure 14. A recently thinned, 14-year-old Douglas-fir stand,
which shows trees spaced about 12 by 12 feet. Connection
Road Chance, Alsea Ranger District, Siuslaw National Forest.

Audience. Does the Siuslaw National Forest still allow
family cutting of Christmas trees? If so, where and how is it
controlled?

Answer. Yes. Areas are designated where Christmas
trees may be cut. A permit must be purchased before cutting.
One permit must be fastened to each cut tree. A roving patrol is
maintained during the cutting period.

Audience. Is slash burning common practice on this forest?



220 Managing Young Forests in the Douglas-Fir Region

Answer. Without slash burning to remove ground debris
and remove the competing brush species, conifer reforestation
would be severely limited. It would be impossible to reforest
every acre harvested. A subjective estimate of a nonforested
area as the result of not burning slash is 20-25 percent of the
total logged.

Audience. Is spraying with herbicide to release trees from

brush competition a common practice here?
Answer. It is on district lands outside the watershed.
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