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FOREWORD
The following publication is the result of profound study by the authors over a term of
years of the economics of forest management and exploitation, in which they have made use
of a large mass of fundamental data as well as of their own experience and research. They
have here proposed a procedure of selective timber management which is new and untried in
the forests of the New World, though analogous methods of forest management are practiced in Europe. Their proposal is so revolutionary of existing practices in the Douglas fir
region that it may seem to some to be impracticable of application. However, a careful reading of the manuscript cannot help but impress the reader with the theoretical soundness of
the procedure that is recommended, and with the tremendous possibilities for thereby promotinga more profitable and stable forest industry and sustained yield forest management. The
basic principles which the authors have so well developed are not limited in application to the
Douglas fir region, but in a broad way are of equal significance in other forest regions.
As repeatedly disclosed in the text the authors recognize that the Douglas fir region is
very heterogeneous in climate, topography, and forest cover and that there are extremely
variable economic, silvicultural, and protective problems to be met. These they propose to
meet not through a rigid "system" to be applied everywhere, but through completely flexible
operating and timber management methods to be always based on and adapted to accumulating experience with operating technic and costs; with the effect of previous cuttings on forest
productivity; with slash disposal and the prevention and suppression of fire; and finally with
the effect of all these measures on the immediate financial returns as well as on conservation of capital values.
The proposals are not put forth as in any sense the final word in all details. The authors
emphasize that the data presented in certain portions of this publication are of a preliminary
character and are not supported by sufficient investigation to insure the degree of accuracy
that further research should yield. They have, indeed, been presented chiefly for the purpose of pointing to the need for further investigations in the region at large and on individual
properties.
The reader should understand that the system of forest exploitation herein described is
proposed as a working hypothesis; it has not yet been tried except in an imperfect and frag-

mentary way. As repeatedly stated in the text, the authors appreciate that there are silvi-

cultural and protective problems which under some conditions may prevent intensive selective
management.

It is believed that large portions of the region are physically as well as economically
suited to the immediate adoption of this selective system of forest management. In other
portions of the region silvical and fire hazard conditions or market conditions may compel
woods practices which only in less degree can in the immediate future meet the ideals of
selectivity in forest exploitation which the authors envisage.
The reader is especially cautioned to avoid confusing the procedure herein proposed with
that type of partial cutting now sometimes practiced with tractors in this region under a
liquidation policy, yet called "selective logging". This latter procedure which removes most
of the merchantable stand is apt to leave the land in very undesirable condition both from the
point of view of regeneration and of fire. It has nothing in common with the authors' proposa'
which unequivocally presupposes sustained yield forest management through good silviculture and fire control.
The Forest Service, therefore, commends this thought-provoking, original, and constructive thesis to foresters, timbermen, and lumbermen, particularly those of the Pacific Northwest,
in the hope that it may lead to changes in forest property management and woods practice
which will promote the welfare and security of the industry, the forests, and society.
It is the intention of the Forest Service to initiate at an early date a series of experiments to try out on the national forests of western Oregon and Washington methods of
selectivity that may be practicable under a variety of forests types and physical conditions.
F. A. SILCOX,
Chief, Forest Service.

AUTHORS' PREFACE
Selective logging and other similar terms are commonly used to designate various forms
of partial cutting. These terms ar often so loosely applied that they have come to mean all
things to all men, often including highly destructive cutting methods. For example, so-called
"economic selection" is often applied to removal from a cutting area of all timber above zeromargin value. This completely disregards sound methods of rapid capital recovery, and
sacrifices part or all of the permanent capital values that are inherent in every properly
managed productive forest property. In contrast to selective methods applied in this manner,
this discussion of selective timber management is directed toward development of a more
truly economic approach which gives due weight to all factors involved in forest management.
Far from neglecting immediate income from the forests this approach lays special emphasis

on the increase of current income, but it does this without neglecting the fact that con-

servation of numerous resource elements of negative and minor present value will, according
to all the evidence from the past, provide liberal future earnings. In other words, this type
of management aims at obtaining and maintaining the highest tangible values from the forest
property including therein income of the immediate future and the capital values remaining to
produce future income. Any cutting methods which create undue fire risk, deteriorate the
growing stock or fail to provide suitable regeneration are in gross violation of these principles.

This report does not deal directly with the numerous internal problems of industrial
organization or with external economic problems involving relationship with the public and
with other industries. It is recognized that sustained yield management can be facilitated by
methods of taxation, by terms of credit, etc., suited to the nature of the forestry enterprise.
The retirement of manufacturing capacity in localities where it exceeds the productive capacity
of the forests is an internal problem of great importance. Obviously, however, the greater
the economic pressure from adverse economic sources the more desirable from the financial
aspect becomes the recovery of maturing stumpage values in an orderly manner. The authors
have endeavored to deal constructively with this problem.
For the convenience of readers having different objectives a brief explanation of the
organization of the material in this report seems warranted. For the reader desiring only a
general view of the subject, the first and last chapters with some skimming of intervening
chapters may suffice. For forest owners, technicians, and others studying selective management intensively it should be explained that the case-study method is used for presentation
of the principal data. After exposition in. Chapter II of the basis of conversion values, Chapters III to V show, by concrete examples, how the principles of selective management may
be applied, emphasizing particularly the immediate steps necessary in bringing under management three tracts typical of different conditions in the Douglas fir region. Chapter VI
summarizes present knowledge and endeavors to point the way to further investigations of
such subjects as tree growth and other factors which influence selective management in its
long-term aspects. Chapter VII is devoted to a discussion of fire hazards and other elements
of risk, and the two following chapters to organization and administration of sustained yield
operations.
An effort has been made to arrange the several chapters in logical sequence, while at the

same time, since the chief interest of some readers may be in one phase of the subject only,
each chapter is so presented that it may be considered to a certain extent as a complete unit.
This has involved some otherwise unnecessary repetition.
In all chapters where considerable discussion of basic principles and presentation of
subsidiary details have been necessary, these have been set in small type.
Collection of the field data upon which the report is based was started by the authors in

1928, when they were members of the faculty of the College of Forestry, University of
Washington. Acknowledgment is due to associates of the faculty and student body of that
institution for cooperation in the early studies. Since 1931, as members of the United States

Forest Service, they have conducted, largely under the auspices of the Pacific Northwest Forest
Experiment Station, extensive studies aimed at analyzing the practicability of selective timber
management.

The authors wish to acknowledge their indebtedness to all who have aided in any way in

the accomplishment of this work, particularly to D. S. Denman, E. P. Stamm, John E.
Liersch, and others of the staff of the Crown-Willamette Pulp and Paper Co., to E. F.
Rapraeger of the Pacific Northwest Forest Experiment Station for valuable assistance in
preparation of certain portions of the manuscript; and to many of their other colleagues in
the Forest Service for furnishing valuable data and suggestions and for critical review of
the manuscript.

The authors wish especially to express their gratitude to the Charles Lathrop Pack
Forestry Foundation for its interest in this study and for furnishing the funds for printing
this report and thus making it widely available.

Washington, D. C.
February, 1936.

BURT P. KIRKLAND
AXEL J. F. BRANDSTROM
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CHAPTER I

ECONOMIC ASPECTS OF FOREST MANAGEMENT AND SCOPE OF STUDY
as a result of distribution and turn-over of income derived in the first place from the manu-

1. History and development of the forest
resources of the Douglas fir region.The

facture and sale of forest products.

Douglas fir region, as generally defined, comprises all the forested area west of the summit
of the Cascade Mountains in Washington and
Oregon.

Many

communities depend entirely or almost entirely

on the forest for their support. The forest
resource, in fact, to a very large extent, supports the economic and social life of the entire

Nature endowed this region with a

vast and magnificent forest resource, the result
of a climate and a forest soil such as are found
in few other parts of the world. The history of
the region and the story of lumbering in Douglas fir forests are closely interwoven. From
these forests came at first riven shakes, hewn
logs, and hand-sawn boards to shelter the early
settlers of over a century ago. Later came
rough boards and planks sawn in small waterdriven sawmills, the first of which dates back
to 1827 and from which export shipments to
California began as early as 1830. Still later,

region.
To maintain these social and economic bene-

fits, continuing supplies of high-quality forest
raw materials must be obtained. With the soil
and climatic conditions prevailing in the region,
the existing forests are capable of continuously
renewable production, provided they are properly managed. The management practices that
will assure this productivity are therefore of
the utmost importance.
Though lumbering in this region has been
under way on a small scale for over a century
and on a large scale for about 30 years, there
is still a vast supply of timber in virgin forests

beginning in the fifties, came lumber from

steam-driven sawmills; and finally, at about the

break of the century, came modern mass production of lumber and other forest products vast enough, probably, to maintain a fairly
which have found their way to all parts of the high level of production for a few decades at
globe. These forests cradled early settlements least, no matter what form of management is
and helped develop many of them into modern applied. As shown in table 1, taken from the
towns and large cities. Such communities as Federal Forest Survey Report (1)' about 546
Seattle and Tacoma, :Hoquiam and Aberdeen, billion board feet of timber, almost equally
Portland and Vancouver got their start behind divided between private and public ownership

and constituting roughly one-third of the

the bull-teams and buzzing saws of the pioneers'
logging and milling enterprises and have grown
and developed with the industry.

Nation's total saw-timber supply, still remains
in western Washington and western Oregon.
The vastness of these supplies of timber has
somewhat concealed the importance and nature
of the forest management problem. Under the
piece-by-piece liquidation policy now followed
this timber supply is constantly being depleted

These forests, in brief, have been the backbone of industrial development from the days
of the pioneer settlers to the present time. They

are still the mainstay of industry and trade,
furnishing income to numerous business enter-

prises, taxes to the public, freight revenue to
railroads and shipping concerns, and employment to thousands of wage-earners. The forest
industries of Washington and Oregon furnish
support; directly and indirectly, to roughly 40

instead of being maintained as a permanent

growing stock. The prevalence of wholesale
clear cutting in the region has created an impression, among foresters as well as lumbermen, that the forest management problem is a
cut-over land problem. It has seldom been
realized that the forests as a whole, including
especially the existing stands, are the produciñg agents which need intensive management
in order to make them continuously productive.
The supply of existing regional growing stock,

per cent of the population and account for

about 60 per cent of the industrial payroll, excluding agriculture. In 1929 receipts from sales
of forest products amounted to about $250,000,000 and an additional $60,0000,000 was collected

by transportation agencies for freight. Directly

or indirectly, much of the business done by
other industries, by the farmer, the professional man, the banker, and by "the butcher,
the baker, and the candlestick maker" exists

if treated as a perpetual revolving fund of

forest capital, is not excessive considering that
Italic numbers in parentheses refe.r to Literature Cited,
p. 122.

1

up to the present time approximately 7 million

tainty as to what the future may hold are

acres have been stripped of their original

among the first manifestations of how even the
mere anticipation of a possible future decline of
industry and population disturbs the tranquil-

forests and that about 200,000 acres are being
added to the cut-over area annually.

TABLE 1.Volume' of saw timber in the Douglas fir region, by ownership classes
Western Oregon Western Washington
Total
Million
Per
Million
Per
Million
Per
feet b.ni.
cent
feet b.m.
cent feet b.ra.
cent
Private
137,043
46
123,678
50
260,721
48
National forest
112,599
37
88,488
36
201,087
37
Other public and Indian
51,151
17
14
33,089
15
84,240
Total

300,793

100

245,255

100

546,048

100

'As of 1933.

The failure of existing methods to maintain
productivity is amply shown by examination of
cut-over lands. Strip surveys made recently

lity of community life and the stability of all
forms of capital values. It would not be the
first time such a fate has befallen forest-supported communities Many small settlements

in connection with the forest survey (1) on
private lands logged from 1920 to 1923, in-

in this region have already been virtually wiped
out through this process.

clusive, aggregating 201 miles in 15 counties of
western Washington and western Oregon, show
the following degrees of restocking:
Well stocked
12 per cent
Medium stocked
17 per cent
Poorly stocked
29 per cent
Nonstocked
42 per cent
The forest survey also discloses that on the
average 3.9 per cent of the acreage logged since
1920 has burned over annually. The conversion

If the forest lands of western Oregon and

Washington are to be lastingly productive and
the support of a prosperous people, the industries and communities must be established on
a permanent basis with continuous supplies of
high-quality raw materials. If the lands are
not kept productive the industries and popula-

tion will shift to other scenes of lumbering

activity, perhaps of equal impermanence, where
the process may be repeated. The same shift-

of forests into waste lands or into poorly

ing will take place even though the lands are
kept under sustained production, if the supply
of raw materials is locally intermittent, so that
long waits are necessary between crops. When
the supply ceases, even for only a few years,
the industries must shut down or dismantle
their plants and move elsewhere. Such inter-

stocked stands of open-grown, low-quality trees
is certain to be followed by declines in industry,
wealth, population, and tax revenues.
Maintenance of a productive forest resource

and of inherent and related capital values is
one of the most important and far-reaching
problems that the forest industries and the

mittent industries are bound to cause great

public of this region must solve. It is a problem
that must be considered not only for the region
as a whole but even more for the various sub-

waste of human effort and community values.

Interest in these matters has been accen-

regions, shipping centers, local communities,
and individual forest properties. For even
though the regional timber supply as a whole
may be ample for a long time to come or perhaps permanently, in a fashion, even under

tuated during the past few years by. adoption of
the Code of Fair Competition of the lumber and
timber products industries. Under the provisions of Article X and Schedule C of the Code

serious maladjustments affecting the communities concerned may and usually do follow in the

forest use in a manner to insure sustained production, which consists in methods of cutting

the industry pledged itself to handle cutting
rather crude forms of forest management, operations on land destined for permanent
and forest care that insure regeneration and
protection of young stands and consequently
make probable the development of a future
stand of merchantable timber. The measures
considered necessary to bring this about with

wake of exhaustion or depletion of local supplies. Already, even some of the larger population centers of this region have had a foretaste of the unpleasant prospect that, when the
timber resources are gone or badly depleted,
the foundations may crumble under their social
and economic structure. Severely depressed
real estate values, bewilderment, and uncer-

the prevailing type of machinery and methods
used by the logging industry have been formulated for the Douglas fir region by the West
2

Coast Logging and Lumber Division and pub- "logging cost report", dealt with these mechanlished in a Handbook of Forest Practice (33). ical developments from the standpoint of im(It is recognized that on many forest properties mediate logging and gave careful comparisons
and in many localities these measures will not with previously prevailing methods. In the
insure continuous sustained yield.) The Code present report, application of these methods to
also pledged the industry to work toward sus- long-term management is considered.
Anyone familiar with intensive forest mantained yield as an ultimate objective, sustained
yield being defined on page 26 of the above agement practice knows that it rests, the world
handbook as management of specific forest lands over, on permanent road systems, flexible log.to provide without nterrupt'ton or substantial ging methods, and consequent intensive control
reduction raw material for industry and com- of the growing stock. Since the march of
munity sup part. It is with the methods that events has placed these instruments in our
will permit the attainment of the sustained hands, the unique opportunity has now come to
yield objective with immediate profit and with the Pacific Northwest to apply intensive manthe least possible delay that this study is pri- agement directly to the virgin forests; as a part
of that opportunity, as will be demonstrated
marily concerned.
later
in this report, true sustained yield for2. Purpose, scope, and general significance estry enters into the picture as a matter of

of the study.The purpose of this report is to
demonstrate through detailed studies of representative timber areas the wide possibilities
that now exist for bringing the timber lands
of the Douglas fir region under intensive selective management so that they will provide
abundant and continuous supplies of highquality products. It is true that continuous
supplies of timber can be obtained under a
properly executed clear-cutting system. The

course.

Obviously, sustained yield management with

its uninterrupted flow of forest raw materials
would do away with the annual stumpage depletion charge, which in normal years amounts
to more than $20,000,000 for the region. This
loss of the capital resource is nearly double the

total tax bill of the industry in the western

parts of Oregon and Washington. The deple-

tion charge for the industry as a whole is

methods here proposed, however, should produce a larger proportion of high-grade timber
than can ordinarily be obtained with extensive
clear cutting of areas managed on a short rotation. Moreover, this end should be attained at

preventable by the following measures: (1)
Proper selection of cutting areas throughout
the region; (2) proper selection of trees and
groups of trees for cutting; and (3) adequate
protection of residual stands and regeneration

the same time that current income from the
present forest is increased. Though some of

groups from fire and other injuries.
The methods proposed aim first to open up
any given tract as soon as possible by developing
an intensive permanent transportation system
which will make all operable parts of the area
accessible and will make it possible to place the
growing stock undr intensive selective control.

the principles involved are new to Douglas fir
forestry, they have been thoroughly tried and
developed during the last 50 years in Europe.
Notable work along these lines has been done
in Switzerland by Biolley (4) and Borel (5),
in Sweden by Wailmo (32), and in these and
other European countries by numerous foresters whose work could be readily cited. The
application of selective cutting, which is part
and parcel of intensive management, has been

The forest thus will become in effect a warehouse in which trees are stored on the stump
awaiting market demands. Justification for
early construction of a permanent road system

arises in the first place through the urgent
necessity of effecting quick removal of the

developed in several regions of the United
States, notably in the South by Ashe (7) (3),

most overmature timber. Justification for con-

and in the Lake States by Zon (34).
The arrival of the time for action in this field
has been hastened by the remarkable progress
of the past decade in motorized and mobile logging machinery adaptable to conditions in the
region. The development of trucks, tractors,

tinuous maintenance and use of the road system arises through the opportunities that this
will afford for market selection, fire control,
efficiency in operation, and intensive management of the timber. Cutting is not confined to
a small subdivision, as in wholesale clear cutting, but is extended to all parts of the tract.
In old-growth stands the initial cut is usually
a liquidation cut of financially mature trees,
which includes or may consist entirely of those

and road-building and logging technic now

makes it feasible and profitable to select timber

for cutting in the order of true economic and
silvicultural desirability. The first report of
this series (7), hereinafter referred to as the
3

that are decadent. Following this cut, light

return cuts will be made at short intervals. In
these, the logging operations sweep back and

forth over the entire area, with the constant

but necessarily includes full consideration of
physical, industrial, and social factors to whatever extent they can be evaluated. Any method

purpose of removing that portion of the grow-

of cutting, whatever the reasons behind it,
results in a certain silvicultural form of the

urgently in need of removal. This should result
in the highest practicable productivity in
volume and value from the residual stand and

forest, and in this sense the discussions in several chapters have a bearing on silviculture.
The forests of the Douglas fir region include
a large number of species. The majority of

ing stock which at any given time is most

the prompt regeneration of small patches of

land where mature groups have been removed.
The keynote of the methods proposed is com-

plete and continuous control of the growing
stock. After this control is established, as it
necessarily must be for immediate economic
and operating reasons, each element of the
growing stock, of the forest land area, and of
the permanent transportation system should
thenceforth be put to its best use. If and
where this demands cutting, cutting should
take place. If and where it demands deferment of cutting, cultural measures, intensive

protection, or what not, these measures should
be undertaken. Flexibility, continuous control,
and facilities for learning through experience
how best to solve all the various management
problems that arise are essential. In exercising
this control a broad view must be held of the
entire property. A decision as to what to do on
any portion of a sustained yield unit cannot be
reached without considering what needs to be
done on all the other portions of the same unit.
In other words, the treatment to be accorded to
any specific stand or its components must be
considered in relation to the needs for corre-

these species are shade enduring and form
stands of great density. The only definitely
light-demanding species is ponderosa pine,

which occurs in rather limited areas in the

interior valleys and in the southern part of the
region. Douglas fir, which is the predominant
species (comprising approximately 60 per cent
of the total volume), also definitely demands
open space for regeneration but once established develops into extremely dense stands,
both pure and mixed. Its inability to regenerate in the stand is largely due to the invasion
by an understory of the more shade-enduring
species before the upper crown cover has become sufficiently broken to permit regeneration
of Douglas fir. The wide distribution of
Douglas fir is largely due to periodic fires during the past several hundred years. Its future
position as the predominant species is no doubt
assured by the extensive clear cutting that has
already taken place. Owing to the already wide
distribution of Douglas fir many authorities
believe it will be good policy in handling the
remaining merchantable stands to encourage
where feasible the perpetuation of the mixed

forest as better fitted to meet the industrial

sponding treatment of other stands, and the

requirements of the region than a pure Douglas
fir forest. The mixed forest is also universally

most urgent situations must be dealt with first.
Above all, it should be emphasized that this
report does not suggest or advocate the intro-

recognized as the safest from insects and
disease.

duction of a rigid "system" of management.

In the Douglas fir region, using the flexible

On the contrary, the methods proposed depend
on the utmost flexibility in the approach to the
management problems of every individual
tract. They constitute a system only in the

operating methods that are now available,
selection for economic reasons results in removal of trees both singly and in groups. These

methods if slightly regularized (as they ob-

respect that decisions on where, when, and

viously should be for silvicultural reasons) will

what to cut will in each case be based on all of

lead to a silvicultural system wherein regeneration occurs in small groups while the

the available facts which arise from the infinite variation in economic, physical, and

remainder of the stand is not intentionally
under regeneration but is subject to stand

biological conditions within each stand and in
different localities. This is in sharp contrast
to clear-cutting methods, which ignore these
variations.
Relation of the proposed methods to silvicul-

management for many successive cutting
cycles. In consequence a relatively small number of selected trees will be held to a late felling
age.

ture.This report is in no sense a treatise on
silviculture. Its approach to management

-

-

Long observation in the forests of this region

leads the authors to believe that the clear-cut
spots will regenerate densely to the desired

problems is purely from the economic viewpoint
4

west, necessitated clear cutting on extensive

mixed-conifer forest. At the age of 40 to 60
years, where pulpwood, post, pole, or saw-log
markets permit (and they are already available
in much of the region), cutting for stand man-

areas, which definitely circumscribed the choice
of silvicultural methods. The authors conceive
that within the broad economic limits discussed

the shackles that have previously bound silviculture in the Douglas fir region have been
struck and that the economic cutting practices

agement purposes in these groups can be

begun, using the same roads on which adjacent

old timber is continuously being taken out at
short intervals. Such early cuttings cannot
generally be undertaken in present large areas

recommended will permit the continuous devel-

opment of stands of as near the right density
as the silviculturist can prescribe.

of young stands because the low-value products

cannot stand the cost of forest improvements
constructed for their special benefit. Under
the proposed methods these improvements are
paid for and maintained by the high-quality
large timber that is continuously being pro-

It is not expected that everyone will accept
the conclusions drawn in this report. To those

who dissent as to the intensity with which

selection can be or should be practiced in this
region it will no doubt be clear, however, that
the transportation system created through the
initial liquidation of surplus and declining
values will facilitate broad-scale clear cutting
of any areas so designated as easily as it permits continuance of intensive selective man-

duced.

In dealing with these problems almost wholly
from the economic viewpoint it has not seemed
necessary to distinguish the different silvicul-

tural forms of group and individual treeselection cuttings. They have been dealt with,

agement. The authors will look with open
minds upon the application of any silvicultural

therefore, as resulting always from financial
maturity either because the tree itself cannot
earn satisfactorily if left standing or because

method which can be supported in any given
case by adequate facts. In view of the controversial nature of some aspects of Douglas fir
silviculture it must be assumed that many
years will elapse before valid conclusions can
be drawn on such points as the proper size of
clear-cut areas and numerous other questions

it is more of a detriment to the remaining stand

than can be offset by its individual earnings.

In the interest of brevity the methods thus
conceived as a whole are called in the text

"selective timber management".
Finally, it may be emphasized that silvicul-

that may arise from the radical change in

tural measures are necessarily governed by
economic considerations. Until recently, the

management procedure here proposed. Variations in application to individual properties will
always be in order.

machinery and transport methods available for

handling heavy timber in the Pacific North-

5

CHAPTER II

THE BASIS OF STUMPAGE CONVERSION VALUES
3.

have high conversion value. A wide spread in
conversion value exists between small and large

Conversion value of stumpage.In the

Douglas fir region returns from stumpage constitute almost the sole income from the forest.

trees, between different logs within a tree,

between defective and sound timber, between

Standing timber (growing stock) constitutes
the major portion of the investment values
dealt with in forest management.
Stumpage value, the value of standing
timber, is based on the expectation of cash
returns from the products derived from the
timber. The immediate conversion value of
stumpage is the difference between the estimated price received for the product and the
estimated cost of conversion and marketing.
The stumpage value of timber that is to be

inferior and superior species, and between
areas or settings within a tract. Under ex-

tremely favorable conditions the spread may
extend from zero upward; usually under clear
cutting as practiced in the Douglas fir region,
it starts far below zero, many trees and logs
being marketed at a loss. The principal factor
controlling this wide spread in conversion value
for any given species and area is the size of the
log or tree.

Stumpage conversion values for a given
stand of timber may be determined, according

logged in the future is determined by forecasting its conversion value and discounting both
this value and the anticipated costs of holding.

to circumstances, either on the basis of log
values as established in the commercial log

In both cases the principle of valuation is the
same. Simple and inescapable as this principle
is, its significance is frequently forgotten. It
should be emphasized that the true conversion
value of stumpage depends neither upon the

markets or on the basis of the value of lumber
or other manufactured products as determined
by mill-recovery studies. Both methods will be
dealt with here by presenting several specific
cases. The object of these presentations is to

amount of the owner's investment, with or

show in a general way the methods used in
determining stumpage conversion values, the

without compound interest, nor upon the relative bargaining power of buyer and seller, nor
upon the value of the timber as assessed for
taxation purposes. These misconceptions of

technic of mill studies, and to illustrate values
arrived at in typical cases. None of these conversion value figures is used in calculations
elsewhere in this report.

stumpage conversion value may psychologically
affect the price at which a transaction is made,
but the conversion 'value obtained by the logger

4.

who cuts the timber will be the difference between the sale value of the logs and the cost of

Values as established by log market.

About one-third of the log output of the Douglas fir region comes from loggers who sell their
logs in the open market. In different districts
of the region independent loggers, in coopera-

logging.
The conversion value of stumpage on a given

tion with sawmill owners, have established

tract is not the same from year to year and

agencies that govern the scaling, grading, and
selling of logs. The prices paid for the various
grades of logs furnish an index of the market
value of similar standing timber. The logger
can determine the average stumpage conversion
value of a given stand by subtracting the estimated cost of logging from the market value

from decade to decade. It is affected by growth

and decay and, like the value of any other

commodity, it is also continually affected by
the interplay of economic forces, which influence the price of lumber, wages, supplies, and

equipment; and by changes in production
technic and many other factors. To such
changes of conversion values attention will be
given later in this report. The first problem
to be considered here concerns the variation
in conversion values at any given time within
a given tract.
In representative stands of the Douglas fir
region, only relatively small numbers of trees

of logs.

The most important log markets in the
Douglas fir region of the United States are the
Puget Sound, Grays Harbor, Willapa Harbor,

and Columbia River markets, of which the

principal one is the Puget Sound market. The
scaling and grading association established
6

between the value line and the cost curve as read from
the left-hand scale. These will be referred to as minusvalue logs. Sizes to the right of the zero-margin sizes

there has maintained a continuous existence,
under different names, since 1899. In the past
slight differences have existed between the
different markets in the wording and interpretation of grading rules. At the present time

are those of logs having positive conversion values,
which will be termed plus-value logs. Since costs and
values are continually changing these margins are not
fixed for any length of time.

uniform scaling and grading rules applicable to
the entire region are being considered. In the

Relation of tree size to conversion value.Log'value
margins are by themselves a rather erratic guide to the
trend of conversion values for trees of difiereit sizes.
By correlating the size and quality of logs, their value,
cost of production, etc., with the size of the standing

main the proposed rules are the same as have
been in effect during the last 35 years.

tree, however, an index can be obtained of the conversion

The primary purpose of log grading is to

value of trees of different diameters.
Small trees, as a rule, yield low-value logs for lumber.
No. 1 Douglas fir logs, for example, cannot be obtained

classify logs according to suitability for differ-

ent manufacturing purposes and to establish

from trees less than 40 inches in diameter at breast
height, and No. 2 Douglas fir logs are rarely obtained
from trees less than 24 inches in diameter. The size of
a tree is. thus a general indication of tke value of its

values.

Douglas fir grades are the foundation for

grading other species of the region.
G-rades

of Douglas fir

product, just as it was found in the logging-cost study

logs.Three ther-

(7) to be an indication of logging costs.
The relationship between tree diameter and tree value
as expressed by log grades can be determined by scaling
and grading the logs cut from individual trees. The

chantable grades and a "cull" grade are recog-

Logs of the first and best grade are

nized.

those that will yield a high percentage of clear
flooring and other choice material. Some logs
of this grade sell at a premium because of their
suitability for plywood manufacture. Logs of
second grade yield a high percentage of construction material such as No. 1 common. Logs
of the third grade yield principally low-grade
lumber.

data taken for an individual tree should consist of its
diameter at breastheight and the grade and scale (gross

and net) of the logs cut from it. When sufficient

saniples have been taken, the percentage of volume in
each grade can be computed for the different breastheight diameters. Losses due to defect and breakage
can likewise be correlated with tree diameter. From
these data the average market value per 1,000 board
feet can, be determined for trees of different diameters.
Where logging is not in progress, log grades can be
estimated in the standing tree. The log grade survey
can be conducted simultaneously with the cruising, or

Finally, "cull" logs yield less than

33½ per cent of sound lumber.
Relation of log size to conversion vaiae.Figure 1
presents the results of four studies dealing with the
relationship between log size and quality and net backto-the-stump returns to the logger who sells his logs.
Each diagram in the figure represents a study of a

if a general cruise is unnecessary strips can be run

through the timber and a tally made of tree diameters
and log grades.

In figure 2 is shown the relationship between felling-

to-pond cost and market value for trees of different
breast-height diameters. The four graphs correspond in
their numbering to the graphs in figure 1. The tree
values in figure 2 were built up from the data on log-

logging operation in which an analysis was made of the
"bucking-to-pond" cost, the "yarding-to-pond" cost, and
total logging cost for logs of given diameters and volumes.

The differences between log values and the

ging costs and log values shown in figure 1. The cost
curves (B-B) in figure 2 express the relationship between

"bucking-to-pond" cost, the "yarding-to-pond" cost, and
(line A-A), and the total cost (line C-C) are significant
in deciding whether marginal logs can profitably be removed from the woods.
The yarding-to-pond cost represents labor and supplies

felling-to-pond cost and tree diameter, not bucking-topond cost and diameter as in the case of logs.
5. Values as determined by mill-recovery
studies.From the point of view of the independent logger the market price of standard

and capital cost items incurred after yarding begins.
The bucking-to-pond cost includes the same items plus
the cost of bucking. Total cost covers in addition the

commercial grades of logs as dealt with in the
foregoing is a convenient and logical basis for
stumpage valuation. The market price is presumably established temporarily on the basis
of supply and demand and in the long run represents the net back-to-the-pond returns obtained by sawmill operators in manufacturing
the various grades of logs into lumber, or by
manufacturers of pulp, plywood, etc., from
other uses of logs; even if this assumption is
not exactly true in all cases, they represent the

cost of felling and all per-acre costs (for road construction, etc.). Further information on these costs. is given

in chapter XVII of the logging cost report (7). The

case-study numbers given here in figure 1 are the same
as those given in chapter XVII of that report.
At the points where the. horizontal lines representing
the market value of different grades of logs intersect the
curved lines representing yarding-to-pond and buckingto-pond costs, values and costs are equal. The corresponding size of the log in terms of board-foot volume

or of diameter in inches may be read on the scale at
the bottom of the graph. Logs of this size will hereinafter be termed zero-margin logs, to denote the fact
that although they pay their own way from the point
where yarding or bucking begins they contribute nothing
to costs previously incurred, such as costs of felling,
road construction, or stumpage, or to profits. (Zero-

returns received by the independent logger.
The individual logger-sawmill owner, on the
other hand, must look for his returns to the
results obtainable in manufacturing his own

margin costs exclude the items mentioned because these
items do not Influence the decision on whether to take
the felled log from the woods.) Sizes shown to the left
of the zero-margin sizes are those of logs the conversion
value of which is negative as determined by the spread

logs in his own more or less efficient and specialized plant and to the prices actually received
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by him in selling the lumber or other products
through whatever market connections he may
have. It is well known that for any given mill
the returns do not generally conform very closely to the corresponding log-market values, and

that results obtained in one mill may differ

other specifications written into the present commercial
log-grading rules. To the clear grade are admitted logs

that are surface clear except for occasional shallow
defects. All commercial No. 1 logs fall into this grade,
and in addition some clear butt logs and occasional
second logs from trees in the 20-to-40-inch diameter
range, which are too small to be admitted to the No. 1
commercial grade. The medium grade takes in logs

knots confined to one quadrant or to one-fourth
widely from those obtained in another. In this having
of the length, or with a corresponding degree of roughsituation it must be recognized that log-market ness in the form of a few scattered knots or other deare included the generally
prices reflect composite values established fects. In the rough grade
Most butt logs go into the clear
rough
and
knotty
logs.
through competitive production and through grade, most middle logs into the medium grade, and
competitive bidding for raw material required virtually all top logs into the rough grade.
In comparison with the commercial log-grading system,
by manufacturing plants differing in capacity,

design, and efficiency and in market connections

and sales opportunities. To determine with approximate accuracy the conversion values estab-

lished by the conditions affecting any given
plant requires a mill study in which lumber
grade recovery and manufacturing costs are
ascertained for different classes of logs. Several studies of this kind were made in 1931, in
conjunction with logging studies (case studies

1 and 3) reported in the logging-cost report
(7), through cooperation of the United States
Forest Service, the West Coast Lumbermen's
Association, and the respective sawmill owners.

This work was done by Hessler and Co., production engineers, and will be discussed here on
the basis of their general study reports (13).
Other reports of detailed case studies made by
the Pacific Northwest Forest Experiment Station (19) are also drawn upon for information
in this chapter.
Methods of study.The general method of determining
net conversion values of the various sizes, types, grades,
and species of logs in the pond was to tally the recovery,
by grades of lumber, from individual logs; to determine

the cost of sawing these logs; to classify the logs in
various size and grade groups; and to determine the
value of these groups. The values assigned to the
various grades of lumber were their values before pulling

on the green chain. These values were derived from
average invoice prices of lumber sold, corrected for
trim and degrade losses and manufacturing costs from
green chain to form In which sold. The lumber on the
green chain was classified in only six grades, variation
in width and other minor differences being disregarded
in order to retain the utmost simplicity in the study.
Consequently the results tend to be conservative as re-

gards differences in conversion value between small and
large logs.

the clear, medium, and rough classifications have the
advantage that they are easily applied to logs in the
standing tree. Further, for any given timber type in
restricted localities, they show a more consistent relationship between log size and log value within each
grade than do the commercial log grades. The disadvantage of the system is that it does not indicate so
reliably as the commercial grading system the differences in log value corresponding with differences in
timber type or locality. Under the latter system a
"No. 1 log", for example, means about the same thing
regardless of type of stand, site, or locality. For application within a self-contained logging-milling operation, the clear-medium-rough classification is distinctly
better.

Lumber grade recovery.Figure 3A presents an

analysis of green lumber grade production for various
sizes of Douglas fir logs in a mill study based on a
cut of 340,833 board feet, lumber tally. The upper row
of diagrams shows the results by commercial log grades,

and the lower row on the basis of the clear-medium-

rough grades. The diagrams to the extreme right give
summary comparisons by grades regardless of variations

from one diameter class to another. The lumber is
classified into six grades, namely vertical grain clear,
fiat grain clear, select common, and No. 1, No. 2, and
No. 3 common. Production by grades is expressed in

percentage of the total green-chain tally of No. 3 common and better, built up cumulatively from high to low

grades with total production in each diameter class
equal to 100 per cent.

Figure 3A shows clearly the progressive increase of
the relative yield of low-grade lumber and the corresponding decrease of high-grade lumber between highquality and low-quality logs. Within each diagram,
I. e., for any given grade of logs, it further shows that
the relative yields of the various lumber grades are
governed by variations in the diameter of the logs, although in some cases these relationships are extremely
irregular, particularly for "rough" and No. 3 log grades.
Figure 3B shows a similar analysis for a mill study
based on a cut of 616,040 board feet, lumber tally, of
Douglas fir. The effect of variation of log diameter on
lumber yield is not shown for No. 1 commercial logs,
owing to insufficiency of data.
In figure SC, the results of a similar analysis are given

Scaling was done on the log deck with the Scribner

for a mill operating in "red fir", with the logs graded
only as clear, medium, and rough. The data cover a cut

Decimal C rule, both gross and net log scale being
recorded. Diameter as listed represents the average of

measurements taken two ways across the small end of
the log and recorded to the' nearest inch, according to
U. S. Forest Service practice. Length was taken to the
lower even foot. The logs were graded in two different
ways: (1) By the three standard commercial grades of
1, 2, and 3, the basis of which has already been discussed; and (2) by three grades termed clear, medium,

of 300,593 board feet, lumber tally.

Figure 3D displays the results obtain in studies- (19),

conducted in 1933 by the Pacific Northwest Forest Exper-

iment Station, covering two mills operating in "red fir"
timber in the Willamette Valley. The logs In these two
cases were graded as butt, middle, and top logs, which
for the type of timber involved is substantially equivalent to grading them as clear, medium, and rough. A
total of 1,336 logs was included in the study represented

and rough.

The latter classification is based on the degree of
surface clearness and smoothness, to the exclusion of
limitations in regard to diameter, density of grain, and

by the upper row of diagrams, and 609 logs in that

represented by the lower row.
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A comparison of the results in the five studies discussed in the -foregoing shows that for any given mill
and type of timber a fairly definite and consistent relationship holds from one log grade to another and, within
a given log grade, from one diameter class to another;
at the same time it shows rather striking differences as
to lumber grade recovery by log grades and diameter
classes, between different mills and different types of
logs. This may be accounted for in part by the fact that
figures 3A and 3B represent typical old-growth "yellow
fir", while figures 3C and 3D represent "red fir"; but the

6.

Factors affecting pond conversion values

in different operations.Striking differences

will be noted when the returns obtained in these

two studies (figures 4 and 5) are compared
grade by grade and size by size. One factor in

differences go far beyond these general classifications.

this situation is that one mill is a cargo mill
and the other a rail mill, and that for the latter
no allowance has been made for underweightsan item that will vary considerably according

For this mill and for the time of the study
the lumber prices received, adjusted for trim

another. Obviously, this affects the actual value of the
logs in a given operation. Costs between rail mills vary
as much as $4.00 per thousand for performing similar

Determination of pond conversion values of to the destination of the shipments and that, on
logs.The average green-chain lumber value in the whole, will raise the values of the highlogs of different grades and diameter classes is quality material while not raising in the least
determined by multiplying the percentages of the values of much of the low-quality material
total log volume in each grade of lumber by the disposed of locally or shipped to tidewater for
sales price for that grade (reduced to allow for cargo. Many factors other than underweight
to the wide differences shown in sawthe costs and manufacturing losses incurred contribute
milling
and
remanufacturing costs and in sales
after the lumber leaves the green chain). The prices of lumber
sold, and consequently to difpond conversion value, or the va1ue of the logs
ferences
in
the
value
of the timber. Along this
in the pond, is next determined by deducting line the following statement
on the factors that
from green-chain values the manufacturing may affect the results obtained
in different
costs incurred from pond to green chain. The mills, quoted directly from Hessler
and Co.'s
steps involved are illustrated in table 2, which
report
(13)
on
the
mill
studies,
is
enlightening:
presents data obtained in the mill study, the
"Sawmill Costs.There is actually a radical difference
results of which are presented in figure 4.
between the cost of operating one sawmill as against

and degrade losses as well as yard costs, were

The spread between cargo mills is about $2.00
per thousand. Of course, the spread between a cargo
and a rail mill can be much greater. This differential
may be offset, in part at least, by a differential in sale
prices. One case was found In tests of this nature where
there was a difference of $5.00 per thousand in sawing
cost between two mills cutting the same logs, and this
difference was not reflected in a different sales price.
"TransportatiOfl.If a mill is shipping dry lumber on
a long freight haul, it may recover as much as $3.50 per
thousand in the form of underweights. In such a case
there is a difference in value to be added to the value of
work.

as follows:
V. G. Clears

$26.47 per M feet
19.22 per M feet
12.22 per M feet
Select Common
10.22 per M feet
No. 1 Common
6.22 per M feet
No. 2 Common
3.22 per M feet
No. 3 Common
logs so as to find their net conversion value. If,
Since this study was made, lumber prices and the
however, shipments are being made to tidewater for
costs have fluctuated violently; but obviously cargo, the amount of this rate constitutes a differential
once the percentage of lumber grade recovery, against the value of the logs.
"Markets.Some mills have developed special market
relative sawing costs, and mill overrun have outlets
for their products, which yield considerably more
been determined it is a simple matter to recom- value to them, grade for grade, than is received by
shipping into ordinary channels. This difference
pute values on the basis of new cost levels. Just mills
may amount to $4 to $5 per thousand on the average
as in the case of logging costs presented in the sales value of the product to the mill.

F. G. Clears

previous report (7), the basic relations hold

"By-products.SOme mills are so located that they

even though actual costs and prices may vary

have no convenient outlet for their by-products such as
the various forms of wood fuel. Those located in the
larger cities have, of course, the largest chance of recovery of this nature. Recovery from these items ranges
from 0 to $2.00 per thousand board feet.
"Overrun.Some mills recover considerably more
lumber and saleable material than others even from the
same species and type and size of log. This difference

widely.

Determination of stumpage conversion values

of logs and trees.With the pond conversion

value of logs known, similar procedure is fol-

lowed in arriving at stumpage conversion

in recovery is the result of variations in methods of
manufacture, orders being cut, width and sizes being
produced. This factor can result in a variation of over

values of logs and trees. Figure 4 gives an

analysis of conversion values of logs, and figure

5 gives corresponding values of trees, for the
two mill studies from which the lumber grade
recovery data are presented in figures 3A and

$1.50 per thousand on the basis of 1929 prices.

"Grade Reeovery.Some operations recover much
higher grades from the' same logs than others. This
can amount to a difference of from $5 per thousand on
good logs to about $1 per thousand on poor grade logs."

SB.
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TABLE 2.-Lumber grade recoveries, costs, and returns for Douglas Fir Logs.

Lumber recovery by grades in per cent of total green

er

of log

Costs in dollars per M.

urn er ta y

Top
diam-

Average

v. G.

Clear

F. G.

Clear

Sel.

Common

No. 1
Cornmon

No. 2
Common

No. 3
Corn-

mon

Total

lumber
value'

Sawmill

Rernanu- Total
facture

Pond
value
per M

Pond
Over-

run.

. . mu
on mill pher

ay

V ue

per M
based

on gross
log
scale

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Dollars Dollars Dollars Dollars Dollars Dollars Dollars
Iough Grade Logs.2
16
18
20
22
24
26
28
30
32
34
36
38
40

0.0
0.0
0.0
0.0
1,0
7.0
11.2
14.0
15.0
14.5

1.5

12.5
10.0

1.2
1.5
2.1
3.0
3.2
4.0
4.5

4.5
4.0
3.0
3.0
3.0
4.0

10.5
9.7
9.0
7.8
7.0
5.0
1.0
0.0
0.0
0.0
0,0
0.0
0.0

67.3
67.5
63.0
61.0
58.0
54.0
51.5
47.0
34.0
30.0
29.0
26.0
23.0

21.0
20.3
23.0
24.2
25.7
24.0
23.8
23.0
33.0
44.5
47.0
53.0
58.0

0.0
1.0
2.9
4.0
5.1

6.0
8.0
11.5
14.0
8.0
7.5
5.5
5.0

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
104.0
100.0
100.0
100.0

2.73
2.72
2.72
2.71
2.70
2.27
2.19
2.18
2.16
2.16
2.15
2.13
2.10

0.13
0.13
0.13
0.13
0.13
0.12
0.11
0.11
0.12
0.12
0.11
0.11
0.11

2.86
2.85
2.85
2.84
2.83
2.39
2.30
2.29
2.28
2.28
2.26
2.24
2.21

6.83
6.82
6.60
6.55
6.58
8.04
8.63
8.87
8.43
8.23
8:01
7.79
7.33

1.450
1.390
1.330
1.275
1.225
1.175
1.140
1.115
1.095
1.080
1.070
1.060
1.055

9.90
9.48
8.78
8.35
8.06
9.45
9.84
9.89
9.23
8.89
8.57
8.26
7.73

2.40
2.40
2.40
2.35
2.30
2.24
2.19
2.11
2.07
2.06
2.06
2.06
2.06

0.12
0.13
0.13
0.13
0.14
0.21
0.24
0.24
0.24
0.24
0.24
0.24
0.24

2.52
2.53
2.53
2.48
2.44
2.45
2.43
2.35
2.31
2.30
2.30
2.30
2.30

9.47
9.60
10.17
10.56
11.16
12.45

1.94
14.3?
14.60
14.74
14.97
15.23
15.44

1.275
1.225
1.175
1.140
1.115
1.195
1.080
1.070
1.060
1.055
1.055
1.055
1.050

12.07
11.76
11.95
12.04
12.44
13.63
15.06
15.38
15.48
15.55
15.79
16.07
16.21

1924

266

024

290

1634

1095

1789

19.41
19.56
19.68
19.79
19.81
19.74
19.76
19.64
20.16
21.17
21.72
22.11

2.59
2.40
2.24
2.10
2.04
2.02
2.04
2.14
2.24
2.32
2.38
2.40

0.24
0.23
0.22
0.22
0.21
0.21
0.20
0.20
0.20
0.19
0.19
0.19

16.58
16.93
17.22
17.47
17.56
17.51
17.52
17.30
17.72
18.66
19.15
19.52

1.080
1.070
1.060
1.055
1.055
1.055
1.050
1.050
1.050
1.050
1.050
1.050

17.91
18.12
18.25
18.43
18.53
18.47
18.40
18.17
18.61
19.59
20.11
20.50

9.69
9.67
9.45
9.39
9.41
10.43
10.93
11.16
10.71
10.51
10.27
10.03
9.54

Medium Grade Logs.
22
24
26
28
30
32
34
36
38
40
42
44
46

9.0
11.5
16.0
19.0
23.0
30.0
38.0
40.0
41.0
41.5
42.5
43.5
44.5

4.0
5.0
5.3
5.7
6.0

6.5
7.0
7.5
8.0
8.5
9.0
9.5
9.5

7.0
7.0
5.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0

75.0
65.0
59.0
54.0
47.0
42.5
37.0
34.0
32.0
31.0
30.0
30.0
30.0

5.0
8.5
10.7
14.3
17.0
14.0
11.0
11.5
12.0
12.0
11.5
1'Q.O

9.0

0.0
3.0
4.0
4.0
4.0
4.0
4,0
4.0
4.0
4.0
4.0
4.0
4.0

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

11.99
12.13
12.70
13.04
13.60
14.90
16.37
16.72
16.91
17.04
17.27
17.53
17.74

Clear Grade Logs.
32
34
86
38
40
42
44
46
48
50
52
54
56

497

115

75

255

2

6.5
6.0
5.2
4.7
4.5
4.2
3.5
3.2
2.5
3.0
3.5
5.0

26.0
26.4
27.0
27.5
a8.2
29.5

71.

10.5
9.3
8.5
7.5
6.7
6.0
6.0
5.5
5.8
5.9
5.5
4.6

5.0
4.7
4.5
4.2
4.0
3.7
3.7
7.2
8.7
7.5
5.9
5.2

51.4
53.0
54.2
55.5
56.0
56.0
56.1
56.5
60.3
65.8
69.0

30.1
27.0
21.5
17.2
15.5
13.0

I Based on the following green chain values: V G. Clears
F. G. Clears

Select Common
No. 1 Common
No. 2 Common
No. 3 Common

46
U.6

0.6
0.6
0.6
0.6
0.6
0.6
0.6
1.2
0.6
0.6
0.6

lOUli
iO0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
$26.47
19.22
12.22
10.22
6.22
3.22

12

2.83
2.63
2.46
2.32
2.25
2.23
2.24
2.34
2.44
2.51
2.57
2.59

2 Average length 34 feet; No logs over 15
per cent defective included.
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Fig.4- Logging Costs, Pond Values, and S-l-urnpage Conversion Values of' Logs
(Pond Values based on Mill Recovery Studies-Year 1931)

values. In this connection it should be strongly

7. Value spread and value progression are
important factors in timber management.The
foregoing stumpage conversion diagrams represent six different tracts located in different
parts of the Douglas fir region. All of these
represent old growth stands of medium to high

emphasized that the logging cost relations
shown

represent conventional clear-cutting

practices only and that, as pointed out in the
logging cost report (7), these relations will

change considerably, especially for small trees,
under a selective system of logging where different size classes of timber are logged separately with specialized equipment and methods
a point that is brought out in the case study discussed in the next chapter. It should also be
emphasized that the value relations shown rep-

quality; for second growth or low quality stands

the rise in relative value from small to large

trees would be less pronounced than in the cases
studied. While each diagram differs in many

details from the others, they all tell the same
general story of the relations of log and tree

resent lumber logs, and that values based on
other special products, such as poles, piling,

size to logging costs, log values, and stumpage
conversion values. In a sense these may be
spoken of as basic cost and value relations although it is obvious that there are innumerable
factors that from time to time will bring about
more or less important changes, not only with
respect to constantly rising or falling cost and

pulpwood, fuelwood, Christmas trees, etc., may,
in some cases, introduce entirely different

values for some trees of a particular size class

and species. Nevertheless, these diagrams give
a general idea of how stumpage values rise with

increasing size of tree. Small trees, it is here
seen, yield as a rule only low-grade timber and

value levels, but also, though generally to a
lesser extent, with respect to relative costs and
13
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Fig.5 - Logging Costs, Fond Values, and 5tumpage Conversion Values of Trees
(Pond Values Based on Mill Recovery Studies, Year 1931)

segregation of value classes on the basis of differentials both in relative value and in relative
earning power. Under this form of management a wide spread in value becomes important

are costly to log, with the result that the net
stumpage recovery is low or negative; the zeromargin Douglas fir trees usually vary between
24 and 30 inches d. b. h. Large trees, on the

from the standpoints of both liquidation and
product and can be logged at relatively lower timber growing; from the standpoint of liquidation it governs the order in which the timber
costs, leaving a wide margin for stumpage.
should be logged and the length of the cutting
These facts as to relative costs and values cycle;
from the standpoint of timber growing
should be borne in mind at all times in dealing it governs
selection of growing stock for
with selective timber management. A wide continuous the
production
of high-quality timber.
spread in stumpage conversion values is in In the latter respect it can
readily be reasoned
part the underlying basis for the intensive from a study of the conversion
diagrams that a
methods of management discussed in the fol- growing tree increases in value
through (1)
lowing chapters. The most important point to growth in volume, (2) growth in quality, and
recognize here is not so much that some logs and (3) decrease in logging cost (owing to low cost
trees are of minus value and hence should be of handling large sizes), and may, in addition,
excluded from the cut, but that there is a wide benefit from (4) price increment and (5) imspread in relative values; for selective timber proved logging technic. The way in which
management, it will be shown, does not center these and other considerations enter into
on the segregation of plus-value logs and trees selective management will be brought out in
from those of minus valueit aims at the the following chapters.

other hand, yield a relatively high-quality
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CHAPTER III
FINANCIAL ASPECTS OF VARIOUS MANAGEMENT PROCEDURES

AS APPLIED TO
A LARGE PROPERTY IN THE SPRUCE-HEMLOCK TYPE

per cent cruise. In figure 7 detailed information on Plot A and two other sample areas, Plots
B and C, is given in the form of stand-structure
diagrams. Plots B and C are located many
miles from Plot A. These three plots are representative of a timber type that covers large
portions of the property under consideration
agement believed to be generally applicable and, for the hypothetical case that will here be
to such areas in the region. The logging set up, it will be assumed that the same type
methods involved were developed through extends over the entire property.

Object and scope of study.This chapter

deals with the immediate and long-term operating results obtainable through applying various
plans and methods of timber management to a
large area of privately owned timberland in the
spruce-hemlock belt of the Douglas fir region,
and develops and illustrates principles of man-

experiments carried out in 1932 and were

As is shown by a comparison of the three

cost report (7), and were further improved

of the stand is about the same on all three plots

described in

chapter XXI of the logging stand-structure diagrams, the general character

through large-scale experiments in 1933. The
method found most effective is individual tree
selection by size classes, with the use of tractorarch outfits, although under some topographic

except as to proportionate representation of

Each plot is occupied by a fairly
thrifty many-aged forest of hemlock, or of
species.

hemlock and spruce in mixture, generally 100
conditions group selection is necessary with to 160 years old and ranging up to about 50
tractor-mounted drum-units or other flexible inches in diameter, with scattered spruce and
yarding methods, combined where necessary fir veterans generally about 250 to 600 years
with skyline swinging. Attention will be centered on the application of this highly efficient
method of selective logging to long-term timberland management, leading step by step from

wholesale clear cutting to intensive selective

old and ranging from 50 to 100 inches in diameter. While the veterans are relatively few in

number they constitute, as shown in figure 7,
a relatively large portion of the total volume.

sustained yield management.
This case study is used as an illustration of a

(Such concentration of the volume in relatively
large trees generally occurs, though not always
in quite so pronounced a degree as in this par-

effect of discount, considerations which determine the length of the cutting cycle and other
questions which must be considered in effective
timber management. Such theoretical and subsidiary considerations have for the most part
been set in small type in order that the concrete

important bearing on selective timber management.)

number of theoretical principles such as the

ticular case, in both uneven-aged and evenaged old growth stands in the Douglas fir
region. From several points of view, it has an

The veterans on these plots are in general
physically overmature, so that about 25 per
case itself may more readily be followed cent of their otherwise merchantable volume
through.
has to be culled in the woods. As a class they
General topography and timber distribu-

tion, and character of the timber.The characteristic topography of the tract under
consideration is illustrated by the topographic
map of the 60-acre Plot A presented as figure
6. For the purpose of this study this plot will
be considered representative also as to distribu-

tion of large trees shown on the map. The
data on Plot A were obtained through a 100
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are deteriorating through decay, windfall, and
other causes at a rate that on the average no
doubt far exceeds their current volume increment. The small and medium-sized trees, mostly hemlock and spruce trees less than 160 years
of age and less than 50 inches in diameter, as
a rule either are growing at a fairly substantial
rate or are capable of increased growth if released. On the whole it will be assumed here
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that the unmanaged forest is in equilibrium,
growth balancing decay. In the intensively
managed forest, on the other hand, losses from
decay would be minimized by removing the old

defective trees at a relatively faster rate at the
beginning, and losses from windfall, etc., would

be reduced by going over the area for cuttings

and salvage every few years. At the same
time, growth in the residual stand would be
stimulated by frequent systematic cuttings. As
is shown in table 18, chapter VI, release cuttings

in the intermediate and suppressed crown

classes may cause a pronounced increase in
rate of growth, about doubling the rates in the
examples cited in that chapter.

10. Determination of stumpage conversion values.

Logging costs, market values, and stumpage conversion
values for the species and diameter classes occurring on

Plots A, B, and C are shown in the conversion-value
chart at the bottom of figure 7, which is drawn to the
same horizontal scale as the stand-structure diagrams in
that figure. Logging costs, In this case, unlike the costs
dealt with in chapter II, represent a selective system of

logging, that is to say, trees of widely differing size
classes were removed in separate cuts (as discussed in
chapter XXI of the logging cost report (7). It will be

seen from a comparison with those cases that the relative rise in the cost of logging small trees is not nearly
so great.
Felling-to-pond costs (logging costs other than roadconstruction and similar per-acre costs) are represented
by curve A-A for a roading distance of 2 miles, by curve
B-B for 1 mile, and by curve C-C for 0 distance. According to tractor-roading results obtained in this operation in 1933, a weighted average roading distance uf
about 1 mile gives the lowest combined cost of tractor
roading and railroad construction, maintenance, and
operation when the stand is clear cut. In the following
discussion, therefore, curve B-B will be considered to
represent average felling-to-pond costs, except that curve

B'-B' will be considered to represent these costs for

trees less than 36 inches in diameter. Curve B'-B' shows
the reduced costs of logging small trees with specialized

logging equipment and methods such as staked cars
and bunching of small logs. (The possibility of cost
reduction through these methods was discussed in detail
in chapter XX of the logging cost report.) This curve

shows that all size classes and species of trees represented in the standstructure diagrams fall in the plusvalue class. Therefore, in the following analysis the
selection has to do not with elimination of minus-value
trees but only with order of selection.
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PLOT A (60 ACRES)

FEET B M. PER ACRE
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4,000
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9
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TABLE 3 Comparison of loo4 volumes,
1932 and 1933 experiments
Average volume per load, gross log scale
Logs per load
Number

60 h.p.

gasoline tractor'
Board feet
3,900
2,220
2,290
1,920

1
2

3
4

2,800

4,330

than $10 per M feet, according to diameter and

'Data taken in 1932.
2 Data taken in 1933.

Improvements in tractor logging in 1933.Results of
tractor logging experiments made on this 'operation in
1932 and reported in the logging cost report (7) indi-

cated that efficiency in negotiating steep or slightly
adverse grades and in handling large timber might be
increased through use of more powerful tractors and

through more careful attenMon to building up large load
Introduction of 7580 h.p. Diesel tractors and
other recent developments in tractor logging have since
confirmed these findings. Large scale studies were made
on the same operation in 1933 by John E. Liersch (18),
whose findings are summarized below:
volumes.

The slope on which a 60 h.p. gasoline tractorarch outfit required least time for hauling and return
trip over a given distance was found to be 8 per cent,.
For the 75 to 80 h.p. Diesel tractor, the corresponding
slope was 15 per cent.

The grade on which the speed of round-trip
travel was the same as on the level, for any distance,

was 26 per cent for the Diesel outfit, but only 16 per cent
for the 60 h.p. outfit.
The grade indicated as the maximum that could
be negotiated was about 30 per cent for the 60 h.p. outfit, and about 40 per cent for the Diesel outfit.

Slight adverse grades (grades against the load)
can be negotiated more easily with the 7 to 80 h.p.

Diesel outfit.

(Thus, changing from a 60 h.p. gasoline tractor to a
75 to 80 h. p. Diesel tractor greatly extends the opportunities for successful tractor logging in typical rough
country of the Douglas fire region.)
The cost of operation (machine rate) is less for
the 75-80 h.p. Diesel outfit owing chiefly to fuel economy.

Cost can be reduced through the building up of
large loads, made possible by the use of more powerful
tractors, as is shown in table 3.
(The increase in average load volume from 2,800 feet
in 1932 to 4,300 feet in 1933 was accomplished without
increasing 'disproportionately the time required for
hooking and unhooking the load. The maximum load
volume handled in 1932 was 6,500 feet; the maximum
handled in 1933 was 8,800 feet.)
In table 4 are shown tractor-hauling costs for various
distances for logs averaging 1,400 board feet in volume.

These cost data furnish the basis of tractor logging

costs used in this and following chapters.

Gross scale

0

$0.22
.56
.90
1.59
2.28

1/

1
2
3

to distance of haul within the 2-mile tractorroading zone represented by the space between
curves A-A and C-C. A still wider value spread
would be shown if the trees were segregated by

quality classes, so that, for example, rough-

boled versus clear-boled trees, or sound versus
defective trees, were represented by separate
value curves. In contrast with these highvalue trees the hemlock stand which includes

most of the timber less than 50 inches in

diameter, shows a return averaging only about
$1.50 per M feet. Intermediate between these
two general groups are spruce trees, which fall
in the same general size and age classification
as the hemlock but of which the largest exceed
the hemlocks in value per M feet by as much
as $4.00.

The wide spread in stumpage conversion
values becomes most significant from a timbermanagement point of view when time is
brought into the management equation. In the
case at hand the timber owner is in no position,
even if he so desires, to liquidate all his timber
holdings in a year's or a few years' time. As in
the case of many other tracts in this region with

its large merchantable timber supply, many

years would elapse before the last stick of tim-

ber on this tract could be cut no matter what
plan of cutting were followed. Even if this owner should decide to liquidate all his timberat the

maximum practicable rate of speed, he would
have to figure on a period of 20 ormore probably-30 years, because of market limitations

and other restrictions arising from general
business considerations. In short, this timber
property would by practical necessity, if not by

the owner's choice, become a comparatively
long-term operation under any feasible plan of
logging, including the cut-out-and-get-out plan.
The question as to which trees should be cut
first and which should be cut last or not at all
becomes more important the longer the operating period. Efforts to find an answer to this

TABLE 4.Tractor-hauling costs1 for various distances
Cost pe M feet
Distance of haul (miles)

the cost and value curves in figure 7 brings to

attention the fact, already demonstrated (in
chapter II) for other old-growth stands, that
the source of net returns in logging consists
mainly in the larger trees, represented in this
case by overmature spruce and Douglas fir
veterans. Spruce and Douglas fir trees 60 to
100 inches in diameter yield from $6 to more

Diesel tractor2
Board feet
4,870
4,512
4,300
4,126
4,281

5

Weighted average

75 to 80 h.p.

11. Basis of analysis of financial returns
under various management plans.Study of

Net scale
$0.25
.64
1.02
1.80
2.59

question are here based on the following

1Based on machine rate of $33.00 per 8-hour day; to

premises:

compute outputs, divide $33.00 by costs listed.
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The property comprises roughly 75,000 acres of
timber with a total stand of 3 billion feet.

I0

Under a cut-out-and-get-out policy of operation the
annual volume of production would be 100 million board
feet and the operating period 30 years.

Per-acre costs (not accounted for in figure 7)
amount to $0.60 per .M on the basis of clear cutting.2
This item of cost will vary with the degree of selection

PLOT C

practiced.
A debt here assumed at $3,000,000 drawing 6 per

/

cent interest has been incurred in acquiring and holding
the property and in initially opening up the tract. The

existence of this debt makes it mandatory in all preliminary comparisons of financial results to use a 6
per cent rate in discounting deferred income to its
present worth. After the debt is retired, which may
occur at one time under one plan of management and
at another time under some other plan, calculations
may be revised and operating plans recast to fit any

/

/

.

PLOT A

/1

interest rate on which the owner may choose to base his
subsequent operating policy. In the preliminary comparisons presented in sections 12 and 13 the servicing and

retirement of this debt will not be segregated from
stumpage conversion value, of which they are a part,
but in the final comparison they will be so segregated
(table 6).
Taxes on the standing timber are assumed at 2
cents per M per annum. This item, like debt servicing
and retirement, is treated as a part of stumpage con

2

version value, and will not be segregated except in the
final comparison (table 6).
In the preliminary analysis the value of the timber will be assumed as fixed throughout the 30-year
period, and no attention will be given to questions of
growth, decay, and changing market demands, etc. Later,
the influence of these factors upon the final management
plan will be considered.

20

40

60

80

100

PERCENT OF TOTAL VOLUME SELECTED
IN FIRST CUT

12. Logging for maximum present worth of
the first cut only.From the premises set down,
it is possible to make a step-by-step analysis of
the financial aspects of selective timber man-

Fig. 8-Present Net Worth of First Cuts of

Various Intensities

Table 5A serves as the foundation of table
The method followed in setting up table

agement as they apply in particular to this

5B.

property and in general to any old-growth tim-

5A was as follows:

ber property under long-term management.
The first step in this direction is to determine

The stand of Plot A (figure 7) was divided into 10

value classes each comprising 4,250 board feet, or 10 per
cent of the total net merchantable volume. The con-

how much of the timber should be cut to obtain

version-value chart and the stand-structure diagram

the greatest possible returns in terms of present net worth, assuming at first that only one
cut would be taken. In discounting deferred
income to determine present net worth, the
present and future value of the timber not included in this cut will at first be entirely disregarded. The first steps of such an analysis,
based on Plot A, are presented in tables 5A

show that the 10 per cent portion (4,250. board feet) of

the total per-acre volume that will yield the highest
gross stumpage conversion value contains only spruce
trees 66 inches or more in diameter breast high. For

this class of trees, as is shown in table 5A,, the average

felling-to-pond logging cost is $3.25, the log value $12.50,

and the gross stumpage conversion value, consequently,
$9.25.

Similarly they show that the second highest

value class consists entirely of Douglas fir 86 inches or
more in diameter. The third class, on the other hand,
takes in both Douglas fir and spruce of different diameter
classes and volumes; in this case the data on logging

and 5B.

cost, log value, and conversion value entered in the
table represent weighted averages for the two species
and size classes. The tenth and lowest value class
comprises 480 feet of spruce in the 20-inch diameter

2 ThIs includes for railroad spur construction, mapping and
cruising. etc. $0.23: for snag felling, $0.10; and for tractortrail construction, $0.25. The low cost quoted for spur construction Is due to skeletonizing the spur system on the basis
of a 1-mile average tractor haul. The $0.60 per M (per-acre
costs) does not include the cost of main-line construction outside the operating area proper, the cost of establishing camps,
and any other lump-sum costs incurred in initially opening
up the tract as a whole. Those preliminary lump-sum costs
would be exactly the same under any of the plans discussed,
and their recovery is treated in this study as a part of
stumpage conversion value. On the basis on which financial
results of various logging plans are to be set up here the
conclusion reached would be the same no matter whether

class and 3,770 feet of hemlock in the 20- and 24-inch
classes.

Table 5B, instead of dealing separately with each
of the 10 value classes, shows logging cost, log value,

and stumpage conversion value as they would be
affected by 10 degrees of cutting intensity each of
which differs from the next by 10 per cent of the
total original stand volume. If, for example, the

these costs amounted, for example, to $1,000 or to $1,000,000.
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initial cut were 10 per cent, logging coSt, log value,
and gross stumpage conversion value would be as
listed for the highest 10 per cent class in table 5A;
if a 20 per cent initial cut were taken, the first and

To obtain net stumpage conversion values, the cost
of building roads and tractor-trails and other costs incurred against the area logged must be deducted In

and returns of which represent the average of the

sumption that irrespective of the percentage of timber
to be removed, the road requirement for the first cut
would in all cases be exactly the same for a 100 per
cent removal.

the foregoing, costs under the clear-cutting system

for the area discussed are estimated at $O.0 per
M feet. The cost per M under partial cutting is shown
in table 5B to decrease in the same degree as the

second of the original value classes would be included
and costs and returns per M feet would be the average
of those shown in table 5A for value classes 1 and 2;
and so on down to the tenth plan of selection, which
assumes an initial cut of 1 per cent, and the costs

percentage of timber removed increases, on the as-

10 original value classes.

TABLE 5-A.-Stumpage conversion values per M board feet of different value classes of timber for Plot A.

Costs and returns per

Diameter class
Value
class
No.

1

2

3
4
5

Douglas
fir

Western
hemlock

Logging
costsl

Log
value

Inches

Inches

Inches

Dollars
3.25

Dollars

.......... 86 and up
56 to 66
40 to 56
30 to 40

6
7

24 to 30

8
9
10

22 to 24
18 to 22

68 to 86

48 and up
40 to 48
36 to 40
30 to 36
26 to 30
20 to 26

Totals and averages
1

2

Stumpage

Sitka
spruce

66 and up

3.50
3.28
3.40
3.95
3.50
4.40
4.35
4.69
5.28

12.50
12.15
11.52
10.00
7.77
6.00
6.45
5.75
5.74
5.62

3.96

8.35

Volume in board feet per acre
Trees
per
acre

conversion
value2

Sitka Douglas Western
spruce
fir
hemlock

Total

Dollars
9.25

Bd. ft.

Bd. ft. Number

8.65
8.24
6.60
3.82
2.50
2.05
1.40
1.05
.34

4.39

4,250

2,380
4,250
3,470

Bd. ft.

780
4,250
2,125
4,250
3,690
3,770

4,250
4,250
4,250
4,250
4,250
4,250
4,250
4,250
4,250
4,250

0.6
0.5
0.6
2.0
2.7
2.2
3.9
3.0
7.4
10.1

18,865

42,500

33.0

4,250
1,870

2,125
560
480

17,515

Bd. ft.

6,120

Felling-to-pond costs only, as read from stumpage conversion value chart, Fig. 7.
Road construction and other per-acre costs not deducted.

TABLE 5-B.-Stumpage conversion values per M board feet and present net worth of initial cuts of various degrees of intensity for
Plot A.
Portion1
Diameter cutting limit for
Total Number
of
volume volume trees
included cut
per
in
Sitka Douglas v,estern
acre
spruce
fir
initial
hemlock

cut

Per cent Bd. ft. Number Inches
4,250
0.6 66 & up
10
20
30
40
50
60
70
80

90
100

8,500
12,750
17,000
21,250
25,500
29,750
34,000
38,250
42,500

1.1
1.7

3.7
6.4
8.6
12.5
15.5
22.9
33.0

56 & up
40 & up
30 & up
30 & up
24 & up
24 & up
22 & up
18 & up

Inches
86 & up
68 & up
68 & up
68 & up
68 & up
68 & up
68 & up
68 & up
68 & up

Costs of and returns from initial cut Annual
per M feet b. m.
income

log-

Log

Gross Cost of Net
stump- road stump-

con- con- age convalue age
version struc- version
value3 tion,etc. value4

ging2

costs

Present
Du- net worth
from 100 ration of initial
million
of
cut
board initial (discount
feet
cut
rate 6
cut
per cent)

Inches Dollars Dollars Dollars Dollars Dollars Dollars Years
3.25
12.50
9.25
6.00
3.25 325,000
3
3.38
12.33
8.95
3.00
5.95 595,000
6
3.34
12.05
2.00
8.71
6.71
671,000
9
3.35
11.54
8.19
1.50
6.69 669,000
12
48 & up
3.48
10.79
7.31
1.20
6.11
611,000
15
40 & up
3.48
9.99
1.00
6.51
5.51
551,000
18
36 & up
3.61
9.48
5.87
.86
5.01
501,000
21
30 & up 3.70
9.03
5.33
.75
4.58
458,000
24
26 & up
3.81
8.65
4.84
.67
4.17
417,000
27
20 & up 3.96
8.35
4.39
.60
3.79
379,000
30

Dollars
869,725
2,925,794
4,563,940
5,608,762
5,934,154
5,966,007
5,893,814
5,748,083
5,508,779
5,216,859

'10 per cent of volume includes value class No. 1 in Table 5-A; 20 per cent value classes 1 and 2, etc., up to 100 per cent which includes all 10 value

classes shown in Table 5-B.
2 Felling-to-pond costs only.
Road construction and other per-acre costs not deducted.
4 Including taxes on standing timber and interest on debts.
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growth nor decay operates to modify the plan
of selection; and that the owner is interested

The value of th3 initial cut depends not only upon
current annual income but also upon the number of

years required to complete the operation and the
consequent discounting of deferred incomes. The
present value of a series of fixed annual incomes of
which the first is to come after an interval of one

only in the returns obtainable from the first

cut. As the premises change the answer to the
problem changes.
Influence of interest rate and length of operating
period on result.The extent to which differences in

year is determined by the formula
C0=a (1.Opnl)

interest rate affect the results is shown by the upper
row of diagrams in figure 9. The curves representing
a 6 per cent rate as applied to Plots A, B, and C are
identical with those shown in figure 8. The curves
labeled "no discount" simply represent the building
up of the aggregate 30-year income obtained in logging all plus-value trees.
Obviously, as the interest rate is lowered the present net worth of the property increases and the percentage of total volume that would have to be logged
in order to obtain the maximum net value of the first
cut also increases. As has been pointed out, when

(1.Opl) 1.Opn
in which C0=present value of a series of fixed annual
incomes

a=annual income
n=number of years during which the income
is to be received
p=percentage rate of interest (discount rate)

The results obtained by applying this formula to
the annual incomes and operating periods listed in
table 5B, using a discount rate of 6 per cent, are
shown for Plot A in the last column of the table and
in graphic form for Plots A, B, and C in figure 8. It
is shown that present value of initial cut, instead of
increasing continuously With percentage of volume
removed, reaches its peak at approximately 60 per

the rate of interest is 6 per cent the value curve

reaches Its peak at a 60 per cent cut; as is shown in
figure 9, the curve based on a 4 per cent interest rate
reaches its peak approximately at 70 per cent, and
that based on a 2 per cent rate reaches its peak at
80 per cent. In case deferred incomes are not dis-

cent removal and then gradually drops off. The peak

of the curve is almost exactly the same for plots
A, B, and C, despite the fact that in position and

counted at all, the peak, of course, occurs at 100

per cent.

form the three curves differ considerably.

The three lower diagrams in figure 9 show for Plot
A the extent to which variation in the length of the
operating period affects the results on the basis of
Length of operating
6, 4, and 2 per cent interest.
period, designated on the diagrams as 60 years, 30
years, etc., represents in each case the number of
years required to clear-cut the tract. Under a selective program the life of the operation is, of course,

The immediate conclusion to be drawn from
the foregoing findings is that if the owner of

this property should want to cut out and get
out of the timber business and for some reason
if he were prevented from making more than

one cut, then the correct financial procedure
would be to remove about 60 per cent of the
total volume of the stand. If Plot A is taken
as representative of the whole property this
would mean that on the average only spruce
more than 26 inches and hemlock more than
40 inches in diameter breast high should be
logged. For Plot B the cutting limit for hem-

shortened, so far as the first cut is concerned, in direct
proportion to the percentage of volume removed.
The curves clearly show the increase in the potency
of discount as the interest rate increases from 0 to 6

the same year, this point is very important

per cent and as the life of a clear-cutting operation
is extended from 0 to 60 years.
In examining these diagrams, attention should be
given not only to the precise location of the peaks of
the curves but also to the general form of the portion
of each curve that lies to the left of its peak. The
curves, it will be noticed, rise very rapidly as the
initial cut approaches 30 or 40 per cent of total
volume, but flatten out markedly nearer to the peak.
In other words, relatively little is added to the present net worth of the stand by including in the initial
cut the timber represented by the portion of the
curve that lies immediately to the left of the peak.
This fact has an important bearing on the decision
as to how much of the timber the initial cut should
include if it is to be followed by a second cut or a

cutting program is needed that through selection gives a short discount period to timber of

taking a lighter initial cut.In the foregoing

lock would be 42 inches, and for Plot C it would

be 44 inches. To cut trees below these sizes
leads to a loss even though they are in the plusvalue class. The loss results from deferring
cutting of large trees. In this long-term operation, in which most obviously it is impossible
to liquidate all the trees on the same day or in

series of cuts.

indeed. To obtain the best financial results a

Adjustment of tractor-trail plans facilitates

analysis the assumption was made that roadconstruction cost and other per-acre costs are
all incurred in taking out the first cut and are
fixed in total amount irrespective of how light
an initial cut is taken in order to avoid confusion as to method and to remove all doubt as
to the sufficiency of the allowance made for
increased road costs under a partial-cutting
program. The question will now be considered

high immediate value.

The foregoing analysis represents only the
first of a series of steps designed to throw light

on the question of what plan of management
will best fit this property. In drawing conclusions from the answer given above it is necessary to bear clearly in mind the premises on
which the analysis is made: That both annual

output and value of timber remain fixed
throughout the 30-year period; that neither

as to what adjustment of this item can and
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A-CLEAR CUTTING

B-PARTIAL CUTtiNG (30% VOLUME REMOVED)

FIG.I0 TRACTOR-TRAIL SYSTEMS REQUIRED (A) UNDER CLEAR CUTTING AND (B)
UNDER 30 PERCENT SELECTIVE CUTTING
23

should be made in order to facilitate taking a

still lighter initial cut, it being evident that

$0.25 to $0.83 per M. As exemplified by figure 1G,
however, the corresponding increase proves to be from
$0.25 to only $0.34. Experience with light selection

both in this and in other types of old-growth timber
has shown that on the whole the tractor-trail plan can
be adapted to the amount of timber to be removed in
a somewhat similar degree as shown here.

10

An adjustment of the railroad-construction cost
may be expected, also, in going from a 100-per cent
to a 30-per cent cut, but this point will not be
stressed here. The cost of railroad-spur construction
will be assumed as a fixed amount incurred in full
against the initial cut. The error involved in this
assumption will be considered to be balanced by that
involved in assuming that the cost of the tractor-road

8

construction will remain $0.25 per M irrespective of how
small a percentage of timber is removed in the first cut.

No adjustment will be made for the snag felling,
since all snags should be felled on the cutting areas
irrespective of how light a cut is taken.
Revision of the results shown in table 5B Is now
in order. The cost per M for road construction, etc.,
will be split into two items: One covering snag
felling and railroad construction (and related minor
items) and varying from $0.35 per M feet for a 100per cent removal to $3.50 per M for a 100-per cent
removal; and one covering tractor-trail construction,
which remains fixed at $0.25 per M for any degree of
removal from 10 to 10.0 per cent.

In figure 11, the dotted curve A-C represents the
present net worth of the initial cut on Plot A plotted
directly from the last column of table 5B and identical
with the Plot A curve in figure 8; the solid curve A-B
represents the corresponding results corrected as

/

B

I

0

I

stated above.
The most interesting point in a comparison of these
two curves is that curve A-B not only surmounts

Curve A-C. Value of first cut before
adjustment of tractor-trail plan
Curve A-B. Value of first cut after
adjustment of tractor-trail plan
I

I

I

o
20
40
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100
PERCENT OF TOTAL VOLUME SELECTED IN FIRST CUT

Fig. II - Present Nt WDrth of First Cut as Affected by
Plan of Tractor-Trail Construction

mounting outgo for road construction is the
only obstacle to taking a much lighter initial cut

and a series of light return cuts. By such a
procedure the present net worth of the property would be increased, since the discount
period for the highest value classes would be
shortened.

The degree to which the tractor-trail program can
be adjusted to fit the plan of selective operation is
demonstrated in figure 10, two maps representing

Plot A. The upper map shows the tractor-trail system
as it might be planned for a 100-per cent removal, and
the location and volume of trees more than 44 inches
in diameter. The lower map shows the tractor trails
required for equally efficient removal of a 30-per cent

curve A-C for any degree of removal except 100 per
cent but also reaches its highest point considerably to
the left of that of curve A-C. According to curve
A-C the maximum present worth of the stand (if only
one cut is to be made) is $5,966,000, obtainable by
removing 60 per cent of the total volume; according
to curve A-B this value is $6,177,000, obtainable
through removal of only 50 per cent. In other words,
more than $200,000 is added to present net worth by
adjusting the tractor-trail program to fit the selective

scheme, and at the same time an additional 300
million feet of timber (represented by value class 6
in table 5k) is saved for the future. This timber,
while it detracts from the liquidation value of the
tract when included in the initial cut, is shown in

table 5A to have a stumpage value of $2.50 per M

when considered by itself.

A similar situation is found on Plots B and C,
where the maximum net present worth is increased
by $185,000 and $250,000, respectively. In both
cases the value curves reach their peaks approximate-

ly at a 55-per cent initial cut. Obviously, the same
tendency to shift upward and to the left would apply
in varying degree to all the curves shown in figure 9.
13. Cutting for highest liquidation value
through a series of light cuts.Under the as-

sumption, so far adhered to, that logging should

initial cut comprising only spruce and fir trees 56
inches or more in diameter. Obviously, in prepara-

aim at highest returns (present net worth)

tion for the second cut or succeeding cuts more tractor
trails would ultimately have to be built and in the
end the total mileage of trails might equal that shown

from a single cut, obviously every tree capable
of contributing any amount to the liquidation

in figure bA. But the money need not be spent until
the trails are actually needed for logging.
According to the assumption made in setting up
table 5B the increase in tractor-trail costs in going
from a 100 to 30 per cent initialcut would be from

value of the tract should be included in that
cut. The results arrived at above clearly indicate that zero-margin cutting fails utterly to
accomplish this even though all the timber has
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worth of the stand, $6,177,000, is attained
a fairly substantial current value. Thus it has present
with an initial cut of 50 per cent. For an initial cut
been found that half the timber-11,/2 billion of 40 per cent the curve shows a value of $5,927,000.
difference between these two amounts, $250,000,
feetwould contribute nothing to the liquida- The
is
equivalent
to $0.83 per M for the 300 million feet
tion value of the tract when discounted to of timber involved.
By referring to table 5A, it will
present net worth but instead would detract be found that this timber is value class 5, which when
gross stumpage conversion
from it by close to $1,000,000. All this timber, considered by itself hasIfa the
initial cut is reduced to
ef $3.82' per M.
however, is in the plus-value class when con- value
40 per cent the initial cutting cycle becomes 12 years
sidered by itself, its value per M ranging from instead of 15 years, permitting a return for value
class 5 during the 13th, 14th, and 15th years with all
$0.34 to $2.50 for Plot A, from $0.30 to $2.70 per-acre
except those for tractor-trail construcfor Plot B, and from $0.45 to $3.36 for Plot C. tion andcosts,
track relaying, already written off against

the Initial cut. Under the assumption that stumpage
values remain fixed throughout the 30-year period,
the current gross stumpage conversion value per M
would then be $3.82 and the net conversion value
per M left by the deduction of $0.25 for tractor-trail
construction and $0.25 for relaying of track, would
be $3.32. The present net worth of an annual income
of $3.32 per M coming during the 13th to 15th years,
inclusive, discounted at 6 per cent to the present time,
is $1.47. This is $0.64 per M more than the present
net worth ($0.83)' contributed by the same timber If
It is logged during the 1st to 15th years as a part of

A second cut therefore becomes a practical certainty and can, if desired, follow immediately
upon completion of the first cut.

With a second cut or a series of return cuts

in prospect a question arises as to whether

some of the timber so far indicated for inclusion
in the 50 per cent initial cut might not be better
shifted to the second cut, and if so how much.

When this has been decided, the next problem

is how much of the timber allocated to the

the 50-per cent initial cut.

as shown above, operates to throw half the

of timber has a present net worth per M of $3.23,
that if it is taken during the 10th to 12th years, inclusive, as a separate cut its value, discounted to the
present, amounts to $3.22 per M. As a borderline
case compared purely on the basis of the discounting
process, value class 4 should be excluded from the

Applying the same test to value class 4 shows that
as a part of the initial cut this 300 million board feet

second cut should be transferred to a third cut,
how much of the third cut to a fourth cut, and
so on. Obviously, the financial principle that,

total original volume of timber out of the immediate liquidation scheme even if no return
cut is considered, operates in the same manner
to shape the liquidation plan for the remaining
timber.

initial cut for reasons discussed below.

Under the same test value class 3 contributes to
Included in the first cut, compared with $4.86 if
treated as a separate cut during the 7th to 9th years,

present net worth at the rate of $5.13 per M if

Working against financial and other forces that, as

Inclusive. For value class 2 the corresponding figures

will be shown, pull very strongly for short cutting
cycles, i.e., for light cuts at short intervals, is the
cost incurred in relaying track to permit return cuts
on spurs lacking permanent track. In this respect it

are $6.49 and $6.10, respectively. Both these value
classes should therefore be joined with value class 1
to form a 30-per cent initial cut, requiring 9 years to
complete. Justification for further shortening of the
initial cut, however, would arise through opportunity

will be assumed for the moment that the same mileage

of both permanent and "relay" track would be used
under a selective plan of operation as under a clearcutting plan. Investment in rails and ties, and cost
of track maintenance and upkeep, would not be
affected then by changing from long to short cutting
cycles; with a fixed total mileage of track in use,
just so many ties and so much steel would be used
per million feet of output and just so much timber
would be hauled over just so many miles of road.
On, this basis, however, the cost of relaying track
would increase in proportion to the number of return
cuts taken. Assuming that 60 miles of logging spurs
(out of a total of 75 estimated to be required on this
operation) lack permanent track and that the cost of
relaying track is $1,250.00 per mile, it would cost
$75,000 for each cutting cycle after the first; the cost
per M feet for each relay, based on an annual output
of 100,000 M would be 5 cents for a cutting cycle of
15 years, 61/4 cents for 12 years, 8% cents for 9

to make a close selection of trees within the first

three value classes. Here it must be recognized that
in each value class of timber as represented by a
given diameter class individual trees vary widely from

the class average both in logging costs and in log
The plan of selection should therefore pro
ceed to resegregate the first three classes into two
new value groups; one comprising trpes (those of
higher than average value, or of lower than average
logging cost, or both) that should be taken in the
initial cut, and the other those to be left until the

values.

second or a succeeding cut. Through this procedure
two-thirds of this timber, it is here estimated, would
have a stumpage value averaging $1 higher than the
previous average, and the remaining one-third, com-

years, 12%. cents for 6 years and 25 cents for 3 years.
These costs, as shown below, must be taken into
account in figuring the extent to which the effect of
discount tends to force the adoption of a short cutting
cycle.

Financial aspects of short cutting cycies.The first
and most important decision affecting the length of
the cutting cycle is that as to how much timber shall
be included in the initial cut.
Curve A-B in figure 11, it will be recalled, shows
that on the basis of taking only one cut the maximum
25

prising low-value or high-cost trees, would consequently show a value $2 per M less than the previous
average. The resultant spread of $3 per M is sufficiently wide to justify splitting the first three value
classes into two cuts. The initial cut would constitute a 6-year cycle.
Turning attention next to the second and succeeding
cutting cycles, it will be found that, disregarding the
fine point of interpolating for periods shorter than 3
years, the cutting program would resolve itself into a
series of 6-year cycles.
'The reason why the contribution to present net worth

from class 5 drops from $3.82 to $0.83 per M is In large part
that through the inclusion of this class in the initial cut the
discount period for the first four value classes is lengthened
and their present net worth consequently -lowered.

TABLE 6.-Present net worth to timber owner under five different 30-year operating plans.1
StumpTaxes on Retirement
Net return to owner discounted
age
standing
of
Net
to 1933 value (present net worth)
converTotal
timber at $3,000,000 current
at interest rates
Logging period2
Output
sion
stumpage $0.02 per
debt
value
return
M feet
including toreturn
owner
per
b.m. per interest at
6%
4%
2%
M b.m.
annum 6 per cent
Million Dollars
Dollars
Dollars
Dollars
Dollars
Dollars
Dollars
Dollars
ft. b.m.
1935
1938
1941
1944
1947
1950
1953
1956
1959
1961

300
300
300
300
300
300
300
300
300
81

Totals and averages.

.

..

.

1935
1938
1941
1944
1947
1950
1953
1956
1959
1962

Totals and averages. .
1935
1938
1941
1944
1947
1950
1953
1956
1959
1962

Totals and averages..
1935
1938
1941
1944
1947
1950
1953
1956
1959
1962

.

Totals and averages..
1935
1938
1941
1944
1947
1950
1953
1956
1959
1962

Totals and averages. .

2,781
300
300
300
300
300
300
300
300
300
300
3,000

300
300
300
300
300
300
300
300
300
300
3,000
300
300
300
300
300
300
300
300
300
300
3,000

300
300
300
300
150
150
150
150
150
150
'2,100

LAN 1.-Clear cuttinci (cable toqqinq).
855,000
180,000
675,000 855,000
162,000
693,000
855,000
144,000
711,000
855,000
126,000
729,000
855,000
108,000
747,000
855,000
90,000
765,000
855,000
72,000
783,000
855,000
54,000
801,000
855,000
36,000
233,824
128,622
585,176
211,073
349,701
230,850
18,000
212,850
39,292
68,261
119,856
7,925,850
990,000
6,137,824
798,026
167,914
279,334
469,557
AN 2.-Zero-marçjjn selection (tractors).
3.79
1,137,000
180,000
957,000
3.79
1,137,000
162,000
975,000
3.79
1,137,000
144,000
993,000
3.79
1,137,000
126,000
1,011,000
3.79
1,137,000
108,000
830,273
198,727
87,897
114,765
150,615
3.79
1,137,000
90,000
1,047,000
388,856
537,530
747,767
3.79
1,137,000
72,000
1,065,000
332,067
486,066
716,745
3.79
1,137,000
54,000
1,083,000
283,529
439,373
686,839
3.79
1,137,000
242,000
36,000
1,101,000
397,131
657,958
3.79
1,137,000
18,000
1,119,000
206,567
358,863
630,109
3.79
11,370,000
990,000
4,766,273 5,613,727 1,540,916 2.333.728 3.590.033
PLAN 3.-2-ccle selection (tractors).
6.00
1,800,000
180,000
1,620,000
6.00
1,800,000
162,000
1,638,000
6.00
1,800,000
740,568
524,342
144,000
915,432
668,906
781,321
6.00
1,800,000
126,000
1,674,000
881,863 1,087,430 1,346,398
6.00
1,800,000
108,000
1,692,000
748,372
977,130 1,282,367
1.07
321,000
231,000
90,000
85,793
118,595
164,980
1.07
321,000
72,000
249,000
77,638
113,644
167,577
1.07
321,000
54,000
267,000
69,901
108,322
169,331
1.07
321,000
285,000
36,000
62,643
102,800
170,316
1.07
321,000
18,000
303,000
55,934
97,172
170,619
3.535 10,605,000
990,000
3,998,568 5,616,432 2,556,486 3,273,999 4,252.909
PLAN 4.-5-cucle selection (tractors).
8.24
2,472,000
180,000
2,292,000
8.24
2,472,000
162,000
1,472,640
837,360
625,759
688,226
758,313
5.645
1,693,500
972,156 1,132,220 1,322,498
144,000
1,549,500
5.645
1,693,500
126,000
1,567,500
825,759 1,018,248 1,260,740
2.74
822,000
108,000
714,000
315,802
412,335
541,141
2.74
822,000
732,000
271,865
90,000
375,809
522,794
1.30
390,000
72,000
318,000
99,152
145,135
214,014
1.30
390,000
54,000
336,000
87,965
136,315
213,091
.27
81,000
36,000
45,000
9,891
16,232
26,892
.27
81,000
18,000
63,000
11,630
20,204
35,475
3.6390 10,917,000
990,000
3,764,640 6,162,360 3,219,979 3,944,724 4,894,959
LAN 5.-5-cjcle selection (tractors) leadina to sustained yield.
8.24
2,472,000
180,000
2,292,000
8.24
2,472,000
1,472,640
625,759
162,000
837,360
688,226
758,313
5.645
1,693,500
144,000
1,549,500
972,156 1,132,220 1,322,498
5.645
1,693,500
126,000
1,567,500
825,759 1,018,248 1,260,740
2.48
372,000
108,000
264,000
116,767
152,460
200,086
2.48
372,000
104,735
144,779
90,000
282,000
201,404
2.48
372,000
72,000
300,000
93,540
136,920
201,900
2.48
372,000
54,000
318,000
83,252
129,013
201,676
1.04
156,000
36,000
120,000
26,376
43,284
71,712
1.04
156,000
18,000
138,000
25,475
44,257
77,708
4.82
10,131,000
990,000
3,764,640 5,376,360 2,873,819 3,489,407 4,296.037
2.85
2.85
2.85
2.85
2.85
2.85
2.85
2.85
2.85
2.85
2.85

'Plans 1 to 4 represent complete liquidation within 30 years: plan 5 represents sustained yield operation (after second cycle).
Each 8-year logging is represented here by the middle year: 1935 for example, represents the 3-year period 1984-36. In discounting the owner's net
income to its 1933 value a discount period of two years has been applied for the 1935 period, 5 years for the 1938 period, etc. In figuring interest on the
$8,000,000 debt the 1985 period is charged with 3 years' simple interest, or 18 per cent, and likewise with 18 per cent on the new balance of debt for each
additional 8-year period.
'Decrease from 3,000 million feet caused by loss through excess breakage.
4
Decrease in 30-year income and output caused by saving 900 million feet of growing stock for future sustained yield cut.
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road system provides the means for intensive
selective control of the timber growing stock
and by exercising this control the best results
in managing the property can be attained.
14. Comparison of results from five different cutting plans.As indicated in the foregoing paragraph once a permanent road system is
made available the working procedure in liquidating the property would for numerous reasons tend to resolve itself into very frequent
shifting of logging operations back and forth
over the operating areas. A regular cutting
cycle of 5 or 6 years may, however, still be
recognized as the guidepost for administrative
planning and control since irregular shifting
and distribution of the cut within the cycle is
primarily a matter of additional flexibility in
adjusting operations to constantly changing
operating conditions and market demands.
This completes the step-by-step evolution

Short cutting cycle leads to permanent roads
ad continuous selective control of tive timber.
With so short a cutting cycle repeated relaying
of track, at an.estimated cost of 1,250 per
mile, would not on the whole be the best solution of the transportation problem. On spurs
over which timber would be hauled for perhaps
2 or 3 years or more during each 6-year cycle,
it might thus be as cheap or cheaper to provide
permanent track. Then, too, substitution of
motor truck roads for railroad spurs offers a
practical solution of this problem in many parts

and divisions of this property where topography and other logging factors combine to
favor this mode of transportation.

The answer to these questions depends as
a matter of fact on many considerations other

than a direct comparison of transportation
costs. By providing permanent rail and truck

roads the entire 75,000-acre area can be kept
open for logging at all times. With mobile
yarding and loading machinery, with a vast

from clear cutting to short cycle selective

management with respect to liquidation of this
property within a 30-year period. In tracing
this step-by-step evolution, five distinct, principal plans of management have been studied,

amount of storage space for logs along the railand truck-roads, and with 1,000 miles or so of

tractor-trails constantly accessible, the set-up
for efficiency in logging and management becomes far more favorable than if the operation
were confined to a small area. Here yarding
can be carried on independent of loading, and
each tractor-yarding unit can, if desired, be
very serious in this locality, can be reduced to
some extent by shifting the operations to the
most favorable areas, and by constant shifting

including ëlear cutting with donkeys (cable
yarding), a plan that so far has not been discussed in this report but that represents the
system in use on this operation preceding the
adoption of selective logging with tractors. A
comparison of the returns obtained under the
different plans during the 30-year period is
presented in table 6. The table shows what
portions of the income go to pay taxes on the
standing timber and interest and retirement of

a reserve of logs along the roads (as well as by

value when discounted on the basis of 6, 4, and

worked entirely by itself; difficulties of tractor-

roading during the rainy season, which are

from tractor-trail to tractor-trail and from the assumed $3,000,000 debt, and finally what
landing to landing; and could be further offset portion represents net returns to the owner
in part by relying to quite an extent on keeping both current returns and their present net
proper planning of subsidiary work, such as

2 per cent interest rates.

drum-unit yarding and sky-line swinging, etc.).
Here, too, market selection can be practiced to

Explanation of Table 6.Plan 1 (clear cutting, cable
yarding) represents clear cutting with donkeys (all
the succeeding plans represent some form of selective
logging with tractors). The average log value is
$8.35, the same as for Plan 2, and the average logging
cost $5.50, leaving a net return of $2.85. Logging
costs do not include capital charges on the yarding
equipment, whereas under the tractor plans (Plans
2-6) such capital charges are included. Only 2,781
million feet, instead of 3,000 million feet, would be
cut under this plan, the shortage of 219 million feet
being caused by excess breakage (estimated on the

the nth degree without interfering with efficiency. Salvage of windblown, fire-killed, or
otherwise damaged timber can likewise be
brought about in quick order. Maintenance of
tractor-trails (which obviously would be quite
an important problem under a long-cycle cutting plan) would also become a relatively simple problem, because as a result of frequent
shifting of operations they would, for the most
part, be maintained through frequent use. Incidentally, of course, these roads and tractortrails, which are thus kept ready for use for
logging purposes, would also b an important
factor in fire protection. In brief, a permanent

basis of experience on this operation).
Plan 2 (zero-margin selection) represents selective
logging with tractors when all trees in the plus-value
class are removed in one 30-year cutting cycle. The

aim under this plan is to remove the greatest value
per acre. Under this plan the operator opens up one

portion of the property at a time, logging each portion
selectively down to the 18-inch limit over a period of
a few months or a few years. The stumpage conver27

sion value shown is taken from table 5B (100 per cent

initial cut).

Plan. 3 (2-cycle selection) represents making one 50
per cent cut for maximum present worth, by the same
logging methods as under Plan 2. While this plan

realizes the greatest present net worth that can be
50 per cent of the plus-value timber remaining a

realized from the stand if only one cut is taken, with
return cut is indicated, constituting a second 15-year
cycle.

The stumpage conversion value of the initial cut is

taken from table 5B (50 per cent initial cut) while
the value of the lowest cut is computed from data on
value classes 6 to 10 inclusive, as given in table 5A.
Both values have been adjusted by making proper
allowances for the revised tractor-trail plan (on the
basis discussed in section 12) and for relaying of
railroad track on the basis stated in section 13. A
deduction of $0.36 per M has been made from the
value of the initial cut to cover (a) extra slash disposal cost for the heavy partial cut here made and
(b) maintenance of tractor trails during the long
cutting cycle (15 years) here involved. (Ordinary
fire protection costs common to all plans and snag

felling costs are accounted for in tables 5A and 5B.)
Plan 4 (5-cycle selection) represents a series of 6-year
cutting cycles. Adjustments of tractor-trail construc-

tion costs and relaying of track are again on the basis
stated in sections 12 and 13. An extra allowance of
$0.05 is made In this case to cover slash disposal cost.

The first 6-year cut under this plan is obtained by

selecting 600 million board feet out of the 900 million
representing a 30 per cent initial cut, for which table
5B shows a stumpage value of $6.71. In table 6 this
has been raised to $8.24. The difference between the
two amounts comes from adjustment of tractor-trail
construction costs and also from an increase of $1.00
through selection within the first thre value classes.
The second cut takes in the 300 million left over
from the first three value classes and all of value class

4. The third cut takes in value classes 5 and 6; the
fourth cut, classes 7 and 8; and the fifth cut, classes
9 and 10. In practice, exchanges from one class to
another would occur the same as in the, first cut, but
the effect of this on returns would probably be offset
by the necessity of taking out many trees ahead of
schedule because they happened to be in the way of
timber taken according to plan.

In its final form, plan 4, as already discussed, would
be based on permanent roads. However, no definite
base exists for setting up a comparison of results under this plan. For this reason, the set-up here used
still assumes the use of temporary railroad track.
Plan 5 (5-cycle sustained yield plan) is recorded here
for the sake of continuity. Its significance. is discussed in section 15. For the first two 6-year cuts the

basis of the results shown for this plan is identical
with Plan 4. For the next two 6-year cuts the basis

is the same as for the third cut of Plan 4, except that,
owing to decreased output, deductions to cover the
cost of relaying track are twice as high. (A further
deduction of $0.14 per M has been made to cover
certain portions of track maintenance cost that would
here rise in terms of cost per M owing to decrease in
output.) On the basis of permanent roads track

relaying would be eliminated, but here again no
definite basis exists for setting up a complete com-

parison of costs.
In all of the foregoing plans taxes on the standing
timber are assumed to be equal. They are computed

5-cycle selective cutting plans a fairly strong reason

for adjustment exists in that ad valorem property
taxes are supposedly based on the fair appraisal value
of the property, and, consequently, when through
selection the high-value timber is removed at the
beginning of the operating period the value on the
remaining timber drops correspondingly. The tax
question, however, has entirely too many angles to it
to justify any definite assumption other than that
some adjustments in appraisal might well be obtained
that would further strengthen the results obtained
under the 2-cycle and 5-cycle plans and also under the
cable-yarding plan.
Summary and comparison.One of the most striking

points to be noted in comparing the results of the

foregoing plans is the quick work accomplished by the
short-cycle system in retiring the initial debt. Under
the cable-yarding plan the debt hangs on for 25 years,

with the interest charges and taxes eating up the
owner's equity, so that the debt is not finally paid
until the timber is practically gone. In contrast the
same debt is retired within 15 years under the zeromargin plan, within 8 years under the 2-cycle plan,
and in less than 5 years under the 5-cycle plan.
The capitalized value of the owner's equity shows a
striking increase as between the clear cutting and
the 5-cycle selection plan. This is summarized in

table 7, which shows the present net worth of the
owner's equity on the basis of discount rates of 6, 4,
and 2 per cent and also the aggregate of the current
returns (in the column headed "0 per cent").
On the basis of permanent roads and consequent

continuous selective control of the timber, the possibilities for a further increase in returns under plan 4
are very great indeed; increased operating efficiency,
elimination of track relaying costs and wider opportunities for market selection are among the factors
to consider here. These possibilities, however, cannot
be evaluated in a definite manner.
TABLn 7 Present net worth of owner's equity1 under
plans 1 to 4, on basis of different discount rates
Plan
Present worth2 on basis of discount rates
indicated
6%

(1)
Cable-yarding
(2)
Zero-margin
(3)

0%

4%

Thousands Thousands Thousand,s Thol4sands
of dollars of dollars of dollars of dollars
168

279

470

798

1,541

2,334

3,590

5,614

2-cycles

2,556

3,274

4,253

5,616

5-cycles

3,220

3,945

4,895

6,162

(4)

To compute the ful value of the property, each or

the amounts listed should be increased by $3,000,000, the
amount of the assumed initial debt.
2 Figures were rounded off to the nearest $1,000..
15. Basis for changing from liquidation to

sustained yield management.The foregoing

comparison deals with the financial aspects of
long-term liquidation on the assumption that
quantities, values, and outputs would remain
fixed throughout the 30-year period. The forest

and its values, however, are not static; they
change continuously. Growth and decay, the
rise and fall of costs and values, changing
standards of utilization, and other factors are

only on the basis of the zero-margin plan (Plan 2).
Technically, they should be recomputed to fit the
other four plans. For the cable yarding (clear cutting) plan they should be reduced, in view of the
more rapid rate of depletion of the timber supply resulting from excess breakage. For the 2-cycle and

constantly creAting new values or wiping out
existing ones. This introduces many questions,
28

help to correct this situation. The aim under
this plan is to give growth a better chance to

which, as they are followed up, lead to further
important changes in the management plan.
First to be considered is the question of how
volume increment affects the results of the five
plans. It is still assumed for the moment that
values otherwise remain fixed, and that logging
is to be carried on at the rate of 100 million feet
per year.

maintain the growing stock and the capital
value of the forest. (The advantages of motor

truck roads in place of "relay track" would

naturally be very great under this plan owing
to the lighter output, but as in the case of plan
4 these cannot be evaluated here.)
The sustained yield plan (plan 5) differs from

For the cable-yarding plan increment may
for purposes of comparison be set at zero. Increment and mortality balance each other until
the various portions of the stand are cut, and
when cutting takes place all premerchantable
growing stock is wrecked.
Under the zero-margin plan the premerchant-

plan 4 mainly in that it does not continue the

volume of about 150 million feet (2,000 feet per

feet. As a result, 900 million feet of merchantable timber (comprising value classes 8, 9, and
10) as well as 150 million feet of premerchantable timber is left untouched during the 30-year

liquidation program beyond the second cycle at
the rate of 100 million feet per year. In identically the same way as plan 4, it strikes out at

the outset for quick liquidation of the overmature, high-value veterans; but when the
second 6-year cutting cycle is completed the
annual output is dropped to 50 million board

able growing stock, trees 12 to 18 inches in
diameter representing a present aggregate

acre) and in addition many trees less than 12
inches in diameter, would be left, and if they
survived, would increase substantially in volume during the 30-year period.
Under the 2-cycle selective plan (plan 3) net
increment would occur not only on premerchantable trees but also on merchantable trees
represented by the second cut.
Under the 5-cycle plan (plan 4) a still larger
net increment would accrue on merchantable
trees owing to quicker removal of decadent
veterans. Under this plan, at the end of the 30year period the volume of timber more than 12
inches in diameter would probably amount to

period.

During the 30-year period the volume of this
1,050 million feet of growing stock would be
augmented from three sources, viz.:
Increment on the 150 million feet that
is reserved;
Increment on 900 million feet cut during
the 13th to 30th years; and
Recruitment and growth of new premerchantable growing stock from trees less than
12 inches in diameter. (In addition to these
sources of volume increment it is probable that
a rise in utilization standards, presently very
low for small timber of the species and diameter here involved, would occur during the 30year period.) The total stand at the end of the
30-year period, taking in all trees more than
12 inches in diameter, is estimated at roughly
1,800 million and its annual increment at about
40 million board feet.
Financial earnings evceed growth rates.The
1,800 million feet of growing stock shows a
fairly wide spread in values. The net con-

600 or 700 million board feet, assuming that all
trees of this size survive.
Step by step, then, the volume increment (as
well as the unit value of that increment) would
increase in going from plan 1 to plan 4. At the
same time the chance for survival 'of this tim-

ber would naturally become better. In the
latter respect it is probable that fire and wind
would practically wipe out the scattered trees
left under the zero-margin plan owing to the
severe disturbance of natural forest conditions
created by taking so heavy a cut. Under the

5-cycle plan losses from this source would tend
to be relatively smaller, but, even so, the resi-

version value of all diameter classes and species

the value of premerchantable trees being

dual stand would probably suffer particularly
after the third cutting cycle. Troubles would
here arise because cutting is carried on at too

placed at zeroaverages, however, only $0.60
per M. The aggregate net conversion value of
the residual stand as a whole is therefore only

fast a pace for the forest to adjust itself to

$1,080,000. Under selective management, however, the current income would be derived not
from average values but from selected values.

changing conditions. For this reason the pos-

sibilities for a large increase in volume under
this plan must be discounted rather heavily.
Substitution of the sustained yield plan, or
plan 5 (the cost basis of which was detailed in
conjunction with the other five plans), would

After the year 1963, the larger portion of the
current cut consisting of comparatively highvalue timber, the average current net return
should approximate $2.00 per lVf, and if the
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value base remained fixed, would continue to do

stock to the income value of a selectively man-

The growing stock would no longer be aged sustained yield property is far in excess
depleted in volume or over-cut in the larger of its immediate liquidation value; for as a
size classes, but would be maintained continu- result of maintaining continuity of production
ously as the smaller trees advanced from one and permanent transportation facilities the resdiameter to another and successively replaced idual stand as a whole is worth far more in
the large trees removed.
terms of sustained annual income than it would
so.

be in terms of quick returns.
16. Further evolution of the sustained yield

This then is something to remember, because
it is the very core of the advantage of selective

sustained yield management: All the timber
contributes to growth, in fact the premerchantable timber contributes proportionately
the most; but the higher-value timber is the
chief contributor to the current cut, which
removes the growth. As a result the average
value of the current cut is far in excess of the

plan.Sustained yield management as repre-

sented by plan 5 would be brought about simply
by adjusting the rate of cut to fit the productive
capacity of the residual stand, without changing the previous liquidation plan so far as order
of cutting is concerned. Liquidation would

begin with removal of the highest value class

average conversion value of the growing stock

and would proceed step by step toward the
that supports it, and this means that current lowesta plan based in the first place on the
earnings on the realizable capital are far in assumption that the values in the forest remain
excess of the current growth rate. Thus the fixed, unaffected by growth, market conditions,
current annual income from a cut of 40 million

or other factors. When these factors are taken
board feet, under the assumptions used here, into account many important changes must be
would amount to $80,000 equivalent to about made in the plan as to order of cutting, in order
71/ per cent on the realizable capital ($1,080,- to obtain the highest returns from the property
000), and the net earnings after deduction of a both at present and in the future. In this reyield tax of 12½ per cent would amount rough- spect plan 5 is only the first crude step toward
ly to 6½ per cent, or nearly three times the the final plan, but an exceedingly important one
current growth rate. An annual return of since it swings the basic objective away from
61/2 per cent on the realizable growing stock liquidation to sustained yield forestry.
capital is extremely high, in view of the investment character of a going sustained yield tim-

The first step toward revision of plan 5 would
affect the veterans in value classes 1, 2, and 3
(table 5A) in a relatively slight degree. They
would remain at the head of the list, although
many of themmainly sound trees in relatively
inaccessible locationsmay well be held back
for a cutting cycle or two as speculative capital
designed to absorb possible benefits of unusual
value fluctuations.
In regard to value class 4, composed principally of spruce 40 to 54 inches in diameter
and less than 200 years in age, reasons for holding a substantial percentage of them would be

ber propertyparticularly in this region where
the value base is still low. In Europe, after
long years of experience, sustained yield timber

properties have come to be looked upon as so
high grade a field for long-term capital investment that they have generally become capital-

ized at a rate of 2 to 3 per cent, and this in
spite of the fact that there the value base is

generally so high that further value increment
is relatively not nearly so important a factor
in fixing the capitalization rate as it naturally
would be in the Douglas fir region.
On the basis of a 3 per cent capitalization rate

predicated on their ability to earn through

volume, quality, and price increment. As dis-

the investment value of this property as of cussed in chapter VT, variations in increment

between individual trees of the same size, age,
and species, growing on the same site, are very
great. This variation in combination with

the year 1963 is $2,333,333, and on the basis of
a 2 per cent rate it is $3,500,000, both amounts
being far in excess of the property's conversion

value of $1,080,000 (an amount which, as a
matter of fact, is not realizable since immediate conversion of so large a quantity of tim-

variations in quality of the trees and in their
degree of accessibility (logging cost) would
govern in the selection of trees to be held.

For spruce trees from 24 to 40 inches in

ber would be impractical). Here, then, lies the

reason for turning from unrestrained liquidation to sustained yield management for a large
portion of the existing growing stock: The

diameter, and generally 100 to 150 years in age,
for which plan 5 proposes complete liquidation

during the third to fifth cutting cycles, the
revised plan might be to remove during the

contribution of this portion of the growing
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30-year period mainly the rougher and least
thrifty trees or trees injured in the process of
logging, and to hold the remainder. These trees,
as is shown in the conversion-value chart (fig.

7), rise relatively fast in value per M feet in
passing from one diameter class to the next,
because of the combined effect of quality incre-

ment and reduction of logging cost (through
size increase). Good, clear trees would, of
course, show an even faster rate of increase
than that indicated in figure 7 (compare fig. 5).

Those that are making a satisfactory volume
increment (11/2 to 3 per cent) are now passing

through a highly profitable period in their

development.
As spruce of these value classes is withdrawn

from the immediate liquidation scheme, oppor-

ample time would be available to investigate
the increment factor so that a sound program
of selection can be continued in dealing with
the remaining productive portion of the growing stock. By that time this factor would
become highly important not only because of
wide variations in increment but also because
the initial 6 per cent debt would then have been

discharged and the interest rate consequently
lowered. Owing to these changes in the basic
set-up the discount factor would become relatively less significant; in fact, it would be overshadowed by increment as to degree of importance in determining the order of cutting.
Market

limitations

and

demands

oase

further shifting in order of removal and in rate

of cutting.Changes in market conditions
tunity arises for earlier removal of trees of would cause frequent shifting in the foregoing
other value classes. Hemlock trees 40 inches order of selection. Insofar as these changes
or more in diameter (value class 6) will qualify
best for this promotion, because these trees, as
is shown in the conversion-value chart, show
practically no increase in value from quality
increment, and practically none from decrease
in logging costs through increase in size. Many
of these trees have reached, or are approaching,

are merely temporary fluctuations which in the
long run may cancel each other they would have

cycle, and some of them perhaps to the first.
Next to be advanced in the cutting program
would be such hemlock trees of value classes
7, 8, and 9 as are hampering the development of
surrounding trees. The degree of financial
maturity in this case is based not on the status
of the tree itself but on its effect on its neigh-

ment program centered on maintaining a stand
having a balanced representation of the various
species and size classes, relatively less freedom
would be had in market selection.
A somewhat different aspect of the market

no important bearing on the long term plan.

Here cuttings might be concentrated for a short

time on Douglas fir, then on spruce, then on
hemlock, etc. As long as there are large surpluses of unproductive growing stock of all

physical maturity, and some of them are de- species market selection can, of course, be carfective. All things 'considered, a large per- ried on without much restraint. The permanent
centage of them are second only to the fir and road system which provides continuous selecspruce veterans in degree of financial maturity, tive control of the growing stock would here
and these should be moved up to the second prove its worth. Later on, with the manage-

question, which is of particular importance
during the initial liquidation period, is the
problem of maintaining a workable market

bors.

The foregoing indicated changes in order of
cutting would be based primarily on differences
in increment rate (taking into account volume,

balance over a period of several years. Lack of
balance might bring a decrease in the relative
market value of old-growth spruce and an increase in the value of second-growth hemlock.
If so, increased production of hemlock would

quality, and other factors of increment) between various tree classes. Since increment
rates attainable under selective management be obtained from those particular classes of
are not known, definite conclusions on how they
(thinnings and physically mature
would affect the order of cutting cannot be hemlock
trees)
that,
as already discussed in connection
reached. The important point to recognize,
with
growth,
come the closest to the old-growth
however, is that insofar as the initial cuttings
spruce
in
the
order of financial maturity; with
are concerned the order of cutting based on the
discount principle would not conflict in an im- these classes to draw from together with the
portant degree with considerations relating to hemlock that would unavoidably have to be
increment, because the high value timber taken anyway on account of the exigencies of
scheduled for early removal is both physically logging salvage operations, etc., a workable
and financially overmature. Since it would production balance might be attained without
require about 10 years to remove this timber any serious upset of the selective plan.
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Another measure looking toward better
market balance might be to plan for a some-

what smaller cut than the 100 million feet

originally scheduled on the basis of the clearcutting plan. It is not nearly so urgent to
force liquidation under the selective plan as
under the original clear-cutting plan for after
all there is only approximately 1 billion out of
the 3 billion feet of growing stock that is unquestionably overripe for the market; the bal-

ance requires marketing only at the rate of
sustained yield capacity. Whether it takes 10
years or 12 to 15 years to liquidate the 1 billion
feet of financially overmature timber is not so

important an issue that chances have to be
taken on overproduction and ruined markets.
Group selectioi'i supplements tree selection for
effective

tury might elapse before as much as one-half
the total area of the property has been clear
cut in this group-by-group fashion, continuous
tree selection being carried on in the meantime
over the whole area.
More rapid progress toward group regeneration may be effected through early reclamation
of "blanks" or openings in the stand. There
are numerous areas, generally less than two
acres in extent, which are entirely or almost
entirely devoid of coniferous tree growth but
covered with a dense jungle growth of brush
and weeds; in the aggregate these make up a
substantial portion of the total area. These
areas, it is here believed, would in most cases
restock quite readily if thoroughly burned over.

With this in mind cuttings conducted around
regeneration.Hemlock and spruce the margins of the blanks should be designed

which constitute the bulk of the stand on this
property are shade-enduring species which reproduce quite well under shelter as provided
under individual tree selection. Better results,
however, would be obtained by small-group cut-

ting, whereby dense, even-aged groups of regeneration would become established which in
time would develop into high-quality stands of

timber.

Group selection for this purpose need not
entail any significant departure from the tree
selection plan as regards the immediate eco-

to throw as much slash as possible within them
so as to provide fuel for a broadcast slash fire
hot enough to consume the brush.

Systematic group cuttings and concurrent
regeneration of existing blanks would in time
result in a substantial increase in production.

It is quite within reason to expect that this

75,000-acre property will produce 60 million
board feet per year or more provided that most

of the blanks are eliminated and the entire

productive area kept well stocked with growing
timber.
Wide-spaced planting and intensive stand

nomic effectiveness of different forms of selection. It would ordinarily be undertaken as the
final step following a series of individual tree

management for diversifted high-valne production.

the residual stand would be reduced to the point

ably in many cases tend to result in almost pure
stands of hemlock. Hemlock produced under
these conditions as contrasted with suppressed

selection cuttings whereby the selectivity of

where further tree selection is unwarranted.

In many typical timber groups on this property

this would mean that scattered old-growth

spruce and Douglas fir veterans as well as selected understory trees might be removed in
the course of one or more tree selection cuttings, leaving a stand of relatively low quality
hemlock of uniform value. The next cutting in
such a stand would be by groups rather than
by individual trees.

On this property there are many stands in

which the understory hemlock is of extremely
low quality. They would be the stands in which

to start systematic group cuttings, since the
earning power of low quality trees, as shown in

figure 7, is relatively much lower than that of
high quality trees. In stands where the understory is composed of trees of generally fair or
good quality, or where tree selection brings on
satisfactory regeneration, group cuttings might
be deferred for many decades; in fact, a cen32

Regeneration by small groups would prob-

unclerstory hemlock in unmanaged forests,

might well prove just as valuable as any other
species. Nevertheless, it would be desirable
from several points of view to obtain more adequate representation of other species. To accomplish this, wide-spaced planting (15 x 15
or 20 x 20 foot spacing) of spruce, Douglas fir,
and Port Orford cedar might be considered with
overabundant natural regeneration of hemlock
to fill in the spaces.
The cost of such planting would be about $2
to $4 per acre as compared with $10 to $15 for
ordinary 6 x 6 planting. There would be no
land rental to charge since the land is there for
whatever use can be made of it. No added

protection or administration costs would be

incurred. Even taxes would remain unaffected
at least until the planted trees became of merchantable size. In brief, the initial cost of
planting would here be the only item to figure

noted in chapter VII is the key to low fire

with. For this 75,000-acre property, on which
group cutting would progress perhaps at the

hazard; (b) continuous maintenance of roads
and tractor-trails to provide quick and easy
access to all parts of the property; (c) felling
of snags; (d) careful planning of the cutting
operations; and (e) proper organization and

rate of about 300 acres per year, an annual
allowance of $500, equivalent to 11/4 cents per

M board feet of annual cut, might well prove
adequate for the purpose in view, since spruce

equipment for suppression of fires. Fulfillment

would surely come in with hemlock on many of

the regenerating areas.

of the first two requirements, the importance

The planting policy

of which is more fully discussed in chapter VII,

might well be to set aside a definite and reason-

is part and parcel of the selective program

able allowance to go as far as it may toward
planting in areas that need it the most, and
that are most suitable for the various species

regardless of fire protection. Snag felling is to
a large extent a requirement under any form

of cutting but, as already noted, should be
greatly hastened under a program of light

proposed.

In the skillful management of the regeneration groups lies the key to the ultimate development of the selective plan. Here stand management could probably begin as soon as the
young stands reach an age of 40 to 50 years
(bearing in mind that a permanent road system
is available at all times). Hemlock, which constitutes the bulk of the stand would be taken
out for pulpwood and this might go on for several decades. Gradually the stand would be
composed more and more of species other than
hemlock. Selected trees, including many hem-

Intelligent planning of the cutting
operations includes leaving during any given
cut certain strategically located strips of timber
within which no cuttings take place, as well as
training the fallers to avoid creation of bad
selection.

slash hazards in the felling operations; as a rule
trees can be felled in several directions and the

direction chosen will oftentimes make a big
difference in the ensuing slash hazard. Occa-

sionally tops from felled trees, which may have
lodged against other trees or stubs, will have to

be yanked away to safer locations with the

lock trees, might be carried on to an age of

tractor outfit.
Windthrow is a special hazard in this locality
and is closely related to the fire hazard. This

150 to 200 years. High-value timber production, derived from a sufficient variety of species
always to make the best of constantly changing
market conditions, is thus within the scope of
the plan.

is a special reason why light selection under
sustained yield management is far superior to
heavy selection. Heavy selection leads to
serious disturbance of forest conditions and
consequent heavy losses from windthrow; and
long cutting cycles preclude salvage of the
windfall. In contrast to this, light and prac-

Progress along this line can be made also

through skillful management of existing stands

of both merchantable and premerchantable
growing stock. There are numerous areas of
dense even-aged second-growth stands, both
pure and mixed, which are or will soon be ready

tically continuous selection with constant maintenance of a heavy growing stock gives a rela-

can be accomplished more or less perfectly with

tively windfirm stand, and provides for practically immediate salvage of such windfall as
may occur. In brief, successful solution of both
the windthrow and fire protection problem ap-

for the same type of intensive stand management as discussed above. The same thing, too,

the existing many-aged understory timber,

except in stands where this timber is of unusually poor quality. In brief, high-value production, through intensive stand management, will
be on its way long before the time when new
growth obtained through group cuttings comes
into the picture.

pears to center very largely on continuous
maintenance of a heavy growing stock, which
in any event is the central theme of the selec-

tive management program outlined above.
Overcutting is indeed the bane of forestry,

from every point of view.
17. Summary and conclusion.The foregoing study touches on three different phases of

Fire protection.T his property is located
within the so-called "fog belt" which constitutes
a zone of specially low fire hazard. Adequate
fire protection under selective timber management can therefore be provided at low cost.

the economics of selective timber management.

The first of these deals with liquidation of

financially overmature timber; the second with
maintenance of productive timber capital on a

Among the most essential requirements for
attaining a high degree of fire safety are: (a)
Continuous maintenance of a heavy growing
stock to preserve the forest climate, which as

sustained yield basis; the third with building
up the forest property for high-value produc-
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highest capital value for the property as a
to obtain the greatest net economic returns whole.
from the forest property.
It should be remarked that the financial
Most attention in the study has been devoted analysis made in this study was based on
to the first phase, centering on a study of the stumpage conversion values as of the summer
purely financial aspects of selective liquidation of 1932. Other values would apply to other
of a 30-year supply of virgin timber. Here five years. It is significant, however, that such
tion. All three aim at the same goal, namely

distinct plans of management have been studied
in considerable detail: Results from manage-

changes though of obvious importance in case,

sede one another on the financial ladder leaving
the short-cycle plan based on permanent roads
as the obviously most efficient one for liquidation of the investment.

plan based on permanent roads and continuous
selective control of the growing stock.
It should be remarked also that the use of a

The second phase of the study brings into
consideration a few general facts pertaining
to growth. Here the significant point is that
by reducing the cut so as to save sufficient

results under the five management plans is not
the sole explanation for the conclusions here
reached with regard to the need for intensive
selection. It is the sole controlling factor only

for example, the property were to be sold,

ment based on clear cutting; zero margin se- have no important bearing on the management
lection; liquidation in two 15-year cutting plan.
Stumpage conversion values have
cycles; and, finally, liquidation in five 6-year changed and the size of the zero-margin tree
cycles (which in practice would lead to per- has shifted considerably but the order and the
manent roads with even shorter cutting cycles relative importance of selection remain suband continuous selective control of the timber) stantially the same. Adjustments in the order
have been compared by discounting deferred of selection if needed to meet such changes or
incomes to their present net worth. Step by to meet fluctuating market demands are, furstep, in the order mentioned, these plans super- thermore, an easy matter under an operating

productive growing stock, a profitable sustained

yield operation would be established within a
rather short period. Under intensive selective
management a relatively high financial return
can be supported by a rather low growth rate
owing to the fact that the average unit value
of the growing stock is considerably less than
the average value of the current cut. In this

6 per cent interest rate in computing the

on the basis assumed in the preliminary analysis, namely, that neither growth nor decay
nor other value changes occur during the 30year period. Interest may as a matter of fact
be entirely disregarded without thereby altering the general conclusions here reached as to
the intensity of selection.

The keynote of the management methods
situation lies the reason for sustained yield here discussed is selective control of the growoperation as a substitute for complete liquidaing stock as made possible through a pertion.

The third phase of the study touches on the
principles of and points out the possibilities for
building up high-value sustained yield production, indicating that intensive selective man-

agement when placed on a profitable basis

would naturally lead toward a more and more
intensive and profitable use of the forest land.
The foregoing three phases of selection are

complementary to each other under a truly
economic system of selective management,
which aims to remove from the forest in the

order of their maturity the trees that are

manent road system and flexible logging methods. Given selective control of a growing stock

as variable as to value, physical condition,

growth, species, etc., as found on this property
there is indeed no escape from the conclusion
that intensive selection must be practiced. The
need for constant shifting over the operating
area as a matter of operating economy and for
maintenance of tractor trails through frequent
use is in itself of considerable importance in
laying the foundation for this intensive system
of management. The need for continuous control of the growing stock for effective salvage
as well as for market selection is likewise of
great importance. Finally, the function of intensive selection in the long-term management

financially mature, to conserve for maturity
those now financially immature, and to build
up the future productivity of the, forest to the of the growing stock capital on the basis of
fullest practicable extent and so obtain the growth and discount must be considered.
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CHAPTER IV
CONTRAST BETWEEN EXTENSIVE CLEAR CUTTING AND SELECTIVE MANAGEMENT
OF PURE DOUGLAS FIR ON A ROUGH MOUNTAIN AREA

Timber.Of the 73,800 acres included in the
18. Object of study.The object of this
chapter is to indicate the opportunities for tract as a whole, 11,000 acres are classified as
successful application of selective timber man-

agement to an area which differs widely from
that described in chapter III; to show the advantages of motorized methods of transport as

nonproductive forest land supporting only noncommercial timber. For the remaining 62,800
acres, classed as productive timberland mainly

of sites II and III, three classes of Douglas fir

a substitute for cable yarding and railroad timber are distinguished in different colors on

in rough country; and to show the opportunities for developing a permanent, low-cost

the map:
Second growth 1 to 20 years old, occupying 10,000 acres (including block 1, which has

profitable and continuous management.

been logged).
Second growth 60 to 120 years old, occupy-

transport in logging selectively managed timber

road system, which can become the key to

19. General description of tract.The tract
in question is approximately 74,000 acres of
Douglas fir timberland in southern Oregon.
(See Plate I.) The control point to the tract
as a whole is the confluence of the two main
branch streams, indicated at the left margin
of the map. From this point, designated on
the map as "proposed mill site", a logging railroad and a highway extend into the tract.
Topography (I nd divisions.The topography
of many parts of the tract is extremely steep
and roughtypical of the rugged foothills of
the western Cascade region. The main valley,

near the proposed mill site, is at an elevation of
about 1,000 feet. Thence the slopes rise in all

directions to a maximum elevation of 5,000

feet. The north, east, and south boundaries of
the tract generally follow watershed divisions,
at elevations of 3,000 to 4,500 feet.
Although it forms one compact body of tim-

ing 12,000 acres and having a merchantable
volume of 400,000 M feet.
Old growth, 300 to 400 years old, occupying 40,800 acres, with a total stand of 2,100,000
M feet.

The merchantable volume of both secondgrowth and old-growth stands thus aggregates
2½ billion feet over an area of 52,800 acres,
averaging approximately 50 M feet per acre.
The old-growth stands are on the whole very

defective, as is typical of timber in this part
of the western Cascade region. The best timber lies generally at elevations of 2,500 to 4,000
feet. It consists almost entirely of pure stands

of fairly even-aged Douglas fir; only 12 per
cent of its total volume is made up of other
species, principally western hemlock, western
red cedar, and silver fir.
20. Clear-cutting management plan as based

on cable yarding.This area constitutes a susberland, the tract divides naturally into two tained yield unit for which a working plan was
major topographic units, which are portions, prepared in 1922. The plan was based on the
respectively, of the watersheds of the two main clear-cutting system of cable logging. It probranch streams. The upper unit has for pur- vides for progressive removal of the existing
poses of management been divided into eight merchantable growing stock at the rate of
blocks, which will be referred to by the 36 to 40 million feet per year over a period of
numbers given them on the map. The lower 70 years, followed by 10 years' cut in blocks 1
unit, much of which is yet unmapped, has not and 8 (1-20 year age class), by which time a
been so divided, and will be referred to as second cutting cycle would begin in the areas
block 9. This block includes an irregular area cut over first (80 years rotation). Under this
plan cutting during the first 10 years would be

of about 8,000 acres extending to the southeast

confined to block 2 (block 1 having already been

beyond the portion shown in the lower righthand corner of the map; large portions of this
area support only noncommercial timber.

logged), which contains a total volume of 380
million feet. The next decade would see the
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cutting of block 3, which likewise contains 380
million feet. Cutting in the third decade would
be divided among blocks 4, 5, and 6; and cutting
in the fourth decade, between blocks 6 and 7.
This would complete the logging on the upper

unit, with its total stand of 1½ billion feet.

Thereafter the lower unit (block 9) would be
logged at the same rate of about 40 million feet
per year. The original timber volume on block
9 is 1 billion feet, or sufficient for 25 years of
logging. Growth accruing in the 12,000 acres
of stands now 60 to 120 years old over a period
of about 60 years is expected to supply an
additional 5-year cut to fill out to the end of the
70th year.

This cutting program is set out in table 8
(from which is omitted the 8th decade cut jn
blocks 1 and 8).
TABLE 8.Cutting schedule, under clear-cutting management plan, for sustained yield unit by
blocks and decades
Cut in million feet b.m., by decades
Block 1st 2nd 3rd 4th 5th
6th
7th Total

..

380

2

380

3

4

170

5
6

-140
70

7
8

..

..
90
270

9

.........
. .

380
380
170
140
160
270

400

400

2400

1,200

400

400

400

2,700

terms of a 20- to 30-year liquidation period
than they are from that of the public owner
which from the beginning plans on sustained
yield.
21. Comparison of road layouts, logging

methods and costs under cable and motorized
logging.Logging costs, road layouts, and logging methods will be discussed in considerable

detail in this case-study for the reason that

logging problems demand first attention in any
proposed plan of intensive timber management

for this rough and mountainous area. The
management plan to be successful must be
based on practical and efficient methods of logging. This question will be examined by com-

paring costs of cable logging and motorized

logging for block 2, which is the first block on
which cutting has been planned. This area,
which in topography and timber is fairly
typical of most of the old-growth portions of

the unit, comprises over 6,000 acres with a

stand averaging about 63 M feet per acre and
totaling 400 million feet (including 20 million
feet of privately owned timber). The stand
consists of 91 per cent Douglas fir, mostly old
growth; 6 per cent hemlock; and 3 per cent
western red cedar and other species. Under
the very general scheme shown in Plate I all
this timber is classified as "loggable old

Including 200 million feet contributed by growth,

growth".
The main-line logging railroad already con-

during first cycle, in second-growth stands now 60 to 120
years old.

structed was designed to tap this and other

Intermingled privately owned timber is available to
permit a full cut of 400 million board feet.

track is at the mouth of the creek which

Total
1

1380

380

380

360

2

The order in which the various blocks enter

into the cutting schedule follows a plan of

economic selection by large units of area; for
example, block 2 is taken first because of its
accessibility and heavy stand of mature timber,
and a 10,000-acre area of 60- to 120 year-old
second-growth timber in block 9 comes last
owing to the thrifty character and present low
value of this young stand.

The same order of cutting and the same

general scheme of clear cutting block by block

would probably be followed were this area
privately owned. A private owner, however,
would probably strive to shorten the 70-year
operating period to perhaps 20 or 30 years by

blocks in the main watershed. The end of the

flows south through the center of the block.
Under the cable-logging plan, spurs would be
built from this main line into all parts of the
block so as to provide a practical layout for
cable logging.

A detailed topographic map of block 2 is

reproduced as Plate II. On this map the railroad-spur layout required under cable yarding
is shown for the west half of the block. Superimposed in red lines on the same map is shown
the proposed location of roads which might be

substituted for the railroad spurs if the area
were logged by truck and tractor methods,

supplemented where necessary by cable yarding
and swinging. Comparison of road construction costs as well as of complete logging costs

increasing the annual output, provided he under these two plans is facilitated by the fact

could obtain so large a share of the available that a detailed appraisal report covering the
market. The conclusions reached in the fol- cable-logging plan is available. This appraisal,
lowing study are no less significant from the by two competent logging engineers, was made
point of view of the private operator who at in 1928 in connection with a proposed sale of

the outset would think of this tract only in the block.
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Comparison of tractor-logging cost for tractor areas
and cable-logging cost for block 2 as a whole.-From the
point of view of logging costs and methods block 2 (see
Plate II) is divided into the following classes of areas:
Tractor areas, comprising approximately 280 million board feet of timber located on generally favorable

Sharp contrast shown in road construction costs.-

Under cable logging the railroad location and construction problem for this block, as will be seen from Plate
II, is rather difficult. The end of the existing railroad
is at an elevation of about 1,500 feet. The bulk of the
timber lies at elevations of 2,000 to 4,000 feet and
steep canyon slopes form difficult barriers against entry

tractor ground. Small portions of these areas will
require drum units for yarding.
Intermediate areas, comprising about 80 million

into the main parts of the tract. For this reason the

projected main spur tapping the west side of the block
follows a circuitous route, mostly along steep slopes, and

board feet located on steep ground. Drum-unit yarding,
bob-tail tractor yarding, tractor roading, cable-yarding
and skyline swinging may be used for various portions.
Cable-yarding areas, comprising about 40 million
board feet on the steep canyon slopes of the upper end
of the block; this timber would be hauled by motor truck

rises for several miles on a 5 per cent compensated
grade. This makes for a long, costly haul and high

construction costs.
The railroad problem for the east side is quite similar

to that of the west side. The entire block would require
about 40 miles of spurs, including sidings and loading
spurs. The cost of constructing these spurs, excluding
relaying of temporary track, is estimated in the ap-

to the railroad.
TABLE 9.-Estimated logging costs for tractor areas of
Block 2 under tractor-logging plan as compared with

praisal report at $355,850.

estimated costs for Block 2 under cable-logging plan

Under the plan for motorized logging the existing

main-line railroad and its projected extension remain as
before; but only 1 mile of spur is retained. This runs
north along the creek through the center of the block.

From the end of this spur (beyond which the grade

Item

becomes too steep for railroad construction) a "one-way"
truck road about 2'/2 miles long would be built along the
creek to the north end of the block. The cost of con

19281

IS'tump to track
Falling and bucking
Yarding and loading
Rigging ahead
Wire rope
Total
Railroad transportation
Labor and fuel

structing the railroad spur, with sidings and landings,
is estimated at $10,000, and that of the truck road at
$12,000.

The 30 miles of main tractor roads shown on the map
should be considered a part of the primary road system;
these are the key roads by which as much of the area
as practicable would be made suitable for low-cost downhill tractor logging. The most important of these roads
are located primarily with a view to getting direct access

(total)

from the railroad to the "easy tractor ground" above
the steep slopes and bluffs. At the same time, they
would serve to break up many of the long steep slopes

Maintenance

Railroad grade
Railroad equipment
Logging equipment

in such a way that low cost short-distance yarding with
tractor-mounted drum units would become feasible for
much of the nearby timber.
T'ortions of these 30 miles of main tractor roads would
be built along very steep slopes. Four miles of such
construction are estimated to cost from $1,000 to $4,000
per mile and to average $2,000. For the remaining 26
miles the cost is estimated to vary from $100 to $1,000
per mile and to aggregate $10,000. Many of these roads
skirt the lower edges of the favorable tractor logging
areas, where they provide an outlet for timber that will

Total
General expense
Supervision
Miscellaneous
Total
Depreciation
Main line railroad
Spur construction
Railroad equipment
Logging equipment
Main tractor-road
construction
Total

be brought in over numerous branch trails. Others
provide the most favorable return routes to the more
distant portions of the area. In the latter case the
route of travel in bringing the loads to the landing

would frequently be more direct than the return route.
The estimated cost of main tractor roads would thus
aggregate $18,000, and this together with the estimated

Forestry requirements
(total)

Allowance for profit and
risk on investment
Main-line railroad

$22,000' for the railroad spur and truck road would bring
the total cost of road construction, exclusive of the mainline logging railroad, to $40,000, equivalent to $0.10 per
M feet. This represents only about 11 per cent of the

Spur railroad
Railroad equipment
Logging equipment
Cash, supplies, and
stumpage deposit
Total
Grand Total'

estimated cost of spur-grade construction under the
cable logging plan.
In the foregoing comparison no provision has been
made for the construction of perhaps 100 to 200 miles
of branch tractor-trails. Many of these would be constructed with a bulldozer in the same way as the main
tractor roads, but the majority of them would simply
develop in the course of the yarding operations, because
the ground surface on this tract is generally smooth
enough to permit tractor travel unhindered except by
windfalls. The cost of developing these trails, whether
as a part of the yarding operations or through actual

Cost per M feet b. m.
Tractorloggingplan,
tractor areas

Cable logging plan
All areas

1934k

Estimate

Estimate

$1.57
2.70

2.16

only 1934

Estimate
$1.26

.21
.30
$4.78

.16
.24

22.50
(3)
(8)

$3.82

$3.76

.54

.43

.22

.20
.20
.33

.16
.16
.26

.08
.08
(8)

.73

.58

.16

.57
.18
.75

.46
.14
.60

.46
.14
.60

.20
.80
.17
.45

.16
.64
.14
.36

.16
.02
.07

.00
1.62

.00

p.10

1.30

.25

.20

.20

.30

.54
.22
.59

.24
.43
.18
.47

.01

.16
1.81

.13
1.45

.13
.47

$10.48

$8.38

(8)

.24
.09
(3)

$576

1
Cost estimates for cable-logging in column headed
1928 are those given in appraisal report; those for 1934

represent a reduction of 20 per cent from the 1928

figures.

Full machine-rate costs, including maintenance, depreciation, and allowance for profit and risk.
2

construction, is in a practical sense a part of the day-to.
day yarding cost, and will be so designated in the following comparisons of logging costs.
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Absorbed in yarding and loading cost estimates

which represent full machine rates.

Table 9 compares estimated logging costs on tractor

of the 2-mile truck haul, including road construction and

cable-logging plan. The first column gives costs of cable
logging as set up in the 1928 appraisal report, while the
second shows the same costs reduced by 20 per cent, so
as to bring them more closely in line with the 1934 cost

strong in this case owing to the uncertainties of a

areas under the proposed plan with costs under the

maintenance and reloading, and the balance is for increased costs of yarding on this extremely steep and
rough area. The basis for estimation of costs is not so
blanket cost estimate applied to so difficult a logging
show. This is of minor importance in considering the
estimate for block 2 as a whole, because the cable-

level.

This arbitrary blanket reduction may, of course, be
challenged particularly with regard to certain items,
but it should be noted that all the items listed, except
yarding and loading costs, are used as the basis for

yarding areas support only 10 per cent of the total
timber volume.

Summary of cost estimates for block 2.The foregoing
logging-cost estimates are summarized as follows:

corresponding estimated costs under the tractor-logging
plan. Accuracy of estimates is, therefore, to a considerable extent a question of relative costs affecting both
plans alike.
In comparing the last two columns of the table, it will

Tractor Areas (280 million feet)
Intermediate Areas (80 million feet)
Cable-yarding Areas (40 million feet)

lowered railroad operation and maintenance costs. The
cable-logging plan requires an average stump-to-mill

Weighted average (400 million feet)..
$6.43
The average estimated cost for the block is $1.95 per
M less than the estimated cost of logging the same timber under the cable-logging plan.
Savings from reduction of timber breakage with re-

be noted that estimated costs are identical for several
items, but differ quite radically for others.
For some items the tractor-logging plan shows a
reduction of 50 per cent, which is brought about by

railroad haul of about 12 miles, much of it on steep
grades in rough sidehill country, while the tractor.
logging plan requires an average railroad haul of only

Allowance for profit and risk (not fully
covered in machine rate set-up)
Extra allowance for long roading and other
factors

$5.76
7.26
9.50

gard to both cost and values would result also from
adoption of the proposed plan. Experience indicates
that these savings commonly exceed $0.50 per M.

61/2 miles, mostly on a well-built main line for which
both operating costs and maintenance costs per mile
would be lower than those for woods spurs.
Estimated spur-construction costs per M feet are reduced from $0.64 to $0.02, and allowance for profit and
risk on the investment in spurs from $0.43 to $0.01 per
M feet, both reductions corresponding with the reduction
of the railroad spur mileage from 40 to 1.
Certain items are eliminated entirely under the
tractor-logging plan, owing to their inclusion in yarding
and loading costs. The $2.50 estimate for yarding and
loading is based on the following break-down of costs:
Direct-yarding (or roading) for 6,000-foot
average haul (from table 4)
$1.12
Drum-unit yarding at $0.80 for 25% of total
timber volume
.20
Construction of tractor-trails (other than
main roads)
.10
Loading

Cost per M feet

Truck haul supersedes main-line railroad haul.One
important question that so far has not been touched
upon, is whether the main-line railroad should be retained under the proposed plan. By not opening this
question it has been possible to refer to the estimates

given in the appraisal report for an item by item
comparison without introducing too radical a change in
the basic set-up of costs. With the comparison com-

pleted on that basis the question of motor truck haul

versus railroad haul will now be considered.
The main-line railroad, which extends for a distance

of 5% miles from the proposed mill site to the end of
the track in block 2 (Plate I) has not been used since

its completion in 1928. It is not now in usable condition
for logging. Restoration of this road would require new

ties throughout, and much other repair work. It is
estimated that the cost of this, added to possible salvage
value of the steel rails, would be sufficient to pay for
converting the railroad grade into a truck road surfaced
with crushed rock and wide enough for the most part
for two-way traffic. It is further estimated that by
substituting truck roads for the previously proposed
railroad extensions, enough money would be saved to
build 3 to 4 additional miles of truck roads and about 1
mile of expensive tractor road (in section 2) which
would provide the means for shortening of roading
distances from various "long corners" of the block.

.25
.33
.50

$2.50

The $0.50 allowance (item f) for the handicap of long
roading for certain portions of the area gives recognition

(Under the railroad set-up the cost of reloading would
preclude some of this truck-road construction but some
of it might be justified even then.) Proposed locations
of these roads are shown on Plate III.
In addition to these roads, many miles of tractor roads
and trails could readily be made a part of the truck-road
system, to serve in some cases and at some times of the
year perhaps for truck haul of logs, but more generally
for light truck and auto travel such as would be needed
for transportation of crews, fire protection, and general
administrative purposes. Such roads will hereinafter be
referred to as truck trails.
Through this radical change in the road layout yard-

to the disadvantages in going out so far, particularly

where so much timber has to come to one central landing
at the end of the track. Fallers and buckers, cold deck

crews, etc., would lose a good deal of time in going to
and from work, and it would frequently be difficult to
keep the operation running smoothly. Construction of
truck roads to tap these long corners would perhaps

result in a saving, but not clearly so, owing to the

problem of reloading. Under a different truck-haul setup that will be further discussed the situation in this
respect becomes more favorable.
Cost estimates for "intermediate" and "cable-yarding"

areas.For intermediate areas, which are not accounted
for in table 9, costs under the proposed p'an are esti.
mated at $7.26, or $1.50 per M more than for tractor
areas. This difference is designed to cover increased
costs in logging steep slopes that require drum-unit
yarding, skyline swinging or expensive tractor-road
construction and that cause higher costs owing to in-

ing and loading costs for tractor areas, previously
estimated at $2.50 per M, would be reduced by an estimated $0.75 per M. This saving is based in part on
direct reduction of roading costs (average roading

distance is reduced from about $6,000 to $3,500 feet
without figuring possible further reduction through use
of truck trails which might be very substantial) and in
part on indirect reductions of various items of cost as
already discussed. It is this very substantial saving
that makes it practical to substitute truck haul for rail
haul on block 2.

creased breakage.
For cable-yarding areas, costs are estimated in round
figures at $9.50 per M$2.24 higher than for intermediate
areas. Of this differential, $1.65 is the estimated cost
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Study indicates that similar results would be obtained

in all the other blocks. The topography and location
of these areas are such that rail haul does not offer the
best solution of the transportation problems. II the
sawmill were to be located much farther away from the
tract a different situation would, of course, arise.
Portable log loader is final step toward flexibility in
logging.The final touch in the evolution of the fore.
gong operating plan is the introduction of a mobile type
of log loader. Maximum efficiency in tractor logging,
as discussed in the last chapter of the logging cost
report (7) is best attained by decentralizing the yarding
operations and by separating yarding from loading.
Under this plan the tractors would bring the logs to
the roads at any point where topography permits while

Precise variations in stumpage conversion
values as based on diameter classes and species
have not been determined in this study but the
general situation may be stated in approximate
terms. The average pond conversion value, as

of 1934, is estimated at $10 per M or slightly
lessa low value brought about by the unfav-

orable location of the tract with regard to
market outlets. For the tractor areas this

would give an average stumpage conversion
value of approximately $4 per M. For the bulk
the loader would come along a few days or a few weeks of the timber, consisting of Douglas fir from
later to load out. For this particular operation a loader 30 to 70 inches in diameter, relative values are
of the revolving shovel type would serve the purpose,
although other types, lower in cost, appear feasible. The conservatively estimated at $3 for the 30- to
use of such loaders would, of course, require a wide 39-inch, $4 for the 40- to 49-inch, $5 for the
roadbed along the landings to provide room for the load- 50- to 59-inch, and $6 for the 60- to 69-inch
ing rig and truck traffic.
This operating set-up provides a basis for attainment
of maximum efficiency and also for the high degree of
flexibility needed in intensive selective timber management. A permanent road system would provide quick
and convenient access to all parts of the tract and with
yarding and loading machinery of the highly mobile type
proposed the growing stock would be placed under intensive selective control. For these "cable-yarding" and

"intermediate" areas this control relates mainly to
areas selective control would extend for the most part

donkey settings and small drum-unit settings. For tractor

to the individual tree.
22. Selective management

plan based on
motorized logging.Under intensive selective
management a detailed plan should be worked
out first for tractor areas which comprise nearly
75 per cent of the total old-growth area. Since

these areas are for the most part favorable

tractor logging ground there is no question as
to whether intensive selection is practicable
from an operating point of view. Even if the
management plan should call exclusively for
clear cutting, the logging procedure would usually consist in a series of individual tree-selection cuttings, owing to the operating economy
and breakage savings attainable by this method

classes.

The importance of the precise facts as to the
relative value spread is overshadowed by the
condition of the stand with regard to defect.
This 300- to 400-year-old stand contains relatively few windfalls and snags but, as already
stated, is highly defective. The principal defect is red ring rot (Tranwtes pini) commonly
called conk or conk rot. This disease is widespread. In block 2 approximately 40 per cent
of live standing Douglas firs 30 inches or more
in diameter are defective. However, excluding
cull trees (trees more than 75 per cent defective), of which there are about 2 per acre, and
including trees less than 30 inches in diameter
there are on the average acre (fig. 12) about
32 trees 12 inches or more in diameter of which
14 are sound understory trees under 30 inches,
and approximately 12 are sound and 6 partially
defective old-growth trees in the 30- to 80-inch
diameter range.5
Boyce, in his report on decay in Douglas fir,

states that the fungus causing conk rot almost

invariably enters the tree through knots or
branch stubsi.e., generally near the base of
the crownwhere heartwood is exposed, and
imitial operations.The general character of the only rarely through trunk scars of any kind.
of operation.
Basis of selection in old-growth stands during

old-growth stand is revealed by the stand structure diagrams presented as figure 12. The
upper diagram is based on a 10 per cent cruise
tally of section 11, of block 2, and the lower on
a similar tally of section 10 of block 2.
The size of the timber is shown to vary over
a considerable range.4 The Douglas fir veterans, which constitute about 90 per cent of the

total volume of the stand, range in both cases
mainly from 30 to 70 inches in diameter.

This is responsible for the fact that the partially defective trees are conky principally in the

upper and central part of the bole and as far
down as the defect may extend, but with relatively less defect in the lower and most valuable
portion of the bole. Expert and careful culling

of defective, low-value portions of the trees
should therefore result in a relatively high log
value for the portions actually utilized.

In the cruise tally cull trees were recorded by diameter

classes as shown in figure 12. while the volume or percentage
of defect in the partially defective trees was not so recorded.
but was lumped with breakage as a blanket deduction of 25

4 This rather wide diameter range in an even-aged and,
broadly speaking, highly uniform stand is true to form for
old-growth unmanaged forests. In this respect it will prove

per cent from the gross cruise volume of the entire stand.
Like the cull trees, however, the partially defective trees
occur in all diameter classes from 30 to 80 Inches and the
distribution of relative volume of defect by diameter classes
would presumably be somewhat similar to that of the cull

of interest to compare these stand diagrams with those of the
many-aged spruce-hemlock stand diScussed in the preceding
chapter (fig. 7), and to note in particular that in all cases a
large portion of the volume is concentrated in a relatively few
large trees.

trees.
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Chap. IV

Possibilities for highly effective work along this line
are, of course, far greater under selective logging with
tractors than under wholesale clear cutting and cable
yarding. In the latter case logging a highly defective
stand of timber is a difficult problem. Cull trees, if left
standing, interfere with the efficiency of the yarding
operation, or if felled add directly to the cost of logging.
Furthermore, excessive breakage in felling and yarding
adds to other losses; and the exigencies of high-speed
yarding make careful log selection difficult. With tractor
logging, on the other hand, the defective trees can be
felled and logged one by one, with ample opportunities

60- to 120-year-old unmanaged stand there are

practically result in the elimination of logs of No. 3
commercial grade since these are found almost exclusively in the defective portion of the bole. Logs of
this grade would, as a matter of fact, barely pay their
own way from stump to mill even if they were sound,

By making needed initial thinnings and placing
the stand under continuous selective control it
should be possible to cut 4 or 5 million feet a

vast opportunities for constructive measures
along this line. This timber, with a total

volume of 400 million feet, is in the prime of its
life, capable if intensively managed of growing

at an annual rate of 2 per cent or more by

volume. If left unmanaged, on the other hand,

gradual stagnation of growth together with
mortality losses from various sources would
for careful selection log by log and without serious reduce net increment to a very low figure as
interference with the efficiency of the yarding operaindicated by the growth predictions given in
tions.
Prudent culling in the partially defective trees would the clear-cutting management plan (table 8).

because their average value in the mill pond, as of 1934,
would not exceed $6 per M (as compared with about $11
for No. 2 logs and $16 for No. 1 logs). Elimination of
No. 3 logs would leave an average value for logs actually
taken approximately $1.50 per M board feet higher than
the corresponding value of sound trees, but this increase
in value would, of course, be reduced through unavoidable inclusion of defect in logs actually utilized. Felling
costs would rise in proportion to the percentage culled,

but yarding, loading, and transportation costs would
drop owing to exclusion of small rough logs which are
relatively costly to handle. All in all the possibilities
appear to be that through careful culling about as high
a net recovery per M board feet net scale would be
made from partially defective trees as from Sound trees.

These apparent possibilities of extracting
fairly high returns need not, of course, be dwelt
upon as the primary reason for quick removal

of the partially defective trees. These trees
obviously constitute the declining element of
the stand, in contrast to sound trees which are
gaining in volume and value. Their priority
in selection (on the basis of a low discount
rate), is therefore not all in dispute even if
they were of much lower relative value than
here indicated. They constitute the portion of

the growing stock for which physical and

financial maturity go hand in hand, and differ

year, as may be needed for balancing market
requirements, and yet for several decades to
keep on building up total stand volume at about

the same rate as anticipated under the clearcutting plan.

Logging costs in the second-growth timber
can, from all indications, be kept at a reasonably low level even during the initial development period owing to the fact that very little
truck-road construction would be required. A
portion of the 10,000-acre area in block 9 is
already served by a truck road. Other areas
would be tapped by roads needed for development of the surrounding old-growth areas, and
still other areas might be tapped by constructing cheap truck trails suitable for a couple of

months, operation during the height of the

summer season. Use of specialized small-timber

logging methodssuch as bunching by horses
or a small tractorshould enable high efficiency
in logging and at the same time make it possible to avoid mechanical injury to the stand
which is an important matter with regard to
prevention of fungus infection. Net stumpage
returns would, nevertheless, be very low on the

in this respect from the cull trees which, basis of present lumber values, but a high

though physically overmature, have already
been stricken from the inventory of liquidable
assets.

return is not essential since properly selected
timber would constitute free, surplus stumpage,

the removal of which would enhance future
Basis of selection in second-growth stands returns.
during initial operations.Under the foregoing
Development of road system and cutting areas
management plan it might be difficult to fill dwing the first /5 years of operation.On the
market orders for certain grades of lumber, basis of the foregoing program rapid developprincipally No. 1 common, if only the old- ment of all tractor areas, both old growth and
growth timber should be cut, owing to severe second growth, is necessary. Operations durculling of low grade logs. The answer to this ing the first 15 years would remove 600 million
situation, if and when it develops, would oh-. feet of timber (40 million feet per year), of
viously be to open up portions of the 12,000 which 60 million feet would be tentatively alacres of 60- to 120-year-old second growth, located to second-growth areas and 540 million
directing the cut almost exclusively toward improvement of the stand. It is certain that in a

(36 million per year) to old-growth areas. Of
this 540 million feet, partially defective trees
41

would constitute about 420 million (the estimated aggregate net scale of defective timber
on tractor areas) and 120 million feet would be
sound old-growth timber. Inclusion of this

proportion of sound timber is to provide for
removal of old-growth sound trees that may be

injured in taking out the defective treesa
measure that should reduce losses from fungus

infection in the residual stand; of sound trees
on small areas that may have to be clear cut;
and of sound but stagnant large trees, particularly in the 70-inch and larger size classes, from
which unusually high stumpage returns can be
obtained.

Road construction during this period would include
about 15 miles of new truck roads, at an estimated. cost
of $0.45 per M ($6,000 per mile). For main tractor-road
construction the estimated cost would be $0.15 per M,
based on corresponding requirements in block 2.
During the third 5-year period approximately 2 or 3
thousand acres of new cutting areas might be developed.
These are not indicated on the map. They would consist mainly of certain isolated tractor areas that require
a disproportionate amount of road construction and of
intermediate areas that are easily accessible from the
roads already built, or that can be made accessible at
reasonable cost by construction of new roads. The bulk
of the cyclic cut would be obtained by sweeping back
over areas opened up during the first and second cycles,
concentrating on remaining partially defective low-value
trees passed up previously.
The cost of truck roads and main tractor roads to be

constructed during this period is estimated at about
$0.25 per M. The permanent road system would now
be nearing its completion with only about 10 more

The manner in which this cutting program
would be carried out with regard to road build-

miles of truck roads to be constructed during subsequent
cycles. Upon completion of these there would be alto-

ing and opening up of new cutting areas is

gether about 75 miles of truck roads. This does not
include a possibly very large mileage of cheap truck
trails (the cost of which is treated as a part of yarding
costs) which would serve as feeders to the truck roads
during the dry season.

indicated on Plate III. For the unmapped por-

tions of block 9 it will be assumed that road
requirements and percentage of area adapted

for tractor logging are the same as for the

Throughout this 15-year period the aim

mapped portions. Operations during the first
three 5-year cutting cycles might be as follows:

would be to open up new cutting areas as rapid-

During the first 5-year period operations in the old-

net flow of income at a high level. During the
first cycle road-construction costs are relatively

ly as possible and at the same time keep the

growth areas would be spread over approximately 25,000

acres as shown on the map. The total volume of timber
is roughly 1300 million feet of which only 180 million
would be removed during the 5-year period. Operations

would follow the line of least resistance, with only
tractor-arch units used for direct yarding from stump

to landing. The cut would be concentrated mainly on
large defective trees of high value; of these an average
of less than 2 trees er acre need be removed to make
up a 180 million foot cut. Where many defective trees
occur only a few would be cut so that no serious slash
hazard would be created, and the rest would be passed
up to the second or third cut; or else, clear cutting of
certain badly defective patches of timber would be resorted to and the slash burned in broadcast fashion.
Cutting areas in second-growth timber that might be
developed during this period are not shown on the map.
Operations would be confined to the west end and central
portion of the 10,000-acre. area in block 9, or to handy
portions of the second-growth areas in blocks 3 and 4.
Road construction during this period would consist
in conversion of 5 miles of existing railroad grade and

construction of approximately 31 miles of new truck
roads, the latter being estimated to cost $6,000 per mile.
Including main tractor-roads, on the same basis as dis-

cussed for block 2 the total cost of road construction
would be approximately $1.50 per M to be charged off in
full against the timber removed during the 5-year
period.
During the second 5-year period additional old-growth

high but yarding costs, through selection of

the choicest tractor-roading shows, are relatively low. As road-construction costs decrease,

other logging costs increase. A fairly steady
level of activity is thus indicated. Net returns
would be high because on the whole the most
high value defective trees are logged during
this cycle.

The above brief outline of how the operations would progress over the area and how
they would sweep back over previously devel-

oped areas at 5-year intervals does not fully
indicate the high degree of flexibility and con-

tinuous selective control of the timber that
readily can be attained. With a 34,000-acre

old-growth area to manage, the most efficient
operating set-up might well be to divide the
area into several divisions or blocks, to each of
which would be assigned one or two tractorroading outfits. Within each division operation
would be carried on continuously, shifting from

areas aggregating about 7,000 acres, with an estimated
stand of 350 million feet, would be opened up for an
Initial cut of about 80 million board feet. The balance
of the cyclic cut, of old growth, 100 million feet, would
be obtained by sweeping back over the 25,000-acre area
opened up in the first cut. Within this area spots that
are too steep for direct tractor-roading, and that therefore were passed up during the first cut, would now be

opened up, using bob-tail tractors or drum units for
skidding the logs to the tractor roads or occasionally
clear cutting small groups where high leading at distances over 300 or 400 feet might be necessary.
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road to road and from landing to landing, and
spreading back and forth over the entire operating area often enough to maintain roads and

tractor-trails through light but frequent use,
and to keep the growing stock under complete
selective control as needed for market selection,
salvage, and other purposes. With the type of

roads and logging and transportation equipment here indicated, possibilities along this line
are virtually unlimited.

Truck and tractor roads built and maintained for opera-

Disposal of cull trees during and after initial operations.Cull trees, of -which there are on the average

tions on tractor areas would reach to and into nearly
all major parts of the nonoperated areas and so would
permit quick action in shifting operations in and out of

about two per acre (exclusive of possible culls among
trees less than 30 Inches in diameter) would be carefully
avoided during the first 15 years. Since they are live,
green trees, in contrast to snags, they do not constitute
a serious fire menace so long as they are left standing
and remain green. On the contrary, they would help
to maintain the crown cover and thus to reduce the fire
danger by keeping the debris from the tree selection
cuttings in the shade of the forest. If felled, on the
other hand, they would add to the fire hazard and hinder
the felling and yarding operations.
No particular reasons would seem to exist for revers-

them.

Fire Protection.This area is within a climatic zone

of fairly high fire hazard. The old-growth stand with a
uniform overstory is of a type in which conflagrations
have swept in the past, as witnessed by the presence of
large areas of even-aged stands of various ages on this

particular tract and throughout this portion of the

Under selective management the
conflagration hazard, other things remaining equal,
Douglas fir region.

would be gradually reduced through removal of snags,

ing this policy in later years, at least not so long as
individual tree selection is continued without direct aim
for regeneration. Where group cuttings occurand
these would progress at a faster rate after the 15-year
periodthe cull trees if left would be isolated in the
open, with the probable result that many would soon
drop out from sudden exposure to sun and wind. Scattered culls that survive would not interfere with the
establishment of regeneration, although they might
retard Its growth in their immediate vicinity. Felling
of these trees would generally cost from $1 to $3 per

and dead and stag-headed trees and other hazardous
elements of the stand, and through the breaking up of
the even-aged crown cover by systematic group selection.

Initial fire protection requirements would be the same

as those discussed in chapter III, such as felling

of

snags, exercise of judgment in felling the selected trees,
staggering and breaking up of cutting areas, and occa-

sional removal of tops where they happen to lodge

against other trees. In addition spot burning, lopping
and occasional piling and burning, etc., would probably
prove necessary, particularly along the main truck roads
and in other strategic locations. However, the bulk of
the slash on single-tree selection areas could be left for
Nature to dispose of, providing adequate measures were
taken for detection and suppression of fires. As ex-

tree. Considering that it would take approximately 30
cull trees to use up the growth power of one acre of soil,

it is clear that a felling expenditure at the rate of $30
to $90 per acre for freeing the soil of the trees is wholly
unjustified in a region where far more accessible and
productive forest land, valued at $1 to $5 per acre, is
lying idle. It would seem best, therefore, to rely as
much as possible on Nature to dispose of them in the
same manner as has continually been happening in the
past. Since the partially defective trees are removed
before they become culls the final solution of the cull
tree problem would probably be reached in this manner
within a reasonable length of time.
Development of new cutting areas after completion of

perience is gained with respect to the rapidity and
thoroughness of natural decay of the slash both the
cutting and the slash disposal programs can be adjusted
accordingly. This may require temporary suspension

of tree selection cuttings on areas where the slash

hazard becomes greater than acceptable safety standards
permit, with cuttings to be resumed only after conditions
become safe.

On the group selection areas broadcast slash burning
would be resorted to in the manner discussed in sections

third cycle.By the end of the third cutting cycle a

total of about 34,000 acres of the "loggable old-growth"

timberlands would have been opened up for logging
and brought under intensive selective management.
There would remain untouched about 7,000 acres of
steep and rugged old-growth areas. The management
policy would be gradually to extend operations into
these areas, but preferably without resorting to destructive methods of logging. Obviously, it is possible that
in the course of time accumulated experience with tractors and allied forms of flexible logging machinery on
rough ground, together with mechanical improvements
in logging and road-building equipment, may so alter
the situation that many portions of this 7,000-acre area
can profitably be brought under intensive selective management. It would be difficult to conceive otherwise
after watching the progress that has been made along
these lines during the last few years. For extremely

30 and 45. A more detailed discussion of fire hazard
and other elements of risk under selective timber management is presented in chapter VII.
23. Evolution of selective management plan

after third cutting cycle.The proposed plan
has so far been centered exclusively on the

point that quick removal of partially defective
old-growth trees and concurrent establishment
of intensive selective control of the remaining
growing stock is by far the most urgent step
to take in initiating effective management on
this property. Since this involves individual

tree selection (and to a limited extent small

rough and rocky areas, though, it can hardly be ex-

group selection) in a 300- to 400-year-old stand
of even-aged Douglas fir, important questions

pected that these methods of intensive selective logging
will ever become practical. Areas of this character from
which reasonably high stumpage conversion values could
be obtained might be clear cut (by conventional cableyarding methods). Some of the others should perhaps
never be logged, particularly if their slope and character

relating to growth, regeneration and other

phases of Douglas fir silviculture will arise.
Douglas fir, which definitely demands open
are such that stripping the timber from them might space for regeneration, presents a silvicultural
create serious fire-hazard, reforestation, stream-flow, and problem that necessarily must be harmonized
erosion problems. In any event, bringing of these areas
with the selective form of management.
The question of how best to obtain adequate
and satisfactory regeneration is, of course, only

into full production should wait until two important
requirements can be met; first, that operating methods
fully compatible with good, conservative forest-land man-

agement shall be employed; second, that a reasonably
high conversion value shall be obtainable. Pending
development of this situation these areas would constitute a reserve into which operations might occasionally
be shifted for short periods when demand temporarily

one aspect of the more important question of
how to grow utilizable timber. It need not

necessarily be answered in its final form during

the early stages of selective management.

placed an unusually high premium on old-growth timber.
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Owing to extensive clear-tting and fire in the
past there are already approximately 10,000
acres of regenerating areas in blocks 1 and 8
(Plate III, 1- to 20-year age class). This is
sufficient to meet regeneration requirements
under a selective management program at least
until the end of the 15-year period. Then too,
there are many small patches of young regeneration within the old-growth stands and some
regeneration may be expected from the cutting
program carried on during the 15-year period,
particularly on portions of the area which for
one reason or another are clear cut.
Comparison of increment under selective management and clear-cutting nianagement.The immediate objective under the selective manage-

ment plan is to obtain net increment from the
merchantable timber. To all appearances, it
would accomplish this exceedingly well. On
the 12,000 acres of 60- to 120-year-old second-

growth stands the cutting during the initial

development period and the establishment of
continuous selective control of the growing
stock (and hence, reduction of mortality
losses) made possible by construction of a permanent road system should result in a
substantial increase in net increment above
that to be obtained in the unmanaged stand.

On the 34,000 acres of old-growth timber
opened up during the 15-year period, net incre-

ment would be obtained partly through removal of the losing elements of the stand; and
partly through drastic reduction of mortality
losses, made possible by keeping the remaining
sound growing stock under continuous selective
control. As an additional source of increase in
net ultilizable volume, the question of utiliza-

tion standards under tractor logging versus

cable logging should be considered also. The
aggregate effect of these factors will naturally
be to substantially extend the life of the timber
supply. Nevertheless, liquidation of merchantable timber would still be going on, principally
in the old-growth stands.
In addition to current increment on the existing merchantable growing stock, production
would also be under way on the 10,000-acre
area of 1- to 20-year-old second-growth (the
same as it would be under a clear-cutting system), and also on existing premerchantable, or

In sharp contrast to this, under a program of
extensive clear cutting, current net increment
on the existing merchantable timber would be
nil.6 Dependence for any net increment under
that program would have to be placed on regeneration of cut-over lands, which during the
15-year period would aggregate approximately
12,000 acres; and, in common with the selective

plan, on potential increment from the 10,000acre area of 1- to 20-year-old reproduction. Potential increment from the 12,000-acre area as

carried on to the end of an 80-year rotation

would (according to the clear-cutting management plan) average approximately 8 million

board feet per year provided that the whole

area would be restocked well enough to come
reasonably close to yield table standards. As
is generally known, regeneration following

extensive clear cutting commonly falls far

short of these standards.
The contrast between the two systems relates, of course, not only to the quantity but
also to the quality and value of the increment.
Under the selective program there would be
substantial current increment of merchantable
timber. This would be relatively valuable material. Particularly valuable, even though the
rate is exceedingly low (0.4 to 0.5 per cent),
would be the increment of possibly 4 to 5 million board feet a year laid on by approximately
1,000 million board feet of sound old-growth
Douglas fir trees. Visualized, as it should be,
as outside layers of generally clear and finegrained wood, much of it suitable for highgrade finish and plywood, which is being laid
on by 300- to 400-year-old trees averaging 50
inches in diameter, it will readily be understood
that such material may well have an average
stumpage conversion value of $10.00 per M or
more (as compared with the $4 to $5 average
stumpage value of the timber on which it is
being produced). This one item of increment
alone may amount to as much as $50,000 a year
(on the basis of present values) which is prac-

tically as much as total annual stumpage re-

turns from liquidating the tract under the
cable-logging plan of management.

6 According to the working plan (table 8) an average
annual increment of slightly over 3 million board feet would
accumulate over a period of approximately 60 years in the
10,000-acre area of 60- to 120-year-old second growth in block
9 (Plate III) and no net increment at all would be forthcoming from the old-growth stands, the assumption being that
increment and decay balance each other. Boyce's (6) findings
on rate of decay and other mortality losses, published after
the date of the working plan, clearly imply that In an oldgrowth stand as extremely defective as in the case at hand,
losses from decay and mortality would normally exceed
increment, not strikingly so but quite sufficient on the basis
of prudent foreeastihg to offset fully the predicted 3 million
foot annual increment on the second-growth timber.

newly recruited growing stock within th

46,000-acre area in which selective operations
are being carried on. Remarkable progress

toward balancing current increment against

current cut should thus be made within the first
15-year period.
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Regularized group cuttimgs for Douglas fir

regeneration after third cutting cyole.From
the foregoing discussion it is evident that the

problem of Douglas fir regeneration is of only
secondary importance during the first 15 years
of selective management. Effective work in
timber growing (as well as in orderly liquidation, and in market selection, fire protection
and other phases of management) at this particular stage of development is a problem that
calls for individual tree selection, designed
primarily to remove the declining elements of
the stand (which constitute the financially
most overmature timber), and for concurrent
construction of a permanent road system designed to provide continuous and intensive selective control of the growing stock. After this
has been accomplished the problem of regeneration would become more important. How well

the foregoing management program would
provide the right solution of this problem
should therefore be consjdered.

In the course of the initial development of
the 34,000 acres of old-growth stands a large
number of small areas, estimated to aggregate
about 2,000 to 3,000 acres, would have to be
clear cut for one reason or another. Most of
these areas would probably occur on steep and
rough ground where full-fledged high leading
(as contrasted with ground leading or modified
high leading for tree selection) with drumunits may necessitate clear cutting of spots
ranging generally from 2 to 10 acres in area.

Clear cutting of spots of approximately the

same size would frequently be necessary also
on favorable tractor-roading ground, particularly in groups of timber consisting mainly of
defective trees, or in spots where slash conditions brought about by tree selection may demand clear cutting and broadcast slash burning. Occasionally such areas might be consid-

erably larger than 10 acres.
These areas would as a rule restock in quick
order.

upon as so many sample plots where regeneration results can be observed or studied as close-

ly as may be desired. Here many important
facts as to regeneration may be learned first
hand; for example: (a) How size of clear-cut
area affects density of stocking and how it may
control the mixture of Douglas fir with hemlock
and other tolerant species; (b) how size of area

and density of stocking affect height growth
and differentiation of height growth; (c) how
Douglas fir regeneration under shelter may
come in, or may be induced to come in through
tree selection around the margins of the clear-

cut spots; (d) how all the foregoing factors
vary for different sites or how they differ for
north slopes, south slopes and level ground,
etc.

Silvicultural knowledge so gained can be

applied directly and in a practical manner to
the management of this particular tract; in

fact, not only to the tract as a whole but specifi-

cally to its various parts as these may differ
from each other with respect to aspect, site,

steepness of slope, character of stand, altitude,
etc. Past experience will be constantly available as a guide for future action. The entire
forest, including both the clear-cut spots and
the entire tree selection area, here becomes the

proving ground for practical experiments in
cutting procedure conducted without cost as a

by-product of selective logging.
A fairly well-defined plan of group selection

can thus be formulated and put into operation
by the end of the 15-year period. This will not
mean discontinuance of individual tree selection
but it will mean that enough group cuttings will
be made to provide for regeneration. Approx-

imately 300 acres per year (1/2 per cent of the
total productive area) probably would be needed

for this purpose. As cuttings proceed the
precise requirements in this respect will become known from data obtainable under the

system described in
chapter VIII.
To explain how a group- and tree-selection
program can most effectively be combined to
carry out the economic aims of intensive selective management it is well first to briefly concontinuous inventory

It is the authors' opinion, based on

many years of observation in this region, that

the best results in regeneration from the

standpoint both of density of stocking and of
desirable mixture of Douglas fir and tolerant sider the character of the old-growth stands.
species, will be obtained on areas of 2 to 5 As is characteristic of Douglas fir, the timber
acres.. As to this, however, no preconceived occurs groupwise with wide variations in stand
ideas need be accepted as final, because the density (volume per acre). On block 2, for
answer will become self-evident as the cutting example, for which cruise data are available,
program proceeds. In this respect it is clear several forties carry more than 4 million feet
that all the aforementioned clear-cut areas. and others have less than 1 million; the
ranging in size from perhaps less than 1 acre heaviest forty on the block supports a stand
to as much as 10 acres or more may be looked averaging 120 M board feet per acre but thQ
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corresponding volume for the lightest forty is
only 10 M. For small, irregular areas the variation is still wider. Many small areas of 5 acres
or less support stands averaging 150 to 200 M

board feet per acre and others are virtually

blank, so far as old-growth merchantable timber is concerned.
Several important points relating to this wide

variation in density per acre should be noted.
First, the highest-value timber is found, as a
rule, in the most heavily stocked groups, owing
to the fact that these groups have almost invariably originated from dense patches of evenaged regeneration where early natural pruning

and intense competition have resulted in a
relatively large percentage of fine-grained, clear
timber. Second, in these heavily stocled groups
the rate of growth is exceedingly low. Growth

might dictate or at any rate to a sufficient extent to take care of mortality losses (windfalls,
etc.) in the merchantable timber; it would also
be carried on throughout the old-growth areas,
not only to take care of mortality but also to
liquidate the financially most mature trees particularly in stands of medium and light density.
Practical experience, accumulating as cuttings
proceed, would become the guide in deciding
how far individual tree selection should be carried in stands of different character. In stands
of medium stocking, it might in many cases be
carried on for several decades before the remaining old trees would be removed through
group cuttings. In many of the lighter stands,
where a heavy understory exists, all the veterans would be removed through individual tree

selection, leaving the understory to carry on
of the veterans would generally be as low as until some later time when it, too, would be
1/4 per cent, as compared with ½ per cent or clear cut. Until that time stand management
more for trees of the same age class growing (individual tree selection) would continue within lighter stands. (Relation of rate of growth out interruption.
Through this procedure group selection, beto density of stocking is shown in table 17 of
chapter VI.) Third, in the most heavily ing preceded by tree selection, will not lead to
stocked groups of old-growth the volume of as wide a departure from the tree selection
understory timber is negligible (1 to 4 per plan as it otherwise would. Tree selection
cent) if not completely lacking, while in stands would be carried on to the full extent that it
carrying only a light stand of old-growth, the proves practicable and justifiable, after which
volume of the understory is relatively large. group selection would come into the picture as
This is indicated in the stand structure dia- the final step.
grams in figure 12 which show that the volume
of understory (conifers other than Douglas fir)

From an economic point of view this is essentially the same principle that has been applied

for centuries to many European managed

is much larger for the stand averaging 51 M
board feet per acre than for the one averaging

forests. Clear cutting in their case is the final

80 M.

cut following a series of thinnings (cuttings

The broad features of the selection program
to be followed after completion of the first 15year period, should now be plain. Group selection (regeneration cuttings) would be centered

consisting of individually selected trees). Clear
cutting of this sort on limited areas as needed
for effective regeneration or as necessitated by

ly supported less than 50 M board feet per acre
would be cut to any great extent. Throughout
this time the operations would swing back and

regeneration of mixed conifers, the progressive
building up of a highly productive forest would
take place. These regenerating spots would
be scattered throughout the merchantable tim-

other reasons of a practical nature is part and
at first on the most heavily stocked groups. parcel of selective timber management as deFor a decade or so it would probably touch fined in this report.
relatively few groups averaging less than 100
Through the foregoing program of regularM board feet per acre; and another decade or ized group cuttings, confined to areas of aptwo might elapse before stands which original- proximately the right size to assure dense

forth over the entire property (in the same

manner as was described above for tree selection) picking out small groups of the described
type wherever they occur.

ber area. A permanent road system paid for

and constantly maintained by operations in the
merchantable timber, would be continuously
available and would naturally play an impor-

In the meantime individual tree selection
would be carried on but at a slower rate than tant role in the management of the young
before. Tree selection would thus continue in timber. Intensive stand management, beginthe 60- to 120-year-old second-growth areas to ning with removal of material suitable for
whatever extent urgent market requirements posts, poles, piling, pulpwood, and small saw
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logs could therefore begin at a relatively early
age, and would normally continue for many
decades before final cuttings again took place.
Like clay in the hands of the artist the forest
could be gradually remolded to whatever pattern that might be desired. Quantity and

are brought into production. Some portions of

turn from the land.

selected for the initial cut.

the property might not be logged for many
decades.

Log selection likewise appears as a very important factor during the initial period of development, owing in particular to low value of

quality production would go hand in hand logs in this locality in conjunction with an
toward attainment of the highest possible re- excessive amount of defect in the timber

No attempt has been made in this study to
Summary and conclusion.The timber evaluate
full economic advantages of the
property discussed in this study contrasts proposedthe
methods. After all it is not so essensharply both as to timber and as to topography tial that all the details as to costs and returns,
with the spruce-hemlock property discussed in
and growth, etc., be known beforehand
chapter III. Nevertheless, many of the essen- discount
in
order
to
reach an understanding of how both
tial features of the proposed management pro- financial and
physical forces operate to estabcedure are strikingly similar. In both cases the lish the superiority of selective timber mansteps toward effective management are: To agement over the extensive clear-cutting sysopen up the property quickly for a light initial tem. It is only essential to know that selective
cut consisting of those portions of the stand timber management is based on highly efficient
that are financially most overmature; to pro- methods of logging; that through construction
vide permanent roads so that the growing stock of a permanent road system it provides comcan be kept under continuous selective control, plete operating and management control of the
and to shift constantly back and forth over the growing stock as needed for market selection,
24.

entire area (thus incidentally maintaining
tractor-trails, through light and frequent use)
as needed not only for orderly liquidation but
also for efficiency in logging, and for market
selection and salvage. The keynote of the man-

orderly liquidation, salvage, etc.; that so far as
order of selection is concerned it begins with
the things which obviously need to be done first
and from then on it constantly proceeds on the

basis of experience accumulated as cuttings
continue. Under some circumstances one objective may establish the order of selection
In certain respects the management pro- while under other circumstances, other objeccedures differ noticeably between the two tives may rule. At all times the selective
studies. Order of selection, of operating areas, procedure is based on the most urgent and
for example, is a very important factor in the immediate considerations, taking the whole
case at hand, owing to the rough topography. property into account, and at no time are opHere the tree selection area is confined at first erations based on uncertain predictions of dis-

agement methods in both cases is flexibility and
control.

tant future rates of growth or occurrences

to the most accessible portions, and is expanded

from time to time until all operable portions

which may influence values.
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CHAPTER V
REBUILDING A BALANCED GROWING STOCK ON AREA DEPLETED

BY EXTENSIVE CLEAR CUTTING AND FIRE
25. Location and description of area.This
publicly owned forest area is located about 11
miles from a common-carrier railroad, reached
by a public highway. Because the mountain

type, which is defined in the Forest Survey

operations, the most economical method of get-

size classes of Douglas fir are delimited by the
survey working plan (31), as follows:
6. Dovgias Fir A: Stands where the volume

valley where it lies has been largely logged
out by previous railroad and stream-driving

ting out timber at present appears to be to

log by truck to a sawmill of about 40 thousand
feet daily capacity, which is within easy reach
of all parts of the area. A large mill pond
provides ample log storage facilities at the mill.
From the mill the lumber can, at low cost, be
hauled by truck to the common-carrier railroad
or to settled areas.
For the purposes of describing different portions of the forest, and of showing how cutting

can readily be controlled when the forest is
handled under short cutting cycles, leading to
sustained yield, the portions of the area having
merchantable timber have been divided into 10
blocks, each of which is sufficient, under selective timber management with a short cutting

cycle, to constitute an operating unit of the
entire sustained yield area. Division of the
area is based in part on topography and loca-

tion of transportation routes and in part on
equalization of logging areas and volumes

among suggested periodic cutting areas.
On the general map of this locality (P1. IV)
is shown the location of pond and sawmill and

the several blocks. A portion of block 1 is

depicted with more detail, from various aspects,
in Plate V.

As is shown by Plate IV, the floor of the

main valley lies at an altitude of about 1,200
feet. From this the slopes of varying degree
rise to elevations of 3,000 to 4,000 feet. The
merchantable timber zone, determined by soil
and steepness of slope as well as by elevation,

working plan (31) as follows:

"Douglas FirStands containing approximately 60 per cent or more, by volume, of
Douglas firthe characteristic forest west of
the Cascades." Within the area shown, four
is mainly in trees over 40 inches diameter

breast high.
Douglas Fir U: Stands where the volume
is mainly in trees 20 to 40 inches in diameteryoung-growth timber.
Douglas Fir D: Stands where the volume
is mainly in trees 6 to 20 inches in diameter.
Douglas Fir B: Stands in which most of
the trees are under 6 inches in diameter.
In addition to the Douglas fir, considerable
areas of hemlock, of somewhat inferior develop-

ment, and a small area of cedar type are present. The map legend shows the symbols which
designate these types and size classes.

Perhaps because it is in a transition zone

from west Cascades to east Cascades conditions,

this valley does not include the high-quality

Douglas fir trees that are characteristic of
classes A and C under the typical climatic conditions of the Douglas fir region. Site quality

is usually not better than Douglas fir site III

(medium quality). Besides a tendency toward
rough boles from persistent branches, the percentage of defect is high, and many trees are
worthless. In Douglas fir A the net stand per
acre averages about 50 thousand board feet.
On block 1 the trees over 40 inches d.b.h. constitute about 88 per cent of the total volume of
all trees above 20 inches. On other blocks the
proportion of timber under 40 inches is larger.

Table 10 gives the area of each type by

is nearly all below 3,500 feet.

blocks, the total area in each block, and the
total for the entire tract.
The southern part of the area has most of

The classification of timber types and size

classes is the same as that adopted by the

Forest Survey for the Douglas fir region, except

that several noncommercial types and certain
regeneration classes have been combined. The
most important type is the Douglas fir timber
48

the mature and overmature timber which
should be cut first. This portion is divided into

5 blocks, designated by numbers 1, 2, 3, 4, 5.
The northern portions are stocked predominant-

TABLE 10.-Area of different timber types in management unit, by blocks and d. b. Ii. size classes.
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ly with young age classes which are not ready
for stand management under present market
conditions, but they also contain limited areas
of mature timber, some of which should enter
into early management operations. These areas
are designated by letters, blocks A, B, C, D,
and E.
Table 11 gives merchantable timber volumes
and related information for each block by types
and the totals for the entire tract. Saw-timber
volumes include trees over 12 inches diameter.
26. Logging methods and log transportation.-Unlike the timber described in chapters

III and IV, timber from this more depleted
property will have to be taken out from the
beginning in too small volume and for too short
hauls to permit economic use of railroad transporation. With a permanent roaGi system and

short truck hauls, logging costs should, how-

ever, be very low. Savings in logging cost will
be partially offset by the cost of trucking lum-

ber 11 miles from the sawmill to commoncarrier railroad or other market outlet. The
average log truck haul for the whole area would
be about 6 miles, which involves a log trucking

cost to the mill of approximately $1.50 per
thousand board feet.

TABLE 11.-Gross volume1 in thousand board feet, lo scale of d

Block
No.

Young
hem- Western red Immature con- coniferous
Douglas fir
Douglas fir Western
locks over
cedar3 over iferous timber
over 40 inches 20 to 40 inches
under Total volume by tracts
20 inches
24 inches
6 to 20 inches types
D.B.H.
D.B.H.
6 inches

D.B.H.

Douglas
Others
fir

M
b.m.
1

2
3

4
5
A
B
C

D
E

78,647
72,099
49,950
60,744
42,933
28,132
26,052
2,470
10,946
20,176

D.B.H.

D. B. H.

DougDougDougDougDougDouglas Others las Others las Others las Others las Others las
Others
fir

M
b.m.

D.B.H.

M
b.m.

fir

M
b.m.

M

b.m

fir

M

b.m

5,856 35,808 3,177
44,148
11,305 19,268
30,586 14,616 1,044 12,088 20,602
37,196
21,928 37,373
26,289
10,298 17,552
15,148
23,220 46,440
14,028
6,732
918 2,000
4,000
1,330 68,530 9,345
5,894 48,752 6,648
10,864 97,636 13,314

M
b.m

M

b.m
12,440
9,040

fir

fir

M
b.m.

b.m. b.m. b.m

fir

M MM M
b.m.

588

84

38,367
14,312
35,532
25,221
46,704
19,793

5,481
2,045
5,076
3,603
6,672
2,828

M
b.m.

114,455
9,033
83,992 63,500
76,654 64,672
82,672 83,609
91,598 49,322
65,664 63,633
70,316 24,022
96,221 14,278
106,402 19,214
137,605 27,006

Species

M

b.m.
123,488
147,492
141,326
166,281
140,920
129,297
94,338
110,499
125,616
164,611

Total

volume

by
types 392,149 191,339 272,074 34,446 80,839 145,235

21,480 180,517 25,789

.
mimes sin.. over in niameter at Dreast height.

925,579 418,289 1,343,868

'estern hemlock comprises about 60 per cent by vo ume of th S type.
Western red cedar comprises approximately 50 per cent by volume of this type, the remaining being western hemlock, and the balsam fir (Abies spp.)
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Through these means a relatively high rate
of growth may be attained on an ample growing stock (including merchantable trees up to
average to somewhat lower standards than on the area large sizes) and earnings from growth' in voldiscussed in chapter IV. The cost is estimated to average about 4,000 per mile. A total of approximately 50 ume, quality, and price can be maintained at
miles will be needed of which 30 miles already exist in the highest practicable level. These basic obpartly developed form.
jectives should never be lost sight of although
Tractor Roads.Two classes of tractor roads may be under some circumstances they may necessarily
employed in developing the operation: (a) Main tractor
roads and (b) tractor trails. The construction and be subordinated to the immediate objective of
location of tractor roads and trails has also been dis- high current income. It is reasonable to concussed in chapters III and IV. None of those is shown
Trnck Roads.Plate IV shows the present and pros-

pective truck road development. Owing to lighter traffic

truck roads, although they should be surfaced with
crushed rock or gravel, may be constructed on the

on the general map (Plate IV) but a typical distribution
is shown by Plate V for part of block 1.

Truck and tractor roads and tractor trails are to be
constructed only as required and as the costs are very
low they should be charged off, as road expense, to
current operation. The road cost per thousand feet will
gradually decline because complete development of near-

ly all roads and trails necessary for permanent use will
occur during the first three or four cutting cycles. After
construction is completed the roads and trails will be
maintained through continued use. The principle iiivolved is to charge off investments resulting from expenditure of capital and labor as quickly as possible in
order to lift from industry the burden of the resulting
capital charges.

Skidding Methods.Skidding to truck roads will be
performed by tractors operating in any of four ways

direct yarding, direct roading, yarding with drum units,
and a combination of two or more of these, as detailed

in the logging cost report (7) and in chapters III and
IV. Here the first cutting cycle will usually involve use
of only direct roading. Later cycles will bring in
yarding with drum units and combinations of the several methods. Detailed allocation of cutting for two
cutting cycles shown on Plate V for part of block 1

clude that on this property neglect of these

principles will impair permanent values out of
all proportion to any immediate gain in current
income.

Without departure from the major objective

of maintaining and building up permanent

values the immediate objective in allocation of
cuttings is to select trees and tree groups which
will yield the largest possible current income
within reasonable sustained yield limits. It

happens that on this area, because of heavy
cuttings and fire in the past, sustained yield
of valuable tree sizes must for a long time be
much less than the growth of all sizes; All
evidence available indicates, however, that under conservative selective timber management

the sum of the current income that should

accrue within a decade plus the capital value
maintained in the forest may reasonably be
illustrates how this selective principle works in practice.
expected greatly to exceed the total values that
27. Plan of group and tree selection.The can be obtained from the forest by any other
basic principles of selecting financially mature' method of management. Specifically, it aptrees for early removal, and creating the least pears to be demonstrable that this procedure
possible disturbance in the continuing growth will be more profitable than liquidation on the
of merchantable trees throughout the forest one hand or sustained yield under an extensive
are discussed in detail in chapter VI. It is to clear-cutting system on the other.
be especially noted that selection of trees and
In order to avoid losses from undertaking
tree groups to make up the current cut must truck
tractor road construction prematuretake into consideration rapidly changing quan- ly andand
from
deferring utilization of timber that
tities and values. In this virgin forest, how- has ceased to grow in value at a reasonable
ever, there are many single trees and tree rate, a 5-year cutting cycle is recommended for
groups that have culminated in value and can
area. That is, cutting should take place
make very low returns from further holding. this
systematically
each block every five years.
These are mostly within the size classes from During the firston
cycle
only the most accessible
40 inches up, especially those over 50 inches.
part
of
each
block
would
reached, during the
The removal of these trees should improve seconc' cycle a slightly be
more
remote portion
the net current growth for the area in two ways would oe added and so on. By the
end of three
first, by leaving trees and undisturbed stands or four cycles permanent roads, charged
off to
that are making the most rapid growth and current operations, would have been extended
thus raising the mean average growth; second, nearly everywhere and from then on cuttings
by removing trees in which defect, which is would be distributed generally through each
offsetting growth in the same and other trees,
is progressing and thus directly reducing net block in turn.
Under this program most of the declining,
growth. In addition to these gains, many of
and slowly increasing values should
the thrify trees up to about 30 inches in stationary,
be
recovered
within the first three or four
diameter may be expected to increase their
cycles.
The
advantage
in doing this is evident.
growth rate when released from competition.
50

tion areas for the first two cycles. For the "20
to 40 inch" and "over 40 inch" stands complete
information is available on the number, basal

Timber removed during the first five-year cut-

ting cycle comes out on the average in 2½
years; during the second, in 7½ years; and

area, and volume of trees in each diameter
class from 6 inches up. Figure 13 shows
graphically for the entire acreage of each of
these two classes of stand the distribution of

during the third, in 12½ years. Discounting at
only 3 per cent the present value of a dollar
due in 21/2 years is approximately 93 cents, as
against 80 cents for a dollar due in 71/2 years

basal area by 2-inch diameter classes. Basal
area is chosen for graphic comparison of conditions in different stands because smaller diameter classes are represented inadequately or not
at all by board foot volume figures.
Such information as is available justifies the

and 69 cents for a dollar due in 12½ years.

This shows the losses that can occur by holding
values that do not increase with time. In addition to avoiding discount losses the removal of

decadent or stagnating trees increases the

growing space for those that are increasing in
value or frees the soil for regeneration of new
stands. This general problem of the effect of
discount of future income is discussed with detailed illustration in chapter III and summar-

tion in block 1.This entire block is within the
Douglas fir type and bears a very small volume
of conifers other than Douglas fir. It is chosen
for detailed discussion because it illustrates the
procedure necessary to liquidate overmature
trees and to restore depleted growing stock on
the property as a whole. For two sections, including most of the merchantable stand in the
block, information was obtained by methods
described in chapter VIII (see Plate V). Stand
averages for these two sections are assumed to
apply to the same types in the remainder of
the block. The map bhows topography, roads,

assumption that under selective operation a
permanent growing stock of not less than 25,000 to 50,000 board feet per acre should be
retained or built up if now lacking. The following discussion of each class of timber on
the block shows how far this standard is met
at present.
Douglas fir size class A (volume mainly in
trees over 40 inches). There is an area of
1,181 acres which averages 71,745 board feet
gross volume per acre. The surplus volume
should be gradually reduced to about the above
tentative standard, in 3 to 5 cutting cyles. In
making this reduction it would be better to err
on the side of conservatism and maintain the
volume at not less than 35,000 board feet per
acre if possible, at least until other areas are
built up to a desirable level. The shortage of
high-quality timber on this block as a whole,
however, will undoubtedly necessitate drawing

groups to be clear cut and adjacent tree selec-

stand includes a considerable number of pre-

ized in chapter VI.
28. Application of short cutting cycle selec-

heavily upon it to hold up the value of the
annual cut. (Fig. 13, upper graph.) This

timber types, approximate location of trees
over 40 inches in diameter, and location of
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merchantable (6- to 10-inch diameter) and
small merchantable (12- to 20-inch) tree
groups. The Douglas firs among these have

stands except that they may be expected to regenerate
with much higher density. On account of slow natural
pruning in Douglas fir the dense young growth expected
to originate in small openings should be left undis-

following spot and ground fires.

deadened the branches on as much length of trunk as
desired for the life of the tree. Normally this may be
expected to produce branch deadening for about the
lower 35 to 50 feet by the age of 40 to 60 years. From
that time on heavy thinnings should be made in each
of the next 5 to 10 cutting cycles, if markets permit.
These may be expected to retard shortening of the live

come in, as in many other Douglas fir stands,

Do'uglas fir size class C (mainly trees 20 to
40 inches). This nearly even-aged stand, about
100 years old and 1,313 acres in area, contains

an estimated average of about 30,000 board
feet per acre in trees more than 12 inches in
diameter. There are very few trees over 34
inches in diameter. It would therefore be per-

missible to cut each cycle an amount nearly
equal to the growth, if care is taken to reserve
the majority of the 22- to 34-inch trees so as
to build up the larger, high-value size classes.
Realization on culminated values in Douglas fir

class A stands is so much more urgent than
cutting in these smaller stands that it should
probably be deferred almost entirely for 15 to
20 years (3 to 4 cycles) unless an active demand for piling, poles or posts, or for saw logs

with a high percentage of common lumber

should arise. In that event light cuttings
should be made, confined to the poorer crown
classes, to the larger trees which are too rough
to retain for future growth, and to spots where
dominant and codominant trees crowd each
other. During these cycles any practicable cuttings in the suppressed crown class with light
removals in the intermediate crown class can
be added to the net yield as a surplus not now
foreseen. This cutting would principally take
the place of mortality which has been allowed
for in these size groups in later discussion of
yield possibilities for this block (see fig. 14).
Douglas fir class B (volume mainly in trees
under 6 inches in diameter). These areas
which aggregate 2,730 acres (including a large

turbed until natural pruning has cleared or at least

crowns, and to maintain the rate of growth on individual
trees. If this treatment is successful the lower 35 to 50
feet of trunk will lay on increments of clear wood from

about 50 years on, or as soon thereafter as the dead
branches have rotted away. The upper portion of the
trunk will produce rough logs with sound green knots.
If the natural pruning process is prolonged beyond 40

to 60 years, branches at the base of the crown will

continue to die but will not completely decay and will
form loose black knots which never become covered
with clear wood in the upper logs. It will pay, therefore, to carry on thinning regularly if it can be done
without loss. Until thinnings begin, little labor or
money will have been spent in regeneration or care of
these stands. The earnings from older timber surrounding should carry all the costs very easily. From the
time thinning begins until the final trees have reached
40 inches or more in diameter and are utilized, these
groups will provide some net income every 5 to 10 years.

Summarizing now the cutting policy for the whole
For about three cycles the cut should consist
mainly of large-sized, high-value timber taken from
Douglas fir A stands. (See fig. 14.) From then on, an
increasing proportion should consist of young timber
taken from smaller size classes in the process of Febuilding them to profitable yields. Still later the clearcut groups will provide similar small material. Eventually stability should be attained in distribution of the
cut between the more valuable large sizes and less
valuable small material removed in a continuing process
of stand management.
The volume of large, high-value trees (40 inches
block:

diameter and up) in each cyclic cut should probably not

fall much below 40 per cent of the total if skill in
management is exercised and if the growing stock has
not been depleted in the past. This necessitates the
cutting of only one such tree per acre every 15 to 20
years. To meet this requirement the growing stock

must include 3 to 8 trees per acre of the large timber
class (over 40 inches). These need not be uniformly
distributed but may be more or less concentrated on the
better sites where growth is prolonged at a more rapid
rate. They need occupy no more than oneeighth to
one-fourth of the ground space, so that all the rest of

area of unregenerated spots), are not apt to
enter into cutting plans within the next 8 to
12 cycles (40 to 60 years). If the growing the area will be available for smaller and faster growing
and premerchantable trees.
stock and yields have in the meantime been merchantable
On this block, however, past clear cutting prevents
maintained in the Class A and Class C stands holding the cut of large timber at 40 per cent of the
beyond the first few cycles until the growing
a gradual increase in the cyclic cut may be whole
has again been built up in the large sizes.
permissible beginning at that time. (See fig. stock
Evolution of the stand on the block as a
14, 10th to 15th cycles.) From then on a long
whole.ICeeping
mind the foregoing treatperiod of stand management (probably 100 ment of the blockinand
the character of stands
years or more) will be necessary before the within it, it should now be
of interest to considyield of the valuable large diameter classes can
be restored on this portion of the block. In the

Clear-cut spots originating under group cutting, as

er the possible aggregate results on block 1 of
short cutting cycle selection. This method of
treatment should, if successfully carried out,
eliminate permanently the large premerchantable area (now over 50 per cent of the block).

much the same way as the present young even-aged

stocked stands on the premerchantable area oc-

meantime, however, each cycle should yield
some net income from the small timber cut
from these stands.

discussed more fully in chapter VI, should be treated in
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More than half the volume growth in fully

curs in trees which will die out of the stand before they become of utilizable size. All of the
remaining volume will yield income only in a
distant future. In lieu of this large wastage of

growth and long deferment of income due to
an excessive area of these stands such stands

distributed throughout the block in small

groups should occupy only from 10 to 20 per
cent of the area. The remaining area should
be occupied by merchantable size stands in
which the growth losses of premerchantable
stands have practically ceased and where at

short intervals a volume equivalent to the current growth can be utilized.
In considering evolution of the growing stock
under these conditions it should again be
strongly emphasized that the actual every day
process of selective timber management concerns itself very little with long-time forecasts
of future events. It proceeds by means of light
cutting and short cutting cycles to make only
very moderate changes in the stand at any one
time. These changes are based on very careful

study to determine what trees or classes of

trees are financially mature and can be removed
without injury to the remaining stand. If market conditions permit utilization of the surplus

inferior elements of the stand, cutting within
these tree classes is also studied. In both cases

the nature of the residual stand and the effect
of the cuttings upon it are carefully considered.
Wherever a heavy growing stock of vigorous
trees is maintained under this treatment, there
is every reason to believe that th.e current rate
of growth and consequent constant progression
of trees from diameter class to diameter class
will be satisfactory. Full confidence may therefore be felt in the future; the more so since the

selective management, under full inventory con-

trol, is undertaken in actual practice similar
records should be built up cycle by cycle as
discussed in chapter VIII and illustrated in

figure 15 with its footnote.
In thus illustrating how the evolution of the
three classes of stands toward a common goal
may be brought about, the basal areas of both
classes of stand shown in figure 13 are thrown
together and shown in composite in figure 14
(1st cycle). Table 12 shows corresponding

data starting with number of trees and gross
board foot volume in its present condition for
each size group. Beginning with this condition before the first cyclic cut, the calculated
cut and the additions by growth are shown
cycle by cycle for 14 cycles (70 years). The
purpose of this somewhat extended calculation
and graphic representation is to show the manner in which a stand may, without disturbing
conditions required for continual growth on the
merchantable size classes, be led into the desired form. Although this may seem somewhat
theoretical, it has been done on numerous forest

properties in Europe, starting under the adverse condition of a depleted growing stock

such as would be the condition over this entire
block if no Douglas fir A and C stands were
present. (See figure 15 and accompanying
note.) With a surplus growing stock on a
substantial part of this block, outside of areas
devastated by past cutting, the gradual trans-

formation of the stand should be a relatively
simple matter for skilled technicians.

The calculations on which the diagrams and the ac-

companying figures are based were carried out as
follows: An intensive cruise was made of the major
portion of the Douglas fir A class and of an adequate
sample of the class C stand. From these cruises the
total number of trees in each diameter class from 6

maintenance of a preponderant portion of the inches d.b.h. up is known within narrow limits for the
investment in merchantable trees and the pres- entire block. From these figures the basal areas shown
ence of a permanent road system will always in the upper and lower graphs of figure 13, the volume
each diameter class, and the total volume were compermit rapid recovery of the maj or investment of
puted. The first cycle diagram of figure 14 is a comin case this should become necessary. Long posite of the two diagrams shown in figure 13.
The diagram for the 1st cycle, figure 14, and accomterm forecasts are considered of doubtful value
data in table 12 therefore represent present
owing not only to occasional damage wrought panying
conditions and constitute the starting point for calcuby natural agencies but even more to economic lating the first cyclic cut (assumed to start in 1935) and
factors and to variations in the skill exercised the growth by the method explained in section 37

(chapter VI), that is, by calculating for each cycle the
number of trees that move up from each 2-inch class to
the next higher. In determining the rate of movement
of diameter classes in progression through to the larger
sizes, data cited in table 17 (Lewis County) are relied
upon for large diameters and the Douglas fir yield table
(20) for the smaller. In accord with site conditions
already described the figures used are for site III. Table
13 shows the rates of growth and other factors used,
assuming 60 per cent stocking and that the more thrifty
trees are reserved at each cut for growing stock. Obviously what diameter classes should bear the brunt of
the cutting during each cycle is a matter of judgment

in management.
It should be distinctly understood, therefore,
that the following calculations of future desirable evolution of the stand are made solely for
purposes of illustration and do not in any sense
constitute a forecast of the future. This should
be obvious, in view of the fact that the type of

management here discussed has not been
definitely adopted for the area. Wherever
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TABLE 12.-Summary by size
Pre-merchantable trees-6"-lO" D B H
Basal area
Number Board foot vol.
of trees
%2
Sq. ft.
M bd. ft.

Small imber-12"-20" D B H
Number
of trees

Board I oOt vol.

Basal area

M bd. ft.

Sq. feet

%2

4.2

71,947
1,150
70,797

14.340
238
14,102

99,423
1,469
97,954

4.3

77,737
2,100
75,637

1,563
15,665
430
15,235

10,683
108,637
2,957

7.1

78,352
4,700
73,652

1,015
16,250
971
15,279

6,128
111,808
6,711
105,097

6.0

75,873
4,000
71,873

707
15,986
844
15,142

4,154
109,251
5,758
103,493

5.5

76,780
4,300
72,480

854
15,996
900
15,096

5,983
109,476
6,152
103,324

38,220
148,162
8,996
139,166

6.1

109,796
5,400
104,396

3,272
18,368
973
17,395

31,706
135,030
6,984
12S,046

484,751
31,600
453,151

29,010
168,176
10,027
158,149

167,611
6.0

57,646
185,692
9,837
175,855

5.3

159,611

5,614
23,009
1.302
21,707

1965-70
1970
1970
1970

419,666
18,500
401,166

3,664
161,813
6,562
155,251

4.1

240,830
14,500
226,330

8,551
30,258
2,262
27,996

81,936
257,791
17,330
240,461

6.7

Growth during 8th cycle
Amt. of growing stock prior to 9th cut
Amt. of growing stock removed in 9th cut
Amt. of growing stock reserved

1970-75
1975
1975
1975

349,479
17,000
332,479

4.4

318,166
25,000
293,166

12,039
40,035
3,116
36,919

105,367
343,828
26,715
317.113

7.8

Growth during 9th cycle
Amt. of growing stock prior to 10th cut
Amt. of growing stock removed in 10th cut
Amt. of growing stock reserved

1975-80
1980
1980
1980

274,168
15,264
259,104

5.1

394,568
25,600
368,968

15,850
52,769
3,536
49,233

123,901
441,014
29,072
411,942

6.6

Growth during 10th cycle
Amt. of growing stock prior to 11th cut
Amt. of growing stock removed in 11th cut
Amt. of growing stock reserved

1980-85
1985
1985
1985

238,815
13,000
225,815

4.9

436,435
26,000
410,435

16,295
65,528
3,585
61,943

110,223
522,165
29,752
492,413

5.7

Growth during 11th cycle
AmI. of growing stock orior to 12th cut
Amt. of growing stock removed in 12th cut
Amt. of growing stock reserved

1985-90
1990
1990
1990

211,247
12,000
199,247

5.1

467,114
28,219
438,895

17,361
79,304
5,066
74,238

104,631
597.044
37,256
559,788

6.2

Growth during 12th cycle
Amt. of growing stock prior to 13th cut
Amt. of growing stock removed in 13th cut
Amt. of growing stock reserved

1990-95
1995
1995
1995

199,564
11,600
187,964

5.2

473,399
35,500
437,899

15,398
89,636
6,825
82,811

83,804
643,592
48,587
595,005

7.5

Growth during 13th cycle
Amt. of growing stock prior to 14th cut
Amt. of growing stock removed in 14th cut
Amt. of growing stock reserved

1935-2000
2000
2000
2000

193,919
11,500
182,419

70,629
3,778
66,851

5.4

459,717
31,411
428,306

12,199
95,010
6,014
88,996

61,547
656.552
42,907
613,645

6.5

2000-05
2005

180,469

172
67,023

439,992

7,875
96,871

37,551
651.196

#,mt. of growing stock prior to 1st cut
&mt. of growing stock removed in 1st cut'

1935
1935
1935

Growth during 1st cycle
&mt. of growing stock prior to 2nd cut
kmt. of growing stock removed in 2nd cut
A.mt. of growing stock reserved

42,906
1,450
41,456

16,720
695
16,025

1935-40
1940
1940
1940

50,349
2,300
48,049

765
16,790
715
16,075

Growth during 2nd cycle
t&mt. of growing stock prior to 3rd cut
ftimt. of growing stock removed in 3rd cut
,,,mt. of growing stock reserved

1940-45
1945
1945
1945

159,629
11,954
147,675

23,132
39,207
2,771
36,436

Growth during 3rd cycle
Amt. of growing stock prior to 4th cut
Amt. of growing stock removed in 4th cut
Amt. of growing stock reserved

1945-50
1950
1950
1950

261,798
17,252
244,546

Growth during 4th cycle
Amt. of growing stock prior to 5th cut
Amt. of growing stock removed in 5th cot
Amt. of growing stock reserved

1950-55
1955
1955
1955

369,656
22,800
346,856

48,867
116,348
6,406
109,942

Growth during 5th cycle
Amt. of growing stock prior to 6th cut
Amt. of growing stock removed in 6th cut
Amt. of growing stock reserved

1955-60
1960
1960
1960

439,165
28,824
410,341

Growth during 6th cycle

Amt. of growing stock prior to 7th ct
Amt. of growing stock removed in 7th cut
Amt. of growing stock reserved

1960-65
1965
1965
1965

Growth during 7th cycle
Amt. of growing stock prior to 8th cut
Amt. of growing stock removed in 8th cut
Amt. of growing stock reserved

A,mt. of growing stock reserved

Growth during 14th cycle
Amt. of growing stock prior to 15th cut

35,382
71,818
4,337
67,481

8,000

-11,011

144,240
6,344
137,896

-26,424
111,472
5,738
105,734

-12,547
93,187
4,556
88,631

-10,056

78,575
4,011
74,564

-1,414

73,150
3,832
69,318
1,311

.

.

.

.

1.5

2.7

105,60

.

6.0

5.3

5.6

5.2

.

.

.

The figures given for each cyclic cut include estimated mortality.
Percentages recorded indicate percentage of the basal area (of the growing stock existing prior to each cut) removed during each cycle by cut and
mortality in each size group.
1
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groups of 1 1 cycles in Block 1.
Medium timber-22"-40" D B H
Board foot vol.
Basal area
Number
of trees
%2
M bd. ft.
Sq. feet
38,607

32,733

160,879

552

38,055

1,472
32,261

2,672
158,207

42,528
990
41,538

5,644
37,905
826
37,079

19,031
177,238
3,437
173,801

47,160
2,780
44,380

4,599
41,678
2,416
39,262

21,359
195,160

50,691
3,120
47,571

5,100
44,862
2,479
41,883

24,343
208,292
11,955
196,337

53,856
3,120
50,786

5,257
47,140
2,479
44,661

24,912
221,249
11,954
209,295

56,909
3,220
53,689

5,372
50,033
2,513
47,520

25,243
234,538
12,028
222,510

59,859
3,582
56,277

5,535
53,055
3,182
49,873

62,327
4,430
57,897

5,602
55,475
3,742
51,733

25,951
259,382
17,796
241,586

63,516
4,130
59,386

5,459
57,192
3,560
53,632

25,031
266,617
16,845
249,772

64,842
4,130
60,712

5,432
59,064
3,567
55,497

67,056
4,178
62,878

5,899
61,396
3,611
57,785

72.462
4,178
68,284

7,531
65,316
3,606
61,710

83,129
5,009
78,120

10,302
72,012
4,164
67,848

99,982
9,080
90,902

14,142
81,990
6,997
74,993

120,780

18,613
93,606

11,211
183,949

-

-

-

Number
of trees

Basal area

Board foot vol.

M bd. ft.

Sq. feet

12,693

76,415

196,567

1.7

3,035
9,658

19,396
57,019

50,524
146,043

1.9

9,827
2,465
7,362

2,063
59,082
18,559
40,523
1 678
42,201

7,565
1,972
5,593

5.7

5,788
1,011
4,777

5.7

.

M bd. ft.

%2

Basal area
Sq. feet

123,488

473,589

25.7

6,187
159,966

20,106
103,382

55,360
418,229

3,809
149,852
45,687
104,165

30.5

180,441
7,855
172,586

4,149
108,314
28,856
79,458

26.6

292,706
21,406
271,300

3,447
82,905
16,650
66,255

20.0

26928

4,625
22,808

3,233
69,488
11,377
58,111

16.4

1 236
23,539
4,518
19,021

3,134
61,245
11,162
50,083

20294

1273

3 535
16,759

3,007
53,090
9,255
43,835

30,918

- 1 402
32:315

6688

25,627
1 301

-.

Board foot vol.

166,153

11288

4,975
646
4,329

5.4

Number
of trees

%2

-

%

9.0

34,288
452,517
52,796
399,721

8.2

7,292
100,129
14,675
85,454

7.9

54,768
454,489
49,549
404,940

13.7

394,150
25,383
368,767

7,209
92,663
10,011
b2,652

8.4

67,326
472,266
38,700
433,566

16.6

505,267
30,866
474,401

7,412
90,064
8,004
82,060

9.0

82,995
516,561
35,889
480,672

19.1

610,401
38,156
572,245

9,880
91,940
8,004
83,936

12.0

98,303
578,975
39,170
539,805

20.5

18.2

716,245
43,885
672,360

12,422
96,358
8,019
88,339

14.8

115,475
655,280
44,010
611,270

21.4

17.4

726,360
37,656
688,704

15,299
103,638
8,009
95,629

17.3

114,581
725,801
46,603
679,198

18.7

-

9,270
112,652
19,815

92,837

5.1

4,531
712
3,819

6.0

4,024
703
3,321

6.9

3,537
226
3,311

1 146
17,905
2,005
15,900

2,980
46,815
4,915
41,900

10.5

9.5

734,704
46,465
688,239

18,685
114,314
8,292
106,022

120,506
799,704
54,162
745,542

17.7

3,543
835
3,208

3,119
45,019
4,258
40,761

19.5

6.3

1,187
17,087
1,616
15,471

24,752
274,524
16,845
257,679

3,295
44,056
2,631
41,425

6.0

737,039
45,198
692,041

22,527
128,549
8,104
120,445

125,524
871,066
54,286
816,780

16.8

3,461
204
8,257

1 245
16,716
1 001
15,715

21.2

6.1

27,188
284,867
17,060
267,807

1,328
17,043
1,064
15,979

6.2

745,841
43.392
702,449

128,410
945,190
54,156
891,034

15.7

2.788
42,183

23,522
143,967
8,260
135,707

19.5

3,535
214
3,321

3,546
44,971

6.0

35,996
303,803
17,032
286,771

6.0

16,349

3,824
46,007
2,771
43,236

754,449
44,609
709,840

26,319
162,026
9,729
152,297

134,395
1,025,429
61,070
964,359

15.1

3,626
212
3,414

-- 1,427
17,406

19.4

5.6

50,809
337.580
19,876
317,704

4,126
47,362
2,856
44,506

6.0

759,840
52,326
707,514

27,231
179,528
12,083
167,445

137,325
1,101,684
75,151
1,026,533

14.2

3,748
217
3,531

1,531
17,880
1,094
16,786

17.9

5.9

48,957
2,885
46,072

5.8

757,514
52,209
705,305

138,485
1,165.018
83,470
1,081,548

13.5

1,106
17,328

27,989
195,434
14,117

16.7

218
3,678

1,736
19,064

4,685
50,757

28,224
209,541

15.6

137,292
1,218,840

12.7

4,064

25,812
248,322
14,891
233,431

71,176 --

388,880
33,900
354,980

--

All timber-6" and up

Large timber-over 46" D B H

94,484
449,864

8.7

1057

-

--- 1 18,434
648
3,896

-- --
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-

- 4,451

-

-

745,305
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based on the objectives already explained. The resulting

stand diagrams have therefore very little in common

with the "normal" diameter distribution curve for evenaged stands.
Beginning with the conditions now present before the
first cyclic cut, the calculated volumes and numbers of
trees removed by cutting and mortality are deducted and
the numbers of trees moving into each diameter class
from the class below are added to those remaining in
each class. The volume and basal area at the end of
the first cycle can then be computed to show conditions
of the stand before the second cyclic cut. This forms
the new basis of calculations for the second cycle and
in like manner each of the remaining 14 cycles is computed.

Each diagram thus shows for the assumed

method of management the probable condition of the
8tand at the beginning of each cycle. Although these
calculations have not been carried forward as many
years as is frequently done for management plans based
on extensive clear-cutting procedure and yield table
data, it has already been noted that they are here introduced only for illustrative purposes and not as a definite
prediction of results.

The cut for the first cycle is calculated at approxi-

mately 12,000,000 board feet net (20,000,000 feet gross)
from block 1. In addition to the trees cut, certain mor-

tality from insects, disease, and possibly fire must be
allowed for. All of these factors causing tree removal
are combined with the trees cut and shown for each
cycle in table 12 opposite the caption "Amount of growing stock removed by cyclic cut and mortality." Out of

the total gross board foot volume of the trees removed
by cutting and mortality only the utilized portion can
be credited to the net cut. During the first two cycles
it is known that the trees to be removed contain much

defect and that the trees dying in the smaller size

classes are not likely to be salvaged. Therefore the net
volume utilized is calculated at only 60 per cent of the
gross volume removed. By the third cyclic cut utilization is expected to improve slightly and as the perma-

nent road system is extended, markets improved, defective trees eliminated and mortality anticipated, from

cycle to cycle, the net utilized volume should constItute
a gradually larger percentage of the gross. The assumptins of net utilization for each cycle are as follows:
Per Cent
Per Cent
1st cycle
60
6th cycle
78
2nd cycle
3rd cycle
4th cycle
5th cycle

60
65
70
74

.. .
7th cycle
8th cycle
9th cycle
10th and later cycles
.

TABLE 13.-Rates of growth, volv.mes, and basal areas
used in computing movement of trees through
diameter classes on. block 1
(Bite III)
Trees moving
DiaTime
into next
meter required for d.b.h. class
Gross
breast 2 in.d.b.h. in 5-year
volume
Basal area
high
growth
per tree
per tree
cycle
Inches
Years
Per Cn.t
Bd. ft.
Sq. ft.
6
8

10
12
14
16
18
20
22
24
26
28
30
32
34
36
38
40
42
44
46

48
50
52

54
56
58
60
62
64
66
68
70
72
74
76
78

80

81
84

6.6
7.1
7.5
8.0
8.6
9.3
10.1
10.9

11.9
13.3
14.8
16.3
17.4
18.2
18.8
19.3
19.7
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0

76
70
67
62
58
54

50
46
42
38
34
31
29
27
27
26
25
25

25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25

75
95

197
289
400
480
609
723
848
1,050
1,295
1,562
1,695
1,957
2,822
3,224
3,779
4,279
4,826
5,181
6,200
6,462
6,740
7,474
8,026
8,300
9,290
9,700
10,400
12,195
12,700
13,096
13,400
13,700
14,000

0.196
0.349
0.545
0.785
1.069
1.396
1.767
2.181
2.640
3.142
3.69
4.28
4.91
5.59
6.30
7.07
7.88
8.73
9.62
10.56
11.54
12.57
13.64
14.75

15.90
17.10
18.35
19.63
20.97
22.34
23.76
25.22
26.73
28.27
29.87
31.50
33.18
34.91

ever, this may not mean cutting more than one large
tree to 20 or more small trees. Following is the estimated percentage of the total volume cut each cycle

87
90

By the 10th cycle approximate stability may be expected in the standards of utilization. As this is primarily a saw-timber area, the volumes referred to are
saw-timber volumes calculated in board feet and do not
include the portions of trees not customarily utilized, or
trees under saw-timber size. If the utilization of such

from trees more than 40 inches in diameter:
Per Cent
let cycle
95
8th cycle
2nd cycle
95
9th cycle
3rd cycle
10th cycle
75
4th cycle
11th cycle
65.
5th cycle
12th cycle
55
6th cycle
55
13th cycle
7th cycle
45
14th cycle

material becomes possible, volumes should be computed
In cubic measurement which would, in fact, be desirable

even now in place of the present inaccurate system of
measurement.

Per Cent
25
20
123k
11
11
8
8

After the second cycle the cut would have to be reduced owing to the decrease in quantity of large timber.
It could readily be restored to the original volume by
the 10th cycle, owing to the expected growth exceeding

As the dead and down material and defective trees
are cleaned up, and as utilization of smaller trees
becomes possible, less gross volume has to be removed
at each cyclic cut. Accompanying these changes it can
readily be visualized that the tangle of dead and down

the cut and to the restoration of the growing stock in
volume, if it were not for the persisting deficit in large-

material on the forest floor will gradually clear up.
This in itself will facilitate utilization of smaller sizes
which for economical handling would probably be
bunched by horses.
Another striking change which should be expected

sized timber resulting from fire and extensive clear
cutting in the past. Logging and manufacturing exper-

ience to date and prospects for the future do not warrant
the assumption of successful operation in this locality
for the general lumber market unless the large timber
sizes constitute at least 10 per cent of the cut. Under
any conditions that can reasonably be foreseen the cut
should be increased very gradually from the 10th cycle
on until the growing stock of large-sized timber has
been restored in volume. This would require a period

during the 14 cycles is the gradual elimination of oversized trees. Much later, stabilization of the cut should
occur on the basis of about 40 per cent of the volume
from trees more than 40 inches in diameter and 60 per
cent from trees 40 inches and under. In numbers, how-

57

from 10 to 20 cycles beyond the period represented by
diagrams in figure 14. This does not mean that the
block would be wholly unprofitable during this extended
period. On the contrary, it may be expected to yield a

TABLE

cut every 5 years with some profit; but it cannot be

expected to attain full productivity in money yields for
a long period. In the meantime cuttings should be made
regularly, since if they are not, restoration of valuable
tree sizes would be materially delayed while roads and
other forest improvements would deteriorate.
Every effort should be exerted toward restoration of

the larger size classes in the growing stock to insure
that the volume yield of large trees will be restored as
rapidly as possible to about a 40 per cent ratio. This
should insure that 15 to 25 per cent of the log output
will be of the clear grade. If quality of output is not
built up to this standard, permanent shrinkage in the
financial yield from the property appears unavoidable.

Item

inferior trees as well as surplus trees from overcrowded
portions of the stand. These measures will favor the
better trees and are expected to help sustain the growth
at above the average rates of unmanaged stands.
These cuttings will gradually shape the stand somewhat Into the pattern exhibited by the heavy line In the
last diagram of figure 14. This pattern, once attained,
should have substantial permanence; but no rigid limit
should be placed on the future. As noted in the case of

the other diagrams this does not follow the pattern of
an ordinary diameter class distribution curve for evenaged stands. It merely represents an approximation
to the basal area required in each diameter class to
provde for the cyclic cut and mortality in that class
plus an adequate number of trees for future development
into higher diameter classes. Skilled management is,
above all else, a continuing process of adapting growing

stock size distribution and total volume toward a balance which makes the most of the site on the one hand
and performs the greatest industrial or human service
on the other.
In working toward this balance the economy of pro-

ducing lumber and other products from large trees

$.00

$.o0

$.00

1.o

i.

1.80
.30

1.50
.30

1.50
.30

1.50

.30
1.00

.30
1.00

.20
1.00

.10
1.00

1.30

1.30
.20

1.20
.40

1.10

..

.00

.20

.30

.40

Total
VI. Felling and bucking
1.00
(total)
VII. Administration and Fire
Protection
50
Salaries and overhead
.12
Industrial insurance
.03
Other insurance
.50
Fire protection

.40

.70

1.00

1.00

1.00

11.10

.50
.12
.03
.5.0

.50
.12
.03
.50

.50
.12
.03
.50

1.15

1.15

1.15

1.15

5.55

5.65

5.85

6.20

Total

III. Loading (total)
IV. Roading (tractors)
Tractor roads
Roading

The evolution in the proportion of the trees and

yield of large timber. On this block the present deficiency in medium-sized timber (22 to 40 inches) is a
handicap to rapid progress. This means that cutting
will have to be very conservative in these size-classes.
In the 12- to 20-inch classes cutting can be carried on
rather freely whenever there is a market for such material. Such cuttings will remove a majority of the

4th
3rd
1st 2nd
cycle cycle cycle cycle

I. Main line transportation $.00
II. Truck transportatiOn, etc.
Truck road construction 30
1.50
Truck operation

volume coming from large timber, in the log grades
obtained, and in the parallel development of the road

system naturally will be accompanied by changes in the
growing stock. Oversized trees will gradually disappear
but care must be exercised to insure that sufficient additional trees will advance as rapidly as possibie into the
classes above 40 inches so as to provide for continued

14.-Comparison of logging costs per thousand
feet for cuttin.g cycles (all costs prorated
over annual outputs)
Costs per thousand feet
board measure

Total

V. Skidding (tractors)
Yarding (tractor drum
units)

-

Total

Total logging costs

'35

1.60

1 Increase due to increasing proportion of small sizes.

conditions will best be met by selecting groups desig-

nated in the legend and trees from the adjacent tree

selection areas. Logs should be trucked partly from two
landings directly on the highway and partly over onehalf mile of truck road which must be built. (P1. IV.)
Tractor road and trail construction will be confined to
about 10 miles laid out with some attention to grades
and to location of heavy groups. These should cost not
over $350 per mile. The total truck-road charge against
the net cyclic cut of 12,000,000 feet b.m. will therefore
be about 30 cents per M feet, a figure which is about the
same as road cost if the whole tract were logged. The
cost items and estimated total cost of getting logs to the
sawmill are given in column 1 of table 14.
2econd cycle (Cut of 1940). The groups to be cut in

the second cycle (see P1. V) include many similarly
selected, easily logged groups together with adjacent
tree selection areas and also some steep areas which
will require drum-unit yarding, sufficient to yield about

should never be lost sight of. The average tree cut in
the group over 40 inches yields about 5,000 board feet.
The average tree cut in the 12- to 20-inch group yields
about 200 board feet of relatively inferior material (in
even-aged stands on Site III the average tree at the age
of 100 years is 16.9 inches) (2O, table 3). Leaving
quality of the product entirely out of consideration the
cost of felling and bucking, skidding, hauling, and manu-

The remaining 1,000,000 feet from
block 1 should be picked up by tree selection and salvage of windfalls and otherwise damaged timber tribu11,000,000 feet net.

tary to the tractor roads built during the first cycle.

The cost items and total costs for this cycle are shown
in column 2, table 14. As in the first cycle the unsalvaged dead trees scattered through the young stands

facturing 25 trees containing 200 board feet each is
practically certain to exceed the cost of logging and
manufacturing one tree containing 5,000 board feet by
an amount far greater than the entire out-of-hand cost
of producing stumpage of the larger tree sizes under
selective management.
The operations within the tract during each cutting
cycle may be visualized in more detail as follows:
First cycle (Cut of 1935). In order to obtain the
highest conversion values, high quality trees in con-

will be a total loss; but loss by mortality in the old
timber should be at a minimum from this time on,

owing to the presence of well-distributed roads.
Third cycle (Cut of 1945). Only a little tractor-road
construction will be necessary. Most of the groups will
be located on ground too steep for direct tractor yarding

and drum units will have to be used, at an added cost
of about 75 cents per thousand eet. The remaining cut
will be obtained by logging scattered trees which can
be taken out on roads constructed in previous cycles.

centrated groups on accessible and easily logged areas
will be selected. The map (P1. V) discloses that these
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Compound interest calculations of earnings or
costè are unnecessary because all costs, including road
construction and maintenance will be charged off annually. The time element, therefore, will not influence
the cost of forestry except as it appears in the form ol
capitalized value of the permanent growing stock which
this system of continuous forest growth demands. Essentially the methods proposed hold close to Nature's

As much of the old timber area is opened up by roads,
the unsalvaged mortality can be expected to shrink and

income.

the net utilization to rise to 65 per cent of the gross

volume removable. From this time on the loss by
defect will also be reduced.
Fourth cycle (Cut of 1950). Tractor roads will have

been all opened up by this time, except for extensions
into the younger age classes. Selection will extend
mostly to single trees throughout the mature stands,

methods, differing only in the fact that trees will be
removed when they reach a zenith of value without

with group selection where necessary.
Fifth to ninth cycles. Cutting will continue through-

waiting for slow decline and death from disease or other
adverse influences.

out most of the merchantable stands but since younger
stands hitherto largely untouched predominate in certain parts of the block considerable concentration will
continue, first at one place then at another in succeeding

A great mass of recruits from the area which has
already been clear cut should come into the premerchantable group from the third to the tenth cycles and

by the end of 70 years should have moved into the upper
portion of the small timber group and the lower portion
of the medium timber group. This is shown in the basal

cycles.

Tenth to fourteenth cycles.The heavy clear cutting

in the past, which completely removed the growing stock
from over half of the block, has caused a serious shortage of growing stock of large timber which will persist
during these cycles and for some time later. This will

area diagrams for the 13th to 15th cycles in figure 14.
Trees can move in large numbers into the large timber
group only during a period of 10 to 20 cycles beyond

the time covered by these diagrams.
In the meantime, however, if the stand on 1,313 acres
of Douglas fir C type has been continuously subjected to
selective management, removing inferior and slow grow-

result in a low percentage of the yield in high-value
timber. As It is deemed impracticable to operate if the
cyclic cut includes less than 10 per cent of large timber
it will become necessary to reduce the total cut far
below the calculated growth. The medium growing
stock (22 to 40 inches) which yields about 45 per cent
of excellent timbers and No. 1 common lumber (see
chapter II, figures 3 to 6) will tend to hold up average
values to a considerable extent. The remaining cut will
come from small timber (12 to 20 inches) and must be

ing trees and reducing excess density where necessary,
the accelerated growth of the superior individuals in

the medium group should bring them into the large

timber group at a rate in excess of the removal by cutting. Increase in the volume of the large timber group
from this source begins to show in the figures for the
13th, 14th and 15th cycles in table 12. Under sound
management this will be an accelerated process when
the surviving trees now in the 16- to 24-inch diameter
classes move forward to the large timber class during
the 15th cycle and later.
It has been noted that if this type of management is
continued the stand should gradually take on a form

expected to be of marginal value.

During this period the 2,730 acres of area clear cut

between 1915 and 1935 may be expected to come under
thinning operations. After the 10th cycle thinnings
may also be expected in groups originating on reas cut
over in the first cycle. These should be repeated in both

cases every 5 to 10 years. Gradually all the young
stands will be treated similarly and will yield continu.
ous returns. As enough clean-holed, fast-growing trees
should be retained to keep these groups well stocked
until trees of large size and maximum value are brought
to maturity, group cutting will continue to be the ultimate destiny for most of the stand. While these groups
are developing, surplus trees in sufficient numbers to
provide a regular cyclic cut will be continually available.
They will provide income and pay their way through

approaching the curve superposed on the last cyclic

diagram of figure 14. With the growing stock thus dis-

tributed it is estimated that the continuing yield can
consist of large timber about 40 per cent, medium about
35 per cent and small 25 per cent by volume. Actually
so much of this area is Site III that it may be necessary
to be satisfied with a lesser yield of large timber. Table
15 gives a rough estimate of the approximate distribution of the growing stock to different size groups, the

many decades of tree selection and should hold the cost
of producing large timber to a low figure.

estimated yield from each group, and related data

Under this procedure the ultimate returns from cutting high grade timber should contribute largely to net

designed to throw light on the condition of the growing
stock required to maintain the forest in profitable pro-

TABLE 15.Probable distribution of the cyclic cut and growing stock to timber groups after restoration of the growing stock (block 1).

Necessary growing stock
Timber size group
Volume

Trees

M ft. b.m. Number

Large (over 40 in. diameter)
85,000
Medium (22 to 40 in. diameter)
130,000
Small (12 to 20 in. diameter)
30,000
Premerchantable (2 to 10 in. diameter)

Totals

245,000

17,000
130,000
150,000
500,0002

797,000

Volume
of
average

Trees
removed
each

ee

cycle1

Basal
area

trees

Sq. ft.
227,000
540,000
170,000
100,000

Ft. b.m.

1,037,000

5,000
1,000
200

Volume of 5-year cyclic cut

Gross

Net

Distribution of
volume

Number M ft. b.m. M ft. b.m. Per cent
1,700
8,000
27,500
40,000

8,500
8,000
5,500

77,200

22,000k

8,000
7,000
5,000

40
35
25

20,000

100

Includes volume loss due to unsalvaged mortality and breakage.
From this number must come each cycle nearly 40,000 recruits to the small merchantable group to offset thinnings and movement of trees from that
group to the medium-size group.
Natural thinnings in premerchantable stand, i.e., unsalvaged waste during premerchantable period.
4 Surplus allows for mortality losses.
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The efficiency of such a growing stock in
maintaining earnings can readily be realized, when
duction.

year of each cycle, namely, every 5 years begin-

stumpage values and gross stumpage returns are taken
into consideration. The following returns are considered representative if present prices apply in future to
an annual cut distributed to size classes as shown in

ning with 1935. The timber selection methods
are assumed to provide current income for each
5-year cycle and at the same time to maintain

Total
Net amoint Value per stumpTismber group where of cyclic cut M ft. b. m. age value
cyclic cut onginates (M ft. b. m.) (dollars) (dollars)
Large (42" diam. and over) 8,000
500
40,000

value of the property. The provision is flexible,
however, and in the event of fire, windfall, or

or, as in this case, gradually to enhance the

table 15.

Medium (22" to 40" dlam.)
Small (12" to 20" diam.)

7,000
5,000

2.00
.50

14,000
2,500

disease, salvage cuttings may be undertaken

in the same block later in the same cycle.
Or should fire or other damage in other

blocks within the management unit demand
that logging and milling equipment and
This is equivalent to an annual return from the 5,225 market outlets be devoted to salvage in those
Total

20,000

56,500

quarters, cutting in block 1 might be suspended

acres of productive forest in block 1 of $11,300 per year
or $2.16 per acre annually. Since all utilization and
road costs and most of the fire prevention have already

for one or more cycles. In other words the
keynote of the suggested operating plan is flex-

been deducted to obtain the net stumpage value the
remaining forest costs consist of general fire protection
and administration both of which should be carried

ibility, leaving each succeeding management
free to work toward the most effective balance
between the biological condition of the forest

within a cost of 20 cents per acre leaving approximately
$1.96 per acre net annual returns before taxes. If the
land were privately owned the tax cost would probably
be from 25 to 60 cents per acre.
At the higher figure the money outlay, including administration and fire protection, would be about 80 cents
per acre per annum, which is equivalent to about $1.04
per thousand board feet of stumpage produced. Whatever amount is realized on stumpage above this figure
Is available for earnings on the forest property invest-

and the economic demands upon it.
Under such a short-cycle method of selection,

continually seeking high-value trees for cutting, there can at the same time be maintained
growing stock with a sufficient number of trees

of all sizes to provide for replacements in all
diameter classes. These replacements are
brought about by the continuous recruitment
of the small timber group (12 to 20 inches)
from the premerchantable timber group and
the progression of the recruits through each
2-inch diameter class in turn until a selected
few come into the large timber group (over 40
inches diameter). Each cyclic cut is eventually
made up of three elementsabout 40 per cent
doubtful. Since the money cost of production would not of the volume to come from large timber, 35
be lowered, the net return would practically disappear
per cent from the medium timber, and 25 per
and with it the capital value of the property.
During the first S cycles, while evolution of the stand cent from the trees that fall by the wayside in
ment. As the average stumpage is estimated above at
$2.83 per thousand feet, about $1.79 per thousand feet
remains as return on the property investment. This
appears adequate for a rough mountain area where land
is submarginal for all purposes except forest use.
(Prices used are based on present market. It is generally believed that prices and hence net earnings will
Increase in the future.)
A glance at the estimated returns reveals that if large
timber were absent from the cut the returns, on the
basis of these estimates, would be very low even if the
rate of production remained the same, which is very

toward a fairly permanent form is taking place, the road
system should attain permanent development. As the

the progression through the small timber

classes. In initial cutting in the stands heretofore unmanaged a larger proportion (as shown
in table 12) comes from the large timber group.

weight transported each cycle, except for the period

needed for the restoration of growing stock, will amount
to approximately 75,000 tons, or an average of 15,000
tons a year, heavy duty roads with crushed rock surface

would be necessary for trucks. It would probably be

29.

desirable during the first 3 cycles to add about 1 miles
of spur roads to the through truck roads already on two
sides of the tract.

Timber extraction costs.Net conver-

sion values in each cycle depend on the order
of selection of each class of timber and the cost
The remaining transportation would be by tractors of extraction. Since high quality timber rewith or without tractor roads. With very little expense
some of the tractor roads should gradually become ceives continued preference the highest average
permanent. Both types of roads should be charged to sale value is assured. In order to maintain
current operating expenses and no capital charges
created for them. Maintenance would thus be the sole extraction costs at a low level, cutting cannot at
charge against the cyclic cuts and this would be very first be spread through the entire large-timber
low long before the first 10 cycles have been gone area. Instead, the selected groups and accomthrough.
panying tree selection areas should be someRccapitulation.Cutting on block 1 has been what concentrated where road costs will be
traced for illustrative purposes through four- lowest. Plate V shows for part of block 1 the
teen cycles at varying rates per cycle, according progress of selection for the first two cycles,
to the varying conditions of the growing stock. which is summarized on pages 58 and 59 and
The main cut has been calculated as of the first in table 12.
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In later cycles cutting should proceed more
vigorously in the younger, 22- to 40-inch size

timber blocks (A, B, C, D, and E), although

shown in table 14 on the basis of present costs.
Conditions disclosed by Plate V indicate that
if logging were immediately extended over the

the cut can be increased to more than make up
for a temporary decline on the part of blocks 1
to 5 after the surplus growing stock has been
liquidated in the old stands.
In 1936 block 2 would be treated in similar

provided, extending into the more remote portions and the capital investment amortized. In
this way the remote timber will escape much of

windfalls, defective trees, etc.

understocked, contains some old timber and is

group, and the yield of big timber would be estimated to be capable of contributing a minproportionately reduced as already noted. With imum of 3,000,000 board feet net each cycle
this program of selection in mind the logging during the next several cycles. In the course
costs for the first 4 cycles are estimated as of time, barring accident to these young stands,

whole tract on a selective basis, the average
cost would be greater than the cost for the
first cycle. Under the plan proposed, some in- manner to the 1935 cutting on block 1 and
crease will take place in later cycles but not a blocks 3, 4, and 5 would be treated similarly in
radical increase. The cost will be held down 1937-1939. On each block the cut during the
chiefly by two factors. First, through selecting first cutting cycle should be selected from the
areas which require only moderate road con- timber of high log value which can be logged at
struction charges, easily absorbed as a current the lowest cost and yield the highest conversion
cost, a permanent road system will be gradually values, except for such as may be cut frbm
Realization of the maceimum income during the

first five years, under this light selection policy.
The same policy applied in succeeding cutting
cycles will yield for each the maximum income

the capital charges which under prevailing

practice would have to be levied. Second, the

selective procedure permits a heavy current
growth of merchantable material, which will
share the burden of maintenance costs as to
the close-in roads and will further assist in

that can be taken from the forest without impairing its future productivity. During the
first 3 or 4 cycles the cutting will be confined to

Douglas fir of size class A (volume mainly in

lifting this charge from the more remote trees over 40 inches in diameter), and the yield
will be nearly all of large timber. By the end
Under clear cutting no immediate further of that time the surplus growing stock will have

stands.

use of the roads is possible and in consequence
the whole road charge for close-in and remote
timber must be met at once. In addition, the
pooling of the young timber in the immediate
cut would raise costs for felling and bucking,
yarding, roading, and otherwise probably by
$1.00 per thousand board feet, making a total,
in spite of tractor operation, of about $7.00 per
thousand feet. It is understood that this is
about the same as the steam-logging costs on
timber removed from the easier ground in the

been removed from those stands and the rate of
cutting in them will slow up.
To compensate for the loss of volume from
this source cutting should gradually spread into
Douglas fir C (20- to 40-inch diameter) with a
consequent reduction in diameter of the aver-

feet on the portion cut from large timber under
present market conditions.

ing the liquidation period extending through 3

age tree cut. Timber in the 6- to 20-inch

classes will gradually grow to merchantable
size. Thinnings may be made even in the
younger stands. Eventually (probably in 40 to
60 years) the timber tracts that were clear cut
main valley.
in the past will grow to sizes where selective
As clear cutting by producing a large volume stand management can begin. In this manner
of low-grade logs would also reduce average log the entire area within the unit can be restored
value, the net stumpage value under it would to continuous production. The most important
approach the vanishing point. The method principle is to prevent excessive depletion of the
here proposed is estimated to produce net existing large timber. Not over 15 per cent of
stumpage values of about $5.00 per thousand the area should be clear cut in groups even dur-

Thereafter not more than 2 to 3 per
cent should be clear cut during each 5-year
cycles.

Handling the entire management unit
for sustained yield.Each of the 5 blocks in the
southern portion of the property is estimated
30.

cycle.

The aggregate results of cutting these 10

to be capable of contributing 12,000,000 board blocks, with cutting cycles running concurrentfeet net during each cutting cycle for two cycles ly but starting in successive years, should be
while the surplus growing stock in overmature sustained annual yield at the rate of about 15,stands is being reduced. Each of the young 000,000 board feet per annum. The aggregate
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procedure. This has to do with the practically profitless
utilization of surplus elements of the timber stand, the
removal of which will benefit the stand. This involves
the removal of such práducts as cordwood and sometime8 posts, poles, pulpwood, etc. Even though these
may yield little or no profit, their removal, if properly
done, will be of benefit to the forest. These benefits may

of mature growing stock behind this cut is so
great and the growth in maturing trees so large
that there is no doubt that it can be sustained
both in quantity and, what is even more important, substantially in quality for many cutting cycles to come. Barring fire and other
accidents to the young stands, production can
eventually be increased. Increased output
hinges largely on future development of markets for the 12- to 24-inch timber which needs
to be removed in stand management.
In managing this entire unit, the same problems of stand treatment are involved as discussed for block 1. Blocks 1 to 5 bear mostly
overmature timber which is deteriorating. Cutting on these areas therefore has the object of

consist of reduction of density so as to permit more
rapid growth of the remaining trees; the removal of

insect and fungus infested timber so as to prevent spread
of insects and disease and accumulation of inflammable

refuse; and other benefits resulting from keeping a
forest clear of such undesirable stand elements. It is
not necessary that these forms of utilization result in
much immediate profit because in addition to benefiting
the forest they provide employment for labor and serve
the needs of consumers.

These two objectives of utilization should be kept
clearly in mind although it must be expected that in
many cases there will be a continuous gradation of
conversion values from zero to the highest values.

selecting trees which will yield an adequate net
return, recover capital tied up in surplus growing stock, and through removal of slow grow-

Roads.As noted under discussion of block
1, extension of the truck road system will be
made as needed and will be charged to current
operating expense. In like manner tractor

stand in a condition of more active growth.

roads will be gradually developed. Within three

ing and defective trees leave the remaining

Blocks A to E, on the other hand, except on
small portions, are deficient in growing stock
both in quantity, and, what is more serious, in
quality. There are too few trees of the large
sizes needed to yield satisfactory returns from
cutting operations. As soon as practicable,
management should begin in these stands, by
removing the rough and ill-formed trees of the
larger sizes, but chiefly by reducing overdensity
and salvaging small-sized material. Otherwise,
mortality losses will continue in every diameter
class to a degree that will offset a large proportion of the annual growth. This management
program looks to building up a growing stock
with well-distributed sizes and averaging 25,000 to 50,000 board feet per acre. The better

or four cutting cycles the road system will be
practically complete and though the capital investment has been wholly amortized they will
constitute perhaps 5 to 10 per cent of the investment value.
This permanent road system is of the utmost

moderate net income in each cutting cycle. No
investment in silvicultural measures other than
intelligent utilization practices appear at this
time to be necessary.

will grow from year to year.
Fire proteotion..This area is within a
climatic zone of special fire hazard. It is therefore very important that a sufficient portion of

importance.

It will provide means of taking

timber from anywhere in the forest at the lowest possible cost. It will involve a fundamental
change in the economic condition of the forest.
Instead of losing millions of feet of timber in
overmature or diseased trees, and in standing
and down trees killed by fire, insects, fungi, or
windfall, it will be possible to salvage most of
these trees. Road construction charges, administration charges, and other more or less fixed
costs can be spread not only over the volume of

part of a century will be required for these timber now standing, as would be the case
stands to attain a high earning basis, but, as under clear cutting and liquidation, but also
only cuttings that can yield some net return
are contemplated, the process should provide a over a large additional volume of timber that

By the end of the period discussed the growing stock
on all blocks should be more uniform in volume and in
distribution among size groups, but from iG to 20 cycles
will have to elapse before the growing stock in young
even-aged stands will be built up in quality to the conditions which should be maintained in managed stands.
As stated in chapter VI, selection of timber for cutting
should be based on two complementary principles or
aims. The first is selection on the basis of maximum
financial maturity, in order to insure an income sufficient to meet capital charges and other costs continually
accruing against the property. With the returns obtained In this manner the forest property can be main-

tained as a going concern and as a support to com-

munity and industrial life. When the foregoing principle
has been successfully carried out, a second or residual

aim comes within the range of practical Industrial
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the savings effected by selective operation

should be budgeted for fire protection. A tentative budget item of 50 cents per thousand
feet is suggested. With this sum a crew with a
tractor can prepare the logged spots for slash
burning. Preparation may consist of hauling
tops from adjacent tree selection areas into the
clear-cut spots and of preparing a crude fire

line around these spots by dragging two or
three rough logs or other device. The same

crew would also fell the snags and do some ax
work in preparation for slash burning on clearcut spots. This part of the work should not

growing stock and provides for continuous pro-

absorb more than 30 cents per thousand feet.
The remainder should be devoted to piling and
burning slash.
These activities should be coordinated with
regular fire protection in the valley, including
patrol and fire crews. The slash disposal crew
should always be in readiness to hasten to any
fires reported within the unit.
After several cycles devoted to removal of
overmature stagheaded trees (which constitute
serious fire traps), felling of snags, picking up
of

windfalls, and extension of roads,

duction of merchantable timber on all areas
except a very small percentage of area in regenerating groups. No attempt is made to
evaluate precisely the difference in productivity
on this area under the two systems. The

authors believe that during the first 15 to 20
cycles, owing to several contributing factors,
selective timber management will yield from
20 to 40 per cent more utilized volume and 100

to 200 per cent more value annually than can
be obtained from clear cutting with rotations

fire

of 70 to 110 years.

hazards on the tract as a whole should be measurably reduced. Since light selective cuttings
will follow closely or anticipate the natural re-

These comparisons do not attempt to take
fully into consideration the possibility of thinnings in young stands, because these are to be
made only as they are able to pay their way.
The potential volume of material from such

moval of trees from the stand, the leaves,

branches, and tree trunks accumulating on the
ground will be of less volume than in the virgin
forest. Under these conditions the fire protection budget may be gradually reduced. Fire
hazards under selective cutting are discussed
more fully in chapter VII.

thinnings, if an outlet for it could be found,
would be greater under the extensive clearcutting system, because about 1 to 1.5 per cent

of the area of old timber would be clear cut
annually as against 0.5 per cent or less in the

Comparison of financial results with
those under clear cutting.Under the extensive
clear-cutting system, starting with a forest
31.

groups under selective methods. Owing to the
prevalence of permanent and semi-permanent
roads everywhere under the selective system,
the opportunity for getting out the product of
thinnings from young tree groups will be far
better than from large areas of young stands
which would follow clear cutting. In the latter

where losses from windfall, insects, and disease

equal or exceed growth, it is necessary under
sustained yield to make the old stand last until
a new even-aged stand can be brought to maturity. No rotation for even-aged timber has
even been seriously suggested which would
produce the large-sized, high quality material
contemplated by the application of selective
management recommended for this area. To
produce low-quality timber such as is now cut

case roads will have to be reopened at the

expense of the material from thinnings. The
same considerations hold for salvage of fire- or
insect-killed timber.
A third possible method of procedure some-

times urged on public forest administrative
officers is to withhold cutting entirely. This

into railroad ties and common lumber a rotation

of 70 to 110 years has usually been recom-

would result in annual losses of timber approximately equivalent to the possible annual yield,
since every diameter and age class is subject to

mended on public forests.

Of the 64,000 acres of productive surface,
approximately 20 per cent is old fir and 12 per
cent is old hemlock and cedar. Under a plan
calling for 100-year rotation these would be cut
over in about 30 years, including all merchant-

continuing mortality from numerous causes.

Conservative selective timber management, on

the other hand, would anticipate these re-

Even the few exceptional trees that
would be carried through to large sizes (about

able timber in the stand, and at the present

movals.

stumpage levels would yield about $2.00 per
thousand board feet. This period would clean

2 per cent of the total that survive the promerchantable period on a given area) would be
utilized before loss by death and decay can take
place. In contrast, where management is with-

up all the high quality timber and no more

would be produced. From that time on through
the first rotation and all future rotations lowquality timber, mostly submarginal or worth at
the best no more than $1.00 per thousand under
present conditions, would be the only material
forthcoming.

held, the trees which grow but which are not
utilized are added in annual installments to the
debris on the forest floor and together with
lack of roads increase the difficulty of protecting such forests from fire. In other words,
proper use and flexible management of the
forest develop values. Non-use of forests, on
the other hand, leads to stagnation and equili-

It has been brought out in chapter IV that
the yield in volume also will be materially
larger under selective timber management than
under clear cutting. This springs from the fact

brium between growth and decay.

that this type of management retains a heavy
63

CHAPTER VI

THE INFLUENCE OF PHYSICAL CHANGE AND TIME
ON STAND CONDITIONS AND STUMPAGE VALUES
32. Changes in value of trees and stands.
It is a curious fact in the history of American
timber ownership that at the same time that
forest owners in older forest regions have been
willing to invest in timber of regions thousands
of miles distant, for the sake of reaping the
profits from increasing stumpage prices, they
have ignored the possibility of management
methods which provide equally favorable price
movements in continuity on their operating
properties. Since this itinerant investment or

speculative procedure has now extended over all

forest regions, investment opportunities now
narrow down to the value movements within
existing properties. As a matter of cold fact,
the itinerant investment method overreached
itself both through overextension of the field
with relation to the financial resources available and through the enormous waste inherent
in the unnecessary liquidation, region by
region, of the natural productive capacity of
the forest and the large capital investment in
operating facilities. Sound investment fields
have become so restricted in recent years that
these methods are no longer tolerable from

increment. In practice it is very difficult to
make a clear-cut separation of these and owing

to space limitations volume and quality increments will be considered together in the following pages. Price increment is a large sub-

ject in itself and a somewhat imponderable
factor which is not relied upon for any of the
conclusions herein.

Only a few of the myriad physical and economic factors that influence each of the above
classes of increment will be discussed. Systems

of measuring trees, logs and manufactured
products; standards of utilization changing
with time; changing demand for various forest
products; inflation and deflation of money and
credit; all these and many other factors have

varying influence on one or the other of the

ways in which increment may occur. It is also

to be noted that each form of increment may
at times be negative. In view of these facts
skilled forest property management depends on

flexible procedures designed to take from the
forest warehouse during any given period what-

ever forest raw materials are in high enough

either the individual or the public standpoint.
Perhaps the most difficult mental attainment

demand to bring a peak in the particular values
concerned. Selective timber management with
short cutting cycles, permanent road systems,
and continuous intensive control of the growing

prices, costs, timber volumes and values are
undergoing constant change. In this chapter
attention is centered on the factors creating
and changing stumpage values as they affect
continuous earning possibilities of individual
forest properties in the Pacific Northwest.
Changes in value of trees and stands and of

33. Growth in volume and quality.Growth,
as a source of value increase, was neglected so
long as ample supplies of matured timber were
found in all the forest regions. Owing to habit
and lack of knowledge concerning growth, this
neglect has continued long after justification

Price increment (growth in price).
Value increases resulting from reduction in
logging costs through improving technic, etc.,
also have the same effect as quality or price

agement. It overlooks completely the millions
of trees which have been growing in our forests
for many years and have already reached merchantable or nearly merchantable size. Growth

for the manager of a forest property is the
realization that he is not dealing with fixed stock is best adapted to meet these requirequalities or values in any respect, but that ments.

for it ceased. Probably the chief reason for
continued neglect lay in the erroneous belief
economic factors over a period of time, may that volume growth is solely a matter of starttheoretically be grouped under the following ing with young stands and waiting for their
classification:
development over a period up to a century or
Volume increment (growth in volume).
more. Such misconception causes growth to
Quality increment (growth in quality).
be ignored as a factor in private timber man-

unit stumpage values, due to physical and
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is the factor which for enormous numbers of
such trees lifts them from unmerchantable to
merchantable sizes in 5 to 20 years, periods

special investigation. Since the rate of production of large trees depends on the rate of move-

stumpage investments are customarily made.
Even more important in its effect on earnings,
it lifts merchantable sizes from diameter class
to diameter class, and simultaneously makes
available earnings from increment in volume,

various sizes is of fundamental importance.
34. The current rate of diameter growth in

ment of trees from diameter class to diameter

well within the length of time for which class the current rate of growth of trees of

unmanaged stands.Current growth is most

easily investigated by dealing first with diameter growth. The rate of diameter growth
determines the time required for trees of one

quality, and price.

Logging methods are now available in the

diameter class to move into the next class.
From the standpoint of selective cutting, inpermit the preservation of most trees which formation available is very inadequate. Such
will earn satisfactorily if held for a future cut. as is available for the Douglas fir region deals
It is only through the establishment of an with averages in unmanaged stands and does
adequate permanent growing stock that growth not show rates of growth attainable in stands
Douglas fir region, as well as elsewhere, which

can be regularly translated into an active con-

under good management where mature, defec-

growing stock can be preserved largely without
cost on any forest property still having stocks

capacity of the soil thrown to the better trees.

tribution to current financial returns during tive, ill-shapen and poorly crowned trees are
either short or long terms of years. Such a removed at short intervals and the productive
Average growth in young even-aged Donglas fir

of timber which are large in proportion to the
annual cut and to the size of the property concerned. The method of establishment simply

stands has been quite exhaustively investigated
by Richard E. McArdle and Walter H. Meyer
(0). Their work is relied upon for most of the

involves saving trees and immature stands

data concerning early growth of even-aged

which have not reached a high value for immediate conversion.

stands resulting from past fires and from clear
cutting, as well as for even-aged groups origiIn general it may be said that to persons nating from group selection as discussed in this
accustomed to think of the forest as an ag- report. In table 16 (column 3) are listed the
gregate of static or nearly static elements average diameters at various ages on Site class
growth seems a negligible factor. As com- II of trees from 40 to 160 years of age. (Site
pared with changes which take place in a matclass II is cited because areas which average

ter of days, it is a slow acting force, but in nearly of this quality are most suitable for
terms of the life of soundly managed enter- intensive private management.) Since averages
prises which support communities and states include (particularly in the younger age classes)
it may be rapid. On large forest properties the
gains from growth can attain massive proportions. A property so managed under extensive
clear-cutting methods that these gains can only
be realized as deferred income at long periods
may not benefit financially from this growth,
no matter how large, because accumulated expenses may eat up returns. The present dis-

hundreds of small trees that will never grow to
utilizable size, for any markets now in sight,
they greatly understate the diameters of trees
that will actually be dealt with in the later cutting operations.

cussion is, however, confined chiefly to selective
methods and intensive stand management

way as to many-aged stands, particularly with-

The selective management methods apply

both in principle and in practice to management

of so-called "even-aged stands", in the same

in groups originated under group selection.
which permit immediate utilization of the Although such groups may be even-aged, these
equivalent of current growth without the heavy

methods deal with individual trees according to
size and such other characteristics as vigor and
quality of the tree rather than with age classes.
Even precisely even-aged planted stands show

losses from fire, insects, and disease which

occur in forests cut over only at long intervals.
In view of the fact that forest management
capable of yielding high grade forest raw ma-

great variation in these respects among inditerials and maintaining a favorable relation vidual trees.
Douglas fir stand tables compiled in connecbetween capital investment and income must
concern itself primarily with the continued tion with the yield study cited (20) throw some

light on these differences in development.

economic production of large timber, the means
of speeding production of such timber deserves

Average diameters and rates of growth of the
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20 largest trees in the stand from ages 40 to

through analysis by Dr. Meyer of data from

160, computed separately, are given in columns
6, 7, and 8 of table 16. It is to be noted that

permanent sample plots measured periodically

trees from 40 to 160 years, the 20 smaller trees
show average sizes at ages 40 to 160 years as

dividual trees is slow possibly on account of the

available for these trees on account of the rapid
rate at which they are dying and dropping out
of the stand. Under good management, these

However, as repeatedly noted, this should not
be done until natural pruning has proceeded to
a height of 35 to 50 feet.
Diameter growth on la'rger trees.-Data for
growth of trees of sizes larger than those covered in Technical Bulletin 201 (20), or those
included in permanent sample plots, have been
derived from growth measurements taken in
connection with the Timber Survey of Lewis
County, Washington, on sample trees within

by the Pacific Northwest Forest Experiment
Station. Figure 16 is based on partially
weighted average 5-year rates of diameter
parallel rates for average trees (column 4) and growth on suppressed, intermediate, codomcontinues so until the large trees reach an inant, and dominant trees in unmanaged stands
average diameter 8 to 10 inches greater than 50 to 60 years of age. It can be observed at a
that of the average trees. Data cited later glance that the suppressed trees are growing
from Lewis County suggest that the falling off practically not at all, the smaller intermediate
in growth at 34 to 36 inches is due more to at a slow rate, the larger intermediate with
overdensity of the stand than to age.
fair rapidity and the codominant and dominant
In contrast to the development of the largest quite rapidly. On the whole the growth on in-

the average rate of growth in the 20 largest
trees (column 7) is much more rapid than the

heavy stocking in these plots. When market
in columns 9 and 10. The average rate of conditions permit, the slower growing trees in
growth cannot be determined from the data such stands should be removed from the stand.
trees would be removed whenever a market
exists for this class of material, provided a
sufficient degree of natural pruning has been
completed on the remaining main-crop trees.
These trees lag 20 inches behind the largest
trees at the end of the period covered in the
table.
Diameter growth on permanellt sample plots by

plots distributed throughout the Douglas fir
erown classes.-M ore precise information on type in the 20- to 40-inch size classes (young
differentiation in growth rates between differ- timber) and in the 40-inch and larger classes
ent crown classes and tree sizes in young (old timber). These plots were classified by
Douglas fir stands has recently been provided site classes and by density classes as shown in
TABLE 16.-Diameter growth of Douglas fir of various ages, sizes, and tree classes, on Site Class II.

Averages of entire stand'

Averages of 20 largest trees2

Averages of 20

smallest trees'

Trees
per
acre

Diameter
of average
tree

Average
diameter
growth
each
20-year
period

Time
required
to grow
2 inches

Diameter
of average
tree

diameter
growth
in each
20-year
period

Time
required
to grow
2 inches

Diameter
of average
tree

in average
diameter
in each

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

Years

Number

Inches

40

385

Inches

Years

Inches

Inches

Years

Inches

Inches

Age

9.4

4.6

60

218

14.0

80

157

17.9

100

123

21.2

3.9
3.3

2.8

120

101

24.0

140

88

26.5

160

79

28.9

2.5
2.4

Average

21.1
10.2

6.7

4.8

6.0
8.7

3.9

12.9

2.7

2.4
14.3

2.3

2.1

17.4

16.4

3&2

2.9
38.1

.

11.9
3.1

16.7

.

2.5

10.2

32.9

16.0

.

9.4

29.8
14.3

3.0

6.7

25.9
12.1

20-year
period

3.7

14.4

8.7

Difference

2.0

13.8

18.4

Data fromTable 2. U. S. Dept. Agr Tech. Bull. 201. (50)
Data from Table it, U. S. Dept. Agr. Tech. Bull. 201. (50)
The growth rate cannot be ascertained from Bulletin 201 because the 20 smallest trees of each age group up to 120-year group have mostly dropped
out of the stand. There is practically no growth in the smallest trees, as is confirmed by sample-plot data cited on pp. 66 and 67.
2
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The measurements (table 17) were made
without correlation with crown conditions or
other tree characteristics. Well-known facts
as to the influence of size of crown and other
factors on growth confirm the belief that in
selective cuttings the slower-growing trees can
readily be identified and eliminated from the
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table 17 and figure 17. It is readily observable

from the original data that there is a marked
variation in rates of growth between different
trees in the same diameter group. Analysis of
the data from several aspects justifies the fol-
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These data indicate that, on a given site,
density of stand is a controlling factor in
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diameter growth. The significance of this fact
when applied to stand management varies with
tree size. For the smaller trees (12 to 32
inches d.b.h.) which have been cleaned of
branches, thinnings are indicated which will
throw the growth capacity of the site to fewer
tree stems and thus produce the acreage growth
on a smaller tree capital but at a faster rate in
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moval of dense groups is indicated to the extent
of about 0.5 per cent of the total area annually.

If the dense stands exceed this percentage of
the area, tree selection may be carried on to

Fig. 17-Influence of Stand Density and Site Quality
n the Rate of' Diameter Growth in Douglas Fir

reduce density where needful.
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TABLE 17.-Rate of growth1 of Douglas fir in stands of different densities by site qualities.
Density class expressed in thousand board feet, net log scale, per acre
26-50

0-25

Average number of years

Average number of years

Diameter
breast-high
class

No.

Aver-

of

trees

required to grow two
inches in diameter at
breast height

No.
of

of

basis trees

required to grow two
inches in diameter at
breast height

ae

trees
of
Fast2 Slow3 Weighted basis trees
grow- grow- average
ing
of all
ing
trees

trees

trees

76-100

51-75

101-125

Average number of years

Average number of years

required to grow two
inches in diameter at
breast height

Average number of years

required to grow two
in diameter at
AverAver- inches
breast height
No.
No.
of
of
of
ae
ae
trees of
trees of
trees
of
Fast2 Slow3 Weighted basis tcees Fast2 Slow2 Weighted basis trees Fast2 Slow3 Weighted basis trees Fast2 Slow3 Weighted
grow- grow- average
grow- grow- average
grow- grow- average
grow- grow- average
ing
ing
ing
ing
ing
ing
ing
of all
of all
ing
of all
of all
trees
trees trees
trees trees
trees
trees trees trees
trees trees
trees
No.

Aee

required to grow two
inches in diameter at
breast height

Young Douglas fir under 40 inches D. B. H.-Site I.
12'-20"

2i"-30'
31"-40"

4
4
2

Wt. average.......

56
69
60

6.8
5.0
4.9

9.0
9.9

6.1

7.4
6.6
5.4

62

5.4

8.5

6.6

5

12

4

63
72
96

10.9

6.1
4.6

13.7
10.0
12.8

11.3
7.5
6.8

74

6.2

11.4

8.2

4

19

4

81
123

10.1
7.8
11.1

23.5

13.2
18.2

14.2
9.7
13.8

86

8.5

14.9

10.7

73

7

8

105
119

10.6
8.9

20.0
16.7

13.3
11.6

112

9.7

18.0

12.3

105
156

11.8

22.5
28.2

15.5

16.5

117

12.6

23.5

16.4

141

8.6

25.3

12.8

141

8.6

25.3

12.8

282
304
389
442
478
475

14.0
12.4
15.0
16.7
19.0
8.5

30.3
40.0
29.4
39.2
40.8
19.4

20.8
23.5
28.2
11.0

377

13.1

32.8

20.8

3
10

109
119

6.4

9.6

24.4
16.5

12.7

116

8.8

18.2

12.2

120
148

11.8
16.7

81.7
31.3

21.7

137

14.6

31.4

20.6

132

14.1

32.2

19.6

132

14.1

32.2

19.6

350
338
356
425
417
575

18.0
18.7
17.9
18.5
10.2
19.8

101.1

44.4
41.7
41.7

30.8
26.3
26.3
25.7

390

17.1

44.4

25.3

12.1

Young Douglas fir under 40 inches D. B H.-Szte II
12"-20"
21"-30"
31"-40"

14

34
8

Wt. average.......

62
70
103

6.8
5.3
4.9

13.5
12.5
11.6

9.0
7.5
6.8

72

5.5

12.7

7.7

17

50
23

74
85

9.2

122

7.1
6.3

17.1
13.8
18.8

12.2
9.4
8.8

93

7.2

14.4

9.7

7

30
9

74
93
136

10.5
9.9
9.2

20.8
16.1
22.7

13.3
12.3
12.4

99

9.8

17.5

12.4

14

4

20.6

5

8

19.0

Young Douglas fir under 40 znches D. B. H.-Site III.
12"-20"
21!'-30"

6
9

Wt. average.......

63
103

7.3
7.6

13.5
13.7

9.5
9.5

89

7.5

13.6

9.5

5
15

70
94

12.9
9.6

20.2
18.3

16.4
12.8

88

10.2

19.6

13.6

10

124

16.5

24.4

19.8

124

16.5

24.4

19.8

2

2

Old growth Douglas fir over 40 inches D. B. H.-Site II.
31"-40
41"-50"
51"-60"
61"-70"
71"-80'
81"-90"

5

Wt. average.......

267

267

6.0

16.8

16.8

6.0

9.7

4

11
8
3

295
253
299
367

287

9.7

11.8
8.8
8.5
10.6

21.7
22.2
23.8
33.3

9.3

22.8

15.8
13.1
12.6
13.7

4
10
13
6

4

13.2

200
245
381
383
413

13.6
10.4
13.0
13.0
15.5

42.6
22.0
50.0
30.3
29.8

20.6
14.1
21.5
18.2
20.4

328

12.4

32.8

18.2

6

12

7
6
5

5

19.2
19.1

4
10

9
14
5
2

34.5
87.0

17.7
32.3

Old growth Douglas fir over 40 inches D. B. H.-Site II (Continued).
151-175

126-150

41-50

51"-60"
61"-70

14
12

8

7
71-80"
81-90"
Wt. aYerage.......

310
396
460
461

16.0
15.2
14.8
16.7

38.5
32.3
43.5
37.0

22.7
20.6
22.0
24.4

390

15.6

37.0

22.2

12
10
13
5

201 and over

176-200

306
438
494
485

23.5
23.5
13.0
13.1

50.0
45.5
40.0
37.7

31.8
31.3
20.4
21.5

423

17.5

43.5

25.6

7
5
5

280
420
480

17.0
19.6
15.4

37.7
50.0
55.6

22.2
30.8
27.0

380

17.1

46.5

25.7

14
12
14
4
5

330
404
525
558
540

27.0
25.7
22.2
33.3
13.2

52.6
42.6
50.0
66.7
30.3

35.7
32.3
30.8
44.4
20.0

440

23.5

46.5

31.3

I Rate of growth is expressed as the "number of years to grow two inches in diameter at breast height" The basic growth data were obtained from increment borings and the "number of years to
grow two inches" has been calculated.
2 By the term "fast-growing trees" is meant the fastest growing 50 per cent of the total number of trees in the group.
2 By the term "slow-growing trees" is meant the slowest growing 50 per tent of the total number of trees in the group.

When growth is sustained until the tree with full crowns and well able to take ad-

reaches a large size, this growth is at a relatively low percentage rate. The rate of about
two inches in 10 or 12 years is very desirable
to maintain, and selection of trees for holding

vantage of removal of the larger trees.
Fragmentary data on increased growth following release, based on borings of some 30
spruce and hemlock trees released by selective

into the large-size classes should, therefore, be
confined to the most vigorous and well-formed
individuals. Occasional determination of the
rate of diameter growth is easily made on the
ground by means of an increment borer. The

cuttings in 1917 and 1918 in the lower Columbia
River region, are shown in table 18.
The data are insufficient to indicate the effect

of different degrees of release or to draw any
detailed conclusions. They indicate, however,
that on good sites the increase of growth on
released trees is immediate and is maintained
for some years. The response of suppressed
spruce to release is remarkable. Before release

number of rings in the last inch of radius reveals how many years have been required to
grow two inches in diameter. For the rate of
volume change, it is well to set up a volume
table based on local utilization practice, tree

the average time taken to grow 2 inches in
diameter was 9 years, after release it was 3

form, and height or utilized log length.

In view of the wide variation in diameter years. This indicates, however, that the cutgrowth, in both young and old stands, it is tings were too heavy. Uniform quality of the
apparent that the skilled technician, desiring wood is favored by light and frequent cuttings
to raise the earnings of a forest property, can
influence average rates of growth within fairly
wide limits, merely through removal of slower
growing trees from the stand. Selection with
this objective alone, however, is often unde-

rather than by heavy and infrequent cuttings.
36. Growth in managed stands consists of
progression of trees through lower diameter
classes to valuable large sizes.Selective timber management does not depend on average
sirable. Another aspect of the problem of trees either for current cutting operations or
accelerating rates of growth is discussed in the for continued growth. To do so is to obtain
next section.
mediocre results in both growth and income.
35. Acceleration of the average rate of Selective cuttings, to get the best results, must
diameter growth when competition has been have two aims. First, when cutting in a heavy
reduced in the stand.The effect of release stand the high-value, financially mature trees
from competition within the stand has not been or groups are selected to the extent of perhaps
systematically investigated in the Douglas fir 15 to 30 per cent of the stand volume. This
region, but all of the species are of the type insures a high stumpage return on the major
which responds readily to release. This is espe- product from the forest. Second, if industries
cially true of the shade-enduring spruce, hem- such as pulp and paper mills are ready to absorb
lock, cedars, and balsam firs. Under shade all smaller sized trees or lower grade materials,
of these tend to hold a full crown and in a very surplus and defective trees are taken out.
short time will increase their rate of growth in When, as under present conditions, these desirresponse to increased light and space. Although able cuttings of inferior or surplus trees often
Douglas fir does not hold foliage under dense cannot be made, the growing stock may in part

shade there are in most Douglas fir stands, have to consist temporarily of undesirable

especially those averaging under 40 inches in larger trees and less valuable species. However,
diameter, numerous trees falling somewhat be- in time a constant though somewhat restricted
hind in competition with dominant trees but market for this poorer material can probably
TABLE 18.Average growth at breast height 01 western hemlock and Sitka sprace trees, before and after a partial
cntting of the stand
Species and
crown class

Average
diameter1
15 years
before

release
Inches

Average
diameter1

at time
of

release
Inches

Western hemlock:
Intermediate
17.1
20.3
Suppressed
18.1
19.4
Sitka Spruce:
Intermediate
15.7
20.4
Suppressed
14.0
17.5
diameter computed from average basal area.

Average
diameter1
15 years

after

Average diameter
growth in 15 years
Before

After
release
Inches

Avorage time required
to grow 2 inches
After
Before
release
release

release
Inches

release
Inches

26.1
21.8

3.2
1.3

5.8
2.4

9

5

23

12

29.4
26.5

4.7
3.5

9.0
9.0

6
9

3

69

Years

Years

3

be counted on, so that it should be possible to

clean up those stands within a few cutting
cycles if the forest owners are alert to take

advantage of such outlets as are available. The
present market for this material is largely filled

by timber that should not have been cut and
the legitimate outlets are thus restricted.

The remaining stand, if undesirable trees are

removed, will consist, so far as larger merchantable trees are concerned, only of those

specially reserved on account of clear trunks,
freedom from defect, and prospective vigorous
growth rates. These trees will exceed average
trees in growth rate and will earn heavily on
the investment which they represent. The rest

of the area will be occupied by smaller merchantable and premerchantable trees.
In dealing with the merchantable size classes
from 12 inches up, which in selectively operated
properties compose 80 per cent or more of the
investment value, the continuous and reasonably rapid passage of trees from diameter class

this will often be impossible. Increasing the

growth rate of individual trees, or arresting
their decline in growth, involves more definite
care in selecting trees for cutting. Such encouragement of individual trees should involve

not only release from competition but also
avoidance of injury in logging and in too
sudden or excessive exposure.

Space does not permit nor does this report
aim at detailed discussion of the silvicultural
factors to be considered in selective cutting to
promote growth in the residual stand. During
the first few cutting cycles economic and operating factors must control, since disregard of
these will set back for an indefinite period the
time when more intensive silviculture can be
practiced. The main objectives reasonably to
be expected within 4 to 10 cycles of effective
selective management may be summarized as
follows:

Selective cutting of dense groups and
large trees, which on account of stag-headedness or other factors have poor crowns, should
leave a stand in which the weighted average
rate of growth is faster than in the unmanaged
stand.
Since the large trees contain much of

to diameter class and finally to large highquality timber is essential if high yields and
good earnings are to be obtained from the
forest. It has been pointed out repeatedly in
the logging cost report (7) and in previous

the fungus infection, which with losses by

chapters of this report that low extraction costs
and high average quality and value are almost
invariably associated with large size. It has
already been stated that, owing to the method
of dealing with averages of the entire stand in

windfall and insects approximately offsets

growth in older stands, their removal together
with windfalls and other salvage should elim-

inate most losses by decay and make the

growth almost wholly a net gain in volume.

yield studies, little is known as to the rate of
progression of the better trees through to the
larger sizes in unmanaged stands and still less

Attention in cuttings to the space re-

quirements of trees that remain standing will
free them of competition and should maintain
their growth at a higher rate or in some cases

in managed stands.
Douglas fir yield tables (20, table 2) indicate

restore a higher rate than that of the same

that the average tree on Site II passes from
12 inches diameter at about 50 years to 29

trees in an unmanaged stand.

Finally, when markets available to any
particular property permit the systematic removal of portions of the growing stock which
are inferior from the standpoint of species or
individual tree form, or which contribute to
overdensity of the stand, then the quality of

inches at about 160 years. There is, however,
a wide dispersion of diameters from 12 inches
to 45 inches (0, table 11) in 160-year unmanaged stands of Site Class II. Effective stand

management should take advantage of this
natural dispersion of diameters as the stand

the growth laid on by the stand should be

develops and endeavor to encourage dispersion

beyond the upper limits by favoring full

improved.

Experimental data are lacking as to how

crowned trees which have established a satisfactory clear length of 35 to 50 feet (at least.
one 32-foot log length). This problem is somewhat supplementary to the simpler problem of
raising the weighted average growth rate by
frequent light cuttings which aim at each cut-

much average rates of growth can be improved
by these processes of selective stand management. Evidence of varying growth rates so
far described, and experience with stand management in other regions and other countries,
warrant the belief that within the 1- to 10-acre
clear-cut groups on Site Class II under skilled
selective management, holding density. within

ting to remove a quota of less thrifty and

slower-growing trees. The aim is to accom-

plish this without loss of growth per acre but
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TABLE 19.-Estimated rates of growth of Douglas fir
trees of various diameters on quality
II sites, and related data
iiiameter Approxi-

reasonable bounds, the time required for conifers to pass through each 2-inch diameter class
from 12 to 22 inches need not exceed 6 years
for each class; from 22 to 32 inches, 6 to 7 years

(inches) mate no.
class years to
Pre- grow 2
merchant-inches in
able diameter
(2)
(1)

for each class; from 32 to 42 inches, 8 to 1,1
years for each class; and for classes 42 inches
and up, 12 years. The data in table 17 justify
considering the rate of growth as constant for
diameter classes over 40 inches except as it is
influenced by increased density of the stand.

6

On the very limited areas of Site I the growth is

more rapid than the above figures indicate,

while it is slower on Site Classes III, IV, and
V (20). Site II is considered not far from
average for the area that should receive close
attention under intensive management. Site
quality III will justify less intensive management than Site II, and Sites IV and V ordinarily

will justify only such care as may be given
incidental to care of better sites. These con-

clusions as to possible favorable growth rates
of Douglas fir under intensive selective management have been embodied in Table 19, together with approximate board-foot volumes
found under average conditions for each
diameter class. Table 19 also presents for later
reference, among other data, the current rate

of growth in board feet for trees of each

2
4
6

6
6

8

6

volume of a tree of the diameter class on which
current growth is being added.
The principal difference between these rates

estimated for managed stands and those in

unmanaged stands is to be found in the 12- to
20-inch diameter classes, growth of which can

be speeded up by anticipating natural thinnings, and in diameter classes from 42 inches

up, where the slower growing trees can be
removed, thus raising the weighted average
growth. No increase in rates of growth due
to release can be expected in the larger trees.
With trees such as hemlock originating un-

0.022
0.087
0.196
0.349
0.545

10

lWerchant.
able2
12
14
16
18
20
22
24
26
28
30
32
34

36
38
40
42
44
46
48
50
52
54
56
58
60
62
64
66
68
70
72
74
76
78
80

diameter, expressed as a percentage of the

6

Number of Rate1 of
Volume in board feet volume
Basal board feet per square growth in
area, (Scribner foot basal per cent,
area compound
sq. ft. rule)
(4)
(6)
(5)
(3)

6

6
6
7
7
8
8
9
9

10
10
11
11
11.

11
12
12
12

12
12
12
12
12
12
12
12
12
12
12
12

12
12

12
12
12

0.785
1.069
1.396
1.767
2.181
2.640
3.142
3.69
4.28
4.91
5.59
6.30
7.07
7.88
8.73
9.62
10.56
11.54
12.57
13.64
14.75
15.90
17.10
18.35
19.63
20.97
22.34
23.76
25.22
26.73
28.27
29.87
31.50
33.18
34.91

105
175
265
350
440
584
750
940
1,150
1,379
1,690
2,040
2,360
2,759
3,150
3,516
3,950
4,413
4,900
5,388
5,860
6,360
6,860
7,475
8,000
8,600
9,200
9,700
10,400
11,300
12,100
13,000
13,800
14,700
15,700

-

134
164
190
198
202
221
239
255
269
281
302
324
334
350
361
366
374
382
390
395
397
400
401
407
408
410
412
408
412
423
428
435
438
443
447

8.9
7.2
4.8
3.3
4.1
3.2
2.9
2.3

2.0
2.0
1.9
1.3
1.4
1.2
1.0
1.0
0.9
0.9
0.8
0.7
0.7
0.6
0.7
0.6
0.6
0.6
0.4
0.6
0.7
0.6
0.6
0.5
0.5

0.5

l Computed as a compound interest rate for all periods of

years required to grow 2 inches. The percentage opposite each
diameter class expresses the rate of growth from the preceding
class.
Term 'merchantable" is used in sense that these sizes will
make merchantable products. Only special products of limited
demand can at the present time be made at a profit from sizes
p to 20 inches.

der shelter the situation is entirely different.
On these the growth may be slow for many
years until the overstory is removed, when they

pick up in growth rate. Slow growth in the
early years has no effect on financial returns

wood, may be worth 5 to 10 times the value of wood
produced on the small timber tree class; and that only
the high quality materials in the timber output of the
forest can provide high income. Data are not yet avail-

because the overstory is making constant earnings.
It may be remarked that the fact that growth falls to
a rate of 1 per cent or less at about 40 inches has led
many foresters (overlooking several factors) to the
conclusion that trees of that size could no longer make
satisfactory earnings. The overlooked factors are that
such trees would make up no more than 6 to 8 per cent
of the merchantable sizes in a forest division; that the
greater part of their volume was built up at faster rates
In earlier years; that the increment, being mostly clear
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able to establish rates of value increase with any
accuracy. We are neither able to forecast the rate of

price increment which may constitute considerable additions to such percentage rates of increase as given below
nor can we accurately evaluate the effect of quality increment. For converting the volume growth relation-

ships of table 19 to value relationships (money earnings), the following tabulation Is considered, however,
to represent a rough approximation to present condi.

tions.

may readily be made for any subdivision of the
forest from records compiled in connection with

Approximate annual earn.
Untugs exDiam.
weighted
pressed
classes
Range of
average
as per
dividing
rate of stumpage
cent on
Merchantable growth
volume
values per
investtimber class
periods
growth
81 ft. b.m.
ment
Inches Per Cent DoUars Per Cent
Small timber
10 to 20
6.0±
.50 to 1.00
16.0+
257
Small medium timber 20 to 30
2.9
1.00 to 3.00
Large medium timber 30 to 40
1.5
3.00 to 5.00
2.5
Large timber
Over 40
1.05.00 to 10.00
'2.1

the continuous inventory system discussed in
chapters VIII and IX. Table 20 is based on
actual conditions in a Douglas fir stand about
120 years old on Site Class II. The table covers
40 acres in which no cutting has taken place
but which contains a small patch of 30-year-old
trees resulting from previous fire damage.

Since the material produced is all low in value financial

The presence of the younger age group accounts for

earnings coincide closely with volume growth per cent.
2 Calculated as follows for small medium class: A 20-Inch
tree containing a volume of 440 board feet worth $1.00 per M
feet b. in. ($0.44 for the tree) grows in 41 years to be a 30-inch
tree containing 1,379 board feet worth $3.00 per M feet ($4.14
for the tree). The growth In value is equivalent to 5.7 per cent
earnings compounded annually.
Likewise a 30-inch tree (1,379 feet b.m.) worth $4.14 grows
in 54 years to be a 40-inch tree containing 3,150 board feet
worth at $5 per 81 feet $15.75 for the tree, which is equivalent
to 2.5 per cent earnings compounded annually.
'A 40-inch tree (containing 3,150 feet b.m.) worth $15.75 as
under footnote 3 grows in 60 years to be a 50-inch tree containing 5,388 board feet worth $10 per 81 feet or $53.88 for the tree,
which is equivalent to 2.1 per cent earnings compounded
annually.

irregularity of growth rates in the small diameter

classes of Douglas fir. The 6-, 8-, and 10-inch trees come

from this patch. The young 10-inch trees are dominant
and are growing at the rate of 2 inches each 3 years;
the 8-inch trees are codominant and grow at the rate of
2 inches each 6 years; and the 6-Inch trees are suppressed and grow only at the rate of 2 inches each 9
years.

In the older age class the trees from 12 to 20 Inches

are suppressed and grow 2 inches in from 18 to 35
years; trees from 22 to 26 inchen are codominants and
require 12 to 15 years to grow 2 Inches. The fastest

growth of the larger, dominant trees occurs on the 32and 34-inch trees. Growth drops off from that point as
sizes increase, owing partly to the presence of some
veterans in the stand.
Cedar in the same stand shows the most rapid growth
on trees from 20 to 24 inches in diameter, which grow
2 inches each 6 years. Below these sizes the cedar
occurs as understory to Douglas fir and the growth falls
off. Above, growth falls off as the trees increase In

37.

Determination of stand volume growth
from diameter growth and number of trees in
each diameter class.-The movement of trees
from diameter class to diameter class in an
actual stand and their eventual appearance in
the large and valuable tree sizes can be calculated as shown in table 20. These calculations

diameter.

TABLE 20.-Aggregate number of trees, by diameter classes, on )O
and number, size and volume of
Diameter breast high
class

(1)

Inches

Number of trees on 40
acres before cutting (1930)

(2)

(8)

(4)

Douglas
Fir

Western
Red
Cedar

Total

Gross volume (board feet, log
scale) on 40 acres

No. of trees taken in first
cut plus mortality

(5)

(6)

(7)

(8)

(9)

(10)

Douglas

Western
Red
Cedar

Total

Douglas
Fir

Western
Red
Cedar

Total

Fir

Gross volume (board feet, log
scale) taken in first cut (includes
mortality)
(11)

(12)

(13)

Douglas

Western
Red
Cedar

Total

Fir

6
8

47
49

101
71

148
120

1,200
2,400

800
10,000

2,000
12,400

10
12

45
76
68
75
88

80
77
77
52
44

125
153
145
127
132

4,400
11,200
13,600
20,400
34,000

12,800
13,600
15,600
11,600
12,400

17,200
24,800
29,200
32,000
46,400

4

4

1,544

1,544

20
22
24
26
28

111
96
108
111

37
23
25
36
32

148
119
138
147
160

60,400
69,200
102,800
138,400
198,000

12,400
11,200
17,200
31,600
35,600

72,800
80,400
120,000
170,000
233,600

8
6

8

4

4

4,352
4,326
5,712
4,988
3,094

4,852
4,826
5,712
4,988
8,094

30
32
34
86
38

54
60
74
62
46

20
7
7
17

74
67
81

100,400
132,000
191,200
181,200
153,200

26,800
10,800
12,800
38,400
13,600

127,200
142,800
204,000
219,600
166,800

3,718
4,400

40
42
44
46
48

41

49
35
20
14
18

154,400
102,000

68,800
48,400
59,600

22,800
34,400
19,200
21,200
29,200

177,200
136,400
88,000
69,600
88,800

50

13
79

17

19,200
180,360

97,200
1,051,960

14
16
18

128

24
15
9
11

Over 50

Total
Average per acre

5
8

11
5
5

7

79
51

6

6
6

2

2

2
2

2

1

1

2,584

2
2

2
3

3,330

4,518
5,440

3,718
4,400
2,584
4,518
8,770

2

2

2
2
7

3
3
7
9

4,250
4,587
10,756
10,836

5,700
6,254
7,680
21,200
29,197

5,700
10,504
12,267
81,956
40,038

4
22

17
101

78,000
871,607

19,200
180,356

97,200
1,051,963

i
1

1

2
2

2

5

4
22

101

78,000
871,600

1,490

773

2,263

2,796,800

613,560

3,410,860

134

48

182

1,018,084

279,545

1,297,629

37.3

19.3

56.6

69,920

15,339

85,259

3.35

1.20

4.55

25,452

6,989

32,441

13
79

Growth during 5 years on "40" =2,290,520 (Coi. 30) +1,297.629 -8.410.360
=177.789 ft. B.M. (aross volume on 40 acres =4.445 ft. B.M. per acre (5 years
=889 ft. B.M. per acre (1 year)
Under
selective
management
recruits
from
young
developing
groups
will
move into the 6-inch diameter class each cycle to replace trees removed in
cutting.
-
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First, from the number of trees (columns 2 to 4) in

In 8tands subjected to short-cycle selective manage-

each diameter class at the beginning of the cycle (1930)

ment, with inventories periodically recorded as discussed in chapters VIII and IX, net utilizable growth
is most easily computed by comparing successive In-

deduct the number of trees which are to be felled

immediately together with the estimated mortality and
further removals for the entire cycle. (Columns 8 to 10.)
This will show the number of reserved trees that will
be standing at the end of the cycle. (Columns 14 to 16.)
Second, by applying the percentages of trees (columns
19 and 20) that move to the next higher diameter class

veutories taking also into consideration timber removed
in cutting. These computations are best made separately for each division of the forest. Computations in
table 2J indicate how growth can be computed by these
means. In this case, however, only one Inventory has

during the cycle to the numbers of reserved trees in

been taken and diameter growth was determined for

each diameter class determine the number of trees that
move forward one diameter class (columns 21 and 22).
Add to these in each diameter class those that do not
move forward (columns 23 and 24). The sum will be
the number of trees in each diameter class before the
next cyclic cut (1935). (Columns 25 to 27.)
Third, compute with the same volume table used for
the stand at the beginning (1930) of the cycle (columns
2 to 7) the total volume of the stand at the end of the
cycle (before the next cyclic cut). Volumes are shown

each diameter class by use of an increment borer.

Columns 2 to 4 show the total number of trees in 1930
from which, by means of a volume table, the total stand
was computed and recorded in columns 5 to 7. The
number of trees expected to be removed by cuttings and
mortality are shown in columns 8 to 10 from which the
volumes to be removed are computed in the same manner and recorded in columns 11 to 13.
Owing to the heavy volume of the stand used here

for illustration and to the presence of a considerable
number of defective veterans of more than 60 Inches
diameter, the first cut together with mortality for the
remainder of the cutting cycle is estimated at 34,441
feet b.m. per acre gross volume. As this includes all
the defective trees from
inches up and allows for
unsalvaged losses by fire, insects, and disease, the net
recovery of volume is calculated at 70 per cent of the

in columns 28 to 30.

Fourth, the gross volume growth during 5 years
equals the volume on hand at the end (column 30)

plus the cut and mortality during the cycle (column 13)
less the volume on hand at the beginning (column 7).
In this case 2,290,520 (column 30) +1,297,629 (column
13)-3,410,360 (column 7)=177,789 ft. on 40 acres.
Since trees subject to the heaviest losses from defect

and decay have been utilized during the first cycle a
higher factor for net utilization than was used In the

gross cut or 22,709 ft. b.m. per acre for the "forty."

To determine the growth of the entire stand during
a 5-year cutting cycle, the following simple procedure

cyclic cut In 1930 (70 per cent) should be applied to find

the net cut in the next cycle. It is estimated that
utilized volume may be as high as 80 per cent of the

may be followed:

acres before the cyclic cut; number removed by cutting and mortality;

trees on hand at end of cutting cycle.
No. of trees left on 40
acres after cutting (to
survive 5 years)
(14)

Douglas

Fir

(15)

Western

Red
Cedar

47
49

101

45
76
68

80
77
77

75

84

71

(16)

cent of trees No. of reserved
No. of years to Per
of trees Total number of trees
that grow to trees that move Number
grow to next next
that remain in in each diameter class
diameter in
into next
5 years after initial cut'
diameter class
each
class
5-year period diameter class'
(17)

(22)

(23)

0
0

29
30
39
45
63

31
19
21
26
18

74
60
63
62
63

50
55
55
50
45

45
36
29
24
20

26
32
40
31
20

9
8
2
4

26
26
33

18

6
6
6
7

52
68
73
62
45

9

83
83
83
71
55

7

20

47
32
17

28
33
38
42
50

9

140
113
127
143
158

6
9
3
0
0

19
24
32
29
31

65
57

18
23

11
11
14
19

22

37
23
25
36
32

72
65
80
77
48

45

27

103
90
102
107
126

41
23
14

(21)

31
42
55
71

100
14

52
44

3

(20)

24

21
16
12

3
35

15

(19)

(24)

(25)

(26)

(27)

Western
Western
Western
Western
Western
Douglas Red Douglas Red Douglas Red Douglas Red Douglas Red
Fir
Cedar Total
Fir
Cedar
Total
Cedar
Fir
Cedar
Fir
Cedar
Fir
85
106
21
148
26
16
85
9
31
55
16
21
74
108
84
27
8
58
120
83
18
41
13
6
125
153
145
127
128

7
7

(18)

31

15
13
12
10

9

9

11
14
17

10
11

21
25

10
9

16

0
61

65

31
25

1

Gross volume in each diameter
class 5 years after initial cut
(1935)

(28)

(29)

(30)

Douglas

Western
Red
Cedar

Total

546
1,666

680
10,434

1,226
12,100

Fir

79

74
72
69
55
42

115
182
137
127
121

4,018
16,170
13,600
19,584
30,494

11,840
12,744
14,007
12,265
11,844

16,858
28,914
27,607
31,849
42,838

14

93
89
93
101
108

37
35
23
31
40

130
124
116
132
148

50,592
64,169
88,586
125,947
167,076

12,395
17,045
15,824
27,218
44,480

62,987
81,214
104,360
153,165
211,556

11
4
5
11
2

89
52
65
71
56

29

118

13
8
13

65
73
84
62

165,451
114,400
167,960
207,533
186,480

38,860
20,059
14,632
29,567
16,320

204,311
134,459
182,592
237,100
202,800

44
30
19
10

6

50
39
23
10

165,704
127,500
87,153

17,100
28,143
15,360

8

4
0
0

0
0

182,804
155,643
102,513
53,780
43,344

3
0

0
0

8
0

18,000

0

0

0
0

18,000
0

61

ss

45
23
13
6
4
4

10

41
110
68
72

6

9

12
12
13
15
16

29
34
35
44

0
0

0
0

17
16

1,356

725

2,081

559

300

797

425

1,356

725

2,081

1,919,703

870,817

2,290,520

33.9

18.1

52.0

14.0

7.5

19.9

10.6

83.9

18.1

52.2

47,993

9,270

57,263

7

7

17
15
13
11
10

17
10

49

42
42
38
83
31

24
13

2
8

9
5
6

5
8
3
0
0

55
55

29
31

9
9

0
0

0

0

0

1

1

5

78

9

5

53,780
43,344

gross volume included in the 1935 cut. As the
growth is arrived at by comparing gross volumes of
successive inventories it appears logical to apply the
same utilization factor to the calculated gross volume
growth. In this case 80 per cent of 177,789 amounts to
142,231 board feet net growth during the cycle (on the
"forty") which is equivalent to 3,553 per acre for 5

years or 708 feet net per acre per annum.

It is of interest to note in passing that this
heavy volume cutting, together with the ac-

With the exception of the depletion e1enint
in production cost the current financial results
of a forest enterprise depend chiefly upon the

management of the merchantable growing
stock. Where the merchantable tree sizes (12
inches up in diameter) are not continuously recruited from the premerchantable sizes, it is
necessary to levy a depletion charge, usually
from $2.00 to $8.00, against each thousand feet
of timber removed. This cost is so much greater

companying felling losses and subsequent estimated mortality, removes only 182 out of 2,263

trees, an average of 4.4 trees per acre, of the than the cost of avoiding depletion that any
slowest growing classes. More than 50 trees timber management which incurs it through
per acre remain and the growth capacity of the neglect must be considered as crude and inefforest, of about 700 board feet per acre annual- fectual. The methods of recruiting the stand
ly, remains practically unimpaired. No influ- under selective management so as to avoid deence of release was included in these calcula- pletion are discussed in the next section.
tions.
39. Development of premerchantable size
38. The selective system makes full use of classes and the recruitment and development of
current growth by providing an ample growing lower merchantable classes therefrom.Group

stock, including a due proportion of large and tree selection was shown to be economical-

diameter classes.Despite the insufficiency of ly feasible and in fact economically the best
data as to current growth and related factors form of operation in the three cases described
that must be dealt with in effective timber in chapters III, IV, and V. In the long run,
management, it is possible to visualize the pro- however, the forests would suffer if such cutcedure that must be followed if stands are to tings should constitute unsound silvicultural
be kept in a high state of productivity in terms practice. Any reader familiar with the silviculof high-quality material. Briefly, the process tural characteristics of the species and forests
involves as careful selection of trees to be held of the Northwest will immediately realize that
for future cutting as of timber for immediate the small open spots resulting from group seutilization. In order to provide a continuing lective cuttings are virtually certain to regensupply of trees of high quality a heavy growing erate abundantly to coniferous species. They
stock, usually 25,000 to 50,000 ft. b.m. per acre
in this region, is required. This will constitute,
ordinarily, more than 80 per cent of the invest-

provide suitable conditions for all of the species

periodic removal of high-value material are the
factors that spell success or failure. Total time

factor from this portion of the forest operations

is not an insurmountable problem in this region
where a large volume of growing stock already
exists.

the investment and the current expenses. The
small proportion of the forest area (10 to 20
per cent) continuously occupied by premer-

common to the region. Assuming that the
clear-cut spots will constitute only about 0.5
ment and will place the forest owner in per cent of the forest property area for each
position to profit currently by growth in volume, year's cut, stands on these areas, regenerating
quality, and price. To maintain a favorable without cost, should develop through the prerelationship between value of material removed merchantable size classes at no cost except
at each cut and the remaining capital, special small acreage charges for fire protection, taxes,
care must be taken to retain an adequate num- and administration. Under good business pracber of superior specimens of the 40- to 60-inch tice these costs would be charged to current
expense; they would be incurred whether the
diameter classes.
If any other method of maintaining adequate areas restocked satisfactorily or not. Such a
investment returns is possible it has not yet charge-off would impair total net income to a
been developed. With these methods the time negligible degree at the same time that it would
required for a tree to grow to large size and avoid accumulation of investment charges at
quality does not have the supreme importance compound interest.
Selective timber management with short cutgenerally attributed to it. The aggregate
growth on the merchantable size classes and the ting cycles will eliminate time as a paramount

just as in the case of the merchantable size
classes. From the financial standpoint the
sufficient growing stock is maintained, and this problem is purely one of the required size of
for individual tree growth may be ignored if

74

chantable timber, the absence of merchantable

timber on the cut-over spots and of costs of
natural regeneration of such small clear-cut
areas, will reduce the investment therein to

negligible proportions. Whenever sound selective management starts with the mature forest
the later investment in premerchantable areas
and stands should seldom accumulate to more

than 5 to 10 per cent of the total investment.
The rate of earnings made by this portion of
the investment can therefore have no important influence on the rate earned by the forest
property as a whole.
Despite the small costs of providing recruits
from the premerchantable size classes, failure
to provide them will result in depletion charges
(which in normal times exceed $20,000,000 an-

nually in the Douglas fir region) against the
annual cut. It is, therefore, desirable to con-

sider in some detail the origin and development
of the premerchantable stands.

Under selective operation, regeneration which
will later provide recruits for the small timber
class may originate under shelter of older timber as well as in small clear-cut groups. Continuous attention to maintaining density of the
merchantable size classes will prevent diversion
of a wastefully excessive portion of the productive capacity to regeneration and premerchantable timber and will restrict the number
of recruits to the small timber class (12 to 20
inches) coming from regeneration under
shelter.
To insure that there will be sufficient recruits
of high quality to the small timber class in the
Douglas fir region, considerable dependence
must be placed on the clear-cut spots resulting
from cutting of groups of trees. These group
cuttings may be handled in either of two ways.
The first is to cut each group independently of
previous cuttings. The second (illustrated in
fig. 18) follows a long-used method of group

J

FIG.18- GROUP CUTTINGS ENLARGED IN SUCCESSIVE CYCLES
A-Young growth foiJowng CUT 01 1910

B-Younggrowth following cut of 1920
C-Advance growth due To presence of light from The side
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cutting and consists of establishing in a given need not exceed $500 to $2,000 per annum.
cycle a number of small nuclei which as regen- This is equivalent to 1 to 4 cents per 1,000 feet
eration ocèurs and develops are enlarged in current cut which can be rigidly budgeted because no definitely predictable harm will result
succeeding cycles.
As a result of these methods, every conifer- if some spots are left entirely to the local
The contrasting conditions on large
ous species found nearby in the surrounding species.
clear-cut
areas
are well described in articles by
forest is almost certain to be represented in the
Isaacs
on
seed
flight (15) and seedling moryoung stand. This will be very advantageous
tality
(16).
for several reasons. A mixed forest is less
The desideratum in group regeneration is
liable to loss by insects and disease than a pure
stand because many such pests attack only one ample density. This will cause some retardaspecies. Growth in mixed stands with species tion in individual tree development but will
possessing complementary characteristics gen- insure killing of side branches at about lead
erally exceeds the rate in pure stands. Finally, pencil size or slightly larger, before formation
stand management can begin earlier where of branch heartwood. This will favor early
some species (hemlock, true firs, spruce) are decay of side branches and clearing of the
suitable for utilization in the pulp and paper trunks. These dense young stands should reindustry and other industries using small trees. main undisturbed until side branches are dead
It should be noted that little or nothing will on the lower 35 to 50 feet of trunk at a probable
have been expended for regeneration or care of age of 40 to 60 years. By this time on Sites I
the stand up to this point, except for fire pro- and II, 100 to 125 trees per acre should have
tection, which will have been charged off cur- reached or surpassed the 12-inch diameter class
rently against operations in the merchantable or enough to establish the future stand.
stand, together with minor amounts for taxes
As the trees in these groups attain sufficient
and administrative costs; that the area re- trunk length clear of live branches and move
quired for regeneration and premerchantable into the small merchantable class, it becomes
stands need be only 10 to 20 per cent of the desirable to thin the stands and prevent further
whole; that the current earnings of the major loss of basal branches of the crown. As the

investment are not materially reduced by trunk cannot be actually cleared to a height
charging off annually all current expense pertaining to the young stands; and that the continued addition of recruits from these stands
to the merchantable classes is the sole factor
which in the long run permits continued saving
of the depletion charges. It should also be

much above 50 feet by death and early decay of

the side branches it is better that the upper

neglected and the cut-over land is held, which

branches remain alive and form sound knots
than that they die and form black and oftentimes loose knots. If the stand consists of a
well-distributed mixture including the better
pulp species (spruce, hemlock, or true firs),
pole and post species (cedar), and lumber

however, any offset of ultimate income. It is
evident therefore that no significant investment

as natural pruning is sufficiently advanced.
The possibility of thinnings depends on market

noted that if these productive measures are

it must be when scattered through the prop- species (Douglas fir and large trees of the foreerty, the costs will remain the same without, going), stand management can begin as soon

or cost need be attached to recruiting mer- conditions.

If the smaller trees cannot be

chantable sizes and saving depletion charges marketed as poles, posts, pulpwood, etc., it may
under group and tree selection methods.
be desirable to reduce density by taking out a
In a deteriorated forest lacking the more portion of the dominant trees 12 inches d.b.h.
valuable species, it may sometimes be desirable and over for poles, piling timber, and common
after cutting to plant the clear-cut spots with lumber, thus allowing the codominant trees to
strong stock of desirable species (Douglas fir, develop into the permanent stand. This pracwestern red cedar, Sitka spruce, Port Orford tice would tend to favor development of timber
cedar) widely spaced (from 12 to 20 feet each with thinner annual rings toward the heart of
way). Species in the surrounding stand can the tree (as preferred for structural timber)

be counted on to regenerate densely in the but would somewhat retard the development of

space between the planted trees. The cost of large tree sizes. These operations should be
desirable planting of this kind on an operation carried on at the time of the regular cyclic cut.
cutting selectively 50,000,000 ft. b.m. annually The small timber should usually be skidded by
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horses or small tractors or cut into cordwood
and hauled out over the permanent forest roads.
Each cutting should aim to favor trees which
will grow in value if left standing. This being
less true for such pulpwood species as hemlock
and true firs, early cuttings may consist largely

tion in rates of diameter and volume growth
with site conditions, character of the tree as
to crown class and position in the stand, stand
density, and other factors. A very important
characteristic of the species of the Douglas fir
region is their ability (as shown by table 17)

of these together with less promising individ- to maintain substantial rates of growth to
uals of other species if any market is available. diameters as large as 80 inches.
The influence of volume growth on manageLater, small saw-timber trees of the major
species may be cut in order to speed develop- ment cannot, however, be properly evaluated
ment of the main-crop trees. These cuttings unless its relation to quality and price incre-

should be at frequent intervals and not too ment is recognized.
Overlooking these relations has led many
quality material with uniform grain will be foresters to the erroneous conclusion that
going on in the reserved trees, and so that the forest properties cannot earn in excess of the
fire hazard from slash will be kept at a min- percentage rate of volume growth. As annual
imum.
growth of conifers in the northern United
Investigation of stocking in large areas of States ordinarily varies from about 0.5 per
heavy, so that continuous development of high

even-aged stands proves that it seldom averages over 80 per cent of yield-table standards
(21).

cent to 6 per cent of the existing volume of the
tree or stand, it has been erroneously concluded

There is no practical way under the

extensive clear-cutting system to build up to
higher standards. Under group and tree selective methods frequent attention to each part
of the stand provides better opportunity to
improve density. The objective in developing

groups should be to maintain spacing which
will utilize the full productive capacity of the

that the capital invested in forest property,
when management costs are deducted, must
earn at an even lower rate (26, 28). Such a
conclusion holds only for poorly managed for-

ests where the average value per unit of the
timber cut annually is approximately equal to
the average value per unit of the growing stock.
This is a condition which the competent forest

site and build up a volume of 100 thousand feet
or more per acre by the time the group is ready

manager should constantly strive to avoid by
keeping an ample growing stock of well-disfor another final cutting as a group. In this tributed sizes and values so that the annual
manner high yields will be maintained.
cut can include the largest possible proportion
It is obvious that if the cost for the perma- of timber with values exceeding the average
nent roads established and charged-off in con- value of the growing stock.
nection with selective removal of the virgin
The effect of a desirable distribution of
timber had to be charged against the thinnings values can be readily visualized by considering
these would be loaded with construction any one of numerous forest tracts of the better
charges which would in most cases prohibit site quality in the Douglas fir region within 50
early cuttings. The result would be indetermi- miles of tidewater. In these, about 30,000
nate losses of trees crowded out of the stand board feet per acre of properly selected merand retardation of growth on those that re- chantable growing stock, plus an adequate repmained. When, therefore, selective manage- resentation of premerchantable sizes, is capament of young stands is combined with similar ble of producing about 600 board feet of growth
treatment of mature stands the cut of fully annually and hence allows an annual cut of
matured saw timber, together with the salvage that amount. This growth includes the volume
of trees killed by fire, insects, and disease, the of trees recruited annually from the premeravoidance of losses in natural crowding, and chantable into the merchantable size classes (12
the saving of merchantable growth through re- inches diameter and larger) and is at the rate
striction of regenerating areas will all sum up of 2 per cent annually on the merchantable
to a much greater yield than can be obtained growing stock. (This is about two-thirds of
by intermittent management under the clear- the rate in European forests of similar charcutting system.
acter under selective management.) As the
40. The important influence of growth in saw-timber growing stock includes all sizes
volume, quality, and price on financial earnings

down to 12 inches diameter and is in part below

sented show, in some measure, the great varia-

$1.50 per M or $45.00 per acre, to which may

of forest properties.The data herein pre- zero conversion value, its value averages about
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be added $1.50 for land investment and $3.50
for investment in forest improvements, bringing the total to $50.00. This under competent
management may be considered a fairly stable
permanent investment value, based mainly on
conversion values of various elements of the

In the foregoing example the standing timber
(growing stock) is valued at its net conversion
value under present market conditions; the soil
is given a nominal value corresponding closely
to present sale value of areas stripped of tim-

ber; and the forest improvements are valued

as if mostly written off against past use in

growing stock.

By selecting annually at least 50 per cent
of the cut from the highest values which are
available in the forest (i.e., from trees more
than 40 inches in diameter) the stumpage conversion value of that portion of the cut should
not be less than $8.00 per M board feet under
present conditions. The other half of the cut
can be thought of as coming from thinnings

timber extraction. These are all definitely
known values for the chief elements involved,
which in the aggregate constitute a sound appraisal of the forest investment according to
present knowledge. They are ostensibly the
values at which the property thus correctly appraised could be immediately liquidated. In
actual practice the attempt thus to liquidate
many speculatively held properties has proved

stand among the lower diameter classes and
inferior species from 12 inches up, and valued
at about the average value of the entire growing stock ($1.50 per M board feet). With this
distribution between the two classes the
weighted average value of the annual cut is
$4.75 per M. Since the assumed annual cut is

impossible, owing to the inability of the market

and salvage selected for the benefit of the

to absorb niore than a small fraction of the
offerings. It was through this liquidating

process that the wreckage of timber values was

well advanced even piFOr to the depression
which started in 1929.

With the progress of sound continuous
yield management of any forest property a
turn per acre. This annual return on a total different method of determining investment
600 board feet per acre, $2.85 is the annual re-

value is almost certain gradually to take effect.
This consists of "capitalization" of the net in-

investment of $50.00 constitutes a gross percentage return of 5.7 per cent, which is nearly

three times the gross rate of growth. From
this must be deducted from 2 to 2.5 per cent

come, using a rate of interest commensurate
with the stability and assured permanence of
the income. Thus a property with net income

administration, leaving a net return of from
3.7 to 3.2 per cent on the total investment.

of $10,000 per year at present, but of somewhat

to cover expenses for taxes, fire protection, and

uncertain future, might be capitalized on a 10
per cent basis, in which case:

Such a rate of earning is possible only where a
reasonable proportion of the stand is grown to
sufficiently large sizes to reap the full returns
from increment in volume, quality, and price.

10,000

Capitalized value 10 $100,000. If the
income is very stable under piesent and expected future conditions the capitalization

Under liquidation the premerchantable sizes
and negative value merchantable sizes will be

rate may be 5 per cent, in which case, the

destroyed and all future returns from this

10,000

source will be sacrificed.

capitalized value= 05 $200,000. If the
income is not only stable and assured but if the
type of business possesses other attractive features such as the satisfactions usually associated with land ownership, the probability of
future price increment, etc., the capitalization
rate may be as low as 2 to 3 per cent. At 3
per cent the capitalized value becomes $333,-

If on the other hand the timberto be cut is
carelessly selected so that its unit value only
equals the average unit value of the stand, as
often happens under clear cutting, the gross
percentage return on the investment in growing stock, soil, and forest improvements will be
only 1.8 per cent. As before, from this must be

deducted from 2 to 2.5 per cent for management expenses (possibly a little less owing to

333.33.

In Europe forest properties are usually cap-

cruder management methods), leaving a negative return on the investment. This less effective type of management coincides with the

italized at an interest rate of 2 to 3 per cent.
A recent observer states that in Germany "under conditions of prosperity these forests
(privately owned) only return between 2 and
3 per cent on the investment" (26). This situation is the source of a curious misconception

conclusions of the authorities cited (26, 28).
Furthermore, if continuous stand management
is neglected the rate of growth will soon fall
off.
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not infrequently expressed by forest. owners
and even by foresters. According to this idea

"the earnings of forest property are low."

Those who hold this view overlook that earnings are the basis of capitalized value and that
where capitalization is at a low rate of interest
it is an expression of desirability of that class
of property. Owners will not sell unless they
receive a price on which the property is earning only 2 to 3 per cent. Likewise, buyers bid
properties up to high price levels based on income capitalized at a low rate under the same
conditions. If the properties were less desirable buyers would bid less and owners would
sell more cheaply. Capital flows from undesir-

able investments to safe and desirable ones

even though the earnings are low.
Reverting now to the example cited, where
in well-managed stands about 30,000 feet of
growing stock per acre can be expected to produce 600 board feet of annual cut per acre worth

ly necessary; to favor the best formed and most
vigorous trees in order to obtain rapid growth;
and continuously to devote productivity of the

soil so far as possible to increment on mer-

chantable size classes, including many trees on

which growth contributes much clear wood.
In forests thus managed selectively on short
cutting cycles, expenses are charged off cur-

rently and net income can be accurately
gauged. Time affects returns only through re-

quiring an adequate investment in growing
stock. In the Pacific Northwest the time involved in the production of growing stock lies
in the past and the investments already exist.
The growing stock is present in ample volume
except where it has been removed on large clearcut areas. Only the relatively simple problems

of physical preservation and management to
maintain productivity and capital value have
to be solved. Under these conditions the continued production of valuable large sizes should

about three times the average value of The be perfectly feasible, as is brought out in the
growing stock, the net earnings of about 3.7 examples cited in chapters III, IV, and V.
per cent under selective operation with value
Price inerement.In the foregoing examples
as stated may be expected to increase invest- the differences in value between small and
ment \ralues somewhat beyond the present large trees are due to quality increment. The
level of $50.00 per acre. On the other hand favorable earnings depend on this factor and
poor management, cutting timber of only average value and yielding a very low percentage on

the investment must be expected to êduce

value well below $50.00 per acre.
In order to produce high-value timber, which

must be available if the high-earning type of
management is to be used, from 2 to 5 per cent

of the number of trees on the forest property
must be carried until they reach large size,
attainable at an age of 125 to 200 years. This
is illustrated by table 12, chapter V. It can
readily be ascertained by consulting any standard book on forest finance that the cost of pro-

ducing large timber by carrying extensive evenaged stands from seed to a maturity as late as
200 years, without material intermediate re-

turns but with expenses of originating and
annual care of the stand accumulated for the
whole period, is excessive. Even for shorter
rotations the defects of the method consist,
among others, of devoting too much expense
to regeneration; too much space to premer-

chantable size classes; too much growth laid on
small trees, of which 75 per cent or more never
reach utilizable size; and, most disadvantageous
of all, depending upon average growth in stands
containing many slow-growing trees.
In contrast, selective management aims to
hold regeneration down to the quantity actual-

not on price increment, which, under conditions

of the last 50 years, has been almost continuously adding to timber values in the Douglas
fir region and hence to earnings of the timber
investment. Price increment is in many cases
an "unearned increment" but in virgin timber,
involving care of a forest property for many
years before prices reach a profitable operating
level, it is in part earned. From now on price
increment is not necessary to the successful
management of most forest properties in the
Douglas fir region. Nevertheless it will prob-

ably continue to contribute to ealnings and

therefore to higher capitalized values of forest
properties. In spite of its general importance

it is of subsidiary importance in the present

discussion, and is not dealt with in this report.
The past record of log prices (which are the
basis of stumpage prices) in the Puget Sound
market is given in a recent article in the Timberman (23).
41. The effect of removal order of different
timber values and of the order of making forest
improvements on forest earnings and financial
maturity.The somewhat voluminous data so
far considered in this report are sufficient to
show that a forest stand and a forest property
comprehend many diverse and dynamic values,

and that the successful forest manager must
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timber, timber in which decay equals growth
and which is not increasing in price, and any
other timber in which values are stationary or
income.
In like manner the control of expense may declining. It is probable that losses from these
be accomplished through holding costs to a causes in the Douglas fir region exceed the net
level that will permit complete annual charge- income of the operating industry. The only
off or, if that is impossible, the least possible way to prevent them is through an intelligent
charge to capital account with subsequent an- continuing process of selective management
nual capital charges. These factors can in con- which will continually remove matured values
siderable degree be controlled through the order and leave standing in the forest the great mass
of cutting. Taking these several matters into of timber that is still making satisfactory earnconsideration there are three principal ways in ings from one or another of the three forms of
which the net income available under good increment.
management, as discussed in section 38, can be
Avoiding loss by premature construction of
kept at a maximum.
improvements.These losses are, in effect, the
Avoid losses involved in holding timber reverse of what occurs in the previous case. By
of stationary or declining value.
opening up tracts or portions of tracts in the
Avoid losses due to premature construc- wrong order, untimely capital charges are
tion of forest improvements.
created, involving loss of capital charges that
Conduct operations in a maner to avoid run on until the year in which the work would
capital investment which will result in con- have been done under better planning. The
tinued capital charges against operations over examples given in chapters IV and V show that
a term of years. These three management conversion values can be immediately raised
measures will be briefly discussed.
through starting and continuing cutting operaAvoiding losses by 1iolding timber of stationary tions on portions of tracts where construction
or declining value.The heavy losses certain to costs are the lowest. This is in large measure
be incurred through wrong order of selection a permanent gain, little of which has to be
in large long-term properties are forcibly illus- sacrificed later. This is true because the saving
trated in the example discussed in chapter III. of capital charges by deferment will in many
Only brief reference to this factor is therefore cases equal the cost of later construction. In
necessary at this point. Table 21 shows the addition to this factor, the improvements
losses suffered by holding each dollar of sta- (mostly roads) first constructed will continue
tionary value for several periods of years at to have sufficient utility to adjacent timber to
different discount rates. Complete interest and obviate making them a charge against more
discount tables are to be found in standard remote timber which may also come out over
works on forest finance and yaluation of which them. Where growing stock is maintained the
cost may also be spread over the timber added
four may be cited (8, 9, 25, 27).
TABLE 21.DiscounteZ (present) values of ti of income by growth and the unit cost further reduced.
Charging forest improvements to current erdue at various future times
Interest rate
Diseount
pense.The
examples given in chapters III, IV,
period
8%
10%
5%
3%
Years
Dollars
DoLlars
Dollars
Dollars and V show that, when a proper order of cut5
0.86
0.78
ting is followed, all local improvements can be
0.68
0.62
10
.74
.61
.46
.38
charged directly to current operations and still
15
.64
.48
.32
.24
be alert to select and utilize these values at the
proper time. This is a matter of controlling

20

25

.55
.48

.38
.29

.21
.15

maintain low logging costs and high conversion
values. If charged to capital they will create

.15
.09

capital charges, chiefly interest and depreciation, which may amount to from 20 to 50 cents
per dollar of investment until charged off, and
which will thus become a burden on future operations, especially at the lower point of the

The meaning of these discount factors in
practice is that losses will occur on all elements

of the stand which do not increase in value

proportionately to the time they are held. This
is because if the values were converted to cash,

business cycle.

and the cash successfully invested, interest
could be earned on the investment. Even at

Charging these costs to current operations
does not impair the utility of any improvements

the rate of 3 per cent, deferment of income of
$1.00 for 5 years reduces it to a present value
of 86 cents. The timber values which are subject to these losses include, in general, all dead

capable of further use. It simply means that
they have been paid for in full through efficient
operation and yet that they remain to contri80

bute to earnings in the same manner as the soil
and growing stock. If the enterprise continues
to be efficiently handled they will become a part
of the investment value arrived at by capitalizing the earnings of the property (sec. 40).

moval will improve earnings of remaining trees,
but a more conservative selection policy should

maturity.Financial maturity of a
tree or group of trees is reached at the time
when the sum of its earnings from volume,
quality, and price increment culminates or

long as there is a major debt against a property
the capitalization rate should equal the rate of
interest paid. This is usually 6 or 7 per cent,
but includes risks and costs to the lender which
on the average of his diversified investments
seldom leave him with a net rate of over 3 per
cent. This conclusion is also in accord with
known facts concerning net earnings of common stocks and other forms of investment, and

Finamoial

when this no longer equals the reasonable min-

imum earning rate above which the forest

owner aims to hold all forest property-investment elements and below which he endeavors
to withdraw the realizable value and reinvest
it elsewhere, either in some part of the same
property or in another form of investment. The
realizable value is the actual net conversion
value at a given time. Under present unstable
conditions of prices the precise point of financial maturity cannot be determined but careful
analysis will disclose the relative earnings of
different timber classes and show the correct
order of liquidation. In time, when stability
again returns, more precise determinations will
be possible.

govern in the case of larger timber whose removal abolishes for the time being all earnings
of the immediate area it occupies.

It was pointed out in chapter III that so

with the fact that the accumulation of the

Nation's wealth does not exceed such a rate

over long periods when the losses accompanying depression periods are considered. After
all debt has been discharged the relative safety

of the forest investment warrants use of an
interest rate not over from 2 to 3 per cent in
most calculations. An even more important
reason for employing a low rate of interest lies

in the fact that any tree or group that is re-

tained will share in meeting the fixed charges
and will help to offset the lack of direct earnings of such portions of the investment as the
soil and the forest improvements. These elements of the investment are wholly dependent
est level possible under sustained yield and on the growing stock for any earnings.
thus to assure the highest net income from the
The industrial and community advantages o.
property. In some instances, however, this in- maintaining the millions of acres of privately
come may be obtained at the expense of leaving owned forests in such condition that they will
too much investment in certain elements of the be capable of earning safely 3 per cent net, as
growing stock, unless attention is paid to re- compared to adding.them through clear cutting
moval of financially mature timber which is not to the millions of acres already stripped of
earning the interest rate at which the forest forests, are beyond question. Such properties
owner capitalized his property.
can provide continuous employment in the
Trees of relatively high earnings may be cut forests and in the forest industries for large
among the smaller timber when their re- numbers of persons.
Recovering stationary and declining values,
avoiding premature construction, and currently
amortizing local improvement costs, will all
tend to lift total conversion values to the high-
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CHAPTER VII

CHANGES IN FOREST FIRE HAZARDS AND OTHER ELEMENTS OF RISK
RESULTING FROM SELECTIVE SUSTAINED YIELD MANAGEMENT
42.

The fire hazard in the Douglas fir region.

The Douglas fir region, in spite of the high
annual precipitation over much of its area, usu-

ally has an acute shortage of rain during the
summer months. This midsummer drought

dries the forest, particularly where openings or
clearings expose the interior to direct sunlight
and wind, to a high degree of inflammability.
Wherever a large mass of combustible material
has accumulated in these luxuriant forests, and
becomes thoroughly dried out, any fires that
start are likely to gain great momentum and be
difficult to stop. Under conditions of low atmospheric humidity and high wind velocities there

is danger that fires will "crown" and spread
rapidly through the tops of trees killing all in
their path. Any system of forest management
must take into account very seriously measures
for controlling fire and must provide sufficient
funds to do so. Without proper provisions to

abate extraordinary fire hazards and to prevent and suppress fires, there is always the
possibility that considerable portions of the

1933 may occur, however, even where there is
continuous crown cover. The amount of inflammable debris on the ground and of dead or

partly dead trees and snags also contributes
largely to the fire danger. Clean-cut areas

with undisposed slash are recognized as ranking highest in hazard.

The methods of management applied to a
given type of stand will profoundly influence
the hazards arising from these various factors.
Some methods of management materially increase hazards while others operate to reduce
or eliminate them. The conditions in various
types of stands deserve further discussion.
Conditions in heavily stocked unmanaged stands

The old-growth Douglas fir forests contains numerous
fire hazard factors such as snags, stag-headed, mosscovered, defoliated and defective trees, and heavy
ground debris. Where such hazards occur in excessive
degree such as following widespread defoliation by
insects, extensive wiiidthrow, or partial damage from
previous fires, a very serious conflagration hazard may
exist. In its normal state this type of forest is relatively

safe from fire because these elements are generally
widely distributed through the forest and isolated by

intervening walls of green timber, and the dead material
on the ground is progressively rendered innocuous by
decay, the progress of which is hastened by the humidity
maintained within the forest.
The quantity of litter and debris produced naturally
within the typical Douglas fir forest is far in excess of
what is apparent to the casual observer; Nature, when
not circumvented by fire or other adverse factors, clothes

forest capital may be wiped out and efforts for
sustained yield management be partly defeated.
It is a paramount consideration, therefore, that
the forest management of this region provide
a method of cutting and a method of slash disposal or fire suppression that will keep the fire
hazard to the minimum, and make certain the

every acre with practically all the vegetation it can

Under normal conditions from one-fourth to
one-hall of the total quantity of coniferous foliage falls
from the trees every year. Practically every tree loses
some live twig and branch material annually through
support.

control within reasonable limits of the fire
menace.

The fire danger is by no means uniform over
the region. Variations in climate alone create

the action of wind, snow, ice, and other elements.
Through a great part of the life of the tree the lower

a decided range in the hazard. In the "fog
belt" of the immediate coastal strip and in

branches are being killed by the deep shade of the dense
stand. The dead branches are gradually weakened by
decay and fall off. To the age of 100 years or more, the

many of the moist valleys of the northern

struggle for existence in a normally stocked stand is
intense, resulting in natural thinning whereby entire
trees are constantly being added to the debris on the
forest floor. For example, the Douglas fir yield table for
Site II (20) shows that from the 20th to the 40th year
the average even-aged stand declines from 880 to 385
trees per acre; in other words, at this early stage of
development more than half the total number of trees

Cascade Range the number of "fire days" per
annum is much less than in the low-lying lands
east of the Coast Range or on the foothills of
the Cascade Range for example. Then, too, the
nature of the forest cover has a profound effect
upon the incidence of fire. Open areas exposed

die out of the normal stand within a period of 20 years.
Usually trees of that age are left to decay on the forest

to the drying effect of sun and wind are more
subject to the incidence and spread of fire than
areas of continuous crown cover. Widespread
conflagrations such as the Tillamook burn of

floor.

This process of elimination continues as the

stands grow older, though for a time its pace gradually
decreases. Among trees of approximately the 20- to 50inch diameter classes the loss in numbers is less, because
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natural thinnings have practically been completed and
because o the vigor of trees of these sizes. Nevertheless
small percentages of these trees are constantly being
added to the debris through windfall and other natural
causes, so that at the age of 300 to 400 years only 10

stands (old-growth stands, the volume of which is main-

reach 40 years of age about 95 will drop out before the
stand reaches 300 to 400 years. Among trees more than

per cent) for class V stand, which, as defined by

to 30 trees of the original stand will remain on the
average acre; in other words, out of 100 trees that

50 inches in diameter the loss in numbers is not so
great but generally some trees are attacked by fungi,
or are defoliated by insects, or become stag-headed owing
to such factors as failure of moisture to reach the tip

ly in trees more than 40 inches in diameter). For mimature stands on the other hand the loss rate is comparatively high; and for logged-off land that has not yet

restocked, the burning ratio as stated in chapter I is
exceedingly high.

Of particular significance is the high loss rate (0.921

Shepard (29), consists of reproduction less than 25 feet
in height. This rate of loss is approximately 20 times

as great as for merchantable timber (class I and II).
This is primarily because young regeneration is in-

of the crown. Such trees gradually lose large branches
and tops of their crowns and eventually become windfalls or snags. Finally, all the shrubs, herbaceous

herently more susceptible to damage by fires of ordinary
intensity than larger trees, which have thick bark, clear

their quotas to the dead material on the forest floor.

In a forest where none of the wood or other plant

young growth which have followed clear-cutting or large
fires enjoy a much less favorable local climate (from the
standpoint of fire hazard) than stands of older timber.

are lacking, but it is probable that within the mer-

It should be borne in mind that the low ratio experienced in old-growth stands may be partly due to the fact

plants, and other minor vegetation of the forest add
material is utilized or removed, the entire annual production sooner or later becomes debris. Precise data

chantable timber classes the annual loss (usually offset
by growth) over large areas ranges on the average from
to 2 per cent by volume; for the rest of the vegetative
cover, such as herbs, shrubs, leaf fall, etc., the annual
turn-over from living plant to debris is, of course, proportionately much greater. Some of the resultant litter

and debris, such as that represented by the annual

deposit of leaves, twigs, and needles, is produced at a
fairly uniform annual rate, spread uniformly through
the forest, and consumed through oxidation and decay
at about the same rate as it is produced, leaving a mat
of duff and surface litter of about constant depth and
character. Some of it, such as that caused by wind-

throw, occurs at irregular intervals in the life of the
stand and may at various times accumulate here and
there in large amounts.
These general facts about the amount and character
of debris and the presence of other extraordinary fire
hazards in the unmanaged forest should be kept clearly
in mind in attempting to visualize the conditions created
under selective timber management.
Fife hazards under various conclitionsSome idea of

the relative physical susceptibility to fire of various
types of forest cover may be gained from table 22, which
gives in condensed form some of the results of an
exhaustive statistical study made by 11. B. Shepard in
1930-34 (29), hi an effort to rate for forest insurance
purposes the hazard of various types of cover and exposure. This study, based on the fire record of the
Douglas fir region for the 10 year period 1921-30, shows
that fire hazard varies to a considerable degree with
class of stand and according to certain factors such as
the presence or absence of slash and snags, but that fire
losses in stands of merchantable size are on the whole
remarkably low. Thus table 22 shows that the rate of
loss (i.e., the ratio between the net volume of timber
lost through fires and the total volume of timber exposed
to fire) excluding major conflagrations,7 amounts only

trunks, and crowns far above the forest floor, and because the numerous large, continuous areas of small

that these forests are situated in large measure away
from human habitation in great unbroken tracts, where
lightning fires were infrequent and man was the only
possible causative agency.

General effects of management nethods.The
objective of selective timber management is to
maintain, or if it is absent to build up, a heavy
growing stock composed largely of merchantable size classes which are the least susceptible
to fire damages. Also, through short cutting

cycles and light cuttings directed toward the
removal of mature and declining elements of
the stand selective management aims at continuous utilization of merchantable portions of
the trees which in the unmanaged forest contribute, as described above, to the debris on
the forest floor. In contrast to this gradual
but continuous attrition of the supply of forest
fire fuels, extensive clear cutting, as so far prac-

ticed in the Pacific Northwest, leaves the natural accumulation from windfalls and other
sources to accumulate in the uncut forest. On

the cutting areas the stand, including both

merchantable and unmerchantable trees, is destroyed at one time with the consequent creation of large masses of debris which are generally removed in part by slash burning.
43. Differences in fire hazard in the forest

and in the open.Reasons for the lower fire

hazard in the forest than on cut-over land have
been intensively investigated in some of the
forest regions of the United States as well as

to 0.033 per cent8 per annum for class I' stands (the
volume of which is mainly in trees 20 to 40 inches in.
diameter) and 0.049 per cent8 per annum for class II'
7 The so-called "Tillamook fire" of the summer of 1933 was

the only "major conflagration" in the Douglas fir region in
the 31 years beginning with 1903. The estimated loss of class
I and II stands from the Tillamook fire when prorated over a
20-year period is about twice as great as that from all other

fires combined.

These are net-after-salvage figures. Corresponding rate of
loss before salvage is 0.045 per cent for class I and 0.103 per
cent for class II stands. For class III, IV, and V stands no
salvage allowance is made.
The hazard classes designated by Shepard are defined in
footnotes of table 22: although roughly equivalent to, they
differ in some respects from the stand classiftcation used by
the Forest Survey.

in Europe. The results of all these investigations bring out in a consistent manner the important influence of the forest on various local
climatic factors which affect fire hazard. In
the United States comprehensive studies along
these lines on which published results are available have been conducted by, among others,

Stickel (30) in the western Adirondacks and
Gisborne (11, 12) in northern Idaho. These
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TABLE 22.-Rate of fire loss1 for the 1 0-year period 1921-30 for five forest classes in the Douglas fir region as affected by various
hazards.
(Data furnished by H. B. Shepard.)

Corresponding loss rates for forest classes

Forest Class 12

Character of Hazard
Exposed

Lost

Rate of Loss

II

III

1V5

V6

M ft. b. m.

M ft. b. m.

Per cent

Per cent

Per cent

Per cent

Per cent

11,120
6,913
43,100

0.016
0.086
0.403

0.014
0.024
0.661

0.374
0.181
0.712

0.031
0.187
0.704

0.568
0.999
12.570

4,008,160
74,003,520

17,980
15,595

0.449
0.021

1.555
0.003

0.432
0.411

1.123
0.021

11.590
0.662

Steep slopes
Moderate slopes
Level

30,700,000
104,100,000
19,600,000

35,017
16,087
504

0.114
0.015
0.003

0.171
0.017
0.006

0.145
0.027
0.076

0.163
0.035
0.058

1.683
0.771
0.525

Heavy density
Moderate density
Light density

69,530,000
63,500,000
21,370,000

10,760
39,090
1,758

0.015
0.062
0.008

0.076
0.041
0.001

0.044
0.066
0.047

0.053
0.066
0.089

0.321
1.550
0.412

Pure Douglas fir
21-50% hemlock
51-80% hemlock
Pure hemlock

89,868,000
19,760,000
10,770,000
14,410,000

44,641
4,705
467
179

0.045
0.024
0.004
0.001

0.040
0.116
0.022

0.060
0.223
0.059

21-50% cedar
51-80% cedar
Pure cedar

4,260,000
1,986,000
1,186,000

1,405

0.033

0.513

0.113
0.092
0.167

21-50% other
51-80% other
Pure other

3,909,000
3,998,000
4,253,000

211

Fern, brush, grass
Recent cutovers
Snags
Slash7

No special hazard

68,372,000
8,016,320
10,739,160

0.008
0.005

0.083
0.008

1 Excludes "major" conflagrations as explained in text.
2 Thrifty merchantable, consisting mainly of trees 20 to 40 inches in diameter; the lowest hazard class. Details on the volume of timber exposed and the
loss for each hazard are given only for this class. Total volume exposed 154,400,000 M ft. b, in.; total annual loss (net after salvage) 51,608 M ft. b. in.;
average annual rate of loss, 0.033 per cent.
Overmature merchantable, consisting mainly of trees more than 40 inches in diameter. Total volume exposed 157,200,000 M ft. b. m.; total annual
toss (net after salvage) 77,411 14 ft. b. m.; average annual rate of loss 0.049 per cent.
4 Small poles consisting mainly of trees more than 25 feet in height and less than 6 inches in diameter. Total area exposed 784,000 acres; total annual
loss 446 acres; average annual rate of loss 0.057 per cent.
1 Large poles consisting mainly of trees 6 to 19 inches in diameter. Total area exposed, 8,542,000 acres; total annual loss 2,230 acres; average annual
rate of loss, 0.063 per cent.
Reproduction less than 25 feet in height. Total area exposed, 1,324,000 acres; total annual loss, 12,194 acres; average annual rate of loss 0.921 per cent.
7 Slash exposure obtained by taking 3i of area cut over 1928-30. Balance into recent cut-over (weed) areas.

stocked forest maintains a climate of its own

and other studies have shown remarkable contrasts in humidity, wind velocity, surface and
air temperature, moisture content of the duff,
and other fire hazard factors between forested
and adjoining non-forested areas. Gisborne
(12) has summarized his findings on differences
in these factors as shown in table 23.
In the Douglas fir region this subject has not
yet been investigated except in a preliminary
way but some data on certain fire hazard fac-

characterized by the presence of much moisture

in the air, in the soil, and in the material on
the ground and by slower air movements and

lower temperatures, both on and above the

ground. The reasons for these differences are
that in the forest evaporation takes place at a
lower rate, air movement is retarded by the
presence of the tree crowns and trunks, the

tree crowns absorb the direct sunlight, and

atures, wind movements, etc., within the forest
as contrasted with adjoining areas in the open.

the atmospheric moisture supply is constantly
augmented by transpiration from leaf surfaces.
These differences in climatic factors as influenced by the presence or absence of a forest
cover are very significant. Fire protection experts have shown that such differences in rela-

and others.
These data bring out forcefully that the well-

tive safety and catastrophe, between numerous
days of exceedingly high fire danger and rela-

tors were obtained during the fire season of
1933 at the Pacific Northwest Forest Experiment Station. These data are graphed as
figure 19. They show surface and air temper-

A striking similarity is found between these tive humidity, wind velocity, etc., may fredata and those obtained by Stickel, Gisborne, quently spell the difference between compara-
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tively few days of moderately high fire danger;
between a long fire season and a short one; between severe and moderate fire losses.

A similar situation is shown by the data in
figure 19. On the heavy-cut area the residual
stand is composed of premerchantable and Un-

Changes in fire hazard as a result of merchantable timber which makes up approxicutting.Any appreciable amount of cutting mately 30 per cent of total basal area of the
44.

of standing trees in the Douglas fir forests will original stand counting all trees above 8 inches
increase the fire hazard not only by opening up in diameter. Even in the case of so heavy a
the canopy to wind and sun, but also by creat- cut it will be seen that the climate is measuring inflammable slash in the form of foliage, ably modified as compared with that of the
branches, and tops of the felled trees. The ex- clear-cut area.
tent to which this will increase the fire hazard
Slash from evtensive clear cutting creates a
will depend in part upon the quantity of slash

and the condition in which it is left, and in
part upon the degree to which the stand is
opened up by cutting. To cite the extreme,

serious problens.Under clear cutting with

that of unshaded open land. On the latter point
Gisborne (12), in commenting on his findings as
to the results of partial cuttings (see table 23),
states:

form of unusable broken pieces, decayed material, etc. Not all this slash originates from

not result in drying out the site to a condition
half-way between that of the full-timbered and
clear-cut areas. This is shown by the fact that
the measurements on the half-cut area resemble more closely those for the fully timbered

breakage in the felling and yarding of mer-

cable yarding, according to studies made by
A. H. Hodgson (14), the average quantity of
clear cutting over large areas and cable yarding slash per acre in typical Douglas fir logging
as now customarily practiced in this region operations amounts to about 43 cords (approxicreate the maximum of fire hazard, both be- mately 21 M feet, log scale) of sound material
cause of the accumulation of vast quantities of of cordwood size and larger plus 7 per cent of
fuel and because the local climate is changed to the original cubic volume, of the stand in the

"It is also evident in these measurements
that removing half the timber canopy . . . did

trees that are actually utilized; much of it
comes from trees below merchantable size that
are torn down or shattered under the destructive cable-yarding system and from excessive
chantable trees. In addition, the logging debris
includes the entire volume of twigs, foliage, and
underbrush.

This vast amount of inflammable debris
than those for the clear-cut area. In other
words, although half the crown canopy was coupled with destruction of the forest climate
taken out, the danger was not increased pro- sets the stage for a fire situation that is exportionally."

tremely difficult to cope with.

TABLE 23.Measurement of factors in fire danger on uncut, half-cut, and clear-cut forest land, northern Idaho,
August 11-20, 1931

(Data by H. T. Gisborne) (12)
Uncut

Factor measured

area

0
Average maximum air temperature
Average relative humidity at 5 p. m.
per cent
Average wind movement
miles per day
Evaporation rate
grams per period
Average maximum temperature just below surface of duff
°F
Highest duff temperature
°F
Average moisture content of duff
per cent
Average moisture of 2-inch diameter dead wood
per cent

85

83.9
23.4
2.0
34.7

78.8
85.0
10.5
8.3

Half-cut

area

86.9
19.0
24.8

93.4
93.6
102.0
9.9
7.2

Clear-cut

area

90.6
16.8
49.6
206.7
133.3
148.0
4.6
3.8

TOTAL RAIN FALL

I44

7.0

COMPARISON OF TOTAL DAILY WIND MOVEMENT

uJ

°7a

6.0

uJ4.Q

icr4

U

z

6O

5.0

i

2.0.
IOU

IU U .12

:::

U

0

VIRGU'J HEAVY CLEAR

20

AUGUST

AUGUST ITO SEPTEMBER15

'I50
zLi

i..

25

5

30
'

-'

COMPARISON OF MAXIMUM AIR TEMPERATURES BY WEEKLY PERIODS

100

.

_____

75

o 50

200

15

SEPTEMBER

7

14

4

28

21

AUGUST

-, '

15

II

SEPTEMBER

COMPARISON OF MAXIMUM SURFACE TEMPERATURES BY WEEKLY PERIODS

I-

O 175
150

125
U)

uIOO
Li
Li

50

7

14

3O

4

2$

21

AUGUST

II

SEPTEMBER

'

MOISTURE CONTENT OF DOUGLAS FIR FIRE HAZARD INDICATOR STICKS ON SUPPORTS

25

_____
ID

15

5i0

15

AUGUST

HEAVY CUT AREA

25

20

- VIRGIN TIMBER

30

5

10

SEPTEMBER

'-

CLEAR CUT AREA

FIG. 9 RELATIVE CLIMATIC CONDITIONS IN VIRGIN TIMBER,HEAVV CUT AREA, AND CLEAR CUT AREA

86

-

:.

J' Upk21
'.

i!JJIiL%1S

iritiiiw
6

-

Railroad
Motor Road
Poor Motor Road
Good

.1

t7 v

v

I4II7
Areas Logged

.----.

'.

A

Fire Boundaries

to 1920
1920 to 925
1915

Prior
sio

to 1910
to 1915

I

I

925 to 930

rg20-Fir-e History (1919-1930) of Three Townships in Western Washington

Extensive clear cutting has necessitated an
effort to protect the adjoining forest and the
ensuing young growth against the excessive
hazard created by this debris. This effort has
generally taken the form of broadcast slash

ignitibility and inflammability as large clearcut areas. Even then, the fire hazard to the
surrounding timber would be in one sense measurably less than that created by clear cutting of

large areas because hazard increases with size
of area; on large areas the force of the fire and
the consequent difficulties of keeping it from
spreading into surrounding timber become
greater, owing to pick-up of momentum and increased length of "fire front." On the other
hand, scattered small clear-cut areas expose
more adjacent timber than an equivalent clearcut area all in one piece. For example, al-

burning. This does not prevent later fires, but
relatively frequent reburning occurs, under the

incomplete protection that has up to the present time been given these lands cut under a
liquidation policy. The only advantage of the
slash burn is reduction of the amount of fuel
available. Data collected in the Douglas fir
region in connection with the Forest Survey

establish that, although some cut-over land

though there is 16 times as much frontage

escapes recurring fires entirely, an average of
3.9 per cent of the acreage logged since 1920
has burned over annually. Illustrative of this
situation are the data presented in figure 20,
showing the fire history of an area of 3 townships where during the past quarter century
extensive clear cutting has been practiced and

around a section (640-acre square) as around
a 2½-acre square, the latter has 16 times as
much frontage per unit of area.
Changes in hazard from light tree-selection cut-

tin g.In contrast with extensive clear cutting,
light selective cuttings conducted along the
lines discussed in chapters III, IV, and V are
designed to create little slash at any given time

where, as a result of cutting and fire, forest
productivity on the cut-over areas has been

or place and to avoid much disturbance of forest
conditions. The trees removed would be chiefly
the large ones and other trees in which the life
processes were slowing down. The quantity of

virtually destroyed.
Changes in ha.wrd from clear cutting of small
areas under selective managernent.On the spots
(generally 1- to 10-acre areas) clear cut under
selective management the quantity of slash per
unit of area would be about the same as under
present clear-cutting practices. Where the cut-

foliage and other small debris per M feet of

volume utilized would be considerably less than

for trees still in vigorous growth. Removal of
only 5 to 20 per cent by board-foot volume, the

ting occurs on northerly slopes or where very average portion of the stand to be removed
small areas are cut over, the forest climate during any five-year period, would therefore
might not be very greatly altered. Where the create proportionally less slash than under
cutting occurs on slopes with southerly expos- clear cutting. Furthermore, it is generally recure they would be exposed directly to sun and ognized that slash under forest cover, owing to
wind and so have about the same degree of the moisture conditions existing there, will rot
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selective sustained yield management except as
to the mechanics of cutting. It is a liquidation

a good deal faster than slash on large clear-cut
areas.
The slash situation created under light individual tree selection, therefore, would in most

cutting which differs from clear cutting only
in that the minus-value trees are left standing.
cases be quite different from that created by In a few cases with low fire hazard and a very
clear cutting, with respect to quantity of slash, heavy residual stand this may work out all
from a fire protection point of view. In
distribution of slash within the stand, and right
many
types of timber, however, particularly in
moisture and other climatic conditions govern- old-growth
stands of Douglas fir,
ing both the inflammability of slash and the such cuttingseven-aged
lead to the opening of the stand
rate at which it will decay. In effect this to such a degree that the forest climate is lost
method of cutting anticipates natural removal or greatly modified, and to the creation of so
of trees from the stand. It reduces the volume much slash that broadcast burning must be reof debris on the ground below that is produced sorted to. The result usually is that the standin the natural forest by windfalls in older ing trees are either killed by the fire or, if they
stands and by natural thinnings in young remain alive, are blown down later; in any
stands, by the volume actually utilized, which event, the fire situation in such cases is worse
is usually about 75 per cent of the total stem than under clear cutting.
volume of utilized trees. Besides reducing the
45. Reduction of fire hazard through inquantity of fuel on the forest floor, removal of tensive
fire protection.Maintenance of the
the trunks facilitates fire suppression by leav- forest climate,
as may be inferred from the
ing fewer obstructions to foot travel, construc- foregoing discussion,
is the starting point from
tion of fire lines, etc.
which to build for control of fire hazard. In
During the period of transition from condi- this respect selective management carried out
tions in the unmanaged forest to normal sus- along the lines discussed in chapters III, 1V,
tained yield operations, the slash hazard on and V offers an initial advantage of inestimable
certain parts of the tree-selection areas often- value. Selective timber management also pro-

times will be far greater than the ultimate vides for progressive development and continu-

hazards described in the foregoing. This will
usually be the case during the initial cut and
for some time thereafter. Heavy culling owing
to breakage and defect in overmature timber,
the felling of snags, and the presence of unmerchantable windfalls that have accumulated over
long periods in the past may for a time clutter
the forest floor with a great deal of large debris.
Then, too, in many places the forest canopy

ous maintenance of a network of railroads or
truck roads, amounting in the cases cited to 1
mile or so per square mile of timber, and of an
intensive network of tractor-trails amounting
generally to 5 to 15 miles per square mile (exclusive of short branch trails). These provide
quick access to fire and when required may
function as fire trails or facilitate construction
Finally, it should be noted that under
might be opened up to a degree that would thereof.
selective cutting, mainly of trees that will yield
measurably modify the forest climate.
a wide margin of conversion value, the financial
A part of this hazard from slash, however, resources available for fire protection should
might be offset by a reduction of hazard in the be relatively greater than under clear cutting,
stand itself. Standing snags, for example, as is illustrated in chapters III, IV, and V. The
which should be felled in the course of the permanent values to be protected, also will be
initial cut, constitute the greatest single ele- greater, since selective timber management
ment of hazard in the original stand. Old, with sustained yield will maintain the capital
loose-barked, moss-covered, stag-headed, de- value of the forest. Tinder these conditions it
foliated, and defective trees which would be is wholly in order to set aside whatever amount
among those removed in the first cut, or, in any of money is necessary for effective fire prevenevent, within a relatively short period, are also tion and suppression measures.
a relatively great hazard in the original stand,
Irrespective of the amount of cutting it may
particularly with respect to crown fires.
be said that any logging with the corollary road
"Zero-margin" selection creates am especially building, has the net effect of augmenting the
difficult fire problem.Following the introduc- causative fire hazard. This hazard should be
tion of tractor logging a few years ago, so- reckoned with and compensated for. The fire
called "zero-margin" selection has been prac- hazard may at times be a dominant consideraticed in several operations in this region. This tion in determining the form of cutting to be
form of selection has nothing in common with employed. The circumstances of each property
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the right balance between what measures

must be considered and not the least of these

should be taken to prevent fire from starting
and what preparations should be made for putting it out in case it does start. In attempting

is the immunity of the property, or lack of

immunity, from causative hazards originating
outside the property over which the property

manager has no control. If the causative
hazards ordinarily much augmented by the
building of roads which admit to the forest

to visualize in a general way the initial fire protection problem it should be remembered that

as the cutting area expands in the course of a
light initial cut the permanent road and tractor-

campers, fishermen, berry pickers, etc., can be
controlled, a greater physical hazard of slash
can be accepted than where there is a constant
threat of man-caused fires.
The problems of fire-protective organization,
of equipment, and of fire-fighting methods have
long engaged the attention of those interested

trail system is expanded at a like rate and

maintained by continuous use. Since this makes
all portions of the area accessible to trucks and
tractors, adoption of new types of fire-fighting

equipment is justified, as for example, tank
trucks and specially constructed truck and
tractor trailers equipped with water tanks,

in the forests and forest industries of the

Douglas fir region; personnel and fire control pumps, and other fire-fighting tools and equiporganizations generally recognized as outstand- ment. Bulldozers, which are a part of the loging within the territory of the United States ging operations, constitute excellent equipment
have been built up; much experience and ex- for the construction of fire lines. The ease
pert knowledge in handling fire problems have with which these highly mobile types of equipas a result been gained and a large volume of ment can be brought into close proximity to any
literature on the subject is available. It is not fire obviously would facilitate quick suppreswithin the scope of this report to examine these sion, which is the essence of effective fire conproblems in all their aspects. It is clear, how- trol.
With the means of fire suppression thus
ever, that in making major revisions in cutting
methods corresponding revisions must often be vitally improved, precisely how much slash dismade in fire protection methods. With wide- posal it would be advisable or necessary to unspread experience in selective management as dertake in any given forest property could be
yet lacking no one is now competent to say just determined only by exercise of good judgment
how the precise details of fire protection gen- to begin with, later modified by actual experierally should be handled. This is furthermore ence. In this respect it should be borne in mind
a problem that in many of its details must be that in the practical working out of selective
worked out for each individual forest property timber management, cuttings will be of two
and that can only be worked out as practical distinct kinds, namely, (a) very light individexperience under the selective methods of op- ual tree selection, (b) clear cutting by small
eration gradually accumulates. By providing groups. As a rule no intermediate degree of
for complete selective control of the growing cutting (in the form of heavy tree selection
stock and by virtue of their extreme flexibility cuttings) would be necessary or justifiable. The
these methods provide for a constant experi- principal reason for this is that heavy tree
mental approach to all the varying problems of selection cuttings as a rule are uneconomical,
fire protection in much the same manner as as repeatedly noted in this report. Exceptions
they do for varying problems of silviculture to this rule may occur but wherever this leads
to creation of a serious slash disposal problem it
and other aspects of forest management.
In chapters III, IV, and V, having in mind constitutes a final reason for avoiding heavy
the particular conditions met with in each of tree selection cuttings. In other words, when
the cases studied, a few specific suggestions all factors are fully weighed the scale will usuwere made with regard to slash disposal and ally turn either to group cuttings or to very
other fire prevention and suppression methods, light tree selection.
The slash disposal problem on the clear-cut
that might be adopted at the beginning of
operations while long-time experience is still spots is, of course, entirely distinct from that
lacking. In the contrast between the three on the tree selection areas. On these spots
cases studied a rough indication is given of how broadcast slash burning would generally be
widely initial methods may vary to fit widely necessary at least during the early stages of
varying conditions as to character of timber the plan. Good management would naturally
and topography and varying climatic hazards see to it in the first place that time and place
in different parts of the region. As a general of logging and slash burning on these spots are
rule the problem in any given case is to find so chosen as to limit fire hazard and the corre89

sponding need for preparation for burning to more widespread storms occurred which blew
the very minimum. It should be borne in mind down large quantities of timber, estimated by
that under selective sustained yield manage- some authorities to have exceeded in the aggrement clear cutting by small groups would pro- gate the loss from the Olympic blowdown. When
ceed at a very slow rate, since an average of prorated over a long period the average annual
only about one-half per cent of the total man- loss from these rather spectacular occurrences
aged area would be clear cut each year; in the probably does not amount to more than a small
case cited in chapter IV, with a sustained yield fraction of the total loss, the bulk of which
capacity of 40 million feet per annum and an consists in widely scattered losses from fungi,
operating area of 60,000 acres, clear cutting thus insects, and windthrow, which are occurring at
would proceed at the rate of about 300 acres per all times and in all parts of the region. Such
year. The task of careful handling of broadcast losses, it can be readily reasoned, are on the
slash burning does not therefore appear to be whole nearly equal to the aggregate growth of
huge in relation to the size of the current log- the forest. A large part of the normal loss
ging operations although it is a most important from windfall in the old-growth unmanaged
job that needs to be well planned and well done. forest is probably caused by the infirmities of
On the tree selection areas the extent to old age and particularly by fungi and insect
which slash disposal and other fire protection attacks, which weaken the trees to the point
measures might be needed would naturally vary where they fall easy prey to winds. Under
considerably according to local conditions. It

selective timber management the merchantable

is generally recognized that the disposal of growing stock, as finally developed, should conslash through decomposition and return to the
soil is beneficial especially in improving the
moisture retaining capacity of the soil. Where
this method of slash disposal involves too great
fire risks, other and more costly methods have
to be used. The problem can be partly solved
or greatly simplified by good planning of the
cutting operations. Good judgment should be
exercised, for example, in choosing felling di-

sist of healthy, vigorous trees in well-stocked

stands. Losses from fungi, insects and windthrow should as a consequence be held to a low

figure, particularly since the growing stock is
under continuous selective control which facilitates salvage.
The question is very properly raised as to

the severity of windthrow losses during the
transition period from virgin forest conditions

rections for the selected trees, in staggering to ultimate management conditions. It is a
the cutting areas, in avoiding in each cut all matter of observation that zero-margin or other
cuttings on certain strips of timber so as to forms of heavy tree selection bring about so
break up the cutting areas. On operations sudden a change in forest conditions that the
where the truck roads are accessible to the scattered and weakened residual stand is apt
motoring public it may also be necessary to to suffer severely. There is ample evidence to
close such roads to public travel during all or show that this is the danger in heavy selection
part of the fire season. Intensive patrol, fire cutting, particularly with shallow-rooted
lookouts, etc., would also be incorporated in the species growing on areas exposed to severe
fire protection plan. Essentially the problem is windstorms. It does not necessarily follow,
to perfect for each property a slash control however, that light selective cuttings under
plan and fire organization that will fully meet sustained yield would lead to similar results.
the high standards of forest productivity and Light selection should as a rule allow the reof fire safety and control, which can and should maining trees to adjust themselves to such
be adhered to under selective management.
gradual changes in condition as may occur
through
cuttings.
46. Losses from fungi, insects, and windthrow.Throughout the Douglas fir region
It might well be remarked that windfall
heavy losses from fungi, insects, and windthrow losses occurring in the trackless unmanaged
are constantly taking place. Catastrophic forest generally go unnoticed with the result
losses of this nature have occurred occasionally that little attention is attracted to their imin the past. The hemlock looper, for example, portance; few persons in fact realize that such
has done heavy damage in certain hemlock losses are on the average far greater than
areas along the coast. The so-called "Olympic losses from fire. Under intensive selective
blowdown" of 1921 took a toll of about 41/2 timber management, the entire growing stock
billion board feet of timber on an area about would be practically under constant surveillance
75 miles long and 20 to 30 miles wide; and in with the result that windfall would naturally
the spring of 1931 and in the fall of 1934 far attract far more attention than before. This
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might, of course, readily create the impression

hand, the construction of roads under the pro-

crease in windfall even if the contrary should
be the actual fact.

ple and causative hazards of fire, and the slash

that selective management results in an in- cedure may possibly increase the entry of peo47.

Conclusion.The existence of a

fire

problem in the Douglas fir region under any
form of management must be recognized. It
will require study and experience to determine

just what the

fire

hazards will be under

the scheme recommended and to devise the
proper measures to take care of them. The

weight of the evidence presented in this discussion clearly indicates, however, that selective
timber management, if cautiously applied,
presents no insuperable difficulties to solution

of the fire problem and in fact promises permanent success far beyond anything that can

be hoped for under extensive clear cutting as at
present practiced. Selective timber manage-

ment, properly applied, tends to have certain
favorable effects upon the fire danger: (1) The
maintenance of a forest climate more humid
than that of clear-cut areas, and (2) the continuous or periodic removal from the whole
forest of dead and down trees, thus gradually
reducing this form of fire menace. On the other
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from the selectively cut trees even in small

quantities is in itself some menace until it has
decayed or been disposed of.

These conclusions and previous statements
concerning selective management are intended
to apply only to areas under selective sustained
yield management accompanied by intensive
fire protection. No other form of selective management has been recommended in this report.

Any deviation from the sustained yield plan
that would tend toward rapid depletion of the
growing stock is apt to lead to serious results;
and any wide departure such as that embodied
in short-term liquidation may easily bring disaster. Experiences with zero-margin selection

or other forms of heavy liquidation cuttings
have already clearly revealed the dangers that
may arise. The risks from such practices far
outweigh the illusory benefits of liquidation
which destroys the forest but as already noted
fails to recover adequate immediate returns or
to conserve the capital investment.

CHAPTER VIII

ORGANIZATION OF LOGGING AND TIMBER MANAGEMENT: FIELD AND OFFICE
METHODS
48.

Introduction.The desirability of ef- the property of the highest economic use to the

fective organization of selective timber management needs no emphasis. Forest organization involves, on the one hand, careful collection of accurate information and on the other
hand well-reasoned use of this information in a
plan of action. The dynamic nature of forest
values, brought out in previous discussion and
particularly in chapter VI, precludes rigidity
and demands that the central theme of any
management plan be flexibility in execution at
any given time.

With operations planned for flexibility, it
becomes possible to work at all times toward
the most harmonious adjustment among biological and other factors of physical change,

individual and the community. A sound operating policy aims to introduce order into the
operations to the end that high-earning investment values may be continually conserved and

that income may be realized at the proper

times.
Most forest capital possesses the dual nature
of utility as a continuously producing asset
coupled with the possibility of immediate conversion to income. Intelligent forest management is, therefore, a continuing process of con-

verting to income capital that has begun to

decline in earnings and building up capital of
high or increasing earnings. In this respect
the aims are similar to those of intelligent
general economic factors, and factors pertaining management of other kinds of property. The
to industrial relations and community welfare. chief difference lies in the fact that in managThis adjustment involves regulating the volume ing live standing timber there is greater freeof the annual cut to conform to the yield possi- dom in selecting values to be withdrawn from
investment. As a capital asset timber posbilities of the forest and to market outlets; selecting the tree species and sizes that will bring sesses the peculiarity of being capable of
the best returns on the current market; very growth in volume, quality, and price, whereas
gradually adjusting the growing stock in total most natural resources are subject to growth
volume and distribution of tree sizes, in order in price only, if at all.

Again, forest capital differs from capital

that on the one hand best use may be made
of the site and on the other hand the material
removed in cyclic cuttings may have a unit
value far higher than the average value of the

assets arising chiefly from expenditure of labor
because whereas it is capable of increasing in

quantity and value with time the latter are,

generally speaking, subject to heavy depreciation charges. These favorable aspects of stored

growing stock and the cuttings thus yield adequate earnings on the investment; and, finally,
constantly adjusting the business enterprise to
the needs and rights of its owners, managers,
workmen, community, and general public. As

forest capital require consideration of many
factors not affecting other forms of property.

As the aims here being considered go beyond

all these management factors are subject to mere utilization of the existing stand but inconstant change, only alert, resourceful, and clude also preservation and development of the
flexible management has any chance of out- residual stand, plans for a few months or even
standing success in keeping in true adjustment a year are wholly inadequate. The basic operating policy, looking to the preservation of all
to new situations as they arise.
The chief function of management of a tim- the capital assets, should be established for a
ber property has often erroneously been sup- period of at least 5 to 10 years. The main
posed to be to sweep the timber from a certain reasons for this are: First, under conditions
area annually; to get out a certain volume of existing in accessible parts of the Douglas fir
logs annually; or to supply a certain plant with region, most stands should be cut over about
raw material. In fact, all timber utilization is every 5 to 10 years for either financially mature
or should be subsidary to the purpose of making timber, thinnings, salvage, or all three items.
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square mile or larger area, but not for each

Second, adequate consideration of timber values

involves looking to future values as well as

present values. Neglect to observe the move-

ments of stumpage values is generally more
costly than most other shortcomings in the
management of forest properties. Third, if the
foresight needed in dealing with timber values
is reasonably developed, it is sure to result in
better planning of transportation methods and
systems and of utilization operations.

"forty". Unless accurate survey-control lines
are already available, it will be necessary to
establish such primary control by running baselines along main streams or roads or along certain section lines. From these baselines, secondary baselines, preferably along section lines,
may be run with double Abney levelling. Strip

lines will usually be run by 2-man crews of
which one member runs compass and records

The principal elements to be considered in plot data while the other acts as rear chainman
forest organization are (a) the volume of vari- and records topography. Both men may work
ous sizes of timber on hand, (b) the volume of together in obtaining plot data. When much
high-value timber (major product) to be re- work is to be done several 2-man crews may
moved during the period of the plan, (c) the work from the same camp, under the direction
order of cutting for thinnings and other minor of a competent party chief.
products so far as it supplements cutting for
The plot data should be combined to obtain
the major products, (d) the demand and the average acre for each type and stand condichanges in demand for various products, (e) a tion that has been located on the general map.
forecast of changes in volume and value of the The data should also be compiled so as to show
residual stand, and (f) the development of the the timber volume of temporary forest divisions
forest improvements necessary to carry into containing usually from 500 to 5,000 acres,
execution the foregoing elements. Before any according to the size of the property. When
of these steps can be taken the necessary facts intensive information is obtained later, the
concerning the forest property and all phases of boundaries of these divisions may be revised
its operation must be obtained.
and, where necessary, subdivisions may be
49.

established.

Obtaining .general information.It is

assumed that the managers of each forest enterprise will keep themselves familiar, through
statistical and other information from public
and private sources, with market conditions and

other factors affecting the operation of the

With these general data from existing

records, or from a general survey, covering
property already owned and other property
within the natural economic unit that must

figure in organization, whether to be acquired
The information here considered and operated under a single ownership or oprelates chiefly to conditions within the forest erated under a divided ownership, it will be
property itself.
possible to determine which portions of the area
In most cases the private forest properties should be operated first and which should folwithin the Doulgas fir region have been cruised low in succession.
one or more times and the owners have more
50. Collecting and compiling detailed inor less reliable information concerning the formation.When the location of the first
gross volume of the stands by legal sub- year's or a few years' cut has been tentatively
divisions. Information is usually available as decided upon, an intensive survey of the proto drainages, and in many cases as to contour. posed cutting areas should generally follow.
If preliminary information of this nature is not Experience amply proves that it pays to give
available it should be procured by accepted careful attention to choice of transport routes
methods. Prevailing opinion now supports and methods, of logging equipment, of timber
taking accurate data on circular or square plots to be taken out at a given cut, etc. To obtain
at definite intervals along a surveyed line rather the necessary information and give due considthan on narrow strips as was formerly common eration to these factors costs ordinarily from 5
practice. Lines should be so spaced that the to 10 cents per M board feet. This cost of
plots will constitute an adequate sample of the adequate planning is low in view of the fact
whole area and of each major subdivision and that the most effective logging methods thus
yield sufficiently accurate topographic informa- made available for a given area often may cost
tion. If the property is 5,000 acres or more $2.00 to $5.00 per M board feet less than the
in extent 4 rows of plots to each section (1 row methods sometimes chosen. Furthermore, into the "forty") with plots located every 330 formation collected for this purpose, if properly
feet will provide adequate sampling for each recorded, will be useful for several cutting
enterprise.
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cycles, and the choice of transport routes and
methods is likely to influence costs for many
decades to come.

Information to be collected for this intensive
planning includes at least the following:
Accurate topographic data sufficient to

provide a map with contour interval of 10 or

20 feet.
Location of all existing transport routes.

Volume of timber, by species and size
classes, on each legal subdivision or other area

unit (data such as will permit accurate summary on each division of the forest or logging
unit).
Quantity and quality of timber in each

slope.

The four main features of this survey

and their purposes are as follows:
Slope distances are taped and converted

to horizontal distances by the trailer-tape or
slope-chart method. By the same method, elevations are obtained and contours are drawn
on the map as the strips are surveyed. If this

work is performed carefully by competent
technicians, it results in an accurate topo-

graphic map that can later form the basis for
locating roads and other forest improvements

and generally assist in planning timber removal.

As the topographer proceeds along the
line he records the approximate location and
size, by 10-inch diameter classes, of each tree
more than 40 inches in d.b.h. or each group of
(Sometimes information from detailed type such trees, with appropriate symbols such as
are shown in the legend of Plate V. This promaps is such that this item can be omitted.)
Growth rates within each diameter class vides essential primary information that with
part of the logging unit.
Location of individual trees 40 inches or
more in diameter or of groups of such trees.

or diameter group.
The information concerning the stands on a

logging unit, constituting a timber inventory
for that unit, should be compiled and permanently recorded. Such recording of data on the
growing stock, repeated at suitable intervals
and permanently maintained, can properly be

the topographic information permits sound decisions as to what timber to cut and how to get
it out.
As the estimator proceeds along the strip

he watches the distribution of trees 12 to 40
inches in diameter and makes a rough tree
count which enables him to set down for each
2½-acre tract (of which the sample plot next
described is the center) a rough estimate of
the total volume of such timber. This impor-

termed a continuous inventory (17). The
authors, on the basis of rather extended pre-

vious experience in forest surveys, have been
experimenting with various methods of intensive surveys since 1927. Everything considered, without detail concerning steps that are
common to all forest inventory or survey procedure, the following methods have been found
most satisfactory under representative conditions:
If the primary control established for
the general survey is not sufficiently accurate
it should be rerun as required to reach areas
undergoing intensive survey. At frequent intervals along main railroads or roads, monuments and bench marks should be established
that can be used permanently to reference in
any future survey or engineering work. From
these primary control lines or monuments secondary lines, along either section lines or projected roads, should be run as needed to pro-

tant secondary information is of use in planning

cutting operations partly from the standpoint
of providing for removal of some trees of such
sizes but chiefly to facilitate judgment as to
the effect of the removal of larger trees on the
residual stand. This information can best be
recorded on the special timber map in colors or
cross-hatching, indicating density of the stand
of 12- to 40-inch trees. On the same map will
be shown the large trees recorded under (b).

At intervals of 330 feet along the strip
are located one-tenth acre circular plots (37.2
ft. radius). On each such plot accurate record
is made of all trees 6 inches or more in diameter, by 2-inch diameter classes. Notes may
also be made concerning regeneration, soil and
other conditions. A 3- by 5-inch card provides
sufficient space for this record. These plots
constitute accurate, regularly spaced mathematical samples of the area cruised. They can

vide starting points for strip-survey lines,

which usually should not extend more than 1

be combined to set up stand tables for each

mile from baselines.

forest division or subdivision, or for each type
within
such division or subdivision. The tree of
feet (4 lines to the 40) should be run by 2-man

Strip-survey lines at intervals of 330

merchantable size (over 11 inches diameter)
nearest the center of each plot may be bored

crews (topographer and estimator), so far as
possible approximately at right angles to the
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to determine number of rings in the last inch,
or if preferred, in the last 2 inches, as a basis
for growth calculations. Sufficient growth data
on premerchantable sizes (5 to 11 inches diameter) should be recorded to show rate at which

recruits are being added to the merchantable
sizes. These are recorded on the back of the
card, with a description of the crown. On this
card is recorded also the estimator's ocular
estimate of the volume of 12- to 40-inch trees
provided for under (c).
Compilation of an accurate topograph/ic map.

As the intensive maps will be on a scale of 1
inch to 200 feet, it will be necessary on a large
property to compile maps in sheets usually representing 1 square mile each. For the purpose

of building up a general map of the property
photographic reductions of these sheets should
be made, usually to a scale of 4 to 8 inches to
the mile. Since intensive work is done on only
a small portion of the whole property each year,

systematic methods are imperative to assure
fitting each piece of work into the primary con-

trol map and thus gradually perfecting an accurate map for the whole property.
If the preliminary general map has been built

under 40 inches diameter on each 2½-acre subdivision can be superposed in cross-hatchings
if desired. One copy of each timber map should
be placed among the permanent records; other

copies may be used in planning primary and
secondary roads and in making other detailed
plans for utilizing the timber.
Subdivision of forest property.As the inten-

sive maps - are made and transport routes
planned thereon, the boundary lines of per-

manent divisions and subdivisions can be established. The main divisions of the property
should usually remain at 500 to 5,000 acres, in
order to simplify record keeping. As roads are

constructed and cutting proceeds it will often
be desirable to break these large divisions into
subdivisions, but only as it will actually facilitate operation and future care of the property.
Because of the prevailingly rough topography, in the Douglas fir region the lines of
legal subdivisions seldom constitute economic
boundaries for permanent management units.
Where forest holdings have been consolidated
into continuous areas management units should
be laid out with a view to economical extraction

around a system of accurate primary control,
each new piece of map work can be fitted in to
replace a less accurate section. Otherwise a
separate map, including accurate primary control extended as needed and with all the intensive mapping added as completed, should be
gradually built up. This map should contain
only permanent data such as contours, streams,
permanent survey lines, permanent railroads,
and roads. It can be reproduced from the trac-

ing in the form of blue or black line prints.

Such a map is shown in Plate I.
Compilation of a timber map.With the 200foot scale topographic map as a base, a timber

map of each logging unit should be prepared.
Such a map is similar to that shown in Plate V.
This map can be prepared most conveniently by
placing a separate piece of tracing paper or
cloth over the topographic map, placing thereon division and subdivision lines and, in proper
location, the appropriate symbols representing
the diameter classes of the trees over 40 inches
and in figures any desired cruise summaries. A

negative can then be made with this tracing

of timber from each unit by itself. This will
make possible control of operations and accur-

ate records of costs and volume of timber extracted. The simplest basis for setting up

divisions and subdivisions, where these are
necessary, is to use the permanent railroad and

truck road system as the basic permanent
boundary lines. Then consider all the area

tributary to each landing or coming out over a
single tractor road and its branches as an operating unit or subdivision. In some cases of
tractor logging these units may be rather large.
The subdivisions are likely to vary from 25 to
1,000 acres, according to the form of logging
machinery used. In time, if it becomes desirable
to break the larger units into still smaller sub-

divisions, streams, ridges, and tractor roads
should be used as boundaries. Each of these

units should form the basis for record and cost
keeping.

Stand tables.When permanent divisions and
subdivisions have been decided upon, the timber-stand data for each should be compiled for
use in planning immediate operations, to fore-

cast future development of the stand, and to

superposed on the topographic tracing. From

establish permanent records. Adequate use of

this as many prints can be made as desired,

cruising data is often made impossible by inadequacy of permanent records. To prevent
such loss, records of the character of Forms 1
and 2 are suggested. These are largely self-

showing topography and timber figures. Upon

these prints forest types can be indicated in
color as in Plate I. Density of the stand
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INVENTORY AVERAGE ACRE
Forest

Division

(Before or after)

Comp. No

Site Index

Species

Diam. Classes (Inches)

No. of trees
eachdiam.
class by principal species
Other species

Species
3
4

3
4

3

5

5

!,

2

)(

2

Large Timber'
41" and up
Grand
Totals
all tree
groups

Over Species
42 44 46 48 50 52 54 56 58 60 60 Totals

22 24 26 28 30 82 34 36 38 40 Totals

12 14 16 18 20 Totals

Under 1" 2 4 6 8 10 Totals

1

1

Inventory Date

Species

Species

1

'

Soil Type

Form 1

CUTTING CYCLE

Medium Timber'
21" to 41"

Small Timber'
11" to 21"

Species

(No.)

acres inventoried

Based on

Premerchantable Timber'
1" to 11"
Seedlings'
Merch.

CUTTING

1

1

3

3

4

4

5

5

6
7
8
9
10

6

2

2

4
5

6

2

Total No. of trees in each diam.
(all species) and in each tree group'
Basal area (sq. ft.) '
eachdiam.
t
class by principal species
Other species

)(

Species
6
7
8

6
7
8

9

9
10

10

7
8
9
10

8
9
10

Total basal area of trees in each
diam. class and tree group
Species

Ave. height (ft.)
each diam.
class by principal species
Other species

11
12
13
14
15

grow 2 inches5
.1 24
25
Other species (ave.)

\
(

26
27
28
29
30

16
17
18
19
20

16
17
18
19
20

16
17
18
19

20

21
22
23
24
25

21

21
22
23
24
25

21
22
28
24
25

26
27
28
29

26

26
27
28

26
27
28
29

15

Species

year (cu. ft.)'
each dism. class

16
17
18
19

13
14

16
Vol. (cu. ft.)
l 17
each diam.
( 18
class by prin.1 19
cipal species
20
Other species
Total volume (cu. ft.) of trees in
each diam. class and tree group
Species
' 21
No. of years re!
22
quired for principal species to
( 23

Vol. growth per

14
15

11
12
13
14
15

11
12

13

11
12

Species

20

11
12

22
23
24
25
27
28
29

13
14
15

29
by prin. species
30
30
30
30
Other species
Total vol. growth (cii. ft.) by diam.
class and tree group
Conversion factors by diam. classes (each species)
cii. ft. to bd. ft. (100 cii. ft. X factor = 1,000 bd. ft.)
Conversion factors by diam. classes
cii. ft. to cords (100 Cu. ft. X factor = 1 Cd.)
NoTES: Preferably based on Cruise at time of marking timber for cutting operations, but may be based on plot surveys.
'Omit or base on regularly spaced sample plots.
'Tree group refers to the group of diam. classes included under seedlings, premerchantable timber, small timber, medium timber or large timber. Only the number of trees in seedlings usually
given.
4 All inventory is based on cubic stem volume ,nclud,ng tip, putting all locations and species on same basis. This standard of measurement will include all util,zable volume for the next 50 years,
possibly permanently. When desired to determine actual utilizable volume in terms of saw timber, cordwood or other product it can easily be done by applying a ratio to each diameter class
based on utilization standards at the time and place. See conversion factor above.
'From one diameter class to next higher.
'Volume growth is usually computed only for the principal species assuming it to be a function of management to eliminate inferior species.

Form 2

INVENTORY AND YIELD RECORD

CUTTING
(Before or after)

Forest

Premerchantable Timber

2 4 6 8 10

Diam. Classes (Inches)

Vol. (cu. ft.)'
eachdiam.
class by principal species
Other species

Sub-division No.

Division

Small Timber

Species

Inventory Date

Large Timber

Medium Timber
Species

Species

22 24 26 28 30 32 34 36 38 40 Totals

12 14 16 18 20 Totals

Totals

CYCLE
(No.)

42 44 46 48 50 52 54 56 58 60

Grand
Totals
Over all tree
groups
60

Species
1

(

)

1

2

1

1

3
4

4

5

5

6
7
8

6

8
9

9

8
9

10

10

10

11

11
12
13
14

11
12
13
14
15

2

3
4
5

-

3
4
5

2

2
3

Total volume (cu. ft.) of trees in
each diam. class and tree group
Saw Timber

Vol. (ft. b.m.)'
eachdiam.
class by principal species
Other species

t

/(

6

Species
6
7

7
8
9

10

7

Total volume (ft. b.m.) of trees in
each diam. class and tree group
Species

-1 Vol. growth per

year (cu. ft.)'

each diam. class
by prin. species
Other species

I

11
12
13

14
15

12
13
14
15

15

Total vol. growth (cu. ft.) by diam.
class and tree group3

Total vol. growth (bd. ft.) by diam.
class and tree group4
Supplementary data

NoTas: 1 Obtained by multiplying cubic volume figures for average acre by number of acres- in compartment or by 100% cruise at time of markingtrees before cutting operations or by ordinary cruising
methods.
'Cubic volume figures by diameter classes multiplied by converting factor shown at bottom of Form 1.
'Cubic volume figures by diameter classes multiplied by growth in cu. ft. shown on Form 1.
4 Figures for cubic volume multiplied by converting factor from Form 1 excluding premerchantable diam. classes.

Form 8

RECORD OF TIMBER REMOVED AND TIMBER LOSSES DURING CUTTING CYCLE
Forest

Division

Sub-division

to

From

(Date)

Large Timber
41" and up

Medium Timber
21" to 41"

Small Timber
11" to 21"

Premerchantable
1" to 11"

(Date)

DIAMETFiR CLAssEs (INcHEs)

No. of trees removed by cutting
at beginning of cycle by

2468

10

Species

Species

Species

22 24 26 28 30 32 34 36 38 40 Totals

12 14 16 18 20 Totals

Totals

42 44 46 48 50 52 54 56 58 60

Over Species
60 Totals

Grand Totals all
tree groups

principal species
1

1

1

1

2

2

2

2

2

3

3

3

3

4_

4

4

4

4

5

5

5

5

5

6

6

6

6

6

7

7

7

7

7

8

8

8

8

8

9

9

9

9

9

10

10

10

10

10

11

11

11

11

11

12

12

12

12

12

13

13

13

13

15

14

14

14

14

14

15

15

15

15

15

Total trees in cyclic cut
No. of trees cut during cycle by
species

No. of trees cut during cycle
Trees killed by fire, insects and
disease (estimated) during cycle
and not utilized

Total trees removed during cycle
Total basal area of trees removed
Number of cubic feet utilized volume
for each square foot basal area by
diameter classes. (Obtained by compiling falling and bucking reports)
Utilized volume (Items under (1)
multiplied by factors under (2))
(4) Cubic volume removed during cycle
(number of trees multiplied by
figures from cubic volume table)

Form 4

RECORD OF MATERIAL SOLD FROM DIVISION (OR SUB-DIVISION) SINCE INVENTORY
(Compiled from invoices or scale books)

Species

Veneer
logs

bd. ft.

No. 1
logs

bd. ft.

No. 2
logs

bd. ft.

No. 3
logs
bd. ft.

Cull
logs

bd. ft.

Saw logs
volume

converted
to Cu. it.

No.

Lin.

ft.

Eat.

No.

Cu. ft.

1

2

4

Totals

Grand total of cut in cubic volume....

Per cent of stem volume utilized from trees cut

Pulp Wood

Posts

Poles and Piling

Saw Logs

%

Eat.

Cu. ft.

Cords

Est.
cu. ft.

Miscellaneous

Other Cordwood

Cords

Est.
cu. ft.

Units

Est.

Cu. ft.

Total
cU ft.

Form 1 gives complete data on
an average acre, compiled by combining the
data from intensive survey sample plots by
explanatory.

groups representing each division, subdivision,
or type. It comprises a complete inventory of
an average acre from every important aspect.
This form may seem to include a great deal of

detail; but since it will ordinarily be revised

only before and after the main cut at the beginning of each cutting cycle, only a few compilations pertaining to areas where cutting is to be
done or is in progress need be made each year.
The cost, therefore, should be insignificant.
Attention is invited to the method suggested

for recording volume measurements.

Cubic

volume of the full stem is used because this unit
will be stable over a long term of years and will
give full measure for any form of utilization. In

order to permit ready conversion of these figures to board feet, converting factors applicable
to saw-timber sizes are provided. Converting
factors applicable to all sizes are also provided
for converting to equivalent volume in cords.
Other converting factors, such as for piling and
poles, can be added if desired.

The average acre figures are multiplied by
the acreage to set up the totals for each division or subdivision or type as recorded on Form
2. Forms 3 and 4 provide space for recording

by diameters and by character of products all
trees removed.

At the beginning of each cycle, before the
cyclic cut, the results of operations during the
previous cycle should be summarized. If new
field studies are necessary before the cyclic cut

figure 14 these diagrams contain no element of

forecast but are strictly records of stand conditions at each cycle as in figure 15. They can
also be used to compare conditions on different
divisions and subdivisions.

To simplify files and records as far as possible, it

is suggested that forms 1 to 4 be

printed on the inside and outside of ordinary
plain manila folders. Within the same folders
may be filed the basal-area diagrams mentioned

above and supplementary notes and data pertaining to the divisions or subdivisions covered
by the records. As new inventories are set up

from time to time folders containing older

records may be transferred to closed files. The

current file should contain as many folders as
there are divisions and subdivisions. Under
present conditions there may be from 10 to 50
of these, but the number may be expected to
increase as management practice is intensified.
The foregoing methods do not depend on doing any more field work than is now customary
nor do they involve much additional compilation. They do demand preparing certain
records in permanent form. These accumulating records, besides showing past yields from
each forest division will provide a continuous
inventory of the permanent growing stock.
Through this inventory and mapping process

the forest will assume the character of an
orderly warehouse in which the location of

goods of different character is known and from
which any goods may be taken as desired. When

the time for the cyclic cut arrives for any divi

they should be made and the results set up sion these past and current records and the
directly on new forms 1 and 2. If new esti- present conditions on the ground should be
mates are not necessary the figures representing balance of the stand as shown by the previous inventory, less trees removed during the
cycle, should be compiled for new forms 1 and
2, and the old forms transferred to closed files.
These records, as they accumulate, will form
the most valuable basis for judging the results
of management and for improving management.

In order that judgment of management results from cycle to cycle may be facilitated still

further, it is desirable to prepare for each

division or subdivision at the beginning of each
cycle a diagram of the basal area on the average
acre by diameter classes, in the manner of that

studied to determine how much of the goods
shall be disposed of during the next cycle (5 to
10 years). If unusual demands should arise
during the cycle, such as the war-time demand

for spruce, the records will show just where the
special material is located.

Since, as cutting reaches each division, the
records of the residual stand (growing stock)
are to be revised before and after the cut, the
inventory of each division will be up to date at
all times except for minor changes resulting
from growth subsequent to the last inventory.
Approximate adjustments for growth may very
readily be made if needed. To obtain the in-

ventory of the entire forest property at any
As these time it will only be necessary to add together
diagrams accumulate they will show progress the adjusted inventories of all the subdivisions.
51. Determination of the volume to be cut.
or retrogression in the stand after the manner
of the successive diagrams in figure 14. Unlike In the early years of organized management,
shown in figure 13 (chapter V).
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the procedure here proposed two sets of facts may be

determination of the volume to be cut should
be based partly on the information obtained in
the general cruise of the property which shows

cited.

the total volume of the merchantable size
After intensive study and inventory
have covered all divisions of the forest, the

classes.

volume of merchantable timber ascertained by

summarizing these records should be relied
upon insofar as the annual cut depends on the

total stand available. Trees of the smaller merchantable diameter classes of certain species

and, on certain areas, larger trees that are

difficult to log, cannot under present conditions
be taken out except at a loss. For this reason,

an intensive study of the tracts soon to be

logged must be depended on to determine what
portion of the stands should be removed within
the period (5 to 10 years) under consideration.

A practice often advocated in forest management is to set up a rigid prescription of the
amount to be cut annually for a period of 10
years or more. To follow a rigid plan of action
may under present conditions force direct operating losses upon the forest owner in some
years and result in unnecessary losses of earning assets in others. It is preferable, therefore,
to set up a tentative operating schedule, based
largely on the quantity of timber that is capable
of extraction at a reasonably high stumpage

rate or that if left standing will not make
satisfactory earnings from growth in volume,

quality, and price. Typical examples in various

parts of the region, cited in chapters III, IV,

and V, indicate that from the standpoint of limiting the cut, in very few cases is an excessive

portion of the timber on any given property
ready for immediate conversion. The proportion available for cutting within a decade will

seldom exceed 20 to 40 per cent of the total
stand 12 inches or over in diameter. When it
exceeds 30 per cent, some liquidation of the

growing stock is usually involved. If the owner
aims at sound financial management the cutting
limitation policy should be supplemented by a

general determination to handle cuttings in
such manner that the net value of stumpage
removed during a 5- to 10-year period plus the
value of the remaining property, shall be main-

tained at a maximum. This will mean that

timber left standing has received equal consid-

eration and that no timber more valuable to
hold for future cuttings has been cut.

Review of underlying principles.The practice of
removing all timber when it culminates in value and
before its earning power declines below an established
point may not meet with the approval of some forestmanagement authorities who lay great stress on absolute regularity of yield over long periods. In support of

Logging and milling studies In numerous forest
types have, in late years, proved conclusively that a
relatively small proportion of the average stand has
reached its highest value. One-fourth to one-third of
the average stand, by volume, has not even reached the
point of having any present net value; another third or
more is of very moderate value. Removing the portions
that have reached high values or culminated in value,
therefore, will not usually result in a serious overcut
according to older ideas of regulating the cut. The
essence of the methods here proposed is continuing
adjustment of the forest capital to the level at which it
will produce the most satisfactory continuing earnings.
Available data indicate that adoption of this standard
will mean a permanent growing stock larger, not smaller, than would be maintained under older standards.

Unless standing timber that has culminated in

value is continually converted to income before its earnings decline too tar, the forest investment cannot compete with others forms of investment. To compete with
other security Investment, for example, the forest property must in normal times yield every 10 to 25 years net
income equal to the capital value of the pi-operty, without impairment of the capital value. By way of com-

parison with other kinds of business enterprise, the

following ratios of earnings to price for several common

stocks may be cited. (Price-earnings ratio indicates
figure by which annual earnings must be niultiplied to

obtain price.) These investments produce income equal
Years record on
Price-earnings
which ratio is based
ratio
Corporation
11.31
13
Company No. 1
18.22
11
Company No. 2
13
20.00
Company No. 3
13
9.98
Company No. 4
to their capital value in from 9.98 years to 20 years. The
stocks selected also show that the more stable and well

established the business the lower the average rate of
earnings on capitalization (see also section 40 chapter

VI).
In the Douglas fir forests many earning assets have
been neglected and consequently not capitalized. It Is
believed that under skilled management many properties

can be made to yield in the first 10 to 15 years net
income equal to the value actually invested at the

beginning, without serious impairment to future capital
value.

In a forest property that has reached a balanced

condition as to the size classes (see figures 14 and 15)
the volume removed in a decade will usually be 25 to 35
per cent of the total volume on hand at the beginning.
In other words, under sustained yield management the
cut on the better sites for every 30 to 40 years should
equal the volume of the permanent growing stock on
hand at the beginning of the period. Actual records
from certain selectively managed Swiss forests show
such accomplishment (4, 5).

It is appropriate to consider the correlation of the

foregoing facts with the principle brought out in chapter
VI (sec. 38) that a growing stock should be maintained
of sizes well distributed in the larger diameter classes,

such as will permit the annual cut permanently to

Include 40 to 50 per cent by volunie of trees over 40
inches in diameter. The value per unit of timber cut
should then be three or more times the average value of
the stand. Under this management policy it is entirely

possible for the percentage of gross earnings on the
investment to be three times the percentage rate of
growth, or more. Putting these related facts together,
it becomes clear that under selective timber management
the money yield should approximate 100 per cent of
the growing stock value each 10 to 20 years. Failure
to realize such a return arises from such errors as clear
cutting extensive areas; from overcutting in the large
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tree sizes; from failure to remove mature trees of declining value in time to prevent impairment of the returns;
and any other violations of economic or good silvicul-

by stepping up output during the prosperity
portion of the business cycle. Owing to the

tural procedure in handling the forest property.

necessity of providing continuous employment

Practical procedures involved in fixing the and preserving an efficient administrative orcit.In view of these facts it becomes clear that ganization it may be impractical to reduce the
the amount of timber to be cut within a decade cut in bad years by more than 50 per cent. The
should include all stationary and declining exception is when the operating concern posvalues; all values earning a rate, after allowing sesses operating reserves that in bad years can
for risks, well below what the capital which contribute conservatively to the extension of
might be withdrawn would earn in other ele- forest improvements, so as to afford employments of the forest property investment or in ment opportunities in place of those lost by
other investments of like risk; and those ele- reduction in the current timber cutting schedments of dense stands which are earning rela- ule. For these reasons the final determination
tively low rates as compared with other ele- of the cut for a given year should not be made
ments which would be favored by removal of far in advance. The information from the genthe lower-earning portions. In some cases these eral timber survey is sufficient only for laying
removals are subject to certain limitations, as down a general policy. Intensive study of each
for instance when large tree sizes have been logging unit is prerequisite to final determinaunduly depleted by past mismanagement, cut- tion of the cut therefrom but the condition of
ting must be very conservative in those classes other units within the forest property has an
in order that there may be due proportion of important bearing on the decisions reached, as
higher grades in the later cuts.
was brought out in chapters III, IV, and V.
As a general rule, 3 per cent net earnings
52. Selection of timber for annual cutting
after all risks have been allowed for may be operations.Chapters III, IV, and V show, as
decided on as the low point. In favorable prop- applying to three actual forest properties, the
erties minimum earnings may be fixed at a principles and practices that should rule in
higher rate; while in depleted properties, where selecting timber for immediate cutting if the
the growing stock is being rebuilt, it may be major objectives of high current income and
necessary to fix the minimum earning as low sustained property values are to be reached.
as 2 or even 1 per cent. In addition to the high Chapter VI summarizes certain information on
value major product designated for removal, growth and other factors which create a
the plan should, if practicable, provide for sys- dynamic status or condition of continuous
tematic procedure of cutting over the forest, change in value of nearly all growing-stock
unit by unit, for salvage (of timber damaged elements. These chapters also bring out the
by insects, fungus, fire, etc.), thinnings, and discount losses involved in holding certain
other improvement cuttings, generally at the classes of values. These discussions serve to
same time with or immediately after the re- emphasize the importance of correct procedure
moval of saw timber. As a general rule all such
material will be removed whenever the returns
will equal or exceed operating costs. The mar-

while at the same time they show that the

The general cruise by the sample-plot method

satisfactory rate from those that no longer earn
sufficiently to be retained as part of the stand.
The elements to be removed must also be so

proper selection of timber for the current cut is

the most intricate problem confronting the
ketability of products from such operations technician.
may depend in part on a demand for pulpwood,
This problem involves the separation of
fuel wood, posts, poles, etc.
growing-stock elements that are earning at a
provides the means of determining approximately what percentage of the entire stand and

what total volume should be cut within the

period (5 to 10 years) for which plans are being

selected that their removal will not result in

damage to the remaining stand. This includes
made. The annual cutting volume will be a the possibility of damage by fire, wind, insects,
fraction of this total, depending on the number and fungus disease. There is also to be considof years over which the cutting is to be spread. ered development and maintenance of forest
It is inadvisable to attempt to cut precisely the improvements, market values of the cut at a
same amount each year. For one reason, each given time, and numerous other factors.
operator must expect to absorb some part of the
When all the factors are carefully weighed
periodic fluctuation in market requirements. it is plain that, in order to hold all mischances
For another, average returns can be increased and risks to a minimum, all the more productive
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properties should be worked under a policy of
light cuttings and short cutting cycles. Light
cuttings are extremely desirable because they

cause the least disturbances to the balance
established in Nature. Frequent cutting on

the same area provides the means of correcting
mistakes in previous cutting by salvaging any
windfalls or other damaged trees before much
volume is lost. In brief, light cuttings and
short cycles best provide for sustained growth
and high continuous yields.
The intensive cruise described in section 50,
with the resulting compilations and maps, par-

up of the tops and other unused portions of
saw-timber trees. It has been pointed out elsewhere that spreading the cut through the cycle
results in maintenance of roads through use.

All areas with trees 12 inches or more in
diameter where no mature saw timber will be
cut during the period of the plan should be cut
over for salvage and thinnings, if possible, at
least once each decade. The plan may call for
proceeding over the area systematically, or may
leave it to the resident forester to allocate these
cuttings, as time goes on, to the divisions where

the most material is in need of salvage or

ticularly the timber stand map, provides the where thinnings are most desirable.
means of selecting the annual cut in the manner
53. Volume and future value of residual
illustrated by Plate V. In typical old-growth stand.No plan for removal of timber that has
timber approximately half the cut may come culminated in value is wholly sound unless it
from small groups which frequently have vol- considers the effect on the residual stand. If
umes of from 100,000 to 300,000 board feet per
acre. The remaining cut comes from tree selection on adjacent areas. These selections pro-

vide for the main cut of high-value material.
Immediately following this cut, if market con-

ditions permit, a salvage cutting should be

made to utilize smaller trees knocked down and

to remove any undesirable elements of the
stand.

After the groups to be clear cut and the

tree-selection areas are chosen on the map the

roads can also be located tentatively on the
map. It was shown in chapter IV that the road
mileage required is proportionately less where
cutting is to be light and can be charged off as
current expense.
Work now transfers to the woods, where the
selected groups and trees are marked for cutting and the roads are laid out on the ground.
Under the continuous-inventory system a
record is made of the trees marked, so that they
may be recorded separately from the inventory
of the residual stand as shown on Form 3.
It is often desirable that roads be constructed
some months in advance of logging operations.
The construction can thus be carried on more
efficiently, and road operating conditions may

be improved through allowing time for new
grades to become settled.

cuttings are sufficiently moderate to fit present
economic conditions, there will be left an average of from 20,000 to 50,000 board feet of timber per acre. This growing stock should lay
on annual increment at the rate of from 300 to
1,000 board feet per acre. In a decade or less,
portions of this timber will generally move into
the economic position of financial maturity now
occupied by the timber that is ready for cutting. Adequate records, as already described,
should be made of the tree sizes and volumes
in order that records of the progress of growth

and changes in value may be available as a

basis for the next revision of the inventory and

the planning of cutting operations.

In this

way the data for improved management can be
gradually perfected.

Emphasis on the proper point of view in

the current cutting operations is so important

that the fundamental objectives will be repeated.

They consist, first, of recovery from

the stand, so far as possible, of financially

mature and overmature trees, salvage of dead
trees, and thinnings in immature stands which
are most in need of removal. However, the
value of forest land is so low that it is cheaper

to store inferior elements of the stand until

they become of some value than it is to remove
them at a loss.. Removal at a loss is advocated
only in exceptional cases. Second, the high-

Thinning and salvage operations.On areas
where saw timber is to be removed, thinnings earning elements of the growing stock to be
and salvage can be most economically carried left standing deserve as much consideration
on either just in advance of the initial cut, at as the timber to be cut. Under present condithe same time with it, or immediately after it. tions these may include from 75 to 90 per cent
This permits use of the temporary as well as of of the trees. If they are neglected the waste
the permanent roads. If such cutting follows in capital value will often be as serious as waste
the saw-timber cut it may often include clean- from mismanagement of cutting operations.
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These two aims of management are not conflicting but are wholly harmonious. The means
of carrying them out have been illustrated in
three typical cases in chapters III, IV, and V.
The evolution of the growing stock on a single

raised, which is an additional reason why it will

be better able to carry the improvement

charges than under the practice prevailing in
recent years.
The practice of charging off the entire expense for truck and tractor-road construction
to current operations should, therefore, continue. This will reduce the capital burden on

forest division where the cyclic cut and the

residual growing stock receive equal consideration is particularly discussed in chapter V, and
illustrated in figure 14.
54. The investment in forest improvements
(chiefly transportation facilities) in relation to

industry and will pave the way for introduction

of improved facilities as they are developed.
Although the expenditure will be thus amortized the utility of the improvements will remain so long as they are utilized during each
cutting cycle. Over a period of several cycles

timber management.During the first third of
this century, while liquidation of forest productivity was occurring through destruction of

the physically and the financially immature

growing stock at the same time that the mature
timber was being cut, expenditures on transportation facilities reached a level as high as
from $75 to $100 per acre of timber cut. These
costs could never have been met except for the
heavy stands, but such stands do not constitute
a reason for continuing this type of waste. The
engineering calculations on which these high
expenditures were based generally included the
assumption that the entire stand could share in
carrying the burden. It has subsequently been
demonstrated (7) that from one-fourth to more
than one-half of the stand was of too low market value to carry any portion of these costs.
It should be noted that under the liquidation
policy this huge per-acre charge (for what under a continuous-production policy would mostly constitute permanent forest improvements)
had to be charged entirely to current operating
expenses or charged off in a very short period.
It had no residual value for future use since no
timber remained or would be produced to be
hauled over the facilities provided.
The forest-improvement situation under
sound selective timber management is in sharp
contrast to the foregoing. In the first place, a
conservative policy should rule in making forest
improvements, building only what are needed

and keeping transportation facilities out of
timber that is not ready for immediate opera-

tion. Under this policy, with truck and tractor
operations to main railroad line or deep water
connections, the investment per acre for truck
roads with gravel or crushed-rock surface and
for tractor-roads should very seldom exceed
$15.00. This would constitute a charge seldom
exceeding 75 cents per 1,000 board feet removed, as against $1.00 to $2.00 under the

they will transport not only the present volume

of timber cut but also the additional volume
resulting from growth.
As noted later, desirable accounting procedure will charge both construction and mainte-

nance of improvements in forest divisions
which are undergoing current cutting operations directly to utilization costs. Expenditures
for construction and maintenance in other parts

of the property may be carried in a special
account from which they may in future be

transferred to utilization costs, fire protection
costs, or such other activity as may logically
permit them to be charged off within a short
span of years.
Under these circumstances these forest im-

provements, though amortized, may be mod-

erately valued as a part of the permanent

forest investment. Under the conversion-value
method of rating the investment they may be
assigned an arbitrary value of a few dollars per
acre. Under the method of capitalization based
on net earnings they will naturally become a
part of the capitalized value since their existence adds to the conversion value of the timber.

In planning the development of a foresii

property, determination of the extent and location of the forest improvements (chiefly transport facilities and camps) affords the best opportunity for economy in capital outlay. Under
present conditions it appears that a minimum
mileage of permanent railroad (needed only for
the largest properties), combined with a well-

clear-cutting, cable-logging system. As the timber removable only at a loss will not be cut the

average value of the timber utilized will be
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planned system of truck roads which in turn
are connected with more or less temporary
tractor roads, would result in the lowest cost
transportation for timber after the skidding
operations. Planning for these developments
calls for the best ability of the technician, who
can here lose or make several times the cost of
his salary. In order to avoid errors, planning
at the beginning of a period should generally

include only location of the main skeleton of the

road system. Addition of branch roads should
be studied and decided upon from the intensive
topographic and cruise data, especially those
on the timber map, as cutting operations progress into the property.
In the selection of timber values to be converted to income detailed consideration should
be given to the utilization of capital in existing
transportation facilities and camps. If these
are not used deterioration and loss will occur.
Therefore, it will very frequently be desirable

protection against fire and other destructive
agencies may properly form a supplement to
the regular forest management plan. Or these
phases may be handled independently. In this
report a separate chapter (chapter VII) is
devoted to the subject.
56. Conclusion.Many of the problems of
organization under selective timber management are continuing problems intimately associated with administration. This is true because essentially the method is continuously

to allocate early cuttings to areas already experimental, in that it relies on the experience
served by transportation and later cuttings to of the past, especially the immediate past, to
areas where transportation has to be extended. guide the future, especially the immediate
Light cuttings and frequent returns to the future. This experience relates particularly to
same cutting areas should result in such con-

timber-utilization costs; gross and net values;

tinuity of use for the transportation system growth rates in volume, quality, and price; and
that permanent maintenance of the basic sys- market outlets. In order to gain the advantem (railroads or truck roads) will result in tages of favorable factors and avoid the pit-.
falls constantly arising from unfavorable factors, systematic control of all operations is necThe necessary organization and planning of essary. This is discussed in the next chapter.
the lowest charge against utilization.
55. Protection of property against fire, etc.
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CHAPTER IX

ADMINISTRATION AND CONTROL OF LOGGING AND TIMBER
MANAGEMENT OPERATIONS

General.With a firm operating policy,
based on sound principles and permitting the
full degree of flexibility necessary for continuing adjustment of operations to changes in

The same report shows that in contrast to
the above methods modern motorized equipment renders heavy fixed investments per acre
unnecessary, and in consequence can relieve
economic and physical conditions, it is obvious management of the necessity of long committhat an intimate relation must exist between ments to fixed operating plans which before
administration and the development of further they are completed may lead to heavy losses.
operating plans. This relationship will be con- Simplified methods of operation carried out systrolled in part by the continuous inventory sys- tematically and based on adequate current
tem, briefly described in chapter VIII, and in records are thus indicated.
part by operating records which will be disUnder these conditions private railroad opcussed in the present chapter. With these two erations may be confined to the larger

types of records, kept in the form designated
by Harrington Emerson as "immediate, reliable
and accurate" (10), the best experience of the
past in forest production and operating results
will be continuously available as a foundation
for further improvement. The first requisite
of good management is that as far as possible
all timber actually removed shall yield a reasonable margin, preferably a wide margin, of
returns over costs. This cannot be ascertaind
or controlled unless records are adequate and
are so kept as to yield immediate information
concerning current operations.

Simplification of operating methods.
In the logging cost report (7) it was shown,
and general experience confirms the fact, that
under the extreme development of cable and
railroad logging, methods of operation are so
complicated that administrative burdens are
extremely heavy. They generally include operation of a railroad system of considerable

magnitude; the operation of heavy yarding
machinery, involving intricate problems of
mechanical engineering; civil engineering prob-

lems such as making of topographic surveys,
laying out railroads, location of settings to al-

low proper skyline deflections, etc. Under these

conditions it is not surprising that important
problems of timber management were almost

completely neglected. Difficulties were increased

by the fact that, once entered upon, an operating plan could not readily be modified.

properties and the railroad mileage may be

reduced to comprise seldom over one-fourth of

that common under steam and cable logging.
Frequently it may be reduced to just a mainline system such as that illustrated as possible
for the first cutting cycle described in chapter
IV. Investments and investment charges for
railroad construction can be correspondingly
reduced. Transportation from stump to car
should usually be by mobile motorized equipment. It has been shown in the three examples

discussed in chapters III, IV, and V that truck
roads and tractor roads required for this form
of transport are of such low cost that they may
be charged to current operating costs as operations are extended. Likewise the motorized
equipment itself is highly productive while in
operation but is subject to rapid depreciation,
or in other words, it permits rapid recovery of
the investment. The capital investments in
such equipment, therefore, do not involve any
long commitment to a given operating policy.
The net effect of the change to flexible equipment will be greatly to reduce capital investment and to facilitate rapid amortization of
such capital investment as remains.
It is clear that these changes in operating
equipment and methods will release the
energies of managers and technicians to such
an extent that the process of continuous adaption of operations to changing conditions of
markets, labor costs, and other factors may be
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markedly facilitated, provided the opportunities thus made available are utilized.
59. Determining the essential elements of
the operation.Before effective administrative
control can be established the operation as a
whole must be analyzed and broken down into

its essential administrative elements. Over
each of these, effective administrative and accounting control must be established. The
elements usually encountered are as follows:

Forest technician in charge
Mapping and inventory.
Protection and general development of
the entire property.
Selection and designation of timber for
cutting.

(3,000 to 15,000 acres each), divisions (500 to
5,000 acres each), and where necessary, subdivisions (25 acres and up). The permanent
road system (railroad, truck roads, and tractor
roads)

should also be virtually completed.

These two developments should render all the
timber accessible at all times, while the continuous inventory should record the volumes by
species and tree sizes for each operating unit.

After this stage of development has been

reached the forest technician can intensify his
investigations of increment (volume, quality,
and price) and determine more and more closely

the tree sizes at which physical and financial
maturity is reached. These maturity limits
may be expected to fluctuate continually with
changes in market conditions and utilization
technic. Continuing investigation of general

Logging superintendent in general charge
with foreman or strawbosses as assistants in conditions affecting them and of specific condicharge of each element. An adequate technical tions pertaining to each unit, however, should
staff under direction of forest technician should enable the technician to prescribe for each
plan roads and other permanent improvements cycle the amount of timber that should be cut.
with due regard to general plans for the prop- This should be the amount which will accom-

erty

plish the maximum conversion of timber capital

Truck road construction.
Tractor road construction.
Felling and bucking.

to current income that is consistent with the
policy of maintaining a balanced growing stock
in sufficient volume to insure a high continual
yield in volume and quality and consequently a
high level of earnings.
The forest technician should be the custodian

Skidding.

(1)

Drum unit yarding.
Loading (truck).
Truck transportation.
Loading (railroad).
Rail transportation.
Water transportation.
Any other major items.

of the continuous inventory records and in
addition should have free access to the cost

records covering all steps in utilization. The
inventory records of the growing stock may be
based largely on sampling in the early stages
60. The initiation of administrative and
and as time goes on should develop more and
accounting control over the forest property and more toward actual complete enumeration in
utilization operations.The selection and deswith timber marking. Records of
ignation of timber for cutting for the initial connection
the timber removed in cuttings may be drawn
operations under continuous inventory methods from records made in connection with contract
has already been discussed in chapters III to V.
day work, felling and bucking (Forms 5 and
This, however, will be a continuing process, or
6)
or tractor operating record (Form 8). From
always going on. Under it the technician in
this
record information (Form 3, chapter VIII)
charge will annually study new areas or addi- can be
accumulated which will permit adjusttions to old areas within divisions being opment
of
the inventory before and after the
erated or soon to be operated. Until the entire
cyclic
cut
on each division or subdivision. As
productive area has been covered by detailed
topographic maps this work will include both Form 6 gives the volume of logs obtained from
topographic mapping and timber cruising and each tree it will provide the information from
stand studies. In the course of the first few which to determine current utilization standcutting cycles the mapping phase of the studies ards, either by complete statistical summary or
will be completed but periodic reconsideration by occasional sampling of the data, as for
of each area should continue as long as the example by taking every 10th report. By all
property is under management. While studies odds the most accurate way to state volume is
are proceeding over the area the first time it in terms of cubic measure which can be used
should be divided into fairly permanent blocks almost equally well for any form of utilization.
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they may be loaded on a conveyance for further
transportation. The term "yarding" is re-

Equivalents of 100 cubic feet in, terms of other

measurement units are to be recorded at the-

served for those cases where cable equipment
has to be used for initial transportation from

bottom of Form 1
Felling and bucking This work is under the
supervision of the bull-bucker. The points of
importance are economy in costs so far as consistent with good quality work. This includes
guarding against breakage and other waste and

the stump. No attempt will be made here to
discuss methods of railroad spur and cable logging which are now being rapidly superseded,
since these are impracticable in intensive selective timber management.

felling the timber so that subsequent opera-

The mobility of the operating units and the

tions will be facilitated. To attain both objectives experience indicates that contract work
under certain safeguards is the most effective.

absence of heavy accompanying investments in
fixed improvements permit complete flexibility

The preferred (though not very common)

in operating methods and require administrative records and controls which will preserve
these operating advantages. Specifically, cost
records should provide immediate information,

method is to pay for felling at an equitable rate
per square foot of stump surface. Bucking may
best be paid for in the same manner although
very commonly it is paid for on log scale.
Where tractor skidding and roading are let by
contract felling and bucking may be included

daily if necessary, which will permit quick
withdrawal from untenable operating situations and thus avoid unnecessary losses. The

in the contract with suitable penalties for records should also be adapted to the type of
As the time required per thousand
board feet both for felling and for bucking is
wastage.

much greater for small than for large trees

(about twice as great for 20-inch trees as for
trees over 40 inches) (24) rates must be higher
on smaller trees in order to be equitable.
Forms 5, 6, and 7 are suggested as sufficiently
complete records to provide the information
required to pay for the contract work, to show
the standards of utilization, and to provide the
information needed for controlling the timber
inventory within each block, division, or subdivision. These forms may be bound in books
for convenient field use. The sheets may be
of a vertical width to make the books of pocket
size. Alternate sheets should be perforated for
use as carbon copies or otherwise used as duplicates to be detached and used to support the
entries on the original of Form 7. During
stormy weather records may be taken on water-

proof forms and transferred to permanent
forms each day. The originals of Forms 5 and
6 go to the custody of the forest technician's
office and are used to keep the timber inventory
up-to-date. The originals of Form 7 go to the
accounting office and constitute authority for

administrative control necessary to serve operating efficiency without undue increase in
overhead costs. Records of daily output and

records of current operating costs such as

shown by Forms 8 and 9 and ledger accounts
later listed are suggested.
Form 8 is to be filled out by the hooker, who
has ample time to scale and record the next
load of logs and place chokers during the absence of the tractor while hauling in a turn.
Operating experience shows that if scaling is
not done the volume of loads will not be maintained and costs will rise. Making this record
will involve no extra cost except for daily entry
of summaries on the record of performance for
each tractor. This may be a suitable card

record or a bound book to which are transcribed
the daily operating totals. Whether skidding

is done by contract or by day work will not

much influence this record. If by cpntract the
logs will be check scaled at the landing in addi-

tion and this may be advisable in any event.
Where a tractor is operating to a storage landing (logging cost report (7), chapter XXI) the
check scale will be when the logs are periodical-

ly loaded out and will be recorded in a regular

payment of these accounts and for entry of scale book.
felling and bucking costs in the books of acForm 9 is to be filled out by the workman

count. Five ledger accounts cover this section
of operation costs. These are listed under fell-

ing and bucking in section 60.

Skidding.This term is used in the sense
common throughout the United States, viz., the
dragging of logs resting in whole or in part on
the ground from the stump to some point where

making repairs. As each tractor will constitute
a rather heavy investment a ledger account or

series of accounts should be established for
each machine to show at the end of each accounting period (at least annually) its status,

including balance of capital investment, repair
charges, etc. For the skidding operation as a
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Form S
FELLING RECORD
Block

(Name)

Division

Subdivision

(No.)

Tree'
No.

(Letter)

19...,

Date

Name

Species

Stump
D. B. H.

Inches

D. I. B.

Inches

Surface

Rate

stump in-

Sq.

area

side bark2
Sq. Ft.

per

Ft.

Cents

A41d bonus

for avoidance breakage 10

per cent
Cents

Net
earned
each

tree

Cents

Totals
1 Start new series of numbers each week.

'to nearest tenth of a square foot.

whole the ledger accounts shown in later summary under skidding will be necessary.

The sum of the costs of felling and bucking,
skidding, yarding, roading, and preparing roads

Through the device of a columnar ledger will be the current cost of delivering logs at

landing ready for the next form of transport.
Loading.When truck loading is performed
independently, which is very desirable, a device
which can travel or be transported by tractors
which will give the daily machine rate (operat- from landing to landing is the most efficient.
ing cost) for each machine. This, divided by The same device or a locomotive crane
the output per machine shown by the output may serve this purpose on railroads. Output
record accumulated from Form 8, will show the records should be kept showing the number and
skidding cost per M feet. Taken in connection volume of logs loaded each day. An ordinary
with other cost elements of logging this will scale book will serve the purpose if the output
show at any given time whether costs are being figures are taken off daily in form to be easily
maintained on an efficiency level and whether summarized. Costs should be accumulated in
operation along current lines is justified in view a manner to show the daily operating cost of
the crew and the machinery used, i.e., the
of the returns from sale of the product.
Cable Yarding.When cable yarding with machine rate. Ledger accounts similar to those
drum units has to be performed on steep areas used in skidding but properly designated to
these costs may be handled in the same manner apply to loading will be necessary.
Truck kaul.This is usually done on contract
and should be added to skidding costs unless
the yarding is direct to truck road or railroad and the logging operator needs a system of
landings. Costs covering operation of drum scaling the loads, for which an ordinary scale
units should be kept in manner described for book will serve. Usually the check scale on the
basis of which skidding is paid for should be
skidding.
Tractor roading.In numerous instances the the basis for payment for truck haul. Payment
next form of transportation after skidding or may fairly be made on gross scale. If on conyarding with tractors will be roading. The tract, one ledger account will serve. Necessary
record system for this operation is the same as ledger account or accounts are later indicated
for skidding and the same forms may be used. in the summary of ledger accounts.
Tractor road construction.This work is conTractors used in construction work may be
ducted
on the same basis as skidding. Daily,
handled under similar accounts except that output records should be in terms of footage of weekly, or monthly reports are made of footage
graded or yardage moved. The same simple
tractor road graded or yardage handled.
account all of the accounts except the first can,

if desired, be charged directly or prorated to
each machine. On the basis of these accounts
there will be continually built up cost figures
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Form 6

BUCKING RECORD
Block

(Name)

Dvision

(Number)

Sub-division

Date_

Bucker's Name

Tree2

No.

Stump

Species D.B.H. D.I.B.
Inches

Inches

Top
Length D.I.B.
Feel
Inche

(Letter)

1st log
Gross

log
scale
Bd. ft.

2nd log

19

3rd logt

and higher

Total

Total

log
area top
scale inside bark

of tree

Bd. ft.3

Bd. ft.

scale
of tree
Bd. ft.

Net

Surface
Sq. ft.4

Totals

'Record any additional logs on following line.
2 The same oumbers as on Form 5.
Cubic measurement is more accurate for this record, but board feet measurement is more customary.
Compute to the nearest tenth of a square foot.

gross
scale

ne

Total

surface
area log

cuts
Sq. j.

Rate
paid
per
sq. ft.
Cents

Bonus
for
Net
for avoiding earned
each wastage each
tree
if any
tree
Cents
Cents
Cenu

Return

Form 7
FELLING AND BUCKING PAY SHEET

(2 weeks or monthly)
Name of payee
half
(1st or 2nd)

Daily earnings
Dates

Gross DeducDolls.

tions

Net

Dolls.

Dolls.

1
2
3

to direct labor accounts as a flat percentage of each; general supervision and
general expense prorated according to di-

19....

(Month)

rect expenditures on each operating element;
depreciation charged directly or prorated ac-

Daily earnings

Dates

Gross Deductions
Dolls.

Net

cording to the investment in each piece of
equipment or in the ensemble of equipment

Dolls. Dolls.

16
17
18
19
20
21
22

4
5
6

7

8

used in one element of the operations; and fire

insurance prorated according to residual investment. Although interest unless paid out
does not usually properly enter into financial
accounts it is chargeable as a part of costs
incurred by the investment of capital. This

23
24
25
26
27
28
29
30
31

9

10
11
12
13
14
15

Total

may be accomplished by charging to each over-

head or equipment capital account interest at

the rate of six per cent per annum on the

depreciated investment as shown after closing
books for the previous years. The offsetting

credit entries may be credited to a control

account set up for the purpose and disposed of

Total earned $
Deduct advances $

at the end of the year by charging to surplus

Balance due $

Form 8

DAILY OPERATING RECORD

Tractor No
Block

(Name)
Operator's Name

Logs in turn
Turn
Log
No.

No.

Division

Subdivision

(Letter)

(No.)

(Date)

Species

Top
D. I. B.

Length
Feet

Inches

Gross
scale

Ft. b.n.

Gross
scale
in

turn
Ft. bin.

19....
Net
scale'

Ft. bin.

Totals

'May be omitted.

system of ledger accounts to establish daily
machine rates, constantly kept up to date, will
be necessary.
Truck

road

construction.This may be

handled the same as tractor roads but in a
separate account. In addition to tractor grad-

ing operations the services of a rock crusher
and gravel trucks will at times be required but
this work may be done by contract. If not by

contract, capital accounts will be necessary for
each machine as in the case of tractors.
Indirect or overhead eharges.Certain social
security, ownership, and capital charges should
be charged directly or prorated to the overhead
account of each of the foregoing operations at

each accounting period or at least annually.
These include industrial insurance, old age
insurance, unemployment insurance, and insurance against strikes, riots, etc., prorated
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Form 9
MAINTENANCE REPORT'
Tractor No.
19.
Date
Workman's Name
List type of repairs
Order No.
Work performed
Stop
Date

Date
Date

Start
Stop

Start
Stop

Start

Total hours
Total cost labor
Materials cost

TOTAL COST

'Total costs will be charged to ledger account for the
tractor concerned and credited to control accounts for
labor,, materials, etc.

Railroad Haul

account if earned or writing off as loss and gain
account.
Forest operating and property wcounts.Certam elements involved in caring for the forest

If operated as a subsidiary only "freight" need

appear in the general ledger covering logging.
Forest Operations

These vary but may require the following ledger
accounts:

Forest administrationsalaries.
Forest administrationexpense.
Fire preventionsalaries.
Fire preventionexpense.
Fire suppressionlabor.
Fire suppressionexpense.
Forest engineeringsalaries.
Forest engineeringexpense.
Road constructionlabor.
Road constructionexpense.
Road maintenancelabor.
Road maintenanceexpense.

property as a whole independent of logging
operations require recognition in financial accounts (which also serve as cost accounts).
These elements are listed among the forest
operating ledger accounts.
ummary 01 ledger accounts.
Felting and Bucking

Felling, direct labor (at end of each accounting
period industrial insurance, etc., is prorated to

labor accounts).
Bucking, direct labor.
Felling and bucking, equipment and supplies.
Felling and bucking, maintenance of equipment.
Felling and bucking, direct supervision.
Felling and bucking, overhead (including general
supervision, depreciation, taxes, insurance, and
financial charges prorated each accounting
period).
Tractor Skidding
Operating direct labor (see note above).
Operating supplies.
Maintenance labor.
Maintenance supplies.

Taxes.

Insurance.
General forest expense.
Any other items of expense that may pertain to the
certain property.

Most of the above rate as general accounts to be

charged off through proration either directly to operating accounts or indirectly through forest property accounts.

The forest property account should be kept by area

units, that is, a ledger account should be set up for each
block or forest division. To this will be apportioned

Supervision (direct).
Overhead (including general supervision, deprecia-

tion, insurance, taxes, and financial charges

prorated each accounting period).
Tractor Yarding (drum units)

If any operations use similar ledger accounts to

those for skidding.
Tractor Roading

If any operations use similar ledger accounts to
those for skidding.

Swinging

If any operations use similar lodger accounts to

those for skidding.
Loading (Trucks)
Use similar set of ledger accounts to those used for
the skidding operation.
Truck Haut

If trucking is done on contract one ledger account
designated "truck haul" is necessary. If trucks
are owned and operated by the logging operator

annually the forest operating charges, usually on an
acreage basis. In like manner there will be credited
to each division the sales made therefrom, either directly
or by prorating according to volume of timber cut. At
the end of each year accounts for all blocks or divisions

from which sales have been made will be closed by
charging off accumulated expense, adjusting to the
inventory, and disposing of the profit or loss through

loss and gain account.
The ordinary accounts usually necessary to complete
a system of corporate accounts, including provisions for
annual closing of the books are as follows:
Loss and gain
Capital Stock
Sales accounts with customers
Notespayable
Rent
Notesreceivable
General expense
Accountspayable
Accountsreceivable Administrative salaries, etc.

Economy in the conduct of accounting practice
can be promoted by a judicious use of cola series of ledger accounts similar to those umnar journals and payroll books which permit
described for tractor skidding should be used
with designations indicating that they apply to distribution of costs to various ledger accounts
truck haul.
without individual posting of every item.
Tractor Road Construction
Use similar set of ledger accounts to those used for Columnar ledger pages though not verypoputhe skidding operation.
lar with accountants may also be used. This
Truck Road Construction
may be illustrated as follows for tractor No. 1
Use similar set of ledger accounts to those used for
the skidding operation. If rock crushing and skidding operation.
hauling is done by the regular organization
With this ledger device the original entries
instead of by contract capital accounts should
be set up for the rock crusher and each truck. will be in a suitably arranged columnar journal
General Accounts

In order to accumulate the items later to be prorated to direct labor and overhead accounts

under each of the foregoing the following ledger
accounts are necessary so far as applicable:
General logging supervision
Industrial insurance
Depreciation reserve
Old age pensions
Unemployment insurance Taxes
Strike and riot insurance Interest earned

Fire insurance

or other books of original entry. From these

they will be posted direct to operating accounts
or to control accounts. They will be posted as

usual in the operating accounts to the righthand page under Debit and Credit. On the
left-hand ledger page the debits will be distributed to the cost categories indicated. In
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Left-hand Page
Labor
Dr.

Operating
Supplies
Dr.

ILLUSTRATING LEDGER FOLIO
Distribution of Debits
Maintenance
Supervision
Labor
Supplies
Dr.
Dr.
Dr.

Skidding
Overhead
Dr.

Capital
Account
Dr.

Right-hand Page

Account.Tractor No. 1
Skidding Operation
Distribution of Credits

Items
Credits

Debits

effect

Cr.

the right-hand page constitutes the

essential financial account and the left-hand a
cost account directly tied to the financial accounts. Only a few credit entries will occur
in the account cited, mostly connected with
handling depreciation and with periodic closing
of the books. If any distribution of these items
is used two or three distributing columns can

be provided on the right of the main credit

column
61.

Determination

of current

operating

Cr.

Cr.

Cr.

If other forms of transportation are necessary they should be included with the above.

The conversion value of the stumpage per
M feet is the sale value of the logs less the
above cost. This will, of course, depend on the

quality of the timber selected for cutting. The
level of conversion values is the most important

operating factor and, since it fixes the returns
from the forest property, it must be constantly
watched. It directly influences timber selection
policies.

62. Railroad haul.Where this form of
accounting system perfected as to further transport is retained, whether private or com-

costs.With the foregoing administrative and
necessary details applicable in a given case it

mon carrier, it should be set up as a subsidiary
operation. Capital charges usually outweigh
direct operating costs. Accounting should be

closed, including distribution to overhead account and a charge to depreciation reserve, is

against each major element of the operation.

is obvious that each element of cost can be
readily determined. Thus with tractor No. 1
skidding, suppose the cost for the month just
$750.

Suppose further that output records

accumulated from Form 8 show that 1,300,000
feet b.m. were skidded during the month. The
cost per M feet was therefore 58 cents. Other

current elements of cost can readily be summarized in the same manner. Total operating
cost per thousand board feet can then be summarized as in the following example:

so handled that costs will be accumulated

Direct labor costs can readily be distributed by
use of a suitable payroll form. The following
subdivisions of costs, each covered by a ledger
account, will usually be sufficient.
Train Operation

Cost per
MIt. b.m.

1. Selection of timber for cutting and
$0.06
planning extraction methods

2. Felling and bucking

Direct labor
Supplies
Supervision

Other operating costs
Direct labor
Supplies
Supervision

Locomotive ma4ntenanceDirect labor
Supplies
Supervision

1.00
.30
.58
.20
1.25
1.50
.25

Rofling stock maintenance

3. Road construction
4. Skidding
5. Loading
6. Truck haul
7. Common-carrier transport
8. Scaling, booming, and rafting
Total cost delivered to log market $5.14
(excluding stumpage)

Direct labor
Supplies
Supervision

Track Maintenance
Direct labor
Supplies
Supervision

Other structure maintenance
Direct labor
Supplies
Supervision
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Depreciation

TABLS 24.Typical production costs for a five-year
cutting cycle, Douglas fir region

Rolling stock
Trackage
Structures

Industrial and social insurance and insurance against
strikes, riots, etc., prorated to all direct labor
accounts.
TaxesProrated to each portion of investment..

Cost Items

Administration
Forest Protection

General supervision to general expense.
Fire insurance and

Taxes

Other insuranceProrated.
Interest at a moderate rate may be considered as a
cost and may be handled as suggested for the logging
operation proper. As the cost of railroad operations
consists overwhelmingly of capital charges an alternative method is to omit interest from cost accounts and
watch earnings of the investment as a whole to determine whether conduct of the business is satisfactory.
Depreciation should be levied at as heavy a rate as
possible owing to uncertainty as to permanence of this
form of transportation for any distance less than 30
miles. The simplicity of truck operation and its adaptability to contract hauling may be expected progressively to curtail railroad hauling. Where railroading opera-

Totals

Cost

per acre

Cost

per acre

Cost for

1,000 acres
per annum for 5 years 5 years
Cents
Cents
Dolkirs
10
10'
60

50
300

500
500
3,000

80

400

4,000

5.0

64. Conclusion.The foregoing suggestions
for setting up administration and a system of
administrative records are only in rough outline. The competent business manager will

adapt his organization and records to the needs
of the particular situation. The services of an
expert accountant may be necessary but his
work must be closely supervised to avoid set-

ting up a complicated and apparently sys-

tions are organized independently such additional ledger

accounts should be added as are necessary to handle

tematic and very detailed accounting system

business operations and close the books annually.
63. Forest production costs under selective

which, however, will completely fail to collect
the essential information. It is not here suggested that any one rigid type of organization
and administration can be adapted to all situations. The principal aim is to show the simplicity, from the administrative standpoint, of
the methods that are available.
With complete flexibility and complete control established it will be wholly unnecessary
to take out timber at losses such as have often

management accumulated by methods described

shown in terms of direct money outlay.If the
annual costs of administration, protection, and

taxes are accumulated without interest by
means of the foregoing forest operating accounts for any forest division during the period
of a cutting cycle, say five years, the sum total
for the period will constitute the actual money
outlay incurred in producing the timber volume

It may at times be necessary to
sacrifice some portion of normal stumpage
values in order to meet taxes and other fixed

that is added to the stand during the period.

occurred.

For example, if the production costs on a forest
division of 1,000 acres should be as shown in
table 23, and if the growth rate should be 600

charges, but continuing operating losses for the

board feet per acre per annum or 3,000,000 mere sake of completing some operating comboard feet for the division for 5 years, the mitment unwisely entered into should be a
money outlay would be $1.33 per thousand thing of the past. In cost studies distributed
board feet. If a growing stock of well-dis- throughout a large part of the Douglas fir
tributed sizes should be maintained so that a region and conducted in various depression
cyclic cut of 3,000,000 board feet (equal to the years no well situated tract has been found
growth) can be taken, the stumpage value where properly selected stumpage logged by the
might be $5.00 per M board feet, thus yielding lowest cost methods available did not have a
a gross profit of $3.67 per M board feet or
substantial conversion value. Selective timber

about $11,000 for the 5-year increment on 1,000
acres. This profit would be available to pay

management will confine operations to such

returns on the investment in that forest stumpage. In periods of restricted demand the

Capitalizing this income at 5 per additional responsibility rests on each operator
cent annual interest yields a capital value of of limiting operations to his fair share of the
division.

$44 per acre for the division.

market.
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CHAPTER X

REVIEW AND CONCLUSIONS
65. Résumé of intensive selective timber differs radically from the old system; including
management as applied to long-time timber tractor roads, the mileage will be much greater,
supply.An understanding of the conditions but both the initial and maintenance costs will
prevailing in the Douglas fir region with respect be much lessusually less than one-third as
to the forests, timber values, and markets much.

points the way to selective timber management.
In this region there are wide differences in rate

of tree growth as influenced by timber type,

site quality, and density of stocking; mortality,

decay, and risk factors also vary widely. A
wide range in stumpage conversion values is
characteristic of typical forests of the region.

Light initial cut will permit quick liquidation
of overmature timber.The advantages of selective timber management are most clearly
demonstrable in connection with large, wellstocked properties with a long-time supply of
timber. In such a forest the first step, as

shown in the examples cited in chapters III,

These differences in value arise from dif- IV, and V, is to start with the best and handiest
ferences in timber types, topography, and localogging shows for an initial removal of only a
tion, as well as in species, quality, and size of small portion of the stand (generally 15 to 25
timber (chapters II to V, inclusive). Then, too, per cent by volume), partly by individual tree
market fluctuations which occur from time to selection and partly by small-group selection
time may temporarily upset normal value rela- (generally 1- to 10-acre areas), according to
tions among different species, qualities, and the character of the stand. The immediate aim
types of timber.
is to liquidate quickly the financially most overThe rapid evolution of flexible logging equip- mature portion of the realizable timber capital.

ment and methods (7) that has taken place In typical cases the timber taken out in this

during the last few years has a significant effect
on the possibilities of selective timber management. Crawler tractors, fairlead arches, bulldozers, tractor-mounted drum units, etc., combined where necessary with skyline swinging,
constitute practical operating tools for intensive

selection by individual trees and by small

They offer the flexibility and selectivity that are needed for both long-term selective management and current market selecgroups.

They also bring important savings
through reduction of timber breakage and,
tion.

cut would consist to a large extent of decadent
old-growth timber of very high stumpage conversion value, together with outright salvage
of merchantable windfalls or other dead and
rapidly deteriorating timber. If liquidation of
these nonproductive or declining, though generally high-value elements of the stand were
long delayed, a serious loss, relatively speaking, would be suffered; mortality, decay, other
risks, and above all, discount of long-deferred
income work together to make a heavy financial
pressure for early liquidation. Prevention of
these excessive losses requires rapid extension

wherever conditions are suitable for their effective use, a substantial reduction of logging of the local road system so as to facilitate a
costs. Curiously enough, this reduction in costs light initial cut. The savings effected through
may often be relatively the greatest in rough- this hastened liquidation of only a small portion
country areas (chapter IV) even though the of the stand will pay for such a road system.
new methods in their present state of develop- Snag felling and other necessary fire protective
ment may not be directly applicable to all measures will pay for themselves in the same
portions.
A large part of the reduction of logging costs

way.

Permanent road system is key to successful

is brought about through the striking econ- selective management .T he roads thus conomy of long-distance tractor roading and in structed can and should be charged off against
many cases also through substitution of motor the initial cut, or in any event amortized within
roads for railroad spurs. Such a road system a few years after construction. This is an
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important point to remember. A permanent
road system of this kind will give convenient
and quick access to all parts of the operating
area. It will place the growing stock under
complete selective control, and where continuously maintained through constant or relatively
frequent use, will constitute as essential a part
of an intensively managed forest as do the land
and the trees themselves. It is the key to
management methods featuring short cutting
cycles and light cuts. It, is the key to market
selection and to effective fire protection.
Further than this, in conjunction with a relatively large aggregate of landing space for log

storage, it is the key to high operating effi-

of the trees actually cut, and through sanitation
cuttings in old-growth stands and improvement

cuttings in second-growth stands, in effect it
would constitute free surplus stumpage, the removal of which would enhance rather than
detract from future returns.
Selective management will lead to increased

growtiv.As this program is carried out, the
net productivity of the forest, originally in

equilibrium, with growth offset by mortality,
should gradually increase. Most rapid progress
in this direction should be made during the
initial cut. Here mortality losses in merchantable timber will be practically stopped as soon
as windfalls and dead or defective old-growth
trees are removed and the remaining timber
placed under intensive management. Growth
on the remaining merchantable timber should
thereafter offset a large part of the cut and so
extend the life of the timber supply. Further

ciency, because it will make possible (a) complete separation of yarding from loading, (b)
decentralization of yarding into small, independent operating units, and (c) a high degree
of specialization in handling timber of widely
differing sizes. All of these are prerequisites and continued progress should be made as
in the attainment of maximum operating ef- young timber responds to release cuttings, and
as new growth comes in to take the place of the
ficiency in logging (7).
Closely following the initial cut as it gradual- slow-growing old timber that has been removed.
Skillful management of new growth is, of
ly progresses through the tract, the road system will permit light return cuts to be made course, necessary to the ultimate development
one after another. A regular cutting cycle of of such methods. Highly favorable conditions
5 years is indicated in the cases discussed in will be created for the successful regeneration,
chapters IV and V, and the cyclic cut on any survival, and management of new growth, begiven area may be further split into two or cause the selective method, unlike extensive
more cuts as may be desired fQr various rea- clear-cutting will provide an overabundant seed
sons, such as market selection and salvage. supply, will retain for the most part the forest
The logging operations should sweep back climate with its naturally moist growing conand forth (touching only lightly in some ditions and relative safety from fire, and will
places, not at all in others, and clear cutting provide permanent roads, a permanent logging
small patches here and there) constantly aim- organization, and intensive fire protectionall
ing at removing that portion of the growing as a part of efficient management of the existstock which at any given time is most urgently ing merchantable growing stock. High density
in need of removal. This means that logging of stocking, which is the key to full use of the
can always be kept closely attuned to the mar- soil for both quality and quantity production,
ket.

It means that fire-killed, bug-killed, will here be within relatively easy reach of

windthrown, or otherwise damaged merchant- skillful management that recognizes the silable timber can be salvaged before serious vicultural requirements of the various species
deterioration sets in, usually in the course of and timber types. In densely stocked patches
the regular logging operations. It also means of second growth, intensive stand management
that the bulk of the current cut would ordinar- would generally begin with thinnings at the
ily continue to come from the most mature and ages of from 40 to 60 years, and this treatment
generally more valuable elements of the stand, would be repeated at short intervals over a long
from which the market would be supplied with period before liquidation-and-regeneration cutits requirements for high-grade timber. For tings again took place. The result of this proincreased prodnction of the lower gradesto cedure, as described in chapters III through VI,
whatever extent profitable market demand should be sustained yield of high-value timber.
might permitthe cut would be centered on The growth capacity of the soil would be perthe naturally complementary sources of low- manently devoted to trees mainly of merchantgrade material. Such material should prefer- able size, for the pre-merchantable period would
ably be obtained through closer top utilization be short in relation to the average life span of
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the trees that make up the bulk of the cut. control more feasible than under existing conMost of the cut, even after the original old- ditions. The experience of countries where
growth trees are gone, would continue to come
from large, high-quality trees generally from
100 to 200 years of age; the remainder would
be supplied from thinnings in stands from 40
to 100 years old.
Silvicultual and fire protection practices developed and tested on the basis of accumulating
ecvpericnce.No attempt has been made in this

report to set forth the precise measures re-

quired for attainment of the best silvicultural
and fire protection results. As a matter of fact,
since widespread operating experience is still
lacking, final judgment cannot be rendered as to
how these problems generally should be

handled. This is furthermore a problem many
of the details of which will have to be worked
out on .the ground for each individual forest
property. From the silvicultural point of view
the essential thing to know before hand is that
the selective program provides a permanent
road system and selective control of the growing stock. Furthermore it provides for group

selection (clear cutting) as well as for tree
selection.

These two forms of cutting can be

made complementary to each other to whatever
extent regeneration or other requirements may
dictate. It is also well to know and to recognize
that in initiating selective timber management

such methods have been used over long terms
of years warrant the belief that these expectations are realizable.
Selective sustained yield management gives
highest retvirns.To summarize, then, intensive
selective timber management, applied to wellstocked properties with long-time timber supply to begin with, should bring a relatively high
immediate income and at the same time lay a
foundation for a relatively high sustained yield
income. The guiding principle in balancing
plans for immediate income against provision

for high future returns is to manage a prop-

erty for its highest capital value, as determined
by discounting a series of deferred annual in-

comes to their present net wortha principle

that is recognized in all branches of investment
management, as for example in life insurance,
banking, farming, and real estate. This means
that attention should be given not only to cur-

rent income but also to the capitalized value
that remains. It means essentially that liquidation of timber should take place in an orderly
manner, while remaining amply flexible for
immediate response to changing market demands and prices. In other words, non-earning
and low-earning timber should be liquidated in
the order of its relative financial maturity, and

on any large area of natural forests, the im- higher-earning timber should be held until

financially mature or until its turn to be liquidated arrives. The constant aim should be to
keep the land productive; the logger's ax should
work with Nature rather than against her, and
guide and speed her productive processes rather
than destroy them. The productive capacity of
the soil will thus be directed toward sustained
production of high-quality timber, the source of
tree selection cuttings and various forms of a permanent capital value that is now being
group selection cuttings can be observed and left undeveloped.
Selective management builds for the future
studied for the purpose of determining the
without undue gambling, on the uncertainties
future course in this particular respect.
From a fire protection point of view the situ- of the future. It first of all looks after the
ation is much the same. The main points in a present. Many decades will be required to resound fire protection program is to preserve the mold the forest to the pattern desired; it will
forest climate, to maintain a fire resistant not at first present an orderly or finished picstand, and by means of a permanent road sys- ture. But from the very start of selective optem to promptly utilize matured timber and erations Nature's productive forces, starting
salvage timber killed by fire, insects, and other with very moderate gains, can be progressively
destructive agencies. Through these measures released to work toward the desired ends.
66. Contrast between forestry starting with
and through giving time for widely distributed
slash to decompose and return to the soil, bare land and selective sustained yield manageselective management aims at gradual attrition ment of existing timber.Timber growing in
of the inflammable debris in the forest to the this region has been and is still being thought
point where fire hazards will be less and fire of very largely in terms of conventional "baremediate probelm is not how to get regeneration
but how to get the growing stock into the most
productive condition possible. A good many
years will elapse before the initial task of cleaning up stagnant and declining values and placing the growing stock under selective control
is completed. In the meantime, the regeneration results obtained from various degrees of
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land" forestry. In its purest form, this con- a considerable number of properties have been
templates that the timber-growing enterprise segregated whiëh cannot stand on their own
would start with an investment in logged-off feet. This does not mean that all or even a malands and a further investment in planting, and jority of such small properties need be excluded
thereafter continue for perhaps 60, 80, or 100 from sustained yield management. If a property
years with annual expenses for administration, is large enough to allow a periodic or cyclic cut
protection, and taxes. Compound interest, at every 5 to 10 years without undue sacrifice of
rates sufficiently high to cover the extraordi- operating efficiency, it is perfectly feasible to

nary risks that are here involved, will corn- manage it for a sustained yield, though the

monly run the total accumulated investment to returns in such cases will not be annual. With
large amounts. The prospective timber grower, modern methods of truck transportation, howunder such circumstances, is confronted with ever, it will frequently be possible for a single

the problem of building up a forest from operator to combine the yields from several

"scratch." He finds that there are many uncertainties involved as to costs and returns. He
logically reasons that he is spending money in
the present for uncertain returns in the longdeferred future; that he is tackling a job that
will not be finished during his lifetime; that he
is attempting to work against the devastating

small tracts into a continuous operation, even
if they are scattered over a considerable area.
The existence of a large number of enterprises engaged in liquidation of certain areas
must not be overlooked, because of their effect
on forest management in the Douglas fir region
as a whole. If extensive clear cutting iere ecoeffect which compound interest has on an enter- nomically the most desirable practice, destrucprise in which for many long decades money tion of these small properties might be inevitwill constantly be going out with nothing able, but it is not. The fact that selective cutcoming in.
ting is more economic, with respect both to
Intensive selective management as applied immediate returns and to preservation of
to a forest with a long-time timber supply will future values, makes complete liquidation undecreate an entirely different basis for the timber- sirable. As matters stand these liquidating
growing end of the business. Timber growing operations have preempted to themselves an
will begin with orderly selective liquidation and undue share of market outlets in proportion to
intensive management control of the existing the timber held, and they occupy a privileged
timber, and the forest will be gradually brought position in this respect which is preventing the
to a high state of productivity by eliminating marketing of the legitimate output of sustained
the declining or least productive growing stock yield operations throughout the entire region.
and by putting the land to work at its maximum It will no doubt take some time to correct
productive capacity. This, as has been shown, these practices, but their damaging effect on
may be accomplished very largely by taking industrial welfare, on the communities, and on
money out of the forest, not by putting money regional interests generally should receive the
into it. Such timber growing "costs" as the earnest attention of all parties concerned.
owner may find it advisable to assume in order
On first thought it may seem that the most
to obtain increased productivity can be charged profitable course for short-term operators to
off currently like any other item of current follow is to take full advantage of the opporproduction costs. This will avoid the stumpage tunity to liquidate without regard for the need
depletion costs that would have to be charged of other owners to market their timber or for
against the annual cut in case the productivity regional interests in general. In reasoning
(i.e., the capital value) of the forest were not along this line, however, it should not be overto be maintained on a permanent basis. The looked that pressure for liquidation is forcing
current costs of forest management should many owners of non-operating timber to atseldom amount to more than a very small frac- tempt disposal of their holdings at whatever
tion of such depletion charges.
price will attract a buyer. This depresses the
67. The status of short-term operations. prices of all timber and logs and severely reIt is true that there are many existing prop- duces the capital recoveries from liquidating
erties in the Douglas fir region which, consid- short-term properties.
ered by themselves, do not qualify for the type
An enlightened selective policy by existing
of management herein discussed. As a result of operators is needed, designed to supply the
the method of disposal of timber from the pub- market with its full requirements of high-value
lic domain and of later transfers of ownership, logs, such as the plywood industry requires,
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back of such areas will permit those of the
present short-term operations that cannot be

together with all the pulp and other low-value
logs that forest industries can profitably use,
but avoiding dumping excessive quantities of
inferior material on an overburdened market.

fitted into the sustained yield picture to complete their present program and then permaThis would soon permit selective cutting of nently to retire from the scene. As these shorthigher value timber and receipt of some income term operations drop out, the slack in producby the less remote non-operated properties. tion would be taken up by the more remote
Thus a policy of light selection, first within units, and in time also by restoration of
present operating properties and later within production on the large areas from which the
non-operating properties (now available at dis- growing stock has been removed in the past.
counted prices), would become operative in
68. Restoration of production on areas clear
much the same manner as shown in the case of cut in the past.The growing stock has now
the long-term property discussed in chapter been completely removed from approximately
III. Experienced short-term operators by 7 million acres of the most accessible and, for
quickly realizing on high-value timber and the most part, the highest quality timber lands
acquiring interests in non-operated timber in the Douglas fir region. The result is that
would thus become long-term operators holding the operable timber zone has been pushed back
less valuable portions and elements of their into generally rough areas, remote from the
present properties for future operations. In manufacturing centers and principal shipping
this way the operating experience, equipment, outlets. This imposes a severe transportationand market outlets of these operators could in cost handicap on the bulk of the forest matenatural sequence be applied for the common rials that will be available to industries for
good of the forest industries and the Douglas many years to come, in comparison with the
fir region. Obviously these measures require raw material costs that would have been posithe individual operator to realize the identity sible had selective timber management been
of his own welfare with that of the regional continued, as originally started on the accesforest industries as a whole, but accumulating sible areas, and improved upon as time went on.
evidence indicates that this point of view is However, in spite of this handicap, the timber
rapidly growing for many reasons in addition of the Douglas fir region remains as accessible
to community of interest in the standing timber to deep-water shipment as that of any conisupply. Without it, not even successful opera- ferous forest region in the world.
tions rest on a firm foundation, and disbandRestoration of the major part of these dement of many competent operating organiza- pleted
forest areas that are not fit for other
tions will soon occur. If this regional or indusand
higher
uses must for a long time remain
try point of view prevails, successful consolidaone
of
the
extremely
problems before
tion of operating short-term and non-operating the forest industriesimportant
and
the
communities
of
timber properties into sustained yield units can the region. At the present time it imposes
readily take place in a voluntary and wholly heavy expenses for fire protection and maintenatural manner.
nance of public services in scattered communiSuch consolidation of existing short-term ties and settlements while contributing very
units and stoppage of further disintegration of little in return. Rehabilitation of the best
existing sustained yield units are the principal located of these areas is particularly important
measures required to eliminate destructive in view of the opportunities they offer for inliquidation, to bring about sustained yield, and tegration of forestry and agriculture. Whether
to introduce an orderly economic system of brought under intensive management as farm
marketing the region's timber resources. woodlands or as commercial forest units, they
If the market outlets are fairly divided are obviously capable of contributing in an
among all the management units, public important way to the economic well-being of
and private, there is no question but that on the communities concerned. The forest enterthe one hand there will be sufficient outlets for prises themselves will, in turn derive important
practically all the sustained yield products, and benefits, such as availability of labor, public
on the other hand that such markets as have roads, local markets, and low costs for public
existed

in the past will be fully

supplied.

There are, of course, certain rough, remote

units with low-quality timber which are not yet
ready for operation. The temporary holding
1

services.

The problem of restoring these areas cannot

be stated in terms of going operations, with
current outgo and income, but must be con9

sidered first in terms of restoration of a de- high-grade interior finish, flooring, and large

stroyed capital. value. Only after this restora- timbers, for which there is a world market,
tion has been accomplished will continuous would drop out of the picture. It is well known

operation of forest enterprises actually be that the returns from these higher grades are
the source of virtually all the profit in the

possible.

The period over which this restoration will

industry, many of the other grades being no

necessarily extend cannot generally be less than more than by-products that often sell below the

a century if high quality material is to be actual cost of production. The high grades

The region possesses industries, pay the primary cost of logging and manufachowever, that can absorb considerable material ture, and without them most forest areas could
from young stands as they develop, beginning not be operated at all.
with ages from 40 to 60 years, for pulpwood,
If the supply of high-quality timber is alpoles, piling, posts, etc. If the young stands lowed to diminish there is no escaping the conare again ruthlessly cut over, as they inevitably clusion that a large proportion of the foreign
produced.

would be under the present wholesale clear- markets and most of the remote domestic
cutting system, they will continue to produce markets will be lost. The lower grades of
only the lowest grades of forest products, and lumber cannot stand on their own feet for
will occupy the markets that should be reserved distant shipments. In particular, the large
for thinnings and improvement cuttings from eastern domestic markets for these grades of
better managed forests. If, on the other hand, west coast woods are sure to dwindle, because
virtually all owners should adopt a sound sys- it has been amply demonstrated that the southtem of selective timber management, the yield ern pine region with its 200 million acres of
of high-quality material from these areas can forest lands can produce them at lower cost
be reestablished. Each owner would then have and with a large freight differential in its favor.

a reasonable share of the market for the

Although the maintenance of supplies of

smaller materials removed periodically in thin- large timber is of the first importance, smaller

ning his timber stands, and the rebuilding trees, necessarily removed from the forest in
process generally could be counted on to pay its

the selective management process, will fit in a
way and yield some profit after the stands are much more limited way into a balanced indusfrom 40 to 60 years of age. Large areas of trial program in the region. Sound and straight
young stands are already old enough for trees, varying from post to long piling sizes,
selective management to begin.
are useful in producing very high-value prod69. Continuous supplies of large, high- ucts in certain industries, of which the woodquality timber and concurrent production of preservation industry is the best known. The
lower grades are essential to the forest indus- smaller trees, although logged and sawn at
tries of this region.The form of forest man- higher cost than the larger trees, also provide
agement heretofore assumed feasible in the excellent lumber of the common grades. The
Douglas fir region contemplated the production continued supply of these grades at reasonable
of relatively small-sized, and generally, from costs undoubtedly will have an important benethe viewpoint of the lumber industry, low- ficial influence on the continued demand for
value material. Such a program does not take finishing lumber, plywood, etc., produced from
into account the fact that unless adequate pro- larger trees. Obviously the local Pacific Coast
vision is made for continuous production of markets will continue to absorb large quantities
large-sized, high-quality timber the most profit- of these grades, even though more distant
able industries of the region will not long be markets may be increasingly supplied from
able to maintain their existence. The plywood sources nearer to them. Thus, taking all grades
industry, which depends exclusively on high- of lumber and plywood into consideration, balgrade material, is still making remarkable anced production will be essential if large
progress and is the support of numerous sec- market outlets are to be continually assured.
Finally, it should be noted that although
ondary wood-using industries, such as door and
furniture manufacture. The lumber industry lumber continues to constitute about half of
itself, which still uses the greater mass of the wood utilized from American forests, some
material taken from the forest, also depends persons believe that existing trends in utilizato a great degree on its command of a supply tion indicate that wood fiber products, chiefly
of high-grade logs. If the supply were cut off, pulp and paper, may eventually become the
most of the profitable lumber items, including major products of the forest. However, even
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if "cellulose forestry" should increase in impor- as they are cut. In like manner, the small trees
tance far beyond what is now anticipated, the already existing in large numbers will replace
findings of this study are in no wise invalidated. the medium trees, premerchantable trees will

be recruited into the small-tree class, and
abundant regeneration will replenish the premerchantable ranks. All these progressions
taking place simultaneous1y in a forest already

In this region, large trees can be grown and
logged more cheaply per thousand board feet
than small trees. Under any conditions yet
visualized saw-timber forestry should pay its
own way and provide as a by-product all the

pulpwood that can be used, whereas pulpwood
produced separately will have to bear all
forestry costs. Selective management offers
the most practicable means of maintaining the

well stocked involve no long-time financial commitments and no accumulation of costs or earnings at compound interest. It is only necessary

to find for each forest property the most favorable margin or balance of net returns resulting
ready-grown stand of pulpwood species of from the relationship between annual costs and
proven value; and such management favors annual income. Investment values would thus
these species in regeneration, in contrast to be based upon capitalization of stable net earnextensive clear cutting, which favors Douglas ings rather than upon the entirely fictitious
fir, a species as yet of very limited use in the idea that all merchantable trees are capable of
liquidation in a year or in a few years. If good
pulp industry.
management can be attained for each individ70. Perpetuation of existing resources and ual property in a given locality or within the
investment values is at stake.The principal region, the result should be a continued flow of
problem before the Pacific Northwest is per- income to labor and a continued safeguard of
petuation of existing forest resources at a high all other community interests.
level of continuous productivity. If this is
Other values of the forest wil be maintained
accomplished there is little doubt that the investment values of forests and forest industries by selective management methods.ThrOUghOUt
also will be maintained. Ample evidence exists this discussion little consideration has been
that extensive clear cutting as at present prac- given to forest values other than for commerticed will not accomplish this, but that on the cial timber production. It is perfectly clear,
contrary it will result in depletion of the however, that a management procedure that
resource and loss of most of the capital values preserves a heavy growing stock and generally
excludes extensive clear-cutting will promote
dependent thereon.
The methods described herein do not con- also the aesthetic, protective and other functemplate the making of extensive new invest- tions of the forest which make it of multiple
ments in the forests, but on the contrary pro- utility.
vide for early withdrawal of large but nonA comprehensive view of the forest manageproductive investments already made in the ment
problem must include these aspects and
existing timber supply. Building up of a new
work
toward a program that will preserve all
growing stock with adequate representation of
diameter classes above 40 inches would be the possible regional values and opportunities.
work of centuries, but carrying on an existing Under this broad policy the economic foundastock in which these diameter classes are al- tion should be ample to support, without undue
ready well represented involves only the con- burden to any interest, those services of the
tinual reservation of sufficient medium-sized forest which have come to be indispensable in
trees to grow into the place of the large trees the modern world.

121

LITERATURE CITED
(1) Andrews, H. J., and Cowlin, R. W.
1934.

made under a fellowship grant of the Charles
Lathrop Pack Forest Education Board. (Unpublished manuscript.)

Forest resources of the Douglas fir region.

Pacific Northwest Forest Expt. Sta., Forest
Research Notes 13, 12 pp.

(2) Ashe, W. W.
1916.

(3)

(Mimeographed.)

Lodewick, J.E., Johnson, H.M., and Rapraeger, E.F.

Mill production studies in Douglas fir
sawmills in the Willamette Valley. Pacific
Northwest Forest Expt. Sta. 98 pp., illus.

1934.

Cost of logging large and small timber.

Forestry Quart. 14:441-452, illus.

(Unpublished manuscript.)
McArdle, R. E., and Meyer, W. H.

1929. The less you cut, the more you cut. Jour.

1930.

Forestry 27:761-767.
(4) Biolley, H. E.

65 pp., illus.
Meyer, W. H.

1929.

Penser d'abord agir ensuite et Ia mdthode
du contréle. Jour. Forest. Suisse 80:113-124,
illus.
(5) Borel, William
1929. Guide pour l'application du contréle aux
futaies jardindes. 87 pp., illus. Besançon,
France.
(6) Boyce, J. S.

Decay and other losses in Douglas fir in
western Oregon and Washington. U. S. Dept.
Agr. Tech. Bull. 286, 60 pp., illus.
(7) Branclstrom, A. J. F.
1933. Analysis of logging costs and operating
methods in the Douglas fir region. 117 pp.,
illus. Charles Lathrop Pack Forestry Founda.
tion and West Coast Lumbermen's Association.

(8) Chapman, H. H.
1915. Forest valuation. 310 pp., illus. New York.
(9)
1926. Forest finance. 352 pp., Illus. New Haven,
Coun.
(10) Emerson, Harrington
1913.

The twelve principles of efficiency. 423
pp. New York.
(11) Gisborne, H. T.
1928. Measuring forest-fire danger in northern
Idaho. U. S. Dept. Agr. Misc. Pub. 29, 64 pp.,
illus.

1931. Woodlands cut by the "selection method"
less liable to fire damage. U. S. Dept. Agr.
Yearbook 1934: 376-378, illus.

(13) Hessler, H. E.
1931. Pond values of various sizes and grades
of Douglas fir and hemlock logs. Pacific

Northwest Forest Expt. Sta. Rept., 39 pp.,
illus. (Mimeographed.)

(14) Hodgson, A. H.
1930. Logging waste in the Douglas fir region.
Pacific Pulp and Paper Indus. 12 (2): 298b298e, illus. Also pub. in West Coast Lumberman v. 56, nos. 6-12, sups.
(15) Isaac, L. A.
1930.

(16)

Seed flight in the Douglas fir region.

Jour. Forestry 28: 492-499, illus.
1930.

A study of the relation between actual
and normal yields of immature Douglas fir

forests. Jour. Agr. Research 41: 635-665, illus.

Rapraeger, E. F.
1933. Motor truck log hauling in Oregon and
Washington. Timberman 34 (8): 11-14; (10):

1934.

Seed mortality and the restocking of

Regulating the cut by the continuous

inventory-flexible rotation
Forestry 32: 818-825.

system.

(23)

15-17, 20, 22; (11): 18, 20, 22; (12): 18-20, 22.
24, illus.

1934.

Jour.

Liersch, J. E.
1933. Practical experiments in selective logging
in the Douglas fir regIon. 113 pp., illus. Rept.
122

Movement of Douglas fir log prices on

Puget Sound, 1896-1933. Timberman 35 (10):
12-13, illus.

Rapraeger, E. F., and Spelman, H. R.
1931. The effect of tree and log size on felling

and bucking costs in the Douglas fir region.
West Coast Lumberman 58 (13): 20-23, illus.

Recknagel, A.B., Bentley, John, Jr., and Guise, C.H.
1926. Forest management. Ed. 2, 329 pp., illus.
New York.
Richards, E. C. M.
1933.

American forest policy.

31: 279-285.

Jour. Forestry

Roth, Filibert
1916.
Forest valuation. Mich. Manual of
Forestry, v. 2, 171 pp.
Schenck, C. A.
1927. Travels and travails in forestry. Jour.
Forestry 2: 170-177.
Shepard, H. B.
1934. Forest fire insurance in the Pacific Coast
States. 429 pp., and app., illus. (Unpublished
manuscript.)
Stickel, P. W.

The measurement and interpretation of
forest fire-weather in the western Adirondacks. N. Y. State Col. Forestry, Syracuse
Univ., Tech. Pub. 34, 115 pp., illus.
United States Department of Agriculture, Forest
1931.

Service.

Instructions for preparation of the nineteen thirty timber inventory of the national
forests, Douglas fir regiondistrict six. Rev.,

1930.

26 pp.

Wailmo, Uno
1931.

Douglas fir logged-off land. Oreg. Agr. Col.
Forest Club, Ann. Cruise 11: 26-29, tHus.
Kirkland, B. P.

201,

1930.

1932.

(12)

The yield of Douglas fir in the Pacific

Northwest. U. S. Dept. Agr. Tech. Bull.

(Mimeographed.)

Individvärd. Skogen 18 (4): 82-89; (5):

117-122, illus.

West Coast Lumbermen's Association.
1934. Handbook of forest practice for the West

Coast logging and lumber division covering
the rules of forest practice for the Douglas fir
region under Article X of the Lumber Code.

28 pp., illus.
Zon, Raphael

Timber cutting by selective logging replacing old way. U. S. Dept. Agr. Yearbook

1928.

1927: 615-617.

