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SUMMARY 

About 2.9 billion board feet of softwood tim- 
ber are harvested yearly from 7.3 million acres 
of National Forest land in western Washing- 
ton, western Oregon, and northwest California 
classified primarily for timber production. To 
help determine whether a larger contribution 
toward meeting the accelerating timber needs 
of coming decades could be made, Forest Serv- 
ice analysts prepared this assessment- identi- 
fied as the Douglas -fir Supply Study -of alter- 
native timber management programs. 

The Douglas -fir Supply Study examined the 
effects which three intensities of timber man- 
agement, two rates of road construction, and 
five lengths of rotation would have upon tim- 
ber harvests and other values in the Region. 
Only the effects of the current rotation and the 
shortest rotation studied are shown in this re- 
port. The current rotation averages 100 years 
for the low and medium intensity management 
alternatives; and 100 minus 5, or 95 years, for 
high intensity management, because the time 
required to establish new trees on the harvested 
area (regeneration lag) was eliminated. The 
shortest rotation averages 100 minus 30, or 
70 years, for the low and medium intensity 
management alternatives, and 95 minus 30, or 
65 years, for high intensity management. The 

four combinations of intensity of management 
and rate of road construction for each rotation 
examined in this report are : 

1. Low intensity management with cur- 
rent rate of road construction (roading). 

2. Medium intensity management with 
current rate of roading. 

3. Medium intensity management with 
accelerated rate of roading. 

4. High intensity management with accel- 
erated rate of roading -same accelerated 
roading as under medium intensity manage- 
ment, plus the construction of additional 
roads into nonproducing brushfields within 
10 years. 

The effects of each alternative on future tim- 
ber harvests were estimated for the next 12 
decades. The costs of these programs, the dol- 
lar returns from the sale of timber (stumpage 
returns) , and their impacts upon the local and 
Regional economy were also determined. 

COMPARING INTENSITIES OF 
MANAGEMENT- CURRENT ROTATION 

Table 1 summarizes some important results 
of low, medium, and high intensity manage- 
ment with current rotations. Data are shown 
for the first decade, which reflect the immedi- 

Table 1.- Results of low, medium, and high intensity management with current 
rotations 

Intensity of management 

Low Medium High 

Current 
roading 

Current 
roading 

Accelerated 
roading 

Accelerated 
roading 

Annual volume of sawtimber 
1st decade 
12- decade average 
2nd rotation 

Annual costs - All funds 

Billion board feet 
2.9 3.7 3.8 
2.7 3.3 3.3 
1.8 2.1 2.1 

1st decade 61.2 
12- decade average 28.4 
2nd rotation 16.8 

Appropriated funds 
1st decade 25.6 
12- decade average 17.4 
2nd rotation 12.5 

Annual stumpage returns 
1st decade 121 
12- decade average 157 
2nd rotation 105 

Additional present net worth 

Rate of return on additional funda .. 

Million dollars 
62.6 73.9 
29.5 29.7 
17.6 17.6 

27.0 38.3 
18.6 20.1 
13.3 13.3 

144 146 
10 11 
118 118 

536 481 

Percent 

4.0 
3.6 
2.7 

78.2 
35.1 
23.6 

41.7 
24.6 
18.3 

15i 
199 
149 

648 

296 40 41 

V 

__ 



ate results from intensified management. Also 
shown are 12- decade average data which illus- 
trate the long -term results. Finally, data are 
shown for the second rotation, which approxi- 
mates the results that might be sustained under 
the growth assumption used. 

High Intensity Management Would Give 
Greatest Timber Harvest Increases 

Of the several alternatives examined with 
current rotations, high intensity management 
with accelerated roading would produce the 
greatest total timber volume as a result of 
prompt reforestation, and precommercial and 
commercial thinning of young stands through- 
out their immature years. High intensity man- 
agement is highly attractive economically and, 
with current rotations, would produce trees 
of a size that can be used efficiently by exist- 
ing industry. Following old- growth removal, 
stands managed at this level under current 
rotations would produce more volume per acre 
than the other alternatives examined. 

High intensity management would produce 
over 1.1 billion board feet (36 percent) more 
saw log volume during the first decade than low 
intensity management. For the next 12 decades 
it would produce annually, on an average, 900 
million board feet (34 percent) more volume. 

High intensity management would require 
an annual increase of $16.1 million in appropri- 

ated funds during the first decade or $17.0 
million in all funds at 1966 cost levels. The 
average increase in appropriated funds needed 
for the next 12 decades would be $7.2 million. 

Medium Intensity Management Would Give 
Moderate Timber Harvest Increases 

Medium intensity management was exam- 
ined under two rates of road construction - 
current and accelerated. The current rate of 
roading would increase yields 26 percent 
whereas the accelerated rate would increase 
yields 29 percent for the first decade. On an 
average, yield of sawtimber could be increased 
21 percent under current roading and 22 per- 
cent under accelerated roading. Appropriated 
costs, however, would increase 6 and 50 per- 
cent, respectively, for the first decade. Both 
alternatives show a favorable present net 
worth. Current roading would show a much 
higher rate of return on funds required. 

RESULTS OF SHORTENING 
THE ROTATION 

Table 2 summarizes some results of low, 
medium, and high intensity management with 
the shortest rotation. 

Shortening the rotation by 30 years would 
increase the volume of sawtimber that could 
be harvested, costs, and stumpage returns. The 
shortest rotation produces favorable economic 

Table 2. -Low, medium, and high intensity management with the shortest rotation 

Intensity of management 

Low Medium High 

Current 
roading 

Current 
roading 

Accelerated 
roading 

Accelerated 
roading 

Annual volume of sawtimber Billion board feet 
1st decade 4.0 4.8 4.8 5.2 
12-decade average 3.0 3.3 3.3 3.8 
2nd rotation 1.6 1.8 1.8 2.5 

Annual costs - All funds Million dollars 
1st decade 81.8 83.4 87.9 92.8 
12-decade average 30.8 31.6 31.6 39.4 

2nd rotation 18.8 19.2 19.2 27.9 

Appropriated funds 
1st decade 33.8 35.4 39.9 43.3 
12-decade average 18.0 18.7 19.4 25.7 
2nd rotation 12.6 13.0 13.0 20.1 

Annual stumpage returns 
1st decade 166 189 190 205 
12-decade average 170 182 207 
2nd rotation 98 102 102 142 

Additional to present net worth . . . . 814 1,297 1,271 1,534 
Percent 

Rate of return on additional funds .. 48 (1) (i) (1) 

1 not determined. 

vi 
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effects ; it creates adverse impacts on most 
other resource values. Harvest cutting under 
this rotation disturbs more land surface an- 
nually than the current rotation and requires 
more miles of road construction during the first 
4 decades. It produces relatively small trees 
and results in the most imbalanced age class 
structure at the end of the first rotation. It 
does not allow enough time for growth to cul- 
minate and thus produces lower annual timber 
volumes after old- growth stands are converted. 

High intensity management could produce 
1.2 billion board feet (31 percent) more saw - 
timber than low intensity management for the 
first decade and 28 percent more on an aver- 
age basis. This would require, on an average, 
an additional $7.7 million, or 43 percent in- 
crease, in appropriated funds. It would return 
22 percent more income from the sale of timber 
(stumpage income) . 

On the same basis medium intensity man- 
agement would increase yields of sawtimber 
21 percent for both current roading and accel- 
erated roading for the first decade. On an aver- 
age, yields would increase 12 percent in both. 

PRIVATE TIMBER HARVESTS IN SOME 
PARTS OF THE REGION WOULD DECLINE 

Over half the timber harvested in the Doug- 
las -fir Region comes from private lands. Be- 
cause this study is concerned with impacts of 
National Forest decisions on the timber- depen- 
dent economy, and because that economy de- 
pends also on private actions that may be in- 
fluenced by public timber activity, it was neces- 
sary to consider how private timber harvest- 
ing might change. First, it was assumed that 
private cutting would continue along present 
trends, without significant intensification of 
management on private lands beyond practices 
already established. As a second alternative, 
it was assumed that private timber owners 
would adjust their timber cut to offset changes 
in public log harvests in an attempt to keep 
total log harvests level. 

Continuation of current trends of private 
log production in western Oregon and south- 
west Washington would lead to a 65 percent 
reduction in annual private harvests within 30 
years, or a decline of 2.6 billion board feet. 

vii 

About one -half might be offset by adoption of 
high intensity management with the shortest 
rotation on National Forests. 

If, instead, private industrial timber land- 
owners elected to sustain even timber flow from 
the Region by reducing their cut to offset in- 
creases in National Forest harvests, and if low 
intensity National Forest management were 
practiced, private inventories of merchantable 
timber would be largely depleted within 40 
years. After that time, only trees growing into 
the lowest merchantable size class would be 
available for cutting. If high intensity man- 
agement with rotations 30 years shorter than 
at present were introduced on National For- 
ests, and private owners would produce a 
constant annual harvest of sawtimber (the 
even -flow concept) , private cutting would be 
sustained for 60 to 80 years. 

In northwest Washington, present levels of 
cutting could be sustained indefinitely on pri- 
vate and National Forest lands without inten- 
sified management. 

EMPLOYMENT IN TIMBER INDUSTRIES 
WOULD DECLINE 

Even if present levels of timber harvest in 
the Douglas -fir Region were sustained until 
1980, employment in the manufacture of forest 
products would decline from 151,000 to an esti- 
mated 130,000 because of increasing produc- 
tivity per worker. During the same period, em- 
ployment in supporting jobs attributable to 
timber would decline about 46,000. 

If the combination of timber practices of all 
owners were to include sufficiently widespread 
adoption of high intensity management to in- 
crease total annual timber output by 20 per- 
cent, timber manufacturing employment would 
be 26,000 above current employment and sup- 
porting employment would be about 57,000 
higher. 

Fifty -seven percent of the total gain or loss 
in prospective employment would occur in ma- 
jor metropolitan areas despite the limited 
movement of logs beyond the areas in which 
they are produced and the fact that timber 
accounts for 40 to 80 percent of basic employ- 
ment in rural areas. 



National Forest timber management deci- 
sions are especially significant in the Astoria 
area and all of southwest Oregon except the 
Eugene area because economic projections 
forecast declining total employment there. In 
southwest Oregon, where private timber is be- 
ing overcut, about one -third of all logs now 
used originate on National Forests. 

WATER QUALITY AND FISHERIES MIGHT 
DETERIORATE UNDER INCREASED 

ROADBUILDING AND CLEARCUTTING 

Accelerated roadbuilding could be expected 
to increase sediment loads in streams tempo- 
rarily by four and one -half to seven times over 
their present levels. Such increases, expected 
to seriously affect fish production and survival, 
can be significantly reduced by preventive mea- 
sures such as end haul, rip -rap, bin walls, filtra- 
tion, etc., costing about $7,500 per mile more 
than conventional systems. 

Fisheries resources are sensitive also to the 
higher water temperatures resulting when in- 
creased clearcutting exposes streams to direct 
sunlight. Temperatures up to 20 degrees above 
optimal levels are experienced in some circum- 
stances. Warming of this magnitude is con- 
sidered extremely harmful to fish, fry, and 
eggs. The cost of avoiding loss from this cause 
and preventing debris from entering streams 
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is estimated at about $2,400 per mile of stream - 
bed. 

Clearcutting adjacent to watercourses would 
put more debris in stream channels, obstruct- 
ing fish passage and reducing available oxygen. 
Debris removal would cost about $20 per acre 
harvested. 

EFFECTS ON BIG GAME DEPEND MAINLY 
ON ROTATION LENGTH 

Deer populations would be expected to in- 
crease with increased clearcutting, especially 
if it occurs on winter range areas. Impacts of 
thinning are uncertain. Browse production 
may be enhanced, but slash accumulations may 
impede access. Maintenance of 15 percent hunt- 
er success in the face of a four -fold increase in 
hunter pressure by the year 2000 would re- 
quire a 60 percent increase in the 5- to 20 -year 
vegetative acre class. 

ROTATION LENGTH ALSO AFFECTS 
RECREATION 

Additional clearcutting could have adverse 
impacts on aesthetic values. Accelerated road - 
building into the 60 percent of the study area 
that is without roads would create a need for 
investments in campgrounds along the new 
roads and, by pushing "back country" recrea- 
tion into wilderness areas, aggravate wilder- 
ness problems associated with heavy use. 



DOUGLAS -FIR SUPPLY STUDY 

Alternative Programs for 
Increasing Timber Supplies From 

National Forest Lands 

INTRODUCTION 

This report presents highlights of a study 
of alternative timber management programs 
primarily for National Forest lands in the 
Douglas -fir Region of Washington, Oregon, 
and northwest California. 

The purpose of the Study, referred to as the 
Douglas -fir Supply Study, was to explore the 
feasibility of increasing timber supplies in the 
Region by applying intensified timber manage- 
ment practices, different rotations, and dif- 
ferent rates of road construction on National 
Forest lands. Twenty management alterna- 
tives were examined ; eight are analyzed in 
this report. Estimates of their effects on tim- 
ber harvests and other values were made for 
7.3 million acres of National Forest lands clas- 
sified primarily for timber production by mul- 
tiple -use plans. 

A growing imbalance between timber sup- 
ply and demand in the Douglas -fir Region has 
resulted in a national focus of attention to- 
ward timber policies and programs on the Na- 
tional Forests of the Region. Over the past cen- 
tury, the Douglas -fir Region has supplied one - 
third of the industrial wood used in the Nation. 
Timber harvests from private lands have been 
declining for more than a decade in some sec- 
tions of the Region, whereas timber harvests 
from public forests, where most of the remain- 
ing supplies of mature timber are found, have 
been increasing. 

In contrast to its apparent timber shortage, 
the Region enjoys the lowest unemployment 
rate in its history. Its people have an abun- 
dance of money and leisure time to spend en- 
joying the National Forests and have become 
increasingly engrossed with improving the 

1 

quality of the environment, including the air, 
the water, and the scenery. The strength of 
this trend was evidenced in the establishment 
of the North Cascades and Redwood National 
Parks in 1968. 

With a 40- percent increase in recreational 
use in the Region anticipated by 1980, and an 
estimated 70- percent increase in residential 
construction expected nationally within the 
next six years, a particular challenge must be 
faced by forest managers in the years ahead. 

To evaluate timber management alterna- 
tives, the study develops the following cost - 
effectiveness measures : present net worth, rate 
of return, timber volumes harvested, even -flow 
volume characteristics, combined Federal -pri- 
vate timber interactions, and Regional and 
local employment trends. The Study also recog- 
nizes the importance of potential impacts of 
timber harvesting on water, recreation, and 
other nontimber uses of the forest resource; 
however, more studies will be needed to pro- 
vide an adequate evaluation of these impacts. 

The results of the Study are summarized in 
this report to help identify the best course of 
action by decision makers. It should be of in- 
terest to members of Congress, Northwest leg- 
islators, county commissioners, Regional and 
community planners, people in the forest in- 
dustry who are concerned about future sup- 
plies of structural materials, and industrial 
foresters with responsibility for planning tim- 
ber procurement and plant location. 

The Study is part of a continuing effort to 
identify opportunities of making the National 
Forests contribute more to economic and social 
needs of the Region. 



Typical old- growth stand of Douglas -fir. 
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THE REGION'S RESOURCES AND THEIR 
POTENTIAL 

The Douglas -fir Region is one of the most 
important forest regions in the Nation. Al- 
most three -fourths of the more than 37,000,000 
acres of land of all ownerships are capable of 
growing crops of trees. Because of the large 
supply of old- growth timber and the immense 
growth potential of the Region, it is of great 
economic importance locally and to the Nation. 

The Douglas -fir Region contains all or part 
of ten National Forests west of the Cascade 
Mountains in Oregon and Washington, plus all 
or part of three National Forests in northwest- 
ern California (see map on back cover). For 
the Study, the Region was divided into four 
subareas - western Washington, northwest 
Oregon, southwest Oregon, and northwest Cali- 
fornia. 

FOREST AREAS 

Although the Douglas -fir Supply Study is 
concerned primarily with timber resources 
from National Forest lands, this section will 
discuss briefly these resources on all owner- 
ships, in order to acquaint the reader with the 
relationship between National Forest lands 
and forest lands of other ownerships. 

About three -fourths (27.6 million acres) of 
the total area in the Douglas -fir Region is com- 
mercial forest land 2" (Figure 1) . The ratio is 
less in western Washington and northwestern 
California, but greater in western Oregon. 

About one -half (13.8 million acres) of the 
commercial forest land in the Douglas -fir Re- 
gion is administered by public agencies (Fig- 
ure 2). The ratio is smaller for western Wash- 
ington, but greater for western Oregon and 
northwestern California. 

Of the 9.2 million acres of commercial forest 
land administered by the National Forests, this 

1 U. S. Forest Service Resource Bulletin, PNW -9. Timber Resource 
Statistics for the Pacific Northwest. 1965 

2 Commercial forest land is land not reserved for other purposes which 
is producing or capable of producing 20 cubic feet or more of wood per 
year suitable for industrial uses. 
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Study is concerned mainly with 7.3 million 
acres managed primarily for timber produc- 
tion. 

About 59 percent of all forest lands in the 
Region support sawtimber, or stands having 
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most trees 11 inches d.b.h. (diameter at breast 
height) or larger. Forty percent of these saw - 
timber stands are old growth (stands past 
physiological maturity) . Slightly more than 
one -third are pole or seedling and saplings 
(less than 11.0 inches d.b.h.). Five percent of 
the area is nonstocked. 

Throughout the Region only 60 percent of 
all stands are well stocked, 26 percent are medi- 
um stocked, and 14 percent are poorly stocked. 
Thus there is a major unused potential that 
might be realized by investments in more in- 
tensive management. 

TIMBER VOLUMES3 

These 7.3 million acres of National Forest 
land support about 250 billion board feet of 
sawtimber in the log scale used in the Region 
(Scribner long log scale). Forest lands of all 
ownerships support almost 490 billion board 
feet. 

For all owners, over one -half the net saw - 
timber volume in western Washington and Ore- 
gon is Douglas -fir (Figure 3). For western 
Washington about one -third is Douglas -fir, 
whereas in western Oregon more than two - 
thirds is Douglas -fir. 

3 See footnote 1. 
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Figure 3.- Percent of sawtimber volume by species. 
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The average net growth rate of all stands on 
private land is about 90 cubic feet per acre 
annually. On National Forests it is only about 
15 cubic feet, 4 due to a preponderance of old - 
age stands. Both ownerships are potentially 
more productive under intensified manage- 
ment. Because of the generally better soils on 
private lands, over 68 percent of private hold- 
ings ultimately could produce more than 120 
cubic feet per acre yearly. About 45 percent 
of National Forest lands are potentially this 
productive. 

TRENDS IN TIMBER HARVEST IN THE 
REGION 

Location of early timber cutting within the 
Douglas -fir Region was influenced by avail- 
ability of low -cost water transportation on 
Puget Sound and the Columbia River and by 
the higher quality timber and gentler topog- 
raphy on low- elevation private lands. As late 
as 1933 it was estimated that there was nearly 
twice as much economically available timber 
outside the National Forests as there was in- 
side. By the end of World War II, over 350 bil- 
lion board feet had been harvested in the Re- 
gion. Figure 4 shows that most of this came 
from private lands. The demand for housing 
in the 1950's, coupled with improved logging 
systems and expanding road networks, made 
National Forest timber harvesting increase at 
an annual average compound rate of 13 percent 
between 1949 and 1959. Only recently could all 
National Forests sell their full allowable cut. 

The ratio of economically accessible saw - 
timber inventory on private lands to that on 
the National Forests in western Oregon and 
Washington dropped from 2.4 to 1 in 1933 
to 0.7 to 1 in 1963. 

Early cutting on private lands has estab- 
lished an important young -growth resource. It 
has been estimated that 101/2 million acres sup- 
port stands under 60 years of age. In western 
Washington, almost half the commercial forest 
land carries young stands. Seventy percent are 
on private lands ; 14 percent are on National 
Forests. This information was not readily 
available for northwest California when the 
report was prepared. 

4 See footnote 1. 
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Figure 4.- Estimated annual sawtimber production, 1870 -1966, Douglas -fir region. 

MULTIPLE -USE RELATIONSHIPS 

The Douglas -fir Region is characterized by 
intense competition for most of its natural re- 
sources. A large part of its economy is depen- 
dent upon multiple -use development of both 
National Forest and forest lands in other own- 
erships. 

Demands for timber are heavy. Some of the 
highest quality and high volume stands in the 
Nation are found in the Douglas -fir Region. 
A continuing supply of timber is extremely im- 
portant to established industries, many com- 
munities of the Region, and to consumers 
throughout the Nation. About 150,000 people 
are employed directly in the timber industry 
in the Region. Another 320,000 jobs are in re- 
lated service industries. 

Forest lands of the Region provide habitats 
for small and big game and upland birds. 
Hunting is increasing. 

Water is an extremely important resource. 
Many major drainages are located in the Re- 

gion. Deep snows at the higher elevations, 
heavy rainfall, and moderately deep soils make 
the Region a heavy producer of water. This 
water is important as habitat for native and 
anadromous fish, migratory and resident wa- 
terfowl, domestic and industrial uses, and rec- 
reation. 

Soils are generally deep and very productive. 
Soil stability is quite variable, however. Special 
protective measures must be taken on some 
critical soil situations to prevent damage to, 
or displacement of, the soil. 

The Region has outstanding forest recrea- 
tional resources that are subject to an ever - 
increasing demand. Many of these recreational 
uses must be accommodated on lands that are 
needed for other uses as well. There is particu- 
larly intense competition for all uses in the 
valley bottoms. 

Skillful management of natural resources 
under the multiple -use concepts is essential to 
fulfill the needs of all users. 
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MANAGEMENT ALTERNATIVES EXAMINED, 
DATA SOURCE AND METHODS 

The Douglas -fir Supply Study examined 
three different intensities of timber manage- 
ment. Each intensity of management was ex- 
amined for five rotation periods 5 -the current 
rotation, the current rotation minus 10, 20, 30 
years, and the current rotation plus 20 years. 

Only the effects of the current rotation and 
the shortest rotation (current rotation minus 
30 years) were considered in this report. 

Two rates of road construction (roading) 
were considered -current and accelerated. Of 
the 20 management intensity /rotation /road- 
ing,combinations studied, eight are discussed 
in this report. The intensities of management 
are identified as "low," "medium," and "high." 
The characteristics of each are as follows : 

LOW INTENSITY TIMBER MANAGEMENT 

Low intensity timber management repre- 
sents a base level or about the level of manage- 
ment practiced on National Forests in the Re- 
gion in 1966. It consists mainly of protection 
of the forests from damaging agents, final har- 
vest of the timber crop, and subsequent natural 
or artificial reforestation. Low intensity man- 
agement also includes a minor volume of ma- 
terial from commercial thinnings, which is 
shown with the harvest volume and not sepa- 
rately. Low intensity management was ex- 
amined only under the current rate of road 
construction for this report. 

MEDIUM INTENSITY TIMBER MANAGEMENT 

Besides the low intensity management prac- 
tices, medium intensity timber management 
requires -on a regularly scheduled basis to in- 
crease harvests of saw logs -the following 
practices : 

1. Commercial thinning - This practice 
removes excess trees from overstocked saw- 

5 The years required to grow forest products to an acceptable state of 
maturity. The current rotation represents the years required for growth 
to culminate plus regeneration lag. 

timber stands by timber sale purchasers, 
in order to improve the growth and vigor of 
remaining trees and to utilize volume that 
would otherwise be lost (see photo below). 

2. Mortality salvage -This practice uti- 
lizes merchantable dead material, standing 
and down. 

3. Prelogging -This practice utilizes 
small stem material in advance of the final 
harvest cut -material that would otherwise 
be destroyed or damaged during the final cut. 

Medium intensity timber management was 
examined under two rates of road construc- 
tion : (1) The current rate of road construe- 

7 

Young Douglas -fir stand with too many trees 
for optimum growth. 



tion, which limits commercial thinning to mer- 
chantable and operable stands made accessible 
by existing roads and those constructed under 
the current program, and (2) an accelerated 
rate of road construction, providing the roads 
needed to treat within 20 years all stands eli- 
gible for commercial thinning, i.e., overstocked 
stands having excess trees of salable size and 
located on operable topography. 

HIGH INTENSITY TIMBER MANAGEMENT 

High intensity management requires the fol- 
lowing additional practices : 

1. Restocking cutover areas within 1 year 
after cutting, instead of allowing a 5 -year 
lag, as under low and medium intensity man- 
agement (see photo below) . This has the 
effect of shortening the rotation 5 years 

when growing stands of a given average 
diameter. 

2. Reforesting the backlog of nonproduc- 
ing areas, such as old brushfields, within 10 
years. This treatment results in more pro- 
ductive acres, and future increases in timber 
harvests. 

3. Noncommercial thinning in 20 -year- 
old stands (see photo p. 9). This practice 
removes small, nonsalable trees from a tim- 
ber stand. It results in more rapid juvenile 
growth and qualifies stands for commercial 
thinning 10 years earlier than stands not 
receiving this treatment. 

High intensity management was examined 
under the same accelerated rate of road con- 
struction (roading) as medium intensity man- 

Timber harvest unit planted promptly after cutting. 
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Non -commercial thinning in a young Douglas -fir stand. 

agement and also assumed that additional 
roads would be built into unproductive brush - 
fields within 10 years. 

ALTERNATIVE ROTATIONS 

The current rotation is the rotation present- 
ly used in timber management planning. It 
varies from 90 to 105 years by working circles. 
The average rotation for the Douglas -fir Re- 
gion is about 100 years. Twenty different man- 
agement- roading -rotation alternatives were 
studied. However, since the results from 
changing rotations are roughly proportional to 
the number of years in the change, only the 
current and the shortest rotation examined 
(current less 30 years) are evaluated in this 
report. This makes all tables and illustrations 
less cluttered and easier to understand. Ap- 
proximate data for the remaining rotations can 
be determined by interpolation. Detailed data 
also are available. 6 

Except for the high- intensity management 
alternative, the current rotation is considered 
100 years and the shortest rotation 70 years 
(100 minus 30) . Because the delay in regen- 
eration was eliminated, the current rotation is 
95 years and the shortest rotation is 65 years 
for the high intensity management alternative. 

OTHER MANAGEMENT POTENTIALS 

The Study did not assess the effects which 
fertilization, irrigation, or the application of 
genetics may have upon timber supplies. Cur- 
rent studies indicate that substantial increases 
in stand volume might be achieved with the 
application of fertilizers -alone or in combina- 
tion with irrigation. Also, increases in volume 
could be expected from the application of ge- 
netics to species within the Region. Any bene- 
fits from such treatments would be in addition 
to those shown in this report. 

Neither did the Study consider the effect of 
utilizing sound material less than 11.0 inches 
d.b.h. or sound wood not utilized because of 
defects. By examining inventory data of typi- 
cal working circles, 7 it appears that substan- 
tial volumes of this material are lost under 
low and medium intensity management. After 
a stand is once treated, very little volume of 
small material could be expected under high 
intensity management, since excess material 
would have been removed in noncommercial 
thinnings. Any benefits from this source would 
be in addition to those shown in this report. 

DATA SOURCE AND METHODS 

The Study used forest inventory data from 
sample plots systematically located on each 
working circle in the Douglas -fir Region. All 
calculations were made by working circles. 
Working circle data were combined to form 
subarea and Regional data. Usually only Re- 
gional data are shown in this report. Subarea 
and working circle data are available. a 

Several analytical computer programs were 
developed to use these data to determine the 
volume of sawtimber that could be harvested 
under each management alternative. The pro- 
cedure used was extremely complex. Only a 
general description of it can be given here. 

e From the Division of Timber Management, U.S. Forest Service, Port- 7 A basic unit for forest inventory, planning, and control. 
8 See footnote 8. land, Oregon. 
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Yields from harvest cuts were determined 
by a tabulation -type calculation, using actual 
acres by age classes and empirical volumes 
from field inventories. A computer program 
was developed to calculate the volume that 
could be cut from this source and to calculate 
yields from commercial thinnings and mor- 
tality salvage. The working circle normal con- 
cept was used as the stocking standard in cal- 
culating thinning and salvage cuts. Working 
circle normal yields represent the yield of the 
half of all inventory plots that are the better 
stocked (in terms of basal area). It assumes 
that these stands represent a fully stocked 
condition. 

In the calculations each thinning cut reduced 
the stocking to 60 percent of working circle 
normal volume. It was then assumed that the 
residual stand would grow at a rate equivalent 

to working circle normal gross periodic annual 
growth until the next thinning. This process 
was repeated for each entry. The sum of the 
volume from all thinnings represents the total 
yield from commercial thinnings. Only stands 
adjacent to existing roads or made accessible 
by planned roads were included. 

There are other methods of calculating inter- 
mediate yields. Some will produce higher har- 
vests while others show lower harvests from 
intensified management. Research has not es- 
tablished whether these methods are appropri- 
ate for use in the Region. 

The inventory volume of salvable dead ma- 
terial and rates of mortality shown by the in- 
ventory were used to calculate the amount of 
mortality salvage that would be harvested each 
decade. 

Commercial thinning in a young Douglas -fir stand. 
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VOLUME OF SAWTIMBER PRODUCED 
ANNUALLY 

One of the principal objectives of this Study 
was to determine the volume of sawtimber that 
could be harvested by using various timber 
management - rotation - roading alternatives. 
This section shows the volume of sawtimber 
that low, medium, and high intensity timber 
management could produce and the effect that 
changes in rotation have upon the harvests of 
sawtimber. These harvest volumes were calcu- 
lated for each of the next 12 decades. The rea- 
son for this was to show the change in the 
volume of sawtimber that occurs between the 
first and second rotations for the Region. 
Twelve decades overlap rotations for all man- 
agement alternatives. 

In developing these data, certain criteria 
and constraints were established. These are : 

1. Intensified timber management prac- 
tices were applied only to the 7.3 million 
acres of forest lands classified primarily for 
timber production by multiple -use plans. 
The volume of sawtimber that could be har- 
vested from lands classified for other re- 
source uses, such as landscape and major 
watershed management areas, and for the 
Shelton Working Circle, was assumed to re- 
main constant and was shown separately. 

2. It was assumed that the area of lands 
classified primarily for timber production 
would not change during the period of the 
Study. 

3. It was assumed that technology and 
utilization standards would not change dur- 
ing the period of the Study. As technology 
improves, it will be necessary to reevaluate 
the benefits from such improvements. 

4. It was assumed that only trees 11.0 
inches in diameter (d.b.h.) or more would 
be utilized. 

The Study showed that substantial increases 
in the cut of sawtimber could result from (1) 
intensifying timber management with the cur- 
rent rotation, and (2) changing the length of 
the rotation. 
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EFFECT OF CHANGING INTENSITY OF 
MANAGEMENT 

One of the most promising ways of increas- 
ing the amount of sawtimber is by intensify- 
ing management. This means prompt regen- 
eration of cutover areas, precommercial and 
commercial thinning of young stands through- 
out their immature years, and making a har- 
vest cut and again promptly regenerating the 
area. 

Generally, the sawtimber cut under low in- 
tensity management is taken from stands of 
rotation age or older as a final harvest cut. 
Therefore, yields of sawtimber under low in- 
tensity management are shown only under 
"harvest cuts" later in this section. 

The total volume of sawtimber resulting 
from medium and high intensity management, 
however, represents several kinds of cuts. 
These are commercial thinning, mortality sal- 
vage, prelogging, and a final harvest cut. The 
amount of sawtimber produced by each is 
shown in the subsequent discussion. 

Commercial Thinning 

Commercial thinning is defined as the re- 
moval of merchantable excess trees from over- 
stocked young stands, in order to improve 
stocking, thrift, composition, and quality of 
these stands, and to lessen future losses from 
mortality (see photo page 10). 

Under medium intensity management, all 
accessible stands in the 40 -year age class and 
older, but less than 200 years of age, were as- 
sumed to be thinned every 10 years. Under 
high intensity management, all accessible 
stands in the 30 -year age class and older, but 
less than 200 years of age, were scheduled for 
thinning every 10 years. 

The volume of sawtimber produced from 
commercial thinnings under medium and high 
intensity management for the current rotation 
would be as follows : 



Decade Mediums High 

Current 
roading 

Accelerated 
roading 

Accelerated 
roading 

Million board feet 
1 461 506 524 
2 693 760 773 
3 579 614 642 
4 544 522 706 
5 567 564 787 
6 582 582 864 

7 -12 About 600 About 600 About 870 

s Since there is very little difference in sawtimber volume from current 
or accelerated roading, subsequent tabulations in this section will show 
only accelerated roading for medium intensity management. Low inten- 
sity management always assumes the current roading. High intensity 
management always assumes accelerated road construction and also sssumes 
that additional roads will be built into nonproducing brush -fields within 
10 years. 

As the tabulation shows, there is very little 
difference in the sawtimber volume resulting 
from the current or accelerated roading. The 
reason for this is the lack of stands existing 
today that are of thinnable age. Present age - 
class distribution is illustrated in the discus- 
sion of Figure 24. On the other hand, high in- 
tensity management shows a small increase in 
sawtimber volume after the first 3 decades. 
This is due primarily to the additional acres of 
forest land included in this program as a re- 
sult of planting the backlog of nonproducing 
areas. 

Under both medium and high intensity man- 
agement essentially the same stands are cut 
for the first 30 years, irrespective of rotation 
or intensities of management. After the first 
30 years (40 years under medium intensity 
management) , additional cutover stands ap- 
pear on the thinning schedule. The cut volume 
then varies by the number of acres previously 
harvested, the number of thinnings made dur- 
ing the rotation, and the requirements of high 
intensity management. 

Mortality Salvage 
Each year a few trees in a timber stand die 

and if not used are lost. Under medium and 
high intensity management it was assumed 
that the salvable dead material from accessible 
stands would be utilized in conjunction with 
the first commercial thinning in stands less 
than 200 years old and as a separate operation 
in stands over 200 years old that are accessible 
by roads. 

Estimated volumes of sawlogs harvested 
from this source under medium and high in- 
tensity management for the current rotation 
are shown in the following tabulation : 
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Decade Medium' High 

349 

Million board feet 

349 
2 405 396 
3 241 230 
4 143 126 

5 88 52 
6 22 16 

7 12 4 
8 -12 o 0 

1 Accelerated roading. 

There is little difference in the amount of 
mortality salvage between medium and high 
intensity management programs. Yields of 
sawtimber from mortality salvage decrease, 
and in effect disappear, as stands over 200 
years of age are cut. Although trees will con- 
tinue to die in young stands, they will be util- 
ized at the time commercial thinnings are 
made. 

Prelogging 

When harvest cuts are made in unmanaged 
stands, many small trees are damaged or de- 
stroyed. A method of reducing these losses is 
by logging the small diameter material in ad- 
vance of felling the main stand. 

In this Study it was assumed that all natural 
stands scheduled for a harvest cut within 10 
years would be prelogged, and that prelogging 
would yield a 5 percent increase in volume. 

The following tabulation shows the esti- 
mated yields from this practice under medium 
and high intensity management for the current 
rotation : 

Decade Medium' High 

115 

Million board feet 
122 

2 109 116 

3 109 116 

4 107 112 

5 95 89 

6 41 29 

7 20 14 

8 -12 o o 

a Accelerated roading. 

Sawtimber volumes from this source are 
similar for all programs and not highly signi- 
ficant. Yields are directly related to the volume 
of timber taken from harvest cuts in unman- 
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Harvest cuts in a mature Douglas -fir stand. 

aged stands. As unmanaged stands would be 
cut, prelogging as a separate operation would 
disappear, since under management all trees 
would be more nearly the same size. 

Harvest Cut 
This is the final harvest cut made in all 

stands of rotation age and older (see photo 
above). It is the maximum cut that can be 
taken each year and still cover all acres in the 
working circle by the end of the rotation. The 
method used in determining the annual har- 
vest cut results in an even flow of volume for 
the first rotation. However, since working 
circle rotations vary from 90 to 105 years, the 
average harvest yield for the Region changes 
during the ninth, tenth, and eleventh decades. 

The maximum harvest volumes that can be 
cut each year and still cover all acres within 
the rotation for low, medium, and high in- 

13 

tensity management with the current rotation 
are as follows : 

Decade Low Medium,- High 

Million board feet 

1 -8 2,928 2,803 2,998 

9 2,928 2,803 2,938 

10 2,679 2,526 2,267 

11 1,846 1,623 1,808 

12 1,739 1,509 1,808 

,- Accelerated roading. 

Harvest yields from commercial thinned 
stands produce, on an average, about 5 percent 
less volume than those receiving low intensity 
management. The reason for this difference is 
that under a one -cut program all accumulated 
merchantable material is removed during the 
harvest operation. Under a thinning regime 
most excess material is removed by thinning. 
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Therefore, only the residual volume and its 
growth since the most recent thinning is avail- 
able for the final cut. Under high intensity 
management, however, this decline in volume 
is more than offset by the addition of the acres 
of unproductive forest lands that could be re- 
habilitated. 

High intensity management, on an average 
for twelve decades, produces 6 percent more 
sawtimber volume annually from harvest cuts 
than medium intensity management for the 
current rotation. At the end of the first rota- 
tion the annual sawtimber harvest drops from 
2.9 billion board feet to 1.8 billion board feet 
under low intensity management, or from 3.0 
to 1.8 under high intensity management. The 
reason for this ultimate decline is that, during 
the first rotation, cutting is confined to old -age, 
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high -volume stands. Some of these took cen- 
turies to grow. Large volumes are "stored on 
the stump." After old- growth conversion at the 
end of the first rotation, stands are allowed to 
grow only to rotation age, and hence produce 
much less sawtimber. 

Total from All Cuts 

Figure 5 compares the total volume of saw - 
timber that could be harvested annually under 
low, medium, and high intensities of manage- 
ment for the next 12 decades under the current 
rotation. 

High intensity management would annually 
produce 918 million board feet (34 percent) 
more sawtimber, for an average of 12 decades, 
than that produced by low intensity manage- 
ment. High intensity management results in a 

CURRENT ROTATION 

. -----1 

LEGEND: 

MANAGEMENT INTENSITY 

LOW 

MEDIUM 

HIGH 
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DECADE 

8 9 10 11 12 

Figure 5.- Average annual sawtimber production, by management intensity- current rotation. 
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relatively even flow of sawtimber for the first 
9 decades, beginning at 4.0 billion board feet 
in the first decade, then declining to 2.7 billion 
board feet in the eleventh decade. 

Medium intensity management with acceler- 
ated roading, could produce annually 595 mil- 
lion board feet more, for an average of 12 
decades, than low intensity management. This 
level of management shows a general decline 
in volume of sawtimber available during each 
decade. 

Comparing Total Sawtimber Harvest by 
Kinds of Cuts 

The following tabulation shows the total 
volume of sawtimber by each kind of cut under 
low, medium, and high intensity management 
under the current rotation. All comparisons 
are based upon the average annual volume for 
12 decades. 

Low Mediums High 

Million 
bd. ft. 

Per- 
cent 

Million 
bd. ft. 

Per- 
cent 

Million 
bd. ft. 

Per - 
cent 

Thinning (2) 0 596 18 795 22 

Mortality salvage (2) 0 105 3 98 3 

Prelogging 0 0 50 2 50 1 

Harvest 2,730 100 2,574 77 2,734 74 

Total 2,730 100 3,325 100 3,677 100 

I Accelerated roading. 
2 Minor volumes included in harvest volume. 

Harvest cuts represent the total yield under 
low intensity management and from 74 to 77 
percent of the total harvest under medium and 
high intensity management. The volume of 
sawtimber from both harvest cuts and thin - 
nings accounts for 95 to 96 percent of the total 
volume. 

EFFECT OF CHANGING LENGTH OF 

ROTATION 

Another way of increasing the amount of 
sawtimber that could be harvested is by short- 
ening the length of rotation. Since the results 
of changing the rotation length are approxi- 
mately proportional to the number of years the 
change is in effect, this section will show only 
the amount of sawtimber that could be har- 
vested under the shortest rotation. 

Again the estimated volume of sawtimber 
that could be harvested from commercial thin- 
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nings, mortality salvage, prelogging, harvest 
cut, and total from all cuts, as well as by kinds 
of cuts, are considered separately. 

Commercial Thinning 

The average annual yield of sawtimber from 
periodic commercial thinnings under medium 
and high intensity management for the short- 
est rotation is as follows : 

Decade 

Medium High 

Current Accelerated Accelerated 
roading roading roading 

Million board feet 
1 505 519 534 
2 764. 785 766 
3 590 596 618 
4 492 488 708 

5 467 471 711 

6 362 367 625 

7 - 12 286 -330 289 -328 516 to 589 

When the length of rotation is shortened, 
sawtimber harvests are similar under both cur- 
rent or accelerated roading for medium inten- 
sity management. High intensity management 
shows a small increase in thinning yields after 
the third decade. Generally, the amount of saw- 
timber that could be harvested decreases as 
rotations are shortened, since fewer intermedi- 
ate entries are made prior to the final harvest. 

Mortality Salvage 

The estimated average annual volume of 
sawlogs from mortality salvage for the shortest 
rotation is similar for both medium and high 
intensity management. The following tabula- 
tions illustrate this relationship by decades. 

Decade Mediums High 

1 

2 

3 

4 
5 

6 - 12 

342 
344 
147 

51 

17 

0 

Million board feet 
338 
314 
125 

17 

o 
o 

s Accelerated roading. 

Harvests of timber from this source decrease 
and virtually disappear in the fourth or fifth 
decades as stands 200 years and older are cut, 
and are not highly significant when compared 
to the total cut. 

Prelogging 

Average annual yields of sawtimber from 
prelogging are similar for both medium and 
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high intensity management under the shortest 
average rotation. 

Decade Medium, High 

156 
Million board feet 

169 
2 149 162 
3 147 156 
4 110 90 
5 33 24 
6 5 o 

7 - 12 o o 

Accelerated roading. 

Again the volume of small sawtimber that 
could be harvested in advance of the final har- 
vest cut is quite similar for medium and high 
intensity management. It represents only a 
small part of the total cut. 
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Harvest Cut 

The volume that can be taken annually in 
harvest cuts under the shortest rotation for 
low, medium, and high intensity management 
is as follows : 

Decade Low Medium, High 

Million board feet 
1 - 5 3,994 3,828 4,177 

6 3,994 3,828 4,043 
7 3,446 3,274 2,743 
8 1,810 1,626 1,862 

9 - 11 1,619 1,438 1,862 
12 1,619 1,438 1,891 

Accelerated roading. 

The volume of sawtimber that could be har- 
vested is about the same for the first 5 decades 

Z 4=110 -L 
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Figure 6.- Average annual sawtimber production, by management intensity shortest rotation. 
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under each intensity of management. It begins 
to decline in the sixth decade, and drops off 
rather drastically in the seventh and eighth 
decades. The dropoff is less drastic under high 
intensity management -falling to about 1.9 
billion board feet, as compared to 1.6 and 1.4 
billion board feet for low and medium intensity 
management. 

Total Volume from All Cuts 

Figure 6 illustrates the total volume of saw - 
timber that could be harvested annually from 
low, medium, and high intensity management 
under the shortest rotation for the next 12 
decades. 

The average annual harvest of sawtimber 
over 12 decades under high intensity manage- 
ment is 0.8 billion board feet (28 percent) more 
than under low intensity management. On the 
same basis, medium intensity management 
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HIGH 

shows 372 million board feet (12 percent) more 
sawtimber than low intensity management. 
High and medium intensities of management 
show a moderate decline in sawtimber volume 
for the first 6 decades, then a substantial drop - 
off in the eighth decade. The sawtimber harvest 
under high intensity management drops from 
5.2 billion board feet in the first decade to 2.4 
billion board feet in the eighth decade, which 
is about the beginning of the second rotation. 
Under medium intensity management the fall - 
down is from 4.8 billion board feet to 1.7 billion 
board feet in the ninth decade. 

Comparing Total Sawtimber Volume by 
Kinds of Cuts 

The following tabulation shows the total 
volume by each kind of cut under low, medium, 
and high intensity management for the short- 
est rotation. All comparisons are based upon 
the average annual volume for 12 decades. 

iii9i 

:¡¡¡ 
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MEDIUM 

. CURRENT ROTATION 

SHORTEST ROTATION 

Figure 7.- Average annual sawtimber production for first 12 decades. 
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Low Medium,- High 

Million 
bd. ft. 

Per- 
cent 

Million 
bd. ft. 

Per- 
cent 

Million 
bd. ft. 

Per - 
cent 

Thinning None 0 420 13 611 16 

Mortality salvage None 0 75 2 66 2 

Prelogging None 0 50 1 50 1 

Harvest 2,974 100 2,801 84 3,082 81 

Total 2,974 100 3,346 100 3,809 100 

1 Accelerated roading. 

Harvest cuts represent a major part of the 
total cut, being 84 and 81 percent for medium 
and high intensity management, respectively. 
Harvest and thinning yields account for 97 
percent of the total harvest. 

Comparing Sawtimber Cuts from Current 
and Shortest Rotations 

It has been shown in previous pages that sub- 
stantial increases in the volume of sawtimber 
could result by intensifying management while 
maintaining the current rotation. Small addi- 
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tional average increases in volume would result 
from shorter rotations. A comparison of the 
average annual volume of sawtimber that could 
be harvested with current and shortest rota- 
tions under low, medium, and high intensity 
management for the first 12 decades is illus- 
trated by Figure 7. 

This illustration shows that high intensity 
management would yield 3.6 billion board feet 
under the current rotation, whereas it would 
yield 3.8 billion board feet under the shortest 
rotation -only a 5 percent increase. Under 
medium intensity management, yields are iden- 
tical-3.3 billion board feet. Under low inten- 
sity management the yield is 2.7 billion for the 
current rotation and 3.0 billion for the shortest 
rotation -about an 11 percent increase. Much 
wider differences in the average harvests, how- 
ever, occur by decades, as can be determined 
by comparing Figures 5 and 6. 



TIMBER MANAGEMENT COSTS 

Another major objective of this Study was 
to determine the cost of producing sawtimber 
under each timber management- roading -rota- 
tion alternative. Such costs as road construc- 
tion, reconstruction and maintenance; refor- 
estation; timber stand improvement; timber 
sale administration and forest protection were 
determined. It was assumed that these cost 
levels for these measures would remain con- 
stant for the period of the Study. For budget- 
ing purposes, however, these costs should be 
increased to reflect changes since 1966 -67, the 
base date for this report. Also, these costs will 
be higher when fertilization, genetics, or other 
intensive practices, not considered in this re- 
port, are applied. 

1500 
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ROAD CONSTRUCTION, RECONSTRUCTION, 

AND MAINTENANCE 

Construction costs are considered to be the 
costs of providing access to an area not now 
served by a road. Reconstruction costs are for 
improving the standard of an existing road. 
Maintenance costs are for restoring worn roads 
to their original standard. 

There now exist 18,344 miles of permanent 
roads in the Study area. This is about 41 per- 
cent of the total road system planned. Almost 
one -half of the existing system, or 8,730 miles, 
must eventually be reconstructed to serve all 
resource use. 

CURRENT ROTATION 
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DECADE 

4 

Figure 8. -Miles of road constructed annually -current rotation, Douglas -fir Region. 
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Figure 8 shows the miles of road construc- 
tion needed each year for low, medium (accel- 
erated roading), and high intensity manage- 
ment under the current rotation. 

Completion of the road system under low in- 
tensity management would not occur until the 
fifth decade for the current rotation, and the 
fourth for the shortest rotation. This, however, 
would vary widely by working circles. 

Two rates of road construction were consid- 
ered under medium intensity management; 
(1) the current rate of construction -the same 
as under low intensity management; and (2) 
an accelerated rate of construction -a rate 
needed to treat all operable timber stands with- 
in twenty years. Only the miles of roads needed 
each year under medium intensity management 
with accelerated roading is shown in Figures 
8 and 9, since the miles of roads under current 
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rate of roading is identical to that shown for 
low intensity management. The same is true 
for subsequent tabulations and illustrations. 
The road system would be completed at the 
end of the second decade under medium inten- 
sity management. 

High intensity management requires addi- 
tional roads to reforest nonproducing brush - 
fields. These roads would be constructed dur- 
ing the first decade. All other needed roads 
would be constructed within twenty years. 

Figure 9 shows the miles of roads needed 
annually for each level of management under 
the shortest rotation. More miles of roads are 
constructed during the first decade under me- 
dium and high intensity management for the 
shortest rotation to provide for the increased 
cut under these programs. 

SHORTEST ROTATION 

LEGEND 

MANAGEMENT INTENSITY: . LOW 

MEDIUM 

HIGH 

3 

DECADE 

Figure 9. -Miles of roads constructed annually -shortest rotation, Douglas -fir Region. 
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In this Study, it was assumed that timber 
purchasers would construct all single -lane 
roads needed under low intensity management 
to harvest National Forest timber for all rota- 
tions. It was assumed that the cost of construct- 
ing the additional single -lane roads needed for 
intensive timber management programs would 
be paid for with appropriated funds. It was 
also assumed that these roads would be built 
to standards which would assure protection 
of the forest resources. At least an additional 
$6,000 per mile would be needed to construct 
these roads to a standard suitable for all re- 
source uses. This additional cost is not included 
in the next tabulation. Costs were based upon 
1967 experience in the Region. 

The following tabulation shows the annual 
cost of road construction and reconstruction, 
for each intensity of management, for the cur- 
rent and shortest rotation : 

Decade 
Low Medium High 

Current Shortest Current Shortest Current Shortest 

Million dollars 

1 47.0 64.3 58.0 68.8 58.8 69.5 
2 41.5 47.1 55.9 53.6 55.9 53.6 

3 30.1 23.3 12.6 13.5 12.6 13.5 

4 17.8 3.2 11.6 2.3 11.6 2.3 

5 3.4 2.3 2.3 2.3 2.3 2.3 

6 - 12 2.3 2.3 2.3 2.3 2.3 2.3 

The tabulation shows the cost of providing 
additional roads needed to commercially thin 
all qualifying stands within twenty years, and 
the cost of constructing the additional roads 
needed for high intensity management. The 
$2.3 million annual cost shown after the third 
to sixth decades represents mainly the cost of 
restoring worn out roads. 

The cost of completing the road system re- 
quired under high intensity management is 
about $950 million, including the cost of sur- 
vey, design, construction and inspection, but 
excluding reconstruction. 

In addition to road construction and recon- 
struction, there are annual maintenance costs 
associated with all programs. Based upon Fis- 
cal Year 1968 experience, these costs are as 
follows : 

21 

Decada 

Road maintenance costs' 
Current rotation Shortest rotation 

2 3 

Low Medium High Low Medium High 

Million dollars 
1 2.2 2.3 2.4 2.4 
2 3.1 3.6 3.6 3.4 3.7 3.7 
3 3.7 4.2 4.2 4.0 4.2 4.2 
4 4.1 4.2 4.2 4.2 4.2 4.2 

5 -12 4.2 4.2 4.2 4.2 4.2 4.2 

1 Appropriated funds only. 
2 Also medium intensity management with current rate of road con- 

struction. 
' Accelerated rate of road construction. 

It was assumed that all additional road con- 
struction and reconstruction needed for inten- 
sive management programs would be financed 
with appropriated funds (federally funded). 
These costs would be as follows: 

Current rotation Shortest rotation 

Decade r 1 

Low Medium High Low Medium High 

Million dollars 
1 15.8 26.7 27.5 22.5 26.9 27.7 
2 14.8 29.2 29.2 19.2 25.7 25.8 
3 13.8 8.4 8.4 14.3 10.9 10.9 
4 13.8 11.2 11.2 2.3 2.3 2.3 
5 2.4 2.3 2.3 2,3 2.3 2.3 

6 -12 2.3 2.3 2.3 2.3 2.3 2.3 

s Accelerated rate of road construction. 

It would be desirable to construct all roads 
needed for intensified management with ap- 
propriated funds. Roads could then be built to 
the standards needed for all uses and most 
efficiently. Construction impacts on the man- 
agement of other resources would be mini- 
mized since preventive installations could be 
included in the construction program. 

REFORESTATION 

Annual reforestation costs include expendi- 
ture of both Knutson -Vandenburg" (K -V) 
and appropriated funds. Costs of reforesting 
current cutover areas involve both funds, while 
costs of reforesting old nonstocked areas would 
be financed entirely with appropriated funds. 
Annual costs under low, medium, and high in- 
tensity management, based upon Fiscal Year 
1966 experience, are estimated to be as follows : 

Current rotation Shortest rotation 

Decade Low & 

medium High Low & 
Medium High 

Million dollars 
4.6 7.6 .5 10.0 

2 4.7 5.2 6.5 7.6 
3 4.6 5.2 6.4 7.6 
4 
5 

4.5 
4.4 

5.2 
5.2 

6.3 
6.2 

7.6 
7.6 

6 4.4 5.2 6.2 7.6 
7 -12 4.3 5.2 6.1 7.6 

Knutson -Vandenburg funds," a portion of stumpage receipts re- 
tained to reforest cutover lands and to thin overstocked young stands. 
(16 U.S.C. 576) 
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About 90 percent of all reforestation pro- 
grams are financed with K -V funds. 

Since average annual acres of harvest cut 
were used as the basis for the reforestation pro- 
gram in each decade, costs do not vary greatly 
from one decade to the next. Under high in- 
tensity management the backlog of nonproduc- 
ing acres was assumed to be regenerated in 
the first decade. Thereafter the program con- 
sisted of reforesting only areas currently cut - 
over. 

TIMBER STAND IMPROVEMENT 

This program involves precommercial thin- 
ning of all stands in the 20 -year age class. Esti- 
mated costs were based upon Fiscal Year 1966 
experience and include K -V and federally - 
funded projects. Estimated annual costs are as 
follows : 

loo 

80 

60 

40 

20 

r 

Decade 
Current Rotation Shortest rotation 

Low & 

Medium High Low & 
Medium High 

- -- - - - Million dollars 
1 0.6 0.8 0.9 0.9 
2 0.6 1.3 0.9 1.4 
3 0.6 5.5 0.9 6.9 
4 0.6 3.3 0.9 4.8 
5 0.6 3.5 0.9 5.1 
6 0.6 3.6 0.9 5.6 
7 0.6 3.8 0.9 6.3 

8 - 12 0.6 4.0 to 4.1 0.9 8.5 to 6.1 

Under low and medium intensity manage- 
ment about two -thirds of stand improvement 
costs would be met with appropriated funds, 
whereas under high intensity management al- 
most 93 percent would be so funded. This in- 
crease is due to precommercial thinning pro- 
grams included in high intensity management. 

FOREST PROTECTION 
The costs attributed to forest protection in- 

clude the annual costs of fire protection and 

CURRENT ROTATION 
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Figure 10. -Total annual costs, all funds -current rotation, Douglas -fir Region. 
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insect and disease control. Fire protection costs 
for low and medium intensity management 
were based upon (1) The volume of sawtimber 
cut, and (2) the miles of roads constructed. 
The cost of protecting the hazard created by 
precommercial thinning was included under 
high intensity management. Estimated cost of 
fire protection is as follows : 

Decade 
Current 

Low 

rotation Shortest rotation 

Medium High Low Medium High 

Million dollars 
1 3.5 3.5 3.6 3.5 3.6 3.7 
2 3.5 3.5 3.7 3.5 3.6 3.8 
3 3.5 3.5 4.4 3.5 3.5 4.6 
4 3.4 3.4 4.0 3.5 3.5 4.3 

5 3.4 3.4 4.0 3.5 3.5 4.3 

6 3.4 3.4 4.0 3.5 3.5 4.4 
7 3.4 3.4 4.1 3.4 3.5 4.5 

8 -12 3.4 3.4 4.1 -4.4 3.4 3.4 4.8 -4.4 

The annual cost of insect and disease control 
was estimated to be : 

100 - 

80 - 

60 

40 

20 
L 

Intensity Rotation 
of 

management Current Shortest 

Thousand dollars 
Low 341 291 

Medium 356 303 

High 360 307 

These costs were based upon Fiscal Year 
1968 experience. It was assumed that costs 
would remain constant for all decades. 

TIMBER SALE ADMINISTRATION 

The costs of preparing and administering 
timber sales were determined separately for 
the "harvest" cuts and "other" cuts. "Other" 
cuts include commercial thinning, mortality 
salvage, and prelogging. Costs were based upon 
Fiscal Year 1968 sales experience. "Other" cut 
costs average 66 percent greater than harvest 
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HIGH 
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T 
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SAME PAST DECADE 6 
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DECADE 
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Figure 11. -Total annual cost, all funds -shortest rotation, Douglas -fir Region. 
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cuts per thousand board feet and vary by work- 
ing circles. Estimated timber sale costs for 
both kinds of cuts are as follows : 

Decade 
Current rotation Shortest rotation 

Low Medium High Low Medium High 

Million dollars 

1 2.9 4.4 4.7 4.0 5.5 5.9 
2 2.9 4.9 5.2 4.0 6.0 6.3 
3 2.9 4.4 4.7 4.0 5.3 5.7 
4 2.9 4.1 4.6 4.0 4.9 5.5 
5 2.9 4.1 4.6 4.0 4.7 5.4 
6 2.9 3.9 4.5 4.0 4.5 5.1 
7 2.9 3.9 4.5 3.5 3.8 3.6 

8 - 12 2.9 -1.7 3.8 -2.5 4.5 -3.2 1.8 -1.6 2.1 -2.0 2.8 -2.9 

TOTAL ANNUAL COSTS -ALL FUNDS 
The combined annual costs of roads, refor- 

estation, timber stand improvement, forest 
protection, and timber sale administration are 
shown in Figure 10 for each intensity of man- 
agement under the current rotation. 

High costs during the first 4 decades under 
low intensity management are due to the high 
costs of road construction and reconstruction. 
With the completion of the road system, costs 
tend to level off. 

Under medium intensity management, costs 
would be higher for the first 2 decades, because 
of the cost of accelerated road construction. 
Reconstruction and maintenance costs continue 
through the remaining decades, along with 
other costs. 

Under high intensity management, costs 
would be still higher for the first and second 
decades, because additional roads are needed 
and additional investments are made in refor- 
estation and timber stand improvement. 

Under all three intensities of management, 
road construction and reconstruction costs 
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would be three -fourths or more of the total 
costs. Reforestation is the next largest cost. 
The difference in sale administration between 
the low and medium intensity management is 
$1.5 million, reflecting the cost of commercial 
thinning. 

Figure 11 shows the effects which the short- 
est rotation would have upon total costs for 
low, medium, and high intensity programs. 
Shortening the rotation increases costs from 
19 to 33 percent during the first decade over 
that shown for the current rotation. Thereafter 
total costs decline rather rapidly and level off 
during the fourth decade. High costs during the 
first two decades are caused by increased road 
construction during this period. 

The following tabulation shows average an- 
nual 12- decade costs from appropriated funds 
and from all funds by intensity of manage- 
ment : 

Intensity 
of 

management 

Average Annual Costs 
(million dollars) 

Current Shortest 
rotation rotation 

Appropriated funds 

Low 17.4 18.0 

Medium -Current roading 18.6 18.7 
Accelerated roading 20.1 19.4 

High 24.6 25.7 

All funds 

Low 28.4 30.8 
Medium -Current roading 29.5 31.6 

Accelerated roading 29.7 31.6 
High 35.1 39.4 

Under the current rotation, high intensity 
management costs for all funds are about 24 
percent higher than those for low intensity 
management. On the same basis, medium in- 
tensity management is only 4 percent higher 
for current or accelerated roading. Most costs 
are paid with appropriated funds. 



ECONOMIC ANALYSIS OF 
MANAGEMENT ALTERNATIVES 

STUMPAGE RETURNS 

In order to determine what contribution to 
the American economy can be made through 
additional public investments in timber man- 
agement, increases in timber production must 
be expressed in economic terms. The economic 
measure used here is the price purchasers 
would pay for stumpage or for standing trees, 
with roads in place. Stumpage values do not 
assess fully the contribution of forest products 
to the economic welfare of the Region or the 
Nation, but prices paid for timber are a sensi- 
tive index of the demand for timber products 
and changes in these demands over time. 

The Regional all- species average stumpage 
prices used in this Study for valuing future 
harvests were based upon actual experience in 
western Oregon and Washington over the pe- 
riod 1950 -1966. The prices used are gross, i.e., 
actual stumpage prices increased to reflect 
road building allowances for roads built by 
the purchasers of timber sales. During this pe- 
riod stumpage prices have shown an increas- 
ing trend, although much year -to -year fluctua- 
tion has occurred. Relative prices, which elim- 
ate effects of inflation and are calculated by ad- 
justing "current" prices according to changes 
in the Bureau of Labor Statistics all- commod- 
ity wholesale price index (1957 -59 base peri- 
od) were used to establish a trend of stumpage 
prices. This was extended three decades, as 
follows : 

Decade Regional average 
stumpage price 

1967 -76 $34.31 
1977 -86 42.23 
1987 -96 50.16 
After 1996 50.16 

Extension of the previous 15 -year trend was 
assumed because of the outlook for (1) In- 
creasing demands for housing and other uses 
of wood products, (2) continued strengthening 
of foreign markets for northwest softwoods, 
and (3) only modest increase in the supply of 
North American softwood products. 

25 

It was felt that rising prices would induce 
increased timber products from the South, the 
Rocky Mountain Region, and Canada ; that log 
requirements of the Japanese would taper off 
as their domestic production increased, and, 
barring unforeseen technological advances, 
that availability of substitutes would in time 
put an effective ceiling on prices of wood prod- 
ucts used in construction and other markets. 

As timber management intensity increases 
and more timber is placed on the market, a 
temporary drop in prices could occur. How- 
ever, it is assumed that increases in public 
timber harvests flowing from intensified man- 
agement would be neither sudden nor large in 
relation to prospective demands. 

For the first decade, high intensity man- 
agement with the current rotation would in- 
crease the volume of sawtimber harvests 1.1 
billion board feet annually. Shortening the cur- 
rent rotation 30 years would add another 1.2 
billion board feet for a few decades. Together, 
this would mean a 78 percent temporary in- 
crease in National Forest harvests. However, 
this represents only a 3 percent increase in the 
Nation's timber supply, and only about 11/2 per- 
cent increase in the world's supply of timber 
products. Supply changes of the magnitude 
contemplated here are, therefore, assumed to 
have negligible effects upon stumpage prices. 

Prices assumed for sawtimber volume from 
thinnings, salvage of dead trees, and smaller 
trees removed in prelogging, are 75 percent of 
harvest -cut prices. 

Stumpage returns based upon the price as- 
sumption shown in Figure 12 are for low, me- 
dium, and high intensity management under 
the current rotation. High intensity manage- 
ment would produce $155 million of stumpage 
income for the first decade and $33 million 
more stumpage income than with low intensity 
management. Thereafter the difference in- 
creases to about $49 million during the third 
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decade and then declines to $44 million during 
the twelfth decade. 

Medium intensity management with acceler- 
ated road construction follows a similar pat- 
tern, except lower. It would produce $146 mil- 
lion for the first decade, increasing to $213 mil- 
lion in the third decade, then declining to $118 
million in the twelfth decade. This amounts to 
$25 million more than under low intensity 
management. Medium intensity management 
with current rate of road construction would 
yield slightly lower stumpage returns. 

Figure 13 shows the annual stumpage re- 
turns for low, medium, and high intensity man- 
agement with the shortest rotation. 

High intensity management would produce 
$205 million for the first decade, increasing to 

240 
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$293 million in the third decade, then declin- 
ing to $142 million in the twelfth decade. 

Medium intensity management with acceler- 
ated roading would produce $190 million in the 
first decade, increasing to $272 million in the 
third, and declining to $102 million in the 
twelfth decade. Medium intensity manage- 
ment with current roading would produce 
slightly less stumpage income. 

Figure 14 compares the 12- decade average 
stumpage returns by intensity of management 
for the current and shortest rotation. On an 
average, high intensity management would 
produce 27 percent greater stumpage returns 
than low intensity management, while medium 
intensity with accelerated roading would pro- 
duce 15 percent more dollars for the current 
rotation. 
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Figure 12.- Annual stumpage returns -current rotation, Douglas -fir Region. 
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Under the shortest rotation, high intensity 
management would produce 22 percent greater 
stumpage returns than low intensity manage- 
ment, while medium intensity would produce 
7 percent more dollars on the same basis. High 
intensity management under the shortest rota- 
tion would produce 32 percent more stumpage 
income than low intensity management under 
the current rotation. 

By law, 25 percent of National Forest re- 
ceipts are returned to the counties in which 
the National Forests are located. A major part 
of the total receipts is derived from the sale 
of timber. These receipts are directly related 
to stumpage returns, excluding cost of oper- 
ator road construction and reconstruction, 
reforestation, and timber stand improvement 
programs funded by K -V. 
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EFFICIENCY OF INVESTMENT 

Does intensified timber management pay? 
Which of the alternatives examined in this re- 
port is best in terms of cost effectiveness? How 
efficient is the use of public funds in timber 
production relative to nonforestry opportuni- 
ties? To answer these questions, costs and re- 
turns must be compared. Costs and returns in 
this section refer to timber values. Other mul- 
tiple use values are also highly important in 
overall National Forest management, and are 
discussed later in this report. 

Economic Criteria 
Two economic criteria were used for com- 

parison : (1) The rate of return on the addi- 
tional investment involved in intensified man- 
agement, and (2) the contribution of the addi- 
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Figure 13.- Annual stumpage returns- shortest rotation, Douglas -fir Region. 
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tional investment to present net worth of the 
timber management enterprise. Table 3 shows 
that, under either of these criteria, medium in- 
tensity timber management would be highly 
attractive on most working circles, and the ad- 
ditional investment associated with high in- 
tensity management would increase net returns 
still further, with the additional funds almost 
equally productive. With medium intensity 
management, the current rate of roadbuilding 
would be economically superior to accelerated 
roadbuilding in most of the Region. 

Shorter rotations would produce large con- 
tributions to net worth and high rates of re- 
turn on the relatively small investments re- 
quired, largely because of more rapid old - 
growth liquidation, followed by earlier and 
more abrupt drops in timber harvests at the 
end of the present rotation. 
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For all timber management programs there 
are substantial variations in economic merit 
among working circles. If these differences 
were ignored and funds were budgeted for all 
working circles, the least attractive manage- 
ment program would still earn more than a 40 
percent rate of return on the expenditure in- 
volved. 

The rate -of- return -on- investment criterion, 
commonly used in Federal cost effectiveness 
analyses, is the same as any investor may use 
in gauging his success. The statement "The 
public earns `X' percent on roadbuilding invest- 
ments" is analogous to "I can earn `X' percent 
on my savings account." By arranging a series 
of possible investment alternatives according 
to their rate of return, a policymaker can usual- 
ly obtain the largest return on his available 
funds by undertaking projects at the top of the 
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Figure 14.- Average annual stumpage returns for first 12 decades, Douglas -fir Region. 
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Table 3.- Economic evaluation of timber management alternatives 

Economic advantage of this ... Over this timber 
timber management program ... management program 

Contribution to Rate of return 
net worth on additional investment 

Highest - 
ranked 

working 
circle 

Regional 
total 

Lowest - 
ranked 

working 
circle 

Highest - 
ranked 

working 
circle 

Million dollars 

Regional 
Average 

Percent 

Lowest - 
ranked 
working 

circle 

Management intensities" 

Medium intensity, 
accelerated roading Low intensity 63 481 -5 387 40 (2) 

High intensity Medium intensity, 
accelerated roading 27 167 -2 332 43 (a) 

High intensity Low intensity 90 648 -7 377 41 (2) 

Roadbuilding schedules' 

Medium intensity, 
current roading 

Medium intensity, 
accelerated roading 13 55 -1 390 III (2) 

Rotation lengths 

Shortest rotation Current rotation 

Low intensity Low intensity 133 814 9 105 48 9 

High intensity High intensity 145 886 16 116 86 48 

' Current rotation. 
2 Negative. 

list and working down until his funds are ex- 
hausted or until the rate of return becomes un- 
acceptably low. In this Study, rate of return 
is considered especially useful for evaluating 
the desirability of shifting to medium and high 
intensities of management and for identifying 
the practices and working circles that offer the 
most efficient use of timber management funds. 

It is the surplus growing stock on most work- 
ing circles that permits immediate increases in 
timber harvest and stumpage returns follow- 
ing most intensive management practices. 
Thus, rates of return are much higher than if 
it were necessary to wait for those practices 
themselves to bear fruit in additional growth 
and yield. 

The present net -worth criterion involves dis- 
counting management costs and stumpage re- 
turns to the present year at a rate of discount 
equivalent to the organization's cost of capital. 
If the discounted returns from a proposed in- 
vestment exceed discounted costs, the invest- 
ment is worthwhile because the funds involved 
will earn more than the cost of obtaining them. 

The net -worth criterion is particularly use- 
ful for choosing among mutually exclusive 
alternatives, such as different timber rotation 
periods, when their costs do not differ signifi- 
cantly or when budgets do not limit the scale 
of investment activity. 
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Discounted - net -worth calculations require 
assumptions about the appropriate cost of capi- 
tal. The higher the discount rate the less favor- 
able an investment will appear to be. A rate of 
5 percent was used in deriving the net -worth 
figures shown in this report. In addition, pres- 
ent net worths were calculated for interest 
rates up to 15 percent ; although the contribu- 
tion to present net worth made by the timber 
management alternatives studied declined as 
higher discount rates were analyzed, even the 
highest rate showed positive contributions to 
net worth. Equally important, higher rates did 
not significantly change the relative ranking 
of the alternatives examined here. 

Management Intensity Alternatives 

The cost and returns under different intensi- 
ties of management are examined in the follow- 
ing discussion (refer to Figures 10, 11, 12, 13, 
and 14) . Under low intensity management, an- 
ticipated returns are double the expected costs 
in early decades, and returns are almost eight 
times costs in later decades of the first rota- 
tion. In the second rotation, returns exceed 
costs fivefold. Obviously, any economic cri- 
terion would show low intensity management 
to be highly attractive. 

Both costs and returns for medium intensity 
management are higher than for low intensity 
management. Given that low intensity manage- 
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ment is already being financed, the economic 
question is whether the additional costs of me- 
dium intensity management are offset suffi- 
ciently by additional stumpage returns to be 
an attractive public investment. 

This comparison is made in Table 3 and dis- 
played in Figure 15. The calculations assume 
a 2 -year lag between expenditure of funds and 
resulting stumpage income. With current rota- 
tions, medium intensity management with an 
accelerated road program would require an 
average annual additional investment of $1.5 
million in the Region, producing a contribu- 
tion to net worth of $481 million, which repre- 
sents a 40 percent rate of return on the addi- 
tional investment. 

High intensity management supplements 
medium -level management with precommer- 
cial thinning, rapid restocking of both cutover 
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lands and the backlog of nonproducing areas, 
and construction of roads needed to accomplish 
the latter. Funds needed in addition to capital 
required for medium intensity management 
average $4.8 million annually during the first 
8 decades. The rate of return on the additional 
funds, and the associated contribution to net 
worth, are 43 percent and $167 million, respec- 
tively. 

If completion of the road system were spread 
over 4 to 5 decades (the current rate) instead 
of 2 decades (the accelerated rate), some ex- 
penditures would be delayed and some oppor- 
tunities to make commercial thinnings and cap- 
ture mortality would be foregone. On balance, 
acceptance of the longer roadbuilding schedule 
under medium intensity management would 
add $55 million to net worth Regionwide, rela- 
tive to the shorter schedule. A 111 percent rate 
of return on management and road invest- . CURRENT ROTATION 

rv SHORTEST ROTATION 

HIGH, 
ACCELERATED ROADING 

MEDIUM, 
CURRENT ROADING 

MEDIUM, 
ACCELERATED ROADING 

Figure 15. -The net worth of medium and high intensity management that 
exceeds net worth of low intensity management, Douglas -fir Region. 
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ments would be associated with this decision. 
Regionwide adoption of an accelerated road 
program, under medium intensity manage- 
ment, would depend on whether the advantages 
of additional access for protection, public rec- 
reation, and other purposes would justify the 
$55 million of present net worth foregone. 
Benefits of the high intensity management pro- 
gram, however, require adoption of an acceler- 
ated road program. 

Rotation Alternatives 

Effects of shortening the current rotation 
length by 30 years are shown in Figure 15. Be- 
cause a decision to shorten rotations is assumed 
to require more rapid road construction, costs 
are moved forward in time. This affects both 
contribution to net worth and rate of return 
on investment, as shown in the lower portion 
of Table 3. Under low intensity management, 
such a decision would increase present net 
worth for the Region as a whole by $814 mil- 
lion ; the rate of return on the funds spent 
sooner would be 48 percent. Figures for high 
intensity management are similar. 

Differences Among Working Circles 

Table 3 illustrates the broad range of timber 
management investment opportunities avail- 
able. At least a 5 percent rate of return can be 
earned on funds invested in even the highest 
intensity of management on almost every 
working circle. Other things equal, if capital 
were limited or increasingly costly as more is 
used, the best economic strategy in making the 
first investment would be to adopt medium in- 
tensity management on the South Willamette 
Working Circle to earn 387 percent on the dol- 
lars used. If more funds were available, one 
would next practice medium intensity manage- 
ment on the North Willamette Working Circle 
to earn a 368 percent return (not shown in 
Table 3), then introduce high intensity man- 
agement on the South Willamette Working 
Circle to earn 355 percent on the additional 
funds, and so on down a list ranked by rate 
of return on investment until funds are ex- 
hausted. 

If there were unlimited funds available and 
no other consideration than stumpage returns, 
net economic benefits would be maximized by 
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adopting the highest intensity of management 
and the shortest rotation studied that would 
produce a positive net worth on each working 
circle in the Region. The resulting increase in 
present net worth over the current level of 
management would be $1.55 billion for the 
Douglas -fir Region. This increase is the value 
today of the increased stumpage receipts to 
the Treasury, stemming from the top- ranked 
combination of management alternatives, after 
deducting management costs and interest 
charges of 5 percent on all expenditures. An- 
other way of explaining the meaning of this 
$11/2 billion present net worth is that, if a pri- 
vate management firm were satisfied to earn 5 
percent on its invested capital, it would be will- 
ing to pay $11/2 billion for the right to manage 
the National Forests, keeping for itself only 
stumpage receipts in excess of those derived 
from low intensity management. 

However, funds are not unlimited, and there 
are other considerations such as impacts of 
timber programs on other resource values and 
on the stability of the timber -dependent econ- 
omy. 

Sensitivity of Results to Changes in 
Assumptions 

If stumpage prices were assumed constant 
instead of rising for 3 decades, estimates of 
contribution to present net worth would fall 
by 20 to 30 percent. However, the relative rela- 
tionship of management alternatives to each 
other would show only minor changes. A faster 
rising price trend would increase the economic 
attractiveness of intensive management. Gen- 
erally, upward long -term price trends favor 
longer rotations. 

In this study, stumpage prices were assumed . 

to be unaffected by the longrun decline in the 
size of trees harvested. An estimate was made 
of the effect of assuming that prices would bear 
a straight -line relationship to tree diameter, 
with 16 -inch trees, for example, worth about 
90 percent as much per unit of volume as 26- 
inch trees, based upon current value recovery 
studies. When this assumption was applied to 
the Mt. Baker Working Circle, considered aver- 
age in terms of cost -revenue relationships, the 
contribution to net worth made by high in- 



tensity management increased only about 3 
percent. 

Timber from the Douglas -fir Region enters 
national and world markets, and is only a part 
of the supply to these markets. Because of this, 
and because of the ease of entry and exit by 
producers, it was assumed that changes in the 
level of National Forest log harvests would not 
appreciably depress stumpage prices. If, in- 
stead, stumpage prices were caused to drop, 
and at a faster rate than timber harvests in- 
creased, total stumpage receipts would decline 
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as a result of production increases. This would 
reverse the ranking of management alterna- 
tives. 

The study assumed no change in utilization 
technology over time. If, however, it were as- 
sumed that the ratio of product output to log 
input increases 3 to 4 percent per decade (be- 
cause of innovations induced by declining tree 
size), the contribution of medium and high in- 
tensity management on the Mt. Baker Working 
Circle to present net worth would be increased 
5 to 15 percent, depending upon the rotation 
length used. 
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EFFECTS ON PRIVATE TIMBER PRODUCTION 
AND REGIONAL EMPLOYMENT 

This section considers Regional employment 
and income as they are affected by National 
Forest timber management. With over half the 
Region's timber harvest coming from private 
lands, it is first necessary to consider whether 
increases in log production from National 
Forests might be offset by a reduction of pri- 
vate log production. If this were to occur, an 
increase in public timber cutting intended to 
maintain community stability might be wholly 
or partially ineffective. 
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INTERACTION OF PRIVATE AND NATIONAL 
FOREST MANAGEMENT DECISIONS 

Historically, public timber harvests have in 
effect been keyed to the capacity of private 
lands to meet national demands for forest prod- 
ucts. In the 1930's, the volume of timber cut 
from National Forests was substantially below 
the total permitted by working plans, largely 
because of the depression -born low level of na- 
tional demand and the need to sustain and en- 

PRIVATE LANDS 
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Figure 16.- Estimated private and public log production and National Forest 
stumpage prices for 1950 -65, Douglas -fir Region of Washington and Oregon. 
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courage the economic vitality of private tim- 
berland operations. The rapid rise of public 
timber harvests after World War II was main- 
ly attributable to high national housing de- 
mand and declining supplies of merchantable 
timber on private lands. The cause -effect rela- 
tionship after 1950 is less clear, but it is notable 
that in the Douglas -fir Region private log har- 
vests have declined markedly despite rising 
stumpage prices, while public timber cuts in 
the Region have increased and total log con- 
sumption has remained roughly constant (Fig- 
ure 16). 

Nobody knows what private owners will do, 
individually or collectively, over long periods 
of time. Therefore, it is necessary to consider 
what total log production would be if certain 
management strategies were adopted by pri- 
vate timber owners in response to public deci- 
sions. Two assumptions about private- sector 
behavior are examined here -first, that private 
owners would reduce their timber cut to offset 
changes in public log harvests and thus keep 
total log harvests level ; second, that private 
owners would ignore public decisions and con- 
tinue present production trends. 

Detailed studies were made of the private 
timber cut and growth that would occur under 
these assumptions, and the length of time the 
kind of cutting assumed could be sustained. 
The calculated private cuts were added to Na- 
tional Forest outputs under the lowest man- 
agement intensity (with current rotations), 
and the highest management intensity (with 
the shortest rotation), to give an indication 
of the range of possible timber flows in each 
of five areas subjected to analysis of the Doug- 
las -fir Region in Oregon and Washington. Ade- 
quate data were not available for northwest 
California. No change was assumed in man- 
agement intensity on private and other public 
lands during the period studied. Because most 
of the private timber harvest comes from in- 
dustrial holdings and output from other pri- 
vate lands is difficult to forecast, the analysis 
deals with harvests from private industrial 
lands, with other private cuts assumed con- 
stant. 

Southwest Oregon 
In Oregon, south of and including Douglas 

County, the present level of cutting cannot be 
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maintained indefinitely (Fig. 17) . Merchant- 
able timber from private industrial lands 
would be exhausted in 30 to 40 years if present 
levels of private cutting and timber manage- 
ment were continued. After that time only trees 
growing into the lowest merchantable size 
class would be available for cutting. If high 
intensity management and the shortest rota- 
tion were adopted on the National Forests, less 
private timber would be needed to sustain cur- 
rent total log production, but industrial hold- 
ings would still be depleted in 50 to 60 years. 

If industrial owners would continue cutting 
in line with recent downward trends, both pri- 
vate and total harvests would decline. In about 
30 years, a much reduced private cut could be 
sustained by growth on private lands, as shown 
in Figure 17. The total cut after that time 
would depend on the trend of National Forest 
cutting. 

Northwest Oregon 

The situation is similar in northwest Oregon 
(counties north of and including Marion and 
Polk) . A private goal of maintaining present 
total timber output would deplete private tim- 
ber supplies in 30 to 40 years if National For- 
ests practice low intensity management, and in 
50 to 60 years if high intensity management 
with the shortest rotation were adopted. 

Figure 18 indicates that even with high in- 
tensity management on National Forests, pres- 
ent levels of total harvest from all ownerships 
could not be maintained if current trends in 
private timber cutting and management con- 
tinued. 

West -Central Oregon 

In west -central Oregon a private -sector ef- 
fort to maintain present cutting levels would 
substantially deplete sawtimber -size growing 
stock on private industrial lands in 30 to 40 
years if National Forest harvests correspond 
to those under low intensity management. If, 
however, high intensity management with the 
shortest rotation were implemented on Na- 
tional Forests, enough timber would be pro- 
duced on private lands to sustain even flow for 
at least the 80 -year period studied. 

Extension of present -trend cutting on pri- 
vate industrial lands for 30 years followed by 



3.0 

2.0 

1.0 

o 

3.0 

HIGH INTENSITY MANAGEMENT WITH 
'SHORTEST ROTATION ON NATIONAL FORESTS 

LOW INTENSITY MANAGEMENT AND 
CURRENT ROTATION ON NATIONAL FORESTS 

PUBLIC AND PRIVATE TIMBER HARVEST 

PRIVATE TIMBER HARVEST 
D! 
a 2.0 
O 
CO 

0 

2.0 

1.0 

0 

1950 

HIGH INTENSITY MANAGEMENT WITH 
SHORTEST ROTATION ON NATIONAL FORESTS 

LOW INTENSITY MANAGEMENT AND 
CURRENT ROTATION ON NATIONAL FORESTS 

A` 
TOTAL PUBLIC 

PUBLIC TIMBER HARVEST 

NATIONAL FOREST 

I I 

1960 0 +10 +20 +30 +40 +50 +60 +70 +80 
YEAR 

r 

Figure 17.- Timber harvest trends and alternative future harvests -southwest Oregon. 
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Figure 20.- Timber harvest trends and alternative future harvests-southwest Washington. 
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annual harvests equal to annual growth, when 
combined with low and high intensity man- 
agement on public lands, would produce the ef- 
fects shown in Figure 19. 

Southwest Washington 
In Lewis County and adjacent counties to 

the south and west, even flow of harvests from 
all lands cannot be sustained more than 45 to 
50 years without depleting the private- indus- 
try sawtimber resource. As in west -central 
Oregon, however, high intensity management 
on National Forest lands would permit indefi- 
nite continuance of the present level of all cut- 
ting. After 80 years, though, merchantable 
growing stock on industrial holdings would be 
reduced substantially, and growth of sawtim- 
ber would be down 50 percent. Since private 
cutting in this area is not declining, alterna- 
tives based upon downward -trending harvests 
were not examined. Figure 20 illustrates the 
total timber production that might be gener- 
ated in southwestern Washington without in- 
tensified management on private lands. 

Northwest Washington 
In the Olympic Peninsula and Puget Sound 

areas, present levels of private cutting could 
apparently be supported throughout the 80- 
year span examined. This means that total 
even flow could be maintained without further 
intensification of management on any lands, 
barring shifts of land use away from timber 
production. In the absence of intensification, 
private- industry timber inventories would de- 
cline one -third in the next 80 years while saw - 
timber growth would drop by about 40 percent. 

The Region as a Whole 
There are significant differences within the 

Region in the capacity of private and National 
Forest lands jointly to maintain present levels 
of timber harvest. Continuation of current 
trends of private log production in western 
Oregon and southwest Washington would lead 
to a 65 percent reduction in annual private 
harvests within 3 decades. Of the 2.6 billion 
board -foot decline, about half might be offset 
during this period, by adoption of high in- 
tensity management and shortest rotation on 
National Forests. 

If, instead, private industrial timber land- 
owners elected to sustain even timber flow from 
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the area by adjusting their cut to offset changes 
in National Forest harvests, and if low inten- 
sity National Forest management were prac- 
ticed, private inventories of merchantable tim- 
ber would be depleted within 35 -45 years. After 
that time, only trees growing into the lowest 
merchantable size class would be available for 
cutting. If high intensity management with the 
shortest rotation were introduced on National 
Forests and private owners were to pursue the 
even -flow strategy, private cutting would be 
sustained for 50 to 80 years. 

In northwest Washington, present levels of 
cutting can be sustained indefinitely on private 
and National Forest lands without intensified 
management. 

In southwest Washington and west- central 
Oregon, the present level of cutting could be 
sustained if high intensity management and 
rotations 30 years shorter were adopted on the 
National Forests. 

In northwest and southwest Oregon it ap- 
pears that, if long -term even flow of timber 
from all lands is desirable, an even higher in- 
tensity of management and /or shorter rota- 
tions than those envisioned in this report would 
be required on the National Forests, given the 
present intensity of management on other 
lands. Alternatively, management might be in- 
tesified on private and other public lands. In 
southwest Oregon the cut from other public 
holdings is as large as the National Forest cut, 
and it can be assumed that the agencies in- 
volved will not differ greatly in their timber 
management policies in the long run. High in- 
tesity management on all public lands would 
do much to close the even -flow gap. 

In all of western Oregon, private harvests 
have trended downward for at least 15 years. 
Projection of the private harvest for another 
30 years would reduce average stocking to 
about 90 square feet of basal area per acre and 
private log harvests by about 70 percent; how- 
ever, cutting could be continued thereafter at 
an increasing rate. 

FORESTRY -DEPENDENT EMPLOYMENT 

Although it is considered unlikely, private 
owners might act together to balance total 
timber output in the Region by lowering and 



TIMBER- DEPENDENT MANUFACTURING 

OTHER COMMODITY - PRODUCING 

SUPPORTING 

Figure 21. -Basic and supporting employment in economic areas, Douglas -fir Region. 

raising private harvests to offset fluctuations 
in National Forest log production. If they do 
not, or cannot -and the previous section indi- 
cated that they probably cannot in most of the 
Region- adoption of intensified timber man- 
agement or shorter rotations on National For- 
ests would produce an immediate rise (and for 
most alternatives a subsequent drop) in total 
public -private timber harvests. It is the pur- 
pose of this section to review the near -term 
effects of changes in timber output on com- 
munity economic stability as measured by em- 
ployment. It was not possible to make mean- 
ingful estimates of employment changes 
caused by the fall in timber harvests forecast 
for 70 to 100 years hence. 

Regional Employment Effects 

The highest level of National Forest timber 
production envisioned in this study would add 
1.8 billion board feet annually to National For- 

40 

est timber harvests during the first decade as 
a result of high intensity management coupled 
with the shortest rotation. If private owners 
did not reduce their cutting accordingly, and 
if other public agencies adopted practices com- 
parable to those of the Forest Service, an in- 
crease of at least 20 percent in Regional timber 
production might result temporarily. 

The Regional employment effects of a 20 per- 
cent increase in timber output during the first 
decade were examined, assuming no change in 
trends of nontimber basic employment. Em- 
ployment effects of lower intensities of timber 
management or longer rotations can be esti- 
mated by adjusting employment in the same 
proportion as timber harvests are reduced. 

A key element in projecting employment 
even a decade into the future is the growing 
productivity of labor. On the basis of earlier 
studies of employment per unit of wood used 
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in manufacturing," it was assumed that em- 
ployment requirements per unit of wood pro- 
cessed will decline approximately 0.9 percent, 
compounded annually, between 1963 and 1980. 

Rising labor productivity means that, under 
current levels of timber harvest implying low 
intensity management on public lands, the 
number of persons directly employed in log- 
ging and manufacture of wood products in the 
Region would decline from 151,000 in 1963 to 
130,000 in 1980. If community stability is de- 
fined in terms of forest products employment, 
timber production would have to increase 
merely to maintain the present level of direct 
forest employment. 

If a 20 percent rise in timber output were 
to occur in the next decade, forest products 
employment would rise to about 156,000, a 3 
percent increase over 1963. 

Assuming no changes in other basic indus- 
tries and no change in timber production, there 
is still another factor affecting total employ- 
ment in the Region. This is the growing im- 
portance of supporting industries. It is gen- 
erally assumed that "basic" or commodity -pro- 
ducing industries are responsible for the "sup- 
port" or noncommodity employment- teach- 
ers, merchants, hotel employees, real estate 
salesmen, and so on -in the community. Figure 
21 shows that supporting activity accounts for 
more than half of all employees in every eco- 
nomic area. In the Region as a whole, there 
are over twice as many support workers as 
there are commodity -producing jobs. About 
320,000 supporting jobs can be attributed to 
timber industries." 

The number of supporting workers in the 
Region attributable to timber production 
would be approximately 285,000 by 1980 if cur- 
rent levels of timber production were main- 
tained, and approximately 340,000 if Regional 
timber harvest rose by 20 percent. 

Location of Economic Activity 
In addition to causing changes in numbers 

of workers, fluctuations in timber production 

10 Gedney, D. R., Newport, C. A., and Hair, D. Prospective Economic 
Development Based on the Timber Resources of the Pacific Northwest, 
PNW Economic Base Study for Power Markets, Bonneville Power Admin- 
istration, 1966. 

11 In this study, contract construction, usually considered commodity - 
producing, is included with supporting employment. 
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Figure 22.- Economic areas and growth centers, 
Douglas -fir Region. 

are expected to alter the distribution of em- 
ployment within the Region. 

For this study the Douglas -fir Region was 
divided into 15 economic areas, each designated 
by its largest city (Fig. 22) . Typically, the 
largest city is the most rapidly growing part 
of an economic area. The central city and its 
surrounding area represent an economic com- 
munity characterized by a high and growing 
degree of interdependence as workers and cus- 
tomers are able to travel farther to jobs and 
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Table 4.- Dependence of economic areas on timber, Douglas -fir Region 

Economic area 
Basic employment 

contributed by timber- 
based industry, 1960 

Logs used 
in the area 

where produced, 

Logs used in the 
area that come from 

1966 National Forests, 1966 

Percent 
Seattle 9 50 24 
Portland 16 63 40 
Bellingham 20 65 41 
Salem 24 32 36 
Tacoma 26 74 43 
Port Angeles 40 96 14 
Astoria 47 69 12 
Longview 52 54 8 

Corvallis 56 80 31 
Aberdeen 58 93 16 
Medford 58 76 46 
Eugene 71 78 45 
Eureka 71 93 26 
Coos Bay 77 91 14 
Roseburg 80 87 34 

Douglas -fir Region 29 31 

PERIPHERAL 
AREAS 

CENTRAL 
AREAS 

MANUFACTURING NON MANUFACTURING 

Figure 23.- Employment growth in central and peripheral economic areas, 1950-65, 
Douglas -fir Region, Washington and Oregon. 
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Table 5.- Estimated employment in the Douglas -fir Region 

Estimated forest products 
employment Estimated total employment 

Economic area 
1963 

1980 
At present 
levels of 
timber 

production 

1980 
With 20 per- 
cent increase 

in timber 
production 

1960 1980 

Thousands 

Seattle 13.8 13.0 15.6 433.5 848.4 
Portland 22.8 23.3 27.9 337.8 610.0 
Salem 3.9 3.2 3.8 49.8 84.6 
Bellingham 3.7 3.4 4.0 42.5 48.7 
Tacoma 19.6 18.8 22.5 192.1 217.7 
Astoria 2.6 2.0 2.4 17.2 11.3 

Medford 7.4 5.1 6.1 34.9 27.3 

Corvallis 9.4 7.6 9.1 41.9 53.9 
Eugene 15.0 11.1 13.3 57.6 74.7 
Longview 8.1 7.6 9.1 20.9 22.3 

Aberdeen 8.5 7.4 8.9 24.1 28.5 

Eureka 16.4 11.3 13.5 54.9 60.6 
Port Angeles 4.1 4.7 5.6 13.9 16.0 

Coos Bay 8.3 6.0 7.2 24.6 12.7 

Roseburg 7.8 5.8 7.0 22.5 17.7 

Douglas -fir Region . 151.3 130.3 156.0 1,368.2 2,134.3 

to more varied or sophisticated services in ur- 
ban areas. 

It was necessary to identify the economic 
areas whose basic employment is most strongly 
influenced by National Forest timber manage- 
ment decisions. Whether a community is eco- 
nomically dependent on timber from National 
Forests depends on how much the community 
depends on timber as a source of basic employ- 
ment and the proportion of its wood needs that 
come from National Forests. 

The 15 economic areas are ranked in Table 
4 according to their dependence on timber - 
based manufacturing. Dependence was defined 
as the ratio of timber -based employment to 
employment in all "basic" (mostly agriculture 
and manufacturing) industries. 

There is great variation in timber depen- 
dence in the Region, ranging from 9 to 80 per- 
cent of all basic employment." All areas out- 
side the Bellingham -Seattle- Tacoma and Port- 
land -Salem zones can be considered highly 
timber -dependent, with at least 40 percent of 
all basic employment contributed by logging 
and wood processing. On the average, western 
Washington is less timber -dependent than 

12 Maki, Wilbur R., Schallau, Con H., and Beuter, John H. Importance 
of Timber -based Employment to the Economic Base of the Douglas -fir 
Region of Oregon, Washington, and northern California. U.S. Forest 
Service Research Note PNW -76, 1968. 
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western Oregon and northwest California. 
Figure 21 illustrates the distribution of tim- 
ber- dependent and other commodity -producing 
employment in the Douglas -fir Region. The 
150,000 people engaged in timber -related jobs 
in the Region account for 40 percent of all em- 
ployment in manufacturing industries. 

Table 4 also shows how dependent the eco- 
nomic areas are on locally produced timber. 
As much as 96 percent of the log requirements 
of wood -using industries in the Region are 
supplied from the immediate economic area. 
Evidently resource management aimed at sus- 
taining a community's basic employment must 
be practiced nearby. 

The last column of Table 4 lists for each eco- 
nomic area the percentage of its log require- 
ments coming from National Forests. Except 
for the Longview area, where only about 8 per- 
cent of logs used come from National Forests, 
dependence ranges from 12 to about 45 percent. 

As in other parts of the country, employment 
in the supporting industries is increasing fas- 
ter than in basic industries. New service facili- 
ties tend to locate in larger metropolitan areas ; 

this tendency is apparent in Figure 23. In the 
Seattle, Tacoma, Portland, and Eugene eco- 
nomic areas, supporting employment com- 
prises a larger proportion of all jobs than in 
peripheral areas. 



The long -term shift of service industries has 
meant the disappearance of small business es- 
tablishments in smaller towns while the size 
of establishments in the central cities has in- 
creased. Consumer -oriented businesses are at- 
tracted to large population centers because 
they can provide more sophisticated and varied 
services through economies of large size. Some 
firms are attracted to cities because of a broad- 
er range of manpower, materials and suppliers, 
financial services, and equipment servicing. 
Wholesale firms are attracted by the concen- 
tration of transportation facilities and retail 
outlets. Because of increasing affluence and 
better transportation, consumers are increas- 
ingly willing and able to travel to central eco- 
nomic areas to obtain a greater breadth of 
selection and specialization. 

For some of the same reasons, many manu- 
facturing organizations are attracted to cen- 
tral economic communities. Figure 23 shows 
how the growth in manufacturing and other 
employment between 1950 and 1965 was dis- 
tributed between central and peripheral areas. 
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Of the 26,000 additional logging and wood 
manufacturing workers anticipated if the Re- 
gion's annual timber output were to increase 
20 percent by 1980, half would settle in the 
four central -city areas, while over 60 percent 
of the 57,000 additional supporting workers 
would be in these areas. Thus a general increase 
in timber cut is apt to be more beneficial to 
central -city areas than to peripheral economic 
areas. 

Nonetheless, increases in forest products 
employment may be essential to the economic 
stability of some peripheral areas. Table 5 
shows that the best estimates presently avail- 
able project declining total employment -with- 
out an increase in timber output -in the As- 
toria area and all of southwest Oregon except 
Eugene. That table shows that a 20 percent 
increase in timber production, with associated 
two -for -one increases in supporting employ- 
ment, would not reverse the trend in most of 
these areas, but would dampen the economic 
decline. 



EFFECTS ON FUTURE STAND 
CHARACTERISTICS 

Intensified management should result in 
more uniform and open stands of vigorous 
trees than low level management. The inci- 
dence of shrubs and ground vegetation should 
increase. Accumulation of litter and debris 
and windfalls commonly found in unmanaged 
stands should be substantially less or virtually 
eliminated under high intensity management 
Ease of movement by both humans and animals 
should be improved. 

STAND DIAMETER 

Average diameter of trees in a stand varies 
widely by length of rotation, intensity of man- 
agement, species, and site. Low intensity man- 
agement often produces small diameter trees 
due to overstocking. When the stand is over- 
stocked, tree growth is suppressed. Medium 
and high intensity management controls stock- 
ing and, therefore, produces larger trees with 
less variations in diameters. The shortest rota- 
tion produces smaller average size trees than 
the current rotation. 

The average tree size under high intensity 
management varies from 23 to 26 inches d.b.h. 
under the current rotation, and 15 to 18 inches 
d.b.h. under the shortest rotation. High inten- 
sity management tends to produce somewhat 
larger trees, on an average, than medium in- 
tensity management, and substantially larger 
trees than low intensity management. In other 
words, if a certain average stand size at har- 
vest age is desired, it can be grown in a shorter 
time under high intensity management than 
under low intensity management. 

AGE CLASS DISTRIBUTION 

National Forest timber stands currently dis- 
play an extremely poor distribution of age 
classes (Figure 24). 

Note the preponderance of stands over 95 
years of age which is only slightly below the 
average rotation currently used in the Region. 
Over 70 percent of all stands are over 95 years 
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of age. Almost two -thirds of these over -rota- 
tion -age stands are older than 245 years. More 
than one -half are over 150 years of age. The 
Siuslaw and Rogue River Working Circles have 
very few stands over 250 years of age. 
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Figure 24.- Present age class distribution, 

Douglas -fir Region. 

The shortest rotation produces the most im- 
balanced distribution of age classes at the be- 
ginning of the second rotation (Figure 25). 
The current rotation results in a more balanced 
structure. This assumes that cutting will be 
in the oldest age classes first. Figure 25 illus- 
trates age class distribution at the beginning 
of the second rotation under high intensity 
management. 

One assumed management objective is to de- 
velop a satisfactory distribution of age classes 
by the end of the first rotation. Although not 
ideal, the current rotation most nearly meets 
this objective. This imbalance is most pro- 
nounced under the shortest rotation. 
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Figure 25. -Age class distribution- second rotation, Douglas -fir Region. 

100 

- Current 

The shortest rotation does not provide Hence harvests in the second rotation will be 
enough time for growth to culminate. Culmina- greater for the current rotation than for the 
tion of mean annual increment occurs at about shortest rotation. 
age 100 under low intensity management. 
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EFFECTS ON WATER YIELDS, WATER 
QUALITY, AND FISHERIES 

Timber management activities in the Region 
are closely interrelated with the use of other 
resources, including soil, water, and fish. To 
achieve high level outputs of these and other 
resources, careful integration and coordination 
is required. Adoption of alternative levels of 
management which accelerate disturbances in 
the surface of the land, in vegetation, or in 
stream courses can alter the present coordi- 
nated pattern of multiple use through fluctuat- 
ing quantity and decreasing quality of the 
water with attendant change in the fishery re- 
source. 

It has not been possible to develop detailed 
quantitative estimates of all of these impacts, 
their associated values, nor all costs of avoid- 
ing those that are adverse. Information has 
been derived that helps in understanding the 
direction or the relative magnitude of changes 
resulting from timber management activities. 
Forest managers must consider these impacts 
on a local basis in reaching decisions on timber 
management alternatives. 

EFFECT OF INTENSIFIED MANAGEMENT 
WITHOUT ACCELERATED ROADBUILDING 

High intensity management involves com- 
mercial and precommercial thinning on a Re- 
gionwide basis, plus prelogging, elimination of 
regeneration lag, and reforestation of unpro- 
ductive brushfields. Effect of thinning on 
water -related values is generally unknown, 
but can be expected to increase water yields 
to some degree. 

EFFECT OF ACCELERATED ROADBUILDING 

Runoff from roads is considerably higher 
than from an equal area of forest land (Figure 
26) . Because the proportion of any given drain- 
age that remains permanently in road surface 
and ditches is small, the effect of roads on total 
water yields in the Region is limited. 

Road construction is generally the major 
cause of increased sedimentation because soil 
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Figure 26.- Comparing water yields from treated areas 
with water yields from fully stocked stands. 

movement is rapidly accelerated following road 
construction. This lasts a year or two, then 
gradually levels off to a somewhat higher rate 
than existed prior to construction (Figure 27) . 

Problems of sedimentation are partly matters 
of timing, however, because under all manage- 
ment alternatives an "ultimate road system" 
will be constructed. This will include about 

No 
Disturbance 

Construction 
Period Er 

Stabilization 

Road 
Stabilized 

TIME 

Figure 27. -Effect of road construction on sediment yield. 
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twice as much mileage as existed in 1967. Ac- 
celerated construction of this road system 
could be expected to increase sediment loads, 
temporarily, by an estimated seven times in 
western Washington, five times in northwest 
Oregon, and four and one -half times in south- 
west Oregon and northern California. Manage- 
ment alternatives which accelerate road con- 
struction would be expected to have the highest 
peak sediment yields. 

Fisheries habitat has deteriorated from sil- 
tation under the present rate of road construc- 
tion. If sediment loads were increased over the 
present rate, fish production and survival 
would be seriously affected. A 26 percent in- 
crease in road construction funds, or approxi- 
mately $7,500 per mile, would be needed to 
minimize the damage due to increased siltation 
from accelerated road construction. Measures 
such as end -haul, compaction, riprap, bin - 
walls, filtration, ponding of sediment, and simi- 
lar practices could be used for this purpose. 
These costs have not been included in cost esti- 
mates compiled in this Report. 

EFFECT OF SHORTENED ROTATIONS 

Shorter rotations lead to increased harvest 
cutting, which may result in sizeable increases 
in water yields. Unpublished research indicates 
that increased runoff from clearcut areas in 
the high rainfall portion of the Douglas -fir Re- 
gion initially amounts to 15 -18 inches annually. 
These high initial increases drop to insignifi- 
cant levels when the crowns of the new forest 
close. 

The streams of the Douglas -fir Region are 
the spawning and rearing areas for a large 
segment of the anadromous salmon and steel - 
head of the Pacific Ocean. Increased water 
yields from logging could cause some fluctua- 
tions in water levels and increase erosion and 
siltation detrimental to stream habitat, fish, 
fish eggs, fry, fish food organisms, and sport 
fishing, unless intensive preventative measures 
were taken 13, 

14, and'. These impacts are il- 
lustrated by Figures 28, 29, and 30. 

13 Anderson, H. W., and Wallis, J. R. Some Interpretations of Sedi- 
ment Sources and Causes, Pacific Coast Basins in Oregon and California. 

14 Moore, A. W. 1940 Wild Animal Damage to Seed and Seedlings on 
Cutover Douglas -fir Lands of Oregon and Washington. United States 
Department of Agriculture Technical Bulletin 706. 

15 Cordone, A. J., and Kelley, D. W. 1961 The Influence of Inorganic 
Sediment on the Aquatic Life of Streams. California Fish and Game, 
47(2), p. 189 -228. 
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Figure 28.-Effect of turbidity on fish 
survival, production, and catch. 

Concentration of harvest areas in one water- 
shed can cause a major increase in sediment 
yield from that area. Because more water is 
available in the soil and the binding action and 
percolation avenues provided by vegetation 
roots are reduced, land flows, slumps, and slides 
are more common on harvested areas, especial- 
ly those with steep slopes, fine -textured soils, 
or areas where a relatively thin layer overlies 
an impervious layer of soil. Management alter- 
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Figure 29. -Effect of fines on salmon survival. 
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natives which tend to reduce the number of 
acres in clearcuts and maintain the landscape 
closest to its natural environment tend to re- 
duce the probability of mass erosion. 

A research study indicates that logging and 
road development could increase sediment by 
three times if the same road standards and a 
70 -year rotation were used, and no preventa- 
tive measures were taken.'° 

16 Anderson, H. W. Suspended Sediment Discharge as Related to 
Stream -flow, Topography, Soil and Land Use. Trans. Amer. Geophysical 
Union, vol. 35 -2, p. 268 -281. 
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Figure 31. -Effect of clearcutting on water temperature. 
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Figure 30.- Relative density of organisms 
by type of stream bottom. 

If increased clearcutting occurs adjacent to 
streams, high water temperatures will result. 
Studies in Oregon showed, for example, that 
when streamside vegetation is removed mean 
maximum water temperatures increased 12 to 
14 degrees F. during the summer months, with 
short -term maximum temperatures as high as 
75 degrees F. (Figure 31). Water tempera- 
tures are lowered as much as 8 degrees F. in 
700 feet after a stream passed from a clear - 
cut into a tree -shaded area. 

While salmon can withstand occasional peak 
temperatures of 80 to 85 degrees F. for short 
periods, mortality will occur if these tempera- 
tures persist for more than a few hours or re- 
cur frequently. 

Optimum temperatures for fish life are con- 
sidered to be : 

Resident situations (trout) - 
Winter - 42° F. to 58° F. 

Summer - 45° F. to 68° F. 

Migration routes (anadromous 
salmonoids) -45° F. to 60° F. 

Spawning areas (resident and anad- 
romous salmonoids) -45° F. to 55° F. 

Rearing areas (resident and anad- 
romous salmonoids) -50° F. to 60° F. 
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A rise in stream temperature to 75 degrees 
would be extremely harmful and could be lethal 
to the fish, fish eggs, and fry on which the ex- 
tremely important sport and commercial fish- 
ery of the West Coast depend. 

Without streamside strips, management in- 
tensification will increase the amount of debris 
in streams during any given unit of time. As 
with water temperature, the magnitude of the 
stream channel debris problem is directly re- 
lated to the area being cut immediately adja- 
cent to streams. Small debris in slow mov- 
ing streams may be detrimental to the stream 
habitat because of lowered dissolved oxygen. 
Larger debris may block fish passage and may 
cause physical damage to the channel as well 
as to improvements such as bridges, roads, and 
campgrounds. 

Based upon an estimate of 25 feet of stream 
per acre and an allowance of 25 cents per thou- 
sand board feet, the cost of debris removal 
would be about $10 per acre harvested, or 

$4,000 per mile of stream. If it is assumed that 
the present level of debris is tolerable but any 
additional is not, studies in the Region indicate 
that a higher rate of $20 per acre would apply 
on additional acreage above the current pro- 
gram. Total annual cost for debris removal on 
this basis would be : 

Current rotation 

70,000 acres 

Shortest rotation 

70,000 acres 
30,000 acres 

Per acre 

$10 

Per acre 

$10 
$20 

$700,000 

700,000 
600,000 

Total - shortest rotation $1,300,000 

These costs have not been included in the 
cost estimates shown in this Report. 

Modified cutting practices, such as leaving 
strips of timber of sufficient height to shade 
the stream and wide enough to filter runoff, 
would help prevent stream disturbance, silta- 
tion, and lowering of dissolved oxygen. Clear - 
cutting to the water's edge should be avoided. 
The estimated cost to do this would be about 
$2,400 per mile. 

Streamside cover enhances fish habitat. 
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EFFECTS ON WILDLIFE 

During the first 15 to 20 years after logging, 
game animal population normally increases 
because of an increase in productive habitat 
brought about through opening of the forest 
canopy. Accelerated regeneration programs 
shorten the period of game productivity (Fig- 
ure 32) . A game population tends to stabilize 
at a level depending on the rotation and regen- 
eration period. Once established, no more game 
can be produced without artificial habitat im- 
provement because just as much land is going 
out of game food production through the clos- 
ing of the canopy as is coming in through tim- 
ber harvest. 

Precommercial thinning is not likely to bene- 
fit game unless thinned material is disposed of. 
It may be a detriment if left on the ground. 
Commercial thinnings are likely to be of some 
benefit, particularly if accompanied by slash 
disposal, wider spacing, and planting of game 
foods. 

Under low intensity management and a 70,- 
000 -acre annual cut (25,000 acres in winter 
range) , the Region supports an estimated 165,- 
000 deer (Figure 32) . Under medium intensity 
management, with a 70 -year rotation and a 
five -year regeneration period, if the acres cut 
were increased to 100,000 annually, with 36,- 
000 acres in winter range, the game population 
could be expected to increase to 220,000. Under 
high intensity management, with a 70 -year 
rotation and a maximum of 15 years of high 
game production after cutting, the population 
could be expected to stabilize at approximately 
190,000. 
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Figure 32.- Changes in big game populations 

by selected programs. 

The existing game population provides ap- 
proximately a 35 percent success level for the 
present 260,000 hunters. Current management 
would provide about 23 percent success for the 
400,000 hunters expected in 1976 and only 9 
percent for the one million hunters predicted 
in the Year 2000. In order to attain an accept- 
able level of hunter success (15 percent) by 
the Year 2000, an increase of 60 percent in the 
5- to 20 -year production vegetative age class 
would be needed. 
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Fawn rests in a timber harvest area. 
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EFFECTS ON 

National Forest recreation in the Pacific 
Northwest is increasing rapidly, both in num- 
bers and in importance to the Region's econ- 
omy. By the Year 2000, recreation pressures 
on the National Forests are forecast to be four 
times greater than at present. The possible im- 
pacts of accelerated timber management on the 
Region's high quality, relatively undeveloped 
forest environment is thus of major signifi- 
cance, both to the Region's economy and to rec- 
reationists from all over the world. 

The intensification of timber management 
considered in this Study, including thinning, 
salvage, planting, etc., in the main timber zone 
would have little adverse impact on the esthetic 
quality of the forest environment. Shortening 
rotations, however, would significantly in- 
crease the amount of road construction and 
clearcut areas visible at any one time and thus 
directly and adversely affect scenic recrea- 
tional values. Current timber harvesting prac- 
tices might possibly be modified to minimize 
such scenic impacts on the forest environment, 
but estimates of the costs and effectiveness of 
alternative measures are not available. 

The accelerated road construction associated 
with shortened rotations would open forest 
areas to hunting and other recreation uses 
sooner than with the current level of manage- 
ment. This could in turn result in demands for 
accelerated development of campgrounds and 
other recreation facilities. It is estimated, for 
example, that as much as $2.9 million might 
be needed annually during the next decade or 
two to meet the increased demands for recrea- 
tion facilities associated with an accelerated 
rate of road construction (Figure 33). 

Almost 60 percent of the Study area is still 
without roads and much of this area is cur- 
rently used for "back- country" types of recrea- 
tion. The effect of accelerated road construc- 
tion would be to shorten the remaining time 
that these areas can effectively provide for 
back -country and dispersed recreation use. 
With more roads, recreationists in these areas 
might either continue to utilize the newly 
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roaded areas or increase their visits to classi- 
fied wilderness areas. 

The opening of more areas to car travel and 
increased recreation uses may require signifi- 
cantly higher road standards and substantially 
increased costs beyond those estimated in this 
Study as necessary for intensified timber man- 
agement. With present rates of road construc- 
tion, the rate of recreation use is developing 
more rapidly than new miles are added (Figure 
33). 

At any rate of timber resource development, 
there is a critical need for techniques of land 
and timber management that will minimize im- 
pacts of timber harvesting and associated road 
construction on recreation and esthetic re- 
sources, and provide the best possible combina- 
tions of multiple uses throughout the Douglas - 
fir Region. 
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Figure 33. -Trend of recreation use compared 
to road construction. 
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