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ABSTRACT OF THESIS

Lodgepole pine has always been useful to man in the West.
Currently, increased utilization of the species is due mainly to the
declining supply of other larger species and improved technology for
‘logging and manufacturing lodgepole. There are 14.5 million acres and
15 billion cubic feet of lodgepole pine timber in the West -- a
tremendous and largely untapped resource. Due to the remarkable possi-
bilities for salvaging lodgepole pine timber heretofore not used and
improving forest management of this neglected species, this study of the
peculiar logging problems involved seemed to be one of the areas most in

need of research. The aim of the study was to provide objective answers

concerning the relative merits of several alternative methods of logging
lodgepole pine. The scope of the study extended from stump to mill yard
or railhead. Field data was collected in Colorado, Idaho, and Montana
during the three summers of 1955-57.
Economic theory, statistical techniques, and motion and time ':
study are well-developed and waiting to be applied to logging as they

have been successfully used in other industries. This study was an

\
|
|
1

attempt to bring these areas of knowledge to bear upon lodgepole pine 1

logging problems. Several, separate time-cost prediction equations were
developed for the processes of (1) felling, (2) skidding, (3) loading,

and (4) hauling. When a machine-crew cost factor per time unit is |

miltiplied by the predicted time in each case, a dollar-cost figure

Tesults. The equations are as durable as the technology employed and 1



the mac
Tee ind

total ¢

ligg
t shou
nalse
by, &
Mgt
it gey
{5l
it by
Urerg,

LLY



the machine-crew factors easily can be revised as often as necessary.
The individual costs for the four processes can be summed to determine
total cost of logging.

The study provides a statistical basis to objectively estimate
logging cost for lodgepole pine stands in advance of operations; hence
it should be useful to logging companies, contractors, and forest
appraisers. The technique also would be helpful in determining marginal
logs, trees, and stands. It provides an approach to answer which is the
better method for logging lodgepole, although there is probably no single
best method of exploiting the species. There may be a certain combination
of felling, skidding, loading, and hauling techniques that represents
the best compromise of alternatives for most situations. However, this
universal compromise is not the answer sought, for such a combination
may be grossly inefficient under specific operating conditions.

The greatest success in developing the cost predicting equations
occurred in the felling process. However, it is believed that additional
verification and testing is necessary before the results can be properly
appraised. Some statist‘:ical measures were presented, telling how well
the multiple, linear, regression equations fitted the sample data. 'The
next step is to test their predictive accuracy in other lodgepole pine
stands and also augment the sample for some processes. Additional
information is needed on delay time and indirect production time in all
Processes. Such time studies, in order to include unusual and infrequent
delays such as equipment failure, accidents, and inclement weather, must \

cover many days of operation.
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INTRODUCTION

American Indians used lodgepole pine-l-/ for fuel, travois and tepee
poles. The latter usage accounts for the common name of the species, since
the dwellings were also called lodges. Early settlers, trappers and miners
in the West also made abundant use of the smooth, straight stems that were
8o plentiful, easy to work and handle. They were almost perfect for build-
ing logs, mine props and timbers, fence posts and poles, as well as fuel-
wood, Now, and in addition to the above mentioned uses, lodgepole pine helps

to satisfy the demand for railroad cross-ties, mine stulls, transmission

United States (Including Alaska), Forest Service, U. S. Dept. Agriculture,

Agricultural Handbook No. 41 (Washington: Government Printing Office,

1953), p. 263. 'Some authors distinguish two varieties, of which Pinus

contorta var. contorta, shore pine, is a low scrubby tree of the Pacific

coast from southeastern Alaska to Northern California. Pinus contorta

var, latifolia Engelm., lodgepole pine, is the taller, inland tree form

of the mountains from Yukon southeast to Colorado., However, the dif-

ferences are largely in habit rather than in botanical characters.'

Critchfield, William B., Geographic Variation in Pinus Contorta, Maria

Moors Cabot Foundation Publication No. 3. Cambridge: Harvard University

Press, 1957. p. iii. Lodgepole pine'...has undergone evolutionary |
differentiation into several geographic races....Several regional forms,
exhibiting geographic unity and heritable differences, merit recognition
as subspecies; Coastal Region: Pinus contorta Douglas ex Loudon ssp.
contorta, Mendocino White Plains: Pinus contorta ssp. bolanderi (Parl.)
stat. nov., Rocky Mountains: Pinus contorta ssp. latifolia (Engelm.

ex Wats.) stat. nov., and Sierra Nevada: Pinus contorta ssp. murryana
(Balf,) stat. nov."
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poles, converter poles,y lumber and pulpwood. Beside utilization as
timber, lodgepole Pine forests are beneficial from the watershed and
recreational aspects, including the scenic, hunting, and fishing
environments, (See Pictures 1-4),

For as long as people have lived in the Wesci/ lodgepole Pine
could be classed. as a resource, according to the definition by Ciriacy-
Wantrup.‘—’/ The technology and use of the species by the Indians gave
the lodgepole Pine resource a relatively insignificant value at that time.
The value of the resource increased with the coming of the white man;
however the increment was largely due to growth in Western Population

—_—

2/ Poles 24 to 30 feet long and from 3 to 5 inches in diameter used in
the smelters at Anaconda and Great Falls, Montana in the final process
of deoxidizing the matte.

3/ Zischke, Douglas A, Ladgegole Pine, Forest Products Laboratory,
Madison, Wisconsin, Report No. 2052, March, 1956, p. 1, ""The
first recorded mention of lodgepole Pine was made by Meriwether
Lewis and William Clark in their reports of Montana.,,"

4 A resource is a Planning estimate of anything that exists in
Dature that is accessible and we know how to use. cf. s.v.
Citiacy-Wancrup, Resource Conservation, Economics and Policies
(Berkeley: University of California Press, 1952), p. 28,

!
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Picture No. 1, taken in the
Shields River Drainage in

the Crazy Mountains north of

Livingston, Montana, shows a

good pocket of lodgepole pine

timber. This stand contains

20 to 25 thousand board feet

per acre. Lodgepole pine of

this size and volume per acre---

the cream of the resource---

is the exception rather than

the usual occurrence. Logs

from this area are hauled 55 I
miles to the Downer Mill at

Livingston.

Picture No. 2 was taken near Island Park, Idaho, just west
of Yellowstone Park. In the study area nearby, the average
tree measured 7.3 inches in diameter at breast height. Here

trees were being cut for pulpwood and shipped 1700 miles by
rail to Wisconsin mills.







Pictures 3 and 4 show examples of large areas of the
lodgepole pine resource that present problems in utilization.
Many of such stands developed from dense reproduction follow-

ing forest fires. Too many trees have survived per acre to
allow much growth per tree. Most of the trees are too small
for current utilization and the prospects of their growth to
merchantable size is not bright. How to manage these areas
is a challenge to forestry. The pictures were taken in
northern Colorado near the Laramie River.
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rather than economic developmen!:.il The lodgepole pine resource reached

a peak in its value level just after the turn of the century, when it

5/ An attempt to explain Joseph A. Schumpeter's, The Theory of Economic
Development (Cambridge: Harvard University Press, 1949), in a footnote
would be indeed presumptuous. However, perhaps an indication of his
distinction between economic growth and economic development can be made.

Speaking of mere growth, he states on page 62 that, '"Continuous
changes, which may in time, by continual adaptation through innumerable
small steps, make a great department store out of a small retail business,
come under the 'static' analysis.” However, in contrast to mere growth,
spontaneous and discontinuous changes appear in the sphere of industrial
and commercial life that represent true economic development, according
to Schumpeter. These changes or innovations do not just change the
course of economic events within the framework, they change the frame-
work. On page 63 he emphasizes, "Nor will the mere growth of the economy,
as shown by the growth of population and wealth, be designated here as

a process of development. For it calls forth no qualitatively new phenomena,

but only processes of adaptation of the same kind as the changes in the
natural data....

"By 'development', therefore, we shall understand only such changes
in economic life as are not forced upon it from without but arise by
its own initiative, from within. Should it turn out that there are no
such changes arising in the economic sphere itself, and that the phenomenon
that we call economic development is in practice simply founded upon
that fact that the data change and that the economy continuously adapts

itself to them, then we should say that there is no economic development....'

On page 64, in a footnote, Schumpeter defines ic development more
exactly as, "... that kind of change arising from within the system which
80 displaces its equilibrium point that the new one cannot be reached
from the old one by infinitisimal steps."

Several examples may crystallize the distinction: When Goodyear
spilled some raw rubber and sulphur on his stove and discovered vul-
canization, this was a technological innovation and was economic develop-
ment, The expansion of the pneumatic tire industry based upon this
discovery was economic growth. Likewise, Watt was the innovator when
he discovered the steam engine and this was economic development. The
adaptation of the machine to various uses resulted in much economic
growth. Eastman's invention of spreading silver salt on plastic film
represented economic development; whereas, the size of the photographic
industry today is the result of economic growth. In short, economic
growth involves use of the same production functions. Economic develop-
ment is some new combination of inputs that shifts the entire production
function discontinuously upward.

Innovations need not be as dramatic as those mentioned to be classed
as economic development. Schumpeter identifies entrepreneurs with inno-
vations and economic development, while those who supervise and plan
economic growth are mere managers. However, he did not glorify the former,

stating on page 90, "...But we neither style every entrepreneur a genius
or a benefactor to humanity, nor do we wish to express any opinion about
the comparative merits of the social organization in which he plays his
role, or about the question whether what he does could not be effected
more cheaply or efficiently in other ways."







was being logged extensively in the Wind River drainage in Wyoming for
hewed cross-ties and on the Deerlodge National Forest in Montana, where the
bulk of the products were used in mining or sml:ing.gl At one time the
Deerlodge National Forest, which is essentially a lodgepole pine forest, had
the largest timber harvest of all the national forests in Region One of the

Forest Service.

6/ Flume logging of lodgepole pine is of historical interest. D. T. Mason,
Utilization and Management of Lodgepole Pine in the Rocky Mountains,
U. S. Department of Agriculture Bulletin No. 234, July 12, 1915, pp.
113-14 reported that, '"...All the material from the French Gulch timber
sale on the Deerlodge National Forest is removed by a flume about 18
miles long crossing the Continental Divide, The timber from above is
hauled on sleds or trucks or is chuted down to the flume, where it is
banked for fluming during the open season, which usually lasts from about
May 1 to November 1. The timber from below is first banked along a
tramway, up which the loaded cars are later hauled by a cable, operated
by a stationary engine, to the banking grounds above the flume. A large
proportion of this timber is delivered at the foot of the tram by means of
secondary flumes located considerably below the main flume. The latter
is V-shaped, with 24-inch sides. About 100,000 board feet of lumber per
mile were used in its construction, and the original cost per mile was
approximately $4,000. It has one tunnel 685 feet long, 29 trestles over
25 feet high, the highest being 72 feet and the longest 775 feet, and 20
rock cuts from 8 to 20 feet deep. The minimum grade is one-half of 1
percent and the maximum 12% percent. The sharpest curve is 20°. The
flume carries from 200 to 800 inches of water, the supply of which is
maintained by frequent feeders from small streams along its length. It
can handle stulls up to 18 inches in diameter and poles up to 30 feet
long, and has a capacity of about 1,800 stulls, 2,200 converter poles,
6,000 lagging poles, or 170 cords of wood in 10 hours. It is operated
on the average for about 170 days each year....

"A similar V-shaped flume, 25 miles long, has been used for the last

7 years on the Bighorn National Forest for transporting ties, props and
logs from the woods to the mill and railroad. The larger logs are slabbed
in a small sawmill at the head of the flume before being sent down."

Hutchison, S. Blair and John H. Wikstrom, Industrial Opportunities in the
Headwaters Timber Development Unit, Intermountain Forest and Range Experi-
ment Station, Ogden, Utah. Research Paper 45, April, 1957, pp. 1-2 tell
of logging long ago when, ''Between 1872 and 1875, a 36-mile flume,
locally labeled "Sloan's Folly', was built in the mountains south of
Evanston, Wyoming, to bring out timber products. Millions of board feet
of sawlogs, hewed ties and charcoal wood were floated out of the hills in
this flume and in the rivers....At one time, Evanston, Wyoming had 12
beehive-type charcoal kilns, Hilliard had 36 and there were others in
nearby communities. Information about these kilns is skimpy but apparently
all or most of the charcoal went to copper smelters in the West."







Railroad, and truck and tractor

Demand and technology changed.

loggers by-passed the modest-size lodgepole in favor of other larger
species. The value of the lodgepole pine resource declined to its pioneer

level. However, since World War II the lodgepole pine resource has

perhaps regained or even surpassed its former peak for two reasons:
First, the decline in quantity and quality of accessible supplies of other
species of timber have caused lumbermen to take a closer look at lodgepole
pine. Second, improvements in technology have made the species ever more

attractive.l/ For example in lumbering, fast, horizontal, band mills can

now saw small diameter logs into boards which are in turn edged parallel to
the bark. The tapered boards are then edge-glued with new, strong, quick-
setting glues so that taper is compensated by turning every other board

end-for-end.é/ End gluing is also used to include short pieces in panels.

1/ The rediscovery or increased utilization of the species has been some-
what likened to a well-known fairy tale. R. E. Mahaffay, Timber
Cinderella, American Forests, 54(1):24-25,43 and R. 0. McMahon, Lodge-

pole Pine Forsakes Cinderella Role, The Timberman, October 18, 1957,

PP. 34-38.

Wikstrom, John H., Lodgepole Pine--A Lumber Species, Intermountain
Forest and Range Experiment Station, Ogden, Utah. Research Paper 46,
May, 1957, pp. 9-10 lists three ways the competitive position of
lodgepole pine can be improved: (1) Reduce manufacturing costs which
are much higher for small trees, (2) Increase lumber recovery which is
low for small diameter logs, and (3) Overcome the handicap of narrow
boards. While gluing was mentioned as a possible solution for items
(2) and (3), it should also be pointed out that since a premium is not
paid for glued, lodgepole pine boards in ordinary widths, due to
competition by boards from other species, gluing may not be economical,
except to salvage narrow material. A company that incurs the added
cost of gluing may manufacture the product further, marketing the
material as box shook, caskets, panels, furniture, etc., thereby
escaping competition with other lumber.

McMahon, op. cit., p. 35, adds three additional requirements affecting
the future success of lodgepole pine, namely: (1) Log grades to enable
the proper separation of pulp logs from saw logs, (2) Specialized

equipment for handling lodgepole pine size logs and trees, and (3)
More Western markets for logs too small for economical lumber production.







The panels are marketed in a variety of ways, including squares that can
be fitted together on walls or ceilings, standard knotty pine paneling,
and plain panels that can be used for sheathing, sides for farm trucks, or

other uses. Likewise, when technological development in the paper industry

in the 1930's permitted the expansion into the pineries of the South, it

also increased the value of the lodgepole pine resource in the West.™

2/ Hatch, R. S. and W. F. Holzer, Pulpwood Stands, Procurement, and
Utilization, Technical Association of the Pulp and Paper Industry,
Monograph Series No. 4, Chapter XVI Pacific Coast Pulpwoods. 1947,

p. 157. As is the general case of pines, this species (lodgepole pine)
is not readily reduced in the sulphite digester, and its use is con-
fined to the kraft process. It will produce a good pulp that has better
than usual forming characteristics on the paper machine.

Laboratory,

McGovern, J. N., Pulping Lodgepole Pine, Forest Products
Report No. R1792, June, 1951, p. 1. Several types

Madison, Wisconsin.

of green-cut and insect-killed lodgepole pine (Pinus contorta) from
Montana were evaluated by physical and chemical tests in connection with
groundwood, sulfite, the sulfate pulping experiments at the Forest
Products Laboratory....The several samples of green wood used in these
experiments were satisfactorily pulped over a range of sulfate pulping
conditions that gave pulps in good yields and with excellent strength
properties, as is typical for green lodgepole pine. The green and the
sound dead woods showed similar pulping characteristics and gave nearly
the same pulp yields and pulp strengths. The dead wood with decay
showed a slight tendency to pulp more rapidly and to give lower permanganate
numbers, lower pulp yields, and lower pulp strengths....Sulfite pulping
tests were made on sound green and on dead lodgepole pine. Easily
bleaching pulps were made from both woods with satisfactorily low screen-
ing rejects. The unbleached pulps, however, contained considerable
amounts of dark fiber bundles, which were readily bleached....The pulp
from the dead wood was equal to spruce sulfite pulp in strength....

The lodgepole pine pulps had ether-solubility values sufficiently

high to indicate the possibility of pitch troubles....Groundwood
pulping tests were also made on the sound green and on the dead lodge-
pole pine. The tests showed that pulps of good color and strength
could be made from both materials with moderate energy consumptions.







Since about 1950, several Wisconsin pulp mills have been shipping
lodgepole pine pulpwood over 1000 miles by rail from Eastern Montana forests.
In that year 48,000 cords were cut and sent to wisconsin.lg'/ In 1953, a
lodgepole pine pulpwood operation began producing just west of Yellowstone
Park in Idaho, shipping pulpwood 1700 miles to Wisconsin mills. In 1954,
36,060 cords of lodgepole pine were shipped east from Eastern Montana and
5,447 cords were loaded from the Idaho operstion.}—l-/ The Erickson operation
at Island Park, Idaho shut down in the summer of 1957.

The first successful pulpmill manufacturing local timber in the
Rocky Mountain Region began operating in 1951 at Lewiston, 1daho.r2/ This

mill is owned by Potlatch Forests, Incorporated, a subsidiary of

Weyerh Timber Company, Tacoma, Washington. At first they planned to
use lodgepole pine pulpwood, but later found that waste from their sawmill
provided an ample supply of raw material,

The Waldorf Paper Products Company, St. Paul, Minnesota installed
a pulp mill at Missoula, Montana to utilize waste wood from local sawmills
and began shake-down operation in early 1958. The St. Regis Paper Company,
New York City, purchased the J. Neils Lumber Company in late 1956 and
indicated it would build a pulp and paper plant at Libby, Montana of at

—_—

Q/ Hutchison, S, Blair and John H. Wikstrom, Resource Factors Affecting
the Feasibility of Pulp Mills in Eastern Montana, Northern Rocky
Mountain Forest and Range Experiment Station, Missoula, Montana.
Station Paper No. 34. July, 1952. p. 9.

11/ Wikstrom, John H., Pulpwood Production in Idaho and Montana, 1954,
Intermountain Forest and Range Experiment Station., Ogden, Utah.
Research Note No. 21, July, 1955.

12/ Hutchison and Wikstrom, op. cit., p. 3.






least 400 tons capacity. Interest has fluctuated in building other pulp
mills in the Rocky Mountain Region. The Columbine Development Company of
Denver was formed and successfully bid on a 4.5 million cord, U. S. Forest
Service, insect-killed, spruce pulpwood sale in March, 1950.E/ It planned

to install a mill:at Newcastle, Colorado but failed in 1952. Subsequently,

the J. and J. Rogers Pulp and Paper Company, Au Sable Forks, New York planned

to build a pulp mill at Silt, Colorado, but this venture likewise failed
in 1957. Other Central Rocky Mountain sites that have been suggested as
possible pulp mill sites are Green River, Wyoming and Roberts, Idaho.&/

At Klammath Falls, Oregon the Johns-Manville Products Corporation
has built a groundwood pulp plant scheduled to begin operations in early
1958.§/ It will have an estimated capacity of 40,000 cords of lodgepole
pine per year. The International Paper Company plans to build a pulp and
paper plant to utilize lodgepole pine in the same locality.ﬁ/ These and
perhaps other western pulp mills would further increase the value of the
lodgepole pine resource. :

In addition to technological improvements in secondary manufature
of lodgepole pine logs and bolts, there have been many technical improve-
ments in logging which also tend to increase the value of the lodgepole
Pine resource. These will be treated later in the paper. In effect,
all of these technical improvements can be compared to those technical

—_—

13/ Bryant, Ralph C., The Economic Feasibility of a Permanent Pulp and

Paper Industry in Central Colotado Ph.D. dissertation, Duke University,

Durham, North Carolina, 1953. P. 4.
14/ Hutchison and Wikstrom, op. cit., p. 17.
15/ McMahon, op. cit., p. 38.

16/ The Oregonian, Portland, Oregon, December 14, 1957. p. 1.
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improvements in mining and smelting that permit a periodic reprocessing of
its waste piles to profitable advantage. The analogy between mine or
smelter dumps and the lodgepole pine resource is admittedly obscure, but
the point that time and circumstances change the view of what is useful and
useless appears applicable in both cases.

In extent, the lodgepole pine resource covers a tremendous area,
extending from the Yukon River down the coast of Alaska and British
Columbia, through Washington, Oregon and California and most of the Rocky
Mountain Region. It grows from sea level to elevations of 11,500 fee:.-ll/
The U. S. Forest Service estimated that in 1953 the total net volume of
live lodgepole pine sawtimber on commercial forest land in Western United
States was 30 billion board feet.}-iy It ranks ninth in terms of volume of
western softwoods. In growing stock, which includes the volume of all
trees above five inches in diameter at breast height, the volume of lodge-
pole pine on commercial forest land in Western United States amounts to 15
billion cubic feet.ul In these terms, lodgepole pine ranks fifth among

western softwoods in volume. Lodgepole pine is the third largest timber

type in the West, covering 14.5 million actes.lg/ Only Douglas-fir and

17/ Collingwood, G. H. and W. D. Brush, Knowing Your Trees, (Washington:
The American Forestry Association, 1947). p. 32.

18/ Forest Service, U. S. Department of Agriculture, Timber Resources For
America's Future, (Forest Resource Report No. 14, Washington: U. S.
Government Printing Office, January, 1958). Table No. 27, p. 556.

19/ Forest Service, U. S. Department of Agriculture, Timber Resource
Review, (Preliminary Review Draft), September, 1955, Ch. IX, Table 10,
p. 19,

2/ Wikstrom, op cit., p. l.
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ponderosa pine types are more extensive with 32 and 37 million acres,
respectively. Eighty percent of the lodgepole pine acreage is in
Montana, Idaho, Wyoming and Colorado. The rest is in the three coastal
states. These figures give only an imperfect idea of the lodgepole pine
resource; first, because they are inventory or stock resource?l/ concepts;
and second, because they would change with accessibility and technological
assumptions. The stock resource concept is useful for some purposes, but
the flow resoutce_l/ concept is a more helpful tool in forestry. The
latter concept of a forest is based upon growth and, since there must be a
growing stock to have growth, obviously the stock and flow concepts must be
considered together. This is the point that WikstromQ/ made in showing that
while lodgepole pine lumber production had jumped from less than 50 million
board feet per year during 1910-1935 to about 200 million board feet in
1956, this was still only onme-fifth of the annual lodgepole pine growth

in the Rocky Mountain States, and a cut of 1,000 million board feet could
be sustained annually by the species.

At this point a very brief look at the silviculture of the species
is relevant, since it has a bearing upon the logging problem. Hawley and
Smichél state that, ''Clear cutting has been found to be a good method for
regenerating stands of species of pine which have serotinous cones. Since

————

2/ Ciriacy-Wantrup, op. cit., pp. 35-37, Resources are defined as "Stock
Resources" if their total physical quantity does not increase sig-
nificantly with time....Strictly speaking, some stock resources may
increase over time, but at a rate too slow to be economically relevant;
«+e.Resources are defined as "Flow Resources' if different units become
available for use in different intervals...

2/ wikstrom, op. cit., p. 3.

23/ Hawley, R. C. and D. M. Smith, The Practice of Silviculture, (New
York: John Wiley and Sons, 1954), pp. 85-86.
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it is rarely desirable to duplicate the severe crown fires that bring
these stands into being in nature, the effects of the fires must be sim=-
ulated by other means.... The first prerequisite is exposure of mineral
soil which is a far better seedbed than undisturbed litter.... (but, for
lodgepole pine) intensive treatment of the forest floor and scattering of
slash are ... less desirable because of the risk of producing excessively
dense stands that may stagnate in the dry climate and remain in the
sapling stage for decades. The scarification and scattering of slash
accomplished in logging are usually regarded as adequate. Only the dense
concentrations of slash should be burned; broadcast burning destroys too
much seed. As with other closed-cone pines, so much of the regeneratbn
comes from seeds already on the cutover area that the size, shape, and
arrangement of the areas is rarely influenced by problems of seed dispersal.
Ordinarily it is regarded as desirable to set 50 acres as the maximum size
(LeBarron, 1952). Clearcuttings in narrow, alternate strips have also been
used for special conditions where seeding from the side is essential.

If it is necessary to burn all the slash or to provide an additional supply
of seed on dry southerly exposures, it is desirable to confine clearcuttings
to strips less than 180 feet wide (Lexen, 1949). '"On the other hand, with
species like lodgepole pine, in which the cones are only partially
serotinous, partial shade (from shelterwood cuttings) has been found
advantageous in reducing the danger of overstocking (Bates, Hilton, and
Krueger, 1929)."24/ (see Pictures 5-7).

—

24/ Hawley and Smith, op. cit., p. 134







Pictures 5-7
show clear-
cut blocks in
lodgepole pine
forests. The ~—
upper view is

across a cutting area sim-
ilar to those in the dist-
ance. The lower picture
is also across a cutting
area where the slash has
been burned and the dense,
uniform character of the
type shows in the back-
ground, The cutting areas
are approximately 40 acres
in size, Pictures 5 and 6
vere taken in the Little
Belt Mountains north of
Martinsdale, Montana.
Picture 7 was taken on
Moose Mountain north of
White Sulphur Springs,
Montana,
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Perhaps it is due to the long and slackened rate of use between

the two World Wars that accounted for the modest research and limited amount
of factual information about the species. In some respects this is cur-

rently being corrected. This paper is aimed at providing some insight into
the cost of alternative logging methods used in harvesting lodgepole pine.

Loggers have tried to log lodgepole timber with methods and equipment
adapted to large sawlogs and have generally been disappointed. Some are

quick to admit that their method of production could be improved and are
The question of

continually making minor experiments in that direction.
what is the best way to log the species seems ubiquitous,g'z/ but there is

probably no single best method of exploiting the species under all condi-

There may be a certain combination of falling, skidding, loading

tions.
and hauling techniques that represents the best compromise of alternatives

for most situations. However, this universal compromise is not the answer

How-

25/ The same question but for different species was asked forest economists
from Harvard University by farm woodlot owners in New England,
ever, their report did not emphasize the compromise feature involved in
any 'best' logging method. Unless the farm woodlot is uniform in
species composition, size, quality, terrain, accessibility and other
factors, different equipment and logging methods might be indicated
for different parts of the woodlot, but due to available equipment and
other cost considerations, a compromise solution best adapted for the
conditions encountered would be the aim.

"In addition to collecting the simple case histories..., a
parallel research project is needed to design improved operating
methods. The owners of the nine farms, for example, were not only
interested in estimating inputs under alternative forest management
intensities but also wanted to find the most economical operating
methods, machinery and equipment to use....'" Solon L. Barraclough and
Ernest M. Gould, Jr., Economic Analysis of Farm Forest Operating Units, i

Harvard Forest Bulletin No. 26, Petersham, Mass., p. 130.
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sought, for such a combination may be grossly inefficient under specific
operating conditions. The objective is to furnish a clear comparison of
alternatives studied to guide an operator in making the best choice.
For reasons explained in the next chapter, this paper canmot pro-
vide faultless formulae for logging lodgepole timber. Furthermore, the

seasoned logger, who knows his unit costs and the time required for per-
The theoretical economist

formance, may not find the results illuminating.
and statistician will likewise search in vain for stimulation at rarefied

levels. Perhaps the major use and purpose of the paper is to provide some
statistically sound and durable cost data that can be used by those who
need guides in approaching logging cost appraisals in lodgepole pine timber.

It should be useful to predict by equations the cost of felling, skidding,

loading, and hauling different diameters of lodgepole pine trees and logs

under various conditions.
The principal contributions of this paper are the determination

of time-cost prediction equations for each of the four logging processes

in lodgepole pine timber:
A statistical study to develop a time-cost of felling

1.
equation suitable to predict the time required for i
{

felling individual trees and to estimate daily pro-
Also, a machine-crew, monetary factor to
Separate

duction.

apply to time-cost to obtain dollar-cost.
equations are developed for felling and bucking into
100~-inch bolts, and felling and leaving in tree-length.

A statistical study in several parts covering the
skidding process. Separate time-cost-of-skidding
equations are developed for skidding with horses and
with small, crawler tractors. The equations are suit-

able to predict the time required for skidding indivi- \
dual trees a given distance or to estimate daily pro- {
duction. Also, a machine-crew or animal-crew, monetary

factor for each skidding method is developed for appli-

cation to time-cost to convert it to dollar-cost of

The amount of time required for various delays '

skidding.
is also indicated.






3.

>~
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A statistical study in several parts covering the
loading process. Separate time cost of loading
equations are developed for each of the three load-
ing methods tested. The equations are suitable to
predict the time required for loading individual
trees or to estimate daily production. Also, a
machine-crew, monetary factor for each loading
method is developed for application to time-cost to
convert it to dollar-cost of loading. The amount of
time required for various delays is also indicated.

A statistical study to derive the time-cost of
hauling from the woods to the mill or railhead by
motor truck. The equation is suitable to predict the
time required for hauling individual trees or logs or
to estimate daily production. Also, a machine-crew,
monetary factor is developed for application to time=-
cost to convert it to dollar-cost of hauling. The
amount of time required for various delays is also
indicated.







Chapter II

THEORETICAL ASPECTS OF THE PROBLEM

Marginal Analysis in Production Economics
Production economists would prefer to have the production

function given. This is not an economic relationship but a problem
in engineering technology, being a mathematical relationship between
input factors or resources (q's) and the output of product (Q) during
a given unit of time. The production process-/ is arbitrarily
delineated and all production can be regarded as resulting from

various input-output combinations. In this study, which extends from

stump to mill pond, the four productive processes of falling, skidding,
loading and hauling are separately considered and then summed, rather

than to regard logging as a single production process. This stratifica-

tion procedure not only results in determinations of greater practic-

ability, but also reduces error., With the production function given,

1/ Production concerns itself with changing the want satisfying power
of goods. These changes may be grouped under changing the (1) form
or substance of the good (manufacture), (2) place or position of
the good (transportation), or (3) time when the good is available
(refrigeration, etc.). There are other groupings and effects of
production. In contrast, eating, drinking, sleeping, and listening
to music are forms of consumption. Productive activity is always
intended either to satisfy someone else's wants, or to build up
potential want-satisfying power in something or somebody. Thus,
consumption satisfies wants directly, production satisfies them
indirectly., Cf. John D. Black, Production Economics, (New York:

Henry Holt, 1926), Ch II. The Nature of Production.
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the economist can readily introduce the price of factors (p's) as
The first

illustrated below to develop the total cost function.
derivative of the latter relationship results in marginal cost with
respect to output (MCQ). Likewise, the first derivative of the
production function with respect to a given input factor results in the
marginal physical productivity (MPPq) of that input factor, others held
constant. Entrepreneurs usually strive to expand or contract production,
using combinations of factors where total cost is least, since this is

a condition of profit maximizacion.y Upon this least cost expansion

line, cost productivity ratios are equal to marginal cost with respect

to output.z/
g Pl ke B2 P3 Pn
MCH = [ Ao e = cee =
Q Fﬁ‘rq‘l MPP , ﬂl’}’q3 MPPqn

To complete the goal of the firm in maximizing profit, the

eéntrepreneur should alter output along the least cost route until the

2/ It is well to consider that the productive process has in general
no real leader. Rather the real leader is the consumer. The
people who successfully direct business firms only foresee and
execute what is prescribed for them by the wants or demands of their
customers. Notwithstanding this basic relationship, production

leadership fr tastes to suit business goals.

3/ Sune Carlson, The Pure Theory of Production, (London: P. S. King and
Son, Ltd. 1939). Alfred Marshall, Principles of Economics,
(London: MacMillan, 1936), p. 355. states the principle of substitu-
tion of factors in these words: 'At the beginning and at every
successive stage, the alert businessman strives so to modify his

arrangements as to obtain better results with a given expenditure, or
equal results with a less expenditure. In other words he ceaselessly
applies the principle of substitution, with the purpose of increas-

ing his profits..."

tly moulds
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greatest spread occurs between total cost and total revenue. This point
is most readily identified where the first derivative of these functions
are egual, i.e., where marginal cost with respect to output equals
marginal revenue with respect to output. Where the output of the firm

is so small that it does not influence the price of the product, marginal
revenue is identical to the price of the product, and profit is maximized
when operations are adjusted to the point where marginal cost equals
price of the product.

The above paragraph indicates two major uses of research in
production economics at the firm level; namely, it provides guides to
optimum combinations of input factors, and it identifies the ideal level
of output. However, the production function which is fundamental to the
above development, is not easily determined. Furthermore, the optimum
size of the firm is one of the many assumptions included in the pro-
duction function concept. Thus, a major practical problem in logging is
assumed away in this theoretical approach. In other words this
theoretical tool is not designed to solve the problem of scale, which
in this study is identified with the proper equipment for each logging
process. The generalized statements below show the theoretical trans-
formation of the production function into the total cost functiom.

The generalized production function to connote the more

important relationships among dependent and independent variables can

be written:
Y = £(X1, X3, X3, eesecssXp) +u
where Y is output in physical units per time period, Xj and Xp are

variable inputs in physical units per time period and the remaining
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X's to indicate fixed inputs measured physically in the relationship.
For example, in the skidding process, Y might be the volume of logs
skidded to a landing measured in thousands of board feet per day. The
X; might represent number of men employed on the skidding crew

measured in man days, while X7 might designate gallons of fuel consumed
per day by the tractor. The fixed input factors accounted in the re-
lationship might include such factors as X5 for the specified number of
tractors, X, for timber volume per acre, X5 for slope, and eesoXy

would cover the other specified fixed factors in the relationship.

The task in developing a production function for just the skidding
process may now be more fully appreciated, since for each set of
constants included in the relationship as well as for the significant
range in the variable factors, a suitable number of experimental
observations are required to determine the coefficients with the desired
accuracy. Those variables that are regarded as fixed (weather, for
example) may be equally as important in predicting the output, Y, as
the variable input factors, since the relationship would be conditioned
by all of the variables in the function.

In addition, the "u' term in the function is of strategic
importance. This term partly reflects a relationship to many un-
specified and uncontrolled variables. To the extent that these re-
lationships can be considered randomly and independently distributed
with respect to the controlled variables, statistical procedures can

cope with the problem.






The type of the relationship (shape of curve in two dimensions,
surface contours for three dimensions, etc.) which is to be fitted to
the experimental observations is a subjective decision that should be
based upon logical reasoning.y The completely general type of pro-
duction function written below is not necessarily an equation of the
first degree, since the X's may stand for exponential quantities of
inputs. Including the possibility of both negative and positive terms
in the production equation together with the use of fractional and whole
powers, the number of different types of equations is very large.zl

The generalized production function can be written in the
general equation form and transformed into a total cost (IC) equation
by multiplying the X's, which are physically quantified inputs per unit

of time, by their respective market prices, the p's.

4/ Mordecai, Ezekial, Methods of Correlation Analysis, (New York:
John Wiley, 1930) p. 110 states that, ..when there is some
logical basis for the selection of a particular equation, the
equation and the corresponding curve may provide a definite logical
measurement of the nature of the relationship. When no such logical
basis can be developed, a curve fitted by a definite equation yields
only an empirical statement of the relationship, and may fail to
show the true relation.”

5/ Two popular r.ypeg of production functions are the Cobb-Douglas

function, Y = axl" ....Xnn, Paul H. Douglas and Charles W. Cobb,
A Theory of Production, jmerican Economic Review XVIII Supplement,
March, 1928. pp. 139-165; and the Spillman function, Y = M - AR'E,

where if M = A, it can be written, Y = M(1 - Rxl)(1 - R)ZKZ),.”(I _R:n)
>

William J. Spillman, Use of the Exponential Yield Curve in Fertilizer
Experiment, USDA Technical Bulletin No. 348, 1933, Both functions
plot linearly when expressed in logarithms, but the Cobb-Douglas
function has a disadvantage from the standpoint of economic theory

in assuming constant elasticity, which the Spillman function avoids,
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TC = plx1 + p2X2 + p3X3 # ceececsces * ann +u

If it can now be assumed that in logging operations that the total cost
is a direct function of time, the former can be measured by the latter.
In other words, if the average, machine-crew cost per unit of time is
known, this figure when multiplied by the number of time units gives
total cost. The use of this average, machine-crew cost concept

nullifies the hope of theoretically pure marginal analysis, however it

6/

permits closer practical application of marginal productivity theory.—
Unfortunately, research in the theory of cost has not as

yet developed a completely satisfactory technique to handle marginal cost

6/ In tracing the development of marginal concepts, John F. Bell, A
History of Economic Thought (New York: Ronald Press, 1953), states
on page 416, "...Lauderdale, Lloyd, Senior, Whately, Longfield, and
others all scored 'mear misses' on the target of a marginal utility
concept., Gossen in 1854, Jevons and Menges in 1871, and Walras in
1874 are the ones generally honored with the 'discovery'. While
their contributions are indeed considerable, it is the Austrian
economists...who are credited with the full development of marginal-
ism." Kenneth E, Boulding, Economic Analysis, page 887, states about
A. A. Cournot (1801-1877) that, "...the concepts, though not the
names, of the marginal analysis were first developed by him."

An article by G. Robinson Gregory, An Economic Approach to
Multiple Use, Forest Science, March, 1955, p. 6, illustrates the
powerful and practical use of marginal productivity theory in
forestry.







theory in practice. Vigorous arguments to the contrary,y marginal cost

principles are employed not only by high level executives, but by woods

7/ Richard A. Lester, Shortcomings of Marginal Analysis for Wage-
Employment Problems, The American Economic Review Vol. XXXVI, No. 1,
March, 1946, pp 63-82, challenges the conventional explanation of the
output and employment policies of individual firms in terms of maxi-
mizing profits by equating marginal revenue and marginal cost.

On page 81 he, "....raises grave doubts as to the validity of con-
ventional marginal theory and the assumptions on which it rests."
And on page 82 continues, '"The practical problems involved in applying
marginal analysis to the multi-process operation of a modern plant
seem inescapable, and business executives rightly consider marginalism
impractical as an operating principle in such manufacturing establish-
ments.'
Fritz Machlup, Marginal Analysis and Empirical Research, The American
Economic Review, Vol. XXXVI. No. &, part 1. September, 1946, pp 519
554 answered the challenge and defended marginal analysis on p. 519,
"....as the logical process of'finding a maximum', is clearly implicit
in the so-called economic principle -- striving to achieve with given
means a maximum of ends.” On page 520 he counters the critics of
marginal analysis, that their, "..,.alleged 'inapplicability' of
marginal analysis is often due to a failure to understand it, to
faulty research techniques, or to mistaken interpretation of 'findings'
+e+.This is not to deny that a goodly portion of all business behavior
may be non-rational, thoughtless, blindly repetitive, deliberately
traditional, or motivated by extra-economic objectives...'

Machlup succinctly meets the issue of the complexity and
extreme difficulty of calculation by comparing decisions of the
entrepreneur with that of an automobile driver on page 534. 'What
sort of considerations are behind the routine decision of the driver
of an automobile to over-take a truck proceeding ahead of him at
slower speed? What factors influence his decision? Assume that he
is faced with the alternative of either slowing down and staying
behind the truck or of passing before a car which is approaching
from the opposite direction will have reached the spot. As an
experienced driver he somehow takes into account (a) the speed at
which the truck is going, (b) the remaining distance between himself
and the truck, (c) the speed at which he is proceeding, (d) the
possible acceleration of his speed, (e) the distance between him
and the car approaching from the opposite direction, (f) the speed
at which that car is approaching; and probably also the condition of
the road (concrete or dirt, wet or dry, straight or winding, level
or uphill), the degree of visability (light or dark, clear or foggy),

24
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foremen and other cost-conscious loggers. For example, every decision
whether to fall or leave a tree, when made upon a cost and return basis,
is a marginal cost decision. With the faller standing with saw in hand
appraising that tree, all logging costs incurred to that moment are
historical and fixed costs. The only variable costs are those that may
be incurred if he decides to fell the tree. Once felled the falling cost

joins the other historical and fixed costs. Likewise, in successive

the condition of the tires and brakes of his car, and -- let us
hope -- his own condition (fresh or tired, sober or alcoholized)
permitting him to judge the enumerated factors.

"Clearly, the driver of the automobile will not 'measure' the
variables; he will not 'calculate' the time needed for vehicles to
cover the estimated distances at the estimated rates of speed; and,
of course, none of the 'estimates' will be expressed in numerical
values. Even so, without measurements, numerical estimates, or
calculations, he will in a routine way do the indicated 'sizing-
up' of the total situation. He will not break it down into its
elements. Yet a 'theory of overtaking' would have to include all
these elements (and perhaps others besides) and would have to state
how changes in any of the factors were likely to affect the
decisions or actions of the driver. (Machlup footnote: Very
cautious drivers are apt to work with so wide safety margins that
small changes in the 'variables' may not affect their actions.

Timid souls may refuse to pass at all when another car is in

sight.) The 'extreme difficulty of calculating' the fact that 'it
would be utterly impractical' to attempt to work out and ascertain
the exact magnitudes of the variables which the theorist alleges to
be significant, show merely that the explanation of an action must
often include steps of reasoning which the acting individual himself
does not consciously perform (because the action has become routine)
and which perhaps he would never be able to perform in scientific
exactness (because such exactness is not necessary in every day
life). To call, on these grounds, the theory 'invalid', 'unrealistic',
or 'inapplicable' is to reveal failure to understand the basic
methodological constitution of most social sciences."







bucking cuts, again the only relevant costs for comparison with the
prospective returns are the variable costs incurred by the decision at

each bucking cut 'Q/

In practice, the application of marginal productivity
theory is as exact as the altertness and intelligence of the decision
maker permits. Perhaps this is as close as formal cost theory can come
to the actual decision making process, when marginal costs are incurred

and where average costs are used to forecast at the margin prior to a

decision, whether or not a decision would result in profit or loss.y

8/ For further elaboration of this approach to the economic classifica-
tion of costs into fixed and variable, see Donald Bruce, Economic
Log and Tree Limits, West Coast Lumberman, 66(8):41-45. August,
1939 and G. R. Gregory, Costs of Harvesting or Processing Timber,

Editors, (Baltimore: Waverly Press, 1953), pp 298-304.

9/ Little is known about the decision making process. Irving F.
Fellows, Applying Production Functions in Farm Management, Journal of
Farm Economics, 31(2):1058-1064, November, 1949, p. 1453 states that
it can be described briefly as (1) An awareness of a problem, (2)

As collection and appraisal of information relevant to the problem,

(3) As decision or solution of the problem, and (4) As action in line

with the solution.

George Katona, Psychological Analysis of Economic Behavior, (New York:

McGraw-Hill, 1951), p. 49 states, '"....Genuine decisions are made

occasionally. They require the perception of a new situation and

the solution of the problem raised by it, they lead to responding to

a situation in a new way. In contrast, habitual behavior is rather

common, We do what we did before in a similar situation. Whether

we use the word ‘'decision' in such circumstances is immaterial. The

main point is that the psychological process involved is different

from that in genuine decision. Routine behavior or using rules of

thumb, are suitable terms to describe the second form of behavior.!
Glenn L, Johnson of Michigan State University has made signifi-

cant contributions in this area as it applies to agriculturists,

Bee bibliographical references 87 and 88.

26







The unsolved problem in business practice is how to handle costs for
economic analysis where their fixed or variable character changes at
every decision. The importance of this concept warrants additional
study.

With these theoretical limitations in mind, it would be help-
ful still to develop sound estimates of cost for the four logging
processes that could be used as guides for decisions. However, it is
recognized that there is no substitute for shrewd and sagacious
entrepreneurship. Rules of thumb and more precise mathematical and
statistical guides may be helpful, but the responsibility of the final
decision cannot be avoided by the logger. The mere addition of
variables in the predictive equation is not a complete solution because
inferences always must be drawn from the experimental sample to another
situation facing the operator. His decision is determined by an
appraisal of the many factors both variable and fixed as well as
controlled and uncontrollable. His payment (profit) is for his appraisal
process and for the responsibility borne for action taken in the light
of the appraisal., If the form of the relationship among the variables
and the probability distribution were known with certainty, there
would be no need for the management function. Entrepreneurship under
this condition would have advanced or reverted, depending on viewpoint,

to a routine or mathematical process. The fact that exact cost







prediction and appraisals usually cannot be made is no reason for con-
10/

demning methods aimed toward providing better approximations.

Motion and Time Study to Appraise Cost
Since nothing can be accomplished instantaneously, an obvious

way to measure production is on a time basis. The cost of production

may be taken in man-hours, machine-hours or a combination termed
machine-crew-hours. Any other convenient time period could be used.
Cost data collected and reported in physical terms is as durable as the

technology of the enviromment, and for this reason is far more useful than

costs expressed in monetary terms. The former is readily converted to the

latter, corresponding to any shift in prices, by multiplying the number

1_0/ A somewhat comparable criticism of economic prediction was made by
Ellery Foster, Forest Planning: How Far Can We See?, Journal of
Forestry 35:1066-1067, November, 1937 of H. R. Josephson, Economic
Research and Forest Planning, Journal of Forestry 35:744-746, 1937.
The issue was that, since the future is unknowable, economic pre-
diction is invalid. H. J. Vaux, Some Economic Goals in Forest
Policy, Journal of Forestry, 47:612-617, August, 1949 replied that,
"...Many foresters reject completely the idea that such long range
planning is of any value. They argue that any forecast over such a
long period assumes a degree of prescience which is ridiculously
presumptuous in the light of the known impact of such things as
cyclical economic fluctuations, changes in labor and capital
productivity, changes in patterns of income distribution and other
economic variables subject to political control, wars, and
technological improvements. Devastating as this argument is, it
misses the fundamental point. For as soon as we adopt a policy
which has implications for the long run, and as soon as we make use
of those long run implications in defense of our policy, we have
either consciously or unconsciously made a 'forecast' of those
future conditions which are here in question,'







of time periods by the monetary cost per time period. Some industrial
engineers regard the close control of motion and time in efficiency and
cost estimates as the very essence of scientific management.

Since about the turn of the century, industry has successfully
used scientific management as developed by Frederick W. Taylor, Henry L.
Gantt, Carl B. Barth, Dwight V. Merrick, Henry R. Towne, Frederick A.

11/
Halsey, Harrington Emerson, Frank B. and Lillian M. Gilbreth and others.™

11/ Franklin G. Moore, Manufacturing Management (Homewood, Ill.:
Richard D. Irwin, 1955), p. 12. '"Taylor is sometimes referred to as
the father of scientific management, but to credit him with
originating it is claiming too much. He certainly did a great deal
to develop the field of management into a scientific study, but his
greatest contribution was to develop and dramatically publicize the
field of management. He was the movements catalytic agent. His
imagination and zeal in carrying through his investigations were
perhaps equal to the task of originating the ideas. The fact is,
however, that he arrived too late on the scene to be credited with
the whole job....
"Taylor's contributions to scientific management were nonethe-
less of utmost importance. He rightly deserves credit for originat-
ing what is today considered the best practice in time study, i.e.,
timing jobs in small parts rather than in an over-all way. He was
the first to emphasize, in speeches and in writings, the need to
select men to fit the jobs for which they were hired. He was the
first to stress the obligations of management to find the best way ;
of doing jobs and to train the workers to work in that way. He |
was by no means the first to emphasize that employees should do their
jobs in a manner most economical of time and effort, but he was the !
first to insist that management should study and analyze alternative {
methods, select the best and then train the workers to do the work
that way." |
Ibid, pp 16-17. '"Gantt is best known as an author and an engineer..,
He developed an incentive wage payment plan which was used by some
companies and developed a chart which helped control manufacturing
operations. Such charts, known as ‘Gantt Charts', are still used
occasionally today...Barth is best remembered as the inventor of
slide rules with which the proper machine speeds, feeds, and depth |
of cut for metal cutting machines could be calculated, Merrick was |
the first well-known time study man. Towne installed efficient
procedures in his plant while Taylor was yet in his teens. His
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However, R. W. St:arx:eveldE

/

states that, '"Scientific management is

still to a large extent a matter of rather vague notions, personal

opinions, and individual experiments,'

papers before the Franklin Institute and the A.S.M.E. were out-
standing and undoubtedly strongly influenced the younger Taylor.
Halsey is remembered today for his gain-sharing wage incentive
plan presented in a paper before the A.S.M.E. in 1891.

"Harrington Emerson was a contemporary (but not a colleague)
of Taylor and an engineering consultant with a western railroad.

He was more responsible than the Taylor group for introducing the
line and staff form of organization into manufacturing concerns....

"Franklin B. and Lillian M. Gilbreth did important pioneer work
in motion study. Taylor and his predecessors had made some progress
in motion study but did not carry it as far as the Gilbreths did.
They introduced charts and moving pictures (or 'micromotion' study)
to help analyze, study, and improve jobs. Gilbreth, a bricklayer
by trade, became an outstanding industrial engineer in the decade
before his death in 1924. Mrs. Gilbreth, a psychologist by training,
worked with her husband during his lifetime and after his death
continued the practice of industrial engineering.

"The two Gilbreths did very important pioneer work in fatigue
analysis as well as motion study. They also developed the idea
that all human work is composed of various combinations of basic
human movements which they called 'Therbigs'. Although their work
was done many years ago, only recently has their therbig idea been
taken up by industrial engineers generally. Today many leading
industrial engineers think it offers a valuable approach both to
improving jobs and to setting time standards.'

R. W. Starreveld, Public and Collective Management Research,
Eighth International Management Congress, Stockholm. Vol. 1,
Swedish National Committee of Scientific Management, Esselte
Aktiebolag. Stockholm. pp. 149-173.
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Most manufacturing industries are characterized by concentra-

tions of individuals doing highly repetitive tasks on standardized
materials resulting in identical products. The leadership of such

large organizations often employ management engineers to design methods
and processes for efficient production. In many respects this character-

ization of industry does not fit logging and lumbering. For example,
the latter is not an assembly line process, but rather a disassembly

procedure wbex;e logs are sawed into boards. Again, the typical logger
is a small operation and his operation is anything but repetitive with

the variables of weather, terrain, timber size and quality and products

causing almost continual adjustments and modifications to be made.

Logging more closely approximates farming than typical manufacturing and
scientific management in logging could follow the suggestions to agri-

culturists given by Dan M. Brown that '...Most farmers have to be their
own production engineers, in a small way. As in industry scientific
farm management must follow an orderly process for defining objectives,

selecting suitable materials and facilities, determining the best
possible methods under specific circumstances, then making plans and |
setting schedules with just enough follow-up to insure completion.

The use of such a process makes the farmer a master of his situation.

With this mastery he can better utilize available ideas, goods and
/

services to increase his output to still higher levels."=~

e e & M e
E/ Dan M. Brown, Progress in Scientific Farm Management, Eighth
Vol. 1, Swedish

International Management Congress, Stockholm.
National Committee of Scientific Management, Esselte Aktiebolag.

Stockholm. pp. 319-329.
|
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Even though logging is different from the usual manufacture,

modern developments in logging make it expedient to try to rationalize the

work, making it more effective, thereby saving labor, equipment and to
Logging work, like any manual effort,

make the product less expensive.
can be reduced to the execution of one or several series of movements in

The fourth dimension of time is all that remains to fully account

space.
The facility of chronometry explains

for the exertion and describe it.
its popularity and its use for the elimination of some delays and the

calculation of standard time for work. Motion study intended to suppress
unnecessary movements, to reduce the duration of necessary movements and

14/

to diminish fatigue has not been developed to the same degree.

Ralph M. Barnes, Motion and Time Study (New York: John Wiley, 1949)
""The terms 'time study' and 'motion study' have been given

14/
p. 1-2.
many interpretations since their origin...Common practice today
requires that motion study and time study be used together, since the

two supplement each other.

'Motion and time study is the analysis of the methods, of the
materials, and of the tools and equipment used, or to be used, in
the performance of a piece of work -- an analysis carried on with the
purpose of (1) finding the most economical way of doing this work;
(2) standardizing the methods, materials, tools and equipment; (3)
accurately determining the time required by a qualified person
working at a normal pace to do the task; and (4) assisting in train-

ing the worker in the new method.

"...Motion study is commonly defined as the study of the motions
used in the performance of an operation for the purpose of eliminating
all unnecessary motions and building up a sequence of the most use-
ful motions for maximum efficiency.'

Ibid. p. 333. ''Time study is used to determine the time required
by a qualified person working at a normal pace to do a specified
task. This is the third part of the definition of motion and time
study which appears on page 1. It should be noted that while motion
study is largely analysis, time study involves measurement. Time
study is used to measure work. The result of time study is the time
in minutes that a person suited to the job and trained in the
specified method will need to perform the job if he works at a normal
or standard tempo. This time is called the standard time for the
operation,'
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L/ used the "microscopic" or "therbig"™

Luthman and Lungren
approach to determine the cost in physical effort in sawing with a bow

They calculated as a measure of efficiency, the quotient between
The latter

saw.
a given amount of work and the energy expended by the body.

they measured indirectly from the carbon dioxide exhaled by the sawyer.

Timing the production from each stroke of the saw and relating this to the

conditions which determine the total number of strokes required enables

a cost prediction in physical terms for felling and bucking a stand of

They indicated that this micro-approach gave results that can
Barnes-Ls-/ reported

timber.
be calculated under the most universal conditions.™

15/ Gosta Luthman and Nils Lungren, Studies of Working Methods in
Swedish Forestry, Eighth International Management Congress,
Swedish National Committee of Scientific Man-
pp. 149-173.

Vol. 1.
Stockholm.

Stockholm.
agement., Esselte Aktiebolag.
16/ Moore, op. cit., p. 541. 'Two different methods -- (1) therbig time
values and (2) formulas using elemental time -- are used to set
William Gomberg, A Trade Union Analysis of Time
Ch. 13)
The

synthetic standards.
Study (Chicago: Science Research Associates, 1948.
characterizes them as 'microscopic! and 'macroscopic' methods.
microscopic method (therbig time values) regards all jobs as
combinations of certain basic minute human movements, much as one
might regard houses as being made up of bricks, nails, and boards,

The macroscopic method (formulas) might be likened to a prefabricated
house where whole wall, roof, floor, or cabinet units comprise the
building..." 1Ibid. p. 543. "Standards set by formulas include
appropriate allowances for personal time, fatigue, and minor essential
parts of the job and are thus complete time standardsS...'

17/ 1bid. p. 169.
18/ Barnes, op. cit., pp. 196-197.
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that, "it has long been known that physical work results in changes in
oxygen consumption, heart rate, pulmonary ventilation, body temperature,
lactic acid concentration in the blood, 17-ketosteroid excretion in the
urine, and other factors....In recent years considerable interest has

developed in the use of change in pulse rate as a measure of muscular

activity. It is much simpler to measure pulse rate than oxygen
consumption....For any job in which the physiological expenditure is

great enough to produce significant changes in heart rate, the heart
rate recovery curves will determine the physiological cost of the job and

will permit evaluation of any modification that is made in attempting to

reduce stress and fatigue.'
Numerous foresters have used time studies to develop input-

output l‘elationships.l—g-/ Diameter of trees and logs is usually an important

independent variable in determining production and cost per unit thereof.

Unit cost of production in felling, skidding and loading varies in-

versely with diameter of trees or logs up to a point where size exceeds
the design of the equipment employed. In so far as the size of load

influences unit cost, the same relationship holds for hauling because
more volume can be hauled in large logs than small logs. However, in

transportation, whether skidding or hauling, the direct relationship

between distance and cost is usually more important.

et st T S
19/ Input-output relationships are nothing more than production recipes.

Just as a food cookbook specifies quantities of inputs to achieve a

certain output, the production function or input-output relationship

gives the output results to be expected from combining exact amounts
S. L. Barraclough and E. M. Gould, Jr.,

of resources factors.

Economic Analysis of Farm Forest Operating Units, Harvard Forest
Bulletin No. 26, Petersham, Mass., in Chapter IV, titled, "Input-
Output Relationships for Forest Production,' give a condensed and
popular treatment of the subject. For additional information,
bibliographical references 25, 30, and 77 are suggested.

Several time studies in forestry resulting in input-output

relationships are cited as examples: 35, 36, 51, 73, 74, 85, 97,
126, 127, 132, 136, 147, and 164.
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Hasel, Tennas et al, and Jensen are examples™ of the formula

In this approach a formula is

or macroscopic method of time study.

determined, incorporating the more important variables influencing pro-
When the independent variables or inputs are employed

duction.
according to the assumptions for a specified time, the dependent variable

or output changes in an explicit manner. Thus, with the production

relationship established, output can be predicted by timing the inputs.
Since cost is also largely and directly correlated with time, this
important control of management can also be accurately estimated.

In addition to these advantages of the formula approach, when
the independent variables are appropriately expressed, the equation can
be manipulated to allocate logging cost to log sizes or tree sizes.
This method of approach was suggested by R. A. Fisher, the eminent

English statician, and reported by Bessie B. Dayﬂ/ in 1937. Hase122/

20/ A. A. Hasel, Logging Cost as Related to Tree Size and Intensity of
cutting in Ponderosa Pine, Journal of Forestry 44:552-60. August,
1946. M. E. Tennas, R. H. Ruth, and C. M. Berntsen, An Analysis of
Production and Costs in High-Lead Yarding, USDA, Pacific Northwest
Forest and Range Experiment Station, Portland, Oregon. Research
Paper No. 11. 1955.

Victor S. Jensen, Cost of Producing Pulpwood on Farm Woodlands of
the Upper Connecticut River Valley, USDA. Northeastern Forest

Experiment Station, Upper Darby, Pa. Occasional Paper No. 9.

April 5, 1940.

Bessie B. Day, A Suggested Method for Allocating Logging Costs to

Log Sizes, Journal of Forestry 35:69-71. January, 1937. p. 69.

""One of the most difficult problems involved in logging cost

studies is the apportioning of costs to logs of varying sizes. The

assumption that each log should bear a cost in direct proportion to
its size has in the past been adopted by some investigators. This
infers a straight line relationship between cost and log size.
interested in this problem have believed this assumption to be
fallacious and so have endeavored to find what the true relation of

N>
=
=

logging costs to log size is.'

22/ Hasel, op. cit.

Others
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used this technique to develop cost prediction equations for the felling

and bucking, skidding, and loading operatinns in ponderosa pine on the
Blacks Mountain Experimental Forest in California. He was able to

obtain his results at a fraction of the cost of the usual time study
partly because the trees were measured, numbered and mapped in advance of

logging, which greatly facilitated the data collection. Unfortunately,

this technique for collecting information had to be modified in this

study for lodgepole pine stands and practices. Nevertheless, a point of

great interest to forest economists is that by Hasel's technique the

cost for the different logging processes could be logically allocated to

standing individual trees. This holds great promise in marginal tree
determination and other forest appraisals where it is important to relate

the effect of log or tree size upon cost of production.

23
Some Cost Concepts™
Fundamentally, anything which is an obstacle or a resistance to

production is a real or economic cost. Money costs, out-of-pocket costs,
or cash outlays are self-explanatory, being cash expenditures which have

to be made in order to maintain production. Economic costs include
costs that do not require any cash outlay, for example: the cost of a

tractor purchased on credit or the risk in accepting a logging contract.
In operating a business many costs accrue or are experienced without there

being a cash outlay. Daily depreciation on a truck occurs whether it is
in use or not and in either case no cash outlay is made, but it can be

e T
23/ For a thorough treatment of cost see, J. M. Clark, Studies in the
Economics of Overhead Costs (Chicago: University of Chicago Press, i

1923).



2,908



37

Similarly, an owner-operator does not pay

expressed in money terms.
himself a wage, yet his services are certainly a real cost of production.

clark-zi/ points out that different analysts use costs for

different purposes which accounts for the numerous cost terms and con-

cepts employed. Accountants, for example, have an arbitrary classifica-

tion of cost items into fixed and variable categories, whereas; economists
25/ .

== Fixed costs for economists

have no rigid classification in this regard.

24/ 1bid., p. 35.
25/ G. R. Gregory, Costs of Harvesting or Processing Timber. Research in
the Economics of Forestry. W. A. Duerr and H. J. Vaux, editors.
pp. 300-301 (Baltimore: Waverly Press, 1953). ''There are two general
approaches to the cost problem: the accountant's and the economist's.
The basic tool of analysis for either is cost classification.
approaches require the separation of costs into two broad classes:

fixed, often called overhead or indirect costs, and variable, or
But the basis by which the accountant makes this class-

direct costs.
ification is different from that used by the economist.
""The cost accountant, interested in measuring costs, has built up

Both

a system of cost classification based on convention, judgment, and
Thus costs

ease of measurement, by which each cost can be classified.
such as taxes, rent, electricity and other utilities, payments to
administrative and sales personnel, and many other items are class-
ified as fixed, while payments for hourly wages, materials, etc. are
termed variable costs. It is recognized that the cost accountant
does not classify costs in quite the simple and arbitrary manner
indicated here, that other classes of costs are reoognized, and that
the classification is modified to fit the needs of the particular
However, for clarity in the argument to be presented,

situation.
these details, though admittedly significant in the majority of cases,

are omitted.
"The accountant's approach leads directly to the study of unit
Since cost-accounting activities are typically confined to the

costs.

measurement of total costs, or convenient subdivisions of them, these
unit costs are usually presented on a total basis -- a combination

of both fixed and variable costs.
""The economist approaches the problem of costs through the
determination of marginal, rather than unit, costs. Like the

accountant, the economist separates costs into fixed and variable
But when dealing with a specific study, the investigator

categories.
of marginal costs must ask, Will this cost change under the impact
of the decision to be made or the alteration proposed?
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are those costs for the decision in question that do not vary with out-

Variable costs in economic theory are those costs for the decision

put.
The difficulty of applying this

in question that do vary with output.
Other

cost concept of the economist has been mentioned on page 23 .
cost terms such as direct and indirect costs, prime and supplementary

costs, particular costs, past costs, sunk costs, and overhead costs need

not be elaborated here.
Average cost of production or cost of production per unit of

output is a concept of general utility and of particular importance in
/

this paper. Gregory ~ states that, '"Unit costs are the sum of those
costs entailed in the production of some unit of product or group of

The product unit may be a thousand board feet, a cubic foot,

products.
Unit costs may be stated in monetary or other

or any other logical unit.,
quantitative terms such as man-hours, machine-hours or a combination of

If it will not change, it is a fixed cost and thus is not germane to
the problem. If it will change, it is a variable cost, and the :
determination of the amount of change is a principal objective of A
the economist's study.

"No analysis of cost data can be made, or secondary data
interpreted, without clear recognition of these differences in con-
cept. The principal distinction between the two approaches is the
classification and treatment of fixed costs. Unlike the accountant
who has devised rules and conventions to separate fixed costs from
variable, the economist can make no general cost classification.

His classification will vary with almost every study he undertakes.

To the economist there are few costs that can invariably be

classified as fixed, and the number of costs so classified will

decrease as the time period is extended. In the long run there can

be no such thing as a fixed cost.' Ly
|

26/ G. R. Gregory, op. cit., p. 298.







these. The unit-cost concept is a general one and can be applied to any
specific process or combination of processes.” The aim in this project
is to determine volume of production per time period for each logging
process together with an applicable machine-crew cost for the same time
period., A simple division of total cost over total volume results in the
average or unit cost of production.
The opportunity cost or alternative cost concept is a powerful
tool in certain situations where goods and services are not evaluated
in the market. The opportunity cost of a factor of production is the
profit foregone to that factor in its next best alternative use.'l
For example, if a tractor owner has the choice between employing his
machine in road construction for a net profit of $6 an hour or in skidding
logs for a net profit of $5 an hour, he would normally choose to make
roads and the $5 skidding profit foregone is the opportunity cost of the
tractor when used for road construction. The same result could be
reached, using total cost and returns in appraising the two jobs.
Economists make the distinction, that if the cost will be changed
by the decision to be made, it is classed as a variable cost. Therefore,
it is well to note that opportunity costs are ante-decision concepts, in-
fluenced by the decision and for that reason are variable costs. In the

—

27/ Jacob Viner, Cost, Encyclopaedia of the Social Sciences (New York:
MacMillan, 1931), p. 468. "The opportunity cost doctrine, first
given that name by David I. Green ('Pain-cost and Opportunity-Cost'
in Quarterly Journal of Economics, vol. viii 1893-94, p. 218-299)
and developed with some elaboration by Davenport (Value and

Distribution, Chicago 1908, ch. vii), is essentially a variant of the
Austrian theoi‘y of cost....'"
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example above, whether the opportunity cost will be $5 or $6 depends on
the decision whether he builds roads or logs timber. This accounts for
the absurdity that arises when the opportunity cost of every factor of

production having an alternative use is used in computing cost of pro-

duction. With this approach all costs are variable costs, since those

factors having no alternative use have zero opportunity cost.

A firm is said to produce joint products and encounter joint
costs when as a result of a single process two or more products are made.
Where the joint products are independent multiple products and separate
costs and returns are determinable there is no problem in cost allocation.
Where the joint products are produced in fixed proportions, like so many
tons of sawdust to a certain volume of lumber produced in a sawmill, the

output can be regarded as a single complex product or package of sawdust

and lumber and the joint cost problem avoided. However, where the joint

products are produced in varying proportions as when pulpwood, sawlogs

and veneer bolts are produced by a logging firm, the task of determining

the cost of producing each is problematical.

A cost distinction may be made upon the basis of who pays the
cost. Entrepreneurial costs are those items which the business manager
Social costs are those

28/

which can be shifted to someone other than the owner of the business.—

recognizes as having an influence on his profits.

When a logger tears down a rancher's fence or exceeds the weight limit
in log hauling and '"gets away with it'" social costs have been incurred,
Social costs are excluded by definition from economic analysis at the

level of the firm.
N TP e

Harvard University Press, 1950).
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Marginal Land, Operators, and Units

One use of the results of this paper is to provide a guide
in identifying marginal lodgepole pine trees and logs. This concept
employs the general and powerful economic tool of marginal analysis.
Marginal analysis in production economics or marginal productivity theory
was briefly discussed on page 18. In order to present a broader picture
of the marginal concept, a brief discussion of marginal land, operators
and units is presented prior to a treatment of marginal logs, trees and

stands.

Webster's dictionary‘z—g‘/ defines a margin as, "l. A border;
edge. 2. A condition approximately marking a limit; limit. ..."
Such a definition causes some difficulty because it over-simplifies the
issued as some fixed, physical periphery. The idea is important to
foresters because there is a quite widespread, vague belief that there
is some line or boundary that separates agricultural land from forest
land, good forest land from poor forest land and merchantable trees from
non-merchantable trees within a forest. The line or margin depends
altogether upon the criteria established by definition. {
Physical margins are easiest to conceive. Going up a
mountain, timberline is one such physical margin. Somewhere lower down
a physical margin to field cultivation exists, due to such physical
characteristics as rockiness or slope. Cost is not a criterion in
physical margins, hence the concept is not precise, because trees or crops

AN ey |

Q/ Webster's New Collegiate Dictionary (Springfield, Massachusetts:
G. & Co Merriam Co., 1953), p. 513. |






could be grown on Mount Everest if cost was disregarded. Blackl)-/ points

out that all lands produce something counting jackrabbits, mice, any
vegetation whatsoever, polar ice, rain or simply space -- scenic or
otherwise. Hence in a sense there is no marginal or submarginal land.
However, we are usually not so generous in our assumptions as to count
production of anything at all as excluding land from being sub-marginal.
Therefore, we cannot intelligently speak of marginal land (or anything
else) unless we specify that which is our basis of classification, i.e.,
that with respect to which it is marginal.

In the physical margin concept the key point is a techmical
restriction or barrier. In the economic margin consideration, the key
point is profitable operation. A number of factors influence profitability
and therefore the economic margin on land: (1) The grade of land or
its productivity, (2) Capacity of operator, (3) Acceptable standard of
living of the operator, (4) Size of the land unit, (5) Price of the
products, (6) Cost of production, and others. Therefore, there may be
economic margins on land with respect to any of these factors influencing
profitability. To speak precisely of an economic margin the factor with
respect to which the land is marginal, as well as the level at which the
other factors are assumed to be held constant must be specified.

Item (4) above implies the extensive margin of the unit.
Blackﬂl explains that the intensive and extensive economic margins of

cultivation are not two different margins, but two ways of looking at the

—_—

30/ John D. Black, Notes on "Poor Land and "Submarginal Land", Journal
of Farm Economics, 27:345-374, Map, 1945, p. 361.

31/ Black, op._cit., p. 362.
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same margin. To illustrate these two margins simultaneously, imagine an
early homesteader settling on the great plains. Even with free land
his extensive margin is set by what he and his family can operate profit-
ably. Furthermore, even with equal and uniform fertility, the settlers
would not logically farm each acre with equal intensity. Near the house,
for example, the land is more conveniently located and the housewife might
farm a small patch of ground quite intensively and profitably with garden
crops. Outlying land might receive only token management, being left in
pasture for greatest profitability. Thus, there are intensive and
extensive margins on the unit, which in this case is a farm, but it could
just as well be a forest. The two margins might be visualized in three
dimensions. The extent of the area is bounded by the extensive margin,
while the depth or intensity of application of labor and other inputs is
set by the intensive margin. They are views of the same margin in the
same sense that any side of a cube is called a side or margin.

Peterson and Galbraithgl/ define three possible levels for

economic margins. The Absolute Economic Margin with respect to grade

of land would be identified if an operator was chosen with the highest
productive capacity, of a nature to accept the lowest standard of
living possible, put on a land unit of the most efficient size, then the
lowest grade of land that he could cultivate profitably at prevailing
Prices would be the absolute economic margin.

The Average Economic Margin would attempt to reach a '"mean sea

level concept. Operators of average capacity, on average-size units,

—_—

32/ G. M. Peterson and J. K. Galbraith, The Concept of Marginal Land,
Journal of Farm Economics, 14:295-310, April, 1932,
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willing to accept an average standard of living would be applied to grades
of land and the lowest grade that could be cultivated profitably at pre-
vailing prices would be termed the average economic margin with respect
to grade of land. However, Peterson and Galbraith state that there is a
tendency for poor operators to be associated with poor soil which
distorts the average concept and even if one could work with averages one
would not want to.

The two authors settle on a General or Representative Economic
Margin for Practical application, since the absolute economic margin is
too hypothetical. The General or Representative Economic Margin with
respect to grade of land is that particular grade which, with an operator
representative of the capacity of operators generally associated with
about that grade of land, on a representative size unit, willing to
accept the lowest standard of living representative for that group,

could cultivate profitably at prevailing prices.

Marginal Logs, Trees and Stands

Similar distinctions regarding the economic marginal log,
tree or stand could be made; however, in the remainder of this paper it
is assumed that the term marginal refers to the general or representative
economic margin concept, except where it is identified regarding a
specific firm.

Trees standing on the margin of a mountain meadow or other
ecological distinction represent a physical concept. However, all
forests can be reached physically, so there are only economically inac-
cessible forests from a resource standpoint. This explains the elastic

nature of timber resource statistics and utilization standards. It
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also explains why there will never be a timber famine, but possibly ex-
orbitant prices for forest products. Likewise, it also accounts for the
change in marginal logs, trees and stands as the price of these commodities
vary.

A marginal product is one which when sold, just meets its
cost of production. This applies to logs, trees, stands or any other
product. Products yielding a profit are termed supra-marginal. Those
yielding a loss are called sub-marginal. Thus, zero profit is the key
to the economic margin; profit being the difference between total revenue
and total cost for each additional unit of product.

For example, speaking of trees but the concept applies also
to logs or stands, if all the trees in a stand were of identical species,

volume, and quality with the only difference between them due to

location, then one could think of the marginal trees as defining a sort

of economic periphery of profitableness. If the trees were to be |
taken out through a tunnel on level ground, the periphery would be

circular. Topography would alter the shape in so far as it altered |
transportation and other costs, Notice the implication here that the |

marginal tree is being defined with respect to transportation cost alone;

all other factors are presumed to be held constant. Because in actuality
the other factors are not constant, marginal trees are scattered all over
an area, Some are marginal economically because of quality, some for
reasons of volume, some because of species and some for other or a com-

bination of these reasons. The problem is how to identify the economic

marginal tree, log, or stand. 1
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In figuring the profit in a log, tree or stand, the revenue
side presents no problem. Between stands, over a single stand of trees
or among logs in felled trees, the price per thousand board feet in
graded lumber is standardized. Price times volume by lumber grade gives
total revenue. However, the task of assigning the proper cost of
logging and milling to each log, tree, or stand is not so easy.

The problem is one of marginal costs. As the logger proceeds
from log to log in a felled tree, from tree to tree in a stand or between
stands he wants to stop in each case where the additional revenue to be
derived just equals the additional cost, i.e., where marginal revenue
equals marginal cost. It has been established in economic theory that
profit will be greatest when output is pressed to this point of expansion.
The point of zero profit that identifies the margin can be determined by
computing total cost and total revenue for each log, tree or stand, but
this is cumbersome. It is sufficient to know only the costs that will
be changed by the decision to take the additional log, tree or stand.
These are particular or variable costs, attributed entirely to the
decision in question. As mentioned above, the particular revenue
Presents no problem of determinatiom.

Using the schema of the science of economics in trying to {
make profit larger before the job is undertaken, there must be a choice
between _alternat:i.ves..s-:’-/ In the case at hand the choice is to take or

—

33/ Henry J. Vaux, Content of Forest Economics, Research in the Economics
of Forestry, W. A. Duerr and H. J. Vaux, editors (Baltimore: Waverly
Press, 1953), p. 15. 'Economics is concerned with problems of
allocating productive resources among the several alternatives which
may be available, so as to maximize the net monetary and other returns
obtained from them.'"







leave a log, tree or stand. The word 'before', underlined above, accents
the importance of chronology in determining whether or not a cost is
variable and hence to be included in marginal costs. After a decision has
been made all costs are committed, becoming historical or fixed. A time-
flow chart will indicate the time of commitment of various costs and

34/
their conversion from variable to fixed costs at the moment of decision.™

TIME FLOW CHART FOR INDICATING VARIABLE COSTS

Cost 1949 entering 1955 1955 1955
category business margin Stand margin Tree margin Log margin
Stumpage Variable Fixed Fixed Fixed
Main road Variable Fixed Fixed Fixed
Spur road Variable Variable Fixed Fixed
Falling Variable Variable Variable Fixed
Skidding Variable Variable Variable Variable
Hauling Variable Variable Variable Variable

In the above chart it is apparent that in deciding whether to enter the
logging business in 1949 all costs and revenues were relevant in determining
profitability. Whereas, after entering the business, in 1955 with a tree
down and deciding on taking logs from it, only the influence of each
additional log upon revenue and cost of skidding and hauling is pertinent
to the decision.

Prior to investing in stumpage in 1949 the investor
presumably held liquid funds and debated the advisability of investing in

stumpage and the lumber business or of placing his funds elsewhere. To

34/ For the time-flow chart and elaboration of the concept presented in

the article by Donald Bruce, op. cit., the author gratefully acknowledges

the classroom lectures by Dean H. J. Vaux, School of Forestry,
University of California, Berkeley, California.
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such an investor with no commitments made, all costs are variable costs

and relevant to the decision. However, once the decision is made to

purchase the stumpage, it becomes a fixed cost, and the next decision
becomes a choice between stands to log. The only costs relevant to this
decision are the future or variable costs involved, for past, historical
or fixed costs are no costs, i.e., irrelevant. Thus, at the stand margin
stumpage cost is fixed and irrelevant to the decision, but all other costs
from access roads on down are variable, will change or influence the
decision and so must be included in a careful appraisal of which stands
to log.

Once a stand has been chosen, the cost of access roads,
log and skid trails join stumpage cost as being committed and fixed. It
does not matter now whether one or a thousand trees are taken out; the
logger must look elsewhere to determine his tree margin. He looks to
those costs that will be influenced or will vary with each additional
tree cut, and considering all costs below and including falling, he reaches
the marginal tree when these costs equal the revenue contained in the
tree in question.

Falling cost does not enter the determination of the
marginal log for the tree is already down and falling cost is historical
and fixed. Again, only the variable costs of bucking, skidding, loading
and hauling will be influenced by taking an additional log, so these
costs for the log in question should be considered and the marginal
log in a tree is the one where the returns by taking it just equal the

particular cost of logging it.

48 |
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The opportunity cost concept was presented on page 39 and it
will be found that these costs must be included also in marginal cost
analysis. To illustrate the principle, using the same tractor example
previously given, imagine the tractor owned by a road contractor but
available to the logger on a rental basis. Assuming a cost of $20
for operation, depreciation and maintenance, plus the $6 per hour net
profit in road comstruction, the total rental charge would be $26 per
hour. In this situation when the logger is appraising the marginal
costs of each additional log prior to bucking, he must consider the rental
cost of the tractor to skid that log. Thus, tractor rental for skidding
is certainly a variable cost to be included in marginal skidding costs.

Now assume the logger owns his own tractor and in theory
rents it from himself to skid his logs. How much should he charge per
hour for rental? Obviously, the total charge is the market rate of $26
per hour. However, in intra-company accounting procedures, profit is

not computed for each piece of equipment, but only computed on an over-all

or pany basis. Furth , profit is computed residually and it

would distort the picture if it were included in marginal costs. For |
the marginal log is one that neither adds to or detracts from profit,

but is identified where marginal returns equals marginal costs. i
Therefore, neither the $6 net profit foregone in the alternative of road

construction, nor the $5 net profit to be earned in skidding logs is

included in marginal costs. The $5 net profit eventually arises from

the differential between costs and returns in supra-marginal logs. Cost {
of operation and maintenance, included in the remaining $20 are classed

as variable costs by the logger and are already included in marginal \






costs. Depreciation is all that remains and because it is usually re-
garded as a fixed charge, it may seem peculiar that it should also be
It is well to recall at this point that the logger was
only able to rent the tractor because the machine had an alternative
use. When there is no alternative use for an asset such as a road
system or a sawmill, the opportunity cost is zero and the depreciation
on such assets should not be included in marginal costs. Brucegs—/ mentions
this peculiarity in regard to a sawmill, indicating that a mill that is
liquidating can press utilization further to the marginal log than a mill
on a sustained operation basis. As the liquidating mill theoretically
takes successively smaller dizmeter classes of logs, those of lower quality,
further in skidding and hauling distance, etc. the alternative uses of
the mill become exhausted and ever lower opportunity costs are incurred
that must be included in marginal costs. Finally, with zero opportunity
cost to charge against the marginal log for the mill, every log will be
taken whose particular returns will cover the particular costs of deliver-
ing that log to the mill deck. Whereas, with a mill operating on a
sustained-yield forest, the utilization of small logs, low quality logs,
logs at greater distances, etc. must include the opportunity cost for
the mill and all other equipment when employed on the alternatives
offered by larger logs, better quality logs, logs closer to the mill, etc,
Because of these additional opportunity costs included in marginal costs,
the marginal log for the sustained-yield mill will be larger, of higher

quality, closer to the mill, etc.

—

35/ Bruce, op. cit., p. 43.
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Depreciation

It has been pointed out above that to be theoretically
correct in appraising logs, trees, and stands at the margin, all variable
costs must be included in marginal costs as well as the charge for
depreciation on those assets having an alternative use. A brief discussion
of deprecation and the related topic of maintenance follows.

One definition of depreciation refers to Ehe actual loss
in value of physical property due to use, supersession, or obsolescence
which cannot be off-set by current repairs.gé/ The extent of this
process can only be appraised by competent valuation engineers. Appreci-
ation, the opposite of deprecation, occurs in some cases such as the
maturing of wines and other liquors through time and the improvement of
the tonal qualities of some violins with age. Depreciation of capital
assets may be classified by causal distinctions, although in practice
such distinctions cannot always be made. One such arbitrary classifica-

tion follows:

I - Physical depreciation or deterioration
A. Wear and tear from operation

1. Period of use
Presumably, the longer the use, the greater the wear
and tear., This is the reason for looking at the odometer on
a car in a used car lot -- one registering 27,000 miles is
better than one registering 72,000 miles, other factors being
equal.

—_—
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Anson Marston, Robley Winfrey, Jean C. Hempstead, Engineering Valuation
and Depreciation (New York: McGraw-Hill, 1953), p. 175. 'Depreciation
is a word well known to all businessmen, men of many other walks of
life, and to the accountant, lawyer, and engineer. Yet in spite of its
widespread usage the word depreciation is often applied loosely and in
several meanings....Currently, the word depreciation is used in three
distinct meanings....(l) decrease in value, (2) a cost of operation, and
(3) physical condition...'' Eugene L. Grant, Depreciation (New York:
Ronald Press, 1955) devotes a chapter (Ch. 2) to the various meanings
of depreciation.







2. Rate of use
Presumably, the faster the use, the greater the wear
and tear. This is what the used car dealer is accenting when
he mentions that the former owner was a careful driver and
not a speed demon.

Decrepitude or deterioration due solely to time

Cars setting on blocks in garages deteriorate without use,
Tires, upholstery, and wiring rots. Bodies and engines rust;
batteries become useless, Similarly, other equipment, bridges
and buildings deteriorate without any traffic or use. This is
due to the action of the elements through time, including freezing
and thawing, decay organisms and chemical reactions.

Contingent depreciation

1. Accidents
These include explosions, collisions, falls, failure of
buildings, or other structures, or the breaking of machinery
by extraneous agencies.

2. Disasters
Included are fires, storms, floods, earthquakes, etc.

3. Organic causes
Such as pollution of water, growths in water mains,
parasites and disease in work animals, etc.

II - Functional depreciation

A.

Inadequacy

This is a functional inefficiency due to the unsatisfactory
capacity of the unit for the job. This is the case when D6
tractors are being retired and greater economy gained by replac-
ing them with D8 machines or vice versa, due to the change in
requirement demanded of the equipment.

Obsolescence |
This is a functional depreciation due to technological

improvements such as the invention or development of later,

improved models. Obsolete is the extreme extent of obsolescence.

1. Supercession
Supercession may be considered a type of obsolescence
where the same service can be rendered with greater ef-
ficiency by quite different kinds of structures or equipment.
When tractors superceded horses or trucks superceded rail- |
roads in logging are examples of this category.






2. Change in consumer demand

All goods and services are produced for ultimate con-
sumption. Consumers may change their tastes without apparent
reason or warning, necessitating a revaluation or depreciation
of both inventories and productive assets. The fading of the
miniature golf craze is one example. The possible shift in
public taste for houses made with lumber has many implications
for the lumber industry. Obviously, taste changes can occur
in either direction, causing depreciation of assets in one
case and appreciation of assets in the other,

It is important to recognize that in estimating the life of
industrial units that they may require replacement long before they are
physically worn out. The hobby of antique cars kept in excellent
running condition is evidence that machines can be rebuilt and repaired
to serve an almost endless life, Furthermore, the rebuilt machine,
incorporating later innovations and development, may be better than the
original machine when new. Some logging companies rebuild their tractors
each winter, maintaining that they are kept as good as new. In effect,
care and maintenance can off-set physical depreciation, the question
is when does such effort become uneconomical and it would pay to obtain
2 new machine, The solution is clean-cut in theoretical economics, but
again the practical application of the theory is problematical. The key
is profit and the technique is marginal analysis.

Bradford and Johnsonﬂ/ state that, "The fundamental economic
Principle with respect to the profitable use of machines is the same as
that with respect to other production factors. One must equate the marginal
€0st of using a machine with its marginal value product. Marginal re-
turns include labor saved, value of marginal physical product, timeliness,
e A

31/ Lawrence a. Bradford and Glen L. Johnson, Farm Management Analysis
(New York: John Wiley, 1953), p. 302.






and increased quality of product." Pure production economics is not very
helpful, practically, in this problem because the optimum maintenance and
replacement plan on equipment and structures is built into the production
function and it is assumed as given in pure economic theory. With this
and other assumptions, the expansion line represents the least cost
expansion route. However, the maintenance-replacement policy to maximize

profits can be indicated in the following equality as presented previously

on page 19 .
R e _ P
Yoy * g T wee, Uttt T weR,
X1 X2 Xy
where: MCy = Marginal cost with respect to output
MPP = Marginal physical productivity
xl.,n = Various pieces of equipment, structures and other
input factors
Pl..n = Price of various input factors, which for prices of

equipment and structures, includes maintenance and
charge for depreciation, The assumption in the
production function is that the optimum maintenance
and replacement policy exists,
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Larsonﬁl proposes a method to identify the point in time to

replace a piece of equipment. His somewhat modified diagram is presented
below:

Point in Time to Replace Machineég/

Cost MmMC
ber AMC

year MMC = marginal machine cost
per unit of output
N, with respect to time.

N\ AMC = average machine cost
per unit of output
to-date.
Time
38/ George H. Larson, Methods for Evaluating Important Factors Affecting
Selection and Total Operating Costs of Farm Machinery (Unpublished
Ph.D. dissertation, Michigan State University, East Lansing, Michigan,
1955). He also gives on p. 80 the following summary of some methods
which have been advocated and used for making repleement determinations
in industry:
(a) Replace every X years or Y hours. This method has the disadvantage
that the costs involved in operating the machine are not solely a
function of age or total hours of use, since operating conditions,
skill of operator and kind of maintenance will influence the operat=-
ing costs. It also ignores the price and productivity of the new
machine.
(b) Replace when the machine is fully depreciated. The disadvantage of
this method is that the rate of depreciation used may not be the true
value and does not take into consideration the increased maintenance
cost due to excessive use and poor maintenance.
(c) Replace when the maintenance cost of old machine exceeds the depreci-
ation charge of the new machine. This method is based on the fact
that direct operating costs such as fuel, lubricants, and other in-
cidentals will be the same for the new machine and the old machine. |
This may not be true for a particular machine. It also assumes that
the rate of depreciation is the same for the new machine as for the {
old machine, which may not be true. |
(d) Replace when the unit cost of the old machine is lowest. The chief {
disadvantage of this method according to Dean (Dean, J. 1948. How to {
Determine When a Motor Vehicle Should Be Replaced. SAE Quarterly
Transactions, 2:518-531) is that the point at which decline of de-
preciation cost is just canceled off by the rise of maintenance and
other costs, has no economic significance except when compared with an
alternative course such as average life cost of new machine.
(e) Replace when the machine is ''worn out’ beyond repair, This method does
not appear to have any reasonable justification since with modern methods ;
|

il
|
I
t

of maintenance a machine can be made to run almost indefinitely by mrely
replacing or rebuilding worn parts,
(f) Replace when expected machine costs (capital and operating) during the

next year are higher than average annual costs <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>