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In £¢37 the lumber industry still ranked third
among manufacturing industries as an emplover of laber
despite the fact that for three decades production and
employment in this industry had been declining. The
report transmitted herewith discusses technology, Te-
source conditions, and labor productivity within this
saetting of generally declining employment copportunity.

Substitute products have taken over a great many

-of the functions of lumber in the construction and

maonufacturing industries. In the country as a whole,

per-capita as well as total consumption has declinsd;

rapidly declining production — 417 percent between 490¢

and 41929 - was the principal cause of declining em—
ployment in the industry.

The ecconomic dislocation which attended the de-
cline of production has been intensified in particular
regions by the depletion cf the timber rescurces. The
traditional clear-cutting policy resulted in the mi~-
gration of the industry to fresh sources of supply,
leaving abandoned cut-over areas in its woke. In the
period of agricultural expanaion the population of
these areas frequently made a successful tronsition to
agriculture; studies of our Division of Reaearch have
shown that in recent years such areas hava become, for
want of alternative employment opportunity, centers of
particularly aggravated relief problems.

Timber depletion has taken its toll of lumber
and related forest industries, particularly in the
Hortheastern, lLake, and Ceniral States. Although the
sputhern lumber regions as a whole are not now sim—
ilarly threctened, particular localities have been



struck by the passing of the lumber industry. The
United States Forest Bervice found that in 1934 there
were over 418 thousand workers employed in socuthern
logging and sawmilling operations of large mills whose
owners expected to exhaust their local timber supplies
by 1944. The expecited increass in the number of small
and medium-size mills is not likely to enhance the em-—
ployment security of workers atiached to such millsg
because of the prospesctive depletion of the timber
supply within the working orea of the mills. Although
in the Pacific Ccast Btates fewer localities are sub-—
ject to the same imminent dangers, the potential eco-
nomic dislocation due to timber depletion is much
greater becauss of the stroategic pesition occupied by
the foreat industries in the economy of the Northwest.

Certain of the types of logging equipment now
available hold a promise that in the future the indus-
try will be able to operate economically on a *crop-—
ping" instead of the traditional ®*mining" basis. Such
agencies as the Forest 8ervice of the United States
Department of Agriculture and similar State-supported
agencies are carrying on the major share of the work
that is being done on reforestation, fire protection,
and research in methods of forest maonagement, use of
forest products, and even logging and milling tech-
niques. Sustained-yield logging, strongly advocated
by these governmental forest agencies, combined with
other features of progressive forest management, not
only would assure for the future a comntinuous sup-
ply of high-grade lumber at Teasonable prices but
also would be an important factor in preserving the
level of and stabilizing the location of employment
opportunity.

Respect fully yvours,
f . 7 &C\—'(
MV “—

Corrington Gill
Assistant Commissioner
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PREFACE

Prior to 1830 mechanization in the lumber industry was directed pri-
‘marily toward securing building materials with the least possible effort
from the zbundapt timber stands that were found almost everywhere more or
less at hand. During the last half of the nineteeath cemtury the Nation
entered a period of rapid expamsion; the nature of new developments and
production technigues was dictated by the growth in demand for lumber and
the consequent gressure 1o cut-cut as rapidly as possible and to ligui-
date large forest holdings in order to be able to acquire other promising
boldings. In recent years, with the demand for lumber decliming and with
the last great forest region the scene of the most active production, the
objective of techmological change hes been shifted from high ocutput and
complete liguidation to the lowering of production costs in order to
maintain competitive position.

In extractive industries technology is faced with contisually increas-
ing physical difficulties if operations are continmued at one location,
These difficulties must be overcome if the productivity of labor is to
be maintained or increased. To the extent that the lumber imdustiry has
employed extractive techaiques, it has faced dbstacles to increased pro-
ductivity analogous to those encountered by the mining industries., By
and large the lumber industry has "mined” the timber ip its path and has
migrated to fresh sources of supply whem the timber supply has been de-
pleted. Production techniques have had to be altered in the course of
the migration of the industry as well as in the course of operations
within each region. The methods used were im each case conditioned by
the characteristics of the resource, There are, therefore, profound re-
gional differences in technology corresponding to regional differeamces in
the characteristics of the timber stand and in the stage of development
of the individual regioms.

There have been two principal modes of adjustment to timber depletion.
One method isvolved improvements in technigue and machivery im order to
accamplish the logging and milling of timber from less desirable stands
with the same or a reduced expenditure of labor per umit of output. The
other involved the shift of an increasing proportion of productiosn to
smaller mills operating closer to the timber stand, employing simpler and
less extended production processes, aad producing, in general, a some-
what cruder product. That is, the steady improvement in the machines and
techniques available for use has not been accompanied by a comsistent
increase in the extent of their use,

xvii
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The most striking technological development since 1920 has been the
adaptation of tractors, trucks, amd light cable yarders for logging oper-
ations, The use of this equipment has emabled the industry to undertake
the logging of scattered stands which could not be profitably cut with
the heavy steam cable yarders and forest railroads that had hitherto con~
stituted the principal tools of mechanized logging. Within the sawmills
cost reductions have been achieved through the more extensive use of
mechanical handling equipment, through refinements in sawmill and planing-
mill machinery which contributed to increased speed of gperation, and
through the shift to electiric power which contributed to autcmatization
of processes, increased speed of operation, and reduced power-generation
and maintenance personnel. This mode of adjustment to less favorable
stands of sparse or less accessible tisber was characteristic primarily
of the Pacific Coast region, and there the unit labor requirements of
large operations appear to have declined throughout the period 1g20-3%.

The shift toward smaller mills, on the other hand, appears to have beem
typical of the scuthern lumber regions, and there such changes in tech—
nology as have been made barely served to offset the increasing natural
difficulties. The small mill is able to ogperate closer to the timber and
can draw on stands of smaller volume than are required for the successful
operation of large, statiomary mills. To do so, however, the small mill
must move Ireguently; it attains the requisite mobility by sacrificing
much of the labor-saving machinery of the large, statiomary mills. The
rise in the number of small sawmills represents, however, only.a tempo-
rary adjustment to increased difficulties and, in any long view, must be
regarded as a symptom rather than as a solution of the problems created
by timber depletion.

" Through technical advances and shifts of production to smaller mills
the lumber industry has succeeded in maintaining production in the face
of timber depletion. The lumber industry, however, bears the sacial re-
sponsibilities associated with operation on an exhapstible national re-
source; these responsibilities are mot fully met so long as the imdustry's
operation continves to be accompanied by a decline in the guality and
availability of tirber resources., The state of the forest resource has
far-reaching implications for many phases of national life - in its re-
laticoship to otker forest industries, soil erosion, flood control, and
scenic and recreaticmal values. themre, although the industry as a
whole has been able to adjust itself to declining timber rescurces, the
workers and the comminities that grew up arcund the camps and mills have
not always been so successful. The migration of the industiry has been
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accompatied by the disruption of employment opportunities and the eco-
pomic life of communities partly or wholly dependent upon the industry.

The most important factor affecting the level of employment opportu—
nities during the past three decades has been the decline in the demand
for lumber. This has been principally determined by factors beyond the
industry's comtrol. However, it should be noted that if there is 1o be
ar improvement in the position of lumber in its competition with other
materials, the maintenance of high—quality timber resources is of para-
mount importance.

The problems of conservation of the forest resources differ funda-
mentally from those associated with the mimeral resources. While some
measure of depletion is an inevitable counterpart of the use of mineral
resources, the forest cam actually be made to yield au increasing raw-
material return by the employment of appropriate forest-management tech-
niques. The nature of recent technological developments iz logging
methods has been such as to encourage sustained-yield logging which, if
widely adopted, would assure a basis for continued and stable operation
in the industry. The effect of technical developments on future employ-
menl opportunities in the industry may well depend more om how the equip-
ment is employed thaa on what particular eguipment is developed and at
what rate it is introduced.

The report was prepared by Alfred J. Van Tassel with the assistance of
David ¥. Bluestone. It is one of the series of "Studies in Equipment
Changes and Industrial Techniques” supervised by George Perazich. The
manuscript was edited and prepared for publication under the direction of
Edmund J. Stone.

Many of the data used in the report were derived from field surveys
conducted by the National Research Project inm cooperation with the Na-
ticnal Bureau of Economic Research. A sample of lumber mills was covered
in a cooperative study undertaken in 1936 as one in a series of "Studies
of Productivity and Employment in Selected Industiries" under the super—
vision of Harry Jerome and William A. Neiswanger. Tabulations developed
for that study, which was comducted by Milton Gilbert, have been used ex-
tensively in this report, and many of the basic data are published in ap-
pendix A. Data on sales of various types of machinery and equipment to
the lumber industry were also cbtained in a field survey conducted in co-
aperation with the National Bureau of Economic Researck. Harry Jerome
participated in the plamning of this survey of machinery menufacturers,
and J. Van Horn Whipple organized the field work and supervised the edit-
ing of the materials collected.
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The National Research Project is particularly indebted to the Forest
Service of the United States Depariment of Agriculture, which cooperated
in this study by furnishing statistical data and preparing special anmaly-
ses. The Project is also indebted to the following individuals who re-
viewed the manuscript or furnished valuable suggestions or data: Axel
J. F. Brandstrom, I. F. Eldredge, Herman M. Johsson, Burt P. Kirklasd,
R. E. Marsh, Raymond Miller, Richard ¥W. Nelscm, C. V. Sweet, C. J. Tel-
ford, George W. Trayer, and R, K, Winters, all of the Forest Service;
Nelson C. Brown, professor, New York State College of Forestry at Syracuse
University; and A. F. Hall, manager of the Milling Machinery Department
of the Allis-Chalmers Manufacturing Company, Milwaukee, Wiscomsin., The
National Research Project is, of course, alone responsible for the com-
tent of the report and the conclesions reached.

Davip WEINTRAUB

PHILADELPHIA “
March 13, 21940



CHAPTER I
INTRODUCTION

In several respects the lumber industry occupies a position of out-
standing importance iz the national economy. It is one of the largest
employers of labor, the scurce of one of the most important industrial
raw materials, and an industry whose conduct has a vital effect on the
basic land rescurce of the country in terms of such factors as s¢il ero-
sion and flood control. Among menufacturing industries the lmmber indus-
try is third in importance as an employer of labor; it is estimated that
in 1929 over 6sc,o00! were dependent on lumber and timber productios for
employment. -

PRODUCTION AND TIMBER GEPLETION

Praduction in the lumber industry grew steadily and rapidly throughout
the nineteenth century. Iz 1799, the first year for which production
estimates are available, 300 million board feet of lumber were produced
fram American forests. Throughout the ensuing century lurber production
increased at an average rate of 61 percent per decade to 35,000 million
board feet in 1899.% After 1909, when 45,000 million board feet were
produced, lumber production ceased to expand, and during the 1q20's the
average annual production was little over 34,006 million board feet.®
A precipitous decline in lumber production took place after 1929, and
annual production in 1932 was below the level of 1B6g. By 1938 produc—
tion had recovered 10 63 percent of the average of the 1goo's.*

The production history of the industry is a composite of the histories
of regicpal industries, each developing in its turn and declining when
timber depletion took its toll. In its westward migratitm 1he industry
has "mined"” the timber in its path and marched on 1o fresh sources of
supply, leaving abapdoned, cut-over areas im its wake. It moved from
the forests of New England and New York to the Middle Atlantic States and
thes to the lake States, along with the movement of population. So rapid

Hote.- The auther wishes to scknowledge hiz Indebiedness to Thomes €. Cesey amd
Hathan Briskin, who collscted materjel from setondary sources; Alice R. Bluestein,
Harry Kavadlo, Therese R. lavick, and Alexsnder M. Freund, who rendered valuabla
clerjeal asalstance in somputing and checking; and Henry W. Schults and Elwood L.
Peoples, who prepared the charts.

1504 table 23. This figure does not include ah estimated Dumber of 70,300 worksra |
2ngaged in transportabion of lumber.

Zrae Limber Indusiry {U. §. Dept. Com., Bur. For. amd Dom. Com., Marketing Research
Eiivelslaa and Forest Procucts Division, Market Resesrch Ser. No. 104, Dec. 1538},
Pe

Sone board toot of lumber represents & board iR x IEF x i*.
$5pe tabls e,



2 MECHANIZATION IN THE LUMBER INDUSTRY

was the development of white—pine operations in the Lake States that
production in this region reached its peak in 1889, a decade after the
region had attaised production leadership. A single decade later, in
1899, production leadership passed from the Lake States to the South,
but by 1909 the latter had also passed its peak of production. Since
1g20 the South has shared leadership with the Pacific States. Today the
Nation is faced with difficulties arising from the timber depletiom which
accampanied the migration of the industry. The most sericus aspect of
the sitvation relates to the supply of saw timber, i. e., timber of the
size reguired by prevailing lopping and milling practice for utilization
by the lurber industry.
. Of an estimated original forest area of 820 million acres, only ggs
million acres are now available for comercial timber growing. The orig-
inal forest growth on possibly 150 million acres was destroyed in clear—
ing the land for agriculture. However, of as estimated origimal stand
of 5,200 billion beard feet, 1,650 billion board feet of old growth have
been cut for lumber. There remain available for cutting only 1,3g6 bil~
lion board feet of original, old—growth stands, and only 1,668 billion
board feet when second growth of saw-timber size is included. Since
the most desirable and most easily available timber bas been cut first,
the portion of this 1,668 billion board feet which "can be cut profitably
on the basis of the operating costs and mill lumber prices of recent
years" has been placed by the best available estimates at little more
than half.S '

Production techniques have been successively altered in the course of
the migration of the industry corresponding to the changing reguirements
in the development of a particular region. In the extractive industries
technology is faced with continually increasing physical difficulties
as operations are continued at the same location; these must be overcare
if the productivity of labor is to be paintained or increased. To the
extent that the lumber industry has employed an extractive technique,
it has faced obstacles to incressed productivity amalogous to those en—
countered by the mining industries. If there is no accampanying change
in the technigues employed, labor requirements are higher per thousand
board feet of lumber realized in the logging and milling of smller tim-
ber, and they are likewise increased as logging operatioms extend farther
from the mill into less accessible territory or as the cutting of less
8,3 8. congresa, Senate, 4 ¥ational Plan for dmevicam Forestry, S. Doc. No. 12,
731 Cong., 18% sess., 1833, I, 184, 174, 189. More recent sstimates resulting from
TT 1o march noting, Bowrer, That thees oorImates Pisce the oo ot iAronith
{imber at 1,287 biillon board feet And the total saw-timber stand at 1,744 billiom

board feet {ses [umbder Industry Pacts: 1§38 [Washington, D. C.: Natlonal Lumher
Manufscturers Agsoclationi, p. 5). -
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dense stands of timber is undertaken, These difficulties are analogous
io those of increasing depth or declining quality of ore faced by mining
operations. The analogy ends here, however; the lumber industry, by
employing the proper techniques, is capsble of gperating oo a continually
replenished stand of timber.

Production techniques have been conditioned at each stage of develop-
ment by the pature and megnitude of the difficulties to be overcome.
There are therefore profound regicmal differences in techrology corre—
sponding to regiomal differences in the characteristics of the timber
stand and in the stage of development of the imdividuval regions. The
center of advance in production technigues has always been in those areas
in which production was expanding and im which large mills were the char-,
acteristic centers of production. Ia spite of other regional differ
ences, the ascendant policy has almost vniversally been 1o "cut ocut and
get out", and production techniques have been designed for the rapid
reslization of immediate timber values without regard to future yield. )

PURPOGE AND SCOPE OF THEE 97UDY

The purpose of this study is to analyze the relationship between recent
developments in technology and employment opportunities im the lumber in-
dustry. Chapter II traces the development of the machines and techniques
used by the industry, with some discussion of the ecomomies attendant
on the application of recent developments. Chapters III apd IV comsist
of an examination of the application of these machines and techniques
to the industry in the Pacific Coast and scuthern forest regioms. This
examination is directed toward an understanding of (1) the effects of
changes in technology om the productivity of labor in particular sec-
ticns of the industry and {2) the effects of types of mechanization and
production techniques ¢n the present and future econamic availability of
standing timber. Chapter V presents general statistics on production and
employment which are amalyzed with respect to factors affecting pro—
duction, changes in labor productivity, and regional changes in the
availability of standing timber, as well as a discussion of productios,
productivity, and the state of the forest rescurces in the Pacific Coast
and southern forest regioms as they relate to employment opportunities.,

The industry with which this report is principally concerned is that
designated by the Census of Manwfactures as the "Lunber and timber prod-
ucts” industry. It is defined as follows:

Under the industry designatlen ~lumber and timber products”
are classified logging camps; merchant sawmills: combined saw-

mills and planing mills, including those engaged in the manufac—
ture of boxes; veneer mills; and cooperage-stock milis. . . . .
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The principal products of logging camps are saw logs; shin-
gle, stave, and heading bolts; hewn and round poles; mine
timbers; spars; piling; fence posts; railway ties; and wheel,
handle, and excelslior stock. The products of sawmills include
reugh lumber, shingles, lath, sawed railway tles, and cooper—
age, spool, pencil, penholder, and veneer stock. The prinmcipal
planing-mill products are dressed lumber, sash, doors, blinds,
interior wocdwork, and moldings,

& 8 =2 & 8 3 &2 & 3 & % & & &£ B 4 & & = 5 ¥ B = P P F & 4 4 F & um

The products of cocoperzge-stock mills are tight and slack
staves, heading, and wooden hoops . + . . .6

The industry embraces the mamufacture of a wide range of heterogeneous
products. The center of interest in this report is the lusber industry,
which is that sector of the "Lurber and timber products” industry in
which the logging casps are engaged in the production of saw logs and the
sawmills and planing mills in the production of lumber. Lumber, as used
here, may be defined as a product of saw and planing mills which is not
turther manufactured thas by sawing, resawing, and passing lengthwise
through a standard planing machine, or crosscut to lenmgth and matched.
The product of even this narrower sector of the industry is a diversified
one in that it includes many sizes” and both rough and surfaced lumber.

The discussion of technological changes centers on the lumber industry
as defived above; for the calculation of man-hour requirements, the in-
dustry is defined in this more precise sense. Wher the broader group of
activities included in the cenmsus definition is referred to, the desigma-
tion will be that employed by the census, viz, the "Lumber and timber

products” industry.

SQURCES GF DATA

- The basic data used in this report are from four principal sources:
a field survey of logging camps and sawmilis, a field sorvey of manufac-
turers of machinery used by the lusber industry, material made available
throngh the cocperation of the United States Forest Service, and a direc-
tory of the Pacific Coest lumber imdustry.

In 1936 the National Research Project, in cooperation with the Natiomal
Bureas of Economic Research, conducted a field survey of &4 Pacific Coast
and southern sawmills and a3 of the logging camps supplying these saw-
mill. Thirty-six Pacific Coast sawmills had also been surveyed in 1428~
2 by the NBER,® which made available the records obtained in the earlier

eﬁfﬁuut& Census of the Inited Statss: 1530, "Manufactures: 120" {U. S. Dept,
Com,, Bur, Census, 1933}, II, 440,

TStripa, boards, dimensions, planks, scantlings, joists, end timbers,

56: the 58, 1D were resurvayed In 1538. The remaining 17 were no longsr opersting
or ¢ould not cooperate.
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survey. These surveys are designated as the "MRP-NBER logging-camp and
sawmill survey”, and their findings constitute the primcipal source of
data on labor productivity. Technical features of the data are discussed
in some detail in appendix A. -

Another cooperative field survey of the National Research Project and
the National Bureau of Ecomamic Research was conducted in 1936; this sur-
vey covered 14 manufacturers of lomber equipment and is designated as
the "NRP machinery-mamufacturers survey." It is the source of data on
the value of sales of equipment used in the logging and manufacture of
lumber. Appendix B describes the sample which comstituted this survey.

Data on types of equipment used by Pacific Coast logging camps and
sawmills were tabulated from material in the Handbook and Directory aof
the Western Timber Imdustries for 1933, 163536, and 1937. This direc-
tory is published periodically by the ¥est Coast Lumberwnn, a trade pub-
licaticn of the Pacific Coast Iumber industry. A description of the
tabulations is presented in appesdix C.

The Forest Service of the United States Department of Agriculture co-
operated with the National Research Project in a sumber of ways., The
Division of Research prepared a special report for the "Studies of Pro-
ductivity and Employment iz Selected Industries” sectiosm of the National
Research Project. This report comtained the results of a survey of a mum-
ber of large logging operations and sawmills in the Scutk, from which data
on departmental man-hour requirements were cbtained for 1929 and 1g¢36.
This report also contained the findings of the Southern Forest Survey ou
unit labor requirements at several hundred operations. The Southern
Forest Experiment Station supplied tabulation sheets of the Southern
Forest Survey from which information was obtained regarding types of
equipment employed by operations of differest size. The Southera Forest
Experiment Station also supplied data on employment in 1934 at about
8,500 southern mills classified according to the operators?! estimate of
the length of life of the mills at their 193y location. A detailed des-
cription of the Southern Forest Survey data is given in appendix D.



CHAPTER 11
TECHNOLOGICAL DEVELOPMENTS

The development of lumber technology has been conditioned by two fac~
tors: (1} changes in the state of the resource (i, e., the magnitude,
availability, and quality of the timber stand} with the passage of time
and with the migration of the industry from one region to snother and
{2} the changes in economic comditions which determined what the industry
did with the resource. The nature of the techmological developments,
determined in the first place by these factors, has had its effect, in
turn, on the state of the forest resources and the economic objectives
of the imdustry in relation to that resource. Finally, the rate and
types of mechanization in the industry have been dependent in large meas-
ure on general developments iam science and engineering,

The history of technological developments in the lumber industry as
presented in this chapter has been written in the light of the condition
ing factors noted above. The developments until about 1900 are presented
sketchily, the principal aim being to indicate the manner in which mech-
anizatios of one phase of the process led to mechanization in another,
with the conseguent increase in the complexity of the process and in
the amount of capital required for engaging ia production. More recent
developments are examined in greater detail for particular siages of the
processes of logging and milling, the intentiom being to indicate more
concretely the adjustment to changes in the state of the forest resource
and in ecopomic conditions and the effect of that adjustment on labor
requirements in lumber prodoctios.

BASIC PROCESSBES

Logging is the term for the series of processes involved in the har-
vesting of forest crops. FPelling the standing timber, the first step in
this process, is performed by ®fallers®™ working in pairs with axe and
saw. "Buckers"” trim off the branches and cut the tree isto convenient
lengths for tramsporting and sawing. The logs are then assembled at a
common point, an operation known varicusly as "bunching®, "yarding®, or
"skidding." This is performed either by cable yarders, which hanl im the
logs by means of a cable wound onto a rotating drum, or by tractors or
horses, which tow the logs over the ground. When the logs are assembled,
they are loaded onto the means of transportation by mechanical loaders,
animals, or manpower. Railroads, trucks, tractors, teams, and water

6
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are some of the means of transportation used in the "long haul® to the
®ill over distances varying from less than a mile to 50 or even ioo
miles. The logs are deposited in a log pond aor other storage place ad-
jacent to the mill,

At the mill the logs are hoisted, dragpged, or conveyed to the log deck
in the mill. Prom the deck the log is shifted onto a carriage which
travels on rails and conveys the logs past the headsaw. The headsaw re-
duces the lumber to cants {large dimensions for later reduction by resaws
or gang saws} or, by successive operations, to boards. The "sawyer®,
who is the key employee of the sawmill, stands beside the headsaw and
directs the workers on the carriage in turning and setting the log for
cutting. All boards fram the headsaw, pang saw, or resaw which have
not been cut 1o uniform width are passed through an edger where the bark
is cut off and the width made standard. The boards then pass to trim-
mers where the ends are sguared, inferior portioms removed, and stand-
ard lengths made, After they have been trimmed, the boards are graded,
sorted, and stacked. These stacks are either left in the yard for air
drying or taken to dry kilns and dried by steam or heated air. After it
-has been dried, the lurber may be sold in its rough state or it may be
surfaced or worked in the planing mill. The surfaced lumber is merely
planed on ome or more sides, while the worked lumber may be matched,
shiplapped, or patterned. 1If this finished lumber is sot loaded for
immediate shipment, it smst be stared is finishing sheds to keep it clean
amd dry.

EARLY DEVELOPMENTSB

The mechapizatjor of the lumber industry began with the sawing op-
eration. Once the Steam-powered mechanical saw and accessories were
available, the need arcse for the mechanization of transportatios to
supply the saw with logs and for machines to handle, seasom, amd finish
the larger output of the mechanical saws.

The Say and icceascoriss

Mechanjzation of the sawing operation was foreshadowed by the develop-
meat of the method known as pitsawing that ceme with the intreduction
of the cross~handled, two-man saw. Pitsawing effected a division of
labor between the "top sawyer" who gnided the saw and the "pitsen" who
acted as the prime mover and furnished the effective sawing energy by
pulling the saw down. The same type of single-blade saw, pulled down
by a wooden beam attached to the crank of a water wheel and pulled up by
an overhead spring pole, comstituted the first sewmills which prevailed
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for the 200 years preceding the first half of the nineteemth century.l
In the nineteenth century the quantitative addition of saw blades led
to the gang saw; gualitative changes led to a faster, more powerful,
single-blade saw, the mulay. With the introduction of the circular saw
during the same period, the simple hand tool of the pitsewing pericd was
transformed beyond recognitiocn into & powerful machine,

In using mechanical saws the sawyer guided the log against the saw
rather than the saw against the log. By 1850 a carriage for transporting
the log past the saw had been developed to aid the sawyer in his work.
At about the same time the edger for sguaring the edges of the board and
a mechanical planer for the finishing of lumber were introduced. Thus by
1850 all the mechanical prerequisites® existed for a greatly increased
rate of productiom.

Stean Power

The strides in the speed of production represented by the transition
from pitsawing to the mulay saw were small in absolute magnitude com—
pared with the further increase possible through the applicatios of steam
poser. This is imdicated by the accompanying tabulation:®

Sawalll
Type of saw output per day
: {bcard feet}

Hand-powered pitaawing 100- 200
Weter-powered single blade 500-3, 000
Water-powered sash saw 2.000-3,000
Water—powvered mulay saw 5, 000~8,000
Water-powered clircular sew (1820) 500-1.200

" Steam-powered gang saw {1850]) 40,000
Steam-powered clreular saw [1863) 40, 000

Steam power, the key to the realization of the potential capacity of the
sawmill, was used occasionally during the first half of the nineteenth
century.* By 1850 the use of sieam power was increasing rapidly, amd in

Milltem F. Fox, 4 Fistory of the Lumber Indusiry im the State of Few Fork (U. 5.
Dept. Agr., Bur, Foreatry, Bull. Neo. 54, 1908), pp. 12-8. The comnecting link
between the STADR &nt the Deam was designated as The '5itman®, and 3his term re-
meEined in uss even when sImilar apparsius was poesred Dy siesm.

Erichara 0. Weod, 4 Fistory of [uabsring in Naine, 1520-1881 {Orono, Maine:
Universlty Press, Unlv. of Maine Studies, Ssc. Ser., No. 83, 18385}, pp. 182-8.

SRalph C. Bryanv, Lumber: [ts Nanufactura ond Distridution (2d ed.; Rew York
John Wiley & Sons, Inc., 1638}, p. 3 Wood, of, cif., pp- 162-3; ang James E.
Ds’sbaugh, Fistory :{ the lumbsr Industry qf dmarica [Chicago, [1l.: Ifhe dmerican
inmberman, 1%07), ¥Yol. 2, pp. 8, B4. -

4The ¢irst steam sswmill, erected st Wew Orleans in 1611, was destroyed by the
wOrksTs wiho wers afrald of baing thrown out of work by the steam-powered machine
{Joseph 8. Illick, dn Jutline of General Poras w York: Barnes & Noble, Inc.,
1636], p. E§1). The first steam—-powered sawmill in Maine, ths center of lumber
production during thils perlod, was Iinstalled in 1828 and was 8o successful that The
mill stock increassd in value from $76 t0 $1E6 per share {(Wood, op. cit. D» 187}
Stesm sawnmills wers rasorted at Detroit In 1889, et Pontiac im 1830, snd at Black
iver in 1833 ({*Michigants Qreat Timber Wealth,® fis Zisderman, Vol. XIV, No. B
Aug. B0, 1828]. p. 80},
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1869, the first year for which data are available,® steam power accounted
for 51 percent of the mechanical power employed in the lusber industry;
water wheels and turbines generated the other g¢ percent, The displace-
ment of water power by steam power proceeded rapidly im the following
decades, and by 1904 over 9o percent of the horsepower in the lumber
industry was provided by steam engines and turbines.®

Msohanical lozzing Equipment

The application of steam power to the sawmill raised the problem of
improved log transportation to assure an ample supply of raw material.
In the period of the water-driven sash saw the forests immedistely adja~
cent to the towns and cities supplied sufficient timber; with the adveat
of the water-driven mlay and gang saws, short excursions into the woods
near the sawmill became necessary; equipped with the powerful steam-driven
circular saw, the lumber indastry swept up the waterways of America and
cleared the forests on and aear their banks.,

In the face of the steady depletion of the easily accessible timber,
it became necessary 10 break the dependence of the lumber industry on
water transportation; this dependence was virtually complete during the
first half of the nineteenth century. The forest railroad provided the
answer to this need. It assured a supply of logs which was mot subject
10 the sharp seasonal and geographical limitations of water transporta~
tion, The first logging railroads were introduced after 1850, and after
1876 they were installed cm a large scale in Michigan.”

An important effect of the introduction and adoption of the forest
railroad was the freeing of the industry from one of its geographical
limitations. The substitution of steam power for water power relieved
the industry of the necessity of locating on the fall line of streams.
The logging railroad opemed up areas where water transportation was im-
possible, notably in the South, and made possible the logging of hard-
woods which were flastable only with difficulty.

Toward the close of the nineteenth century the forest railrcad was
established as the most important means of log transportation. Logs were
still driven and rafted down the rivers, but the period of the rivermen
was nearing its clese.

SEinth Census: 1870, Vol, ITI, 1The Statistiss of the Wealth and Industry of ths
United States” {Under direction of Secrstary of the Interior, 1872}, D. 468.

Srnirteenth Consus of the Fnited States: 1510, Vol. ¥, "Manufsetures: 16059
{¢. 8, Dept. Com., Bur. Conaus, 1013}, p. 60%.

Ii’*F‘xw: years after the first logsing railrcad waes completed in Michigan thers
were 71 legglng rellrosds in operation In that State slene and Five in ¥isconsin.*
{Illick, op. cif., D. B8.)
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Although the railroad effected a vast extemsion of the scope of logging
operations, toward the close of the nineteenth century it proved neces-
sary to mechanize log yarding, the process whereby the logs are assem~
bled, from the point of felling in the woods, at a common landing on the
railroad or waterway for the "long haul" to the mill. Im the period fram
about 1836 to 1870 logs had been skidded on crude sleds pulled directly
to the landing upon the river or lake; as logging operations were ex-
tended farther from the river banks, a skid road of logs laid crosswise
in a corduroy pattern somewhat facilitated skidding operations. As the
tirber line receded before the logger's axe, however, it became secessary
to develop mechanical equipment to aid the logger in the short haul from
the stump to the means of major transportation.

The donkey engines which found their way imto logging camps in the
1880's and 18g0's answered this meed. The early donkey engine comsisted
simply of a cable oo a single-drum hoist by means of which the logs were
hasled in over the ground from the stump to the engine, or over skid
roads and chutes. Steam equipment was especially nmecessary for handling
the large logs of the Pacific Northwest. Accordingly, the earliest use
of the steam donkey engine was reported on the Pacific Coast in 1885, and
by 1895 the steam doukey was in widespread use in that region.®

Orowth in Size of the Sawmiil

The adoption of mechanical logging eguipment, which followed from the
application of steam power to the sawmill, also influenced the course of
development of the sawmill. The introduction of steam engines made it
possible to utilize larger, heavier, more expessive, and more productive
machinery, for the larger investment entailed was profitable only if
there was 2 large and assured volume of timber available for sawing.
The result of these increases in the pecessary imvestment for equipment
was a widespread tendency toward comsolidation® and a growth im the size
of mills.

Toward the close of the nineteenth censtury the productiom processes
within the sawmill gradually assumed the characteristics of the processes
of & mass-production industry. The headsaw which had changed but little
gince the invention of the circular saw was transformed again when the
band saw achieved wideépread application following the developrent, in
188, of a steel blade of sufficient strepgth.i®
Broseph W. G111, *Steam Logging,” MecAanical Enginesring, Vol. 47, No. 10 (0ct.

1G858}, D. 8i5; Norman Bruce, *Logging by Electricity Now Part of Big Businesa,®
Forbes, Yol. XXI, No. § fMar. 1, 1628}, p. 42.

Saruse, of. cit., Dp. 40, 42.
)
O8ryant, 26. cit., p. 1l4.
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The most pronounced chaages occurred on the sawmill carriage which
transports the log past the headsaw. By 1900 the logs were tursed for
cutting and set for the thickness of cut by steam-actuated mechanical
devices. Mechanical conmveyance of lumber was general throughout the
more advanced mills at the close of the mineteenth century.ll

Other innovations during the nineteemth century, such as the edger for
squaring the edges of boards, the trimmer for removing defective portioms
from the lumber, the artificial seasoning of lumber, and planers for
finishing lumber, developed the processes of the industry by 1900 t0
approximately their present scope and degree of caomplexity.

Change in Eccnoxic {(bjectives

In the eighteenth century and for many years thereafter there were vast
stands of choice tisber readily accessible to all important centers of
population. The problem faced by the industry was that of cosverting
this easily available timber into useful products with the least pos-
sible effort. Accordingly, small trees which would have required ex-
cessive labor to log and mill were left standing and only the larger
Irees were selected for cutting. This left the forests in good condition
for regeneration. :

Steam—powered saws which accelerated timber depletion and the expan-
sion of the frontier which opened markets for the products of new tisber
atands changed this situation. By 1900 the dbjectives of the logging
operations of the lumber industry were considerably different fram what
they bad been in the first half of the nineieenth century. In the perioi
of rapid saticnal expansionm follawing the Civil War tinber speculation
becare prevalent and large blocke of valuable forest lands passed rapidly
into private control. The earlier cbjective of logging and milling to
secure useful products with the least possible effort was overshadowed
10 an increasing extent by the effort to secure a complete liguidaticn
of the value of the standing timber, which bad increased during the pe-
riod of speculative holding. With vast timberlands still available, the
course of new developments in the industry was dictated by the intenmse
competitive drive of individual cperators for the rapid realization af
timber values in order te be in a position to proceed successfully to the
acquisition of other holdings.

Accordingly, the mechamical methods of logging developed during this
period were best fitted for and were utilized in logging systems which
involved virtually complete liguidation of the timber stand. The high

“'ga New Sawysr—Goodman Mill,® Fhs Tisbsrsas, ¥ol, XXV, No. 7 [Aug. {%, 18883,
D .
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overhead costs involved in railroad logging enmcouraged the complete aban-
domment of a tract once logging became difficult; hence it appeared de-
sirable to cut as cleanly as possible on the first loggieg. The methods
of logging involving donkey engines for the short haul were likewise best
adapted to clear-cut logging methods. The comstruction of larger mills
made possible by steam power and railroad logging also stimulated cutting
in excess of growth. The course of development of the technology of the
lumber industry was defipitely directed along lines favoring clear-cut
logging, a factor respomsible in large measure for the continued rapid
depletion of timber resources in the period after 1900.

RECENT DEVELOPMENTS IN LOGSING EQUIPMENT
Felling, Bucking, end Yarding

The woods operations of felling and bucking, despite experimental in-
stallations of power—-driven saws, have remained largely ummechanized.
Extensive changes, however, have takenm place in log yarding involving
steam and, more recently, tractor logging eguipment.

Steam Lop-yarding Equipment .- The early donkey engines were used for
skidding logs over the ground or over skid roads or chutes. High-lead
logging, an alternative method, imvolved rigging the cables to a single
spar tree in such a fashiom as 1o 1lift one end of the log off the ground.
A further advance was represented by sky-line yarding in which a cable-
way was attached between two spar trees giving a lifting effect suf-
ficient to swing the log partially or fully clear of the ground {see
figure 1}. Both systems represented a marked advance over ground skid-
ding in which time-consuming stoppapes, cansed by the catching of logs
on stumps and other obstructionms, restricted cutput. Yarding-cost reduc—
tioss of as much as 13 percent were reported as a result of the shift
to overhead logging.l®

Overhead handling required more powerful, multidrum hoists asd there-
fore stimilated the development of heavier and more complex engimes
utilizing higher boiler pressures.®® The weight of logging engines in-
creased from about 20,000 pounds to between 31,000 and 36,000 pounds
after 1600. By 1920 boiler pressures were employed which were double
those in earlier engines.

Oyerhead logging demanded large outputs to justify the use of the heavy
and expensive equipment associated with it, and it therefore found widest

izmmsm MacDonsld, *High Lesd and Oround Yarding Compared,® fhe fimdarman,
Voi. IVIII, No. 1 (Nov. 1918}, Dp. 55.

133111, of. £it., pp. B15-8.
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FIGURE 1.~ LARGE-SCALE SKY-LINE LOGGING OPERATION
The sky-line yarding system shown is tcyplcul of the methods a cold deck, that is, a plle of logs collected earlier by
employed at many large-scale Paciflc Coast operations. A other skidding methods for final yarding bry the sky line,
bunch of logs near the tail spar have been attached to the Between the spars is a hot deck, that is, a pile of 1ogs which
8sky line, which will swing them clear of the ground and trans— are yarded to the loader as fast as they are collected at this
port them to the landing at the head spar. There the logs point. Behind the tail spar is another cable yarder, a donkey
will be loaded onto flat cars by the mechanical loader shown engine, being ugerated as a ground skidder, Sk¥—llne yarders
,Iust to the right of the head spar. To the right of the are heavy, complicated machines; their use involves large in-
oader is a large cable yarder which drives the comgllcuted vestment, movln%. and rigging costs. Such methods have been
he clear—cutting of heavy timber stands.

cable system of the sky line. The sky line is yarding from associated with
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use in the desse stands of the Pacific Coast. Introduced in 1906, high-
lead yarding achieved popularity in that area about 1915.1% Sky-line '
yarding was introduced on the Pacific Coast at about the same time and
achieved widespread use after 1915.16

During the 1920's the most significant changes in cable yarding equip-
ment affected the type of fuel and power employed. The substitution
of oil for wood as a fuel in steam donkey engines and the replacement
of steam engines by gasoline and Diesel intermal-combustion engines ef-
tected striking reductioss in operating costs, especially through the
elimination of the labor reguired to cut and gather wood.1®

Tractor Log-yarding Equipment.- More important than the changes in
cable yarding eguiprent were the developments in tractor logging which
copsiderably widened the usefulness of tractor equipment. Tractors had
been used in logging operaticus prior to 1920, principally as a substi-
tute for animals in ground skidding logs. ‘At that time they werée used
only on skid roads and log chutes or im ground skidding relatively small
logs. The steady improvement of tractors mede it possible to use them
with larger logs for which cable yarders had formerly been considered
necessary.

The more powerful tractors developed during the 1ga0's could likewise
tow larger loads of small logs. About the middle of the 1g9z0's tractors
began to be equipped with towing winches, powered by the tractor engine,
which made it unmecessary to use animals to bunch logs for the tractor.
Equipped with a towing winch, the tractor could cable-yard its omm logs
within a short radivs.

The tirst importast effect of this improvement was to alter radically
the technique of high-wheel yarding. For many years horse-drawm, wooden
high wheels had been used to a limited extent in logging. The logs were
bunched, the high wheel backed over them, one end of the logs was lifted,

14545, O'Rasrne, *Description and Value Of High laads,® Ths fimbersam, Vol. XVIII,
No. 1 [Nov. 1018}, pP. 56-7.

15gpencer Miller, PThe Overhead-Cableway Method of Logging, * Mechanical !‘ug-lneeritﬁ;
Yol. 47, Ne. 7 {July 1825}, p. 629: F. B. Mallory, *Hodern Skylime Bystems,® I.
Timberman, VYol. IVI, Ro. 11 (Sept. 1815}, p. 45.

18; study of four operations indlcated that opeTating costs wers 81 percent higher
for wood-burning steam ehglnes than for oll-burning steam enginss (W. D. Peaslae,
sEjectricity vs. Sieam for Western Logging,* ¥est Coast [weberman, Vol. 31, No. 362
{wov, 1018], p. £8}. Furthermore, 1L was found that merchantable timber ratler
than wood wesle was frequently used ss fuel, and the officlals of one operation
discoversd that over 8 percent of tha yearly ocutput wme consumed in logging engines |
5E. P, Whitney, *tlectric Applications in ths Logzing Imdustry of ths Nortimest,®
enaral klectric Review, Vol, XXIV, No. @ (July i1geil, pp. 633-4}. Fuel costs mere
reguced 98 perssnt in onhe imstance and ©7 percent 1n another through the sub-
stitutlon of Disse) engines for steam logging enginea. Thirty-one percent of
the reduction !B fuel cost {n the first instance and 41 percent in the second were
dus to the slimination of the laDor hecessary to cut and gather wood.  {See %Dlesel
Logging on Oraya Harbor,® fhe fisderwon, Vol. XXX, No. B fJune 1oe2Q], p. 38 and
ohn Echafer, *Dissel va, Steam Yarder Coste.® fis Fimdermanm, Vol. XXXI, No. %
Bov., 1028, P. i38.)

5
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and the load was towed to the mill or landing place. With the advent of
the more powerful winch-equipped tractor it became possible to nse steel
wheels capable of towing heavier lcads. A further evolution of this
equipment led to the present logging arch. The arch aids in grownd skid-
ding logs over short distances and is capable of carrying much heavier
loads than the early high wheels, Toward the end of the 19a0's the trac-
tor donkey, a double drum hoist attached to the tractor, was developed.
This device could be used for high-lead logging, and its introduction
converted the tractor into a light, mobile, mmultipurpose cable yarder.

The trend toward larger tractors which are better fitted for logging
operations has contimned in recent years. Since 1gz9, 75~ to So-horse-—
power Diesel tractors have been introduced and are tending 1o replace
the smaller gasoline tractors, particularly in Pacific Coast operatices.
The larger Diesel tractor can be employed with greater efficiency in
rough country and on steeper grades.'” In ane test a 7-hp. Diesel trac-
tor was able to haul 1 percent more footage per hour than the 6o-hp.
gasoline tractor; the fuel cost was 8o percent lower per thousasd board
feet logged.l? Diesel tractors have increased rapidly im importance
in recent years.19 The tractor logging equipment of the leading manu-
facturer is now designed for use with a 7s-bp. Diesel tractor.

The development of suchk logging auvxiliaries as the towing wisch, the
tractor donkey, and the fair-lead arch, as well as the increase in the
power of tractors, has placed tractors on a competitive level with cable
yarders and anisals in logging operatioms. The mature of the competition

1"1‘&9 rzletlve sdvantages of the larger Diless) 1n rough ¢guntry sre shoen by the
folloming comparative performenss rigursa:

80-hp. 76= Lo 80-hip.
Iten gasgline Diesel
tracior tractor
Max imum grade negotisble 308 408
Slope requiring least tire
for bauling and return s o 15%

Orade on which rouwnd-trip speed
is same £5 on the level is% £3%
Average load {board feet) 2eoo 4330

In addition, slight sdverse grades can be negotiated Mmore easily by the Diesel
gtractor. The coat of operation 1s alsn lowsr, chilafly bsciuse of fuel economy.
Burt p, Xirkians artd Axel J. F. Brandstrom, Selsciive fismder Momagawent in fhe
ocuglas Pir Regiom [Forest Service of tha U, §. Dept. Agr. and Charlss Lathrop
Pack Forestry Founiation, Jam. 1634]. . 18.)

184e150n €. Browa, Logging-Pronsporiation: Lhe Principles and Nethods of Lop
ig;gwm;;on in the fnited States and Cancda [New York: John Wilsy & Sons, Inc.,
» Be .

3&&3 compeny which produces Dissel angines for trastors and incidental power unita
abowed AR axtrexely rapld lncrease {n the production of Diesel enginsa bhetween 1531
and 1954, as Is insicated DY these flgures ({dd4d., pp. 728-3)t

1931 1, 06§ 1933 107, 858
1938 18,498 1934 237,314

Total hp. Total hp.
Year of Diesel snginss Year of Diesel engines
producsd produwsd
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between cable, tractor, and animal logging depends on the topography,
the size of the timber, and the density of the stami, 20

The steam cable yarder weighs several tous, and unless it is employed
at a point immediately adjacent to the forest railroad, it is usually
quite curbersame to move.?t When either the high-lead or sky-line system
is employed, the rigging of the camplicated system of cables adds further
to the logging cost. Thus a large part of the total cost of operatiom is
incurred in placing the machinery and rigging it up for operatica before
logging actually begins. Furthermore, the initial investmest in this
type of machinery has increased from a few thousand doliars for ome of
the early machines to as much as $100,000 for a single umit.

If at each setting there is a sufficiently large stand of large trees
available, the investment charges and moving and rigging costs may be
distributed over a suff iciently large volume to reduce umit costs to
a low level. On the other band, if only sparse or scattered stands of
timber are available for logging, these costs may constitute an important
item. Furthermore, the cable Yarder is poorly adapted to any system in
which some trees jin the stand are cut while the remainisg timber is left
for cutting at some future date,

Where the high-lead or sky-line system is employed, the clear—cutting
of the stand is favored by the nature of the logging operation itself,
for the logs are yafded along radial paths jutting out from the spar
trees. Young trees which are left standing are frequently broken by the
logs which are hauled in, ard ir the grouwnd-skidding and high-lead system
the forest covering, favorable to the sproutisg of new trees, is torn up.

In contrast to the stationary cable yarder, the tractor is most fre-
quently operated strictly as a mobile towing unit, traveling to and from
the stump and the landing with each load. The fact that the tractor
travels in and out with each load means that individual trees may be
selected for logging fram the forest. Stands too sparse or too scattered
to justify the moving and rigging costs of the cable yarder may fre-
quently be logged with profit by tractor because of its greater mobility.
When a network of tractor roads is comstructed, comsiderable selectivity
may be exercised in choosing the economical sizes of trees to be cut.
Thus clear-cutting may frequently be economically dispensed with when
BOMe qtacussion of the relative merits of cabls and tractor logging eguipment is
baseg largely on Brown {of. cif., passim) and Axel J. F. Brandstrom, 4malysis of
Logging Costs ond Operading Nethods in the Dougias Pir RPegion {Forest Service

of the U, 5, Dept. Agr., Weat {osst lumberments Azsocistion, and Charles Lathrop
Pack Forestry Foundation, Juns 1833}, passim.

Bi‘i'hero is a wide variation in this respect between the relatively light and
flexible wheel~=mounted gasoline cable yarders, extensively employed {n the Sguth,
gnd the large steam englnea employed at Pacific Coaal high-lead and axy-lins
operarions,.
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Paclflic Car mnd Foundry Co.

FIGURE 2.— SKIDDING WITH DIESEL TRACTOR AND FAIR-LEAD LOGGING ARCH

Logs are frequently skidded to a landing over inexpensively constructed
tractor roads. They may be ground skidded over short distances and then
lifted off the ground by means of a cable which is wound in by a winch
mounted on the rear end of the tractor.

tractors are employed. Furthermore, tractors have been found to be con-
siderably less destructive of growing timber than cable yarders.

For most southern operations the differences between cable yarding and
tractor logging as described above are much less sharp. There ground-
lead logging direct to the railroad track prevails; under this method,
moving and rigging costs are not excessive and individual tree selection
is possible when the logging is carefully managed.

In the South animal logging is more extensively employed than any me—
chanical method. Animal logging more nearly resembles tractor logging
than any other methcd.

Sales of Cable and Tractor Log-yarding Equipment.- During the years
1909-18 aver $4,600,000 worth of heavy cable yarding equipment was sold
by one Pacific Coast company which manufactured such equipment. This
manufacturer reported that sales of this equipment reached a peak in 1923
and declined thereafter, the last power-yarding unit having been built in
1930. Sales of another impartant Pacific Coast manufacturer of this type
of equipment were pegligible after 1930.22 It appears from this that

“m machinery-manufacturers survey. No manufacturers of the light gasoline
yarders, which are widely used in the South, were surveyed.
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between 1930 and 1936 there were few additions to the large number of
heavy statiomary yarders in use during the 1g20's in the Pacific Coast
States.

On the other hand, reports fram meoufacturers indicate a substantial
volue of sales of tractor logging machinery after igag. An index of the
dollar volume of sales of two leading manufacturers of this equipment is
given in table 1, Manufacture of this equipment as a regular production
item began in 1427 and rose to a substantial volume by 1929, declining
sharply thereafter. However, sales recovered rapidly after 19za. By
1935 sales of tractor hoists (single-drum towing wisches and dovble-drum
tractor donkeys) exceeded the 1930 level; in 1936 they rose to 32 percent
above the previous peak of 1929. The recovery in the sales of logging
arches was even more promousced, reaching new highs in 1935 and 1936. In
the iatter year sales were roughly double those of 1929. The behavior
of sales of tractor logging equipment is is sharp contrast to that of
heavy cable yarding equipment and is indicative of a trend toward the
former, which will be discussed in detail for the Pacific Coast and the
South in later chapters.

Table 1.- INDEXES OF VALUE OF BALES OF LOGOING ARCEERS
AXD TRACTOR EOIBTS TO THE LUMEEA INDUSTRY, 16820-38°

(1620=-1G5)
Logging Tractor Logging Tractor
Year arches holsts Year arches hoists
1ez8 i0G.0 180.0 1933 24.7 i8.8
16930 T4.1 57.0 1634 71.8 40.8
1831 22.4 28.3 1835 127.1 7.4
1032 23.5 2.0 1835 igs.8 13i.8

23ased on table Be§,

Majior Transportation

Log-hauling Equipment.— The developments in the equipment and tech-
nigues of transporting logs from the landing to the mill parallel the
charges in yarding logs from the stump to the landing. Railrced logging,
which became the domirant method after 1900, has found its supremacy
threatened by the increasing employment of trucks in the long haui. In
recent years, trucks have been used to an increasing extent as a supple-
pent 1o the rail haul, replacing spur-line rail tramsportatica. The
nature of the campetition between these two most important means of ma~
jor transportation is conditioned by their operating characteristics.
The railrosd has achieved and to a large extent has maintained a dauinvant
position in logging operations because it has important advantages over
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other forms of major transportation. It assures a continucus supply of
lggs for the mill, on the whole regardless of weather copditions, thus
making year-round operatioms practicable. Furthermore, the railrcad
normally accomplishes this at & unit cost substantially below that of
other methods. {n the other hand, the initial investment in a short for-
est railroad is usually at least $s0,000; some single limes have cost
sore than $1,000,000.

It is evident that continnous large—scale gperation is necessary for
profitable operation of a forest railrced in order that investment charges
and operating costs mey be distributed over a large cutput. This implies
the existence of a stand having a volupe at least sufficient to liguidate
the investment in the area tapped by the mailrcad. It is also clzar that
density is another characteristic of the stand 1o be comsidered, because
it will determine the amount of constrectiom per umit of product.

The volume and density of the timber stand necessary for successful
operation of the forest railroad depend largely on the length of haul
and the relative expense associated with railroad comstruction and main-
tepance under varying comditions of terrain. In gereral, however, it
may be said that small and scattered stands of old—growth timber (such as
are left in the wake of clear-cut logging operatioms) or sparse stands
of second-growth timber are frequently unsuitable for the profitable
operation of a forest railroad, )

The large initial investment regnired for the copstructicn of the for-
est railroad has temded to encourage the clear-cutting of the area tapped
by the railroed in order to achieve a rapid liguidation of the investrent
involved. The mecessity for achieving large-scale continuous operation
in order 10 realize the full efficiency of railroad logging has perhaps
encouraged the cutting of timber in excess of current needs during pe-
ricds of depression. Nevertheless the forest railroed is by no means
necessarily linked to clear-cutting; it is frequenily employed under a
selection system of cutting, particularly for the mmin-lise haul.

Trucks are valuable in logging scattered stands of timber for which
the construction of railroad spurs wonld be prohibitively high. Thus,
in one operatiom, truck-road construction ¢ost about $a,100 per mile
in contrast to about %10,200 per mile for railrcad comstructiom.?® If
road-amortization costs are disregarded, however, heuliag costs for the
railroad amount to cne-half to ope-fourth of the same costs whea motor—
trucks are used.Bé¢

Sprown, op. cit., p. 168
srom, o0, oift., p. Ti.

S
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Tracks can be used more profitably to tap sew stands of timber, there-
fore, only through a sharp reduction in road-amortization and maintenance
costs. This is frequently possible where public highways can be used for
the major part of the haul, with temporary logping roads comstructed at
low cost for short distances only. Trucks are particularly well adapted
to handling a low yield per acre and a low volume per day. This quality
makes them useful in logging sparse stands or inm selective cutting of
a dense stand.Z®

River driving is confined mostiy to the Northeast and northern Rocky
Mountains, but rafts asd booms are employed to same extent in the Pacific
Northwest and the South for the tramsportation of logs by water.2® The
use of chutes {principally in the sorthern Rocky Momntaims and the North-
east}), flumes {used occasionmally im all sectioms but primcipally in
northern Rocky Mountains}, and other less commonly employed aids in log
transportation have not been considered.

Log-loading Equipment.— The mechanization of yarding and hasling eguip~
ment could hardly have been accamplished withont a corresponding mechani-
zation of log-loading eguipment, Seweral types of mechanical loaders, as
well as a number of standard home-made devices powered by donkey engimes,
were available to the logging cperator of the igao's. Loading on rail-
roads was almost universally accomplished with the aid of machines. The
-productivity of labor in log loading was much higher where mechanical
devices were employed than in the considerable number of operatioms in
which loading onto trucks or wagons was performed by animal power or
manpower.

During the 1920's the locamotive crane, developed for gemeral indus-
trial use, was adapted to the lumber industry and was used both for log
loading and for handling finished lumber in the sawmill yard.?” During
the 1930's a tractor-mounted mechanical loader was introduced which was
suitable for use in loading trucks and wagons; its optput compared favor-
ably with that of the larger loaders used in loading railroad cars.
za'naia 18 often done in conjunction with the use of horses Ior hauling logs on

wagona (principaily in the South and to lesser ‘sxtent in the Eaat, Northeaast,
and Lake Bt-steaf.

Béyromn, op. cif., pp. B30-08.

g"i sample of salea of Jocomotive cranes believed tO represent about 15 perceat of
the total saies of all locomotive c¢ranes shows thal 52 of thess machines were sold
to tha lumber industry in the B years from 1820 t¢ 1984, Comparsd with 21 unlits
in tha succeading 6 years, esles after 1825 wers negligible, The averags sire
of the locomotive crens sold to the lumber industry tended Lo increase during this
parisd, ;nrasin§ 18 tons in weight each during the Iirst b years and £ tons
in the next 5. he sizes 0! thees t¢ranes indicate that they were sold alzost
sntirely to the iargsr lumber companiea {RAP machinery-manufacturers survey;
for a des;}riptiea of ths salss sample of locomotive cranes and power shovels see
appendix B}.
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Construction Equipment.— The construction of logging railroads and,
more recently, of truck roads is a considerable industry io itself, and
large numbers of power shovels are employed by the lumber industry to
grade railroad beds. The accrmlation of this equipment took place most
rapidly during the early 1920's.%® More recently, since 1932, tulldozers
have beez introduced in road-grading operations. The use of bulldozers
has been particularly associated with the comstruction of tractor trails
and truck roads. T

RECENT DEVELOPHEKNTS IN LUMBER-NANUFACTURING MACHINERY
Bawmill and Planing-iill Machinery ‘_ - T e

During this recent period there were few fundamentally new developmests
in the sammill. However, a mumber of refinements in the comstruction of
band saws, edgers, resaws, and trimmers were made after 1920, and they
had an important cumulative effect in improving these machimes.

Typical of refinements employed to am increasing extent on post—1§20
models were antifriction, ball, and roller bearings and higher gualiry
alloy steels. The introduction of antomatic setworks and various air-
-and stesm-powered log-handling devices on the sawmill carriage reduced
the labor of the "doggers" and “setters® associated with that machisne.

The newer machinery in the planing mill employed ball and roller bear-
ings, direct-connected motors, and improved steels 10 an increasing ex—
tent. These changes, together with improvements im design, have made
the newer machines capable of aperating at speeds much higher than those
of earlier years. The most modern surfacers in the period prior w0 192
were capable of operating at a feed speed of 200 to 250 lineal feet per
nimte,®? although average speeds were much slower. The planer-matcher
introduced since 1930 is capable of feed speeds as high as soo lineal feet
per mimite, and speeds of over 300 feet per mimute are guite ordinary.30

However, the effect of these improvements in sawmill and planisg-milt
machinery has been limited in recent years by the relatively low vol-
ome of sawmill and planing-mill machinery sales. The cycle of lumber—
production activity is reflected in the sales of sawmill eguipment, for

gg}lm’ machinery=-manu facturars survay, During the years from 1085 to 192¢,
44 shovels were apld %o the iumber industry &y the [irms included in the sample.
Buring the years from 1825 to 1820, 7 were apld; during the following 7 years only
10 were sold. The dipper capacity of theae shovsls has incTessed from 1.13 for
1980-24 ¢ 1.31 cuble yards for 1626-26 snd 1.56 for 1030-38. These shovels are
#mployed principslly on the larger operstions, For a des¢ription of the sales
sample of locomotive Cranes and power shovela see appendly B,

293. F. shitney, *Electriclity in the Limber Industry,* Framsactions of ihe imericaon
Institute of Elecirical Prgingers, Vol. XXXIIE {1914}, pt. II, p. 1347.
Hsome mills report running dimension stock at feed speeds of 1,000 lineal feet
per minute (Bryent, op. c¢it., p. £38: Harry Morgam, *Report of Committee on
Pianing Miil Practice, Fhe fimbewmam, Vo). IXXI, No. & [Mar. 16301, p. &2}.
LY
. »

-~
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the construction and modernization of the larger mills takes place during
periods of éxpanding prodection in a given area. The last phase of the
expansion of Pacific Coast Limbering activity is indicated by the slight
rise of machinery sales in the years preceding 1g923. After 1924 the
value of sales of both sawmill and planing-mill mechinery showed a mathed
decline to a low point in 1932. The recovery in sawmill-machinery sales
after 1932 was insufficient to restore sales to the volume of the 1g2p's.
(See table 2.} However, the figures iadicate that during the 1g20's
there were considerable purchases of new sawmill and planing-mill ma-
chinery. Sales during these years would probably have been larger had
there not been an appreciable volume of second-hand machinery available
from mills which were steadily cutting-out during this period,

Table 3.~ INDEX GF VALUE OF !-l!.gi OF MNACEINERY TO THE LUMBER
AND WOODWORKING INDUBTRY, 1820-36°

(1620=100)
Planing mill
]
Year awmill {heavy finlshing}
1920 £18.3 188.0
ig21 1i2.1 100.0
1822 123.5 127.€
1828 172.3 179.9
1824 . i71.1 172.1
1825 104.7 142.2
1928 134.8 130.9
1827 _ 85.0 108.1
1928 78.4 4.5
1998 100.0 100.0
1930 58.8 €8.9
1831 26.5 33.4
1638 ' 10.8 11.8
1838 24.8 48.0
1936 51.4 59.0

88sged on table B-i. Excludes lighter finishing add woodworking machinery which
wouild usuaily be employed In independent woodworking estadligh=ents. The series
tor sawmill machinery is bDelieved to represent 35 to 5O percent of the value of
sales of sll machinery aquipment wused exclusively in sawmilla {table B-gj.

len!;eo of Power

The shift from water power 10 Steam power was approaching completion
in 1904 when the beginnings of a new shift from steam power to electric
power became evident. Electricity is more economical to produce and
transmit than steam power, and it is a prereguisite for the applica—
tion of many refinements in machines. Nevertheless, its imtroduction

»
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into the lumber industry has been relatively slow. Table 3 indicates
that the percentage of the total horsepower in the industry furnished
by electric motors rose slowly from 6.9 percent im 1914 10 11.9 percent
in 1919. Thereafter the rate of increase was higher, and by 1929, 44.5
percent of the total horsepower was supplied by electric motors. The
relatively slow increase is mainly attributable to the fact that the
period of electrification following 1920 coincided with a period of de—
clining total horsepower in the industry during which production was
shifting to smaller mills. Generation of power at the mill involves
a considerable investment, and the purchase of central-statiocn power
is frequently not feasible becavse lumber mills frequently operate in
cutlying regions.3!

Tsble 3.- PERCENTAUE OF TOTAL RATED HORSEPOWER OF THE LUMBER
AND TIMEER PRODUCTS INDUBTRY PﬁkRISIEB BY RLECTRIC MOTORS,

1914-28°
Driven by Driven by
Year Total energy gensrated purchased
in the plant electrical energy

1814 8.9 5.2 1.7
1918 i1.9 8.8 3.8
1823 24.8 38,7 7.8
125 36.2 27.8 8.4
1027 42,1 £9.5 iz.8
1929 44.9 30.4 14.2

Spata for 1083 from Cemsus of Nomufactures: 1923 {U. 8. Dept. Com., Bur. Ceneus,
1826), D. 448; data for 81l Other yeaPs from Pifteenih Census of tha Pnited States:
1830, "Manufactures: 1529 (U. 8. DPept. Com., Bur. Census, 1838), II, 4483,

The primary reasons for the electrification of the sawmill were the
centralization of power generation and the operating economies attendant
an the use of electric power. Centralization of power generation in one
electric gemerator rather than in several steam engines, each with its
full complement of firemen and tenders, reduced labor reguirements in
one instance from 7o to 19 men.®? The purchase of electric energy, of
course, entirely eliminates power-house persomnel in the sawmill.

The sharp increase in the average size of steam turbines as compared
with the average size of steam engines (table 4} indicates the extent 1o
which power geperation was centralized by the shift to electric power,

3&5““ factors restrict the use of electric powe? at small miils in particular,
Thus, o¢n the Pscific Coast mors than three~fourths of he large mills (dsily
eapacity of 100 thousand or more board feet} and less than one=fifth of the amall
milla {daily capacity of lesa than 5 thousanéd board feet} used electr:c or
elscirie snd siaam powsr In 1638 {sse lable O=8).

520. B3, Borton and F. R. Innes, "Ohe New !n&uatr:a}. Power Plent Replaces Sevan, ¥
Powsr Plant Engimesring, Vol. XIVIII, ¥o. 16 {dug. % 1024}, p. 70i.
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since turbines are used almost entirely in electric-power gemeration
whereas engines are frequently used for driving machinery without fur-
ther power conversion. Having an average horsepower of 229 in 1919,
steam turbines incressed in size more than threefold to an average capac-
ity of 8qq4 horsepower in 1g29; in gemeral there was 1o correspondingly
consistent increase in the size of steam engines during this period.
Tabla 4.- AVERAOR RATED HORSEPOWER OF STEAM ENGINES,

STEAM TURBINES, AND RLECTRIC MOTORS IN TEE LUMBER
AND TIMBER PRODUCTS ISDUSTRY, 1614-56%

Year Stezam engines Steam turbines Electric moters
1914 N.a. N.B. 24.5
1819 81.5 2898.1 22.5
1923 Bg.8" 508.9° 22.0
1825 92.7 774.8 24.0
1827 9i.8 875.7 18.8
1828 70.83 844.53 18.5

Lror source see table 3, fin. 8.

bDer:ved by multiplying the average horsepower in 1023 of both steam sagines and
steam turdines by an estimated ratic of Lhe average horsepower of each to the
ararage horsepower of Both., The estimated ratlios for 1923 were sbizined by
sira ight-line interpolatisn beltween similar rstlos for 1819 &and 1525.

n.&, Data not avallsble.

Another significant effect of electrification has been a cousiderable
reduction in sawmill maintenance perscamel. #4ssociated with the steam
engitie was a relatively inefficient system of shafting and belting for
power transmission which required a large amount of maintenance labor.
The application of motors to individual machines ard groups of machines
elimipated labor for the maintepance.of shafts, belts, and pulleys. The
tendency to adopt this form of drive upon electrification is indicated
by the decline in the average size of electric motors employed in the
lurber industry and by a campariscn of the average size of electric mo-
tors with that of steam engines. In 114 the average size of electric
motors in the lumber industry was 24.5 horsepower; by 1g29 this figure
was 31B.5. In the latter year the average horsepower of steam engines
was 70.3.

Savings in the cost of power generation are only one phase of the econ-
omies attendant upon the use of electric power. The most flexible and
adaptable of all forms of power, electricity has increased the tempo of
production throughout the sawmill. Electrical equipment, furthermore, is
easily adaptable to automatic and semiautamatic coatrol.

Important though not easily measurable savings have followed the greater
fiexibility of plant lay-out which becomes possible when electricity
‘serves as the source of power. When electric power is employed, the mill
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designer peed not plan the lay-out with a rather clumsy mechanism of
shafts and belting as the starting point. He can lay ocut the simplest
arrangement of machises with the most direct and rugged drive for each
machine and then select the most suitable motor. The cummlative effect
of electrification plus the improvements in sawmill and planing-mill
machinery already noted have been to increase production from is to 20
percent in reported imstances without the addition of a single machine,3?

Sesapning Equipment

Developments in the artificial seasoning of lumber were stimulated
during the 1g20's by the rapid extemsion of its use. Kiln drying of
softwoods was found to improve the wood, reduce the spoilage connected
with air seasoning, cut the time of the process sharply, and lower the
shipping weight of the materiai.4

The smoke kiln, the earliest form adopted, has been replaced by moist-
air kiles at all except small sawmills in the pine region of the South.
The principal developments in recent years have been directed toward
securing better air circulatiom within the kiln in order to secure more
rapid and uniform seasoning, Forced-circulation kiles have largely re-
placed other kiln types since 1920.58

The development of instruments for indicating and recording kiln temper—
atyre and humidity kas facilitated their successful operaticn. Instru-
rents were also developed for the full autamtic cantrol of temperature
and humidity, and they were foumd to be capable of effecting marked sav-
ings in steam and operating-labor costs.®?

Handling Equipment

In the handling of lumber, semiantomatic and fully automatic lumber-
sorting tables have found some mse. The more popular type is the semi-
autamatic edge sorter, in which a workman turns the lumber om edge and

&NRP-NBER logging—camys and sawmlll survey. Alsc Allan E, Hell, *Elactrically
briven Ssw Mills,® Meclanical Frgimeering, Vol. 43, No. £ (Fed. 1621), pp. $6-7:
Rarry A, Mount, *In the Nodern Sawmill,® Scientifée dmerican, Vol. CXXTII, No. 22
fHov. B7, 16201, pp. B4G~ET.

Bé4s an indication of the extent to whteh kiin seasoning reduces Ary¥ing time,
southern yellow pine may De taken as an example. Thia materisl in i-inch zstock
regulires 45 o 80 days In the warm months and from 90 To0 120 days gurlng tha winter
for proper drying. Kiln seasoning, on the other hand, was found in & survey of 9%
plants to requirs an avarags of 86 hours, (Bryaht, ob. cff. (1822 ed.], p. 244.)

ssz.stter from the U. 5. Department of Agriculture, Forest Service, Fores: Products
laborateory, 10 the author; datad Junhe 7, 1938.

3%1n one case the installsticn of the autsmatic cgnirel system on 11 Xiins in-
¢rezgsed the kilns' output by 2% percenl and reduced the steam regulrements of the
Kilns by 18 percent (L. A. Corwin, "Exhaust Steam Economy,* Fowsr Plant Engineering,
¥ol. XXXIV, No. £8 [Dec. 1, 16301, p. 1378). A test of twp ideatical k!lns at
a Pacific Coast plant, the temperaturs of ¢ne regulated by hand and that of ths
cther bY an automatlo regulaior, indicated that the hand-regulated kiln ussd
45 percent mol'e steam than the lattar (¥est Coast [usbersan, V¢l. 53, No. 384
Dar. 1, 1016}, p. 32).
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drops it into the proper slot, after which live rollers comvey it 1o the
end of the sorter and drop it onte skids which carry it to storage plat-
forms. The fully automatic types have not found cammon use because most
of them separate lumber by length only, rather than by width or thick-
ness, Another development of considerable importance in open-air drying
or kilp seascaing of lumber was the intreduction of mechanical stacking
devices. The productivity of labor in stacking and unstacking kila cars
and in piling in the opem yard was estimated tc be 150 10 aso percemt
higher with these devices than without them.37

Among the more striking changes im lumber manufacturing during the
“1920's was the application of mechanical handling devices in the samill
yard, Before 1gao lurber was hauled from the sorting chain or planing
mill to the dry-storage sheds principally by means of lumber buggies
pulled by horses. During the 1920's a number of devices were applied to
reduce the labor in this process. (ne of the first stages in the mechan—
ization of lumber handling was the substitutios of tractors for horses in
pulling lumber buggies, Barses could pull a maximm of about 1,500 board
feet at a speed of 23 miles per hour; tractors could haul 3,000 board
feet at 6 miles per hour.S8

Although it greatly increased the productivity of handling labor, the
substitution of tractors for horses did mot fundamentally change the
handling sypstem. Basic changes were effected, however, by the installa-
tioa of monorail and crane systems and, particalarly in later years, by
relatively inexpensive self-powered straddle trucks ar carriers.

The emphasis in the larger and more expensive items was on volume of
luber that could be moved. A monorail system, employing ome operator,
was capable of handling 100,000 board feet per day; a cantilever crase
operated by two Mell was reported to have moved 492,000 board feet of
lumber in 8 hours. Another type of crane bad an estimated capacity of
130,000 board feet per day with two operators, and locomotive crates
were estimated 10 be capable of handling ¢0,000 10 125,000 board feet
per day with two operators. In cme case a particularly high cutput was
reported for & gantry crame whes 800,000 board feet of lumber was loaded
o & vessel in 10 hours. These systems came into wide use wherever lum-
ber was moved directly from the sawmill to ships. Their imstallatioca on
dcc'ks in lumber-producing regions undoubtedly displaced a comsiderable
amount of labor. ( these systems, the ome employisg the locomotive
crane was perhaps the most flexible. The locamotive crane was capable

75aged upon 9atimates of output by hand and by machine given in Bryunt, of. cif.
{1522 ¢d.}, 2D. RIE, £41-3. -

38n4., pp. 140-8.



TECHNOLOGICAL DEVELOPMENTS 27

Wlllamette=Hyater Co,

. FIGURE 3.~ STRADDLE-TRUCK LUMBER CARRIER

This high'l( adaptable and relatively inexpensive machine has found wide-
spread use (n transporting lumber, without rehandling, from the sorting
table to piles in the yard and to planers. The lumber is carried i(n the
space between the wheels; it is piled by means of a front=lift device.

of handling lumber in the yard, loading and unloading cars, spotting
cars at the point of loading, and loading vessels. In one instance a
locomotive crane loaded 170,000 board feet of lumber on a ship in 10
hours. However, all of these systems’ involved large investments; they
were therefore largely limited to mills of high output.3®

For smaller plants and for large plants requiring flexibility in han-
dling, carriers found great popularity. These mobile units are capable
of handling 30,000 t0 50,000 board feet per hour.4?

The period from 1921 to 1926 was one of rapidly increasing sales of
carriers; after 1926 sales declined slowly and irregularly until 1929
and rapidly thereafter until 1932. The recovery after 1932 was even
more rapid than the decline before 1932, and by 1936 the value of carrier
sales had reached the highest level yet attained (see table s). This

59rvid., pp. 147-62.

s Brysson Cunningham, *Amerlcan Method of Conveying Timber,® Cassier’s Indus-
tﬂ:g Monagement and Nechanical Handling, Vol. XV (new series), No. £ (Fedb, 1928),
D. 48.
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Table B.- INDEX OF VALUE OF BALER OF LUMBER CARRIERS, 1930-36°

{1920-100) -

Year Index Year Index
1620 46.0 1828 100. 0
1821 23.5 1930 48.8
1922 58.1 1931 36.2
1623 1i8.4 1832 12.85
1924 88.3 1833 24.3
1825 86.4 1834 35.2
1928 108.7 1935 78.7
1927 7.7 1938 138.4
1g28 81.0

%Based on table B-d,

strikXing recovery is in marked comtrast to the behavior of the sales of
sawmill equipment noted earlier. )

SUMMARY

The machines and techniques of the lumber industry have been developed
in respomse to changes in the ecomomic cbjectives of the industry and
in the state of the forest resource. The emergence of steam donkey en~
gines and forest railroads associated with the clear-cutting technique
and their subsequent partial replacement by trucks and tractors are in—
dicative of this. Also illustrative is the emphasis in recent years on
developments in sawmill and yard equipment designed to reduce costs or
improve quality. The period of ample timber reserves and indifferent
mechanical efficiency in which selective cutting was a prime necessity
ended in the latter part of the past century; it gave way to a period
in which emphasis was placed on the rapid lignidation of the timber re—
source. The effort to achieve cost reduction and quality improvement in
recent years represents a trend of increasing importance,

The extent and mode of the applicatios of the more recent machines and
techniques depend upon the character of the forest resources iam the
several producing regions. The magnitude, availability, and quality of
the forest resource in each region are determined in turn by the natural
conditicns, the length of time the region has been logged, and the types
of stechnique employed in the past. There are accordingly marked differ—
ences in the extent of employment and rate of adoption of the machines
and techniques which have beem described. Im the following chapters
technological changes and their effect on labor productivity and the
state of the forest resource are discussed in relation to the conditioms
peculiar to the two most important forest regions, the Pacific Coast and
the South.



CHAPTER III

TECENOLOGY AND UNIT LABOR REQUIREMENTS
ON THE PACIFIC COAST

An examination of the relationship between wnit labor requirements and
techmological developments im the lumber industry must begin with a rec—
ognition of two facts: (1} that uvait labor reguirements, measured by the
number of man-hours required for the. production of 1,000 board feet of
lumber, increase with a decrease in the size, guality, and accessibility
of the timber available for cutting and (2) that the lumber industry has
cperated for the most part on the prisciple of clear-cutting first the
most accessible stands of large-size, high-quality timber, so that there
has been a rather steady decrease in the accessibility of available tim-
ber, or iz its size and quality, or in both as operations contimeed within
a particular region. Becamse of these conditioms, a constant process of
adjusiment has been necessary to accamplish a reduction or eves the main-
tenance of the level of unit labor reguirements.

One phase of this process of adjustment has been the advance of tech—
nology. There has been the steady improvement of machines, as moted in
the preceding chapter, which has tended to redute unit labor regquirements.
New machines and methods have been developed, particularly in logging, to
meet the changes in conditions of accessibility and size of timber. Log-
ging techniques have beer developed to overcome 1o a comsiderable extent
the difficulties of decreasing average size and to 2 lesser exteat de—
creasing accessibility of selecting only the largest or most desirable
trees for cutting. If practiced with an eye to the future yield of the
stand, this process of selection is known as sustained-yield logging and
may end almost eatirely the increase in difficulties asscciated with the
continuance of operations under the traditiomal clear—cutting system.

4 second important mode of adjustment to depleted timber stands has
been the abandonment of large stationary mills iz faver of smaller and
more mobile units. When timber becomes less accessible, it is thus fre-
quently possible to move the mill closer to the timber instead of em-
ploying an increased amount of labor to bring the logs to the mill.
Furthermore, stands are freguently available for cutting which are not
of sufficiest volume to justify the erectior of a large and expensive
stationary mill, but which can be profitably cut by small, temporary
sawmills. The small mills attain the requisite mobility, however, by
sacrificing much of the machinery of the large statiomary mills; they
frequently attain & competitive position in regard to labor reguirements
by manufacturing a cruder product.
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United States Forest Service (. §. Shipp)

FIGURE 4.~ LARGE AND SMALL SAWMILLS

{he washington lTumber mill shown at the top is typlcal of the large mills
which produce the bulk of the Pacific Coast output. The portable sawmill
shown below s one of more than 7,000 small sawmills in the South which
accounted for nearly 40 perceant of the southern production in 1934,
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The relative importance of these two forms of adjustment to increasing
difficulties varies regionally. The present discussion is limited to the
Pacific Coast and the southern forest regions, areas which together ac-
counted for over Bo percent of the total lumber production of the United
States in iq.ss.

This ‘and the following chapter are devoted to {1) an examinatiom of
the measures of adjustmest to depleted timber reserves employed by the
industry in these two regions and (2] an evaluation of the success of
the adjustment made in particular sections of the industry in terms of

~ the resulting level of unit labor requiremests. Examination of the ste-
tistics on lumber production and timber depletion serves to indicate the
magnitude of the adjustment necessary. Figures on the proportion of the
total productica in these two regions supplied by large and small mills
at different points in time demonstrate whether or not the shift of pro-
duction to smaller mills has been an important form of adjustment. A
detailed anaiysis of technological changes with reference to their effect
" on labor productivity and the availability of timber defines the role of
this form of adjustment to depleted timber. reserves. Finally, the pres—
entation of the available data on changes in the level of umit labor
reguirements, together with ap analysis of the factors respogsible for
these changes, serves to summarize the effects of the shift in production
and of technological changes.

On the Pacific Coast® are found the largest and denmsest remaining stands
of old-growth timber in the United States. The Pacific Coast has 62 per-
cent of the country's saw timber and 71 perceat of the old-growth saw
timber.Z Most of this is in the demse stands om the moist western slopes
of the Cascade Mountains where Dovglas fir predominates; in the imterior,
the smaller ponderosa pine is the most important species. The old—growth
stands are extremely dense and the individeal trees are large. However,
much of the remaining stand is not economically available at the present
time beceuse of the mountainous topography.

Production in this area began about 1845, but little lumber was cut
vntil the completion of the Morthern Pacific Railway in 1882. Producticn
increased steadily after that time (table 6), with notable spurts after

iIat:.‘m&ss Californla, Oregon, and Weshington.

2& 8. Congress, Senate, A Forional Plan for imerican Foresiry, S. Doc, No. 12,

732 Cong., 18% sess., 1833, I, 178. Hore recent estimates indicate thai these
figures overstate slightly the Inportance of the Pacifis Coast in termes of the.
Fation's timber reserves. Th# recent surveys by the United States Forest 8Service

anow that Callfornia and the Pscilic Northwest (including Idaho and Montana) con—

tein O6Z.1 percent oOf the Natlon's saw timber and 75.4 pareent of the old-grawih
Saw timber {ses Lumder Indusiry Pacts: 18239 [wWeahlngton, D. C.: Naticnal Lumdar

Manufacturers Associsticnl, p. 5}
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Table 8.~ LUMBER PRCDUCTIOR IN THE UNITED STATES
AND ON TEE PACIFIC COABT, 1889-1938%

(if1ilions of feet, b. m.)

Percent Percent
Pacific Pacific
United |Paclfic| Coast United | Pacific | Coast
Year{ gtates | Coast | is of || Y23T| gtates Coast is of
United United
States States
1888 | 12,758 558 4.4 192G | 29,878 10,8323 34.8
1878 | 18,081 883 3.7 1621 | 26,9681 7215 28.8
1886 | 27,038 2,152 8.0 1gz22 | 31,566 16,581 23.5
ig8e9 | 35,078 2,801 8.3 1823 { 37,168 12,782 34.3

1804 | 394,127 | 4,562 13.4 1924 | 35,931 11,9829 23.2

1805 § 30,503 6,241 20.5 1825 38,933% 13.287 34.7
1g08 } 87,551 T.258 19.3 19268 | 86,838 i4,18% 38.4
1807 | 40,258 | 6,784 is.B 1827 | 34,532 13,300 ge.e
is08 | 33,224 5,380 18.2 1928 | 824,142 13,630 89.8
1809 ] 44,510 | 6,918 15.5 1828 |} 58,888 14,149 38.4

1910 | 40,018 | 7,448 18.86 193¢ | 28,051 10,87%C 41.0

1811 37,003 7.087 i8.2 19314 18,523 7,404 45.4
1812 | 38,188 7.239 i8.5 1g3z | 10,151 4,545 44.8
113 | 38,387 7,882 20.8 18384 13,961 8,147 44.0
1814 | 37,348 7,082 18.0 }j1834] 15.484 8,458 41.7

1815 | 31.24%8 e,351 20.3 1535 | 19,538 7,853 40.7
1918 | 34,791 8.128 23.4 1638 24,355 10,287 42.3
1g17 | 33.193 | B,207 24.7 1837 | 25,987 | 10,840 41.7
i9i8 | 28,362 8,588 20.8 |l1838] 21,848 8,801 38.7
19ig | 34.552 8,818 25.5

Bpata for 1860-1034 from lwumber Productiom: J869-1839 (U. 5. Dept. agr., Foress
Service, Biv. Forest Econ., is38), Dp. 7~73: for 1835 from same, 1835 {1837); for
1938 from same, j536 {1937}: for 1837 from same, 1597 {rev. ed.; Apr. 4, 19%6);
for 1938 from same, 538 {Mov. 1838}, Figures for the Pacific Coast States
California, Oregon, and Washington} lnclude dsta, usually not separable, for
m;: howaver, the affact of the Inclusicn of Nevada i3 negligible [see table
A=1, ftR. ©}.

the opening of the Pansma Canal in 1914 and in the post-war recovery of
1920. The producticn peakt for this area occurred in 1926, but production
was maintained at a uniformly high level throughout the years igaz—29.

In 1920 the United States Forest Service estimated that about 75 per-
cent of the original 77,120,000 acres of forest land remained and that
about 68 percent of this area was virgin stand.® Between 1920 and 1935
the depletion of timber coptinued. The Forest Service estimates that
the annual cut of saw timber im the years between 1925 and 1929 was
16,486,835 thousand board feet! and that about 140 board feet of timber

Brimser Do istion, Lumbsr Prices, Lumbder Fxeports, and Concentration of Fimder
Ounership ed.: U. 8, Dept. Agr., Forest Service, 1028}, p. 32,

44 Mational Plan for imericon Porsatry, I, 211,
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Unlted States Forest Service

FIGURE 5.— HEAVY STAND OF DOUGLAS FIR, WITH HENLOCK UNDERGROWTH

Such dense stands of large, old-growth trees are t{plea'l of the Douglas-fir
region of western Oregon and Washington.

per 1,000 board feet cut were destroyed by fire, insects, and other
causes during each of these years.® During these years the ratio of an—
nual drain to annual growth was 10.5 to 1 for saw timber.® The decline in
lunber and timber-products production since 1929 has lowered comsiderably
this rate of depletion. But im 1936 the current annual drain on the saw-
timber resources of the Pacific Coast States, Idaho, and Montana was
still over three times as great as the current annual growth.?

The depletion of the tizber supply even on the Pacific Coast has made
adjustments necessary to avoid rising logging costs. An examination of
table 7 indicates that on the Pacific Coast this adjustment was not made

Sthe annual drain in timber cut and d‘!tl‘oﬂd on the Pacific Coast was 3,
l:hnun.nd oubic feet ((Nd.. P« 208) compared to 2,987,390 thousand eumc tett eut
in each of thess years (idid., D. 211).

8roid., p. 222,
Tiumder Industry Pacts! 1859 De 1l.



34 MECHANIZATION IN THE LUMBER INDUSTIRY

through a shift of production 1o smaller mills during the 1920's. The -
percentage of the total production accounted for by the group of largest
mills increased markedly, whereas that of all other groups declined.®
Since 1929 there have been indications of an increase in the importance
of small mills., Tt is safe to say, however, that on the Pacific Coast
the alteration and improvement of production techmigues still camstitute
the most important of the two primcipal modes of adjustment to depleted
tisber supplies.

Table 7.~ RUMBER AND ANNUAL PRODUCTIION OF PACIFIC COAST
SAWKILIS, BY VOLUME OF ANNUAL OUTPDT, 1018 AND 1820

Milis ]
Volume of annual Production

output {thousands Percent Thousands Percent
of feet, b. m.) | Rumber |.,¢ y5ta1|0f feet, b. m. |of total
1919, total® 1,217 100.0 8,798,504 100.0
50- 4959 420 84.5 04,410 1.1

500- 989 185 13.5 118,837 1.9
1,000-4, 989 305 25.1 859,253 7.5
5,000~8, 998 85 7.0 802,478 8.8
10,000 or over 242 18.9 7,323,525 83.3

1629, total® 1 _1.307 100.0 14,149,301 100.0

50~ 499 469 35.9 110,447 0.8

500~ 9689 151 11.8 96,414 0.7

1,000-4, 999 315 24.1 708,618 5.0

5,000-9, 989 81 8.2 571,005 4.0

10,000 or over 281 22.2 12,859,732 £9.5

Spsta for 1910 Irom Pourtsenth Census of the Onited States: 1§20, Vel. X,
sManufectures: 1510+ {U. 3. Dept. Com., Bur. Census, 1023}, D. 437 dala TOF 1529
from Pifteenth Census of the Onited Statss: [$30, "Manufacturss: 1geg* {U. 3.
Dapt. Com., Bur. Census, 1933), II, 448. Data are for Californlia, Oregon, and
Washington but include statistics for one =ill In Nevada for 19828.

PM131s cutting less than 60 M ft. b. m. per year were excluded from the tabulation
in 1919 becsuse mills of this slge wers not reported In 1829 eng it was desiradle
te have homogeneous groups for comparison. In $8i6 thers were 38 mills in this
clesa (3 percent ©f the total of all mille on the Paclfle Coast} eutiing a total
of $,188 ¥ It. &. m. 4.01 percent of fotal lumber cut in this regisn}. Becauae
these mills ares respensible for such & amall percentage of the total production,
the ir omisaionh cannot affect the resulis appraciably.

TECEXICAL CHANGES AND UNIT LABOR REQUIRRMENTS
IR LOCGOING CAMPS, 1630-88

Improvemsnts in Machinery

The reduction of man-hour requirements on the Pacific Coast between
1920 and 1935 must be attributed in large measure t0 a process of steady

a‘!‘bers was & largs increass In the volume of production Delween $51D and 1585, =hd
the Incressed utilizasion of capacity no doudbt reised many mills from e lower g &
higher aize group. Howevaer, aince £6.7 percent of the incresse in production bDe-
twesn 1940 and 31520 waz accounted for by the Increase In production of the group
of largesl mllle, It Iz evident thet the dominant Lendency was to tranafer a larger
ghars of production to the large mills rather than to the small mills.
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improvement ir logging machimery, This was particularly true during the
15a0's, when the powerful staticpary cable yarders and forest railroads
reached their peak of development.

The dense stamds of old-growth timber on the Pacific Coast were partic-
nlarly well adapted to logging by means of cable yarders, and the large
size of individual timber holdings and the desire for their rapid lig-
uidation favored the introduction of powerful equipment, Technical
developments during the 19op's were therefore channeled to a considerable
extent within the requirements of the large operations. The shift from
ground skidding to high-lead and sky-line yarding likewise favored an
increase in the size and complexity of logging engines.® The cemiral
tendency in the development of the cable yarder was a steady increase in
the size, power, and speed of logging engines; this culminated in the
portable steel-spar skidders which found use at a number of large Pacific
Coast cperatioms during the 1920's. The usual sky-line system requires
the rigging of two spar trees between which the cables of the sky line
are strung. The portable steel-spar skidder of the middle i920's em~
ployed a portable power plant mounted om a single railroed car with a
1o00-foot steel spar which could be raised and lowered. This tremendons
machine could be run directly into the forest on a railrcad spur line
and quickly rigged at various points along the line to clear the forest,
That it bore little reserblance to the early power skidders of yo years
earlier is indicated by the following tabulatiom:i?

First cableway Steel-spar

Iten skidder sklddexr
We fght of power plant 15,000 1b. 300,000 1b.’
Main cable s in. i3 in.
Span 850 ft. 3,000 f£1. 11
Total amount of wire rope 8,000 . 82,000 ft.
Load zarried 8 tons 28 tons
Daily meximum output 20,000 ft1. 250,000 ft.

The large power skidders which reached their peak of development in the
1920's sot only carried larger loads but trassported them more rapidly.
An average hanling speed of 250 t0 y5o feet per minute was increased, by

Bhigh-lead ans sXy-line loging decams general at logging operetions in the North-
wesl after 1915. Introduced into Caliroraia in 1817, high-lead logging was em-
ployed at 19 of BB imporiant operatlitms by 18e1. (5. B. Shaw and W. B, Oreeley,
Findgr Orowing and Logging Praciice in the Californic Pims Region [U. 5. Depl.
Agr., Bull. N6. 1408, gay 18281, 3. 29.)

m&dapus from Spencar Miller, »The Overhead~Cableway Method of Logging.¥ MNechon-
ical Bngimesring, Vol. 47, No. 7 (July 1626}, p. 587

iyi1ler gave this figure as 5,000 feet, dut since this clesrly represents tha

axtreme limits for operallion of this eguipment, It was felt desirable o Bubsti-
tute Lhe 2oTe Zelerelly obtafnable fisure of 8,000 fued.
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the middle of the 1920's, to 1,000 feet per minute, and in extreme in-
stances to even higher speeds.!?

The development of the forest railroad paralleled that of the cable
yarders; there was a steady increase in the size and power of the lod¢o~
motives and the strength and durability of the rolling stock employed.t®
This meant an increase in the size of the loed carried and in the speed
of operation.

National Lumber Manufacturers Assoc.

FIGURE 6.~ COMBINATION SKY~LINE YARDER AND LOADER

Such targe machines as this electrically operated skidder-loader are
capable of tremendous outputs in the dense stands of the Pacific Coast.
They are, however, initially expensive, cumbersome to move and rig, and
best suited to extensive clear—cut logging. Progressive timber depletion
Sasllnc;‘easea the number of situations in which more fiexible equipment is
esiradle.

Accompanying these changes in the size, speed, and power of logging
machinery were the shifts from wood to oil as a fuel in steam engines
and, in the case of yarding machinery, from steam to gasoline and Diesel
engine power. This was productive princii:ally of a reduction in the
labor of attendance on these machines, These improvements in logging

120ns impartant phase of technical progress which made possible these Increases In
the epeed of operation and the size of the load carried was the constant improve-
ment in the strength of the wire rope employed in the cable yarder (Shaw and
Oreeley, op. cit., D. £7).

$Bpocomotives employed In western operations sometimes welghed 100 tons compared
with ig tons for earller engines. The size of ralls likewlse increased from 12
pounds per yard on early unes r.o 60 and 70 pounds per yard on COntemporary
operations. (Nelson C. Brown, I ng~Pransportation: fhe Principlas and Nethods
of Log fransportation in thc an ed Staus and Canada [New York: John Wiley &
Sons, Inc., 1834}, PP. 214-6.)
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mhinery - the increased size, speed, and poser and the introduction of
types of power and fuel requiring less labor - were probably the primci-
pal factors operating to reduce logging labor requirementis during the
1520's. These improvements affected the larger cperations particularly
and were certainly the principal factor respossible for the reduction in
unit labor requirements at the large camps duriﬁg the 1g20's.

The Shift to Nore Flexible Nachinery.— In recent years the improvement
_of cable logging machinery and forest railroads has declined im impor-
tance as 2 factor influencing the Pacific Coast logging labor require-
ments, The increased utilization of more flexible types of logging ma-
chinery, such as the crawler tractor and the motortruck, has been the
most important form of technclogical advance since 1g929.

The development from ground skidding to high-lead and sky-line yarding
resulted in a progressive increase in the weight, complexity, and size of
the power unit, Thus the very steps whick made the cable yarder a highly
productive machine also coatributed to its immobility. The system of
clear-cutting timber Iwith which power yarders are associated and for
© which they are best fitted} leaves in its wake scattered stands of less
accessible timber which are left precisely becamse they cannot be profit-
ably logged by this method. The more intensively the equipment and meth-
ods af the clear—cutting system were developed and the more rapidly their
use was éxtended, the more widespread became the mecessity for a more
{lexible system capable of logging the scattered stands and the less ac-
cessible areas left by the cable yarder. The forest railroad, while oot
tecessarily associated with the clear-cutting of the forest, was equally
uwnsuitable for logging scattered stands.

The Shsft From Cable to Tractor Logging.- In 1919, 2,987 cable yvarders,
some capable of reaching 3,000 feet into the forest, were in use in the
three Pacific Coast States. There were 1,700 in Washisgton, Bos in
Oregon, and 462 in California.}* It was noted earlier that sales of
cable logging equipment appear to have declimed after the middle igan's,
whereas sales of tractor logging equipment reached their highest point
during the recovery years of 1935 and 1g936. The beginaing of the shift
from cable 10 tractor logging became apparent during the latter 1gu0's
and proceeded with particular rapidity dering the pericd of recovery
after 1932, .

Data on the rate at which the shift took place following 1933 have been
obtained from a directory of the western lumber industry. The tesults of

14ungnitude of the Logging Industry of the West,® fAe Fimberman, Vol. XX, No. 5
{Mar. 1818}, p- S8
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the tabulation are presented graphically in figure . Corparisons have
been made of groups of identical camps classified according to estimated
daily capacity in 1937, in terms of thousands of board feet.!® A def-
imite increase between 1933 and 1937 in the percentage of camps employing
tractors is shown for every size group. The greatest increase in the
number of camps employing tractors occurred in the group of large camps
cutting 100 to 249 thousand feet per day, and the shift to tractor log-
ging proceeded furthest in the case of that growp. Except for the two
groups of small camps, however, there was no increase in the perceatage
of camps depending solely os tractors for yarding operations. The tend-
ency during this period was to supplement cable yarders with tractors
rather than t¢ replace them entirely. Fitty percest or more of the camps
in only one of the five size groeps employed tractors im 1933; in 1937
over 5o percent of the camps in three of these groups employed tractors.

The same gemeral trends are evident from the experiemce of 266 identi-
cal camps reporting im 1936 and 1937. This group is 75 percent larger
thas the group of camps idenmtical for 1933 and 1937. Io this group the
increase in the number of camps employing tractors was grearest for the
camps cutting 50 to g9 thousamd feet per day; the imcrease in the nwmber
and percentage of camps depending entirely om tractors for yarding was
greatest for the group cutting 100 t0 245 thousand feet daily.

In 1937 about two-thirds of the large camps in the three size groups
cutting more than 100 thousand feet per day esmployed tractors ia loggisg.
Is general, however, there was little or 100 increase or an actual de-
crease (in the case of the group of largest camps and the growp of small-
est camps} in the nunber of camps depending exclusively om tractors for
logging operations.

The two groups of camps comsidered thus fac were limited in size by the
requiremenst that identical camps for each of the years under comsidera-
tion be examized. To give a more adeguate picture of the present level
of technique, a distribution was made according to method of the gog
camps reporting is 1937 (figure 7). This group is sy percent larger than
the group of camps identical for 1436 and 1937 and about 170 percent
larger than the group of camps idemtical for 1933 and 1937. It is larger
particularly for the small camps cutting less than 56 thousand feet,
which are inadequately represented irn the two groups discussed above.

An examination of this growp shows that a majority of the camps ia all
except the smallest size categories now employ tractors at some poiat in
the logging operatiop. Tractors are used by a greater percentage of the

15por g more detallad dfscussion of these data ses appenaix C,



Flgure 7.- PERCENTAGE DISTRIBUTION OF PACIFIC COCABT. LOGGING
CAMPS REPORTING SPECIFIED YARDING EQUIPMERT,
BY DAILY CAPACITY, 1933, 1036, AiND 1837
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large camps (those cutting more than 100 thousand feet per day) than of ‘
the small and medium-size camps. The most popular practice at the larger
camps is to combine cable and tractor lopging.??

¥hile the number of donkey engines employed at identical camps did mot
increase greatly between 1g33 and 1937 and declined between 1936 and 1437,
the number of tractors increased {table 8}. However, the statistics on
the mumber of domkey engines and tractors employed at all reporting camps
in 1937 indicate that the donkey engine is still an extremely important
factor in Pacific Coast logging.

Table 8.~ NUMBER OF TAACTORS AND DOKEEY ENGINES REPORTED
BY PACIPIC COAST 100GING CAMPS, 1933-37%

Year Tractors Donkey englines

108 ldentical camps

1633 208 797

1837 244 8686

1937 as percent of 1933 117.3 108.9
168 ldentical camps

1536 331 1,172

igav ase 1,082

1937 as percent of 1938 111.2 93.2
All reporting camps

1936 {387 camps"®} 638 1,805

1937 (4890 camps®) 724 1,848

Spsta tabulsted from Henddook and Birectory of the Western Pimber Industiriss
{Seattle, Wash.: West Coast Iumberman), editions of 1033, 1035-36, and 1937. See

appendix C.
"or this number, 201 reported tractors and 288 Treported donkey engines.

Cor this numbet', 259 reported tractors and 338 reported donkey engines.

There are important differences in the logging practices in Washingtom,
Oregon, and California arising from differences in the principal types of
timber cut. The two principal woods of Washington and Oregon are Douglas
fir, which is the dominant species on the Pacific slope of the Cascade
Mountains, and pondercsa pine, which is the most important species in the
pine forests of the interior. In California ponderosa pine, with sugar
pine found in the same forests, is the daminant species, and redwood is
pext in importansce.

"3{5 is interesting Lo note that the largeat camps have the samallest percentage of
camps employing tractors only, although they have & large percentege of camps em—
ploying traciors with cable yardera. On the gther hand, the smallest camps have
the amallest percentage of camps employling tractors but have & relatively large
pereentage ¢f camps empioying traclors only. The fact that the larger camps employ
& graater auwsber ¢f machines, which in furn permit greater diversily in Lypses of
machinea, 18 prodably the explanation for this divergence. The small camps which
smpley tractors are likely to concentrate on them: on the other hand, the large
number of small camps depsndent on the Second-hand machinery markef would be ligely
Lo find cable yarders more easiiy avaiiable,
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The shift to tractor logging is virtually complete in the ponderosa—
pine forests. Ia the Douglas-fir region and in the redwood forests it is
a comparatively recent development ard has become important only simce
1933.17 The sbift to tractor logging proceeded rapidly in these areas
between 1933 and 1937.

In Washington, Douglas fir accomnts for almost four-fifths of the total
production; ponderosa pine is relatively unimportant, Accordingly, in
relation to its production Washington has a larger proportion of donkey
engines and a smaller proportion of tractors than either of the other
Pacific Coast States. A majority of the Washington logging operationms
depend entirely on donkey esgines. (b the other hand, the shift to trac—
tor logging took place more rapidly betweem 1933 and 1937 in Washington
than in either of the other States, becanse this development in Douglas-
fir logging has been rapid.

In California the situation is just the opposite; pine production is
dominant and Dobglas fir is a relatively unimportant species. Califomia,
is relation to its production, therefore has a larger proportion of trac-
tors and a smaller proportion of donkey engines than either of the other
" Pacific Coast States. A majority of the logging operatioms in California
employ tractors only, and the number of operations dependent solely on
donkey engines is small.'® Because the shift to tractor logging in pine
is virtvally complete, however, the rate of increase in the number ef
tractors is smaller in California than in the other States. The fact
that the shift to tractor logging is less complete in redwood and was
proceeding rapidly fram 1933 to 1937 atcounts for the comsiderable nurber
of donkey engines employed in California and for whatever increase hag
taken place in the number of tractiors.

In Oregon, Douglas—fir production is dominant, although ponderosa pine
is a highly important species. Oregon aacc;miingly occupies an inter— |
mediate positicn berween California and Washington in respect 10 the rel-
ative popularity of the two methods of logging and the rate of increase
of tractor logging.

Considered in relation to the period prior to 1933, the extent of
the shift to tractor logging is even more promounced. Tractors were a

1'?m chial enginesr of & Pacific Coast firm engaged in the manufecture of tractor
logzing eguipment esatinmsted that, in 1838, 25 percent Of the Pedwood was logged by
trachors, whersss nons had bsen 5p logged § years earlier. Ascorfing to Axel 4. F.
Brandstrom of the Unitsd States Forest Service (special raport of the U. 5. bDapt.
Agr., Foreat Service, Div. Rea, [Mev. 1, 1938] for the *Studles of Producttvity
and Employment in Selectsd Industriss®™ section of the Natiomal Rassareh Project),
by 1658 about 30 Lo 40 percent of the gutput of the Douglas~fir region had been
srifted from cable logging o tractors, whareas *Lractors were of ¥Yery little
fmportancs until 1838 . & « « »?

"s'me persentages of ¢amps using doniays only ars 4.5 for thns amnest-m{wt
alass and O, 4.5; 1l.5, and O for the successively larger ¢lasses {table {—B).
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distinct rarity in western logging operations in igao and had begum to be
a significant factor only toward the close of the igzo's. Single- and
double-drum hoists were not introduced until i19s5 and 4id not become an
important production item uatil 1937. Similarly, the logging arch did
not replace high wheels until the close of the 1g9a0's. Nevertheless, by
1937 Over gs percent of the camps in all capacity groups were employing
tractors and over 18 percent of the camps in four of the five groups used
tractors without the aid of donkey engines.

The Shift From Railroad to Truck Logging.— Concomitant with the shift
fram cable to tractor loggiog has been a growth in the importance of
truck logging, frequently at the expense of railroad logging. In the
early 1920's the dominance of the railrcad as a means of log tramsporta-
tion on the Pacific Coast was ungquestioned. The scope and importance of
logging railroads in the Pacific Coast States im ig19 are iadicated by
the fact that there were 3,665 miles of railroad employisg 752 lecamo-
tives, distributed as follows:1®

State Mileage Lecomotives
Washington 2,000 430
California B840 160
Oregon 825 iez

Total 3,665 752

Trucks were probably first used in the Northwest about ig13. During
the 1g9a0's truck logging gradually assumed an importanmt positiom. By
1931 there were nearly goo trucks haunling azbout 375 million board feet
per year in Oregon and Washisgton. It was estimated that abont 6 to 1o
percent of the total cut of logs was hanled by trucks in these two States.
Estimates placed the division between means of transportation in 1gxm in
the Puget Sound District of Washingtom as follows: Trucks, 6 perceat;
logging railroads, s8 perceatl; commom-carrier railroad, z7 percent; and
imports by water haul, g percent.20

The indications are that since 1932 there has been a rapid increase in
the extent and importance of truck logging.  An examination of figure 8
indicates that a substantial majority of the small and medium camps, hav-
ing a daily capacity less than 100 thousand feet, employ trucks as the
sole means of major tramsportation. At 19 percent of the large opera-
tioms, those cutting 100 t0 249 thousand feet per day, trucks are em-
ployed in conjunction with railroads. A majority of the large camps in

tPmenituas of the Logging Industry of tha Nest,® loc. cit.

20r . r. Rapraeger, aMotor Truck Log Beuling In Oregon and Washington.® fAe
fimberman, Vol. XXXIV, ¥o. 8 {June 1833), pD. 1i-2. (FOr the reamaining perts of
this articls see the following issues of the volume ¢lted: No. 10 fAug.], No.li
[sept.], ang No. 12{0cl.].}



Figurs 8.- PERCENTAGE DISTRIBUTION OF PACIFIC COAST LOSQING
CAMPS REPDRTIRG BPECIFIED HAULING EQUIPMENT,
BY DAILY CAPACITY, 1833, 1656, ARD 1837

{Daily capacity in ¥ £t. B, K.}
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this group depend on trucks for at least part of the hapl. The largest
camps, cutting more than 250 thousand feet per day, are predominantly
railroad operations; when tricks are employed, they are used as a supple—
mert to the railroad. It is probable that camps which reported the use
of both trucks and railroads employ trucks im many instances to replace
railrcad spur lines, thereby reducing the volume of railroad-constraction
and maintenance labor.®!

It is evident that trucks have increased markedly in importamce since
1933. One study stated that the sumber of logging trucks under permit
from the State of Oregon doubled between 1932 and 1935.22 The data pre—
sented in this study indicate that a large proportion of the cutput was
handled by truck in 1936. '

Bowever, there are difficnlties in measuriag the rate of change from
railroad to truck logging. Trucks are employed because of their flexi-
bility which makes it possible to log sparse or small, isolated stands
profitably. Also, trucks are used chiefly on the smaller operatioms.
Because of this, camps employing trucks tend to shift location more fre—
quently. In the tabulation {table C—3] it proved impossible to trace
operations which changed locatioss; hence the grovp of idemtical camps
Tepresents a more stable group of operations than the average, in terms
of period of cutting at one location. Consequently any group of camps
identical in general lccation as well as ownership over a period of years
is likely to contain a higher-than-average percentage of railrced opera-
tions; a comparison of methods at identical plants in varicos years is
likely to understate the extent of truck logging and the shift to that
method 23

¥With this qualification in mind, an examination of figure § demomstrates
a remarkably rapid adoption of truck logging at the expense of railroad-
logging., In gemeral, camps cutting less than 250 thousand board feet per
day show a marked tendency to discard railrcad logging entirely in favor
of truck logging. The largest camps are more likely to svpplement exist—
ing railroad facilities with truck haul, presumably for short distances
only. The indications are that on the Pacific Coast truck logping is em
ployed most in Oregonm and least in Washingtom.

2"!‘1:' a dlscussion of thess data See appendix C,

B2aa1ph J. seaeh}.i, *Today's Truck Logglug,® fhe Timberman, Vol. XXXVI, No. 8
{(Jen. 1838}, P.

”:h tha other m & camparison of the methols employed s@ all reporting camps Ia
two dIffereni years would in one Sense oversiate the change. Becguse tha gmeller
oparations working small and scattered stands sTe lissly to Incresse 1o mmber with
& TECOVATY in producticn, there may be & greater apparent than astusl shift to amch
& pethod a8 truck logging.
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Table 9,- NUMBER OF TRUCKS AND MILES OF RAILROAD REPORTED
BY PACIFIC COAST LOGGING CAMPS, 19533-37%

Milea

Year Trucks of railrocad

160G ldentical camps

1833 is 2,200
igav 101 2,405
1937 as percent of 1833 721.4 108.1
148 ldentical camps
1936 87 3.087
1937 iss 3,051
1937 as percent of 1836 250.7 §8.5
All reporting camps
1938 (387 camps”} 208 4,187
1937 (489 camps®) 701 4,001 -

2pata tabulatea from Fandbook ond éifectarz of the Western fimbder Indusiries
(Saagﬁscussh.: ¥est Const Lumberwan}, editions of 1633, 1035-38, and 1637. GSee
appe .

b&f this nusber. 48 reported trucks and 164 reported railroad mileage.
Cor tnis numbar, i48 reported trucks and 177 reported rallroed mileage.

Effects of the Shift to Nore Fiexible Equipment on Labor Requirements.—
The yarding operation, in which logs are hauled from the stump to the
railroad or other means of major tramsportation, is a logging phase of
decisive importance. The efficiency with which yarding is coordinated
with loading and the long haul may determine the efficiency of these
latter operatioms.

In a complete analysis of large-scale Douglas—fir logging cperations
the United States Forest Service has showm that the productivity of -trac—
tor yarding is greater than that of domkey-engine yarding. A comparison
of man-hour requirements for gasoline and steam high leads, large sky-
line skidders, and tractors equipped with fair-lead arches, for logs of
various sizes and for various yarding distances, is shown in figure 10.2¢
Tractor logging with fair-lead arches shows decisively lower uwait labor
requirements at all except very short distances for all sizes of logs.
Unit labor requirements with large sky-line skidders approach the level

PArpe gurves fn figure 10 sre based on Axel J. F. Brandstrom, #nclysis of Leﬁging
Coais and Gperaling Nethods in ide Douglas Fir Region (Forest Service of the U. S,
Depts Agr., West Coast Lumberments Assgeiation, and Charles Lathrod Pack Foleatry
foundatlion, June 1833), pph. 18, 25-56.

The follgwing method wes employed In Calfulstling the dAats: From the original
tablsa, producticn per man-hour was computed for individual studies by dividing
total production by the number of man-hours raquirsed; the resuiiing figures wers
then averaged, ths numbar of aludies represented being used as a welghting factor;
purves of varlous types were fitted $o these sverages; and the finel dats, appear=
ing in this table, wore fzken ITam the Surves.

The sxternal yarding distance is that froam the landing %o the sutside boundary of
the logging area.
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Figurs 10.- YARDING PRODUCTIVITY IN DOUOLAS-FIR OPERATIONS,
BY TYPE OF EQUIPMENT, 1931
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of those with tractors only for very large logs and at comsiderable dis~
tances. Small gascline high-lead yarders show a lower unit laboer re-
guirement than tractors at very short distances for small and medium-size
logs. Unit labor requirements are lower with 100-hp. gasoline high leads
than with tractors for large logs at very short distances. Otherwise
these studies, the best available, demonstrate that tractor yarding has
decisive advantages over other logging machinery is terms of unit labor
requirements., 28

When it is necessary 10 extend yarding operations to distances beyond
3,000 feet, the advantage of tractor roading over sky-line swinging in-
creases rapidly because of the fact that sky-line-swinging costs increase
sharply as additional units became necessary.2®

The relatively slower increase im logging costs for tractor logging
with an increase in distance has important implications for labor re-
quirements and costs in related operatioms in railrcad comstruction.
Cable logging requires an extensive network of spur limes im logging a
stand so that yarding distances are kept at a profitable maximum. When
tractor logging is employed, it is possible to extend the yarding dis-
tance somewhat and thereby 1o reduce sharply the amount of spur-line com-
struetion. Thus tractor logging enables operators to achieve important
reductions in comstruction-labor reguirements.®?

An important aspect of the successful utilization of the nmew tractor
equipment is the specialization of equi;menffor particular types of
operations. The smaller operator who is limited in the number of ma-
chines which he can profitably employ will find it difficult to realize
the full savings possible with the new machinery. This is true because
it may be necessary to employ cable logging machinery in particular in-
stances to overcome the difficulty associated with particularly rough
topography. On the other hand the large number of uses to which both
tractors and trucks may be put increases the degree of utilizatiom of the
capital investment of the small operator employing these machines.

251’5 ghould b9 noted that the tractor can be squipped to serve as & Small high-icad
yarder by equipping it with & double-~drum hoist or-*tractar donkey.®

“Brannatrm, of. cit., D G2~G.

Estimatss for one operation placed construstion costs as follows for the two
methods (main-iine railroad used In Hoth methods): Using railroad and csble
lozging, 40 miles of spur lines cost $3565,860; using reiiropad, truck, and tractor
1egging, 1 =ile of spur line cost $14,000, 2.5 milss of truck road cosit 812,000,
ang 30 milea of maln tractor rosda cost $15,000, or 5 total cost of $40,000 {100~
200 miles of branch tracter rasds wers charged diractly to furrent opersting coets)

Buri P, Kirkland an¢ Arel J. ¥F. Brardsirom, Selsciive Fiader Nonugesant in the

oug las Pir Region {Forest Service of the U. 5. Dopt. Agr. and Charles lathrop Pack
Forestry Foundation, Jan. 1638}, p. 57). For another operstich road-eonstruction
coste for & large ares weroe estimated a3 follows for the two methods of logging:
Re{lroad-spur (60~20 miles) and donkey-engine logging, &580,000; trastor logging
{600 miled of roed}, $315,000 {Brendatrom, op. cif., ph. 10a-6}.
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Truck logging has made headway in the West because of the need for
equipment more flexible than the railroad inm logging certain stands.
However, Brandstrom concludes that "in spite of the rapid development of
motor trucks, the typical logging railroad operation when operating at
nommal capacity is still far in the lead as far as actual hamling effi-
ciency is concerned."®® Truck logging, then, represents an adjustment in
which current operating efficiency is sacrificed in favor of lower invest-
ment costs; if amortization costs are disregarded, truck-hauling costs
are fram two to four times as great as rail-hauling costs.Z®

Unlted Stetes Forest Service

FIGURE 11.— TRUCK LOGGING IN THE PONDEROSA—PINE REGION
Logs are being loaded for the haul to the railroad several miles away.

Oa the other hard, truck hauling is much less expensive tham tractor
hauling, and frequently trucks may be employed profitably to replace lomg-
distance tractor roading of logs. The disadvantage of this procedure is

E%nmsm-. op. cit., D. 71,

2%osts of truck and ratlrosd logging, in cents per mile per thousand board feet,
for logs of 800-board-foot volume are as follows (idid., p. 82):

m:mls hauling on poar or steep roads; average hauling distance of
SmleS « v o 2 o o “ s e e < s .. 40
Logging railroad-spur mnswrunm (laml.m to nn-up mek). lveraap &
nsuung distance of 3 miles; 5-16 lllum \‘eet of tmer per mile

of road; cost of constructian uer lll.e. .. 10
Motortruck hauling on good roads (pud. hw)- aveno l-uuns als<
tance of 10 miles . . . -« 18

Logging main-line mwutin;::..;a;n&'u?uiu'm.a;siﬁc; or’20 miles;”
20-60 million feet of Timber per mile of road; cost of construction
per mils, $12,000 « « = s s o e s s s s e e s st e e s e ocnneaa &
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the cost of loading logs om trucks, but this difficulty has been overcame
to same extent by the introduction of smll tractor-mounted loaders.

In spite of the greater operating costs of truck hauling campared with
railroad hauling, truck transsportation frequently comstitutes the omly
possible rethod of logging small, scattered stands of timber having in-
sufficient volume to justify railrcad ccmstruction. Such operations are
most practicable whea public highways can be used for the major part of
the haul. A rough calculation for sz Oregon trucking operations studied
in 1933 indicates that B85 percent of the total length of haul of these
operations was pede over public roads.®® Even under favorable conditionms,
however, truck hauling on the whole probably requires more labor per uamit
of transportation service than most railroad operations. Nevertheless,
by reducing the capital and labor requirements that would otherwise be
necessary to log less favorable stands,®! truck hanling has made it pos-
sible to log such stands profitably and has thereby extended the limits
of the economic availability of timber. ' '

The shift fram railroad logging to truck and tractor logging, particu-
larly on the spur lines, has effected large reductions im comstruction
costs in Pacific Coast logging. A considerable reduction in the cost
of construction for railroad gradings, truck roads, and tractor roads
and trails has been accomplished by the mechanization of comstruction
activities,

The 1420's witnessed the introduction of power shovels principally for
use on railroad gradings. It was noted that the sales of concerns mamu-
facturing power shovels for the lumber industry declined sharply after
1929.%%2 The steady increase in the number of power shovels reported at
Pacific Coast logging camps from 1933 to 1537 {(table 10} is therefore

30pgpraeser, of. cit., Yol. XXXIV, No. 11 {Sept. 1033}, D. 4. In hlg table
Rapraeger givea the type of road employed for Lruck baul af 52 cperations. length
of haul is giver as { L0 € miles, 3 0 § mlles, ele.; bY welghting the midpoints of
thesg intervals by ihe number of operaticns, 1t was poesibie $O 2alimate the numbsr
of miles bauled on the various types ¢f road.

Bitypical somts per Mile In Che redwood reglon £or truck-rosd and railroed cone
atrucsion sre as fallows: Maln truck roeds, 8,000 to %10,000; branch roads, ss
1Ittla aa $1.500 gravaled and $760 uhgraveled; main-llne railrceda, umder cOompar=
able conditions, $15,000 Lo $£0,000; and railroed spura, $10,000 Emenusl Fritz,
nTrgetor Advanteges In the Redwood Reglon,* Journai of Forsstry, Vol. 35, Ne. 10
{oet. 19371+ D+ G22).

Rapraeger Iound that truck-Toed cOnstruction sdata per Bmile for several sperstiona
were a8 follows: Earth - $100, $130, $208, 81,800 {hand laber, steep inclinss,
biasting), €448, D4 $3165; gravel, 12-fool wide, &5 inches of gravel - $i,313;
plank - 3,000 te $5,000 {Rapraeger, op., cif., Vol. X¥XIV, Mo. 10 [Aug. 1533],
pp. 18-7). Eetlimatsa for rallrcad-spur construction were placsd at an average of
about $8,900 per mile at a Douglas~fir operatlion compared with £4,800 ror truck
road {Kirkland and Brandatrom, of. cif., P. 37). At a gecohd-growth Douglas—{ir
onem}nan truck-road cdnstruction ¢o0st was estimated at $8,000 per mile (idid.,
P 4R},

32840 oh. II. fts. £8.
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Table 10.- EUMBER OF POWER SHOVELS AND BULLDOZERR REPORTED
) BY PACIFIC COAST LOGGING CAMPB, 1633-37%

Year Power shovels Bulldozers

111 ldenticsl camps

1633 : ] 80 {(5)
1937 131 (v}
1937 as percent of 3933 163.8 -

172 identlcal camps

1938 180 &1
1937 158 88

1837 as percent of igseé 88.8 i74.5

All reporting camgs
1958 {3687 campsé} 214 77
1637 {408 camps } 232 188

®Dara tabulated from Hamddook and Director of the Western Fimber Indusiries
E&aﬁ}e.cﬁsam: ¥ast Coast lumberman), editions of 1933, 1035-38, and 1837. See
appendix C.

®Inadequate sampie.
®of this wober, 120 reported power shovels and 61 reported bulldozers.
%0r this pusber, 129 reported power shovels and 138 reported bulldozers.

Figure 12.- PERCENT OF PACIFIC COAST LOGGING CAMPS
REPORTING BULLDOZERS AND POWER BHOVELS,
BY DAILY CAPACITY, 1637 .
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Caterplilar Tractor Co.

FIGURE 13.— BULLDOZER BUILDING A LOGGING ROAD

The blade of the bulldozer, seen at the left front corner of the tractor,
1s cutting a tractor road in the mountainside. The use of such equipment
has radically reduced road-construction costs and has contridbuted to the
development of truck and tractor logging.

the more noteworthy. Figure 12 shows that the reduction in labor re-
quirements through the use of shovels was accamplished principally at the
larger camps. Almost four-fifths of the larger camps, those cutting more
than 250 thousand board feet per day, reported the use of power shovels,
whereas only one-sixth of the smaller camps reported their use. Although
these figures doubtlessly understate the extent of the use of power shov~
els at Pacific Coast logging camps, they probably reflect accurately the
distribution of power shovels according to size of the camps.

An important recent development since 1932 has been the intraduction of
bulldozers into Pacific Coast camps, a development closely associated
with the expansion of tractor logging. The rapid expansion in their use
is. indicated in table 10.

Bulldozers are more evenly divided among the camps of various sizes
than power shovels, a fact which probably reflects the more general em-
ployment of tractors in logging operatioms. Power shovels are associated
with railroad operations and are therefore concentrated in the larger
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camps , whereas bulidczers are associated with tractor and truck opera—
tions and are therefore more widely employed ifigure 12).

Effects of the Shift to Nore Flexible Equitment on Timber Rescurces.—
The newer methods of logping, employing tractors amd Irucks, are notable
‘principally for the fact that individual trees or scattered groups of
trees may be selected for logging. The United States Forest Service has
demonstrated that for a given type of timber there is a size limit below
which the costs imvolved in logging and milling become excessive, The
employment of the newer methods of logging, by making it possible to
select only those individual trees larger than this econamic lower limit,
can reduce man-hour reguirements in particular areas below levels attain-
able with the older eguipment. Many operations have therefore doubt-
lessly lowered their unit labor requirements throuwgh the adoption of
newer methods of logging. '

Many of these operations, however, employ tractors to remove most of
the merchantable stand, and they leave the land in a conditiom which is
hardly more desirable fram the standpoint of regeneration amd fire pro~
tection than under the clear-cutting system of logging. Therefore the
progressive increase in the difficulties of lcgging which was the feature
of the clear-cutting system is also a characteristic of the mewer systems
of logging insofar as the newer "selective logging™ inmvolves the remwal
of all the tirber which can be cut at a profit. Whether or not the newer
methads of logging applied in this fashiom will reduce unit labor requirve-
ments in logging for the Pacific Coast industry as a whole depends on how
rapidly the difficulty of logging increases because of the essentially
destructive mature of these methods and of the old clear—cutting system.
In other words, the newer méthods may merely perpetuate the race between
improved technology and increasing extractive difficulties.

It seems likely that the short-time effect of the adoptiom of tractor
logging bas been to reduce unit labor requirements for the Pacific Coast
industry as a whole. However, depletion of the forests comtimues, The
obstacles to the reduction of unit labor requirements may increase too
rapidly to be overcome by further advances in techeology.

Iractors and tricks may nevertheless be profitably employed im logging
the forest so as to chtain a sustaised yield of large timber. This would
mean that the newer methods of logging would be applied not merely to the
cutting of all timber which cam be cut at a profit but to the cutting
of individual trees and groups of trees which had reached that poist
in their growth where the value of further groath is not sufficient to
justify their further maintenance. Under selective logging of this type
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a forest of large trees could be maintained and the natural growth of
the trees accelerated through cyclical cuttings. Thus the progressive
increase in logging difficulties could be largely ended and the capital
values of the growing forest and of improvements in the land maintained.
Although suck a system would probably reduce mmit labor requirements:on
particular tracts, its effect on employment opportumities in the industry
would doubtlessly be beneficial. The relation between employment oppor-
tunities and the comtinued stable existence of forest resources, however,
will be discussed in a2 later chapter.

Unit labor Requirsments at & Group of large Operations

The National Research Froject, im cooperation with the Natiomal Bureau
of Econamic Research, surveyed 17 logging camps in the Douglas-fir regiom
and 3 pondercsa—pine operations in the Pacific Coast States. This survey
is designated as the "MRP-NBER Iogging—camp and sawmill servey.”

The production of these camps represented a small but gemerally increas-
ing proportion of the Pacific Coast lumber production. Logging camps
supplying mills which cut over so million board feet im 1929 are best
represented in the sample, which is confined to logging camps supplying
mills whichk ¢ut over 25 million board feet in 19z9. The findings there-
fore refer only to large logging camps; they are most represesntative of
the experience of the largest logging camps. The sample is regarded as
being reasonably adequate for the large logging camps after 1gag. A more
detailed analysis of the sample on whick the following findings are based
is presented in appendix A. The method of calculating logging production
and a description of the operations ircluded in the logping man—hour
totals are also given in this appendix.

The productios, man-hour, and unit-labor-requirement series cbiained in
the survey are presented in table A-3. In spite of somewhat erratic
year-to-year fluctuations, a definite dowmeard tremd is evident is the
labor-requirement ratio for this groap of large camps. A comparisom of
the average unit labor requirements for 3-year periods indicates a steady
decline in man~hour requirements averagirg abont i5 percent per period.
The reduction of about 1 mam-hour per thousand board feet between 192729
ami 1933-35 indicates a consistent increase im labor productivity. Be-
cause of the steady increase in the size of the sample, compariscns of
t§a~1ag man~hour ratio {man-hours per thousand board feet} for ome period
with that of another period are more bazardous for the earlier years.
The available data indicate, however, that the igao's represented a pe—
riod of the most rapid decrease in the man-hour ratio.
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The trend of the man-hour ratio for the two camps for which data are
availsble over the entire period follows closely the trend for the sample
as a whole {(figure 14}, but with more violent short~time fluctuations.
The experience of one of these camps indicates that the explanation for
the yearly variations lies in the concentration of construction activity
in particular years.®® When the area of operatioms must be extended and
& new stand opened, a relatively large guantity of labor must be expended
in tasks such as the construction of spur railroad lines, bridges, and
roads which do not immediately result in increased production. In years
when production is sharply curtailed, however, it may be possible to dis-
pense with such comstruction labor almost entirely.

Figurs 14.- UNIT LABOR REQUIRENENTB IN LARGE PACIFIC TOAST
LOGOING CANPE, 1920-38
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Foctors Contributing te Increased Isbor Productivity.- Insofar as the
decrease in umit labor requirements shown by the sample was typical of
large logging operations on the Pacific Coast during the igao's, it must
be attributed in large measure to the improvements in logging machinery
made during that peried. This period was marked by the peak in the de-
velopment of cable logging machimery and forest railrcads. The increases
33&?. this camp Construction actlivities at a new site beghp In 1823 so thAt produt—
Lion was ourtalled end mAn<hours Intreased Al the same Lime. A3 8 result Lhe
Ban~hour ralic reached 49.0 in 1983 compared with §.4 In 1882 and 1G.1 In 1624.
The estimated number of man-hours spent in construttion sctivitiesz at Lhis camp In

Lhis year heEve bteen eliminated ip the caleulsilon of the mn-heur ratic SO as to
avolia introfucing & sericus distortion of the tremd.
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in the size, speed, and power of cable logging engines and of logging
locomotives were particularly typical of the larger operations, These
improvements and the shift to types of power and fuel requiring less
labor®t were almost certaioly the principal factors respomsible for the
observed reduction in unit labor requirements during the 1g20's.

The improvement of cable logping machinery and forest railroads has
declined in importance as a factor influencing Pacific Coast logging-labor
requirerents in recent years. Ihe substitution of tractor logging tor
cable logging, a development which began iz 1925 and proceeded with par-
ticular rapidity after 1932, has probably been the principal force cperat—
ing to reduce unit labor requirements since 1929. In general this shift
has taken the form of the abandonment of cable logging as the sole means
of yarding in favor of a system combining tractor and cable. The United
States Forest Service study of Dovglas-fir logging costs indicates that
the adoption of a system combining the use of cable logging engines and
tractors affords opportunities for sharp rednctions in unit labor re-
quirements in yarding operations.® Nine of the 20 logging carps covered
by the NRP-NBER survey employed tractors im yardimg operatiocms, and 2
camps depended solely on tractors for yarding.

Railroad logging was still the dominant means of major tramsportation
in 1936 at the logging camps included in the NRP-NEER survey. Nimeteen
of the 2o operations used railrcads exclusively; the other camp supple-

.mented an extensive railroad system, employing 6 locomotives and so miles
of track, with truck haul., These operations, then, were not forced to
adopt truck logging in order to reach scattered sitands of timber. Since
the railrcad, under favorable conditions, provides the means of transpor—
tation reguiring the least labor per unit of output, the camps surveyed
appear 10 gccupy a favored pesition in this respect,

Another factor responsible for the reduction in unit labor reguirements
in large operations has been the mechanization of railroad grading and
truack- and tractor-road comstruction. In 1936, 19 of the 20 logging
operations surveyed used power shovels. A total of 26 shovels was re-
ported. In recent years the adoption of bulldozers has been genmerally
rapid and particularly characteristic of large operations; bulldozers
were employed at 5 of the 20 operations under review in 1436,

841, this sonnection, 1t f8 worth noting LRAL the 20 logging Operations on the Weet
Corst which were surveyed hed over 25 percent of the small pumber of Dilesel logging
englnes reported by Pacific Coast lozging camps in 1438. On the other hanxd they
had a very small percentage of the gescllne donkeys, presumably becauss Lthe iight

gesoline donkey englnes are emdloyed predominantly &t the smaller operations aot
aurveysd.

SBsznstrm, .og. rit., fassin
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Tabkle 11.- LOOGGING PRACTICES AT ALL REPORTING CAKPS
ARD AT SAMPLE CAMPS ON THE PACIFIC COAST,
BY DAILY CAPACITY, 1936

411 reporiing camps®

Dally capacity ¥RP-NBER

Dally capacity of 100 pR—
Practlice of 1-88 ¥ £5. b, m. P8
H ft. b. m. or more

¥umber] Parcent | Nmber| Percent | Jumbar| Percent

Total number of camps reporting 225 - 158 - 19 -
Camps reporting apecified
yarding squipment, total 175 300.C 145 100.0 g 100.0
Donkey engines only 87 49.7 38 40.0 11 57.9
Dookey engines snd tractors 54 30.8 50 40.7 a8 si.e

Tractors only 54 19.4 28 18.3 2 0.5

Camps reporting specifled
long-haul equipment, total | 100 i00.0 142 100.0 i 100.0

Locomotives only 37 a7.o iz¢ 80.9 19 100.0

Locomotives and trucks 5 5.0 7 4.8 [+ I [+

TFrucks only 58 58.0 ] 4.2 o] o
Camps reporting power shovels 19 5.8% 101 84.7% 18 100.0°
Campa reporting bulldozers ) 4.0° 43 27.8° 3 28.3%

%Dyta rabujated from Fanddook and Directory of the Festarn Tisber Industriay (Seattls, Waab.: Nest
Donyt Lumbsrwom), 035-34 sdition. See appendix L.

Bﬁthuugh £4 loggIing campa weTe lnciuded ik the NRAP-NBER logging-camp and sawmiil survsy, equipment
fnfermation for omly 16 could be foumd In The iS3E-38 24ition of the ajrsctory. In the Textual dis-
cussion, howsver, infommaticn for the Dwentistk camp &8 Oblafioed from Lhe 1057 directory was assumed
ic Bold true for 1638, Each of the 20 camps purveysd had a daliy capacity of more thas 100 thousand
boart {est ascondlaog to the IS56-368 directary.

SPercant 6f TOTAL Zumber of camps reporting.

Table 11 presents data on the logging methods employed at camps covered
in the NRR-NBER survey and at all Pacific Coast camps reporting oa equip-
ment. Ao examination of this table reveals that in 193536 the shift to
tractors had not proceeded so far at NRP-NBER camps as at other Pacific
Coast operations. Data presented earlier indicated that manm-hour re-
quirements for tractor logging operation were less than for cable logging.
On the other hand, the adoption of tractors is frequently necessary be-
cause of the unfavorable stamds of timber available for cutting. Thus
the fact that camps included in the survey have been somewhat slower to
adopt tractor logging may be a reflection of the fact that they are fa-
vored with more accessible stands than the average camp. It may also be
a reflection of the fact that the sample is camprised largely of Douglas-
fir operations, in which the adoptiom of tractors began at a late date
{see page 41l.

Logging practice in the long heul at NRP-NBER camps is very similar to
that at other large Pacific Coast camps cutting over 100 thousand board
feet per day. However, the methods vsed in the long haul at NRP-NEER
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camps are strikingly different fram those employed at small Pacific Coast

carmps, where truck haul is the favorite method. Sinsce railroad haul gen—

erally involves less labor per unit of output, this difference probably
means that labor requirements are lower for the same length of haul in
this operation at the NRP-NBER plants than at smaller camps. On'the
other hand, the type of timber stand om which the small cperaticms choose
to employ trucks can probably be logged by that method with less labor
per unit of output (including construction labor} than would be involved
in railroad logging.

Road- and landing-—comstruction activities at NRP-NBER camps are con—
ducted on a somewhat more highly mechanized basis than in all large
Pacific Coast camps acd oz a much more highly mechanized basis than in
small Pacific Coast camps. This is indicated by the statistics om the
proportion of camps employing shovels and bulldozers. It would appear
from this that unit labor reguirements for truck and railroad construc—
tion should be lower at NRP-NBER camps than at most Pacific Coast camps.

TECERICAL CBARGES AND UNIT LABOR EEQUIRBMERTS
IX SAWMILLS, 19020-38
In a certaim sense, production techniques in the sawmill are less af-
fected by the changes in the availability and size and quality of the
timber resources than are logging methods. While the depletion of the
most easily accessible stands of timber im the Pacific Coast area has
given rise to strikiag chasges in logging techniques, the techmology of
lumber milling since 1920 bas developed in a more continuous and even
fashion. Soon after producticn on the Pacific Coast attained sizable
proportions, large mills became the characteristic production ceaters.
Daring the 1920's the large mills strengthened their domination of Pacific
Coast production, and it is only in recent years that small saumills have
attained any degree of importance in that regiom.

There are indicatioms, however, that the reduction in the supply of the
easily accessible high—quality timber has made the reduction of labor re—
quirements at Pacific Coast mills & more difficult task. Reports from
field agents of the NRR-NBER survey indicate a widespread belief that it
has become progressively more difficult to secure an adequate supply of
large-size, high—quality logs. Imsofar as the depletioa of easily avail-
a.ble timber supply has been associated with a reduction in the size and
qual:;ty of the logs supplied to the sawmill, it has meant an mcrease in
the obstacles to increased lsbor productivity in the sawmill as "well as

in the logging camp. .
&

-



PACIFIC COAST 59

.

Technical Developments

Since 1920 there have been no radical changes in the production tech-
niques of Pacific Coast mills. However, this region has been the center
of such technical advances as have been made because it was the only
region in which there was an expansion in production and in the nmumber
of large mills during the 1920's. While there have been no outstanding
cianges, 2 large number of improvements in the manufacturing process have
occurred which have had an important cumulative effect in reducing pro-
duction costs. Within the milling department the most important factor
tending to reduce unit labor requirements has been the imcreased speed
and power of the headsaws, cut-off saws, trimmers, and edgers.

Farm Securlty Admintatration (Rothstein)

FIGURE 15.~ SAWMILL CARRIAGE WITH AUTOMATIC SETWORKS

The sawmill carriage carries the log through and past the headsaw. The
worker shown automatically adjusts the position of the log for the next
cut ac:nrding to the directions of the sawyer. The log mafy be turned or
moved forward for a cut of any desired thickness by means of the automatic
setworks.

The increase in the speed and power of sawmill machinery has been made
possible through improvements in the stremgth of materials, refinements
in design, the application of antifriction bearings, and the electrifi-
cation of the sawmill. The headsaw has been improved through the use of

lighter-gage saws which reduce the waste in sawdust. The use of auto~
matic setworks and other devices on the carriage has tended to increase
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labor productivity.®® Electrification has speeded up production through-
out the milling department, especially in the comveyance of the sawed
lunber,

Electrification has been particularly widespread on the Pacific Coast
because of the dominance of large mills. The substitution of electric
for steam power reduces the oumber of men in the power division, reduces
mintenance cost through the elimination of overhead pulleys and belting,
increases the direct power, makes it more feasible to maintain comstant
speed of operation during sawing, and is subject to easier control,®?

Data on the egmipment in use at Pacific Coast mills indicate that the
large mills bave been the principal bemeficiaries of tke improvements in
rachines and of the advances of electrification. This conclusion is in-
dicated by the fact that the large mills are more frequenmtly electrified
than small mills, more generally employ the superior band saw in place of
the circular saw, and are usually equipped with such special-purpose
machines as gang saws.

An examination of figure 16 shows that an overwhelming majority of
large mills with a daily capacity of over 100 thousand board feet employ
band saws. On the other hand, fram Bo to g0 percent of the small mills
with a capacity of less than 50 thousand board feet per day use circular
saws. Studies have shown that band saws cut almost 14 percent more lum—
ber from logs of 13 to 20 inches inside diameter at the smali end than
circular saws.3®

Figure 16 also shows that a large proportion of the larger mills, these
able to cut gver 100 thomsand board feet per day, use electric power,
whereas roughly 8o percent of the smaller mills depend ca steam power.

[ 3

It is possible to increase the ocutput per man-hour im sawing operations
by employing a number of special-purpose machines to accamplish a major

“’rm introducticn of an sir-dog carrisge in 1627 at one of the mills {n tha NRP-
NBER survey #liminated two men: in another, the Introduction of & semisutomatic 10g
carriage In 183G reduced the labor force on the carrlage from three men Lo ohe; at
enother mill the introductlion of & log turner in 1828 ineressed the dally output by
£ o 1D thousand board fest.

BTTnycaI of the increass in productivity achieved through the more resdy control
of aiectric power is the introductlion of the double-motor arive for ths maln head-
saw at geveral large Paciflc Coast plants. Because of the differences in hardness
of logs, it 18 frequsntly necsssary to alow down the saw spsed from the usual
10,000 feet per minute to RDOUL 8,000 feet per minmule Lo avoid making a wavy ful In
thg lumbar. In the steam—driven mills this can be dcne only by shilfting the belt
dAriving the saw to & ameller pulley, With the double-motor drive It 1z possible
for Lnhe sawyer tO change the speed oOf the saw almost Instantly by pushing s buliod.
Tne instalistion of a double-motor drive at one Pagific piant saved $1,000 monthly
through sn inveatment of $3,000 by eliminating wavy cuts in lumber, speedling up
produstion, and reducing planing cuts. (["Medernization Solves Industrial Problem,®
Piectrical Nest, Vol. 88, No. 7 [June &, 1 « DD 573-4,} e

seaalsh C. Bryant, Lumber: Its Nomufacturg and Distribution {2d ed.; New Tork
John Wiley & Scns, Inc., 1838}, . B73.
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part of the reduction of the timber to smll dimensions. This is accam-
plished by cutting with the headsaw only to large dimensions, leaving the

further sawing to such machines as horizontal and vertical resaws, and

particularly gang saws. This procedure is even more important in redic-

ing labor costs than labor time, sisce the sawyer who directs the cutting

of the headsaw is ome of the most highly skilled workers in the sawmill

and receives a higher wage rate than operators of resaws and gang saws.

There is no indicaticon of any marked increase from 1920 to 1936 in the
amount of cutting dome by gang saws and resaws. However, there are def-
inite indications that the use of pang saws is characteristic of the
mills which are able to cut over 230 thousand board feet per day. Figure
16 shows that more than two-thirds of the mills with a daily capacity of
over soo thousand board feet repos:t:ed the use of gang saws and more than
half of the mills with a daily capacity of 250 1o 500 thousand board feet
reported the employment of gang saws. On the other hand, only a negligi-
ble percentage of the small mills, those cutting less than 50 thousand
board feet per day, reported gang saws.

Retinements in planing-mill machinery similar in character to those in
sawmill machinery have resulted in even more pronounced increases in the
speed of cperation, Particularly important have been the improvements in
the feeding tables which carry the lumber into the surfacing machines.
As a result the feed speeds for planers and matchers have been increased
from 200-250 lireal feet per minute for the best machimes prior to 1920
10 as much as 500 lipeal feet per minute in the best machines of recent
years. The output of such fast feed planers and metchers may be as high
as 10 to 15 thousard board feet per hour.3® Machines rumning at these
speeds are employed almost exclusively in the large mills of the Pacific
Coast 40

The effect of the increase in the speed of operation in the planing

mill op labor productivity has been offset to some extent by the effort
to increase the production of high-quality luber. In recent years sharp

3%, . Wnitney, *Electricity !nm the lumber Induss:;y,* Prancactions of ike American
Institute of Flectrical Engingers, Vol. XXXIIT {1814), pi. II, D. 1347; Bryani,
op. cit .y D £38, Some mille r™un dimensions st 1,000 lineal feal per minute.

40, number of the mills surveyed reporied Lhe Installation of faster planing ma—
chines since 1820. At one plant the eppliestien of an electric motor to the
plansrs inereazed the output 0 parcsenit per machine. At ahother, one faat fesd
plansr replaced three d4dry machines in 1§27, At a third, two new planers and
matchars replaced four older machines Iin 1835; together with other improvements In
the planing mill, this made 1% posaible to incrsess the output of the department by
BB to 30 percent and to rajuce the number of employess froz 80 t4 sbout B0, Ima
tourth plant a4 dimension sleer wWith & feed specd 0f 360 Lineal fset per minute re—
placed, in 1928, an older machine with = feed speed of 250 linesl feet per minute.
It should bes noted that in a number of lnstsnces the installation of faster ma—
shinea during the 1920's, slthough doudtlesaly intreasing ths productlvity of
1%2§r, was sss0ciated with an increase in the toial working foree in the planing
.



PACIFIC COAST - - 83

competition has made it necessary to increase ‘the amount of finishing
even on the loser grades of lusber, and a large 'number of lusber menufac-
turers nos packsge and trade merk their product. Smooth trimmers, which
finish the ends of the lwber and stamp the trade mark on each piece, are
frequently found today im the larger planing mills., An examinatiom of -
figure 16 reveals that over 83 percent of the mills cutting more tham 30
thousand board feet per day had planing mills and that all of the very
large mills had finishing plamts. It is prcbable that the larger plams
employ a greater nunber of special-purpcse machines asd praduce a greater
variety of finished products,

One phase of techaical advance on the Pacific Cosst whick has not been
productive of increased labor productivity (as measvred in board feet of
lusber} has been the application and improvement of methods of utiliz-
ing sawmill waste. Mills in the Douglas—fir region had a normal sawmill
waste of about cme-third of the total cubic volume of logs sawed at the
mill, The waste fram slabs, edgings, and trimings averaged 19.3 percent,
and the loss from sawdust accounted for 14.1 percemt, It seems likely
that prior to 1920 most of this waste was burmed in large incirerators,
‘with practically no labor expenditure. In 1g31, however, about g4 per-
cent of this waste was utilized for byproducts, about 29 percent was em-
ployed as fuel in the producticn of power, and less than 27 percent was
burned in incinerators.$!

The principal byproducts cbtained from the solid sawmill weste are lath,
box wood, hog fuel, and screen chips for pulpwood. The preparation and
selection of sawmill waste suitable for utilization im byproducts add to
the amount of direct labor in the sawmill and planing mill. Waste util~
ization also involves added lsbor for the operation of machines employed
in the manufacture of byproducis. Figure 16 shows that a much larger
proporticn of the larger mills than of the smaller mills have lath mills
attached to them.

The artificial seasoning of wood has developed with particular rapidity
oo the Pacific Cecast, and because of the possibility of weight reduction
throogh kiln drying, it was a particularly important aid to the Pacific
Coast cperators in improving their competitive position in the eastern
merkets by saving om freight rates.

This factor, together with the reduction in inventory, bas resulted in

the extension of kila drying 1o over 70 percent of the plants cutting more
that 10¢ thousand board feet per day {figure 16}. A small proportion

ﬁiuaa H. Hodgson, *Present Utiligation of Sewmill "Waste' in the Bouglas Fir
Ragion,* fae fsmnnn, ¥ol, IXXII, Hos., 0=12 {Juiy-0ct. 1831},
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of the plants cotting less than 5o thousand board feet per day report
the use of kilns.

The use of such labor-saving devices as electric transfer cars and
autamtic control devices for the regulation of temperature and humidity
has been particularly widespread in the large mills of the Pacific Coast.
Mechanical devices for the handling of lumber in the sawmill yard have
received their most widespread adoptioa on the Pacific Coast, The in-
stallation of handling equipsent has beea responsible for the most strik-
ing instances of labor displacement during this period.

A study of 30 mills in the Pacific Northwest, made in 1q25, showed that
the handiing systems in use at the time were favored approximmtely accord-
ing to the following order: {1} Flat-wheel trucks and borses, (2} over—
head monorail systems, {3} locomotive and traveling cranes, (4) revolving
derrick arms, (5} rail tricks and horses or motors, and (6] miscellaneus
methods.*2 (f these, the most common device by far was the horse-drawn
two-wheeled truck; hence the most important early development was the
introduction of small tractors to replace horses in drawing these lusber
buggies. A tractor is capable of performing the work of three to six
animls,43

Of the eight sawmills covered in the NRP-NBER survey which employed
tractors for hasling lumber at some time during the period 191636, seven
began 10 employ tractors between 1916 and 1922. In the five cases which
reported fully, the tractors displaced horses it hauling lumber trucks.
By 1929, five of the eight mills reported, the tractors and trucks had
been replaced by straddle—truck lurber carriers. The straddle-truck car-
rier was introduced is 1916 and has had Iarge sales to sawmills and Inm-
ber distributors since that time. Between 1016 amd 1923, with & maxipum
of 29 canpanies reporting for any one year, 11 mills reported the igitial
purchase of carriers; between 1923 and igag, 6 more mills reported the
adoption of this equipsent. Most of these carriers replaced horses angd
twowheeled trucks, although im a number of cases tractors aund lumber
trucks were displaced.*4 .

Luzber carriers were capeble of operating at higher speeds than trac-
tors and eliminated a large part of the handling lsbor formerly necessary.
The labor displacement accamplished through their vse at those mills re-
porting this figure is indicated in table 12. Between 1¢15 and 1936, 16
of the mills surveyed purchased at least §s5 lumber carriers.

42; 5, Willtams, %An Anslysis of the Varicus Systems for Hanaling Lumber &t tha
Mill,s Next Coast Jamderman, Vol. P7, No. 516 {Jan. %, 1918)s D. 4B.

t, of. cit., D. 1E8.
$hepamen logging-cerp and sawsill survey.
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Tabls 12.~ EXAMPLES OF LABOR DISPLACENENT BY THE ADCGPTION
OF LUMBER CARRIERS AT PACIFIC COAST BAWMILLS®

Number of men
Number of required for
Year | carriers Equipment replaced operation per shift
adopted
Before After
lsz2 2 5 tractors and trucks:
g horses and trucks B 2
1528 B Iractors and trucks iz 5
1828 a € tractors and trucks iz a
igs1 i B teams and trucks L] 2
18384 1 10 teams and trucks iz 8
1635 2 & tractors and trucks 5 2

BYRP-NEER 102¢1n8~caMD and sawmill survey.

The installation of cranes and derricks im the yards of Pacific Coast
- mills was important during the period prior to 192¢9. The introduction of
cranes of the overhead-monorail, traveling, and locomotive varieties was
reported by 8 mills between 1916 and 1goz and by 11 mills between 1923
and 16a9. In the five cases in which the types of displaced equipment
were reported, the methods displaced were horses-and-trucks and tractors-
and-trucks. A tramway system installed at one mill between 1919 and 154
replaced gas tractors used in hauling lumber trucks and eliminated the
need for 110 of 130 horses employed for the same purpose. At another
mill the installation of am overhead monorail system displaced 20 men
formerly employed in driving horses.

Unit Labor Regquirements at s Oroup of Large Mills

The NRP-NBER logging-camp and sawmill survey covered ig Sawmills in the
Douglas-fir region and 4 ponderosa-pine sawmills in the Pacific Coast
States. The production of these sawmills represented about one-fifth of
the Pacific Coast Iumber production except for the period 1g1g~23, in
which the coverage was considerably smaller. The coverage of the sample
was best for mills which cut more than so millioe board feet per year,
No mills cutting less than 15 million board feet were included in the
1929 sarple. The findings of the survey therefore apply caly to large
mills and are most representative of the experience of the largest mills.
A more detailed analysis of the sample on which the following findings
are based is presented in appendix A.
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In order to obtaim comparable data for the mills surveyed, an effort
was made to exclude from the production data the labor time of all work-
ers not engaged directly or indirectly in the production of lumber. The
output of byproducts, such as lath, or special products, such as shinglés,
was likewise excluded from the production data. To correct for differ-
ences between plants and over a period of time in the proportion of the
lumber output surfaced in the planing mill, the output of the planing
mill was converted t© equivalent usits of production of unsurfaced lumber
and added to the unsurfaced sawmill production to secure for each plant
its "equivalent production.” The latter is plainly larger than actual
production, The eguivalent production represenis the sum of the actual
sawmill production of unsurfaced lumber and the additional production
of umsurfaced Iumber which would have been possible had the labor time
in the planing mill been devoted to the productios of additional umsur-
faced lumber at the level of lahor productivity prevailing in the plant's
sawmill. The man-hour ratio was then computed from the total pumber
of man-hours in the sawmill and planing mill and the total equivalent
production, 4

4 more detailed description of the methods employed in cobtaining com-
parable units of production and labor time will be found in appendix A.

The movement of labor reguirements per umit of equivalent production
for the group of large Pacific Coast mills surveyed is shown in table 13.
The index presented for all reporting companies was derived from chain
indexes of man-hours and production (see table A-6). This type of imdex
is believed to represent most accurately the relative changes which occur
in a2 sample whose camposition changes from year to year.

The index for mills in the Pacific Coast region shows a substantial
decline in labor requirements from 123.6 in 1918 t0 98.1 in 1935 with the
base year taken as 1929, which represents a decrease of a1 percent over
the period. The downward trend was comcentrated in the years 1918-a8.
After 1928 there is nc apparent trend in the sample plants.

Although the chain index provides a measure of the relative decline
in unit labor requirements in the Pacific Coast mills surveyed, it does

451, computing unit man-nour requirementa at mlllas In the KRP-NBER survey, an ef-
fart wss made to eliminste the effect on their magnitude of the degree of [lnishing
wng remanufacturing, waste utilization, byproduct manufaciure, and thes manufacturs
of other timber products such ss sBhingles and boxes. On the whole, this effort was
pucceasful, and the effect of these factora oh the time series of unit labor re—
quirsements was largely eliminatsd. Further analysis, hewever, indicates that the
effect of these factors on the man~hour ratios of Individual mills could not be
entirely aliminated because It was not possibla to extlude from the man=hour fig-
ures soma of the labor indirectiy employed in and ideally shargeable teo maste utll=
ization, hyproduct manufacturs, and ths production of Aminor forest products.
Purthermors, the method of adjustment 414 not teke kiln drying inte sccount] labor
for this protess was employed at some Bmills dut not at others.



PACIFIC COAST 87

Table 18.- INDEX OF UNIT LABOR REQUIREMENTS IN LARGE PACIFIC
COAST SAWNILLS, 1518-38°

(1920=100)

Year Index Year Index
igis 123.8 (1827 120.5
1919 120.0 _ 1828 o7.7
1820 . 123.% 1828 100.0
1821 114.3 1880 i01.2
1622 110.8 1831 87.5
1923 110.2 1g32 107.0
1024 103.2 1833 86.4
1925 105.1 1934 100.2
1928 i00.% 1835 98.1

S7avle A~8, col. (10).

not show the absolute decline. For this purpose the average mnit labor
requirements of a group of 11 mills on the Pacific Coast were computed
{table A-8). The trend of labor requirements per unit of equivalent pro-
duction in this group of mills is representative of the movement of the
chain index.4® This series is available as far back as 1920. In 1920 an
average of 10.34 man-hours was required per thousand board feet of equiv-
alent production, but by 1928 it had declined to 8.14 man-hours. Thus
there was a saving, on the average, of 2.2 man-hours per thousand feet of
equivalent output during this period. 4s in the case of the chain index
for all reporting mills, there is no indicatios of a trend after 1928.

A sample of 18 identical plants for which data are available from 1926
1o 1935 shows the same general trend after 1926 as that shows by the
series of 11 identical plants (table A-8). The average of mit labor re
quirements for the s-year period i¢31—s is slightly lower than for the
1925-30 period for the 18-mill series; the average for the later period
is slightly higher for the 1:1-mill series.

A substantial part of the explamation for this is afforded by a compar-
iscn of the percentages of capacity utilized by the two groups of plants.
The series for 11 plants shows a noticeably sharper decline is the per-
centage of capacity utilized after 1929 thar does the series of 18 plants
(figure 17}, The drop in percentage of capacity utilized is appreciable
in either case, and it is doubtlessly one of the factors principally re-
sponsible for the failure of man-hour requirements to declime after 1528,
481hat is, the parcentage decline from 1620 ¢o0 1628 iz almost the same for the two
seTies.  However, thers are year~to—year differences whiich have no explanation

other than the errestic fluctuailions of individual plants, which bave more effect cn
the aeries with the asaller number of planta.
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Another factor respomsible for the failure of uwnit labor requirements
to contisue to decline during the 1930's was the decline in pew-eguipment
purchases after igg. The 11 identical mills increased their aggregate
capacity rapidly asd steadily until igeyg, but there was mo incredse
thereafter (table A8). Similarly, there was same increase im aggregate

Figure 17.- INDEXES OF UNIT LAROR RERQUIREMENTS AND PERCENTAGE
OF CAPACITY UTILIZED IN IDENTICAL LARGE
PACIFIC COABT BAWMILLS, 1030-35

{1920=100)

INDEX MUMBER
160
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capacity for the 18 identical plants fram 1926 t0 1929, whereas the level
of aggregate capacity was actually lower during the 1g30's.

The expansiom in capacity noted for this sample of large mills during
the 1gz0's was penerally associated with the installation of new and more
efficient machinery. The failure of capacity to expand after jgug meant
a drastic reduction in new-edquipment purchases. This is reflected in the
mch lower level of sawmill-machinery purchases after i1gag, as noted in
chapter II. Such purchases as were made apparently were for replacement
puUrposes,

Another rough indication of the extent of the declire in equipment pur-
chases is obtained from reports om Pacific Coast samills in the NRP-NRER
survey. #An examination of the reports reveals that the number of all
kinds of installations per company year of reporting were g percest
lower for the period 1930—5 than for 1920-29.%7

The decline in unit labor reguirements was asscciated with the period
of high production levels when many plasts were expanding their capacity
and additions or replacements of equipment were fregquent. The types of
- equipmeat changes associated with the declipe in unit labor regquirements
have bees indicated earlier in the discussion; they include the electri-
fication of mills, which resulted in some reductiom in the indirect labor
of the power-house and the mainstenance department, increased speed and
power of machinery throughout the mill, and more extensive use of hand-
ling equipment, particularly in the yard. _

An examination of the types of installatioss made at the Pacific Coast
mills in the NRP-NBER survey indicates the nature of the changes which
predaminated in various periods. Betwees 1916 and 1922 the installaticss
of handling eguipmest, particularly of carriers asd yard tractors, ac-
counted for half of the total changes. Between igz3 and igog imstalla-
ticos of handling equipment declined im proportion 1o the total, and the

7fn the course of the survey field agents gathered, wmher possible, material oam the
inptallation of equiphent at sawmi{llsz, From 1929 %o 102§ the number of sawmills
reporting on squipment changes or additlons wvaried from 20 te 35, and the Lotal
nupber gf company years of reporting {the sum of the yearly flgures on number of
campanies Tor which data were obtalned} was 300. DBebween 1980 and 1935 tha number
varied [rom 15 1o 14, and the total mumber ¢f coppany yesrs of TeROTEIng Was §2.
The Lotal numder of equlphent changes was i§5 for 1920-20 end 3% For 1930-36.
Equipment changes were coanted individually regardless of the nupber of units in-
volved and included shanges or addiiions to machinery, power equipment, handling
tgquipment, and such struciures as Kilns, dry sheds, and storage or shipping facil-
ities. For the most part, the squipment chenges recorded represented imporisnt
replacements, alteralions, orf additlens to plant facilitfes. The plant reporis o
mhich these dala ATe based may be incomplete over & pertod of Lime Or for any re-—
ported ysar, Furthermore, the reports used covered, in several iastances, lmitial
equipment of sawmilla sstabdlished afier 1929,

The figure Quoted in the texi understates the exteant of the decline in equipment
purchases i{nasmuch as reporting was presumably less c¢omplete in sariler years am
individual installations Involved a larger averags capltal investment before igeg
than after. Major changss were largely limited to the sariier years,
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emphasis appeared 1o be on the purchase of large and expemsive units, .
such as monorail systers, locomotive crames, and gantry cranes., Carrier
purchases remaised at the same level of relative importance. Imstalla-
tions in the power-house and the construction of yard structures accounted
for almost cne-third of the total mumber of equiprent changes reported in
the 1023-29 pericd. After 1930 there was, as has been acted earlier, a
sharp decline in equipment purchases. About half of the changes made
were in the sawmill and planing mill. Planing-mill installations were
almet double in relative importance, but poser-house installationms and
the erection of yard structures declised sharply im relative frequency.
The reports iadicated no further installations of heavy handling equip-
ment, such as monorail systems and crames, or of the cutmoded yard trac-
tors, but imstallaticss of carriers comtinsved.

Field agents' reports indicate that the productivity of labor was in-
creased during the 1g20's through the extemsive imstallation of handling
equipment, the speeding up of productior by the uwse of faster machines,
and the electrificaticn of the sawmill and planing mill. Since 1930 pur-
chases have been restricted more to essemtial replacements. It seems
reasonable 1o believe that the declining rate of mechanization was one of
the factors principally respomsible for the failure of sawmill enit labor
requirements to decline after 1928.

The reports of the NRP-MNBER field agents indicate that even the main-
tenance of unit labor requirements at the same level from 1928 to 1935
represented sanething of an achievement, for a number of factors tending
to increase unit labor requirements were operative during this period.
The low rate of operatiom in relation to capacity was ome such factor.
Logs received by the sawmill became pocrer and smaller, and this had a
consequent adverse effect on labor productivity., Unit labar requirements
were also increased through efforts to achieve truer size and better in~
spection of grades in order to improve the grade of lumber cbtained fram
a log of given guality and to meet changes in comsumer buyisg habits.
Demand for large-dimension lumber and timber, which require relatively
less labor than small dimensions, has declined. The effort of lumber
dealers to reduce ioventories under conditions of depressed demand has led
in recent years to an increase in the importamte of mixed-lot orders rel-
ative to carload~lot orders. Mixed cars require more men-hours not oaly
in loading and tallying but also in meking up the orders from stock.

The type of equipment used by the sample of mills in the NRP-NBER sur-
vey corresponds fairly closely with that of mills having a daily capacity
of 100 thousand board feet or more ttable 14). Such differences as do
exist indicate that the NRP-MBFR mills are more generally eguipped with
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Table 314.~ SAWMILL PRACTICES AT ALL REPCRTING MILLIS
AXD AT BAWPIE MILLE ON THE PACIFIC COAST,
BY DAILY CAFACITY, 1836

Al reporting mills®
]
Datty ospacisy of| Daily oapactvy of n;;’:;ff‘;f’_‘_" VRPICER =flls
Practios 1=48 N 2, b m, |BO-9P ¥ fi. B, = - &r mara

Pargsnt Pereant Percant Paroent

¥axbar | of totad| FUEGAT [of soug) | FUREAT | o goug) [MuRMRRop o gy

Camge reporiing power, totsl | 305 1 1000 ol z00.0 183 100.G » 100.8
Stasa powsy anky ira =.3 -3 52.7 £ 232.7 a 3.9
8tezm and electric power a3 5.5 ig 47,8 k< 43,4 8 .8
Blectric powsr oniy 24 13.8 is £1.7 4] ag. 0 8 4.3
Camps repariisd cnbandenw, total]| 200 180,86 a7 180.0 k-3 106,80 43 100.9
Cirouler saw only HE &8 35 41,4 51 iz.® £ 2.8
Circulsr abd band szwe L} .4 X 1.3 4 2.5 b 3 2.4
Band saw omiy % .7 e 7.8 187 54.8 s 87.5

Camps Teportind on specifisd
squipment, totsl 239 - [ = 69 - @ -

Gzng maw s .0 18 iz.» 45 28.5 1% 8.3
Planicg =it a7 se.2 k4 .7 152 0.2 3% 5.1
isth mill i .8 i 2a.8 108 8.9 3 5.8
Bry iln 5 5.7 as 29.8 128 2.2 a3 60,3
8hingle mill iw 4.4 5 5.8 £3 15.8 8 i8.¥
Bz faptory 11 5.7 8 2.0 2% 18.0 ] i4.8
Nxohins shop i3 5.0 as 28.5 .3 a80.0 a8 83.4

g;m from baddsck oni Pirsctory of tie Featers Pinder Jnfustrias (Seattin: Mead,: Fepr Cansf Simderwon}, 190608 saisioo.

Uhe Rintbooh Snf BIrtors F 1 Fraier Pianee Tabsmories e e T TV F AT TR O ERmaAM Dour Rt dnematn v
the specified items of equipment. The differences in equipment between
the NRP-MBER mills and the mills in the two smaller size classes are much
more proncunced,

The difference in eguipment used by mills of different sizes, as in-
dicated in table 1g, raise the question of the effect of the use of more
advanced and special equipment on the men-hour ratio. Unfortunately, ad—
eguate data for a thorough amalysis are not availsble., It was possible,
however, 1o analyze data for 37 of the NRR-MBER milils, all having a daily
capacity exceeding 70 thousand board feet {details of the amalysis may be
found in appendix E}. _

The average uwnit labor requiremests for the 1o larger mills (daily ca-
pacity of at least 350 thousand board feel} were 13 perceat higher than
those for the 18 other mills {daily capacity of 70 to au9 thousand board
feet). Further anslysis revealed, however, that factors other than rel~
ative efficiency in the utilization of labor could account for the dis-
parity in the man-hour ratics, The 14 larger mills were more generally
equipped with dry kilas, lath mills, shingle mills, box factories, and
machine shops, which involve the employment of additional workers with-
out a corresponding increase in the footage of lumber output.®® When

4%1ra0t Jabor tnvolved in lath mflls, shingle mills, mnd bor fastorles attached to

Sawmills was lergely excluded from the men~hour figures, Dot indireet labor Pa-

quired L& supply materiala for and to handie the praduct of such activities, aa
well as dry-kils and meintepance labor, was includsd.
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similarly equipped mills in the two size groups were compared, it was -
found that the man-hour ratios of the larger mills were slightly lower
than those of the smaller mills,

It appears, therefore, that such factors as the extent of artific.ia.l
seasoning, waste utilization, manmufacture of projucts other than lumber,
and maintenance work at machine shops attached to the sawmill exert in-
fluences which tend to raise unit labor requirements at large mills. The
end product of the samill proper is green lumber. Further finmishing op-
erations {suchk as surfaecing and kiln drying), remanufacturing, and the
production of byproducts increase the labor involved without eguivalently
increasing the number of board feet produced. Similarly, in their ef-
forts to offset high freight costs in shipping to eastern markets, some
large Pacific Coast mills grcdnce' end-matched, trade-marked lunber which
is frequently packaged for shipment. The more fully equipped mills may
in this manner obtain advantages over smaller competitors. These advan-
tages must often be cbtained at the expense of greater umit labor reguire-
ments, but these do mot necessarily reflect a lower degree of efficiency
in the utilizatioa of labor.

SUMMARY

Lomber production in the Pacific Coast States increased by more than
60 percent between 1919 and 192 {table 15}, This increase represenmted
the continuation of a regular rise during the preceding two decades.

Table 15.- IXDEXES OF PRODUCTION AND ENPLOYMENY IX THE
PACIFIC COAST LUMBER INDUSTRY, 1899-18370

(1929=-100)
Number of Number of
wage earners wage earners
Production | in the lum- Production | in the lum-
Year | of lumber |ber and tim- || 23T | of jumber |ber and tim-
ber products ber products
industry industry
1899 20 s1 1825 o4° 101
1604 82 42 1827 as” %8
1608 40 81 1929 - 100° 100
1814 50 58 16381 53 52
1818 az 81 1833 43 52
1621 51 85 1835 sa? a7
1923 80® 108 1887 w7 89

%Eased on dats from Cemsus of Mowufactures.

hmludos ¢gate for Neveda in additiontodata for Californis, Oregon, and Washington;
?ueve}r. the erfect of the fnclusion of Wevada Is neglligible {ses Bable A-i,
th. @) .
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Bowever, employment in the lumber and timber products industry declined
between 1433 and 1925 in spite of the contimued rise in production. Pricr
10 1923 the increase in esployment in the lumber and timber products in-
dustry did not keep pace with the production rise. Although the indexes
presented do not refer to strictly comparable universes, the available
data on unit labor requirements tesd to substantiate the coaclesion that
the disparity between the courses of production and employment prior to
1629 ig attributable t0 an actual change im unit labor requirements ia
Iumber productica.

The available data on logging labor requirements indicate that there
was a steady decrease in the man-hours per thousand board feet between
1g20 and 1929 for the most important sectiom of the industry comsisting
of the large camps, While the sample of camps surveyed was not large
eaough to yield comclusive results, the survey showed that the decrease
in the man-hour ratio over the decade may have amounted to as much as
30 percent. The data on sawmill labor reguirements, also representing
the experience of large operaticas, showed a downward tread in the men-
hour ratio between igzo and 192g; the reduction amounted, -perhays, 1o
20 percent.

Between 1931 and 1933 the index of the average number of wage earpers
employed in the lumber and timber products industry failed to decline in
spite of a sharp drop in lurber producticm, aad between 1933 and 1933 the
index of average number employed in the lusber and timber products in-
dusiry rose more rapidly tham did production. Since 1gzg9, however, the
regular worloeek in the Pacific Coast lwber industry has been shortened
in many imstasces fram 48 to yo hours.*® The available information izm—
dicates that the rise in employment in the lumber and timber products
industry from 1931 toO 1935 relative to the index of production was not
due to any rise in the mam-hour ratio ia those years.

Tnit labor requirements at the larger logging camps appear to have con—
tinved to decline after igag, although at a reduced rate. The man-hour
ratio for the large sawmills remained practically uschanged betwsen 1529
and 1935 except for year-to-year fluctuations. As far as the experience
of the large operatioas which were sampled is concersed, it seems likely
that there was, if anything, some decrease between 1gag and 1935 in the
gumber of man-hours required to produce a thousand feet of lunker fram
standing timber. '

The developments in logging machisery which contributed to the re-
ductica in man-hour requirements during the 1920's were associated with

$S%est Coast Lumber Pocts (Seattle, Wash.: West Coast Lumbermen's Association,
Jan. 1, 1857}, B« 16.
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increases in size, speed, and power, particularly of cable logging ma—
chinery. The mechanization of logging comstruction activities was another
notable feature of the period. The intensive development up to the mid-
dle 1920's of powerful cable logging machinery and of the clear—cut log-
ging techniques associated with it led to the necessity, in an inmcreasing
number of instances, of employing more flexible lopging equipment, nota-
bly tractors and trucks. The utilization of tractors has been a feature
of the pericd since 1929 and has probably contributed more than any other
single factor to whatever reduction has occurred in the man-hour ratio
since 1920. However, the principal role of logging technology in recent
years has probably been the extemsiom of ¢peratians to areas formerly re-
garded as mnprofitable logging "chances" because of the inaccessibility
or issufficient density of the stands. Trucks have played a particmlarly
important part in extending the scope of logging operations since 1929.

The developments in the sawmill which contributed most to the reduction
of the mas-hour ratio involved considerable capital expenditures. The
introduction of faster machinery, particularly in the planimg mill, the
introduction of hardling and comveying devices in the sawmill and in the
yard, and the centralization of power generation and elimination of same
maintenance work through electrification comstituted the outstanding
changes during the 1920's. Equipment changes since 1929 have been lim—
ited largely to essential replacements or to the addition of relatively
inexpensive, cost-reducing egquipment such as carriers.

The increase in labor productivity during the 19z0's to which techno-
logical advance contributed is mot likely to continue at the same rate in
the future. To an increasing extent techaclogical advance will be de-
voted to extending operations to areas not now economically available and
tc the reducticn in the production costs for lumber from trees of a given
size and guality in erder to maintain over-all production costs at the
same level.

In logging operations the large and powerful cable logging machinmery
assaciated with clear~cut logging is giving way to tractor logging. Trac—
tors may be employed in a sort of selective cutting which removes most of
tke merchantable stands and leaves only the timber too small 1o be re~
moved profitably from the forest. This method, bowever, does not improve
the forests; it leaves an unprotected stand of small trees which is sub-
ject to excessive loss through windfall and which constitutes a greater
fire hazard than a clear—cut patch.®? Both clear—cut cable logging and
"zero margin”" selection mean a comtinued increase in the obstacles to be

50girxland and Brenastrom, of. cit., p. 88.
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overcame in achieving logging production at the same level of m_-hcur
requirements. Eaployed within the framework of this type of logging sys—
tem, the use of tractors and the logging technigues associated with them
may serve, as they have in receht years, to make economically available
timber which could not be profitably logged with older technigues. The
replacement of railroeds by trucks has likewise extended operations to
areas considered poor logging "chances® in the past, and it will prob-
ably continue to do so. BHowever, unless the newer technigues are em-
ployed in a system designed to assure a sustained yield of timber of
approximately the present size and quality, the progressive cumilation of
obstacles to increased labor productivity will comtinue.

The cbstacles 1o increased labor productivity under a system of rapid
liguidation of timber rescurces are perhaps less promounced in the saw-
mill than in logging, If the depletion of the timber reserve forces the
shift of an increasing proportion of the production to small mills, how-
ever, the indications are that some of the progress made in waste util-
ization, quality improvement, and the level of mechanization will be

. forfeited. If the size and quality of available logs decline, improved
technology in the sawmill may be necessary to maintain labor productivity
at present levels.



CHAPTER IV
TECHNOLOGY AND UNIT LABOR REQUIREMENTS 1IN THE SOUTH

The South! coataiss about 200 million acres of commercial forest land,
about 4g percent of the Nation's total.® The volume of Iwmber production
Iram this vast stand increased rapidly after the introduction of railroad
logging in tbe 18y0's. Southern lwmber productica iacreased by 763 per-
cent Ifrom 1869 10 189y {table 16) and at the end of this period dis-
placed the Lake States regioa from production leadership. In the decade
after 1899 lumber production in the Sonth increased by 80 percent; by
1909 southern lurber production was at the highest poist inm its history,
amounting 10 19,973 million board feet. Production declined somewhat
after 190g, but in the 20 succeeding years it averaged almost Bo percent
of the 1909 peak.

During the period of rising production the drain oa the forest re-
sources of the South far exceeded the amnual growth. During the 1920's
the annsal drain on southern timber was estimated to be about 1.5 times
as great as the annual growth; the ratio for saw timber was abost 3.¢.%5
The latest available estimates indicate that an approximate balance was
achieved between growth and drain im 1936, although the sitpation was
less satisfactory with respect to quality.* The excess of annval draia
over annual growth which obtained wotil recent years, althosgh doe in
part to matural causes, was largely due to destructive methods of logging
at an excessive rate without regard for the fature yield of the forest.
The cutting of the vast virgin forest areas of the South was conducted
under the traditional clear-cutting policy of the industry. By 1936 anly
about 12 percent of the commercial forest area was in land bearing oid-
gronth timber of saw-tinber size, and only 48 percent was in land bearing
both old and second-growth saw timber. Because of destructive methods of
catting, over 14 percent of the commercial forest lamd of the South was
in poor 10 non—restocking condition by 1936.% In that year the South bad
about 14 percent of the Nation's stand of softwood of saw-timber size and
nearly 6 percent of the hardwood of this size.®

"nsbm. Arkansas, Fiorlds, Ge¢rgla, Loulsiana, Mississippl, Norti Carclina,
Qilahome, South Caroliha, Texas, and ¥irginia.

Brustar Industry Facts: 1§99 (Mashington, D. C.: MNatlonsl Lumber Maoufacturers
Associaticn), D. 4.

3y, 8. Congress, Senste, 4 Jatiomal Pian for dwerican Porsstry, 5. Doc. No. 12,
7ad Cong., ist sess., 1933, I, goB.

$iunber Indrtetry Pacts: 1595 B. 11.

515id., p. 4. The terms Tpoor® and snon-restocking® Tefer to arvas characterised
by 10 to 33 percent, and leas than 10 percent, respectively, of normsl stocking
with tress for the m0al part bDelow cordwood aize.

Sni., b, 5
76
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Table 18.- LUMBER PRODUCTION IK TEE gnrrzn STATES
AND THE SOUTH, 318060-1838

{(Millions of feet, b. ™.}

Percent South
Year United States South is of United States
1868 12,758 1,288 10.1
1878 18,081 2,409 13.8
1868 27,088 5,082 18.8
1aas 238,078 11,1168 a1i.7
1804 34,127 13.377 [e.2
1808 20,503 10,3500 Sd.4
1908 37,361 13,849 30.%9
1907 40,250 16,0268 a8.8
1908 33,224 is,807 41.0
1gce 44,5310 19,873 4.9
1910 40,018 17,4082 43.8
i85l 37,083 N iz, 568 43:1
1838 a8, 188 18.118 46.3
1818 38, 387 18,812 47.7
18914 37,348 i7,801 477
1818 81,242 i4.B80 47.7
1818 34,791 1e.B73 47.8
1917 33,183 15,8594 a7.1
1gig 28,302 12,440 42.4
1818 34,552 18,078 48.5
1820 26,878 - 11i.491 38.5
1881 20,981 13,8530 50.2
iee2 31,3509 14,3583 45.8
1063 av,. 166 18,401 44.3
1924 85,931 18,208 ' 45.2
1828 38,3238 17.148 4.7
1828 30,888 15,571 42.2
1827 34,332 14,478 £1.%
igge 34,142 13,978 40,8
isz8 86,868 15,408 41.9
1830 26,051 10,158 8.6
1831 18, 523 5,004 as.2
1982 10,1581 3,850 38.8
1833 13,881 8,700 41.3
1934 15,484 5,910 88.1
ig3s 19,838 7,526 40.1
1838 24,365 8,828 §8.1
1837 RS, 987 10,203 20.8
1838 21,868 8,589 43.8

S3ate for 1380-1004 from Lumder Profuctionr $889-255¢ (U, 8. Dapf. Agr., Forest Servics, Div. Foreel
E2oh., 10881, DP. 7-75; lor $936 fram sadw, I35 (1637} for 1588 from same, )38 [1507) for 1037 from
sans, 1937 ¥. 8d.3 ADF. 4, 1600); for soUB [TOR same, IR39 iNov. 1%9). The Scuth Includes Altbatm,
;:ﬁﬂgaj:ain;umh Georglin, Loaisisne, Hississippi, Nerth Carcling, OKialkoms, South Carolima, Texes,
[ [ N

In spite of the serious reduction in the timber reserve of the South,
that region has succeeded in maintaining a leading position in productiom.
The southern States as a region maintained projucticn leadership comtinu-
ously from 189¢ until 1gay, after whichk the volume of production om the
Pacitic Coast exceeded that of the South. This has been possible be-
cause of a number of circustances favoring the Scuth, Although southern
stands are sparse corpered with those on the Pacific Coast and frequently
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otk

Unlted States Forest Service

FIGURE 18.= YIRGIN STAND OF SOUTHERN PINE

The open stands and level topography of southern forests offer few ob—
stacles to logging. It is possible, however, to achieve higher levels of
labor productivity in the denser stands of the Douglas-fir region.

yield only low-grade timber, these disadvantages are largely balanced by
the fact that except for limited areas there are few natural obstacles
to overcame in logging.” Practically all of the softwood saw timber,
including second-growth timber, can be classed as econamically available;
this is also true of the bulk of the hardwood of saw-timber size. Fur—
thermore, growth is fast in most southern forests, and second-growth
stands rapidly attain saw-timber size. Finally, proximity to the prin-
cipal consuming centers is another favorable factor.

The reduction of the southern timber resources has npevertheless made
the maintenance of the region's share in the total lumber production more
difficult. The large stands of old-growth timber, on which the large
- mills depend to a great extent for their log supply, have been particu-
larly reduced. To an increasing extent southern mills have been forced
to depend on second-growth stands or on scattered stands of old-growth
timber. Southern production has been maintained principally by the rise
ih the number of small mills capable of operating om sparse and Scattered
stands of timber; most of them operate close 10 the timber supply and

move frequently.

"'n.m- stands in the South average only about S,800 board feel per acre in saw—
timber stands as compared to about 18,000 boan&. feet on similar stands In the
Pacific Coast and North Rocky Mountaln States, (Idid., PD. 4 5.)
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Census data on this point are somewhat inconclusive, but other scurces
indicate a proncunced shift to smell mills, particularly in the produc-
tion of southern pine. The results of three surveys of southern-pive
production by the Southern Pine Associatiom, presented iz table 17, show
a marked increase during the period 1919-%¢ in the relative importance of
smll mills cutting less than 6 million board feet per year.

Table 37.- SOUTEERN-PINE PRODUCTION IN LARGE AND SMALL MILLE,
1619, 1084, AND iege®

Year and Amount cut

size of mill | {millions of feet, b. m.) Percent of total
1919 '

Large 10,808 ez

Small 5,150 a3
1924

Large 8, 287 57

Small 7,088 43
-1p28

Large 8,178 47

Smell 8,887 53

% gronomic Conditions 4n Southern Pins Indussry {Southern Pine Assoelation, July 4,
1631); P. 43. Data exclude production of States which were responsible f4r a total
pine output of 4235 milifon feel In 1919 and 102 milllon feet iR 1924, for which no
data ware avalilable 1In 1620. In this table a large =11l s one projucing @ million
oeard feel OF mOre per year.

The most accurate informetion is available for ig3y for a somewhat more
limited section of the South as covered ia the Southera Forest Survey.
These data {table 18) show that about g7 percent of the pine production,
21 percent of the hardwood production, and go percent of all production
is accounted for by the 7,709 mills having a daily capacity of less than
a0 thousand board feet. Small and medium-size mills, having respective
daily capacities of 1 10 19 and 20 to 3¢ thousand board feet, produced
over half of the pire and hardwood lumber ia the region covered by the
Southern Forest Survey in 1¢34.

These surveys are sufficient to substantiate the gemeral belief in the
importance and magnitude of the shift to small mills since 1gzo. Small
mills are dominant today in the North Carcolina pine regice and nearly
equal in importansce to the medium and large mills ia the southera-pine
region.® The few technological developments which have taken place ium

SSpacia}. report of the U. 8. Dept. Agr., Forest Service, Div, Res. [Rov. 1, 1536),
for the ¥Studles of Projuctiviiy and Employment in Selected Industriess seotion of
the Fational Ressarch Projecs.
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Takls 18.- PERCENTAGE DISTRIBUTION OF LUMBER PRCDUCTION IN THE
BOUTH, BY SPECIES OF LUMBRR AND DAILY CAPACITY, 1534°

Capaclity Number Percent of 1934 production
{¥ fv. b. m of {dry-lumber tally)
per
10-hour day} mills Total Pine Hardwood | Cypress
Total &, 884 i00.0 100.0 100.¢ 10C.C
i- 4 1,408 2.3 2.0 3.2 o.7
5- @9 3,080 11.3 i13.2 7.2 1.8
10-19% 3,243 268.0 32.2 10.4 10.8
20-38% #i5 20.4 18.8 28.8 21.4
40-79 168 15.7 8.8 a7.8 3z.8
80 or over 104 24.3 28.0 11.5 3z.6

A4dapted from special report of the U. 8. Dept. Agr., Forest Service, Div., Res.

{Nov. 1, 1838}, for the *Studles of Produclivily and Employment in Selee!;ed
Inguatries* gection of the National Research Project.

the southers lurber isdustry since 1920 bave been unspectacular in rela-
tios to advances made during the sase period at Pacific Coast operatioms.
However, the introduction of more flexible loggping equipment im the South
"has been an important factor in the rise in importance of the small mill,
At the larger operations techmological adjustments in logging methods
have enabled many companies to maintais themselves in the face of in-
creasingly difficult conditions.

TECHRICAL CHANGES AND UNIT LABOR REQUIREMEKTS IX
LOGGING CAMPR, 16320-38

Changes at Large and Mediun-Size Operaticns

The period of rapid increase in the use of forest railroads im logging
operations, from the 1870's 10 1900, was also the period of the most
rapid expamsion in the southern lumber industry. Thus, from the begin~
ning the forest railrcad with its extensive network of spur lines was the
backbone of the logging system employed at large operations in the South.
Steam cable yarders, also a product of the last decades of the nigeteenth
century, were used 1o ground skid logs in the system of clear-cut log-
ging employed at the large southern operations duriag the peak of produc-
tion in the early i1goo's. Animals supplemented cable yarders in yarding,
principally for bunching logs within a small radius preparatory to cable
yarding asd for logging difficult corners of the operation. The methods
and equipment used at many of the large operations during the 1g0o-1910
period were substantially the same as those employed today at a few oper—
ations with a daily capacity of more than yo thousand board feet, Siece
then high-lead and sky-line yarding have been employed to a limited ex-
tent on the larper cperations, particularly im logging out of swamps.
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A track-laying machine which reduces the crew on this work by about half
has found some use in Alabama, Florida, Louisiana, North Carolina, and
Texas.? Gasoline cable yarders, which are lighter and therefore more
easily transported than steam skidders, have been introduced in recent
years and have found extensive use. Since 1920 the principal advances
in steam cable logging machipery have been made in respomse 1o the re-
quirements of the Facific Coast lopging camps and have led to larger anmd
more powerful sachines which were neither necessary nor desirable in the
staller timber and under the less strenucus logging conditions of the
Scuth. Changes in the eguipment of railroad and cable logging have not
been of major importance as a factor affecting the level of unit labor
requirements or the economic availability of the timber stand since 1920.

The major developrent at the large operaticms during this period has
been the intradection of trucks, particularly in the lomg haul, The open
timber stands and flat topography of much of the South make railrcad con-
struction simple, for it is freguenstly poesible to lay ties and rails for
spur lites on ungraded ground., While this makes it profitable to log
‘stand.s of lower demsity than those on the Pacific Coast, it is neverthe-
less necessary that the railroad tap a total stand of timber of suffi-
cient volume to serve as the basis for the amortization ¢of comstruction
costs. Since 3920 an increasing number of timber stands have been en~
countered which were either too sparse or of insufficient total volume to
be economically available to railroad logging - at least to the logging
system employing extensive spur-line comstructionm.

Formerly the only alternative 10 the railroed, aside from water trans—
poertation which was only occasionally feasible, was animal-hauled carts
and "burmers.” In recent years truck logging has replaced spur-lise haul
at many operations supplying mills with a daily capacity of more than
40 thousand board feet and has replaced railrcad hamwl entirely at most
pine camps cutting from 20 to 3¢ thousand board feet daily. Truck-road
constroction is less expensive im the South than on the Pacific Coest for
the same reasons that railroad comstruction is less expensive, amd it is
sometimes possible 1o rue trucks directly into the woods without pre-
liminary grading. By permitting the logging of some stands for which
spur-line comstruction costs were prohibitive and for which wagon haul
involved excessive current ¢perating costs, the intreduction of the trick
has been an important factor in increasiag the timber volure ecomomically
available to the larger mill.

Sys1s0n €. Brown, Lo ing=-fransportation: Lhe Principles ond Nethods of Log

Transportation in the United States and Conads (New York: John Wiley & Sons, Int.,
1838}, D- 222, ;
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In log-varding operations at camps supplying mills with a daily capac-
ity of 4o thousand or more board feet, the principal development since
1920 has been the introduction of tractars. More mcbile than steam skid-
ders and permitting a higher labor productivity than animals, tractors
have increased rapidly in importance in recenmt years., Trucks have also
found use at large operations since 1gzo in the short haul as well as the
long haul,

Changes at S8mall Operations

The same circumstances which have led to the abandomment of railroad
logging at many large operations have likewise favored the development of
small operations (daily capacity of less than 20 thousand board feet)
which are close to the timber supply and capable of moving frequently.
At the small operations the ome development of overwhelming importance
since 1920 has been the increased use of trucks in the long haul. The
old-growth timber stands left by the large mills ard the secomd-grawth
stands allowed 1o reproduce without further cutting by the large mills
were available to the small mills for cutting precisely because they
could not be logped profitably by railroad. Prior to the advent of truck
logging, the only available method im most cases was animal hawl., The
introduction of truck logging has presumebly either increased the amcunt
of timber economically available to the small mills or has reduced the
labor reguirements for logging stands economically available by animal
bhaul, The extension of the highway sysiem since 1920 has brought much of
the southern forest within easy reach of public roads, so that truck-road
comstructicn is greatly reduced and in certain areas is virtvally unnec—
essary. In the logging system which is coming into increasing uvse at
srall operations, animals are used for bunching the logs within a radius
of about 200 feet and for lcading the truck, and the loaded truck is run
directly from the woods to the mill. At a number of small operations
trucks are being employed in the hanl directly from the stump, (Otherwise
there are no indicatiocns of any important progress in the mechanization
of buaching or short~haul methods at the small gperations.,

facent Practices in the Lower South

The best available data on logging methods in the southern lurber in-
dustry are presented in tables D-1 and D-3. These data represent the re-
sults of a survey of several hundred mills conducted by the United States
Forest Service in 1933 and 1935. The mills were classified according to
approximate size on the basis of the operator's estimate of capacity, and
they were designated as pine, hardwood, or cypress mills according to
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the species constituting over so percent of the cut in the year of the
SUrvey, 1934,

The survey territory includes the most important forest regioms of the
southern States but excludes most of South Carolina and 21l of North
Carpling and Virginia, three States included among those camprising the
*South" as defined in this report.!® For the sake of brevity, group mum-
bers have been assigned to the various size classes as follows: Group :
consists of operatioms having a daily capacity of 1 to g thousand board
feer; Group 2, 10 to 1¢ thousand feet: Group 3, 20 to 3¢ thousand feet;
Group 4, 4o to %9 thousand feet; and Group 5, Bo thousand or more feet.
Operaticas in Group 1 and Group 2 are referred to as small operations;
thase in Group 3 a3 medium-size operations; and those in Group g4 and
Group 5, as large operaticms. The capacity assigned to the logging oper-
ation is the same as that of the mill to which the operation was attached.

Skort Haul — Pine.- Within the Sguthern Forest Survey territory there
were 839 operations which reported om the type of eguipment employed in
the short haul {(see table D=2}, This muwrber included 6o percent of the
‘large and almost 35 percent of the medium mills in the territory. The
527 small mills which reported on short-havl equipment constituted only
6.percent of the small mills in 1934. However, the sample may be re-
garded as adequately representative within the size classifications.

An examination of figure 19 imdicates that amimals are still employed
extensively in hauling logs from the stump to the means of major trass-
portation. Animals are employed at same point im the yarding operation
at about Bo percent of all small and medium operations ard at the large
operations in Group 4. Anirals are employed to the exclusion of mechan-
ical equipment at a substantial majority of all small operatioss and at
40 percest of the remainder, with the exception of the large operations
in Group 5.

The principal mechanical devices employed in yarding are tractors,
steam skidders, and gas skidders. Mechanical yarding equipment is usu-
ally employed in combipation, animals being most frequently employed as a
supplement to these devices. Steam skidders are employed at about one-
third of the large operatioms in Group g, but they are virtvally unknom
at small and medium operations. Tractors are used at almost cme-fourth
of the operations im Group 5 and at over ¢ percent of the operatioms inm
Groups a, 3, and 4. Gas skidders are the most popular item of mechanical
Orhe ares covered by the survey intludes all of Alabama, Florids, Jeorgls,
Louislana, and Mississippl amt the Important foreat ragisns of Arxansas, Oklahoma,
and Texas. In addition, the survey included small sactions of Tennessse and

Hissouri, two States not included in the *South” as definsd in this report. For a
®oTe detallsd description of the Southern Foreat Survey see appendir D.



Figure 10.- PERCENT OF BOUTHRRN MILLS REPORTING GPECIFIED SHORT-HAUL BQUIPMENT,
BY APECIES OF LUMBER AND DAXLY MILL CAPACITY,
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logging equipment at medium-size mills. Trucks are used at a substastial
yroportion of the wmills in all size groups and at about 35 percent of all
small and medium operations, the haul being made directly from the stump
by truck without preliminary bunching. ' .

Short Haul - Hardwood.- Logging methads vary more widely at hardwood
operations of different sizes than at pine mills. ZAbout 95 percent of
the small mills employ animals in the short haul, and at 75 percent of
the operatioms in Group 1 animals constitute the sole means of bunch-
ing logs. Qo the other hand, less thas one-fourth of the operations in
Groups 3 and 4 use animals alone in the short hanl.

Three of the seven largest hardwood operations employ tractors in leg-
- ging and two employ steam skidders. Almost two-fifths of the 56 opera-
tions in Group 4 and about ome-fifth of those in Groups 3 and 3 employ
tractors. Gas skidders are employed in considerable numbers only at the
medium-size operations. Trucks are employed at more than one-fifth of
the hardwood operaticms im all groups except Group 5. Truck logging
of bardwood in the sbort haul is almost always supplemented by animal
-bunching.

At the fow cypress cperé.tions tractors, steam skidders, and water haul
predaminate at the large and medium operations, with animml haunl of first
importance only at the camps in Growp 1.

From an exemination of the data it is evident that in recent years mo-
bile logging equipment such as tractors and trucks was preferred to cable
logging equipment, whether powered by steam or gasoline engines, At the
large operationms steam skidders are often used, but at the medium-size
camps the lighter gasclinme skidder is mare desirable. It seems evidest
that the steam skidder has declined in importance in socuthern logging
with the decline in importance of the large mills.

The widespread use of animals even at the larger operatioms reflects
their greater efficiency under conditions of small timber, flat topogra—
phy, and short yarding distamces such as prevail in the South. Although
the replacement of animals in yarding offers the greatest opportumity for
Fechanization in southern ¢peraticms, it is nmol certain that mechamical
yarding is more efficient than animal yarding when yarding distances are
small, It seems likely that becavse of the increase in the relative im-
portance of the small mills a greater percentage of the log cutput of the
South is yarded by animals today than in 19z0.

. Long Baui — Pine.— The 862 miils in the Southern Forest Survey terri-
tory which reported oa the type of equipment employed ia the lomg hanl
included 6o percent of the large mills and 35 perceat of the medium-size
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United States Forest Service

FIGURE 20.— ANIMAL LOGGING IN THE SOUTH, 1939

Animals stil) play an important part in the short haul at the smallest
southern logging operations, which account for a considerable proportian
of the southern preduction. However, truck Iog?ing in the long haul
has atlgnost entirely displaced animal logging at ail except the smallest
operations,

mills in the area. The 440 small mills which reported comstituted 5.7
percent of the small mills in 1934. Variations in the campleteness of
reporting account for the differences in the samples for the long and
short hauls.

The most striking changes in logging methods since 1ga0 have affected
the long haul. The introduction of trucks into operations of all sizes
has doubtlessly had a greater effect on unit labor requirements in south-
ern lumber production than any other single technical change. Data sup-
plied by the Forest Service indicate that in 193y a majority of all size
groups of pine and hardwood operaticns in the Southern Forest Survey
territory employed trucks at some stage in the long haul.

Figure 21 indicates that at the large pine operatioms the railrcad was
still the dominant means of major transportation inm igay. Railrcad haul
is 'elployed for part of the distance at g9a.3 percent of the operations im
Group s and at 68.7 percent of those in Group 4. At the smaller opera~
tions railroad haul is unimportant. But even at the large operations
railroad transportation has been supplemented by truck haul for part



Figure 21-- PERCENT OF BOUTHERN MILLS REPORTING SPECIFIED LONG-HAUL EQUIFMENT, BY SPECIES OF LUMBER
AND DAJLY MILL CAPAOITY, 1034
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of the distance in a majority of the camps. Over ome-sixth of the op-
erations in Groups 4 and 5 utilize common carriers for part of the hanl,
a development which represents another phase of the loggers' efforts.to
avoid part of the costs associated with the maintenance of a logging
railroad. ‘

Trucks are employed at 97.4 percent of the mediumsize operations, at
95.9 perceat of the operations in Group 2, and at Bi.3 perceat of those
in Group 1; they are practically the sole mechanical means of major trass—
portation at these operations. Thovgh trucks predomipate at the smallest
operations, animal haul is used as the sole means of major traassportatiom
in pearly omefifth of the cases.

Long Haul - Hardweed.— Truck haul is employed at two-thirds of the
large and at over 90 percent of the medium and small hardwood operatioms.
Water, usually supplemented by railroad or truck, is the medium of “trans—
portation at almost ane~third of the large and at about 20 perceat of the
medium operatioms. Railrcad hanl is employed at over 70 percent of the
large and at almost three—fifths of the medium operations, but a majority
of the operations in Groups 3 and 4 employ the facilities of coomon car-
rier lines., Truck haul to & cammon carvier is the combination most fre-
quently employed by Smnps 3 and 4.

Trucks are the sole mechanical equipment employed at over 55 percent of
the small operations. However, animals are employed in the lomg haul to
supplement trucks at about 335 percent of the operations in Growp 1.

These data indicate clearly the pronounced changes in southern-pine and
hardwood logging methods produced by the introductiom of trucks, princi-
pally since 1920 and with particular rapidity since 1939. The extensive
use of trucks as a supplement to the railroad at larpe pine and hardwood
operations suggests that their istroduction has been respomsible for a
sharp reduction ip the volume of spur-line construction and the labor
associated with it. The use of trucks at small operations has almost
eliminated apimal hanl as the sole means of major trassportatiom ex—
cept at about one-fifth of the pine operations in Group 1. The use of
animals in the Icug haul even as a supplement to trucks is important only
at small hardwood operations. It seems reascmable to assume that their
ueg there is associated primarily with the logging of hardwood from wet
sections.

Logging Hethod: and init Labor Requirements
st a Group of Large Operations

The significance of changes in the operating methods of large oper—
ations in the short and long hauls can be seen from an examination of



SOUTH 88

data for five mills surveyed by the United States Forest Service for the
Natiomal Research Project. The man-hour requirements by operation were
cbtained for 1929 and ig3b.

Four of the five mills cut both pine and hardwood and one mill cut only
pine. Foor of the five mills experienced same increase in the difficul-
ties of cutting and logging pime between 1929 and 1936 because of the
decrease in the size of logs available for cutting, Most of the mills
are cutting secomd-growth pine, and the average diameter of the logs cut
decreased from 13.0 inches to 11.8 inches, or by 9.2 percent. These
mills were nevertheless able to reduce their logging labor reguirements
between 1529 and 1936 from an average of 11.9 to 10.8 man-hours per thon-
sand board feet, or by 9.2 percent. This was accamplished principally
through the introducticn of trucks into the logging operaticms.

Table 19 preseats the average unit man-hour requirements, by operatiocm,
"of these five mills. Man-hours required for felling and bucking trees
increased, presumably because of the decrease in the average size of logs
cut.!! Man-hours per unit of ontput in the short haul increased only
.8lightly in spite of the fact that the hauling distance was increased in
three of the five cases. In these three cases, however, trucks were sub-
stituted entirely or in part for wagoss; this lessenmed the increase in
unit man—hour regquirements in twe cases and reduced them im the third.

At four of the operations loading om railroads by means of McGiffert
or American mechanical loaders did not change between 1929 and 1936, al-
though the average for the five mills increased markedly. This was due
to the fact that between 1929 and 1936 ome operation began loading trucks
for truck haul directly to the mill, and lcading man-hours were increased
as a result.

The principal factor responsible for the reduction in the average log-
ging unit labor requirements at these camps was the istroductiom of trucks
to supplement the railroad in the long haul., This resulted in a sharp
reduction in the amount of spur-line comstructiosm 2t the four operaticms
where this change was made, with a corresponding reduction of more than
S0 percent inm the man—hours allocated to railroad construction and main-
tepance. This was the only department in which a reduction in man-hour
requirements occurred, and the reductice attained in this department off-
set the increases in other departments sﬁficiently to reduce total log-
ging unit man-hour requirements. Railroad-operating labor was likewise

n.i: one operation logmaxing man-hours wers redusss from 2.8 te £.8 per thousand

board feel through a shift from a dally rats of pay to the plece-rate system en~
ploysd at the other four camps studled, - At this cemp tha reduction In short-hsul
Ean-hours per thousand board fest from 3.0 to £.2 wilhout & change Of eguiphent was
attributed to the increased speed of work of ihe fallers and Duckers &s & resuls of
this change in the system of pay.
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Table 19.~ LOGGING UNIT LABOR REQUIREMENTS OF FIVE LAROE
SOUTHERN OPERATIONS, BY OPEHATION, 1929 AND 1836°

B

Change
Number in number
Operaticn of man-hours | ,¢ pan hours

l92¢ 1838 |Number|Percent

Total, excluding purchased logs® 11.9 | 10.8 | -1.1 ] -9.2
Cutting 2.2 2.4 | +0.2 | +8.1
Yarding® 3.5 5.4 | +0.1 +38.0
Loading

Five mills 0.8 | 1.5 | +0.7 | +87.5
Four mllls? 0.7 | 0.7 o 0

Rallroad eonstruction
and maintenance

Five milig 4.2 2.3 ~1.9 | -45.2
Four mills® 4.4 | 2.0 2.4 | -54.5
Long-haul operating labor a.8 1.0 +0.1 | +il.1
Railroad haul only 0.8 0.7 -0.2 | -22.2
Supervision and miscellaneous C.4 0.4 o G
Total, including purchased logs? 11.8 | 10.3 | -1.5 | -12.7

as;eeial report of the ¥, 5. Dept. Agr.. Forest Service, Div. Res,. (Nov. i, 1638},
for the "5tudies of Productivity and Employment in Seleetsd Industries® ssction of
the Mations]l ReseaTsh Project. Man-hour ratiss are uwelghted averages.

bF‘igures ropresent unweighted averages of the sume for five mills, The sums of
the figures below sre 11,8 for 1020 snt 11.0 for 1g38, but these differencss are
dus Lo rounding off the unwelghted averages Ior the specifisd gperatians.

€ includes men~hours required In logding truckes ans wagona in the woods.

Excludes camp which began Iosading irucks for tTruck haul directly to the mill
betwesn 1526 and 1830.

€ rne Judes camps whish introduced trucks to supplement railrosd haul,

rLaga weres purchased in appreciable gquantitles by three mills, The man-bours
pxperded by the contractors supplying the purchesed logs are logsluded.

reduced, although all operating labor iz the long havl increased because
one of the operatioms imitiated truck haul directly to the mill.

In recent years same of the large scuthern mills bave supplemented cut-
tings from their own holdings and by their owm crews with logs purchased
fram independent operators cutting small bodies of timber. They also
purghase from small sewmills green lumber which they seasom, finish, and
market. Two of the five mills surveyed purchased logs from independent
operators, and ose mill bought green lumber. In 1936, 9.5 man-hours were
required per thousand board feet of logs produced om the operaticms of
these three mills; the number of logging man-hcurs per thouwsand board
feet of purchased wood was 6.9, or a7 percent less. If data for logging
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man~hours expended o wood purchased by these three mills are inclueded,
the logging man-hour ratio for the five mills drops from 11.8 in 1929 to
10,3 in 1936, or by iz.7 percent.

The experience of these five large logginsg operatioms, which reduced
their logging umit labor requiresents by ¢ percest between 1gag and 1936,
is paralleled by that of two large southern casps included in the MRP-JHER
survey, The average man-hour ratio of these two camps for the period
1933-35 was 13 percent laer tham that for the pericd 1g27-29.12

The five cases for which departmental man-hour requirements were avail-
asble illustrate the importance of the introduction of trocks at large
logging operations as a form of adjustment to a less favorable timber
stand., The data noted earlier, which indicated an exteasive employ-
pent of trucks in the short and long hauls as a supplement to the forest
railroad at large operatioms, indicate that the type of change noted at
these operations was characteristic of many large operations. It secems
reasonable to assure that the introduction of truwcks, particularly as a
supplement to railrceds in the long haul, has bees the priscipal means of

‘maintaining or increasing the productivity of labor at the large southern
operatices.

Unit Labor Regquirements at logging Operations in the Lower Bouth

Of great significance to the trend of unit labor requirements of the

southern industry are the differences in the relative man-hour ratics of
logging operatioms attached to smell and large mills. A wide differemce
would have & prafound effect on the ratic for the scuthern industry as a
whole because of the increase in the relative importamce of the small
mills. Data alluded to earlier imdicated that the prodsction of small
mills increased from one-third of the total southern—pise productiom in
1919 to over one-half in 1929, and the survey umndertaken by the Uhited
States Forest Service indicated that this was also occurring in hardwood
prodocticn.
. The Forest Service obtained information on the ontput, mumber of men
employed, and hours of work when in full operation fram 651 operations in
the Socuthern Forest Survey territory.!® These data were based either on
the operator's kmowledge of his orgarization or om actual records,

These data are presented in figure as for pine-logging and hardwood-
logging operatioms and for all operations including the 14 cutting cy-
press, This survey covered a larger number of operations than any other

“'me man-hour ratios for these two camos for 10R7-35 ars presented In tahle 1;14.

*3& the 851 cperations In the Southern Forest Survey territary, 448 cut pine
principally, 189 cut hardwood principelly, and 14 gut cypress principally.
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Figure 22.- UNIT LABOR REQUIREMENTS OF SOUTBERN LOGGING CAMPS,
BY BPECIES OF LUMBER AND DAILY MILL CAPACITY, 1934
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undertaken to date and included a large sample of small operaticms. The
data are, unavoidably, somewhat ¢rude insofar as they are based is in-
stances on the opinion of the operator; nevertheless, the size of the
sample is such that these data may be employed to indicate the relative
man-hour ratios for cperatioms of different size.

Pine.~ The most striking feature of the man-hour ratios for pine opera~
tions is the regular increase in the magnitude of the ratios as the oper-
ations increase in size from Group 2 10 Group 4. This probably reflects
the longer hanl necessary to the stationary mills supplied by the large
logging operationms in Group 4 compared with that necessary at the smaller
operations in Group 3.

The fact that the man—hour ratio is lowest for the largest operaticas,
ir Group 5, suggests that the increase in labor reguirements associated
with the longer hanls which are generally necessary to statiopary mills
cas be offset by superior mechanical eguipment. Under favorable condi-
tions the railrcad offers the means of transportation requiring the least
lahor, and the use of railroads at over g0 percent of the operatioms in
Group 5 is one of the factors respomsible for their low unit labor re-
quirements. On the other hand, when railrcad-comstruction and -operating
labor are chargeable to a small volume of traffic, unit labor require~
ments may be high.
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The logging operations in Group 2 have lower unit labor requirements
than those in Group 1. This is probably attributable to the fact that
the percentage of cperations employing amimals i the long hanl in Group 1
is three and one-half times as great as that in Group 2. Purthemmore,
mechanical yarding eguipment is employed at a larger percentage of the
operations in Group 2 than in Group 1.

Hardweod.~ There is less variation in the man-hour ratios of size groups
in the case of hardwood operatioms. The comsiderations which puided the
analysis of the differences in the level of wanit labdr reguirements of
pine operations of various sizes probably apply as well to hardwood oper—
ations. Unit lahor requirements are highest for the medium-size opera—
tions. Presumably, the haul is sanewhat longer than to smaller portable
mills, which might account for the lower upit labor requirements at the
operations in Groups 2 and 1. The fact that unit labor requirements are
much lower for the five largest operations, in Group 5, thas for asy
other group may indicate advantages in terms of labor productivity of the
types of mechanization at the largest operations.

The smallest operations had slightly higher umit labor reguirements
than had the operations in Group 2. Here also this may reflect the more

widespread use of animals ia Group 1.

The tigures for average labor requirements for all’operatioms, includ-
ing the 14 engaged principally in cutting cypress, are heavily weighted
by the large mumber of pine mills, so that the unit labor requirements by
size groups are similar to those of the pine operatioms.

TRCENICAL CHANGES AND UNIT LABOR REQUIREMERTS
IN BAWMILLS, 1920-35

The advances in design and construction of sawmill machipery during
192035 had from all indications little effect on the technique and meth-
ods employed in southern sawmilis. The large mills, which were the char-
acteristic production centers during the boom period in southern liumber
production, have declined in importance since 1920. During this periocd
many of the large mills have been faced with the prospect of cutting—cut
the timber stand from which they received their log supply. There has
therefore been little incentive for extemsive replacement of standard ma-
chines or for considerable investments in the newer mechanical handling
equipment.

The principsl changes during the years 1920-35 at the medium and large
southerns mills have been the introductics of electric power and improve-
ments in and extension of the techniques of kiln drying.
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Equipsent Changes and Unit Labor Requirements

at a Oroup of largs Mills

The experience of the six mills studied for the Mational Research
Project by the United States Forest Service!* is perhaps indicative of
the lack of change at large southern mills since 1929. The five mills
which reported on handling methods employed mechanical handling equip-
ment on the log deck and from the headsaw to the sorting table., The six
mlls had a total of 16 band mills, and the carriages were in every in-
stance powered by steam piston feeds. One of the mills wsed electric
setworks on the carriages; the others used the less advanced cable set—
works. Eleven of the 16 headsaw carriages were eguipped with air dags;
the others were operated with the less advanced lever dogs. FEach of the
six mills had edgers and trimmers, two of the trimmers beipg operated by
campressed air, The others were operated by lever, In the yard, stack-
ing was performed with the aid of machines at two of the six mills, All
bet one of the six employed the usnal lumber buggies or tramtrucks for
the conveyance of lumber in the yard, and one mill was eguipped with as
electric moeorail system. Each of the six bad planing mills attached.

The only changes at these mills during the period 1g29—36 were the ad-
ditiom of a vertical resaw and an air-dog carriage amd the discontinuance
of a horizontal resaw, There were opportunities for improvement through
the introduction of steam ar electric setworks at 5 of the 6 mills, the
replacement of lever dogs by air dogs oo 5 of the 16 sawmill carriages,
and the replacemest of lever-operated trimmers by air-operated trismers
at 4 mills., More important, perhaps, were the opportamities for mecha-
nization of yard handling operatioms at almost all the mills.

It will be recalied that at five of the six mills the average size of
pine logs decreased by 9.3 percent between 192 and 1936.15 The adjust—
ments in logging techmigee which mede it passible to reduce wmit labor
requirements in that operation in spite of the increased difficulties
were not paralleled in the sawmill, where there were only snegligibie
changes in methods or eguipment. It is mot serprising, them, that the
average man-hour ratic for these five mills, the five which reported o8
unit labor reguirements for iga9 and 1936, increased from 21.9 to 23.4
man-hours per thousand board feet, an increase of 6.8 percent. The ex-
perience of the group of large southern mills covered in the MRP-NBER
logging-camp and sawmill survey suggests that this failure to reduce unit
labor requirements was characteristic of this sector of the industry.

410 ludss the f1ve mills Glscussed earlier (pp. 88 ff.}.
B5ee p. 89,
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Unlted States Forest Service

FIGURE 23.— LUMBER HANDLIRG AT A SOUTHERR MNILL

tumber dollies or buggies at the right receive lumber from the sorting
table. The dollies are then moved by horse or tractor, as shown at left,
to dry kiln, planing mill, or storage. This method of handling, largely
replaced at large Pacific Coast mills by crane systems and straddle—truck
carriers, still prevails in the South.

The National Research Project inm cooperation with the Naticnal Bureau
of Economic Research surveyed 28 mills in Alabama, Louisiana, Mississippi,
South Carolina, and Texas. Because of the inadequacy of available re-
cords it proved impossible to sample small mills adequately. Accord-
ingly, the sample is limited to large mills having a daily capacity of 4o
thousand or more board feet; smaller mills were eliminated from the com-
putations.1® About half of the mills retained in the sample had a daily
capacity of at least 8o thousand board feet.

Since small mills are important in the South, the sample of large milis
covered by the survey accounts for only a small proportiom of total
southern production. The percentages of the total southern production
accounted for by sample mills amount to from 3.8 to 7.0 percent in the
censys years 1927-3S.

With one exception, the NRP-MBER mills actually cut over 1o million
board feet in 1929; more than half of them cut over a5 million board feet.
In 1929 these size classes accounted for less than 3 percent and less
than 1 percent, respectively, of the total number of southern mills. For
the group of larger mills, those which cut more than as million board

1854 appendix A, pp. 14;5-6. particularly fton. 7.
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feet in 1ga29, the sample was reasonably adequate. NRP-NEER mills ac-
counted for 1¢.8 percent of the production of mills which cut more than
5o million board feet and 12.5 percent of the production of mills whiqh
cut 25 to so million feet in 192g.17

In table 20 is presented an index of unit man-hour requirements for
the group of large southern mills covered in the NRP-NEER survey. This
index, based on "eguivalent” production, is of the type presented for
Pacitic Coast sawmills.'® An examination of this table reveals that be-
tween 1926 and 1935 there was neither an increase nor a significant de-
crease in unit labor requirements at these mills. The average of the
Year-to-year changes in unit labor requirements in the second half of the
period is slightly kigher than that in the first half, bot the difference
is too small to be characterized as an upward tread, particularly in view
of the sharp drop in the equivalent-production index after 1g30.

Table %0.- INDEX OF UNIT LABOR REQUIREMENTS IN LARGE BOUTEERAN
SAWNILLS, 1836-33"

{1929=100)

Year Index Year Index
1028 8.0 ) 1951 101.4
1927 - §6.1 1932 101.7
1828 . 102.8 1933 8.1
isze 100.0 1934 102.9
1830 04.4 1835 8.8

®Table A-11, col. (10).

Since the chain index reveals only relative levels of the man-hour
ratios, a series for 12 identical mills was computed. For 1g26—335 the
latter corresponds with the chaia index with reasomable consistency (fig-
ure aul.

The average man-~hour ratio of the 13 mills is 16.11% for the period
1926~35. There was no significant upward or downward movement in the
level of unit labor reguirements for these 12 mills during the period
1926-3s. Their aggregate annual capacity declined from s5¢ million board
feet in 1926 and 1927 10 449 million boerd feet in subsequent years. The
percentage of capacity utilized by these mills declined sharply after
1929 (figure ay).

“Fisures represent actual rather than reguivalents praductjion. For s more dew
tailed deserlptich of ths NRP-NBER logging-camp ami sawmlll survay see appendix A.

18344 p. 88 and teble 1%,

197, somparing this ratic with that For the five mills studled by the U. 8. Forest
Bervice, It 1s important o recall that in computing the ten-hour ralios for Lhe
NRP=NBER aurvey the men-hours in the planing mill were excluded.
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Figure 24.- INDEXES OF UNIT LABOR REQUIREMENTS L!ﬁ PERCERTAGE
OF CAPACITY UTILIZED IK LARGE SOUTHERE BAWNILLE, 19385-35
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On the basis of the available data there appears to be no evidence of
any marked change since the middle 1g20's in unit labor reguirements at
southern mills of the size covered in the NRP-NBER survey. No data are
available to show whether or not this relative consistency of the mas-
hour ratio obtained in the years 1920-26.

Differences in Equipment and Unit Labor Heguirexents

by Bize of uill

A corparison of the type of equipment evployed by mills of various sizes
indicates that mills of the size of these included inm the NRP-NEER survey
are more extensively equipped than the smaller mills. This is shown in
figure 25 for the mills in the Southern Forest Survey territory.

A substantial majority of the large pine mills are equipped with band
sais, Whereas the small mills use circular saws almost exclusively, Since
band saws produce approximately 1o to 15 percent less ker! thas circular
saws, it is possible to achieve with band saws & considerably higher
board-foot production from a log of given size. Thus at the large mills
equipped with band saws less log handling is reguired to achieve the same
beard-foot productice fram logs of tle same size. A majority of the large
and medium hardwood mills and almost one-fifth of the mills in Group 2
used band saws.



Figure a5.- PERCENT OF SOUTRERN MILLS REPORTING BPECIFIED BAWNILL EQUIPMENT, BY BPECIES OF LUMBER
AND DAILY MILL CAPACITY, 1934

(Dally capmoity In M ft. b. m per 10-hr. day)

HEADSAWS AND BAND RESAWS GANG PLANERS DRY
ACCESSORIES HEADSAWS® SAWS KILNS
PERCENT QNLY
[1+14]

[+]
* MILLS NOT EQUIPPED WITH BAND HEADSAWS USE CIACUL AR HEADSAWS.

NABLD ON YalLl D« 2 WEA « NATIONAL RESCAHCH PROJECT M - 48
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About half of the large pine mills use resaws for the further reduc-
tion of lumber produced on the headsaw. Almost half of the pime mills
in Group 5 alsoc employ gang saws, and about 17 percent of the pine mills
in Group 4 are also so equipped. About 70 percent of the large hardwood
mills esploy resaws, and about cme-fourth of the mills in Group 5 employ
gang saws. The use of resaws and gang saws by the large pime and hard-
wood mills probably means a reductiom in the amount of work which would
otherwise be required on the headsaw in order to reduce logs to given
dimengions. Thus the more extensive use of superior headsaw eguipment
and labor-saving gang saws and resaws apparently provides a basis for
a higher productivity of labor at the large mills, of the size covered
in the NRB-NBER survey, than at the smaller cnes.

There are important differences in the character of the product of the
large and small mills which are likely to offset some of the advantages
resulting fram the better equipment of the large mills. About a5 percent
of the pine mills in Group 2 and abowt 63 percent of those in Group 1
are equipped only with the headsaw and such accessories as the cut-off

.saw and edger. In many of the smallest mills there is no edger, and in
same instances not even & cut-coff saw. About ome-fourth of the mills in
Groups 1 and 2 employed planers as the sole item of equipment im addition
10 the headsaw and accessories. The percentage of hardwood mills which
are equipped only with headsaws and accessories is much larger; about
half of the medium-size mills and over three-quarters of the small mills
have no other equipment. Another 1o percent of the mills in Group 1,
16 percent of the mills in Group 2, and 18 percent of the mills in Group 3
employed plamers only in additiom to the headsaw and accessories. The
small pine and hardwood mills, eguipped with such simple machinery, bear
little relation, in terms of mmber of operations and type of product,
to the large mills which employ a variety of special-purpose machines and
produce seasoned and finished lumber., The more extensive use of planers
and dry kilns at the large mills means that a larger amount of labor is
required for the operation of these additional items of equipment; this
is mot reflected in increased producticn. The large percentage of the

~ small hardwood mills which are equipped caly with headsaw and accessories
may be attributed im part 1G the fact that these mills often manufacture,
as their principal products, sawn railroad ties and plasking, which are
in common local use for bridge timbers.

The equipment data refiect the difference in the degree of refinement
of ‘the product of the large end small mills, The latter produce for the
most part only rough green lumber, whereas-the large mills produce a va-
riety of seasoned dimeasions and finished plamingmill products. Togkis
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showed that in southern-pine sawmills yard lumber required about 55 per—-
cent more man~hours per thousand board feet than timbers, whereas planing~

mill lumber required almost 112 percent more labor tham timbers.?® The

large mills, according to the equipment data, would be likely to produce

a high percentage of planing-mill Iumber and the small mills a high per-

centage of timbers.

Figure 268.- UNIT LABOR REQUIREKENTS OF BOUTHERN BAWMILLS,
BY BPECIES OF LUMBER AND DAILY MILL CAPACITY, 1834
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Data on the average sawmill labor requirements of southern mills in
1934, secured by the Uhited States Forest Service, are presented in fig-
ure 36.%! The average labor requirements at pine mills, it may be seen,
increased with an increase in the size of mill ander consideratiomn.
Thus, the pine mills in Group 4 required about 80 perceat more man—hours
per thoussnd board feet of lumber sawed than the mills i Group z. These
differences are traceable very largely to differences in the degree of
refinement of the product. The data on equipment indicated that about
the same proportion of the mills in Groups 4 and 5 employed planers and
dry kilns, and it seems likely that, on the average, these mills manufac-
ture products approximately similar in size, diversity, and degree of

20ngrnard H. Topkls, "labor Requirements in Lumber Production,® Newthly Labor
‘.U“ﬂb Yol. 44, ¥o. b6 ﬁﬁ, 1%7}: Be 1l45.

msu Pe Bi.
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refinement. It is therefore probable that che fact that the man-honr
ratio of the mills in Growp 5 was approximately iz percent lower than
that of the mills in Group 4 reflects a real change in the efficietcy of
stilization of labor.

In the case of the hardwood mills there is not the same degree of unmi—
formity in the relationship between size ard mnit labor requiremeats.
The mills in Groups 3 and 4 have higher mit Labor requirements than the
small mills, but the mills in Growp 1 have higher unit labor requirements
than the mills in Growp 2. The large mills have lower unit labor re-
quirements thas the medivm-size mills; the largest mills have the lowest
unit labor reguirements.

The data om equipment at bardwood mills indicate that the degree of
refinement of the product increases with an increase in the size of the
mill. However, the facts that a substantial percentage of the large
bardwood mills do not have planiag equipment and that over half of these
mills do not have dry kilmns may indicate that differences in degree of
refinement of the product between large and small mills are mot so0 pro—
-nouaced in hardwood as im pine. It appears that the greater labor pro—
ductivity of the large hardwood mills is sufficient tc offset much of
the increase in unit labor requirements necessary to carry manufacture
further.

LOGGING AND BAWMILL UNIT LABOR REQUIKEMENTS,
BY SIZE OF SAWMILL

The discussion of unit labor reguirements at the southern logging oper—
ations asd sasmills has shown that in general the small mills have lower
unit labor requirements than the mills of medimm size and those in Group
#. This is reflected in the logging and sawmill unit labor requirements
as presented in figure 27. These differences have been explained prim
arily through the conclusion that the small mills were located closer
to the timber supply and that they manufactured a considerably cruder
product than the large mills.

The products of large and small mills are not, in general, of campara—
ble quality, and conversion of the prodect of the small mill to the same
degree of manufacture as the product of the large mill reguires further
Tinishing at ancther plant. The small southern—pine milis are kmown to
market their product primarily throngh concestratiom yards which seasoca
angd finish the ontput of these mills. Dimension mills bear samewhat the
same relatioaship to small hardwood mills. Ir any attempt to detemmine
whether the lower man-hour ratios of the small mills actually constitute
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Figure 37.— UNIT LABOR REQUIREMENTS OF SOUTHERN LOGGING CAMPS
AND BAWNILLS, BY S8PECIEE OF LUMBER
AND DAILY MILL CAPACITY, 1934
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a competitive advantage, it would be mecessary to add to the amount of
labor employed at the seall mills the man-hours utilized in transporting
the green lumber to the concentration yard amd in seasoning and finishing
this lumber.

In table 31 data are presented for the purpose of indicating the im-
portance of such activities in determining the total number of man-hours
required to carry the product of the small mill through the seasoning and
finishing operations. In this table a comparison is made of the mnit la-
bor requirements in the producticn of firished lwber of 11 mills cutting
less than 15 thousand board feet daily and those of larger mills, These
mills were surveyed by the United States Forest Service in different
years over the period 1926~35. The data cannot be used to establish the
absoclute or relative man-hour ratios of large and smll mills, but they
are adequate for the purpose indicated above.

The labor requirements for the two groups are appraximately equal, and’
in this respect the data for the mills chosen for comparison do not seem
to be typical, The unit labor requirements in the sawnill and ia the
yard are about § percent lower at the larger mills, and the amount of
labor required per unit in remanufacturing and shipping is somewhat less
in the case of the smaller mills.



SOUTH 103

Tabls 81.- UNIT LABOR REQUIREMEXTEB OF BOME BOUTHERN XILLS,
BY BIZE OF MILL AXD OPRRATIOX"

Kumber
of man-hours
per thousand
Operation board feet
Large Small
mills® | milis®
Total 33.8 32.8
Woods and haul 8.7 8.7
Cutting 2.8 8.5
Yarding 3.5 5.2
Ralilroad loading c.6 -
Transportation 1.8 -
Hill 24.8 24.2
Miliing 8.3 7.9
Stacking 2.4 1.3
Mill moving and miscellaneous - 2.1
Transportation to concentration yard - a.¢f
Remanufacturing and shipping 8.7 7.7
Office and supervision 1.1 1.8
Plant erection and maintenance 8.4 0.8

sSpeclal report of the B. S. Dept. Agr., Forest Service, Div. Res. MNov. 1, 1938},
for the ®"Studies of Productivity ant Employment ir Sslected Indusiries?® section of
the National Research Project. Mills classified as "small®* for purposes of this
tabls have & daily capacity of less thaen 1 thousend hoard fest,

Ths figures présented are based oo dats for 11 small and 1f lerge mills. In some
cesss millis did aot report unit man-hour refuirepents for eech eperation seps-
rately; man-hours srxpended In Lhe unreported operalion were Included with men-hours
Taperied for pther opsrations, Averages, however, were Computed by 4ividing he
sups of the figures for each Jperatisn by 11,

b!aelnﬂes gsta for siz mills surveyed 1n 1588, ome In 1831, two in 1832, one in
1633, and ¢ns in 1954, The aversge diameter of logs for seven pine miils was i3.0
inches; for seven hardwood mills, 17.4 inches.

®Inciudas gats for five mills surveyed In 1528, obe in 1928, one in 1650, and Tour
in 1835. The average <4iametsr of logs for i0 pin2 mills was 11,6 inches; for 1
Rardwood %ill, 17.7 lboches,

“m average distance Irom stump to =ill was ane-half mile.
®fne average distance fTom Rill To cobcentrafion yard for 10 mills was 18.7 miles.

The man-hour requirements for plant erection and maintemance are more
thas 10 times as great at the larger mills as at the smaller cmes. This,
haeever, is largely balanced by the labor required at the smaller mills
for moving the mill and for transportisg greea lumber to the concentra-
tion yard. To prepare & thousand board feet of lumber at the smaller
mills for transportation to the concentration yard required za.2 man—
hours; a thoosand board feet of lumber shipped by the larger mills re-
quired 33.6 man-hours of labor. However, whes the labor involved in the
transportation to the concestration yard and in remssufacturing and ship-
ping is added to the sumber of man-hours reguired at the smaller mills,
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the average unit labor requirements for these mills are seen to have been
only 2 percent lower tham for the larger mills. The experience of these
mills indicates that for camparable products the man-hour ratios of mills
of varying sizes are approximately equal. It is evidem, them, that the
man-hour ratios preseated earlier for mills of various sizes do not ac-
curately reflect the competitive position of the different size groups in
relation to unit labor requirements for lumber of a specified degree of
finishing.

SUMMARY

At the beginning of the period 192035 the scuthern lumber industry bad
already passed its peak. Estimates placed the remainder of the virgin
yellow-pine timber in 1gao0 at about ome-fifth of the original stand.2®
Similar estimates placed the remainisg virgin stand of southern Appa-
lachian hardwoods at about ome-third of the original stand.23 Only the
hardwood stands in the lower Mississippi Valley remained comparatively
nnexploited.®* Thus throughout the period since 16a20 the southern lumber
industry bas had to adjust itself constantly to poorer stands of tisber
in order to continue in operatios. This has beent accamplished primarily
through the shift of production 16 smaller mills and secondarily through
the adoption of more flexible logging equipment, nzotably trucks. The
success of the southern lumber industry in maintaining its relative im-
portance must be attributed in large measure to the exceptiomally favor-
able natural conditions for timber growth.

From 1909 t0 192¢ the southern States accounted for almost half of the
total national employment and over 4o percent of the total 1umber produc—
tion of the lumber and tisber products industry. Although the comparison
must be made with caution, it is interesting to note that tke index of
employment in the lumber and timber products industry of the South and
that of southern lumber praduction have been in general agreement since
1899 {table 22). The decline in employment opportunities in the southern
lumber industry must be attributed almost entirely 1o the decline in de-
mand for the lumber and timber products of the Scuth.

The data available on the course of unit labor reguirements for sammill
production indicate that at least for the large mills there has been no
apparent trend since 1g28. The more limited group of large mills report-
ing va logging operations was able to effect some reduction in unmit labor

220 nbar Depletion, Lumder Prices, Lumber Ixporis, and Concenivation of Fimder
Oumgeshig (3a ed.; [. 8. Dept. Agr., Foreal Service, 18£8}, P. EC.

23r3id., D. 25
B4rpid., p. p6.
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Table R%.~ INDEXES OF PRODUCTION AND EMPLOYMEN? IN THE
SOUTHERN LUMBER INDUSTRY, 1865-1937"

(16807103)
Rumber of wage earners
Year Productlon of lumber in the lumber and
) timber products lndustry
1889 72 70
1804 a7 79
1809 129 13¢
1814 115 118
1919 104 118
is21 88 ’ o1
igea 108 121
1825 i1z iiz2
ige% 84 o8
1929 100 100
1831 38 43
1933 a7 45
1838 51 &9
1837 &7 74

"*Saaed oo date Irom Oemsus of Momufacturas.

requirements in the woods in spite of increased difficulties. This was
accomplished principally through an extension in the use of trucks; the
data on equipment in use show a widespread adoption of trucks at oper—
tions of all sizes. Although the evidence scarcely justifies the comclu-
sion that logging labor reguiresents have been reduced generally through
the adoption of trucks, it does supgest that this type of mechanization
has been an important factor in maintaining the level of labor produc—
tivity in the face of increasing 4ifficulties.

The decline in employment opportunities in the scuthern lumber and tim-
ber products industiry can scarcely be traced to technological develop-
rents. (B the contrary, it appears that the caly extensive technological
changes, those in logging, had the effect of extending logging operations
10 stanxds which would not have been econtmically available otherwise. In
most instances, therefore, the effect of the introduction of mobile and
flexible lopging equipment, such as tractors, trucks, and gasoline skid-
ders, has been 10 preserve emplopment opportunities for the time being by
making it possible to cbtaia the timber necessary for mills from stands
that could not have been logged profitably with the equipment previously
enployed.

The advance of technology has, then, been one of the ways in which the
lumber industry of the South has adjusted itself to depleted timber
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reserves. lhe rise of small mills in areas abandoned by large mills has
been the other important method of adjustment. The operation of small
mills on timber from secondgrowth stands or scattered cld-growth stands
has been made more profitable by the adoption of flexible mechanical log—
ging equipment, particalarly trucks. The operating economics of the
small mill often 4o not permit the use of railroad logging. Before the
introduction of trucks and tractors the only altermative t0 railroad hanl
was, in most instances, anmimal haul. It is safe to say that the increase
in the number of small mills would not have been so great if trucks had
not been introduced into logging operatimms.

In the South, as on the Pacific Coast, the nature of recemt technolog-
ical developments has favored the adoptiom of better forest-management
practices. The use of trucks as a substitute for or as a supplement to
rallroads and the use of tractors and gasoline donkeys iam place of heavy
steam cable yarders have increased the chasces for profitable operation
of a system of selective logging. Animal logging is also well adapted to
tree selection, although it is gemerally less efficient than the mechan~
ical methods.

In the immediate future it is unlikely that increased mechanization
will by itself produce a significant change iam umit labor recuirements.
The future level of mnit labor reguirements will depend in large measure
upon the extent to which the new technolopgy is applied within a logging
system designed to assure a sustained yield.

It the further depletiom of the forests is not halted, the man-hour
ratio for southern lumber will probably be detemined by the inmterplay of
opposing forces: a decrease in the size, quality, and accessibility of
standing timber on the cne hand and a decline in the quality of the prod-
uct and the amount of refabricating on the other hand. The progressive
decrease in the size of individual trees and in the density of the stamds
will probably continue; the proportiom of southern lumber produced by
small mills is likely to continue to increase.

If the guality of the pine-forest resource is allowed to comtinmue to
decline, the quality of southers—pine lumber will probahly became per—
ceptibly lower. It is also probable that there will be a decline in the
amount of refabricating of pine lumber into moldings, ceiling, handles,
sisk, door stock, siding, etc. This will probably not be carried on so
extensively as it is now carried cn in large mills because the requisite
high-grade lumber will not be so pleatiful as at preseat and the small
sawmills are not generally equipped with the necessary machimery. It
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seems likely that man-hour requirements (including the labor involved in
transportatios to and manufacture at the concentraticn yard] may increase
slightly per thousand board feet of pine lumber of specified size and
degree of fimishing. On the other hasd, it is likely that slightly less
labor will be spent per board foot of pire lumber produced because of the
decline in the degree of finishing.®®

If the operating practices in vogue in hardwood production are coatin-
ved, a situation similar to that which obtains in pine-lumber production
is likely to prevail. In harowood-lumber production it is likely that
the replacement of large mills which are cut cut by small mills will
not be s0 complete as in pine-lumber production. The small mills will
probably devote themselves priscipally to the production of structural
materials for railrcad and local use. Those small mills which do serve
as successors to the large industrial-hardwood mills will probably emgage
in the cutting of blanks for handles, athletic goods, vehicle stock, and
speciaities.®® In the main, however, the southers industrial-hardwood
supply now mapufactured primcipally in large mills is likely to be pro~-
duced in mills of medium size.

Since the differences in the degree of finishing of large and smail
mills are less proncusced in hardwood than in pine productiom, the influ-
ence of the imcrease in difficulties is likely to have a more pronounced
effect ca the level of unit labor requirements than the decline in the
degree of finishing which is associated with the shift of productics to
smaller mills. The average amount of labor spent per board foot of lum—
ber leaving the hardwood mills is therefore likely to be about the same
or to increase scmewhat,®”

The widespread adoptiom of forest-management practices leading to a
sustained yield from southemn forests would undoubtedly alter radically
the outlook for the future. The adoption of sustained-yield practices
would probebly mean an increase in the size of trees cut for saw logs and
& gradual improvement in the quality of the forest resource. The timber
supply available to individual mills would be stabilized and the closing
of mills due to timber depletion reduced.

An improvement in the size and quality of timber available for cutting
would make it possible to carry finishing and remamufacturing cperations

355:506 on & speclal raport of the . S. Dept., Agr., Forest Service, Dly. Eea.
{Mov. 1, 1038}, for the *Studiss of Productiviiy and Employment in Selectsd Indus~
tries" section &f the Ratlonel Ressarch Projeot.

B81pid.
&7 1via.
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forther and hence would increase the total amount of labor employed in.
such operatioms per unit of lumber production. Unit labor requirememts
for lurber of a specified size and degree of finishing would nevertheless
be reduced. Furthermore, sustained-yield logging would probably pave the
way for the adoption of machines and techmiques whose use in the South is
not profitable at the present time.



CHAPTER V
TECHROLOGY, RESQURCES, AND EMPLOYMENT OPPORTUNITIES

In 1929 the lumber and timber products industry, ome of the most im—
portant sources of manufacturing employmesnt, provided jobs for 419,000
wage earners and over 21,000 salaried employees.! The further manufacture
of lumber into planing-mill products and the distribution and marketing
of lumber and planing-mill products gave employment to over 3so,000 more
persons. Thus a rough estimte places the 1929 employment afforded by
the lumber and closely allied industries at close to Boo,000 Wage earn~
ers and salaried employees, About 55 percenmt of those employed were en—
gaged im cutting and sawing ard about 13 percenmt is planing, or a total
of about 69 percent occcupied im the various stages of productiom. It was
estimated that ¢ percent were railroad employees transporting lumber to
the wholesale ard retail dealers, who camprised 22 percent of the total.
{See table 23,}

Certain grougs of workers for wham no data were available were excluded

- from this estimate. It did not prove practicable to estimate the em-

ployment afforded by the renvfactore of equipment used in the lumber and

timber products industry. The maufacture of sawmill machinery provided

employment for roughly 1,000 workers iz 1929, but this represented only a
fraction of the workers engaged in the production of all equipment.®

Alsco excluded were the employees of mills sawing lumber on a contract
basis; workers engaged in mmnufacturing locomotives, tractors, trucks,
logging equipment, stackers, mill structures, etc.; and longshoremes,
sailors, and others carrying lumber by sea or inland waterways. The
course of total employment in the lumber and timber products indusiry
{logging camps, sawmills, and cambined sawmills and planing mills}) is
shown in table 24 for the period 18gg~1937. At the turn of the last

1:.0@1113 sccounted for 35 to 4 percent of the wage-earher employment of the indus—
try In years for which separate data arg available (1808, 19818, and 1823; ses
l'Mrtacm%?s Conzus of the United States: 1815, Vol. X, “HManufactures: 108" [U. 5.
Dept, Com., Bur. {enaus, 19131, pp. 4906~7: Fourtegnth Census: 1520, Vol. X,
"Manufectures: 1919% [1823], Dp. 424-5; Cemsus of Manufactwres: 1823 {U. 5. Bur,
Census, 1828], pp. 442, 444).

E'mia estimate ls for the labor employed in the manufacture of sawmill machinery and
straddle=truck lubber carrlers. The figure was gbtaimed by multiplying ilhe esti-
mated value of zawnmlli-mschinery and lumbed-carrier selss by the numpbar of map—
hours of labor required Lo produce a deollar's worth of sewmill machinery and lumber
carriers, and then diviging the resulf by 2,400 in order %o converi Lo man-years of
smployment. The estimated value of sasmill-machinery and lumber—carrier sales was
computed by inflating figures secured in the XRP mechinery-manufacrurers survay by
their coverage during the NRA pertod. The iabor required Lo produce & dollar's
worth of sawmill machipery and lumbsr carriers was computsd from ¢ats ablalned in
tne same survey. Data on the nmumber of workers engaged in producing othar machin=
&ry used in lumber manufaciure are not svallabls,

108
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Tablie 28.- EMPLOIMENT IN LUMBER PRODUCTIION
AXD RELATED ACTIVITIES, 1539°

Wage [Salaried
Industry Total | eapners| workers
Total 785,481 - -
Lumber and timber products® 440,798 1 418,084 21,714
FPlaning-mill produets® 107,101} ©0.134] 18,967
Railroad transportation of lumberd 70,300 B.E. .8
Wholesale lumber dealers® 24,874 24.874] 1n.s8.
Retail lumber dealers? 152,418 | 139,009 13,409

8D0ea mot include water transportation, for which mo data are available.

bfif:eent!s Census of the Unifed States: 1830, "Manufactures: 1629 {U. S, Dept.
Com,, Bur, fensus, 1633}, II, 443, Includes workers of lumber camps, sawmllls, end
planing mills operated in conjunction with sawmiils., Exciudes a smaell number of
workers engsged In contract work and seny workers sttachad to portsble =mills.

€reid., p. 485. Includes workers of planing mills operated independently of
gawnills,

Spstimnted by multiplying the mumber employed in freight transportation by Class I
raiiroads by the ratio of ton-miles of lumber hauled t¢ ton-miles of all freight
hauled {Interstate Commerce Commission, Bur. Btatlatics, Freight Commodily
Statistics of Class I Sisan Railuays in the United States: 1825 [1030]1). Freight
employment of Class I railrosds was derived by adding to the workers c¢isssifisd by
the Interstate Commeres Commission as freight employees & poriion of the workers
clszsified as both freight and passsnger employees. Apporticnment of the lstter
classification was done on the basis of revenue received for the Irelight and
passenger services (Interstate Commerce Commissien., Bur. S:iatistics, Forty-sixtih
Annuc i ke?ort on the Statistics o&&uihnys in the fnited States: 1gaz liemal:
{Wt)’}—ﬂiﬁ &k dnnnl Report on the Statistics of Railunys im the Fniied Siaies: 1535
1827]).

©Fifteenth Census, Vol. 1I, "Wholessle Distridution® (1633}, p. 78.

t?iftgenﬂs Census, Vol. I, "Retail Distrtbutlion® {1934}, pt. I, 9. 48. Includes
flumber angd bujlding-material dealers® and *lumber snd hardware desalers.®

n.a. Data not avaiiable.

Table g4.- NUMBER CF WAGE RARNERS IX TBE LUMEER
AND TIMBER PRODUCTS INDUSTRY, 18060-1037°

Ysar Number Year Rumker
1688 418,257 1825 467,080
1804 404,583 1827 413,848
18908 547,178 1629 419,084
1gi4 479,786 1881 198,847
i9is 480,945 1933 189,387
1g21 364,247 1835 255,230
1828 485,692 1837 . 823,928

Bpata for 1890-1820 from Fifteanth Census of the Fnited Siales: 1550, "Manulac-—
tures: 1929* (U. 5. Dept. Com., Bur. Census, 1833}, Il, 44%; dais for 1831-35 from
Census of Mamufactures: 1935 {(U. 5. Dept. Com., Bur. Census, 1838}, p. 486; and
datz for 1937 from seme, IS37 {1836}, p. BOL.

For 1619 and earller years the census data included all establishments whose
products wers valusd at §600 or more per year; for 1621 and subssquent years dala
inciuded only establishments whose progducts were valued at $5.000 or more. In
1914 the number of wags earners in a=2iablishmenis whose production was valued at
less then $5,000 butl more than $500 waa 34,8688, in 1916 the number was 11,848
Efaurfacs:a Lensus of the fnited Sitates: 1820, V¥ol. I, "MeRulactursa: 18io*
1823], . 429},



TECENOLOGY, RESOURCES, AND EMPLOYMENT 111

century esployment in this industry was still rising, and by 1909 over
547,000 workers were employed, Thereafter there was a gradual dowmward
trend until 1929, when about 419,000 workers were employed. Thus between
1909 aed 192¢ employment declined by over ias5,00¢, or nearly a fourth.
More thar half of this declime occurred between 1909 and 1g14. From 1614
to 1023 there was po further sustained decline, but between 1g9z3 and 1929
employment dropped markedly and between 1929 and 1931 was more than
haived, A contimuing declime was noted in 1933, after which there was a
promounced recovery; the 1g3y figure, however, was still 23 percent below
that of 1929, (See table 24.)

FACTORS AFFECTING TOTAL EMPLOYMENT
Demand for Luasber and Timbsr Productis .

The decline ia the demand for lumber was the principal factor responsi-
ble for the decline in employment; the volume of exports and imports has
been a small fraction of production, and the geperal trend of iamtermal
consumption coincides rather closely with the production trend, This de-
cline was of such overwhelming importance as to obscure the effect of the
operation of other forces, Between 1909 and 1g92¢ production of lumber
decreased by more than 4,600 million board feet, or by almost zo percent
{table 6); production of other timber products was similarly affected.
The dominant importasce of lumber production in the level of employment

Table 3.~ VALUE OF LUMBER AS PERCENTAGE OF VALUE
OF ALL PRODUCTS OF THE LUMDER AND TIMBER
PRODUCTS INDUSTRY, 1919-37%

Yesr Fercent Year Percent
1919 75.2 1929 78.0
isz1 70.1 1831 88.1
1828 78.0 1933 78.9
1825 75.8 1835 72.4
187 75.3 1987 74.3

Spata for 1019-51 from Census of Mamufocturas? 183! (U. 5. Dept. Com., Bur.
Census, 1535), pp. 486, 428, 43B; dats for 1533 and 1635 from ssme, 1535 (1888},
p2. 473, 478; ang datafor 1837 {rom same, }S57 {168¢), pp. 606, BO?. To find total
¥elus of jumber. lumbsr producticn was multiplied by average mill value.

‘in the lumber and timber products industry is suggested by table as,
which shows that the valve of lumber constituted betweer 69 and 79 per—
cent of the vaiue of all products of the lumber and timber products in-
dustry throughont the pericd 1gig—37.

The key to the sharp decline in lumber production and employrent lies
in the steady fall of per-capita comsumption since the 1900's, a striking
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indication of how extensively new comodities have supplanted lumber in
the economic life of the Natiom.

The lumber industry was one of the pioneer industries of America. The
frontier marched westward on wood. The railrcads, the fromtier towns and
cities, and the farms used wood for ties, railroad cars, bouses and build-
ings, sidewalks, roads, femces, wagons and buggies, barrels and boxes,
furniture, and agricultural implements. It is estimated that prior to
1910 "there was a prospective market for 43 billion feet of lumber an-
nually for ¢o,000 new farms™ alone,B

By the end of the 1g00's it was apparent. that demand was slowing down.
Per—capita consumption, which had increased by over 8¢ percent from 184g
to 1889, increased by only 30 percent between 188¢ and 1g908. Wood was
being crowded out of construction, particularly urban construction, by
brick, cement, iron, and steel; the last two also replaced it for many
uses in the mapufacturing industries.?

Prior to 1g06-y the per—capita comsumption of lumber was steadily
increasing, but since then the demand for lumber has declined both abso-
lutely and per capita. The factors behind the decline in lumber consump-
tion are revealed in table 25, which presents the resulis of surveys by
the United States Forest Service on the guantity of lumber comsumed in

Teble 96.- DISTRIBUTION OF LUMBER CONSUMPTION,
BY PRINCIPAL USE, 1813 AXD 1928°

iR 1928 Change, 1812-28
Use IMi111ons] Percent |Mil1iona] Percent [Millions|
of board of of board of of board| Percant
feet total feet total feet
Total 43, 000 100 38,300 100 -8,500 -15
Facrory 11,200 B is, 300 28 -900 -8
Construection

Sash, door, snd millwork 2,300 ] 3.300 -} +80C + 32
Dirsct consiruction 20,800 a8 22,800 63 -8,400 -22
Rursl 15,000 33 3,300 15 -8, 500 -83
Urtan resldentlal #, 000 21 12.800 33 +3, 000 +33
Urban nonresidentisl 5,300 12 5,400 15 +100 +2

S54apted frow U. 8. Congress, Semate, 4 Motiomsl Plan for dmerican Porestrs, 5. Dot. Ne. 12, 751 Cozg.,
188 sasa., 1555 1, BA9.

5. s. Ceongrees, Senate, 4 Jatiomal Plan for imerican Forestry, S. Doc. N6, 12, 7%
Cang., i8% sesa., 1535, I, 248.

e replasement of lumber sidewalks by brick and cement paving eliminated the
potential demand for g0p million feat Of lumber a4 year {Rolf Thelen, Fhe Subsiiiu—
tion of Other Naterials for Food (U, 5. Dept. aAgr., Report No. 117, 1g17l. p. 53).
Tha tonnags of woodien ships bullt In privats shipyards fell from sbout 4745 thousand
in 1579 to pen thousand in 1008, whereas 1lron and stesl ship constructlion increased
from 30 shousand tona In 1879 o 525 thousand In 1904 ($did., p. £51). Ths substi-
tution of barbed &nd woven wire for wood In fary fencing amounted to &n estimated
1 Billion doard feel per yoar by ig17 {idid., p. 38}.
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1512 and 1928 by the priocipal users. The major factor is evidently the
declining demand for lumber in agricultural areas, stemming fram the ter-
migation of the period of rapid agricultural expansion, the population
movement away from the farm, and the agricultural depression which en-
forced curtailment of mormal repairs. For the past two decades the num-
ber of farms in the (nited States has remined almost stationary, and the
agricultural depression of the 192¢'s eliminated the demand for about
half of an estimated 13 billios board feet reguired ansually for nommal
repair and replacement of rural farm buildings.B

Another factor important in the declining demasd for lumber is the
growing urbanization of the population which is accompanied by the devel-
opment of multifamily dwellings requiring less floor space; these utilize
building materials other than lumber to a greater extent than do single-
family urbap dwellings. This comditiom, together with the displace-
ment of lumber in other urban residential coastruction, resulted in a
a5-percent reduction in demand for lumber per family unit of urban resi-
dential construction between 191z and 128. In urban nonresidential com—
Struction the consumption of lusber relative 10 that of other materials
was probably reduced by fully ome-half.? The comsumption of lumber for
comstruction purposes since 1928 has been at an extremely low ebb.. In
1933 lurber consumption for such purposes was only about 63 billion board
feet, a decline of &y percent from the 1gog level. In 1536 lumber con-
sumptiog for comstruction was 8o percent of the igeg level; in 1¢39 this
figure bad risen to g8 perceat.’

The widespread substiturion of other materials for wood in factory prod-
ucts was a third facter of major importance inm arccounting for the decline
in demand. The lumber consumed in wood-using industries, ranging from
one-fourth to ¢ne-third of the total lumber consumption, declined by less
than 8 percent between 1913 and 1928. Fiber was substituted for wood in
boxes and crates and metal for wood in railroad-car construction and in
nonhousehold furmiture. The drop in consumption was pronounced in the
case of almost all other factory uses of wood, indicating a rapid process
of substitution of gther materials for lumber. The dramatic strides im
this respect in automdbile construction have doubtlessly brought about a
sharp reduction in the use of wood in automobiles in recest years, al-
though it increased by 410 percent between 1912 and 1928.% The secular

5 Fational Plan For imericon Povesiry, 1, E40~50.
Snid., op. 2528.

74, LeRoy Neubréch, %Present Position of the Lumber Industry,® Swrvey of Current
Business, Vol. 20, No. i Wan. 140}, p. 15.

8% zatiomal Plan for imevicen Poresiry, I, £53-5.
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decline in the consumption of wood for industrial purposes which was ev—
ident during the tweaties has contimued. In 1939, with comswmption of
lumber for comstruction purposes at approximately the 1929 level, con-
sumption of lumber for boxes and crating was 66 percent, industrial con—
sumption of lumber was 39 percent, and railroad purchases were 6o percent
of the 1929 levels.®

Although lumber exports accounted for an average of only 7 perceat of
the total producticn during the 1920's,1? the export market has neverthe-
less constituted an important source of demand. Fluctuatioms in the vol-
ume of exports have been slight., Generally speaking, and apart from the
competition between American and Canadian Douglas fir, there is a marked
difference between the guality and types of lumber imported for damestic
use and lumber purchased iatermally, sc that imporis probably have lit—
tle direct effect upon the demand for damestic lumber. Exports declined
sharply from 1929 to 1933 under the impact of such factors as the war in
the Orient and the British imperial-preference policy; they have not re—
covered since. Exports im 1939 were 35 percent of the 1929 volume.??

The demand for other products of the lumber and timber products indus-
try has probably been of secondary importamce ip terms of total employ-
ment in the industry. It appears that there was a slight downward trend
in the demand for railroad ties from 1506 to 1929 because of a slowing
down in the amount of new railrcad comstructiom and the reduction in the
demand for ties for renewals per mile of track.'® As may be noted in
table 26, the demand for planing-mill products, such as dressed lumber,
sash, and doors, bas increased relative to that for lumber. Shingle pro-
duction dropped by almost so percent from 1910 to 1920 but was stable
during the 19a20's.™®

The production of veneer as measured by the wood consumed in its manu-—
facture almost doubled from 2919 to 1929 and has increased in importance
relative to total lumber production since that time.!4 Particularly not-
able was the steady increase in Douglas—fir plywood productiom, which
more than tripled from 1935 to 1933.1° '

oueabneh. ioc. cit.

mk&spted trom & Fational Plan for imarican Forestry, 1, 248, Total exports during
tha 1020's in round Tlgures were B, 802 mlllion board feet: total production during
the 1920's In round Iigures was 37, 13¢ million board feet.

uﬂenbroeh. ioc. cit.
12, sational Plan for imerican Forestry, 1, 270-1.
18%75¢4., p. 275

“S:aﬁstic&! Abstract of the Pmited States: 1837 {¥. 8. Pept. Com., Bur. For. and
Dom. Com., 1538}, pp. 655, GES.
15590c1u report of the U. 8. Dept. Agr., Forest Ssrvice, Biv. Res. {Nov. 1, 1858),
for the "Studies of Productivity and Employment 1a Selecied Industrles® section of
the Natlonal Ressarch Project,
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Dnit Labor Reguirements

For a given volume of producticn, the volume of employment is deter—
mined by the amoont of labor required per unit of product., Although the
decline in demand was responsible for most of the decrease in employment
in the lumber and timber products indusiry, indications are that since
1919 man-hours of employment have declined more rapidly than Has produc-
tion. This is shown by the indexes of ovtput per wage earner and per
maa-hour in the lumber and timber products industry given in table 27.
Several factors suggest themselves as possibie explanaticns of the rel-
atively more rapid decline in man-hours than in production. First, the
canposition of the total product has shifted from 1620 t¢ 1936. Table 28
gives the percentage distribution of the total lumber production by im-
portant types {the less important associated species are included with
each type), The same table gives relative man-hour requirementis per usit
of output, also-by important types of timber cut.

Table 27.~ INDEXES OF QUTPUT PER WAOE EARNER AND PER MAN-HOUR
I¥ THE LUMBER AND TINWBER PRODUCTS INDUSTRY, 1eip-38®

{1820=100)

Periocd CGutput per wage earner Qutput per man-hour
1916-24 e8.1 81.1
1825-30 85.4 85.9
1831-38 88.7 111.8

Sfarry Megdoff, Irving K. Siegel, and Milton B, Davis, Production, Imployment, and
Productivity in 59 Namufacturing Industrias, 1515-36 {WPA Mational Researth
Project, Report Ho. S5-1, May 1539;, Part Two, p. 186. The §-ysar avarages pre-~
sented above rapreasnt unwelghted averezes of the yoarly index numbers.

It will be noted that Douglas fir and western pine, which are reduced
to lumber with the least amount of labor, have increased in relative im-
portance since 1919~24. Unit mas-hour requirements for the mamufacture
of southern-pine lumber are from 80 to 100 percent higher than those for
Douglas fir and asscciated species, and southern-pine production has de-
¢lined markedly in relative importance since 1939-25. Scuthemm hardwood,
which has a much higher man-hour ratic tham the average for Douglas fir
and associated species, has declined slightly in relative importance since
1925-30. Among the western lumbers cnly redwood products have high unit
man~hour requirements, and redwood-lumber production has been a comsis—
tently unimportant part of total westers production. Lumber productiom
fran all other forest regions, includiag the Lake States and the Northeast
in particular, has also declised moticeably in relative importance. Unit
labor reguirements are comsiderably higher in the Lake States tham in the
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South (table D-s). It is likely that lusber productiom in the Northeast
also requires more labor per unit tham in the South. It therefore seems
reasonable 10 assume that the man-hour ratio for the production included
in "All other” lumber in table 28 is higher than for that of other types.

Table 28.- RELATIVE PRODULTION OF LUMBER AKD RELATIVE UNIT
LABOR REQUIREMENTS, BY SPECIFS OF LUMBER, 1910-38

Percentage distridbu- iilq::f:;;:;i: ]f:ao;;,
ti 8 *
on of production {Douglas £ir-100}
Producing area
Flaning-
1916-241825-30]1931-36 |Timbers| Yard miil
lumber| jypher

Total lumber 100.0 | 100.¢ | 100.0 - — -
Douglas fir 22.7 28.0 20.0 100 100 100
Western plne . 1iz.8 14.1 1i7.7 fe} -125 103
Redwood 1.8 1.4 1.5 fe) iss 158
Spouthern pine 88.0 31.7 2¢.5 168 201 181
Southern hardwpod 8.5 i0.2 9.3 302 262 224

All other 17.7 i4.8 13.0 - - -

BBased on Harry Hegdoff, Irving H. Siegel, and Milton B, Davis, Productios, Explovaent,
ond Productivily in 59 Namufacturing Indusiriss, 1519-38 (WPi National Research Project,
Report Ne. 5-1, MAy 1550}, Part Three, p. S4.

Ppased on Bernard H, ‘rcmkis. TLabor quairemsn;s in Lmber Produoticn,* Nonthly Labor
Revien, Vol. 44, ¥o, & (May 1937), p.

CRelatively few timbers are produced in this ares,

Thus changes ia the composition of lumber producticn have been wniformly
such as to favor a reduced man-hour ratio for the total production. Fur-
thermore, the production of lath and shingles, which require more man-
hours per unit of equivalent production than does lumber, has declined in
importance relative to lumber.® This too has beem a factor favoring a
more rapid declipe in man-hours of employment than in production.

A second factor responsible for the more rapid decline in man-hours
than in production was the decline in mnit labor requirements for the
production of Douglas fir and western pine at the large Pacific Coast
mills., The available data indicate a reduction of about cme-third ia the
man-hour ratio for logging between 1925 and 1935 and a reduction of 6.7
percent in sawmill pnit labor requirements.®? Although the survey cov—
ered only the larger mills, operations of the size most adequately repre-
sented acoounted for the bulk of the Pacific Coast production,
185arry Magdoff, Irving B. Sie egel, and Milvon B, Duvis, Production, Saployment, ant

Productivity in 50 Nomwfoctur Indussries, 1919-36 {wPs Netlional Research Prgl-
ect, Raport No. 5-i, May 1639}, Tt Tharee, p. 83,

1748p-HBER logging-camp and sesmill aurvey. See tables A-5 and i~4.
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EFFECTS OF THE BTATE OF FOREST RESOURCES
OX EMPLOYMENT AND UNEMPLOYMENT

Insofar as the magnitude, availability, and quality of timber resources
influence lumber productica and unit labor requirements, they represest
important elements in the determination of employment levels. As used
here, the magnitude of the timber resource refers to the volume of the
stand regardless of its guality or availability; availability, to the
topographical obstacles tG be overcome, the density of the stapd, and the
distance to markets; and quality, to the size of the trees composing the
stasd and the guality of the wood.

The magnitude of timber reserves has never imposed a direct limitation
on the volime of employment opportunities for the Nation as a whole. In
spite of tremendous depletion of timber resources, there is no likelihood
of a general shortage of timber for some time to come. It seems likely,
however, that the decline in the availability and guality of the timber
resources has had an adverse effect on the damestic utilization of lum—
. ber, although the‘ingasrtanee of this effect is difficult to evaluate.

_ Whatever the influence of the magnitade, availability, and quality of
the timber resources on the volume of employment opportunities for the
industry as a vhole may have been, the state of the forest resource has

. frequently comstituted the decisive factor governing the volume and sta-
bility of employment in particular regions and localities.

In the course of the migration of the lumber industry, production has
shifted fram one region to another as timber stands have been depleted.
To a considerable extent the decline in producticn due to timber deple-
tion in one region has been offset by a rise iz production in other
regions, ¥ However, the decline in productios accompanying timber deple-
tion in particular regioms and localities has been the cause of severe

* regiopal economic dislocation, unemployment, and aggravated relief prob—
lems. Since improved forest-managememt practices can largely eliminate
violent regional fluctuations in the wolume of producticn attributable
to timber depletion, and since the technological develomments of recent
years have increased the possibility of a general adoption of such prac-
tices, the state of the forest rescurce is highly significant in a con-
sideration of the employment problems of the lumber and timber products
industry.

18?!113 must Da wallﬁsd‘ to the exften:t that consumpiion drops because the aras of
adeguats tLimbar resePvea may Rot be able to supply the market formerly served by
the arsa of depleted timder reserves with lumber of the same Lyps Or at the same
price. Alss, if productlian is shifted from areas of relatively high labor require—
ments to sreas of low labor requirementa, the Increase in employment in the aresa

of Tlaing production will not b& agual to the decline In employment In the area of
declining production,
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The ensming discussion will be concerned with employment fluctuations
and the relief problem in the several forest regions in relation to the
state of the forest resources. These will be followed by a discussion of
sustained-yield logging as a means of reducing or ending timber depletion
and of technological developrents as an element favoring the adoption of
better forest-management practices.

Regional Employment Fluctuations

Table a5 indicates the shifts in regional employment which have oc-
curred since 18¢g. The Pacific Coast and the Rocky Mountain States have
increased their share of the matiomal employment almost steadily since
1899, C(n the other hand, there has been a slight decline in the per-
centage of total employment acconnted for by the South, The rise in em
pPloyment in the western States was made chiefly at the expense of the
Northwestern, Lake, Central, and the other less important areas, -

Table 29.- EMPLOYMENT IN THR LUMBER AND TIMBER PRODUCTS
INDUSTRY, BY REGION, 1898-1037°

Rocky Rorth-
Year Total Peclfic lyamtain|So0thern| Lake [Central engtern| O¥RET
States States Btates | States | States Stateg |States
1898 413,857 | 86,045 8,012 | 142,870 ( 64,000} 86,116 | 84,758 | 5,745
1904 404,583 48,488 8,638 | 160,007 | 72,761 | 61,698 52,108 | 2,380
1e09 647,175% | 70,847 | 12,541 | 262,479 | 80,4201 78,207 57,242 1,285
1814 470,700 84.977 | 12,240 | 235,050 83,243 539,070 45,3852 454
isag 480, 945 83,834 | 15,507 | 235,063 | 48,3201 47,1687} 535,588 2,086
1821 564,247 75,161 | 1,736 | 183,242 1 835,872 | 30,298 | 27,268 888
1028 465,832 122,452 | 19,058 | 244,015 44,740 95,087} 25,881 ] 1,000
1928 487,080 115,804 | 20,601 | 227,508 | 45,5802 | 54,4207 21,531 ] 1,148
1087 413,948 11C.578 | 18,120 | 201,183 | 35,875 80,188 16,800} 1.204
1929 419.084 118,984 | 20,443 | 208,524 § S0,838 | s2,858 ] 16,177 1,319
1831 196,847 80,208 8,180 61.085§ 14,422 18,174 | 7.759 781
16588 189,388 20,014 8,811 80,085 § 11,603 | 13,081 7344 281
133 255,230 #7.784 | 11,3891 | 119,440 18,101 | 15,348 8,812 7ie
1987 8&9,928 108,692 | 15,8753 | 148,850 20,150 ] £2,8068 ] 12,833 702
Parcent .
1809 100.0 8.7 1.8 84.5 28.7 18.0 128.7 c.0
1806 10G.0 i2.9 2.8 48.0 i2.7 1S.4 10.5 C.2
i9i19 100.0 i9.4 3.2 4%.5 10.8 8.8 7.4 .4
1929 100.0 27.8 4.8 48.9 7.8 7.8 8.9 8.3
i937 10C0.0 31.7 4.9 48,0 8.2 T. 0 4.0 C.B

Shnase on Cemsus u_f Nomufocisrsr. Sse table 24, fin. s, State sroupiags referrsd Lo are thome of the
Cemaug of Nomsfociwrss.

A revised figure of B47,178 was published in The 1920 Cemsus of mwfutm: {sea table 24); the
igure shown in this tadle waz obtained Irom e Cemzus of Mbaufaltwres for 1009, Whick presented tha
Siomel disiributlen of empicyment.

During the 19a0's, when demand was still at a relatively high level,
the guality of the forest resource was doubtlessly the decisive factor
affecting the volume of employment opportumities in the forest regions
of the Northeastern, lake, and Central States. Between 1909 and 1929
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employment is the Ilunber and tinber products industry as a whole declined
by a3 percent. During the same period employment in the Northeastern
States decreased by 72 percent; in the ILake States, by 56 percent; and
in the Central States, by ss5 percent, The total decline in employment
between 1909 and 1929 in these three regions was over 120,000, Or gy per—
cent of the drop in the industry as a whole. Comparisons with years
other than 1909, & peak year for employment im the industry, indicate
even more clearly the loss of employment in these areas, which was due to
the exhaustion of the tinber supply.

No such striking loss in the proportion of total employment has as yet
affected the South, which has long been able to maintain a leading posi-
tion in lumber production.

Remarkably favorable natural comditions, which make the Sonth one of
the fastest-growing timber regions in the world, have emabled the South
to stave off the disastrous decline in the forest industries that has
stricken other forest regions. The high rate of growth kas teaded to
affset much of the timber depletion, and the asnual draim of all species
and sizes exceeds the annual growth by anly about 3 percent. The situa-
ticn with respect 1o saw timber {(sizes suitable for use in lwber produc-
tion} is less favorable, however, there being a net annual drain of over
3 billion board feet.1® The balasce between growth and drain is gemer-
ally less favorable im terms of guality tham quantity. There is a heav-
ier annual net drain on saw tirber than on cordwood sizes and op larger
saw-linber sizes than on smsll ones, Furthermore, the drain may far ex-
ceed the growth within the working area of any given mill.

Forest resources do sot impose limitations on the employment opportuni-
ties for the southern forest region as a whole. However, the stability
of employrent in particular localities and at particular mills is and has
been threatened by timber exhaustion. Deta callected by the United States
Forest Service in the course of the Southern Forest Survey show clearly
the high degree of imsecurity of employment associated with the depletion
of the timber supply of particular mills. Table 30 presents data on the
mmber of persons employed int 1934 by mills in the Scuthern Porest Survey
territory, ¢lassified by daily capecity and by the operator!s estimate of
the length of time his mill would contimve to cut in the immediate vicin-
ity of the 1933 location. It should be noted that these data cannot be
taken as estimates of the future employrent or mnemployment in the South-
erns Forest Survey territory. They are based on the answers of individual
operatars 1o a guesticonaire, and the answers represent im all cases only

19 usder Industry octs::@ 1539 (Washington, D. C.: Natfonal Lumder Mamufscturers
Associatiam), p. 1l. The data clted are for 1538.



120 MECHANIZATION IN THE LUMBER INDUSTRY

the operator's best opinion. Furthermore, the operator's estimate was.
usually made on the basis of the continned employment of the techniques
in use at the time. In gemeral, the estimates are probably mare accurate
for large mills and particularly for those cutting virgin timber from
their own lands.

Table 3G.- LIFE EXPECTANCY OF SOUTHERN MILLS,
BY DAILY MILL CAPACITY, 15634°

Dalily capaecity Mills Persons employedb
and :
estimated year of Number Cumulated Number Cumulated
terminaticn number number

1-i9 M fi. b. m.

1835-3¢& 2,508 - 12,051 -
184044 1,188 3,877 4,858 ia,707
194548 1,432 5,108 5,003 21,710
1950-59 307 5,418 1,101 22,811
Permanent 2,106 7,522 8,587 32,408
20-890 ¥ f1. b. n.
1935-3¢8 218 - 5,884 -
184044 138 357 3,828 &,710
15845-48 a0 456 2,881 12,381
1950-5¢9 a3 489 788 13, 18C
Permanent - 202 891 5,688 18,888
40 M ft. b, m. .
1935-39 - 85 - 9,142 -
1940-44 80 125 8,282 18,424
18545-489 &5 is0 4,180 27,804
1850-58 8 ie8 83z 28,538
Permanent 75 273 10,870 28,808

Scpecial report by I. F. Eldredes and K. K. Winters of the ¥. S. Dept. Agr., Forest
Service, DIV. Res. {lDee. 2, 1g3&)}, for the *Studies of Pradustivity and Employment
in Selected Industrlies® ssction of the Naticnal Research Project. Data refer to
the Southeim Forest Survey territory. See eppendix I,

VInciudes woods, sawmill, and office workers.

The logging operations, sawmills, and offices of the a73 large mills in
the region surveyed employed about 39,000 persons in 1934, OF 43 percent
of the total employed in the mills aurveyed. O(nly about a7 perceat of
the employees of large mills were attached to mills which anticipated
permanent operation in the immediate vicinity of the 193¢ mill site; an
additional a} percent were attached to mills which may be regarded as
semipermatent, for in 193¢ they had an anticipated life of more than
15 years in their vicinity. The operators of mills employing over 9,000
persons, or a3 percent of the employees of the large mills, expected to
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exhaust the timber supply in their 1934 vicinity before 1939; the opera—
tors of tw) other groups of mills, each employing approximately the same
nimber of persons, expected to cut-out by 1954 and 1949, respectively.

The medium-size mills employed 18,868 persons in woods, mills, and of-
fices in 1934, and ocnly about 30 percent of this number were at mills
regarded by their owners as permanent. At mills acopunting for over half
of the total employment in this size class the operators expected to ex—
haust the timber supply at their 1934 locationm before 1945, More than
12,000 workers were employed in 1934 at mills whose owners expected to
cut-out by 1949.

Mthough the data for largeand medium mills mey not be sufficiently reli-
able 10 be used as a basis for estimates of job separatioss due to timber
exhaustion, they are nevertheless indicative of a high degree of employ-
ment instability. Probably most of the owpers who expected in 1934 to
cut-out by a certain date made their estimates on a sound basis, and many
of these mills will exhaust their timber supply at approximately the in-
dicated date.

The interpretation of the data for small mills is much more difficult
than in the case of larger mills, because the owners' estimates of the
length of life at the 1934 location for the small mills are probably much
less reliable than estimates for larger mills and because the mumber of
small mills in the Scuth is increasing and is likely to increase isn the
future. The majority of these small mills will continve to operate al-
most indefinitely.®® Bven if an allowance is made for a considerable
underestimation of the timber supply available to the small mills within
a small radius of the 1934 location and evem if it is assumed that all
the mills will continue to operate elsewhere, it is evidept that the
small southern mills constitute an unstable source of employment to that
portion of their lsbor supply which has fimm attachments to particular
localities.

In genmeral, the data in table 30 indicate that the statistics os em—
ployment in the South, which show oanly a slight decline in that region's
share of total employment, tend to obscure the comsiderable disruption of
employment oppertunities, attribotable to timber depletion, in particular
sonthers localities,

Employment in the Pacific Coast forest region has comstituted as in-
creasing percentage of employment provided by the lumber and timber
20mn tne ease of the small mills the owner’s estlmate of the 1ife expectsncy of the
gperatlan in the Immediste vicinity of Lhe 1834 location IS &t best a Tough guess,
for pany of these mills are poriable; they operate &b each new locatlon on stends

of small volume and compete with other milisz for the cuiting of suchk low-valuze
siands.
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products industry as a whole. In no other area is the indusiry a more
decisive factor in the regional economy than in Washington and Oregon,
which together accounted for 83 percent of the Pacific Coast lumber pro~
duction in 1935. It has been estimated that over go percent of the pop-
ulation of Oregon and Washington are dependent, directly or indirectly,
on incames fram the forest industries.?!

It is fortumate, then, that the Pacific Coast still has vast stands of
old-growth forests despite the liquidation of forest capital that has
taken place. For several decades, at least, the size of the timber re-
serve need not in itself become a factor whick will limit employment op—
portumities for the Pacific Coast region as a whole.

The situation is much less faverable for particular localities. Sev—
eral important lumber-producing centers in the Pacific Coast States are
threatened with economic dislocation because of timber shortage. The
fact that the forest industries comstitute the major part of the ecmcmy
of many of these localities makes this threat ail the more seriouns.

Regional Relief Needs

The preceding discussion has shown how ewployment has declined in sev—
eral forest regions and is threatened in others because of timber de-
pletion. Unemployment problems associated with econamic dislocation
occasioned by timber depletion may frequently lead directly to intensified
public-relief problems.

The American lumber industry has traditiomally left cut-over areas in
its wake. During the years in which the frontier was pressing westward,
it was freguently possible for the comunities of the cut-over areas to
make successful transitions to other forms of sustaining activity, gen-
erally agriculture. The ghost town was probably less a2 feature of the
pioneer lumber industry than of the mineral industries which also partic-
ipated in the exploitation of the Nation's natural resources. In many
localities the passing of the lumber industry occasioned ouly temporary
hardships. The termination of the expanding period of American agricul-
ture has, however, made the adjustment to depleted timber resources more
difficult,

The cammunity decadence associated with cut-over areas is familiar.
Kband:med towns and railroads are the more dramatic aspects of this phe-
ncmenon. These features, however, tend to divert attention from the ex-
istence of a considerable residual population which has attempted to make
21zurt P, Kirkland and Azel J. F, Brandstrom, Selective fimder Nanagement in the

Douglas Fir #agicm (Forsst Servics of the U. 8. Depi. Agr. apnd Charles Lathrop Pack
Forsstry Foundation, Jan. 1838}, p. &



TECHNOLOGY, RESOURCES, AND EMPLOYMENT 123

Farm Securlty Administration (lLee)

FIGURE 28.— CUT-OVER LAND 1IN NORTHERN MICHIGAN

forest land is frequently unsultable for agriculture. It is therefore
difficult for the population which is left behind after the forest has been
cut to make a successful transition to agriculture. when the lumber indus—
try cuts—out, the agriculture which existed while the timber was being cut
is jeopardized because of the lack of opportunities for supplementary work
for the farmers, the loss of local markets for farm produce, and the dis—
mantling of railrocads following cessation of timber traffic.

a transition from lumbering to some other means of livelihood and has
failed. As a result, such areas frequently present particularly acute
relief problems. Superficially the relief problem in such areas appears
to be an agricultural one, but closer study reveals that it is frequently
_ traceable in large measure to loss of income from the lumber industry.

In 1935 the Federal Emergency Relief Admimistration conducted studies
in sample counties of six rural areas having high relief loads. These
areas contained 36 percent of the Nation's rural population and approx-
imately one-half of the rural families receiving direct or work relief
from governmental squrces. The Appalachian-Ozark and Lake States cut-
over regions, which represented two of the six problem areas, contain
much cut-over forest land. Thirty-two percent of the families in the
counties surveyed in the Lake States cut-over area received relief in
June 1934; the corresponding figure for the Appalachian-Ozark region was
22 percent. The average rate for the United States at that time was
about 15 percent. In the Appalachian-Ozark region 39 perceat and in the
Lake States cut-over area 78 percent of the heads of families who were
receiving relief were usually engaged in nomagricultural occupatioms.
Many of those who comsidered their usual occupation to be farming were
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receiving relief because of the loss of supplementary employment. The
need for relief arose in the lake States cut-over area mainly because of
the loss of employment in mining and lumberipg, which was accompanied by
the development of small-scale faming on submarginal land. The relief
households in the Appalachian-Ozark area had depended largely on subsist-
ence farming with supplementary employment for cash income. Loss of sup-
plementary employment in the lumber industry was ope of the major reaseas
for relief in this region.?® A later study of these same two areas like~
wise concluded that the loss of supplementary employment in industry,
particularly lumbering and mining, was the fundamental cause of what ap-
peared to be an agricultural relief problem.2®

A study of four Appalachian counties®® indicates the course which is
likely to be followed by the population remaiming im a timber-exhamsted
area. Marketable timber was the greatest matural resource of these four
counties until the well-established Ilymber industry had exhavsted most
of the timber supply by the early 1930's. Between 1930 and 1gag the per—
centage increase in the farm population of these four counties varied
from 14 10 49 percent without a proportiomal increase in farm acreage,
indicating that many of the workers released by the lunber industry had
turned to farming. The inadequacy of farm income in these counties is
shown by the fact that in 1934 from 23 10 g1 percent of the fam oper-
ators in each of these counties worked for pay at occupations not con—
nected with their farms. With the onslaught of the depression, income
from farming and from what was left of the lumber industry soonm col-
lapsed and relief rates scared. At various times between April 1g33 and
December 1935 the following percentages of the populatioss in four coun—
ties were receiving relief: 8§ percent, §3 percent, 15 percent, and
32 percent. '

These studies and others indicate the relationship between the manper
of utilization of the forest resource and the relief problem. When the
bulk of the timber ip a Ilocality is cut-out, the inhabitants who remain
turn t¢ agriculture. The land im such areas is frequently submarginal
for agriculture, and additional means of support are necessary. These
are cbtained from a failing source - marginal lumbering operations which

83y, g, Beck snd M. C. Forster, Six Rural Problea Aveas, Reliaf - Resowrces -
Rehabilitation {Federal Emergency Rellefl Admintstration, Divisfon of Research,
Statistics, and Flnance, Ressarch Section, Ressarch Monogreph No. I, 1835},
PP 1s 2+ E7» 120.

233erta Asch and A. R. Mangus, Forwers on Reilef and Rahabilitation {Horgs Progress
Administration, Divisicn of Soclal Research, Research Monograph No. VIII, 1837).
PP+ 545

B4, 5. Dodson, Living Conditiors and Population Nigration im Four £ppalachian
Counties {U. S. Bept. Agr., Farm Securi{iy Administration {n coopsration with Bur.
Agr, E¢con., Social Research Report No. [II, Oct. 1837), DD« 1» 3, 146.
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cut scattered stands of old-growth timber or cull second-growth stands.
When depression strikes, both agriculture and the industiry are guick 1o
suocumb .

The relief problems characteristic of cut-over areas im the badly de-
pleted forest regioas of the Lake and Central States are not found in
such strikisg form in the South. There is every indication, however,
that tisber depletion in the South has created in particular localities
the preconditions for relief problems similar to those which have af-
flicted regions characterized by more general depletion.

The large mills having a daily capacity of more than 4o thousand board
feet are disappearing fram the South. The shift of southern productiom
to small mills proceeded throughout the 19z0's, and the outlook in 1934
was for a contipued abandonment of the large mills. Ia ig34 owners of
large mills employing almost half the total persomnel of mills in that
size class expected to exhanst the timber supply within the working cir-
cle of their 1934 location by 1g944.

The adoption of improved forestry practices, a reduction in the rate of
cutting, and the underestimation in 1434 Of the timber supply are pos-
sibilities which conld alter the estimated mumber of workers actually
affected by the closing of large mills. There can be no doubt, however,
that timber depletiom constitutes a real threat to the employment secu-
rity of the employees of many large southern mills.

Such mills constitute an established part of the economy of their lo-
. calities. They are large enough to form the mucleus of a lumber town or
to be an important scurce of employment in any town having a population
of less than 5,000.%2% It is probable that the labor reserve for most
southern operations is drawn from the villages and farms in the immediate
vicinity.®8

The economic dislocation resulting from the passing of these large
mills is therefore likely to be out of proportion to the actual mumber of
enployees affected. The experience of other regions indicates the course

E5¢inety-nine mills with an estimated dally capacity of at least gy thousand board
fuel, each employing an average of £57 persons In 1824, accounted in that year for
#1 parcent of ihe lotal employment of lerge miils. Thess 5o mills would have em=
ployed Irom 260 t9 850 persons sach If they had been operating st capacity, Ths
vemaining 174 lsrge miils, with @ daily capeoity of §0 Lo 79 Chousand board feetf
anté an sverage employment of B9 persons In 1p34, accounted for the remeining 2p
parcent of the 193¢ employment of lerge miils., These milis, had they besn operTate-
ing 4T capaclty, would have employed Irom 150 $0 £GD perzons esch. {Based on a
special report by I. F, Eldredge an¢ R, K. Winters of the §. S, Dept. Azr., Forest
Sarvice, Div, Rea. [Dec. 2, 1934], for the *Studtes of Productivity and Employment
In Selected Industries® secticn of the National Research Project.. Data refer to
the Southern Forest Burvey territery.}

26rne southern lumber indusiry has not, according to Vance, amployad migratory
labor extensivaly: on $he contrary, it has &rawp on the stadle nalive labor supply
(Rupert B. Vance, Fumas Jeopraphy of the South [Chapel Eill, N. C.: The University
of North Carolins Prass, igsgl, p. 130}. )



126 MECHANIZATION IN THE LUMBER INDUSTRY

frequently followed by a cammumity and by the workers dependent cm a mill
when the mill ceases operations. The population of the luwber town de—
clines and cammercial establishments close their doors. The number of
persons attempting to live by combining agricultire with part-time employ-
rent increases most rapidly at the time when opportunities for supple-
mentary employment are declining. Studies of areass in which this course
was followed indicate that the result was am aggravation of the rural
relief problem,

Smaller lumber mills or other forest industiries offer possible sources
of reemployment for workers released by large mills. It should be noted,
however, that when a particular commemity is struck by the closing of a
large mill the rise of now employment opportuamities in sufficient numbers
ard in ample time to avoid the ill effects of economic dislocation is
largely a matter of chance,

Data presented earlier (table 3o} indicated that the anticipated rate
of exhaustion of timber resources within the working radius of the 1934
location of medium-size scuthern mills wes appraximately the same as ihat
for large mills,.B?

Medium-size mills are of two types: statiomary mills similar to the
large mills and semiportable mills capable of moving to fresh supplies of
timber if pecessary, The effect of the closing of a statiomary mill dif-
fers only in degree from the effect of the closing of a large one. The
semiportable mills which exhaust the timber supplies at their agag loca—
tion are not likely to close; they may be expected 1o move to new loca-
tions. Many of the medium-size mills whose owners expecied in 1933 to
cut-cut at a definite date may achieve permanency by the adoption of bet-
ter forest-management practices. The chances of making the transitiem to
sustained-yield operation are mxch greater for the medium-size than far
the large milis. If this is not achieved, the closing of medium-size
mills is likely to add to local relief problems even though other mills
may spring up elsewhere to replace them.

The small southern mills surveyed in 193!‘& expected to shift location
even more freguently tham did the large and medium-size mills. These
small mills are increasing in mumber and importance, aed it is probable
that most of their owners who expected to cut~cut will comtinue to oper-
at.e elsewhere. It should be noted, however, that a large portion of the
employees of small mills are part-time workers attached to farms. The
migratios of these mills from particular localities om the scale indicated

E?ﬁse megjur-—aize mills employed al sverage of 27 workers in 1834 and would have
MGioyed Irom A5 Co 160 workers had they bDeen ¢perating &t thelir ststed csapacity.



TECENOLOGY, RESOURCES, AND EMPLOYMENT 127

by the data in table 30 may produce sericus problems for irdividual
workers who have firm attachments to particular localities and who are
unable to travel the distance necessary to secure the part-time employ--
meat to which they have been accustomed. The probability that employment
in small mills will show 2 relative increasse does not lessen the serious-
ress of the situation for individual workers.

There is no indication that timber exhaustion has been a significant
factor in increasing the relief lcad in any considersble mumber of local-
ities in the Pacific Coast States. There is no section of the country ia
which the forest industries play a more decisive economi:c role than in
Washington, Oregon, and northern California. In these localities of the
Northwest which have seared the exhaustion of the timber resources the
impaect on the econcmy has been particularly severe and the effect on the
relief lcad especially noticeable.

The recent history of three counties of the Inland Empire in eastern
Washington and northern Jdaho illustrates the drastic results of deple-
tion, The forest industries of these three counties, Boundary and Bomser
" Counties in Idaho and Pend Qreille County in Washington, entered a period
of rapid expansion iz 1900 which reached a peak im 1910. Sixty-six per-
cent of their 1920 population of 24,000 were dependent on forest indus-
tries. During the period i¢a1-20, 12 of the a0 mills which had sprung wp
during 1900-10 bad cut-cut, and 4 other mills followed between 1go1 and
1930. Between 1930 and 1934 three more large mills, faced with imminent
timber exhavstion and beset by finaacial reverses, ceased operatiosns.
The number of workers employed im the forest induatries mear one towsn,
regarded as typical, declined from 3,500 if 1924 to 100 in 193g. The
present timber supply is adeguate to mainmtain operations at only 1 large
or 2 small mills, instead of at 20 mills. In 1934 more than 3,500 people
in these three counties were supported by employment in Civilian Conser-
vation Corps camps and in the regular and emergency work cooducted by the
United States Forest Service.®?®

QUther localities in the Pacific Coast States are in danger of following
in the path of these three counties, Because ¢f the vastness of the for—
ests and favorable astural conditions for timber growth, this danper can
probably be averted in most instances by proper management, It is sig~
pificant to mote in this commecticm that the Forest Service has estimated
that if the timber stand in the three counties mentioned above had been
managed on a sustained-yield basis and protected from fire it could have

2% 4tter trom R, D. Garver of the U. 5. Dept. Agr., Forsst Bervies, Dfr. Forest
Eeon., to the Mational Research Projact, dated April 28, 1637, N
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yielded continuously the largest cut and afforded cmtinnqusly the larg-
est employment ever achieved in these counties.

NATURE AND IMPORTANCE OF FOREST MANAGEMENT

Proper management of the forest resource reguires, foremost, a balance
between drain and growth. The measures necessary to achieve this balance
include improvement ‘of the rate and quality of growth and protectiom of
the stand against fire, imsects, and destructive cutting.

Improved productivity of the forest can be accamplished most rapidly
in timber stands which are being logged, provided that cuttings are so
conducted as to be balanced by timber growth. Such sustained-yield log-
ging involves the selection for cutting of individual trees or groups of
trees that are no longer rapidly increasing in value. A considerable
percentage of good-sized trees should be retained in the forest after
each cut; a continuing basis for industries requiring saw-timber sizes
would thereby be assured. Over a comsiderable area the drain from such
selective cuttings and other causes would be roughly balanced by timber
growth. If the area is large enough, this need not mean a reduction in
the volume of cut, for growth is stimulated by the removal of mature trees
in selective cuttings and defective and small trees in occasional thin-
nings. The possible.increase in the rate of growth is especially great

[~

United States Forest Service

FIGURE 29.= SELECTIVE LOGGING IN A WYOMING NATIONAL FOREST

Supervised selective cutting for mine props has left an ample stand of
med lum-s 12e trees for future harvesting.
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in the Pacific Coast forests, because the high perceatage of overmature
trees now standing in the old-growth forests of that regiom inhibits the
growth of smaller trees. : )

Sustained-yield logging practices 'would largely eliminate periodic
disruptions of employment opportunities im particular regions and local-
ities. The decline of the forest industries in the depleted regions of
the Northeastern, Lake, and Central States, attended by intensified re-
lief problems in those areas, can be avoided om the Pacific Coast aud in
the Scuth by instituting sustained-yield operation. In the South many of
those large and mediom-size mills whose owmers expected ie 1933 1o cut-
out within 1o years might be maistained. Furthermore, a better adjust-
ment of mill capacity to growth capacity may be necessary to preserve
employment opportunities at many of the large’'mills regarded by their
CWners as permanent. '

The need for applying sustained-yield methods is mo less immediate in
the case of individual localities in the Pacific Coast States. In Bend,
a tows of about 4,000 population in the interior of Oregon, an inves—
" tigation by the local chamber of commerce disclosed a striking lack of
balance between the timber cut by local mills and timber growth in the
vicinity. The committee reported:

Unless operaticns in the timber tributary to the Bend mills
are placed on s sustained-yield basls, the future of the com-
munity dependent on those mills is uncertaln * * * [and this
will cause] = * = great suffering and finmancial loss * = *
among all classes of the local pcpulatlo:a.as
Bend is mot an isolated case. In the region west of the Cascades the
local situation is becoming sericus in the 6 most populous and highly in~
dustrialized of the 11 survey units.3®

The quality as well as the magnitude and availability of the forest
resource may be improved by employing the techniques of sustained-yield
logging. This fact also has important implications for the employment
problem. It may be noted first that the lusber fram large, high-guality
logs is likely to be taken through more stages of finishiag and refabri-
cation than Iumber from small, poor-quality logs. In southern States the
transition to sustained-yield logging, combined with other improvements
in forest management, is likely to increase the quality of the forest re-
source. With larger and higher quality timber to be drawa wpon, it is

29uoted 1n Resort of the Chisf of the Forsst Ssrvica® 1838 {U. 5. Dept. Agr..
Forest Ssrvice, 1§38), p. 1l.

30rp4., p. 6.
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likely that the amouat of employment afforded per unit of timber removed
from southern forests will tend to increase.?t

The most pressing problem on the Pacitic (oast is that of preserving
the existing bigh-qnality stands. In the case of the importamt Douglas-
fir region the prosperity of the indusiry is dependent on the sale of
the products of high—quality timber is the easters domestic and foreign
markets. Kirkland and Brandstrom, of the United States Forest Service,
conclude:

If the supply of high-quality timber is allowed %o dlminish
there is no escaping the conclusion that a large proportior of
the foreign markets and most of the remote domestic markets
will be lost. The lower grades of lumber camnot stand on thelr
own feet for distant shipments. In particular, the large east-
ern domestic markets for these grades of west coast woods are
sure to dwindle, becsuse it has been amply demonstrated that
the southern pine region with 1ts 200 =million scres of forest
lands can produce them at lower cost and with a large freight
differentisl in its favor.32

A contimuous supply of large, high-guality logs bas been shown by
Forest Service studies to be feasible if the remaining large areas cov-
ered with many aged stands capable of supplying such timber are placed on
a sustaiped-yield basis of operation.

A correlation can be found between the level of incomes derived from
employment in the lunber industry and the quality of the forest resource.
Available data indicate that hourly wage rates at large mills in the
southern lumber industry are about half of those in the Pacific Coast
industry. In nearly all years from 1926 t0 1935, however, unit labor
costs at a group of large southern mills covered by the NRP-KBER survey
were slightly bigher than at another survey group of large Pacific Coast
mills, because of the such higher wnit labor requirements of the southern
mills. This is shown in table 3i. Data from other socurces indicate that
the relationship shown in table 33 between uasit labor requirements, av-
erage hourly earnings, and unit labor costs is fairly typical for other
operations in these two regioms.

4 marked reduction in the disparity betweea hourly earnings on the
Pacitic Coast and in the South without compeasating movements in la-
bor productivity would, of course, alter the relationship of unit labor
cbets. Since the southern industry holds a favored position inm regard to
proximity to many of the major consuming centers and since it is well
B1on the other hard 1t should be noted that the unit labor requiraments for lumber

pl & apecifind slze and degres of finlshing will tend to decline when larger snd
higher quality timber ia cut,

BZy1rkland and Brandstrom, of. ¢if., B 1RQ.
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UNIT LABOR REQUIREMENTSH,

Sevan Pacific Coast sawmills Rine southern sawaille
Humber of ¥ Number of
map-hours | U8bor cost man-hours Labor cost
per per per per
Year | Average | ypanaaps | thousand | Average thoussnd thousand
hourly |yoara fest bosTd feet| hourly |ygarg feat [bOATd fest
earnings of of sarninga of of
equivalans [2@nivalent squlvalent [?Ouivalent
production|Produstion production [Production
1926 $0.585 8.28 4.87 $0.302 15.77 $4.77
1827 581 8,96 4.71 289 18.30 4.72
igz8 . 578 8.19 4.72 2062 18.42 5.38
1929 « 584 7. 69 4.87 - 285 16. 7 4,78
1680 » 583 6.21 4.82 <275 15.38 - 4.23
19381 478 8,15 3.B9 204 17.40 3.55
1s32 368 8.34" §.35% .1e3 18.58 2.7
1833 382 7. 76 .04 189 18.33 3.28
1834 . 528 7.88 4,17 281 i7.22 5.01
1835 588 8.056 4.58 «BTS 16.74 4,81

- ®yRP-NBER logging-camp and sewmill survey. Figures are waighted sverages of figurea for the
inglvidual sawmille, Labor time and wages expended jin new condtruc¢tion, iz the productliom of
byproducts and special products, in delivery, etc., were not imcluded in the calculations.
Simllariy, hours and saleries of salarled sfficlals were excluded.

The 1020 practlicably osbtainable capacitien of the Pacific Ooest millz rauged Irom 22.4 to 225.4
@miilion bgard feel per year, the medlsn besing 61,5 Billlen; similar ¢mpacities of ihe sdulhern
milis ranged Irom 15.8 to 1.0 million board feet par year, Lhe median baing 40.2 milllon,

b!lstd data for only five operetions,

established iz certain ‘mkets, there is presumably some room for move-
ment in relative unit labor costs before the competitive relatiomship
between the two regions will be affected. However, any promounced alter-
ation of existing relations between unit labor costs in the two regions
which would affect the southern industry adversely would probably create
a pressure for increased labor productivity im socuthern operatioms.

Forest Service studies indicate that at southern operations the im-
provements in technique which are necessary 10 establish a sound founda-
tion for increases in labor productivity are those which wonld contribute
1o the rate and quality of timber growth rather thae to further mechani-
zation. Kirkland, who has observed production techniques in both regicms,
concluded that "the difference in outputs [of labor] arises directly from
differences in condition of the resource [size of trees, stand density,
etc.], and indirectly from greater mechanization thereby made possible
for handling large Pacific Coast timber.*S3 Another Forest Service study

S3gurt’ P, Eirkiand, "Potentialitiss of the Forest Resource snd Forest Industries of
the South* (U. S. Dept. Asr., Forest Service, Div. Forest Econ., typewritten re-
DOTE. 1838). D -

+
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found that "if Pacific Coast wage rates were applied in these [southern- .
pine] operations, trees under about 20 imches in diameter and forests
lacking a considerable volume of larger trees could not profitably be
cut for saw-timber unless price levels should greatly increase.™* Today
trees of considerably smaller diameters are being logged and sawed at
southern operations.

An improvement inm the conditiom of the forest resource should there-
fore furnish a sounder basis for increased incomes from employment in the
southern lumber industry by making it possible to restrict cuttings to
large trees, Likewise, the preservation of the quality of the timber
stand on the Pacific Coast is ome of the important conditions for the
maintenaace of the relatively favorable wage rates im that region,

Without acconpanying improvements in the state of the forest resource,
mechanization of the southern Iumber operations is pot likely to effect a
considerable reduction in unit labor requirements and is therefore not
likely, by itself, to provide a basis for higher wage rates. The larger
southern mills, which might utilize the more advanced equipment in use on
the Pacific Coast, are giving way to small mills, and it has been shown
that the owners of almost half of the large mills expected to exhaust
their timber supply before 1945 {see table 30). lnder such circumstances
it appears unlikely that the owners of these mills would be willing to
undertake exteasive modernization. The possibilities for mechanization
in the small southern sawmills are especially limited, for the installa-
tion of the labor-saving handling machinery and special-purpose machines
enployed in the large mills on the Pacific Coast would destroy the mobil-
ity which is the basis for the existence of the small mills,

Bignificance of Bustained-Yield logging
for (Other Forest Industries

The maintenance of local and natiomal timber supplies would have a fa-
vorable effect on other forest industries. The expansion of these indos-
tries offers the principal hope for the reemployment of those who have
become or are likely to become unemploved because of timber depletion or
becanse of the secular decline in lumber conmsumptica.

Ia the South it is probable that, at a given level of national demand
for lumber, the employment afforded by the production of lumber itself
L3
will decline.®® The loss in employment occasioned by the passing of the

“Burg P. Xirkland, "Higher Econtmic and Sccial Returns From Forest Management, ¥
Journal of Foresiry, Vol. 30, No. 9 {Sept. 1838}, p. 604, .
®58pacial report of the U. S. Dept. Agr., Forest Service, DIv, FRes, [Nov. 1, 1338},
for the ®Studies of Produttlvity and Employment in Selected Jndustries® sscticR of
the Nationsl Research Project. )
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larpe mills will probably not be entirely offset by the iacrease in e

ployment at small mills. It seems reascnable to assume, however, that

this decline will be almost entirely offset by am increase in employment

ia other forest industries. It is doubtful that there will be any sub~

stantial declime in the forest industries as a whole, except for changes
associated with the fluctuations in the gemeral level of business ac-

tivity. The most imporiant of the expandimg tields for employment is

pulp production. It is also likely that there will be some increase in

package-veneer production, in pole and piling production, in cutting and

crecsoting pine, and in the manufacture of small-dimension hardwood.

The establishment of 15 new pulp mills in the South from 1935 to 1938
increased the mumber of southern pulp mills from 30 to 45.3% Bmployment
in the woods increased by about 4,000 man-years of 200 days each between
1935 and 1937 because of the manufacture of pulp products from southern
pine. In the same period the estimated increase in employment in mills
and factories producing pulp products from southern pine was about 6,500
man-years. The total employment im woods and in manufacturing establish-
ments involved in the production of southers-pine pulp products increased
" from an estimated 21,400 in 1935 10 31,900 in 1937, an increase of about
5o percent.®” During the same period the consumptioa of all damestic and
imported pulpwood increased by only 36 percent.3® Thus the growth of the
pulpwood indestry in the South has prospects of compensating, in large
measure, for any decline in employment in the humber industry as a result
of the cutting-out of the large mills,

It the pulpwood industry is to fulfill the promise which it holds for
the South, however, improvements will have to be made in the care of the
forest. The pulpwood industries are able to employ material from the
small and poorly formed trees which must be removed from the forest at
frequent intervals in the process of growing high-quality trees of saw—
timber size. If pulpwood is secured as an inexpensive byproduct of the
growth of high—guality timber under am extensive sustained-yield program,
the expansion of the pulpwood industry <ould be further stimulated. Cn
the other hand, if timber depletion cortinues and the pulpwood industries
became dependent or forests yielding and devoted 1o growing cordwood sizes

s's.?wpor: of the Chief of the Porast Service: 1838, p. 13,

The comsumption of southern pine for domeatic pulpwood eonmmption inereassed from
1,785, B28 cords In 1835 to 2,808,540 cords in 1937 (ses Iumber Indusiry Facts:
1839, p. 46). The U. B. Forest Service estimales that 0.8 man~day in the woods and
1.5 man=days In the manufacturing plents are required for each card of southem
pulpwood {see Kirxland, *Fotentialilies of the Forest Rescurce and Feorsat Indus-
triss of the Southf),

The man-year figures ¢itsd above were computed Irom the foregoing figures and the
arditrary assumpiion of 8 200-day year,

32 umbder Indusiry Pacts: 1835 p. 45
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only, pulpwood production costs are likely to be increased and the pres-
ent expansion is likely to be foreshortened.2®

In the Pacific Coast States, also, the conduct of the lumber industry
can have a decisive influence oz other forest industries. One of the'in-
dustries most immediately affected is the Douglas-fir plywood industry,
which requires the large, old-growth, high—quality logs which are so es~-
sential tc the prosperity of the lumber industry itself. The production
of plywood has increased almost steadily over the period since 1925 for
which data are available. The 1937 production of plywood was roughly
double that of 1929 and mearly five times as great as that of 1925.%0
Employment in the plywood industry increased from about 2,300 workers in
1925 to about 5,006 in 1935.4! The Douglas-fir plywood industry at the
present time depeads on logs suitsble for peeling into plywood stock and
obtained principally fram log producers who also supply lumber mills.
Although the supply of standing timber of "peeler® size and quality is
adequate, the reliance of plywood operators on logs from lumber opera—
tions has created in the Lmber industry a dearth of large logs yielding
a high percentage of the valuable "clears.® The campetition for peecler
logs is so keen that there is a coastant interchange of such logs between
producing centers several hundred miles apart.*? These facts emphasize
the possibility of a shortage of high-quality logs on the Pacific Coast.%®
The preservation of -forests with an adequate representation of trees of
4o or more inches in diameter is vital to both the lumber and plywood in-
dustries of this regicm.

The operation of Pacific Coast forests ez a sustained-yield basis should
encoirage the use of sawmill waste and the cordwood-size byproducts of
selective logging by pulp mills and thereby stimulate the growth of pulp~-
prodocts industries. During the 1920's there was a proncunced growth in
the proportion of pulp-mill rawmaterial reguirements supplied from saw-
mill waste,** and byproducts of logging operations offer another source
of supply for pulp mills. Further progress along this line should be

3% rxlans, *Potantialities of the Forest Resoutce and Forest Industries of the
Bouth,* p. 2. ~

A0, mbar Industry Pacts: 1S538, p. 44.

#350ec1al report of the U. §. Dept. Agr., Forast Service, Div, Res. (Mov. 1, 1838),
ror the *Studies of Productiviiy and Employment In Selected Industries® asesction of
the Hatlonal Ressarch Project.

4Bruid.

“!m reedy adaptability of plywood to unit construction methods and prefgdrisstion
emphaslzes the importance of providing & sound bdasis for the plywood industry.
Plywood, because of its sdaptadllity to newer construction methods, might regaln
for wood some of the ground lost to competitive building materiais (ses d Jational
Plan for American Forasiry, 11, 1387}

44%1.2ter from Herman M. Johnson of the U. S, Dept. Agr., Forest Servies, Pacifie
Northwest Forest and Range Experiment Statiom, to the author, dated June 5, 1839,
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stimulated by the assurance of a stable supply of such byproduct materi-
als from operations producing om a sustainred-yield basis.

In gemeral, it may be noted that the labor employed per cubic foot of
wood withdrawn from the forest may be profitably increased if the for-
est ipdustries which use differest portions of the tree are integrated.
Usder a program of joint utilization of the forest rescurce by such in—
dustries as lumber, pulp and paper, fuel wood, wood distillation, and
wood specialties, the raw materials for each cam be secured at a lower
cost than would otherwise be necessary, A number of noteworthy examples
of communities in which diversified inrdustries complement ome another im
the use of the forest resocurce are to be found both in the South and on
the Pacific Coast. The capital investments involved in creating such
diversified forest iadustrial ccemmities could be greatly stimulated by
assuring a sustained yield from the local forests.

SUNMARY

The history of techaical development in the industry shows that the
type of mechanizatica has been determined by the economic objectives of
" the industry and by the conditioss of the forest resource. Thus, at ome
stage, the emphasis was on reduciag the production cost; at another, om
logging and sawmill eguipment capable of effecting rapid and camplete
liquidation of forest resources; and, in recemnt stages, on the applica-
tioe of flexible logging equipment and oost—ﬁednc‘mg improvements in the
sazamill. The rate and type of change in technique have also been condi~
tioned in each stage by developments in sciemce and techsology gemerally.
The mechanization of the lumber industry was motivated until about 1Bso
by the peed for converting with the least passible effort the timber which
was found more or less at hand, in every important center, into useful
building materials., During the last half of the nineteeath century the
United States entered a period of rapid expansion, and vast timberlands
vere opened to easy acquisition, Timber speculation became prevalent and
large blocks of valnable forest land rapidly passed into private control.
The nature of new developments in production technigues was dictated by
the intesse-competitive drive for the rapid realization of timber values
in order to proceed successfully to the acguisition of other holdings.
Powerful donkey engines, extensive logging railroads, and large sawrills
were products of this period.
With the rapid expansion of Facific Coast lumbering activities after
1910, the industry reached the last fromtier; further migration of the
industry as an answer to timber depletion was barred. Since then the

*
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industry has been forced to pemetrate ever farther into the forests and to - -
overcome ever greater cbstacles in its search for suitable raw materials.
The objective of technological change has been shifting from high ontput
and complete liguidation to lowered production costs. This tendepcy has
been moticeable since 1o and particularly since 1gz29.

(hanges in the sawmill since 1920 have been directed primarily toward
the reduction of costs. Handling equipment capable of sharply improving
labor productivity has been widely introduced, especially in Pacific Coast
mills. There are indications that in an imcreasing aumber of cases re-
duction of handling-labor requirements ia the period since 1929 has been
accomplished through the adoption of such equipment as straddle-truck
carriers, which are relatively less expensive than the more elaborate
handling equipment which was popular during the twenties. Other changes
included refinements in saws and plaping-mill machinery, which contrib-
uted 10 increased speed of operation, and the shift to electric power,
which contributed to the automatization of processes, increased speed of
operation, and reduced power-generation and maintenance personpel.

The most important improvements in technique in recent years have taken
place in logging, and the most important feature of these changes is that -
they permit a greater degree of selectivity in cutting. The lumber in-
dustry has been forced to ture, to as increasing extent, to less favor-
able stands of sparse or scattered timber, and this has encouraged the
use and development of tractors, trucks, and light cable yarders. The
same qualities of flexibility and mobility which make the new logging
equipment preferable to heavy steam cable yarders and forest railroads
also make its use preferable im logging systems involving the selective
cutting of individual trees and groups of trees. Such selective logging
is a prerequisite for the application of sustained-yield logging.

In the Pacific Coast States the substitutiom of tractors for cable
yarders represents the most important of the techmical steps leading to
sustained-yield logging. Heavy steam cable logging equipment is poorly
adapted to selective logging. The magnitude of investment charges for a
single unit and the cost of moving and rigging at each location are such
as to eacourage & large cutput at each setting. The pature of the log-
ging operation in sky-line and high-lead logging makes individual tree
salection virtually impossible and group tree selectiom extremely difti-
cult. Furthermore cable yarding, particularly high-lead and sky-line
yarding, is generally more destructive of young growth and of the forest
covering than any other system.

Tractors, equipped with logging arches and single-drum towing winches,
are ideally adapted to either individual or gronp tree selection. United
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States Forest Service studies ia the Douglas-fir region indicated that
logging with a moditied individual and group tree-selection system em—
ploying tractors imvolved lower unit costs than did the- traditiomal cléar-
cutting system esploying cable yarders.S

Trucks alse play an important part in selective logging, serving as a
supplement to the railroad and replacing mmch of the expensive spur-line
construction formerly considered necessary. This reduces the magnitude
of that portion of the investment which is to be liguidated imrediately,
and it thereby reduces the pressure for heavy initial cuts of the timber
stand.

The application of the techniques of selective cutting is a necessary
but not a sufficient condition for the realizatiom of sustained-yield
logging. To attain conmtinucus productiom it is necessary that selection
in cutting be made so as to maintain costinuous replacements of the timber
cut. Tractors are frequently employed in Pacific Coast Forests to remove
almost all of the timber stand capable of yielding a profit, a procedure
which leaves the forests in an umsatisfactory state. The full long-rum
value of the new logging technigues to the Pacific Coast forest indus-
tries can only be pealized if those techniques are employed within the
framework of a sustained-yield system designed to perpetuate the timber
resources at their present level of magnitude, availability, and quality.

In the South the most important phase of recent technological advance
is the introductioa of trucks imto the loading operatioms. Also impor-
tant is the adoption of tractors and light, flexible, gasoline-powered
cable yarders im bunching operationms, although animals are priscipaily
enmployed in that phase of logging.

The importance of the adoption of trucks im southern logging operatioms
is tracesble to the fact that the southern industry is now operating om
comparatively sparse stands. Railroad-construction costs are likely to
be prohibitively high per uzit of production in the logging of the rela-
tively sparse second-growth stands, which constitute the bulk of the
southern timber resource today, and in the logging of scattered stands,
Trucks can be used profitably in making light cuts. The substitution
of truck for railroad lopging would frequently represent am essential
step in the process of building up the forest resource by periodic se-
lective cuttings of & small part of the stand. The substitution of trac—
tors aad light gesoline yarders for the heavy steam yarders formerly
employed cn the larger operations would also comtribute to the efficiency
484701 J, F. Brandstrom, Analysis o gg:;g%ing Costs and Operating Nethods {n the

Pouglas Fir Region {Fgrest Service ¢ Dept. Agr., West {omst iambermenis
Ageociatlon, and Charles lLathrop Pack Forestry Foundation, June 1833}.
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of sustained-yield logging. Thus the nature of recemt technical develop-
meats in the South, as on the Pacific Coast, has been such as to stimulate
the adoptios of sustained-yield methods.

Whether or zot timber depletion will continue at the same rate as in
the past will depend largely on the extent to which the recently devel-
oped logging equipment is employed within the framework of am improved
forest management, Historically, it is safe to say that profits in the
lumber industry were made principally through speculation in timber re-
sources. The emphasis in techmological developments was accordingly
placed on those machines and techniques which enabled the operator to
achieve a rapid ligpidation of timber resources. Ir terms of these cb-
jectives, clear-cut logging was maturally most desirable, for it effected
in cme cutting virtually a complete liguidation of the resocurce; whes
mechanized logging was developed, the machines were designed for clear—
cutting. The cable logging engines, which reached their peak of devel-
opment in the 1920's, were in their most advanced form suitable only for
extensive clear—cut logging.

Recent develomments in logging equipment have came im response to two
factors: the decline in availability of timber and the decline in demand
for timber products. These have made the rapid ligquidation of timber re-
sources 2 less desirable objective. The use of tractors and trucks in
logging operations has come inm response to the need for reducing costs
or maiptaining them at the same level in the face of greater cbstacles.
- This reflects an increase in relative importance of operating efficiency
‘compared with the volume of ontpat. The history of the timber resource
has been one of steadily declining reserves; its future will depend on
the extent to which the new machines are employed in sustained-yield log-
ging, to which they are well adapted.

If tractors and trucks are employed with the sole cbjective of lowering
present operating costs, without regard for the future yields from the
timber stand, the progressive depletion will comtinue. To the extent
that the demand for timber continnes to show a secular decline, timber
depletion may be slowed down. Imsofar as decliming availability and
quality of timber depress the demand for timber products, the slowing—
down process might be accelerated. However, if tractors and trucks are
applied 10 a system of sustained-yield logging, further timber depletion
could be halted and some improvement made in the state of the forest re~
sources. This wonld end periodic disruptions of employment opportunities
due to timber depletion, open the way for reducing operating costs, help
maintain a market for wood products by preserving quality, and have an
important favorable effect on employment im other forest industiries.
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The sta.te of the forest rescurce is ome of a group of factors which
inclnde the level of labor productivity and the volume of demand; these
factors are affected by techuological developments and is turn detemmine
the volume and stability of employment opportunities. '

The available data indicate that labor productivity in the lumber and
timber products industry teaded to increazse throughout the period 1919-36.
The index of output per man-hour for the industry was 23 percemt higher
in the period 1931-36 than in the period 1919-24 isee table 27}. This
increase in the output per man-hour is ascribable primarily to the shif:
of an increasing proportion of the production to regionms of relatively
higher labor productivity and secondarily to increased output per man-
hour in logping and milling in the Pacific Coast States.

H timber depletica is allowed to continue, the available evidence in-
dicates that changes in the number of man-hours required to produce a
thousand board feet of lusber of specified size and degree of finishing
will not be an important factor in determining the volure of enployment.
On the coe hard, large reductions in unit labor requirements through ad-
vances is mechanization will be rendered more difficult by the progres—
sive increase in the cbstacles to be overcome. On the other hand, an
increase in umit labor requirements for rough lumber because of declining
quality of available timber would not mecessarily mean an increase in the
amount of employment afforded by a given volume of production, for less
finishing and refabricating labor would be used on lower—quality lumber.

The principal factor rospcasibie for the secular decline in employment
opportunities in the lumber industry has beem the decline in the demand
for its products. In large measure this has been due to changes outside
the control of the industry, such as the use of competitive materials and
the declining importance of agriculture ia the economy.

On the other haod, it should be noted that the position of lamber in
its campetition with other materials was not improved by the depletion
of the timber resources of some of the major consuming areas, a factor
over which the individual operators im the industry might have exercised
some measure of control.

Furthermore, while sew manufacturing techniques and new uses resulting
from industrial research have beea steadily improving the position of
materials competing with wood, the Iumber iadustry has left the support
of such research activity almost entirely to public bodies. The only
forest industry in which research has received any significant amount of
support from industry has been the pulp-products industry, which repre-
sents one of the few expandiag uses for wood.
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The central questiod regarding the felation of recent technological
- developments to the fature of e}agicyment;op@ortunigi_es concerns the rate.
at which the techniques of improved forest management, directed towdrd
assuring a continuing basis for the industry, are adopted. Unless tech-
mical developments take an unexpected turs; the particular types of
* machines developed in the gear'-fnture and the rate at which they are
introduced will be less significant for the level of employment opportun-
ities than the extent to whichk machines of exisiiﬁg types are applied
within the scope of a program designed to insure an uninterrupted flow of
 timber fram highly productive forests.

Encouraging beginnings have been made in the adoption of sustaismed- '
yield forestry both on the Pacific Coast and inm the Sonth. BHowever, the
' great majority of operators still follow a policy of rapid liquidation of
the forest resource. Measures to stimplate the more rapid adéption of
better forest-management practices appear to be of first importance in
any effort to preserve and stabilize employment opportunities inm the
lwber and related forest industries.
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APPENDIX A

DESCRIPTION OF DATA FROM NRP-NBER LOGGING-CAMP
AND SAWMILL SURVEY!

In order to obtain data for a stody of changes in the labor productiv-
ity of the lumber industiry, the Katiomal Research Froject, in cooperation
with the Matiomal Bureas of Economic Research, made 2 field study im 1936
of 64 Pacific Coast and southern sawmills and 23 of the logging camps
supplying these sawmills, In the case of each operaticn an atiempt was
made 10 secure year-by-Year data oa capacity, prodectionm, and the number
of man-hours of employment. Where a break-down was possible, the man-
bour data were cbtained for separate departments. In addition, detailed
information on changes in production techniques was dbtained for a smeller
nurber of plants, including data on the nature and the amount of eguip-
rent purchased, replaced, and retired and the effect of these changes om
the absorption or displacement of labor.,

The numbers of operatioms used in the various statistical amalyses were
smaller than the total mumber of plants surveyed because most records did
not provide complete informatiom over the period 19m0—36, either becanse
the operations were not working inm all years or because their records
were incamplete.

PACIFIC COAST LOGGIRG CAMPS

The 1936 survey covered 20 Pacific Coast logging camps. Seventeen of
the camps were engaged principally im logging Dowglas fir, usually to-
gether with hemlock and frequently with cedar and spruce. Three were
engaged inm logging pondercsa pine, and two of the three cot some other
species. Thirteen of the 20 estimated their daily capacity at between
100 and 249 thousand board feet; 4, between asc aml 499 thowsand board
feet; and 3, at over so0 thousand board feet. Eleven of the camps were
lecated in Washingtom, seven were in Oregon, ope was in California, and

Note.~ The appentizes wers prepared by the author in collsborsticn with Julius M.
Balick and William R. Qrsy.

1pxcept as specified, the data fncluded In this appendix wers collscted in a field
survsy conducted by tha Natlonal Researsh Praject in cocperation with the Netfonal
Bureau of Economic Resesrch as ons 1n & serisa of *Studles of Productivily and Em-
ployment in Selsctsd Industries?® diracisd by Harry Jermmesnd Willism A. Nelswanger.
For tals atudy data wers slsg avallable from a fisld survey conducled iR 1906-86
by ths mgsml Bureau of Economic Research [see Harry Jerome, Mechaxiration in
Industry [Mew York: MNstiona}l Bureau of Economis Researeh, 13841, 5. 16). The
basic atatiatleal techniques smploysd In handling these field dats ware develgped
in the *Stuwilea of Produstivity and Employment in Selected Industries? section of
the Project. NMilton Gilbert dobducled The study of the lumber indmtry.

*

142



APPENDIX A 143

one was in Moatana.® All 20 supplied sawmills included in the Pacific
Coast sawmill sample,

Table A-1 shows the percentage of the total lumber cut in the Pacific
Coast States which was cbtained from logs supplied by the 20 camps covered
in the survey. The incompleteness of records, particularly in earlier
Years, made it impossible to include all camps in each year. Accordingly
there is a steady growth in the percentage of total Pacific Coast produc-
tion accointed for by these operations. As may be ¢bserved from an exam-
imation of table A-a, the sample was considerably rore representative of
the camps supplying the larger milis. In 1929 all of the camps surveyed
were attached to mills which cut at least 25 million board feet in that
year; Ba.6 percent of the production of the camps surveyed was accounted
tor by camps attached to the largest mills, those which cut at least
5o million board feet. After iga¢, therefore, the sample is reasonably
adequate for the camps supplying large mills and particularly for the
camps supplying the largest mills, which accounted for over half of the
1929 FPacitic Coast lumber preduction.

In order that accurate figures for the logping operation might be cb-
taired, the NRP-MBER data were collected in the form of logging men-hours
and logging production in log-scale measure. Thus the fact that a com-
pany may sell scme of its logs to other sawmills or purchase some of the
logs used in its sawmill does mot introduce any error into the logging-
camp figures., Logging-camp production in log scale was comverted to
board measure (lumber scalel by the year-by-year overrus experience of
the mills which the NRP-MBER camps supplied with logs. The cverrun for
a mill constitutes the difference, within a given time period, between
the number of feet, log scale, supplied to the mill in log form and the
cutput in feet, board measure, actually achieved, The higher the overrun
of a given mill, the more lumber that mill is cbtaining from the logs
which it receives. The overrus varies with the precisicn of manufacture
ard the size of logs sawed. For camps for which the overrun experiexe
was ot available, the average of the overrun ratios for other camps was
used.

A1l the labor time spemt in the camp or in tramsportisg logs to the
mill has been included in the man-hour totals. These man-hours include
such operations as felling and bucking, skidding, yarding, and lmading,
as well as tramsportation of logs to mill or tidewater anmd construction
B‘X‘tse Montsha oparstlion surveyed cut pehdercss pine and operated uhder conditisna
and with methods tharacteriatie of the operstions of the ponderosz-pine reglons of

Oregon end Californla. The Montans ¢peratiocin was fherefore incluged in the sample
ana was treated &3 1f It mere located it one 6f the Chree Puoiflc Comst States.
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and maintenance of logging roads or railroads. Im short, all the labor-
time which appears on the logging pay-roll records is included. However,
it was not possible to cbtain a figure for all the transportation man-
hours in cases where some of the work was done by independent booming
campanies or comn carriers.

Table A presents productiom, man-hours, and uvmit labor requirements
for all camps for which data were available in each year of the 1gzo—s
pericd; data for two camps for which data are available in each year of
the period are also given.

PACIFIC COAST BAWMILIS

The NRP-NBER survey covered 36 Pacific Coast sawmills in 1¢36. Nine-
teen of these mills and 17 others had been surveyed in 14928 and 19a¢ by
the NBER.? It proved impossible to cbtais an adeguate sample of small
mills, and the surveys were accordingly limited to a sample of 53 large
mills, each of which cut more than 15 million board feer in one of the
years for which data for the respective mills were obtained. Data for
2 of the 53 mills were not adequate, and these mills were not included
in the analyses.

Of the 51 mills in the sample, 47 were engaged principally in cutting
Douglas fir and associated species; the other 4 produced lumber from
ponderosa pine and associated species. Thirty-three of the mills were
located in Washingtom, 15 in Oregom, z in Califormia, and 1 in Montana 4

The sample shows a steady growth in coverage, from g.5 percent of the
total Pacific Coast production in 1919 t0 27.4 percent in i9a7. Fram
1927 10 1g29 the coverage of the sample declined sharply because a large
number of the mills included in the sample for 19a7 were surveyed by the
NBER in 1928 and at the time of the resurvey (im 1936) 17 of the mills
were out of existence or could act cooperate. The coverage since igag
is relatively stable at a zo-percent level (table A—yl.

The analysis of the change in unit labor requirements is confined to
the experience of the large mills, and for this group of mills the sample
is considerably more adequate than figures on the perceatage of total
production would indicate. This is shown in table A—g by an analysis

of census data for 19a9, the oaly year in the period covered for which
*
San effort was meds o resurvey all 34 sawmills surveyed in 1g86-29. Gut 17 of the
mills were no longer operatling or conld not cooperate. The combinatiocn of mills
covared in the two surveys inio ons samples dld not heve a distorting effsct,
however, for the i¢ mills covared In boih surveys and Che §7 covered in the secand
survey showsd similar novements of unit labor requirements {(aee iabls A-8& fin. 4).

4368 ftn.  of this appendix,
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productiocn figures are available classified according to the size of the
reporting mill.

In 1929 the sample included only z.5 percent of the total number of
wills in the Pacific Coast States. However, the production of mills in-
cluded ie the survey represented 17.2 percent of the total production
of the Pacific Coast States. About 27 percent of the total production of
mills which cut over sp million board feet in 1929 was accounted for by
the mills included in the sample; ebout a0 percent of the production of
Bacitic Coast mills which cut over 15 million board feet in 1g9z2¢ wos cut
by sample mills. HNone of the 1,061 Pacific Coast mills which cut less
than 15 million board feet in 1929 were surveyed. The sample, then, is
reasonably adequate for mills which cut more than ix million board feet,
but it is most representative of the largest mills. Sample mills in the
latter group produced 8y percent of the lumber sawed by sasple mills.

Table A-§ presents chain indexes of man-hours, equivalent production,B
and man-hour requirements per unit of equivalent production for sample
mills. The man-hour and equivalent-preduction indexes were computed on

-the basis of percentage changes from year to year of aggregates for all
mills which reported in each of two comsecutive years. The umit-labor-
requirement index was computed from the man-hour and eguwa.‘nent«pmductmn
indexes. The figures are for ig18=s.

Table &~y presents two additionral indexes of labor requirements per
unit of eguivalent production. One.represents a weighted average for all
mills for which data were available for the respective years. The other
represents an index of the medians of the ratios for individual sample
mills. The table shows, in addition, the lowest and highest individual
mill ratios for each of the years. The periocd covered is 1918-3s.

Unit labor requirements, percentages of capacity utilized, and aggre-
gate capacities® are presented in table A-8 for two groups of identical
mills. The figures for a group of 11 wills cover the period 1920—35; the
figures for a group of 18 mills (including the 11 mills in the first il
group} cover the pericd 1ga26-3s.

SOUTHERN SAWNILIZ
The NRP-NBER survey covered 28 mills in Alabama, Louwisiana, Mississippi,
South Carolina, and Texas. Becavse of the imadeguacy of available rec-
ords, it proved impossible to sample small mills adequately. The sample

Bror metnos of computing equivalent productics see pp. 148-0
%5es tadle A-8, ftna. & and b.
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was accordingly limited to large mills believed to have a daily capac-
ity of more than 4o thousand board feet; the four smaller mills were
eliminated from the analysis, as was another mill for which data were
inadequate.” ’
The percentage of the total southera production accounted for by sarple
mills is showr in table A-g. Coverage ranges fram 3.8 t0 7.0 percent in
the census years from 1927 10 1435. Srmll mills are quite important in
the South, and the sample covers a much greater proportion of the produc—
tion of large southern mills, for which the sample is reasomably adequate.

Table A-10 shows the relation between the production of sample mills
and total southern production, by size groups. With one exception the
sample mills cut mere than 10 million board feet im 1429; over half of
the sample mills cut more than ag million boand feet in that vear. These
size classes contained less thanm 3 percent and less tham 1 percent, re-
spectively, of the total number of southern mills in 1929. The sample
was reascnably adequate, however, for the group of mills which cut more
than 35 million board feet in 1gag. NRP-NBER mills accounted for 19.8
percent of the production of mills which cut at least 5o million board
feet and 12.6 percent of the production of mills which cut ag to so mil-
lion board feet in 1gay, The entire NMRP-NEER sample accounted for 8.6
percent of the production of all southern mills which cut more than 10
million board feet in that year.

Table A-11 presents chain indexes, derived as in the case of the Pacific
Coast sample, of man-hours, eguivalent production, and man-hour require-
ments per unit of eguivalent production for the period 1926—s5. Table
A-13 presents as index of weighted average labor requirements per unit of
equivalent production for all sample mills for which data were available
in the respective years, an index of the medians of the ratios for indi-
vidual mills, and the range of the ratios for each year. The period cov-
ered by this table is 1926—35. Unit labor reguirements, percentages of
capacity utilized, aggregate capacities, and aggregate equivalent produc-
tion are presented in table A-13 for a growp of 12 mills for 13a6-35.

Data oa production, man-hours, and uemit labor requirements were oOb-

tained for 19a7-35 for two logging camps supplying two of the southern
samills included in the sample. These data are presented in table A-u.
»

7of the £ mills retsined in the sample, £0 lmd a Practicably cbtalmable capacity
of at lesst 1P miliion board feel} the other 3 had empatities which were in excess
of $1.8 million board feet. On the bLesais of 300 working days per year, these
yearly figures can be reduced to daily rigures of st lesst 30 thoueand board feat.
It is believed that daily capacity fimures cbtalned in thls fashion are conaider=-
ably lowep than figures for daily rated capacity; mills imeluded in the NRP-NBER
survey ars thersfore cohsidered 30 fall within the category of Eills heving e danj
rated capacity Of more than 40 thousend board feet. Twelve Of the 23 mills [Com
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BABIS OF SELECTION CF MILLS FOR STUDY

Sawmills and attached planing mills commorly manufacture a variety of
products, such as timbers,® rough lumber, surfaced Iumber, doors, sashes,
molding, lath, boxes, and shingles. These products regunire a varying
quantity of labor time for their manufacture, and it was believed that
differences in the relative output of such products might impair compari-
sons between mills and between years. Accordingly, mills included in the
field survey were those which manufactured a relatively small variety
of products.

In a further effort to cbtain a fairly uniform sample, only sawmills
which had planing mills attached were surveyed.®

Sizes of lumber may also vary considerably, and each size reguires a
different amount of labor per board foot. Thus the mills studied were
those which produced the general run of sizes cormon to the industry of
the particular section of the comatry. Because it is possible to cut a
greater proportion of timbers fram the large trees on the Pacific Coast
than from the smaller logs available to southern mills, there is an im-
portant difference in lumber sizes produced by sample mills of the two
areas,

COMPOSITION OF PRODUCTION AND NAN~EOUR DATA

A number of the.mills studied produced byproducts (such as hogged fuel,
briquets, and sawdust} and special products {such as lath, shingles, and
boxes). Such products and the labor time expended in their production
were, on the whole, excluded from the production and man-hour data pre-
sented in this report. Man-hours expended in auxiliary services not com~
mon to all rﬁiiis, such as sew comstruction, company stores, retailing,
and local delivery by truck, were alsoc excluded, It was not possible in
every case, however, 10 separate and exclude campletely the various by-
product, special-product, and auxiliary-service items; this is especially
tree of indirect labor, such as bandling, which could not be allocated to
production and surfacing of lumber on the ome hand and to waste utiliza—
tion, byproduct manufacture, and the production of minor forest products
on the other. Kiln-drying labor, used in some milis but mot im others,
was included in the data presented. .
7{¢onlhad practicebly cdtainsble annual cepacities of more than £4 million board
teet. The largest miil included In the sample had & daily practicably obtainable

cagacity of 305 thousand board fest., (For method of determiniag practicsbly
cbtalnable capacliy of sample mills see DD. 146-50.)

Srinbers are langths of wood whose smallest diameter 14 at least § Inches.

Sone of the Pacific Csast mills studled did scme surfacing but did not have & coX-
plaie planing mill attached.
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Unadjusted production figures represent aggregates of surfaced and mn—
surfaced lumber produced. The man-hour figures are aggregates of the
labor time expended in the pond, the sawmill, the dry kiln, the yard,
the planing mill, shippisg, power production, maintenance, and other
work directly or insdirectly commected with lumber production, rough and
surfaced.

DERIVATICE OF EQUIVALERT PRODUCTION

The operatiom of a planing mill ircreases labor reguirements without
increasing footage praduced. Although only sawmills with attached plan—
ing mills were surveyed, changes im pnit labor requirements of an indi-
vidual mill or a grovp of mills may reflect changes in the proporticn of
the output which is surfaced as well as changing efficiency im the ntilj-
zation of labor. Differemces in unit labor requirements may similacly
reflect differences in the proportion of the output which is surfaced.

Unfortunately the data were not sufficiently adequate to permit pres—
entation of separate mmit-labor-regeirement series for the magufacture
of rough and surfaced lumber. As effort was therefore made to adjust
the production series in swch a fashiom that, when divided into the man~
hour series, it would yield a series of man-hour ratics which would ot
be appreciably influenced by shifts or differences ia percentage of total
output surfaced. The adjusted production is referred to as "equivalent®
praduction.

Planing-mill outputs in each year were mmltiplied by average ratics of
unit labor requirements im planing mills to wnit labor requirements in
sawmills. The resulting figures {representing theoretically the amount
of additicaal lumber which would have been cut had man—bhours expended in
the planing mill been expended instead in the sawmill} were added to the
saill production of the respective mills in order to cbtain eack mill's
equivalent production. Thus the equivalent-production figures exceed the
figures for actual production; they represeat both rough and surfaced
output inm terms of rough output.

Katios used to comvert surfaced production to rough productios are pre-
sented in table A-15. They were computed fraom reports for mills for
which separate planing-mill and sawmill data were available. OSeparate
ratios were camputed for Pacific Coast milis, southern pine mills, and
southern hardwood mills., Except for the latter group of mills, each of
which had & practicably cbtaimable capacity of less tham 50 million board
feet, separate ratics were also computed for mills whose practicably ob—
tainable annual capacity was under or over 50 million board feet. Thus
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ratios were computed for five distinct grouvps of mills. For each group
ratios were computed for the period preceding 1930 and for the period
1930-35. DBach of the ratics shown in table A-15 represents anm average of
selected ratios for individual mills and years.i?

Examination of table A-15 reveals that the ratios for each area are, i
general, similar, For three of the five gronps of mills the ratios for
1929 and earlier years were identical with these for 193035, In the re-
maining two cases the proportice of surfaced production added to total
rough production rose from 20 1o 25 and from 23 to 30 percent. In view
of the facts (1) that the production of mot all mills in either area was
adjusted by ratios which changed over time and {a) that cnly part of the
rough production of the mills was surfaced, the distorting influences on
eguivalent production exerted by changes in the ratics are believed to be
pegligible,

DERIVATION OF PRACTICABLY OBTAINABLE CAPACITY

Practicably obtainable capacity was computed for individual logging
_camps and sawmills on the basis of attained production peaks and nor-
mal interruptions of production, The production pesk attainmed for any
3-month pericd was gquadrupled to yield hypothetical annual cbtainable
capacity under conditions of contimucus peak productiom, "This estimete
was them adjusted dowmward in order to take into account pecessary shut-
downs occasioned by weather or repairs., The adjustment was based om the
season during which the 3-month peak cccurred and om information obtained
from officials and engineers of the operatioms surveyed.

Where only anmuval production figures were available, the highest amnual
figure was inflated to yield practicably obiainable capacity. Ansual
peaks were multiplied by the medianm ratic, as cbserved for operations in
the same area for which monthly production data were available, of prac-
ticably cbtainable capacity 1o peak annual production.

In some cases further adjustment was made pecessary because of lmown
changes in the length of the working day, in the number of shifts per
day, and in major eguipment items. In other cases further adjustment
was made to take into account several discermible production peaks or
definite tremds in producticn, either of which might indicate changes in
cbtainable capacity.

Catios were computed snnually for Individual mills in each of the five groups of
®uills, Thess ratlos were then separated sccording £o the perliod to which Shey
referred. The ratlos in £ach of the {{ groupa of reailos were arrsyed in order of
magnituds, Bnd thome¢ codupying & ceniral position in each array wers combined Into
an unwe Ighted average {theas averages are shownh in table A-16). The number of

ratioa selected Cor use. in computing the average varied from 3 Lo 8, depemiing
uon the tolal number of ratlios in the group. :
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It should be noted that factors other than size of operation may lead
to differences im practicably cbtainable capacity. For imstance, differ-
ent mills may have working days of different duration, and this would be
reflected in the annusl practicably obtainable capacities. Farticularly,
the working day in the South was normally somewhat longer than that on
the Pacific Coast.

+

Table i-1.- TOTAL AND SAMPLR PRODUCTIONR OF PACIFIC COAST
LOGGING CANPS, 1823-38

Thousands of board feet Sample as
Year e B percent of total
Total Paclific Coast Sample Pacific Coast
1925 13,2688, 6p9° 417,175 3.1
1927 13, 388, 525° €84, 759 5.1
1926 14,145, 301° 1,181,015 8.3
1831 7,493,772 882,731 11.8
1933 6, 146, 749 858,447 15.8
1935 7,058, 477° 887,280 11.2

Spata for 1025-2¢ from Piffeenth Consus of the United States! 1§30, "MEnufgctures:
igee® (U. S. Dept. Com., Bur. Census, 1883}, II, 447; data for 1831 from lensus of
Namnufacturss: 1881 (U. S. Dept. Com., Bur. Cemsus, 1§36), p. 4820; data for 148%3-35
from same, 1935 {is3B), P. 474. [mta are [or Califernla, Qregon, and Washington,
and inclwdis only milla producing 60 M IT. D M. OF mores

"Cemrsrl:ed from log scale Lo board measure. See p. 143.

®fneludes data for Wevada because output for California and Nevada was reported
fogether. The sffect of the inclusion of Nevada is negliglble, however, for Iin
1818, the mly year for which separate productlon data ®mere reported for Nevada,
the ocutput of Mevada was only 0.2 percent of Ehe total output of Californisz,
oregon, and Washington.

Table A-5.- TOTAL AXD BAMNPLE PRODUCTION OF PACIFIC COAST
LOGGING CAMPS, BY VOLUME OF PRODUCTION, 19538

Total Pacific Coast® Sanple
Volume of Percent
&
productiocn Production Production lof toial
(M €4 b m) iy ft. be m ) |FEFCeDt iy £o. b, m.} | Pacific
Coast
Tatal 14, 146, 301 100.0 1,181,015 8.3
50-24, 888 3,280,747 22.8 0 Q
25,000-49, 980 3,378,738 £3.9 205,688 . 8.1
53,000 or over 7,538,818 58.8 875, 847 12.6

Soutgat of the sawmill to mhich the logging camp 1s attachad,

hDet.a from Piftaenth Census of the Tniled States! 1830, "™Manufactures: 15260
. 8. Dapt. Lom., Bur, Cansus, 1833}, II, 448. Dats ara for Californis, Nevada,
gon,; Ang Weahington. 8se tadls A1, ftn. ¢.



Yable A~3.- PRODUCTION, MAN-BOURS, AND UNIT LABOR REQUIREMENT RATIOS IN BMAMPLE PACIFIC COAST LOGGING CAMPS,

1030-25
L)
All reporting camps Two ldentlcal camps
Period Number ( :r::lue:lomn Hean-hours . ( :r&du:;u? , ) Man-hours
« b B, . be B,
of ammpa Lumber seale) Number Per M ft. b M | yyuher meale) |. Rumber rer M ft, b. m.

1920 2 131,113 1,105,448 Y 131,113 1,168,448 " e.op
1921 2 a0,as3 178, 554 5,88 30,253 178,554 5.88
e 2 122,973 1,087,710 B. 83 122,973 1,007,710 8. 88
1029 3 117,087 940, 528° e.04% a7, a2 a8ve, 434" 7. 98"
1924 a3 179.823 1,412,734 7.08 153, 148 1,240,849 Be 14
10z8 8 417,178 2,046,533 7,80 158, 146 1,116,413 7407
1026 8 504,870 4,083,142 8.07 147,228 998, 678 8.7y
127 10 084,759 2,004,850 5,35 153, 269 819,750 6.00
1008 12 Bus, 818 5,388,308 8.03 163, 04 1,115,364 0. 84
1920 14 1,181,018 ¥, 221,313 8. 11 161,040 1,052,862 B.51
1980 18 1,287,466 7,019,803 B, 54 113,027 866,155 8,11
193l iB Bas, 731 4,166,374 4. 72 53,238 208, 290 3. 01
1932 Y. ] 560,255 2,827,208 4,080 36,084 168,340 530
1933 17 58,447 4,878,315 +. 08 90,622 527,908 By B2
1934 16 H0G, 508 4,430,081 4,91 8, 427 349,023 A oy
1635 15 887,290 4,385,024 4, 04 118,012 594,023 5418
192023 - 401,478 3,362,250 B AR 872,311 A, 141, lae B A4
19e4-2¢ - 1.101, 668 822,400 a.83 450,818 3,381,838 7.33
1927-29 - 2,750,592 186,274,321 5. 00 477,875 3,087,802 8. 46
103082 - 2,710,452 15,812,278 5 30 201,640 1,082,838 Bad2
100344 - 2,748,329 13, 184,090 4 BO RES, 0N 1,471,044 5. 20
Peroentage decrease

202028 Lo LER4-20 - - - 168.9 - - 13.2

1e24-20 Lo 1827-R0 - - - 13. 8 el - 1t.9

1027-28 to 1930-32 - - - 13.8 - - 16,1

1930-32 to 1833-38 - - - 5. 9 - - IR}
S, e of the camps a large proportion Of Che working time wan spent In new con-— Tequirements, the pusber of man~hours spent in conebructinn &b this oamD wis esti~

stroccion, Sinoe this would seliously distort the trend of wag-hours snd wnit labor mated and subtractsd frow the total rumbsr of man-hours. Bes oh. IIN, ftn. s3.

¥ XIaN3ddY
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Tables A-4.- TOTAL AND BANPLRE PRODUCTIOR OF PACIFIC COAST
SAWNMILIS, 1010-35

Thousandas of board feet Sample a3

Year pe:'ct'.-srl’.1 of
Total Pacifle Coast? Sanmple tota

Pacifie Coast

1910 8,796,504 832,285 8.5
1921 7,204,457 288,074 13.7
1928 12,761,833° 2,083,015 16.8
1925 13,268,6890° 2,728,757 20.5
1627 18,888,525% 3,668,710 27.4
1929 14,148,5801% 2,435,428 17.2
1981 7,493,772 1,583,979 21.1
1933 6,148,749 1,337,719 21.8
1935 7,953,477 1,543,781 19.4

®pata for 1919 from Fourteenth Cansus of the Fnited Staies: 1820, Vol. X, "Manu—
factures: ipig® {U. S. Dept. Com., Bur., Census, 1923), P. 437: data for 1g21-23
from Censug of Monufaciwres: 1529 (U. 8. Dept. Com., Bur, Census, 1828), 7. 449;
for sourca of data for 31@25-35 see table 4-1, Ito. a. Data are for Californis,
?reg;n, and Washington, and except for igef Incinde oniy mills producing 56 M
t. b, m. Ofr moTH.

YSee table i~t, fta. c.



Tebls A-B.- TOTAL AKD BAMPLE NUMBER OF PACIFIC COABT BAWMILLS AND THEIR PRODUCTION,
BY YOLUME OF PRODUCTION, 1638

B e e e e N S s S e e T
Total pacifie Conat? Sample
Hills Productlon Milla Production
Volume of
production Percent Percent
(M £t. b, m.} of total of total
Number | Percent [(H ft. b. m. | Percent | Number | Percent | paoigfio( ¥ £bo ba M {Percent | piaiefie
Coast Coast
Total 1,307 100.0 14,149,301 100.0 23 i00.0 2.8 2,435,420 100.0 17.2
&0-14, 989 1,081 81.2 2,031,951 4.3 o o Q 0 o] [+ S
15,000-24, 008 81 4.7 1,108,700 8.5 4 iz2.1 6.6 82,820 B4 8.8
25,000-49, 908 83 7.1 a,a78,758 28.9 a8 24.3 8.8 299,471 12.3 8.8
50,000 or over 02 7.0 7,589,816 53.3 21 83.8 22.8 2,083,120 84.3 27.2
50+14,969 1,081 81.2 2,081,051 14.8 o o 0 4] 0 o)
15,000 or over 246 ie.8 12,117,350 85.7 33 100.0 13.4 2,435,426 100.0 20.1

%ame table A-2, ftn. b,

¥V XIONE4dV
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Table A-8.~ CHAIN AGGRRGATIVE INDEXES OF MAN-HOURS, EQUIVALENT PRODUCTION, AND UNIT LABOR RRQUIREMENTS
IN BAMPLE PACIFIC COABT BAWMILLA, 1017-38

s s g
. Given year Preceding yesar Link relative® Chain index (1920=100)
Number Equivalent Equivalent Unit
Year] of production production Equivalent p | Bauivalent | labor
mills Man-hours (milllons of | Man-hours {n11l1ona of {HAR~ROUrS | 4rnguation [MBD-DOUPS™ | yraduction®| require~
board feet) bosrd fest) " mentsd
(1) T3] (3) (4) (46) (8) (7) (8) {9} {10)
1017 - - - - - - - 80.8 58.8 108.0
19ie L 4,221,110 358,0 4,580,264 434. 4 0,022 0.820 58.0 46,9 iza.¢
1019 12 7,048,333 hid.1% 0,876,623 592.5 1,180 1.225 B8.7 55.8 120.0
1920 15 9,880, 800 04,2 9,754,204 923.1 1.019 0. 980 B7.5 54.5 1239.9
1921 21 10,292,880 1,012.0 14,278,861 1.202.2 0.721 C. 783 . 48. 7 42,0 114.8
1822 23 16,008,709 1,058.8 il.,082,838 1,3i0.2 1.443 1.482 70.8 £3.6 1105
1923 20 21,201,081 2,203.8 18,804,851 1,9850.3 1,127 1.130 79.2 71,9 110,2
1924 a3 22,020,832 2,511.7 22,371,280 2,9326.8 1,011 1.0789 80. 1, 7.6 103.8
18258 37 209,054, 238 3,054.8 24,680,814 2,885, 8 1.187 1.148 f3. 4 88.8 105,14
1026 3e 81,707,480 3,488,606 29, 400, 3456 3,087.9 1.078 1.125 100.7 100.0 100.7
27 40 39, 390, 045 D,608.8 32,808,057 8,019.4 1.018 1.021 102.8 102.1 100. 5
1028 42 | 32,312,808 3,860, 8 33, 953, 291 8,678.9 0.989 0.998 00, 4 101.7 07.7
1028 29 10,140,215 TRy ARL.O 18,026,839 2,4063.8 1.008 0.983 100.0 100.0 A00.0
1830 83 16,800,803 2,516,7 21,309,201 2,774. 8 0. 918 . 907 81.8 a0. 7 101.2
1931 83 14,497,108 1,911.8 19,687, 126 2.508.7 G.738 0.763 87.5 a49.2 B7.8
1932 27 9,310,760 1,124.4 13,676,978 1,800.7 0.681 0.621 46.0 43.0 107.0
1833 27 11,478, 468 1, 598,1 8, 310,780 1,124.4 1. 238 1.368 58,7 58.8 B, 4
1034 a1l 12, 204, 650 1, 888.8 11,978,678 1,807.8 1.026 0.988 58.2 58.1 100.2 -
1635 28 13,708,038 1,844, 4 11, 042, 502 1,598, 1 1.177 1.20%1 88,4 80.7 98,1
B0ols. {2) And (B) Fespeetively Aivided by cols. (4) and (B). 17 milla Included only in the 1036 survey are o8 follows (1G204100)%
Computed from ¢ol. (4). fear AL 19 17 Year AL 19 17
e from cal.. (). W ne Ba e T dors dwi e
1685788 Tor ie §roup of 16 A{LLs Inclided In DOCK 4urveve and the §FoUp of 120 10010 1000 1007 isE a4 mels  ead
1033 7.6 w7.3 97,8 18355 GE.1 L% 102.8
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Pable A-T.- INDEXES OF AVERAGE AND MEDIAN UNIT LABOR REQUIREMENTS IN BANPLE PACIFIC COABT BAWMILLE, 1016-35

mmwr_ s — erm————e e e e
Man~hours required per thousand . Indexes of unit

Humber Equivalent board feet of equivalent production labor requirements
Year of Number of production ALL mitl Indlvidusl mills (1929=100)}

wille man—hours {millions of wl:me:’

board feet Welghted
oard feet) mean® Range Medlan enﬁ-n“ Median®

v (1) {(2) {a) (4) () (8) (7} (8)
1918 13 7.424,678 870.2 11.08 . V.81-19.74 9.082 143.9 1256.8
1919 5 9,704,204 923.1 10.867 6.26-21,07 9.06 137.9 ize.1
1920 z21 14,276,001 1,292.2 11.08 6.28~16,60 10.88 143.5 135.8
1921 24 11,002,830 1,110.2 9.9 6.365-24.88 0.659 128.7 128.2
1822 X 18,804,651 1,800.3 9.84 5.07-13,88 9.40 125.2 122.7
1623 83 22,371,808 2,320.8 9.61 5.54~18,53 10.33 124.8 194.9
1824 ar 24,080,014 2,808.05 9.34 4.21~-23,97 a.8e 121.3 115.7
1925 49 29,408, 948 2,007.9 0.49 4.02-18,99 8.47 128.2 110.4
1926 41 a3,176,262 . 3,658.4 0.08 4.08-16.12 7.99 117.9 104.13
1087 44 80,705,106 4,150.2 B8.805 4.08~14, 75 7.40 114.9 08,6
19286 44 33,003, 862 3,057.56 8.34 3.58-14.84 8.81 108.3 68,9
1629 a3 21,369,201 2,773.8 7.70 4.46~13.15 7.086 100.0 100.0
1930 as 20,023,445 £,860.8 ”.82 4.48~12,08 8,00 101.6 104.4
1e32 27 9,310,760 1.1R4.4 8.28 #4.80-18. 38 .87 107.5 102.7%
1933 3 11,978,678 1,6807.8 7.48 8.80-13.54 7.39 8e.8 P6. 5
1904 az 12,561,718 1,620.8 T2 2.00-12,11 7.68 100.3 #8.8

Miusber of man~hours divided by equivelent produstion.
meut.ed trom col.  (4).
Ccomputed trom col. (s).

¥ XIAN3ddY
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156 MECEANIZATION IN TEE LUMBER INDUSTRY

Table A-8.- UNIT LABOR REQUIREMENTAS, PERCENTAGES OF CAPACITY
UTILIZED, ANB AGOREGATE CAPACITY OF IDENTICAL BANPLE
PACIFIC COAST SAWMILLE, 1030-38

Weighted average Aggregate
of man-hours - Percentage anmzal capacity®
required of capacl *’f {uillions
Year} per ¥ ft. b. m. ntilized of feet, b. M.}
11 i8 11 8 11 18

plants plants| plants jplants plants plants

1520 1G. 34 B,4. €4.5 T.8a 8oe n.a,

1521 8.87 B. 8. 48,0 N.48. 828 n.d.

122 9.35 R.8. 85.3 N. 8. 818 DeBas

1528 9.85 f.a8. 78.3 NeBs 837 f. 8.

1024 9. 27 e Be 70.1 O o777 B.&s

1625 8.08 B. 8. 88.8 Ned, 981 Nt
1928 8.57 8.52 74.1 78.8 1,008 1,711
1327 8.18 B. 21 78.0 82.2 1,017 1,728
1528 8.14 7.77 78.7 B1.7 1,080 1,738
1828 8.16 7.68 78.1 79. 4 1,048 1,758
1930 8.35 B.14 85.3 70.3 1,048 1,883
1831 8.04 7.78 48.86 58.7 1,043 1,883
1832 9. 41 B.45 27.8 31.2 1,043 1,897
1933 8. 24 7.98 41,1 42. 8 1,043 1,897
1854 B.84. | B.04 88.2 42.% 1,048 1,687
1935 B8.24 7.80 48.9 53.2 1,043 1,697

Apasad maguivalent productlion andaggregate capacity. Ses pp. 148-9 and pp. 148-50.
Ypracticably cbtainable capacity. See pp. 128-9.
n.&. Data not aveilable,

Table A-0.- TOTAL AND SAMPLE PRODUCTION OF BOUTHERN SAWMILLS,

1937-35
Thousands of board feet Sample as
Year s percent of
1927 14,475,887 547, 559 3.8
1628 15,462,485 828,637 4.1
131 5,083,762 ’ 421, 547 7.0
1533 5,785,401 - 363, 8006 8.3
1838 7,828,572 417,910 5.8

Srata for 1927-£9 from Fifteenth Census of the United States: Ig30, "Manufacturee:
igeg* (U, 8. Dept. Com., Bur. Census, £833), IT, 447: data Tor 1g8%i from Cemsur of
Nanufactures? 163! {U. 8. Dopt, Com., Bur. (ensus, isz. . 428: éatla Ior 1033~35
from same, 5335 {1838), D. 474. Data Ere for Alabama, Arksnsas, Florlda, (Bargla,
Louisisna, Missisalippi, North Carplina, Oxlahoma, Soutkz Carelins, Texas, and
Virginia, and Include only mills produsing GO M fi. bD. m. OF Mors.



Table A-10.~ TOTAL AND BANPLE NUMBER OF SOUTHERN BAWMILLS AND THEIR PRODUCTION,
BY VOLUME OF PRODUCTION, 1928

R ——————— o T T T e R oo
Potal South® Sample ‘
Volume Mills Production HMills FProduction
of production
(M ft. b. m.) Percent Percent
Number |Percent [ M ft. b. m. [Percent|Number |[Percent{of total M ft. b. m,|Percentjaf total
fouth South
Total 11,048 100.0 16, 462, 485 100.0 22 100.0 Q0,2 828,037 100.0 4.1
50- 9,900 10,728 7.1 8,178,974% | 52.9 0 0 0 0 0 0
10, 000-14,968° 118° 1.1 1,442,083 9.3 " a1.8 8.0 77,897 12.4 5.4
15, 000-24, 999 1029 0.8 2, 110, 1a5 13.6 a 13.7 I 52, 248 8.9 2.8
25,000-49, 899 po® 0.8 3, 331,845° 21.6 11 50,0 12.2 419,602 88.7 12.6
50,000 or over 10f 0.1 309, 418 2.0 1 4.5 10.0 79,002 2.8 19.8
50~ 9,099 10,728 97.1 8,178,974 52.9 0 0 0 o 0 4]
10,000 or over 318 2.9 7,283, 511 A7. L 22 100.0 8.8 628,837 100.0 8.6

%pata from Pifteenth Censur of the United States: 1530, "Manufscturcs:
192¢* (U. 8. Dept. Com., Bur. Census, 1933), II, 448. For States
in¢iuded see table A=y, ftn, 8.

bProducf.ion data for 1 of the 118 mills produeing 10,000-14,95980 .

H ft. b, m. are included with production data for milla producing
bOm4, tUD MLty by me

°Slmpm data Include ome mill with an output of @, 600+10,000 M ft. Dy M.
dPl‘oduef;.nm data for 2 of the 102 mills preducing 16, 000-24, 089

N ft. b, m. are included with groduction data for mills producing
10, 00014, 099 M It b, m, .

®ppoduction data for 6 of tha op mills producing 26,0009, 909
H rft. b. m. are included with production data for mills produting
16, 00024, 009 M ft. b. .

fopoduoticn data for 4 of the 10 mills producing 50,000 M ft. b. m.

or over are Included with production data for mills producing 26, 000~
49,000 M ft. b. m.

V TIANEddY
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Table A-1).- CHAIN AGORRGATIVE INDEXES OF MAN-HOURS, EQUIVALENT PRODUCTION, AND UNIT LABOR REQUIREMENTS
IN BANPLE BOUTHERN BAWMILLS, 1980-30%

-

1029; the othors cut at least 10,000 M ft, %, m. 0 that year,
Ycota. {2) and () respectively d1vided by cols. (4) and ().
°cmm from eol. (6},

Col. (8) divided by col. (9), and multiplied by 100

g -
Lven Preced! Link 1ve? Chaln index
@lven year receding year nk relat (1829%100)
Number Equivalent Equivalent
Year| of production production Unit
mills Man~hours (millions Man-hours {millions | Man~-hours {Bauivalent o b oura® Equlvalentd labor
of board of board production product lon requlra.-
feet ) fest) J ments
(1) (2) () (4] {6) (8) (7) {8} (#) (10}
1p28 - - - - - - - 7.4 100.8 96.8
1928 10 7,080,129 482.7 4,879,318 454.6 1.008 0. 6968 88.2 100.2 98.0
1027 14 0, 338,825 87%. % B, 934,570 5as. 9 1.045 1,068 nz.6 106.8 06. 1
1928 17 10, 202,213 862, 2 10,083,061 asd. 0 0.984 0.905 98. 8 9a.7 102. 8
1929 21 12,012,804 740.) 11,884,854 718.8 1. 011 1.034 100.0 140.0 100.0
1930 22 10, 369, 838 a877.0 12,461, 204 766, 1 0. B3 ¢.8s88 83.6 88, 5 Qe 4
19091 22 8,238, 180 409.2 10, 369, 638 an?.0 Q.702 0.737 86.2 66,3 10%. 4
1832 23 8,743,470 - 415. 8 B, 430, 448 B20. 8 Q. BO0 0.1708 53.0 52. 1 101. %7
1633 22 2,081, 144 449.8 8,160,804 393.2 1.083 1.144 57. 4 59.7 968.1
1034 22 5,800, 104 364.9 8,68081, 144 440,8 0. 608 0,811 49.8 48. 4 102.9
1938 21 B, 4850, 108 530, 4 @, 201, 284 a71.8 1.943 1. 427 64.8 69,0 86,8
Sone of the s11]a esovered in this table cut ¢,B00~10,000 M ft, B. m. in Scomputed from ool. (7).

BQT
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Table A-13.- INDEXES OF AVERAGRE AND MEDIAN UNIT LABOR REQUIRRMERTS IN SAMPLE BOUTHERN SAWMILLS,

16268-98
e ey
Men-hours required per thousand ) Indexes of unit
Numbe p Equivalent board feet of equivalent production labor requirements
Year of Number of produetion tndividual mills {1B29=100)
All mills,
mills man-hours {millions of
board feet) | Welghted Weighted ¢
me a1 Range Median mean Median
i1 (2) (3) {4) (5) (8) (7} (8)

1928 14 8,934, 570 63a. 6 16.84 12.86-54. 40 la.27 102.1 104.5
1927 17 10, 683, 651 854. 6 18.17 12,7822, 59 16.87 99.3 108.3
1828 21 11,804,654 715.8 16. 60 10. 4020, 77 14.73 101.9 04.8
1920 22 12, 461, 294 75,1 < 16,28 11. 48-28.19 18.867 100.0 100.0
1830 22 10, 399, H36 ar7.0 16, 30 12, 54-22.08 15,083 94. 8 100. 4
1931 23 8, 430, 446 520. 3 18. 20 9.11-24. 95 18. 62 89. 4 106.1
183z 23 8,743, 470 415. 2 16.24 8.82-37. 905 17. 96 89. 7 115.38
1933 22 6,881,144 449.8 14.85 7.73-249, 46 16. 48 g1.2 105.8
1934 23 6,647,283 3a7.6 17,14 7.88-36.99 17.64 105.2 113.3
1935 21 B, 450, 10¢ B30. 4 15.93 7.65-29.04 18.01 97.8 102.8

Sumber of men-hours divided by equivslent production.

Doomputed fran col. (4).
Scomputed from col. ().

-
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160 MECHANIZATION IN THE LUMBER INDUSTRY

Table A-13.- UMIT LABOR REQUIREMENTE, PRERCENTAGE OF CAPACITY
UTILIZED, AGOREGATE CAPACITY, AND AGGREGATE PRODUCTION
OF 13 BAMPLE BOUTHERN BAWMILLS, 1828-35

Aggregate
Welghted Aggregate annual
average Percentage of annual » equivalent
Year] of man-hours capaci ty‘ eapacity product lon®
reqgulred utilized {miliions of {millions of
per M ft. b. m. feet, b, m.) feet, b. m. )
1926 15.34 87.4 458 401
1827 16.00 86.1 458 385
1925 18.84 72.8 449 327
ig29 15.68 B1.5 £49 - 3c6
1830 15.02 7L.0 446 ai9
1631 18.87 f2.1 445 234
i3z 18.35 47.0 449 211
1933 15.59 50.8 448 228
1634 18.71 86. 96 449 179
1835 15.73 B5. 8 443 249

8pgsed oo eguivalent production and aggregate cagacity. See pp. 148G and 140-50.
Pprasticably cbtainable capecity. See pp. 148-50
see pp. 48R

Table A-14.- PRODUCTION, MAN-HOURS, AND UNIT LABOR REGUIREMENTS
OF TWO BANPLE SOUTHERN LOGOING CAMPS, 1837-36°

Preduction Man-hours
Pericd (M ft., b, m., Per
lumber scale} Number M ft. b =
1027 27,448 394,178 14,38
1528 24, 428 364,818 14.893
1926 £2,217 370,028 18.68
1930 23,858 315,152 13.32
1951 20,877 207, 454 12.75
19832 i, 418 205, 393 14.41
1953 i7, 823 248,881 14.20
1634 11,824 149,881 1z2.68
1835 20,088 . 261,814 18.04
ie27-29 74,080 1,128,020 1S5.84
1830-32 83,0853 848,001 18.435
1933~38 40,415 8680, 388 13.88
Bercentage decrease

1927=-28 to 1930-32 - - 11.7

1930-32 to 1933=-85 - - 0.7

1g27-20 to 1833-38 - - 12.8

Bons of these carps supplisd & 2111 whose praciicably cbtainable cspacity was 12 mil-
lion board fest per yuar; the other, 8 mill whose Dracticably obtainabls capacity was
£1 million board fest per year. Both ocamps out Fellow pina xrinalpally,
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Table A-18.- BATIO OF PLANING-MILL 70 SAWKILL UNIT LABOR
KREQUIREMENTS OF SAMPLE SAWMILLS, BY REGION,
MILL CAPACITY, AND PERIOD®

Pacific Coast Southern pine Southern
mills mills hardwood
mills,
Less than 50 Less than e less than
Period 50 million 50 milliocn 50
million (or more! million {or more million
board board . board board board
feet feet feet feet feet
Rumber of mills 2 5 5 3 3
Retio
Before 31930 0.19 0,20 0.32 0.23 0. &7
1930-35 0.18 0. 25 .32 0.3 0.37

Bror method eof compuling retios sse pp. 146-8. Mill-capacity figures refer
to practicably obtelnable annusl capacity {for msthod of delermining practicadly
cbtainable Capacity see pp. 148-50).



APPENDIX B.

DESCRIPTION OF DATA FROM
NRP MACHINERY-MANUFACTURERS SURVEY!

Dats were obtained in a field survey covering 14 equipment-manufacturing
canpanies conducted by the National Research Project in cooperation with
the Naticnal Burean of Ecomamic Research. Fram these companies was ob-
tained the value of sales {and in some instances the number of units
sold}, chiefly for the period 1920-36, of eguipment used in the manufac-
ture of lumber. (f these companies, seven produced sawmill or other
woodworking equipment, three produced luwrber carriers, two produced trac—
tor logging equipment, and three produced excavating equipment.?

BAWMILL AND OTHER WOODWORKING EQUIPMRNT

The woodworking-machinery sales data isclnde egquipment employed in
sewmills and in planisg mills attacked to sawmills and, in additiom,
a wide variety of equipment used in other woodworking industries. The
sales of companies covered in the survey have accordingly been divided
into the following three categories:

1. Sawmill machinery. This category includes large band mills, port-
able circular sawmills, steam feeds, carriages, edgers, trimmers, gang
saws, large vertical resaws, large horizontal resaws, cut-off saws, and
circular ripsaws.

2. Heavy planing-mill machinery used in planing mills attached to saw—
mills, and including only machines that would be used for the surfacing
and finishing of lumber as discussed in this report. This category in-
cludes planers, planer-matchers, planer-matcher-molders, planer-matcher-
floorers, band resaws, vertical resaws, ripsews, surfacers, and molders.

3. Light woodworking machinery. This category contains items of ma-
chinery used to some extent in planing mills attached to sawnills, but
the sales represent mainly equipment used in furaiture factories and
other woodworking establishments which are not atteched to the lumber jin-
dustry as defined in this report. It includes small planers, gang plan-
ers, cabinet planers, small planer-matckers, hand plamers-and-jointers,
1Except as spacified, tha date Includsd in this appendix were collected in a field
Burest oF Beononiy Research, HArcy Jefome partioivacee 5 the piamaing of he

survey ang J. Vap Horn Whipple organized the fleld work and supervised {he sditing
of the materials ¢ollectad.

Zone of ths companles produced equipment 1n two of the Indicated categories.

‘162
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small surfacers, small cut-off saws, scroll saws, shapers, small mold-
ers, woodworkers, sanders, wood lathes, tenon machines, mortisers-and-
tencners, hand jointers, sash and door stickers, and band, siding, and
circular resaws.

Data cbtained fram three of the companies were for sales of sawnill and
heavy planing-mill machinery only. The remaining four produced equipment
falling in two or more of the three categories, and the allocatiam of
sales 1o these categories was made on the basis of the sales of indi-
vidual new machires.

The data obtained for two of the seven comparies represented ingep-
arable totals for sales of new machines, repairs, and parts, Sales of
repairs and parts were separated and eliminated in the case of the other
five companies,

The value of sales of woodworking machipery by these seven manufac-
turers is presented in table B-1 according to the three categories noted
above. Sales of some of the companies were not available for a few
years of the period 1g920-36. For such years sales of the companies for
. which data were lacking were estimated on the basis of the average pro-
portions that the sales of these companies camprised of the sales of
other companies manufacturing similar products. The proportions were
canputed for years for which the sales of all campasies were available.
(ne of the companies required such estimates for the period igac—2y.
It was necessary in the case of two companies to divide estimated total
sales of woodworking equipment into sales of sawmill and planing-mill
equipment. This was done on the besis of the percentage of all sales of
the individual companies accounted for by sales of sawmill and planing-
mill equipment. In coe imstance estimates for the last a months of 1536
were made on the basis of the average for the first 1o momths.

Table B-3 presents a camparison of the value of sales of sawmill and
beavy planing-mill machinery by the seven companies and the value of
sawnill machinery as estimated by the code application division of the
Bational Recovery Administration.

f the 39 subdivisions of the machinery and allied products industry
specified by the NRA, 1 manufactured woodworking machinery with the
exception of sawmill machimery and 1 manufactured sawmill machinery,
defined &5 equipment “for use in sawmills for comverting saw logs or
timbers into lumber and other timber products.®® Since it is mot certais
whether planing-mill machinery, even of the limited t¥pes coatained in

Sxatinsl Recovery Administrstion, Codes of Pair Compatition, Fos. S30-373 (Approved
£ode No, 347, Mar. 17, 1834}, VIII, 242, .
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the sample, is included in sawmill machirery as defined by the NRA, the
comparisons in table B-2 are made on the basis of two sample totals, one
inciunding and cne excluding sales of heavy planing-mill machinery.

Examination of table B-z reveals that the volume of sales obtained
in the survey fluctuates closely with the values reported to NRA. The
percentage which the sample series including sawmill and heavy planing-
mill mackinery comprises of the NRA series varies between s1 and 63
the percentage which the sample series including cnly sawmill machinery
camprises of the NRA series varies betw?en 38 and 48.

The NBA registered 17 manufacturers of sawmill machinery, and it was
estimated that 7 of these concerns accounted for 75 percent of the sales.t
The NRP machinery-manufacturers survey included five producers of sawmill
machinery and two producers of planing-mill mechinery. Three of the five
producers of sawmill machinery also manufactured planing-mill machinery.

The biennial Census of Msnufactures bas reported the value of produoc-
tion of woodworking machinery; sioce 1927 it has also reported on wood-
working power-saw blades. Table B—3 presents a comparison between the
value of total sales of the seven mamufacturers iscluded in the survey
and the value of production of all woodworking machinery as reported by
the Census of Nemufactures.

The percentage which the value of sample sales camprises of the value
of total productian declimes steadily from 1go5 to 1935. It scems reasm-
able to assume that sales of sawmill and heavy planing-mill machinery
may have declined proportionately more than the sales of other wood-
working machinery. If this were so, it would account in part, at least,
for the decline in the percentage of the value of total production repre-
sented by the sales sample.

LUMBER CARRIERS

Data obtained for three of the companies surveyed refer principally
to the value of sales of the straddle-truck type of lumber carrier.
These data included the sales values of a small front-lift track used
for piling lumber (this machine embodies the operating principles of
the fromt-lift device which constitutes a special feature of cne of the
straddle-truck carriers). In the case of two of the three campasies,
only total sales of all equipment were available for a few years of the
period 192036, and it was necessary to estimate the value of their sales
of lumber carriers for these years, The estimates were mede on the basis

4y n Dillinghem, Report on MRA Pre-Code Labor ard Production Statistics {Natiomal
Regearch Project memorandum, 1434, bassd on NRA flls materisls).
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of the average of the ratios in surrounding years of the value of sales
of lumber carriers to total value of sales of the company in guestion.
Oze company began mannfacturing carriers in 1927, and sales for ig27 and
1928 were estimted by straight-line interpolation between 1929 and the
known zero is 1926, For two of the companies 193§ data were available
only for the first ¢ months; sales for the last 3 momths were estimated
from the o~month average.

The three carrier-manufacturing companies surveyed are the omly pro-
ducers of lumber carriers at the present time; other producers have never
been important. The sample of sales shown in table By is therefore
believed to represest practically all of the sales of lumber carriers
during the pericd 1g20~36.

The sales data for these machines do not represent sales made only to
the lumber industry. Sales of carriers of the type discussed here to
industries engaged im activities other than the fabrication and distri-
bution of lumber products have been small in volume; on the other band,
many carriers are employed in the wholesale and retail distribution of
. lember.

TRACTOR 1LOOGING BQUIPNENT

Data for two of the companies surveyed cover the value of sales of
" tractor hoists and logging arches. Only total sales of all equipmest
were available for 1932 and 1933 for one of these companies, and it was
necessary to estimate the value of sales of tractor logging equipment for
these years. The estimates were made on the basis of the average of the
1931 and 1934 ratios of the company's sales of tractor logging egnipment
to its total sales. Data for ome of the two compamies were available
orly thromgh the first ¢ mouths of 1936; sales for the last 3 months were
estimated fram the 9-month average.

There are no comparable data with which to compare sample sales of
tractor logging equipment. An examination of trade jourmals indicates
that the two companies surveyed are among the leading advertisers of
this equipment. It seems likely that the sample of sales shown in table
B-g reflects the course of the sales of this equipment with reascnable
accuracy.

EXCAVATING EQUIPMENT

Each of the three excavating-equipment companies surveyed manufactured
power shovels, and ooe also praduced locamotive cranes.
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The sales of power shovels and locamotive cranes to the lumber industry
account for only a small proportion of the total sales of excavating
equipment of the three companies. Their total sales, however, comprise
a larpe portion of the.total producticn of this type of eguipment. They
represent between 33 and 61 percent of the total volume of production of
power shovels and locomotive cranes (see table B-6).

Repairs and resales make up a considerable portion of the sales of two
of these companies; for the third, available data cover only new units.
The Census of Manufactures normally includes in its detailed production
tables only new units and parts, listing receipts for repair work sep-
arately. It is therefore likely that the percentages shown in table B-6
are inflated.

The total-sales series was partly estimated. For one company the 1936
data were obtained for only 9 momths; figores for the last 3 months were
estimated on the basis of the monthly average for the first ¢ months.
For apother company the figures_fcr 1920 and 1936 were estimated on the
basis of the ratios in 1gz:x and 1535, respectively, of the sales of this
company to the sales of the other two.

Table B-1.- FALUE OF EALRS OF WOODWORKING MACHINERY
BY BEVEN CONPAXIES, BY TYPFE OF EQUIPMENT, 1920-38°

{Thousanda of dollars)

Planing-mill
Year Total Sawmill { hefvy Planing and
; . £inishing) woodworking
1620 8,803 2,843 esi 588
iezi 2,089 1,870 344 a7s
1822 2,454 1,308 438 506
1823 a.318 2.108 aig 581
1824 8,301 2.081 s92 618
1825 Z,387 1,280 489 618
ig28 2,853 1,648 471 534
1827 1,808 1,038 a2 454
1828 1,587 833 . 328 329
1828 1,858 1,222 344 . 380
1830 1,161 731 230 200
1831 555 324 115 116
1832 230 ' i26 39 85
1833 338 isa 114 a8
- 1834 401 253 107 41
1835 816 303 183 48
1938 807 628 208 . 78

‘Fﬁ!‘ definition of specified Lypee of machinery see pp. ise-3.
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Table B-§.-~ VALUE OF TOTAL BALES AND SAMPIE BALES
OF WOODWORKING MACHINERY. 1088-33

Parcent
b
Sales of seven cobbanies” |.¢ 4ota]l sales mccounted for
Total salas® {thousands of dollars) by aample sales of -
Year | {thounands . Gawmill
of dollers} | sawmiil Planing-mill Sawmill | and planing-mill
machinery | {Be8V¥ Tinlsbiog}| pachinery® |theavy finishing)
pachinary mnehiaery‘
jg2a £.440 839 825 - 88.2 51.6
1829 2,540 - 1,222 344 48.1 81.7
1880 1,808 731 230 45.5 39.8
1931 7eQ 824 115 42.8 57.8
i932 2061 ize 38 48.8 83.2

%% H. Dlliingimm, Repert o6 NRA Pre=Code Labor and Praductics Statistics (MNational Research Projest
memoTANMUR, (@36, Dasdd on XRA Il1le materials),

"mn B-i.

Srne meriss preasntsd may not ba strictly comparable. It 1a not Xnowa whsther Che ¥R flguras
include maies of DATLS ARd rspeirs: sxcepl fof Two of Lhs Seven companies, auch ssies ars act
included in Lhe asRple saries, ThHe DETCANtAges MAY LhensfoTd UNAGTALALE OF OVersiate the caverage

Table B~J.- VALUE OF TOTAL PRODUCTION AND SANPLE SALES
OF WOODWORKING MACHINERY. -1025-35

Value {thousants of dollars} of = Percent
Year Rucompany ssles
Total productien® of f::’:: :::;:niesb sre of total production’”
1820 D-ka. 8,508 -
1821 (a3} 3,518 -
ise2 n.S. T 4,064 -
1923 ta} 5,864 . -
1924 Baks 5,108 -
1828 49,881° 4,112 a.2
ig2¢8 B.8. 4,320 -
1827 37,213 3.05¢ 8.2
1928 n.8. 2.789 -
1920 41,827 3.822 7.8
1830 N.Bs 2,165 -
1881 13,9682 1,000 7.8
1582 Hedie 471 -
1988 8,717 ~ 588 8.6
1884 .. 784 -
18358 15,883 843 3.4
1538 Dk 1,708 -

Lraciudes ¥0oONOTKIAE WACHITery and WOGIWOPKIDg DOWST-saw blades. Dats for 1625-£0 from Piffessth
fanzuy of the Onited Stales: QB0 *Manufactures: 829" (U, 8. Dept, Com.. Bur., Cansys, 1§33},
1¥, W79, 1302; dals for 1851 froa Jensuy Monufactures!: 851 (. §. Dept. Com., Bur, Census,
1855}, pp- 820, §OB: dala for 088 snd 1935 Irom same, I&RY (1958). pp. 931, 1688,

Bﬁwtiu U088 SA18E.

Sras Conrus of Manufoctursz production f!sm'n normally vefer to new units and DATLE] Tecelpis Tor
Tepir work 70 Iisied npnuly The 7T-CORPANY zeries Tepresenls gross sales and includes Insep~
ATALLE itemd fOr PATL3 ERd TEgRITR. althmsi recelpls Irom repeive comprises & smell bul lndeisr-
wﬁgw‘xm of the tolal fof Teskils &hd DATLE. it la likaly that Che pe ara s T

ﬁ?iﬂﬂ"i 100 wOOIROTELRE MSCHISATY sOly are S25,682,000 for 1921 and $44,447,000 for 1823, No effort
M|: WA to ATLrepCists fligures for woddworking pamsT—sax bladss &8 was 4ane 1o the case of 1025,

*sete for moodworking powsr—saw Blagss ware not raported for 1986. The valus was estimated By
muiliplying the valus ol woodworking machinery in 1885 bF the 1887 retic of ths wvalue of woondworking
power-gan biades Lo Lhe walue o woodeqrking mechinery.

B.4. Dota 2Ot svelisnle,
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Table B-4.- VALUE OF SALES OF LUMBER CARRIERS, 1¢20~36°

Year Thousands of dollars Year Thousands of dollars

iez2¢ 236 igzo 508
1821 109 1830 £51
1g22 2909 1881 ims
1623 _ 589 1832 83
1924 447 1883 123
1925 437 19534 i78
1926 555 1835 3688
1827 398 1836 8o
1928 410

%pata Tefsr to sales by the gnly thres manufacturers of this equipment at the $ima

of the survey,

Sales to retail and wholesale diatridutors of lumher ars included,
a5 1s the szall volume of salss to otber indusiries.

Table B-3.- VALUE OF BAIRS CF LOUGING ARCHES AND TRACTOR BOISTS
BY TWO COMPANIES, 1930-38 '

{Thousands of dollars)

Logging Tractcr Logging Tractor
Year arches hoists Year arches hoists
1828 85 458 1833 21 85
1830 83 280 1834 81 188
1831 i9 128 1835 108 362
1832 20 k) 1836 188 601
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Table B-f.- VALUR OF TOTAL PRODUCTION AND SALES
BY THREE COMPANIES OF POWER S8HOVELS
AND LOCOMOTIVE CRANESB, 1019-38

Value of sales by three companiesa
Yalue of Total® To lumber industry®
total pros
-1
Year duction Thousands | Lercent Thousands
{thousands of of value of Index
of dollars) | y.317ars of total dollars (1925=100}
productlion

1919 15,2689 n.s. - B.a. -
igeo 1 B . 14,478° - 245 121.9
1921 15,887 5,422 4.2 o7 48.3
1g22 BB 8,074 - 218 .108.5
1823 29,z20% 14,112 48.3 450 223.9
1924 Bea. 11,6848 - 187 93.0
1925 32,835° 12,547 38.2 201 | 100.0
1028 N:Be 13,005 - 158 78.6
1927 38,4947 12,742 33.1 142 70.8
1828 f. g, 14,878 - 166 7.5
1829 49,301 18,952 84.4 111 55,2
1030 n. e, : 5,541 - 89 54.8
1931 20, 442 8,183 40.0 25 i2.4
1932 a8 8,507 - 15 725
1933 5,085 3,108 81.0 0 0
1634 P 4,568 . - 24 1.9
1935 13,285 8,282 47.3 o 0
1536 a. 3. a,218* - 86 82.8

2Based on Census o Kancfactures: 1925 {U. 8. Dept. Com., Bur. Census, 1828},
D« 1034 21§29 {1033], 1I, 1099; and 1§35 (1938}, p. 1076.

Data are from NRP machinery-msbufacturers survey and cover two companies manhu-
facturing powsr shovels and gne conpany manufaciuring doth power shovels and
igeomotive cranes, Data for the latter company are fOor new units only ino repairs
or rebullt squipment). Data for the former companies inciuds repsirs and ressles,
In the case of one, about 70 percent of Lhe ssies represented ssies of new units,
about 20 percenl represented resales, and about 10 percent represented parts.
In the cass of the Other, aboutl one=-third representad repairs.

SIncludes complate units only. GSome rebuilt unite may be included. The tompany
manufacturing both power shovels and locometive cranes agld only the latter to the
lumber industry.

c‘Bata for locomotive cranes were not reported for 1819, 1921, and 1823. Values
wers esiimated by multiplying the value of power shovels in thess years by the
1826 ;stlo Of the valus of losomotive cranes {see ftR. I} to the value of power
shovels.

°Parl:1y estimated.

rcrml.er and locomotive eranes were reported in combination in 1885 and 1827. The
value of locometive crenes only was estimated on the basls of the 1629 proportions,

f.8. Data not availsbls.



APPENDIXZ C
DESCRIPTION OF DATA FROM WEST COAST DIRECTORY

The West Coast Lumberman, a trade publication of the Pacific Coast
lumber indistries; has published pericdically its Fandbook and Directory
of the Nestern Timber Industries. The sections on the lumber industry
contained information for conscerns Operating logging camps and sawmills
in each of the various localities.!

NATURE OF THE DATa

Many of the concerns listed reported their approximate daily capacity
and the nature of their principal items of equipment, Iz a comsiderable
number of instances the number of items of eguipment was also reported,

A particular virtue of the directories as a source for equipment data
is that they cover a large number of coperations. The 1g3s—36 directory,
for instance, listed 1,477 Pacific Coast operations.® The number of
Pacific Coast mills reported by the Census of Manufactures for 1935 was
only 1,090.% This difference may be explained only in part by the fact
that the census figure does not include establishments whose products
for 1935 were valued at less than $s,000.

The 1933, 1935—36, and 1937 editions of the directories were used as
the basis for tabulations designed to indicate technigues utilized by
Pacific Coast logging camps and sawmills. According to the publishers
of the directory, the raterial in the 1933 and 1937 directories was col-
lected during the early months of the date year and the late months of
the preceding year, The publishers did not specifically state the period
during which materials for the 19335-36 directory were collected, and it
was assumed that this material was collected late im 1935 and early in
1636. The data from these directories were therefore considered to refer
to the years 1¢33, 1935, and 1937.

Unfortunately, reports for many of the operaticss did not contain in~
formation on equipment. Since there is evidence to imdicate that reports
for smaller cperatians were considerably more deficient in this respect

18m concerns had establishments in zeveral localities and were atcordingly 1listed
in sach. In such cases the varicus establishments were consldered to be separate
operations and were s0 trested in tabulatlons based of the diregtories.

2‘I.{xgsins 28mps and sawmills were counted as separate operations unless they were
oparafed Dy the same concern in the same locslity, In which case The sawmill and
ita logging camp were counted as & single gperation.

Spemsus of Namwfactures: 1895 (U. S. Dept. Com., Bur. Census, 10658). D. 476.

170
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than reports for larger operations,* equipment data for operatioms of all
sizes would therefore be of doubtful significance, In individual size
groups, however, this source of distortion is minimized, Because many
reports also failed to indicate the capacity of the operation, a large
proportion of the operations had to be excluded from the tabulatioms.®
Another reason for the excliusion of a pumber of cperatioss from the tab-
ulations was that reports in earlier directories were less detailed than
those for 1937 this could be offset oaly by including in time campari—
soms those operations for which adequate reports were available for 1933
and 1937 and for 1936 and 1937.

DEBCRIPFION OF THE TARBULATIONS

Logging Campe

In order to determine changes over time and differences betlween camps
of different size with respect to log—yarding equipment of Pacific Coast
camps, a4 tabulation was made of operations reporting such equipment.
Because -operating conditions differ according to size, camps included
in the tabulations were separated into five size groups, which are based
" on reported daily capacity.® Copparisons were made for each size group
between 1933 and 1937 and between 31936 and 1937, In order that dis-
torticn due to incomplete reporting might be avoided, the only camps
included in the 1933—37 comparisons were those which reported for both
years the type of log-yarding eguipment in use. Carmps which failed to
report oa the zumber of units in use were included, for the tabulation
was intended to indicate, for each of the two years, how many camps used
donkey engines only, tractors omly, or both. The size growp to which
a camp was assigned was determined by the daily capacity reported for
1937. Where the 1937 estimete was not available, the 1933 estimste was
used. Where peither was available, the camp was not iscluded in the
tabulation. The procedure followed for the 1933—37 comparisons was also
followed for the 1936-37 comparisons, Because a number of the camps for
which adequate 1937 reports were available could mot be included in the
1633-37 Or 1936—37 comparisons, a separate distribution by size of camp

4500 De 175.
varicus tabulations are deseridbed in the folloming sectlon,

reported size of an operastion is based on the owner's estimete of the daily
eapacity of his operation. 5ince dirffering criteris may have bDeen used by the
various Osners, the meaning and comparablility of these estimates are open LO sOome
quealion, A number, of Lhe opeTetlons wers covered II the WRP-NBER logging—tamp
and sawmlll survay, and estimated daily cepscities as reported Lo NRP-WBER fleld
agents ere guite similar to those publishad In the directorles. The similarity
suggests that the estimates In the directorlies are carefunlly conaidered ones.
In any event, Lhe figures as published are probably sufficlently agcurgte to show
g;narsng tha differences in equipment associeleq with aifferebfces in sise
ef operstigns.
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and type of log-yarding equipment was mede for all camps whose 1937 re-
ports were sufficiently detailed to permit this. The results of the
log-yarding tabulatiom are presented im table C-1. State break-downs
of the 1937 distribution are shown in table C-a.

A tabulation similar to that for log-yarding equipment was made for
log~hauling equipment [locomotives and trucks). The results are pre-
sented in tables C—3 and C—.

A construction-equipment (bulldozers and power shovels) tabulation,
shown in table C—s, was also made, In this tabulation, however, no ef-
fort was mede to make camparisons over time, and the data refer to 1937
only. Furthermore, the basis for selection of camps to be included in
the tabulation differed. It was believed that all camps reguired log-
¥arding and log-hanling eguipment, and therefore differences in tech-
nigues conld be indicated by differences in the types of equipment in
use. Not all camps, however, have need for cosstruction eguipment of
their owt, and a different criterion was sought for inclusion of camps
in the construction-equipment tabulation, The criterion selected was
completeness of reporting; the test for this was: did the camp report
adequately on the type of log-yarding or log-hauling equipment used?
Thus the "Number of camps reporting" im table C-g includes all camps in-
cluded in the distributions of "All camps reporting ia 193%" as shown
in tables C-1 and C-~3.

It should be poted that the changes ¢ver time showm by this series of
tabulatiops, based as they are on groups of identical companies, my be
somewhat biased. It was not possible to trace changes in owmership of
the camps, nor was it feasible to trace changes in location. Thus the
groups of camps are identical with respect to ownership and location as
well as completeness of reporting. Suchk camps are likely to be more
stable than the average in terms of the length of the period of cutting
at a single location and are therefore likely to employ methods which
are somewhat different from those employed by camps whick move frequently.
This applies particularly to the methods used for hauling logs.

4t should be recognized, furthermore, that changes in techniques over
a period of time for the Pacific Coast as a whole are likely to be min-
imized by a consideration of data for identical camps, for new camps are
likely to employ sew techniques.

Another series of tabulations was made. This series'is concerned with
the nurber of units of particular types of eguipment in nse rather than
with the sunber of camps using them, There are three tabulations in the

*



APPENDIX C 173

series dealing, respectively, with log-yarding, log-hauliag, and coa-
struction equipment, No distinction is made between units used in small
and large camps. In this series, as in the preceding one, data for 1933
and for 1936 are separately compared with data for ig37.

In the tabulation dealing with log-yarding eguipment the number of
donkey engines and the number of tractors used by a group of camps in
1933 are canpared with the nurber of each used by the same camps in 1937.
_ Data used in the tabulation are for those camps which reported on the
number of units of log-yarding equipment and on type of log-hauling
equipment in both years.” Failure 16 report on daily capacity did nmot
comstitute grownds for exclusion, The description of the 1433—37 com-
parisons also applies to the 1936-37 comparisons. In addition to these
camparisons over time for groups of identical camps, the number of donkey
engines and the number of iractors used by all camps which had suffi-
ciently detailed reports were counted for 1936 and 1937. The results of
this tabulation are presented in table 8,

Similar tabulations were made for log-hauling equipment (number of
. trocks and railroad mileage) and construction equiprent {(mumber of power
shovels and number of bulldozers}: these are shown in tables g and 10,
Because of the fact that bulldozers were not istroduced in Pacific Coast
logging camps uatil 1932, adeguate data for 1933 could not be obtained;
the 193337 comparison for bulldozers is accordingly amitied from ta~
ble 10. The criteria uvsed for selecting camps to be included in the log-
yarding tabulation were used in the case of the log-hauling tabulatios,
In the case of the constructioneguipment tabulation, however, some mod-
ification was necessary because of the fact that not all camps teeded
construction equipment of their own. Cemps included in the comstruction
tabulation were those which reported the types of log-yarding or log-
hauling equipment in vse in both years; thus the camps included in the
constraction tabulation {table 10} include all camps included in either
the log-yarding or log-hanling tabulations {tables 8 and gi.

The changes over time indicated by this second series of tabulations
for logging camps, being based on the experience of identical camps,
are subject to the kind of bias discussed im conpectioa with the first
series. Unlike the first series, which deals separately with camps of
different size, these tabulations are subject 10 bias introduced by the
relative overrepresgntation of the larger carps.
7such eamps are belisved to have reported fully on type of equlpment. Acocordingly, -
& camp mhich 414 not report ai all on a given Lype of yarding equipment for ocnme of
the Iwo years was assumed to Dave used no units of that type of yarding equipment
io thad year, and daisa for the camp were imeluded in the tabulatlon. However,

& Camp LRSI reported the use of § given type of yaraing sgquipment without spegify—
ing the number of units in use wes 2ot included.
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Sawmmills

Information appearing in the 193536 edition of the directory was used
in order to distribute sawmills by type of headsaw used {band saws caly,
circular saws only, or both) and by type of power used {steam only, elec-
tric only, or both).® These distributions were made separately for each
of the five size groups.®? All mills which indicated the type of headsaw
used were included ia the type-of-headsaw tabulation provided that they
reported also their daily capacity. Similar criteria were used for the
inclusion of mills in the type-of-pover tabulation. The results of these
tabulations are presented im table C-6.

Table C-y presents the results of a third tabulation of sawmill equip-
ment. This tabulation was made by counting the mamber of mills which
reported using specified types of equipment. As in the case of the other
two tabulations, the mills were assigred to their appropriate size class;
where this could not be done, the mills were not counted. The first line
of figures of table C-7 indicates the total number of mills reporting on
any type of sawmill equipment in uwse and om daily capacity.

COVERAGE OF THE TABULATIONS

Indications of the extent of the coverage of the tabulations of logging
camps according to types of equipment in use are given in table C8. In
table C-g are given similar figures for the tabulations on aumber of
units of such equipmeat. Table C~10 gives the coverage of the type—
of-beadsaw and type-of-power tabulatioss for sawmills. The measure of
coverage used is the percentage that the number of logging camps or saw-
mills used in a given tabulation for a given year is of the total number
of logging camps or sawmills listed in the directory for that year.

With respect to the tabulations of logging camps reporting type of
equipment in use, 31 10 37 percent of the camps in the 1933 directory
were included in the tabulation. Of the camps listed in the 193536 di-
rectory, a¢ t0 39 percent were included in the tabulation. Of the camps
in the 1937 directory, 43 to 56 percent of .the camps reported in suffi-
cient detail to permit their inclusion ia the distribution mede for 1g37.

Corresponding percentages for the tabulations dealing with the mumber
of logging-carp equipment units in use are as follows: a4 to 27 for 1933,
»
az to a5 for 1935-36, and s8 for ig3v.
8un sxamimation of deta for ather years indicated that changes in sawmill aquip-

ment over the perlod of time covered by the avallabla directorlies (1933-37) were
not of sufficient magnitude Lo warrant separale tabulaliong for esth year.

93&8 ftn. 8 of this appeddix.
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The type-of-headsaw tabulation for sawmills covered 46 percent of the
sawmills listed in the 1g35—6 directory; the type-of-power tabulation
covered 38 percent.

The State distributions of the lopging camps and sawmills included in
the varicus tabulations were reasonably similar to the distributions of
all listed logging camps and sawmills. This may be scen in tables 08 10
C-10, which present also the State coverages of the various tabulations.
It will be noted that California logging camps are relatively overrepre-
sented in most of the tabulations; Washingtom logging camps, on the other
hand, are least adequately represented. This situation is reversed in
the case of -the sawmill tabulation.

In order that the characteristics of operations which reported might be
compared with those of operations which did not report, special emumera-
tions were made of operatioms listed in the 193s-36 directory. Opera-
tions were separated into two classes: those which reported on capacity
and on same types of equipment and those which failed to report on ome
or both of these items, The first class iscludes operatioms eligible
_ for inclusion in ore or more of the tabulations; the second includes
operations which conld not bave been included. The two classes were sub-—
divided according to type of ownership - company, partmership, or im-
dividual. The numbers of operations in each class and subdivision are
given in table C-1.

Table C-1z presents a distribution of those operations owned individ-
vally or in partnership which were eligible for inclusion in at least
one of the tabulations. An examination of this table shows that an over-
whelming majority of the operations having such ownership are in the
smallest size class {daily capacity of 1 to 4¢ thousand board feet} and
are concentrated in the lower half of that size class. With put few ex—
ceptions, none of the operaticas distributed in table G2 hed a daily
capacity exceeding 100 thousand board feet,

An examination of data in table C-1: in the light of the data in table
C-12 suggests that & majority of those operations which conld not be in-
chded in any of the tabulations were in the smaller size groups. Whereas
only 21 percest of the operationms eligible for inclusion in the varicus
tabulations were owned individually or in partmership, g8 percent of the
iseligible operations had such ownership. It therefore appears likely
that the tabulations are appreciably more representative of the larger
cperations,



Table C-la= IUIB!R OF PACIFIC COAST LOGOING CAMPS REPORTING ON LOO-YARDING EQUIPMENT, BY DAILY CAPACITY
AND TYPR OF EQUIPMENT, 16838, 1038, AND 1037

b —
Duily ompacity (M ft. b. m.)®
Yenra 1--49 5089 100249 250-499 500 or over
and type of equipnent
Earlier Earllier Earlier Earlier Earlier
year 1937 year 1937 year- 1637 year 1037 year 1937
152 camps reporting in 1633
and 1937 22 22 25 25 53 53 3@ a8 16 18
Number employing -
Donkey engines only 14 12 20 18 22 13 18 14 12 7
Donkey engines and tractors 8 7 4 v 15 28 g 13 2 B8
Tractora only 2 3 1 2 18 15 8 9 1 1
266, camps reporting in 1936
wand 1037 Ba 26 52 52 85 as 45 45 18 18
Number employing —
Donkey engines only 468 43 29 23 22 19 18 18 8 7
Donkey engines and tractors 21 25 18 21 29 20 1w 19 8 9
Tractors only 19 1e 7 8 14 17 9 10 2 2
All camps (409) reporting 1n 1937 e 134 - g1 - 10% - 54 - 21
Number employing -
Donkey engines only - " - ae - a2 - 20 - 8
Donkey engines and trsctors - 33 - 38 - 45 - 24 - 11
Tractors only - 33 - 17 - . 80 - 10 - 2

Scapacity in 1987, Wnere thig was not availabla, capacity {n the "earlier yoart wes used.

24T
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Tabls £-3.- NUMBER OF FACIFIC COABT LOOSING CAMPS AEPORYING
OF 106-YARDING EQUIPMENY, BY DAILY CAPACITY, BYATE,
A¥D TIPE GF EQUIPNENT, 1937

Patly capacity in 183%
State {§ ft. b B}
and type of eguipment 500
. 1~-48 | 50-59 |100-245| 250-498] .. oo
Californis camps
(84} reporting 22 8 22 ) 2
F¥umber employing -
Donkey engines only i 2] 1 1 4]
Donkey engines and tractors 8 4 i0 Q 0
Tractors only 15 3 11 2 -4
Oregon camps
{201) reporting -xd 85 54 24 1
fumber eaploying - )
Donkey sngines only 48 24 12 8 1
Donkey engines and tractors | 10 23 28 i1 g
Tractors only 11 8 13 7 [+
Hashingtén canps
{144) reporting 47 27 31 21 18
¥umber employing -
Donkey engines only 23 i5 is 13 7
Donkey engines and tractors 1?7 B 8 7 i1
Tractors ooly 7 4 a 1 0




Table C-~8.-~ NUMBER OF PACIFIC COAST LOOGING CAMPS REPORTING ON LOU-HAULING BRQUIPMENT, BY DAXLY CAPACITY

AND TYPE OF EQUIPNENRT, 1033, 1036, AND 1087

|

Dally eapacity [M ftu by m)®

.ﬂ

Years 1-49 5006 1W00-249 250--400 500 or over
and type of equipment
P e Earlier Earlier Earlier Earlier Earlier
year | 1087 | gear | 1937 | year | 1937 | year | 1937 | year | 1937
128 camps reporting
in 1933 and 1837 9 ) 21 21 49 49 B84 d4 15 15
Number employing -
Locomotives only B 5 17 13 48 as 33 a0 156 14
Locomotives and trucks 0 1 1 2 2 10 1 a 0 1
Tfrucks only 4 3 3 8 1 4 (o} 1 0 0
197 camps reporting *
in 1938 and 1937 40 40 33 a3 o2 a2 44 44 18 18
Number employing -
tocomotives only 8 8 19 14 51 a8 44 38 18 17
Locomotives and trucks 3 1 1 a 2 10 +] B 0 1
Trucks only 29 Fea 13 16 8 14 0 1 o) o}
Al1l campa (349) reporting
in 1037 - 102 -~ 78 - 102 - 50 - 20
¥umber employlng -
Locomotlives only - 7 - 20 - 49 - 44 - 18
Locomotives and trucks - 2 - 4 - <19 - ] - 2
Trucks only - 03 - 51 - B4 - 1 - (v

XYISNANY ¥99WAT FHI KI NOILVZINVHOAW

8300 table C-1, ftr. a.
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Table C=-4.- NUMBER OF PACIFIC
GX LOG-HAUVLIRG EQUIPMEXT,

AXD TYPE OF EQUIPMENT,

178

COAST LOGQING CAMPE REPORTING
HY DAILY CAPACITY, STAIR,
1857

Datly capacity in 1837

State [M ft. be m«}
and type of squlpment 500
1-48 | 50-00]100-249) 250~-4981, . gver

California camps {58] reporting 18 8 21 9 2
Humber employing -

Locomotlves only f¢] i iz 7 1

Locomotives and trucks 2 o 2 2 1

Tracks only 18 7 7 0 o

‘Oregon csmps {189) reporiing 51 44 52 21 1
¥umber employing —

Locomptives only . 2 12 23 i8 i

Locomptives and trucks - & 2 i1 4 [+4

Trucks only 4% 30 i8 1 3

ﬁashingmn' camps (122} reporting 33 1 23 28 20 17
Sumber employing —

Loaconnilves only 5 7 14 20 ie

Locamotives and trucks e 2 ] 0 1

°  Trucks only ’ 258 14 e o L¢]

Table C-8.=- NUMBER OF PACIFIC
CONSTRUCTION EQUIPMENT,

COAST LOGGING CAMPS REPORTING
BY DAILY CAPACITY, 1987

Daily capaclty in 1837

(M £5. ba m.)
Type of equipment 200
1-48{50-80 (100-240 | 250-498 .. syer
Nasber of camps reporting 187 85 106 58 21
Number of camps reporting
bulldozers 7 31 55 22 11
Percent of total number
of casmps 4.2 | 32.83 50.§ 4.0 52. 4
Number of bulldozers reportsd® 7 s1 84 28 24
Average number of units
per cusp reporting
bulldogers 1.6 | 1.0 i.2 .8 2.2
Nunber of camps reporiing
power shovels s a 51 42 18
Percent of total number
of camps o] 8.4 48.8 7. & 85.7
Number of shovels reported® - - &g 76 84
Average humber of units
per camp reporting
shovels - 1.2 1.4 1.8 3.8

‘13%1’1’!:'; from dats in tadle 10 [P E1} IR thAT eguipmeni ussd by campe which 4Id Dot repertc

4aiiy capaciiy ia mot Included Jn This tadle
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Table C-8.- NUMBER OF PACIFIC COAST SAWMILLE REPORTING ON TYPE
OF HEADBAW AND TYPE OF POWER, BY DAILY CAPACITY
AND TYPE ¢F EQUIPMENT, 1088

Dally capacity in 1936

Type of headsaw (M ft. b. =.}
or type of power =00
1-49 | 50-80 | 100-248 | 250-498 [y p gver

Mills reporting on itype

of headsaw £80 87 127 24 11
Number employing - ’

Pand saws only 30 50 1G5 22 10

EBand and circulsr saws 4 X 8 o i

Circular saws only -1 246 3e 18 2 2]

Mills reparting on type

of power | 208 8s ii8 23 8
Number employing - )
Bteam power only i72 as 28 5 o
Stiean and eleciric power 13 18 568 io 8
Electric power only 24 15 a3 8 1

Table C-7.~ NUMBER OF PACIFIC COAST SAWMILLS REPORTING
SPECIFIRD TYPE OF EQUIPMENT, BY DAILY CAPACITY, 1038

Bally capacity In 1638
fﬁ . B. E;}

Type of equipxeﬁt

500
1~-45 50~58 | 100-240 | 250-488 |, qvar
Number of mills reporting
on egulpment® 288 94 183 25 11
Number employing -

Bang saws 3 10 28 13 8
Planing mills is7 73 118 24 i1
Lath mills is 23 81 is 8
Pry kilns bo1.3 28 87 25 10
Shingle nills 18 - is 4 8
Box factorlias ii 9 18 8 1
Machins eshops s 24 ez ia 10

SIrslutes kills fmoluded slaswhers in this tabls or in table C-€.
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Table C-8.- COVERAGE OF PACIFIC CCGAST LOGOING-CAMP TLBB{A!IOK:
REFERRING 70 TYPES OF EQUIPMENT IN UBE, 1833, 1638, AXD 1837

Total Number of camps Camps in tabulation
Yaar number in tabslation® as pereent of total
and State | of | 44 Log |Comstruo-| Log Log [Comstruce
eamps”lvarding jhauling] tion |yardingihauling{ tion
14813, total 413 152 128 £d) 38.8 31.0 ~
Californla 73 31 27 {d) 42.3 37.0 -
Cregon 182 65 45 {4} 35.7 28. 4 -
Washington 188 Se 53 {d) 5.4 33.5 -
1938, totisl &80 288 187 {4} 38.1 28.0 -
California 87 48 35 {g} 52.9 43.2 -
QOregon 272 i21 ga {d} 44.5 az. 4 -
¥ashington 321 14 T4 {d) 30.8 23.1 -
1837, total 805 409 343 447 50.8 43. 4 55. 5
Califorsis | 103 84 g8 [ %0 8z.1 | 56.3 83.0
Oregon 74 201 188 216 58.7 58.2 7.8
MWashington 328 144 iz22 181 43.8 37.2 49.1

*Figgle: ars for all camps, whaihsr repsried a3 opsrated separately or i{n gonjunction with
SAVE . -

"sn camps listed in the respactive directorisa.

. SThe 1033 figures includs ohly camps thsat reporied adsquately on ths specified types of
squipment for 1687 sa well a3 1033 and Oh gaily capacity Ier 1933 or 1687 the 1938 [igures
include only cmmps which reported fo a similarly sfequate fashiorm for 1638 and 1637. Tha 1937
figores, however, include sll camps which reported ategquately for 1937, .

G’!‘ﬁmhtiw not made for this yewr.

Table C-9.- COVERAOE OF PACIFIC COAST LOOGING-CAMP TABULATIONS
REFERRIRG T0 NUMBER OF BQUIPMENT UNITS IN USE,
1829, 1838, AND 1837°

Total Number of camps Camps in tabulation
Year number in tabulation® as percent of total

and State of o OB Log¢ |Comstruc-| Log icg |Comstrue—
C8mPS | yarding| hauling| $ton  |yarding]hsuling] tion
18835, total 413 108 100 i1l 25.7 24.2 28.8
California 73 23 243 23 80,1 27.4 .5
gregon ie2 4C 37 41 22.0 20.3 22. %
Washington 158 44 43 47 27.8 27.2 29.7
18388, ‘ﬂotl; &80 168 148 72 24.4 21.8 25. 3
California| a7 as 81 38 4.2 ] as.e 40.2
gregon 272 a8 38 71 25.0 21.3 26,1
Washington a1 a3 80 a8 18.8 8.7 20.8
1887, jotal 805 400 488 \PY 58.3 58. 3 55. 8
Californis | 109 77 77 T 74.8 F4.8 74.8
Oregon 874 287 227 27 3.7 80.7 0.7
Washington 388 183 163 183 5. 3 5.3 .3

Srigures are o> sll Camps, WhetDeT repcried separstely or in conjunction with sammills.

All oamps listed In the respective dirsctoriles.

%ene 1988 figures Intluds only tampa Chat reported adequstaly of the Dumber of units of tha
apseiflsd Lypoa of egQuipment for :GE7 28 well a5 1953; the 1038 figurss Include ¢nly Cawps

whiich reported in a almileriy adequate fashioch for {5964 and 1087. The 1937 figures, howaver
inciude &1l caxps m2ich reported adequately for 1687, i '
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Table C~10.- COVERAGE OF PACIFIC COAST BAWMILL TABULATIONS
REFERRIRG TO TYPES OF EQUIPMENT IN USE, 1086°%

Number of mills |Mills in tsbulation
Total in tabulation® |as percent of total
State number
of mills® | T¥pe of | Type of | Type of | Type of

headsaw | power headsaw power
Total 1,139 529 428 46.4 a7.6
California 288 82 78 38.5 Ba. 5
Oregon 492 217 188 44.1 34.1
Washington 414 220 18z 83.1 44.0

ai‘lma are for all mills, whether reported as operated saparetely or In conjune-
tion with logging <amps.

PAIl mills 1isted tn the 198536 directory.

Sa11 mi111s reporting adeguately on type of Resdsaw of power ussed In 1938 and on
daily capacity in 18386.

Table T-11.- DISTRXBUTION OF REFORTING AND NOXREPORTING
PACIFIC COAST OPERATIONS, BY TYPE OF OWNERSHIP, 19968°%

Type of Reporting Ronreporting
ownership Number Percent Number Percent
All operationsb
Total 864 100 783 100
Company 546 78 331 42
Partnership a5 8 144 19
- Individual 83 iz 308 33
Logging camps
Total : 442 106 238 3100
Company 339 77 110 - 48
Parinership e i1 43 18
Iadividual 53 iz 85 36
Sawmills
" Totsl 587 100 552 100
Company 484 % 228 T 41
Partnership 55 g 01 i8
Individual . 88 ) iz 223 41

L freporting® opsration 18 one which reportsd on capacity and on some items-of
aQuipment; & *noAreporting? operation is ona which faljed to Ieport on one O Both
of thase itams,

bl.&gsms carps and sswmilis operated In tonjunction with each other are sonsidered
& alingle operstion for purposas of thisg table., Of the reportiing l083ing camps,
838 wsre operated 1n conjunction with sawmills; of the logging camps for which
thers wels no reports, 7 were operated in conjunction with sswmills.



APPENDIX C 183

Table C-318.- DISTRIBUTION OF REPORTING PACIFIC COAST OPERATIONS
OWNED INDIVIDUALLY AND IN PARTWNERSHIP,
PY DAILY CAPACITY, 1s3a

Type )
of ownership }4ll operatin—nsh Logging camps Sawmills
and
daily capacity
{M ft. b. =:.) | Number] Percent { Number | Percent | Number ;| Percent
Individual 83 100 53 100 a8 100
1- 24 50 ed 28 4% 44 85
25— 4% 28 31 21 40 21 a1
50- 74 3 4 3 5 1 h 3
#5-100 8 4 2 4 2 3
Over 100 i 1 1 2 o o
Fartnarshlp 8s 150 50 180 535 100
i~ 24 38 51 25 50 k2 ] 58
25— 4% 20 31 13 26 ig ] 33
50- 74 - 14 8 18 ] 5
75-100 | 4 3 8 2 4

© "Sae table O-11, ftn. a.
U5ee tebls C-11, ftn. B,



APPENDIX D
DESCRIPTION OF DATA FROM SOUTHERN FOREST SURVEY

The McSweeny-McNary Forest Research Act of 1928 authorized the Toited
States Forest Service to conduct a Nation-wide survey of forest resources.
The findings of the Southern Forest Survey, which was conducted pursuant
to this act, represent the most camplete and detailed body of data avail-
able regarding the southern lumber industry. Through a cooperative ar
rangement the Forest Service made some of these data, collected in 1934,
available to the "Studies of Productivity and Employment in Selected In-
dustries" section of the Natiomal Research Project, The data were sup-
plied in the form of a special, unpublished report dated November 1, 1936.
Later the Southern Forest Experiment Station supplied tabulation sheets
of the Southern Forest Survey cm types of equipment employed. |

The territory covered by the survey is shown in figure D-1. It includes
the Gulf States {Alabama, Florida, Louisiana, and Mississippi}; Georgia;
the most important pime-forest regions of Arkamsas, (klahoma, asd Texas;
and the Delta hardwood-forest regions of Arkansas, Kentucky, Missouri,
and Tennessee. A small section of South Carolina is also included.

Operations of different sizes employ different technigues. For in-
stance, about half of the mills having a daily capacity of 20 to 39 thou-
sand board feet and practically all mills having a lower daily capacity
may be considered to be portable mills. However, same of the very small
sawnills are permanent neighborhood mills attached to plantatioas or do—
ing local custom sawing. On the other hand, all of the largest sawmilis,
those with a daily capacity of go thousand or more board feet, may be
considered stationary. The mills surveyed were broken down imto five
size groups, and separate data are presented for mills in each group.?

Ia addition to bresk—downs by size, break-downs were also made accord-
ing to the species of lumber comstituting s percest or more of the pro-
duction of the particular mills in 1934, the year of the survey. This
latter break-down comsists of three categories: pine, hardwood, and
cypress.

13150 e¢lasaifications sre based on rated ospacity in thousands of board fest per
10=hour day, The capaciiies reported for esch mill were frequently based on an ar-
bitrary estimate made Dy the sawmlll OpeTator, These estimates may be subject to
considerabls orror and may, furthermore, be based om differing e¢riteris. Thus some
operators undsrestimated capacity by quoting the cut under 1834 conditlons, whersas
Others overeatimated capacity by reporting the cepacity which the operstions might
havs had forMerly wWhen a favorsble timbel Supply #xisted, Although the divisica of
the mills into the apecified sizms group may not be alicgether acturals, 1t 1s never-

theless esufficient to differentiate in a general Tashion belwganm the praciicea
and szperlsnces of operatioha of differsnt sizeas.

184 °
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Figure D-1.- SOUTEERE FOREST SURVEY TERRITORY
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The Southern Forest Survey material has been used in this report iz
order to ¢btain infommation for southern operations on equipment in use,
unit labor requirements, and life expectancy of mills.

DATA OK EQUIPMENT IK USE

4 sample of 839 operations was used by the Scuthern Forest Survey in
order 1o determine the short-hanl equirment in use is southern gperations.
The operations were asked to supply information regarding the means of
transportation used to move logs from the stump to the begioning of the
long haul. The replies are summarized, by size of mill and predominating
species cut, in table D-1.

Infomation on equipmest used in the lomg haul was also cbtaimed in the
survey, in this instance from a sample of 862 operations. The sample
operaticns were asked to check blanks provided for the following items:
Team, truck, tractor, logging railroad, commos-carrier railrcad, barge,
and raft. They were also asked to specify and describe briefly any otker
equipment in use. The reports cbtained on loog-haul equipment are sum-
marized in table D-a.

The suorvey likewise sought information regarding equipment in use in
sawmills. A total of 901 southern mills checked one or more of the
following items: Band saw, circular saw, gang saw, resaw, planer, and
dry kila. The replies to this query are presented is table D-3.
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Data pmeﬁied in tables D-1 to D3 were obtained from the tabulation
sheets supplied by the Southern Forest Experiment Statiam.

DATA ON UNIT LABOR REQUIREMENTS

logging and sawing unit labor requirements of 65r southern operations
are presented in table D-4. Data are preseated separately for mills cut-
ting pine predominantly, for mills cutting hardwood predominantly, and
for all mills regardless of species cut. As in the case of equipment
data, separate figures are shown for mills fallisg imto one or another of
the different size groups.

Average unit labor requirements were calculated from informatiom ob-
tained from responses to several questioms. Operators were asked to
indicate the mumber of persons employed, either by the operator or his
contractors or jobbers, in the wood, in the mill and yard, and in office
or sales work. The operators were also requested to supply information
on the awmber of hours worked in the woods and in the mill, In additiom,
information on daily cntting capacity was reguested. These gueries were
to be answered on the basis of fall-capacity rather than 1934 operaticm.
Large mills were known to surface a much larger proportion of their prod-
uct than the small mills, Although labor employed in surfacing was in-
cluded in the reported totals, gperators were asked to supply information
on the proportion of the product surfaced. Responses to this last ques—
tiom indicated that about 80 percent of the outpat of the largest pine
mills - those which cut 40 thousand or more board feet per day — was sur-
faced; a much smaller proportios of the output of small pine mills and
of all hardwood mills was surfaced.

Concentration yards {mills that finish and market unsurfaced and fre-
quently usseasoned lumber cut by a number of small gperatioms) were oot
included in the survey.

Information on wnit labor requirements was comtained in the special co-
operative report supplied to the National Research Project by the United
States Forest Service. This report also contained information on umit
labor requirements in s8 operatioss in the Lake States. This infomation
is summarized in table D5 in comparison with data for the Southern Forest
Survey territory.

DATA ON LIFE EXPECTANCY OF MILLS

The information on life expectancy of mills presented in table 37% was
obtained from 8,486 operations. These cperations were asked how long a

23e¢ p. 120,
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lifetime they anticipated in the immediate vicinity of their 193y loca—
tica, Informatiom on 1935 output, rated daily capacity, sumber of per-
soas employed when Operating at capacity, and number of hours worked whes
operating at capacity provided the basis for determining the 1934 "em—
ployment® of individual mills. These "employment™ figures represent the
pumber of man-years of employment regeired to produce the 193¢ cuiput.
A man-year was arbitrarily assumed to be made up of 200 10-hour working
days.

Replies to the guestion o life expectancy represented, of course, the
operators’ best opinicms. In the case of a sumber of the largest mills
which were cutting virgin timber from their own lands the answers were
* definite and probably rather accurate. Answers from mills cutting rem—
pant old-growth stands, second-growth timber, and purchased tirmber were
often indefirite and at best were good guesses. Answers from portable
mills, which operate at each mew location om small stands and which fre-
guently compete with other mills im cutting these stands, are probably
rough guesses, The United States Forest Service has found that operators
are more likely to err is the direction of umderestimatiag the future
timber supply. On the other hand, the Forest Service has estimated that
southern mills were in geseral operating at about a third of capacity in
1534; Operators may have based their estimates of anticipated lifetime
in the 1934 vicinity on an assumed future extenmt of capacity utilization
varying fran the proportion of capacity milized in iqay to full capacity
utilizatioa.

The data in table 30, therefore, canm be used omly to indicate the impact
of timber depletion on the security of job temnre of workers attached to
southera mills., They cannot be used as a basis for determining employment
opportunities to be afforded by southern mills or unemployment resulting
from the cutting-oet of mills,

The source of the data oa life expectancy was a United States Forest
Service memorasdum to I. F. Bldredge, who directed the Southers Forest
Survey. A copy of this memorandum, dated December 2, 1936, was made
available to the National Research Project by the Forest Service.

ANALYSIS OF THEE BANPLES
Number of Mills

Table D-6 presents, for the southern forest territory as a whole, the
proportice of the mills in each size class covered by the varicus samples.
The equipment samples inclvded roughly 10 percent of all mills. In each
of these samples, however, a much greater proportion of the large tham of
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the small mills was covered. The samples of mills having a daily capac—
ity of at least yo thousand board feet were quite large, comstituting
more than 6o percent of all mills of that size. An adequate sample of
about 35 percent of the medium-size mills (those baving a daily capacity
of 20 10 39 thousand board feet) was obtained. The number of smaller
mills covered is large although the percentages which the samples camprise
of the totals are small. About 8 percent of the mills having a daily
capacity of 1o 10 1¢ thousand board feet are included inm the equipment
samples; the percentages for mills having a daily capacity of less than
10 thousand board feet are about half this magnitude. The very small
mills which serve neighborhood markets are inadequately represented in
the samples; however, the large mumerical represestation of small mills
tends to compensate this inadequacy.

The sample used for data on umit labor reguirements is samewhat smaller
than the equipment samples. Of the 8,702 mills in the territory, 651, or
73 percent, were included in the sample. In terms of size groups, g5 per—
cent of the large, 23 percest of the medium, and 4 to 5 percent of the
small mills were covered.

The life-expectancy sample covers g7; percent of the mills. Coverage
of each size group exceeds o5 percent and in one case (mills with a daily
capacity of 4o 10 7¢ thousand board feet] is as high as 100 percent.

Geographic Distribution

An analysis was also made in order to determine the geographic repre—
sentativeness of the eguipment and unit-labor-reguirement samples (table
D-71. The Souvthern Forest Survey territory is divided iasto four regions
{see figure D-1). The longleaf-slash pine region includes the area bor-
dering on the Gulf coast and Florida and comstitutes the core of the
paval-stores industry. The eastern pine-hardwood regiom encompasses the
porthern portions of Alabama, Georgia, and Mississippi; it comtains over
half the mills in the territory, but about ¢ percent of its mills have a
daily capacity of less than yo thousand board feet. The western pine-
hardwood region {western portions of Arkansas and Lovisiana and eastern
portions of Oklahoma and Texas) contains, op the other hand, nearly three-
fifths of the mills having a daily capacity of at least Bg thousand board
feet. The Delta hardwood region {eastern Arkansas and Louisiana, south-
" eastern Missouri, and westers Mississippi] has a larger than average pro-
portion of mills with a daily capacity of 4o 10 99 thousand board feet
but only ome mill in the largest size group.

Only 8,112 of the 8,70 mills in the Southern Forest Survey territory
could be distributed by regiom, but it is believed that these §,112 milis



APPENDIX D 188

truly represent the existing distributions. For purposes of table D7,
therefore, the regional distribution of 8,112 mills was assumed to repre-
sent the distribution of all mills in the territory.

Examination of table D7 reveals that the regional distributions of
the four samples are approximately the same within each size growp. In
general the regional distributions of all mills and of semple mills are
‘roughly similar. Pronounced differences in the regional distributions
occur primarily in size classes containing large numbers of mills. Con-
versely, total and sesple distribotions agree rather closely in the large-
size groups which contain comparatively small mumbers of mills, It may
also be recalled that coverage was greatest for large mills.

Because the eastern pine-hardwood region contains the largest propor—
tion of small mills, it is not surprising to finmd that this regiom is
relatively underrepresented in the samples. O the other hand the Delta
bardwood region, which has a comparatively small proportion of small
mills, is relatively overrepresented ia the samples.

Of the four samples, the regional distributions of the umit-labor-
. requirement sample coepare least favorably with the distributions for all
mills, regardiess of size group. In this respect it may be recalled that
the coverage of this sample was less complete than that of the others.

Speciss Cut

Sample mills in the varicus size groups were distributed according to
the species of lumber domisating the mills' ontpur {table D-8). Similar
distributions were made for 8,11z mills in the territory.? Comparisons
revealed that the distributions agreed closely and that cn the whole the
various species predominated in the cutput of sample mills to the same
degree as in the output of all mills in the territory. To same extent,
however, among mills having a daily capacity of less than 4¢ thousand
board feet, mills cutting pine were relatively underrepresented and those
cutting hardwood were relatively overrepresented.

S5es pp. 1889,
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Toble D-1.~ AUMBER OF OPERATIONS XK SOUTHEAN FOREST BURVEY TBARITORY AEPORTING SPECIFIED
SHORT-HAUL EQUIPMENT, BY SPECIES OF LUMBER CUT AND DAILY MILL CAPACITY, 1034

gpecien of lumber cut snd daily capsclity (M. ft. b, m. per 10-hr. day)

Equipment Pine Hardwood Cypresa
1-9 | 10-19 |20-39 Jeo-79| 8% [ 49 [10-18|20-as|s0e| 89 | 1.5 |10-10 |80-30 |40-70 | €
or over or over or gver
Total pumber of operations
reporting 116 | 1ee | 154 | 48 51 57 | 48 | B4 | 5w 7 B 3 8 4 3
Fumber reporting -
Animals [8 152 =1 a8 a3 1] 48 T4 40 4 ] 9 3 1 [
Animals only ae 108 (-] 18 13 43 27 19 ) 8 5 2 0 0 [+}
Tractors 4 1 22 7 12 2 ] 20 21 'a 1 0 2 1 2
Tractors only 1 L4 T 2 4 1 o] 2 a [+] 1 0 1 [+] V]
Bteam skidders Q 2 1 -] 1 [+] o] 4 4 2 0 1 k] 8 8
Btean skldders only 0 [+] 4] 2 8 [+] 0 ] 3 1 ] o] 1 1 [+]
Gan skidders 9 al 43 & 4 1 4 1e a [+ 1 4 & a o
Gan skidders only 2 [ 2 [+] Q Q 1 1 1 o 1 a 1 ] ]
Trucks ia 33 -1 11 12 11 10 28 11 Q 1 1 1 0 0
Tracks only X1 24 23 2 a 4] ] 4 B 1] ] [/} 4] ] ]
Pullbonts [+] ] o] 0 [+] o] o 1 [ 0 [+] 1 3 [¢] i
Pallboats only [+ 0 0 [+] 0 [+ [+ 0 3 ¢ 0 1 1 [+ Q
Flosts or water 4] 1 [+] 1 4] 1 2 4 1 1 1 [+] [+] 1 1]
Hand logging 2 0 (o] [+} 0 0 0 0 [} Q [+] Q 0 [+ 0
Animals wnd mechenical

squipment 10 46 1.} 20 20 11 18 .71 26 1 1 1 1 1 0

Combinations of mechanicsl
egulpment 0 v} 2 4] 3 i 1 1 1 1 4] 1 3 1. a

08T
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Table D~-8.~ RUMBER OF OPERATIONS IN BOUTHERN FOREST SURVEY TRARITORY REPORTING BPECIFIED
LONG~HAUL EQUIPMENT, BY APECIES OF LUMBER CUT AND DAILY MILL CAPACITY, 19534

A W T I

Bpectea of lumber cut and dally capacity (M ft. b. m. per 10«hr, day)
" Plne Hardwaod ’ Cypress
Bquipment
a0 ac 80
1-8 | 10-19 ] 20-39 | 40-T0|,p gver{ 1-0 [10-10(20-39| 40-78 |, syer] 1-9 |10-19| 20-38 | 40-79 [4r over
Total nunber of operations
reporting 123 104 185 48 53 54 51 88 58 8 8 ] 7 4 3
Number reporting - )

Trucks 100 188 51 <39 al 50 48 80 40 4 -] @ 2 1 1
Trucks only 93 189 131 11 2 25 23 21 9 1 ) 4 1 1 0
Rallroads 1 4 it 39 49 ] 5 52 a1 .} o] 2 4 2 a
Common ¢erriers 0 8 10 9 15 B -1 408 31 2 0 1 2 [+ 2
Logging 1 4 i 25 44 o (o] » 21 4 v 1 3 2 8
Rallrosds only (V] 1 0 14 20 o 4] [} 10 2 o 1 ] 2 2
Anlmalw 29 13 [} i 1 23 ) 1 [n] 0 4 1 Q 0 0
Animalw only 23 & 2 [+] o] 3 2 o] o] Q 2 [+ Q Q ]
Water 1 [ ) 4 5 4 & 18 | 2o 1 2 3 a 1 o
Water only 0 0 2 & 1 1 1 £ 5 0 1 ] 2 1 0
Tractors 0 4] 1 0 1 [ o o o 0 0 4} 0 0 0
Railroads and trucke 1 L} 11 19 26 s 5 48 26 3 o 1 1 0 1
Trucks and animale ] ] 4 1 4] 2 % i o 0 ] 1 0 0 0

Water, and trucks
or railroads 1 ) 4 1 4 3 4 14 is 1 1 1 1 0 0

L
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Toble D-~3.- NUMBER OF OPERATIONS IN BOUTHERN FOREST BURVEY TERRITORY REPORTING SPECIFIED SAWMILL EQUIPMENT,
BY SPECIRS OF LUMBER CUT AND DAILY MILL CAPACITY, 1934

Specles of lumber cut and dally capaclty (M ft. b. m, per 10~hr. day)

Plne Hardwood Cypress

Equlpwent

ao 80 80
18 1 10-19 | 2020 | 40=78],) gyey 18 |10-19|20-39|40-79 | 5y gvepr| 1-% [10-10(20-30 | 40~79 | 5 gyer
Potal numker of operations
reporting 128 201 182 48 58 a3 &1 2] a0 i 9 10 7 4 3
Nuamber reporting -
HBaws and

accessories only 7% 49 15 4] 2 51 37 44 T VO °) 7 4 [+] o]
Resaws 1 8 a1 27 27 2 3 13 41 & o 0 ¢ 2 1
Resaws only® 0 1 1 1 4] 2 o 4 11 1 o o] o} 0 o]
Gang saws ] ¢ . a 27 0 0 Q a 2 0 1 0 2 3
Gang saws only® 0 0 0 0 1 o 0 o] 0 1 v} 1 o} o o
Planers 48 148 140 47 533 ] b -] 44 a4 5 ¢ 2 3 4 2
Flaners only® a2 56 Rz 1 o .} 8 1 8 1 0 3 2 ] 0
Dry kiins i3 81 118 43 3] 4 4 24 28 a 0 0 1 2 2
Dry klins only® o 2 5 o 0 1 2 3 3 0 o 0 0 0 0
HAund saws 2 1 30 a3 51 i ] B3 56 L ] 1 a 4 3
Circul ar saws 123 200 132 1 & &z 42 12 i [+ f @ 1 0 0

Sin sadition vo saws and accessprles.
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APPERDIX D 193

Tablie D-4.- LOGGING AND SAWMILL UNIT LABOR REQUIRRMENTS
OF OPERATIONS IN SOUTHRRN FOREST SURVEY TERRITORY,
BY SPRCIES OF LUMEER CUT AND DAILY
MILL CAPACITY, 1934

Species of Number of man-hours
lumber cut per thousand board feet
and Number
daily capacity j of mills
{M f4. b, o, Totial Loegging Sawaill
per 10-hr. day)
Total, including
cypress
1- 8 189 28.0 11.58 14.5
10-19 173 26.8 X 10.8 15.8
20-39 184 32.5 13.8 8.7
4078 [=18] 37.% i4.8 22.1
80 or over 45 91.¢ 8.9 21.1
Pine
1- 9 138 24.5 10.8 13.8
10-19 142 25.8 10.2 15.6
20-39 82 .3 12.8 17.5
40-79 . 39 38.7 15.5 24.2
80 or over a3z 31.1 8.8 21.2
Hardwood
i~ 9 49 30.1 13.1 17.0
10-19 28 20.2 13.0 16.2
20-39 87 35.1 14.9 20.2
40-78 38 32.8 13.8 19.3
8C or over s 26.4 18.8 15.6

Table D-8.- UNIT LABOR REQUIREMENTS OF OPERATIONS IN SOUTHERK
FOREST BURVEY TERRITORY AND IN TEE LiXR STATES,
BY DAILY MILL CAPACITY, 1pa4®

Southern

k tat
Dally capacity|Forest Survey territory Loke States

M ft. b. m.
per Number of Man-hours Number of Man-hours
10-hr. day) |operations per +i per
> ¥ Moft b m P PTTTIO b
20-35 104 3z 9 59
40 or over 128 85 5 44

Znata cover Doth logging and sawnill sctivities of aach of the gperations,

Figures represent weighted sversges of those for more detalled sive classifics—
tions in table D¢, the numbars &f MIlIs Delng used &s weighta,



fables D-6.- DISTAIBUTION OF ALL AND OF SAMPLE OPERATIONS IN BOUTHERN FOREST S8URVYEY TERRITQRY,

AY DALILY MILL CAPACITY, 1634

Number of operations in sample

fSample operations as percent

Dally Total of all operations
capactty | A o ert- long Unit Short— | Long- Unit
{M ft. b. m. of or ong- or n n
per * _oper— | haul | haul Bawnill | japor | Length | haul | hawl [53¥RILl | 1ap5p | pength
10-hr. day) | ations |€9uip~ [equip-~ eqip~ require-| of 11fe | equip~ |equip~ | ®IiP- | require- |of life
ment | ment | Ment ments ment | ment ment ments
Total 8,702 B39 882 Q01 as51 8, 486 0.8 9.9 10,4 7.5 97, 5
1~ 9 4, 460 182 188 197 i8¢ 4, 372 4.1 4.2 4.4 4.2 7.9
10-19 3,243 245 254 262 178 3,180 7.8 7.8 8.1 5.3 7.1
20-30 718 248 250 264 164 891 34.4 35.0 86.9 22.9 56.6
A0-18 174 108 110 112 a0 174 80. 8 83.2 84.4 48.0 100.0
80 or over 104 81 62 1) 46 - 09 b58.7 59.6 63,5 43.3 96. 2

81
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Table D-7.- DISTRIBUTION OF ALL AND OF SAMPLE OPERATIONS IN SOUTRERN

BY DAILY MILL CAPACITY AND REGION, 1934

FOREST 8URVEY TERRITORY,

Dally capacity

Number of operations

Percent of group total

Ssmple operatlions

8ample operations

(4 ft. b. m. per ALl Shorte | Longe Unit ALl Short- | Long- Unit
10-hr. day) and region|onerations®| hsul haul | BaWRilll yapop | rationa| haul haui | 83wmill ) jap0r
equip~ | equip~ equip- require~ equip- | equip-— equip- lipquire-
ment ment hent ments ment ment ment ments
1~19 7,309 427 440 459 362 100 100 100 100 100
Longleaf-alash plne 1,347 12 120 122 128 18 26 1 B7 a0
Pine hardwood, enst 4,213 162 166 170 114 58 ag ag a7 31
Dalta hardwood 817 82 es ee a2 4 19 19 1e 17
Pine hardwood, west 1,292 71 73 78 57 17 17 18 17 18
20-39 581 248 250 2684 184 100 100 100 . 100 100
Longleaf-slash plne 121 TR T 78 87 22 29 29 29 35
Pine hardwood, east 207 88 868 93 a3 kKid 36 a3 K] 20
Delta hardwood 47 27 30 as 30 8 il 12 13 18
Pine hardwood, west iea 59 (.38 &1 44 a3 24 24 23 R
40-~78 153 105 110 112 80 100 100 100 100 100
Longleaf-slash pine 43 28 29 28 21 28 29 28 28 28
Pine hardwood, east 80 15 ie 15 ® 20 14 15 13 11
Delta hardwood ag a1 3 az 29 25 30 28 29 a7
Pine hardwood, west 42 31 34 a7 21 27T a0 a1 34 20
BQ or aver 80 al az2 ea 45 100 100 100 100 100
Longleafwalash pine 25 22 23 23 15 28 a8 ar 85 34
Pine hardwood, east 12 ] 8 ] ] 14 16 14 14 13
Delta hardwood 1 1 1 1 3 1 2 2 1 7
Pine hardwood, west 51 29 29 aa 21 s 47 4 50 47

B8se po, 188-9.
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Table D-8.~ DISTRIBUTION OF ALL AND OF SAMPLR OPERATIONS IN SOUTHERN FOREST BUAVEY TERRITORY,

Daily capaclty

BY DAILY MILL CAPACITY AND SPECIES OF LUMBER CUT, 1834

Number of operations

Percent of group total

Sample operationt

Sample operations

(¥ ft. b. m.
per 10-hr. day) All  |short~ | Long Unit All | ghort— | Long- Unit
and op ‘““"u haul haul Sawnlll | japor op 8 xim haul haul |S8wmlll b g0
species of lumber cut | ®¥49087 | gquip— | equip- | ®I8iP~ |require. | Btions | oousp | equip. | ®IIP- [require-
ment ment ment nents ment ment went ments

119 7,309 427 440 459 382 100 100 100 100 100
Pine 8,158 305 bal ) aze 280 B4 71 78 71 77
Hardwood 1,127 105 106 114 78 1e 25 24 25 22
Cypress 24 a7 ie 19 4 * 4 4 4 1
2039 561 240 280 264 184 100 100 100 100 100
Pine 413 154 1865 182 p2 74 63 62 81 56
Hardwood 135 84 88 a5 a7 24 a4 as a8 41
Cypress 13 a8 7 ” 5 2 8 3 3 3
4076 153 105 110 112 80 100 100 100 100 100
Pine aa 45 48 48 a9 43 43 A4 43 49
Hardwood 80 56 58 a0 39 52 83 83 54 49
Cypress 7 4 4 4 2 L] 4 a 8 2
80 or over B89 81 82 86 45 100 100 100 100 100
Pine 78 51 53 %8 a7 88 84 8% as i ag
Hardwood 10 7 a 7 -] 11 11 10 11 11
Cypress a 3 3 be 3 3 ] 5 4 7

%g0e p. 189.

*Less than 0.6 percent,

961
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APPERDIX E

RELATION OF SIZE TO UNIT LABOR REQUIREMENTS
OF PACIFIC COAST SAWMILLS

The determination of the relationship between labor productivity and
size of mill is complicated by differences in the character of product
and the conduct of anxiliary activities. Thus relatively high unit labor
requirements in larger mills may reflect a greater degree of finishing
and byproduct production rather than less efficient utilization of labor.

Closer examination of the size-productivity relationship was possi-
ble for 37 of the large Pacific Coast sawmills covered in the NRP-NBER
logging—camp and sawmill survey.! The man-hour ratios used for these
mills are stasdard man-hour ratios based cn equivalent production and
were cbtained from survey data.® The 1935-36 edition of the Handbook and
Directory of the Western Lumber Indusiries was used to determine daily
capacity and equipment of each of the mills,®

Table E-1 shows the average standard sawmill mas-hour ratios for 18
mills having a daily capacity of 50 to 24¢ thousand board feet and for
19 mills having a daily capacity of 250 thousand board feet or more.
From this table it appears that when differences in equipment are disre-
garded the averspe ratio for the larger mills is about 15 percent higher
than that for the smller ones, This is copsistent with the findings of
2 1gag study of Pacitic Coest mills conducted by the United States Bureau
of labor Statistics.® In the latter stidy it was found that men—hour pro-
ductivity decreases with size of plant as measured by number of wage earn-
ers employed. This relationship held especially for mills which produced
their own logs; mas-hours spent in logging were included in the totals
for these mills. In the case of the southera mills, also, as shown by
data presented in chapter IV, labor productivity teaded 10 decrease with
an increase in the size of mill, although labor productivity was high in
the group of largest mills.

It seems possible, however, that in the lumber industry the pas-hour
ratio for a mill is an inadequate measure of the efficiency of utiliza-
tion of labor ia that mill, It was pointed out im chapter III that dif-
ferences in the degree of manufacture, waste utilization, manufacture of
timber products other than lumber, and the extent to which maintenance

L% small ®llls were covered In thls survey. For s deacription of the survey sse
«DBend 1z A.

Epar u descripritn of the vstandards wen-hour ratic sse tabls E-1, fta. b.
Spar & dsscription of the dpta from the West Coast directories mss appendix C.

%apa n-Hour Productivity In the Lumber Industry in the Pselfic Jcast Stetea 8
i0E0, " Nonthly Iabor Reviewy Vol. 36, HO. 4 [OcL. 1832}, OP. 818-2S.
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198 MECHANIZATION IN THE LUMBER INDUSTIRY

work is done by the mill's own employees may alfect the mill’s man-kour
ratio. ’

In the RRP-NEER logging-camp and sawmill survey the effect of variaticas
in the proportion of lumber surfaced was largely eliminated by camputing
man-hour ratios on the basis of eguivalent production. Anm effort was
also made 1o exclude man-hours expended in the production of byproducts
and special products, but it was not possible to separate and exclude
such labor time completely. (See appendix A.) Since the larger mills
carry on such auxiliary activities t0 2 greater extent than the smiler
ones, it seems likely that factors other than relative efficiency in the
utilization of labor could accoust, at least im part, for the differewe
in average unit labor requirements chserved iam table E-i,

The existence of differences between size groups in the degree of fin-
ishing, extent of manufacture of byproducts and special products, and the
volume of activity auxiliary 10 the productica of lumber may be indicated
in a rough fashion by differences in the kinds of eguipment used. Table
E—2 indicates the nature of sare of these differences in 1936. There are
no pronounced differences in the type of power and type of beadsaw em—
ploved at the two groups of mills. However, the proportion of the mills
having a daily capacity of at least 230 thousand board feet that used the
labor-saving gang saw was much greater thas the correspomding proportion
for the smaller mills. This is the only difference in equipment which
would indicate a basis for higher ocutput per mas-hour in the larper mills.

On the other hand, the fact that relatively more of the larger mills
had planing mills and dry kilns indicates that a larger portion of the
lusber produced by this group was seasoned and finished. Lath mills were
more generally employed at the larger mills, suggesting that the utiliza-
ticm of waste through the mamufacture of bypraducts was more widespread,
Few of the smller mills had shingle mills or box factories, whereas a
considersble fraction of the large mills did have them, A much greater
percentage of the larger mills than of the smaller omes had their own
machine shops, perhaps indicating that sore of the maintenance and repair
work was carried on by the mill itself in the case of the larger mills.

The presence or absence of these items of special equipment may be
taken as a general indicator of the degree of manufacture and iategratiom
of activities at the sawmill., Table E—; presents average standard snit
labor requirements of the 37 mills grouped according to the number of
items of special equipment employed.® The data in this table suggest,
50eng mews and planing mills were not taken IALo gccount in this and the following
table. HMilla reporting the use of each of ths specizl-equipment Items reported the

use of the following five items: Box factory, dry xiln, lath miil, mschine shop,
ansd ahingls xill.
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though by no means conclusively, that these factors, rather than size as
such, are responsible for the differences in average labor requirememts.

This conclusion is strengthensd by an examination of table E—4. Thus,
when a compariscn is made of the standard average umit labor requirements
of mills in the two size groups on the basis of the murber of different
items of special equipment reporied, it appears that the larger mills
have somewhat lower average unit labor requirements.

Of the 37 mills considered in this appendix, 4 did not report the use
of dry kilns in 1936 {each of the 7 also did not report the use of &t
least one of the four other items of special equipment used in tables
E— and B4}.® These seven mills had an average standand man-hour ratio
of 5.25, a figure strikingly lawer than the average of 7.91 for all 3%
mills. This suggests that mills which use dry kilas and thereby, pre-
sumably, accamplish a reduction in time-in-process, an improvement im
quality, and & reduction in shipping weights do so at the expense of
lsbor prajuctivity.

Whether or not the higher labor productivity epparently associated with
the smaller mills epploying fewer items of special equiprent compensates
for the loss of the advantages associated with the use of such eguipment
probably depends on the character of the market which these mills seek to
enter, Thus the materially lower man-hour ratios of the mills employing
less special equipmest need not reflect more efficieat use of labor de-
spite the fact that these mills have a greater volume of output per umit
of labor time expended.

Table E-31.- UNIT LABGR REQUIREMENTS OF 37 LARGE PACIFIC C0as?
SAWMILLS, BY DAILY CAPACITY, 1a3s®

Daily capacity Rumber of Standard
¥ ft. b m.} plants man-hour ratio®
Total 37 7.81
70-249 i8 7. 34
250 or over 19 8. 45

215 this and subsequent tables the man-hour retlcs of The mills are based upon the
NRP-NBER 10gRing-camp &nd sawmlll survey (ses appendix A); the capacity and eguip—
=ent date f0T the mills wers obtained from the 1635-38 edision of the Hawdbook and
Birectory of the Western lumber Indusirvises {(sss appendix {).

Ratios shown ars unweighted averages of standard ratios for indlvidusl milis.
Standard ratlos for each mill ware calculatsd by computing the weighted average of
the mill's man—-hour ratiocs for those years guring the period 1926-30 in which the
pesroantage of capasity utilired by the =ill was Detween 70 sng 8§8. Thus ihe
affacts on unit labor requirements of differences in capacity uwtilization and of
random year—to—-year fluctuatlions ware minimized.

%1 tha seven, zhree had a dGaily capacity of &t lsast PED thousand board feel; the
other four were in the axeller—-sire group.
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Table E-2.- DISTRIBUTIGK OF 87 LAROR PACIFIC CCAST SAWMILLS,
BY DAILY CAPACITY AND TYPE OF EQUIPMENT REPORTED, 1036°

‘Daily capacity {H ft. b. m.} °
Type of eguipment 70-249 250 or over
reported -
Humber | Percent | Number | Percent
of millis|of totaljof mills|of total
Type of power 18 100.0 ig 100.90
Steam power 2 12.6 2 C12.8
Eleciric power 4 25,0 2 12.5
Steam and eleciric power 16 82.5 i2 75.0
Type of headsaw 18 100.0 ig 100.0
Band saw 18 8e. 9 i7 88. 8
Circular saw 2 11.1 ¢ o
Band and circular saws B ¢ o 2 0.8
Special equipment i8 - is8 -
Box factory 2 1.1 4 21.1
Dry kiln 14 7.8 18 B4. 2
Gang saw 5 27.8 13 68.4
Lath mill 11 61.1 17 B8.&
Hachine shop 8 44.4 is 78.9
Flaning mill 17° 94.4° 19 100.0
Shingle mill 0 L) 8 42,1

83%es table B-1, ftn. 6.

b4ithough sach of the MRP-NBER mills engaged in surfacing, one of the mills did not
have & c¢ompleate planing mill attached.

Table E-8.- UKIT LABOR REQUIREMENTS OF 87 LARGR PACIFIC COAST -
SAWMILLS, BY NUMBER OF TYPES OF SPECIAL
EQUIPMENT REPORTED, 1086

Number of types of Standard
special equipment reporteq®| Number of mills| .., hour ratio
All five reported 0 ) 10.21
Four reported 8 .72
Three reported iz 7.10
Two or less reported 7 8.26

8546 tabls E-1, ftna, & and b

"m five types of specisl equipment sonsideresd in this teble ars box factaries,
dry kilns, lath mills, machine shopa, and shingle milla.
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Table E-4.— UNIT LABOR REQUIREMENTS OF 37 LARGE PACIFIC COAST
BAWMILLS, BY XUMBER OF TYPER OF BPECIAL EQUIPMENT
REPORTED AND DAILY CAPACITY, 1536°

Number of types of Standard
speclal equipment reported” |Number of mills andar
and dally capaclty man-hour ratio
Five or less reported
{all 37 mills)
TO-249 18 7.34
250 or over 19 8. 45
Four or less reported
70-24% 17 7.28
250 ar over ic 6.88
Three or less reporied
70-249 13 7.29
250 or over 8 5.70

3306 table E-1, Itns. & end b,
gee tsble £-8, ftn. b.
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