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TIlE WPA NATIONAL RESEARCH PROJECT 
ON REEHPWYMENT OPPORTUNITIES AND RECENT CIIAlIGES 

IN IIIDUSTRIAL TECHNIQUES 

Uru:s.er the author1ty granted b)l' .the President In the EX8CU- -
tlva Or~er which created the Works PrOgreSS Admin1stration, 
Administrator Ea~~, L. Hopkins autbor1zed the establishment 
or a research program tor the purpose or collecting and ana
lyZing data bearIng on problems or employment, unemployment, 
and relIef. Accorc11ngl;v, the NatIonal Research " Pros.ram was 
e.tabUsbed In October 1936 under the supervision ot Cor..,.ingt"" 
g'll, Assistant Administrator or the WPA. who appointed tbe 
directors or the individual-studles or proJects. 

The ProJect on ReemploymentOpportunltles andRecent Changes 
In Industrial Techn1ques was organized In December 1936 to 
Inqutre, with the cooperatlOl1ot industry, labor. and gavern
mental and prIvate agencIes, Into the ertentof recent changes 
In IMustrlal techniques and to evaluate the etfects. ot these 
changes on the volume ot emploJ'ID.ent and. unemployment. David 
rein.if"a.ub and I!'"vt.ng J'apZan, members or the research starr 
or the Divisionot Research. StatistIcs, and F~nancewere ap
poInted., respectIvely. Director and. Assoelate D1rectorot the 
Projeet. The tas~ set for them was to assemble and organIze 
the exIsting data whltb bear on the problem and to augment 
these data by fIeld surveJS and analyses. 

To this end •. many governmental agencIes whle-bare the col
lectors and repasl toriesar pertinent Intorma:tionwere Invlte4 
to cooperate. The cooperatIng agencIes or the UnIted States 
Government include the Department or AgrIculture, the Bureau 
ot KInes or the Department or the InterIor, tbe Bureau or 
Labor Statistic.B ot tbe Department or Lahor, the Railroad 
Ret1rement Board, the Social Security Board, the Bureau ot 
Internal Revenue ot the Department ot the Treasury, the De
par~ent or Commerce, the Federal Trade Commiss10n, and the 
Tar1tf Commiss Ion. 

The tollowing private agencies lolned with the National 
Research Project In conductIng spec1al studies: the Indus
trial Research Department ot the University ot Pennsylvania. 
the National Bureau of Econom1c Research. Inc., the Employ
ment Stabilization Research Institute· ot the university ot 
MInnesota, and. the Agr1cultural Economies Departments In the 
A.gricultural E%perlment Stations or Calttornia, Ill1nols. 
Iowa, and New York. 

Since SePtember 1, 1939. the Project has been sponsored 
by the National Resources Plann1ng Boar4. EI&Cutive Office 
ot the President, Washington, D. C. 
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WASHINGTON, O. C. 

Colonel F. C. Harringt on. 
Commissioner of Work Projects' 

Sir: 

March 14, i.940 

In 1937 the lumber industry still ranked third 
among manufacturing industries 08 an employer of labor 
despite the fact that for three decades production and 
employment. in this i~dustry had been declining. The 
report transmitted herewith discusses technology, re
source conditions, and labor productivity within this 
setting of generally declining employment opportunity. 

Substitute products have taken over a great many 
. of the funct ions of lumber in 'the constiuct ion and 
manufacturing industries. In the country as a whole~ 
per-capita as well as total consumption has declined; 
rapidly declining production - i7 percent between i909 
and i929 - was the prinCipal cause of declining em
ployment in the industry. 

The economic dislocation which attended the de
cline of production has been intensified in particular 
regions by the depletion of the timber resources. 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 wake. In the 
period of agricultural expansion the population of 
these areas frequently made a successful transition to 
agriculture; studies of our Division of Research have 
shown that in recant years such areas have 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 
Northeastern, Loke, and Central States. Although the 
southern lumber regions as Q whole are not now sim
ilarly threatened, particular localities have been 



struck by the passing of the lumber industry. The 
United States Forest Service found that in i934 there 
were over i8 thousand workers employed in southern 
logging and sawmilling operations of large mills whose 
owners expected to exhaust their local timber supplies 
by i944. The expected increase in the number of small 
and medium-size mills is not likely to enhance the em
ployment security of workers attached to such mills 
because of the prospective depletion of the timber 
supply within the working area of the mills. Although 
in the Pacific Coast States fewer localities are sub
ject to the same imminent dangers, the potential eco
nomic dislocation due to timber depletion is much 
greater because of the strategic position occupied by 
the forest 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 Service 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 management, 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 continuous sup
ply of high-grade lumber at reasonable prices but 
also would be an important factor in preserving the 
level of and stabilizing the location of employment 
opportuni ty. 

Respectfully yours, 

Corrington Gill 
Assistant Commissioner 
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PREFACE 

Prior to lSs0 mechanization in the lumber industry was directed pri
. marily toward securing building materials with the least possible effort 

fran the abundant tinDer stands that were found a1.m:lst everywhere more or 

less at band. During the last half of the nineteenth century the Nation 

entered a period of rapid expansion; the nature of new develOpments and 

production techniques was dictated by the gnMth in demand for lumber and 

the consequent pressure to cut-out as rapidly as possible and to liqui

date large forest holdings in order to be able to acquire other pranising 

holdings. In recent years, with the demand for ltmtler declining and witb 

the last great forest region the scene of the JOOSt active production, the 

objective of technological cbange has been shifted from high output and 

complete liquidation to the lowering of production costs in order to 
maintain competitive position. 

In extractive industries technology is faced with continually increas

ing physical difficulties if operations are continued at one location. 
These difficulties IIIIlSt be overcome if the productivity of labor is to 

be maintained or increased. To the extent that the lumber industry has 
employed extractive techniques, it has faced oostacles to increased pr0-

ductivity analogous to those encountered by the mining industries. By 

and large the lumber industry has "mined" the timber in its path and has 

migrated to fresh sources of supply when 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 

wi thin eacb region. The methods used were in each case conditioned by 

the characteristics of the resource. There are, therefore, profound re

gional differences in technology corresponding to regional differences in 

the characteristics of the timber stand and in the stage of development 
of the individual regions. 

There have been two principal modes of adjustment to timber depletion. 

One method involved improvements in technique and machinery in order to 

accomplish the logging and milling of timber from less desirable stands 

with the same or a reduced expenditure of labor per unit of output. The 

other involved the shift of an increasing proportion of production to 

smaller mills operating closer to the timber stand, employing simpler and 

less extended production processes, and producing, in general, a s0me

what cruder product. That is, the steady improverent in the machines and 

techniques available for use has not been accompanied by a consistent 

increase in the extent of their use. 

xvii 
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The most striking technological developnent since 1920 has been the 

adaptation of tractors, trucks, am light cable yardet'S for lq;ging oper

ations. The use of this equipnent has enabled the industrr to undertake 

the lq;ging of scattered stands which could not be profitably cut with 
the heavy steam cable yardet'S am forest railroads that bad hitherto con

stituted the principal tools ot mechanized lq;ging. Within the sawmills 

cost redUGtions have been achieved through the llIOI"e extensive use of 
mechanical handling equipnent, through refinements in sawmill am planing

mill machinery wll ich contributed to increased speed of operation, and 

through the shift to electric power which contributed to automatization 

of processes, increase:! speed of operation, and reduced pa<er-generatiem 

and maintenance pet'Sonnel. This male of adjustment to less favorable 

stands of spat'Se or less accessible tillber was characterist ic primarily 

of the Pacific Coast region, and there 1.he unit labor requirements of 

large operations appear to have declined throughout the period 1920-36. 

The shift tQ<8l"d smaller mills, em the other ham, appears to have been 

typical of the southern lumer regions, and there such changes in tech

nolq;y as have been made barely served to offset the increasing natural 

difficulties. The small mill is able to operate closer to the tinDer and 

can draw em stands of smaller volmne than are required for the successful 

operation of large, stationary mills. To do so, baoever, the small mill 
must move frequently; it attains the requisite mobility by sacrificing 

much of the labor-saving machinery of the large, stationary mills. The 

rise in the nunber of small sawmills represents, however, only. a tempo

rary adjustment to increased difficulties am, in any long view, must be 

regarded as a symptan rather than as a solution of the problems created 

by tinDer depletion . 

. Through technical advances and shifts of production to smaller mills 

the lunber industry has succeeded in maintaining production in the face 

of tinDer depletion. The IUlliler industry, ho;ever, bears the social re
sponsibilities associated with operation on an exhaustible national re
source; these responsibilities are not fully met so long as the industry's 

operation continues to be accompanied by a decline in the quality and 

availability of tinDer resources. The state of the torest resource has 

tar-reaching implications for many phases of national life - in its re

lationship to other forest industries, soil erosion. flood control,. and 

scenic and recreational values. Furthermore, although the industry as a 

whole has been able to adjust itself to declining tinber resources, the 

workers and the commnities that grew up around the camps and mills have 

not always been so successful. The migrat ion of the industry has been 
• 
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accanpanied by the disruption of employment opportunities and the eco
nanic life of camnmities 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 control. HCh'ever, it should be noted that if there is to be 

an improvement in the position of lumber in its competition witb other 
materials, the maintenance of high-quality timber resources is of para

mount inportance. 

The problems of conservation of the forest resources differ funda

mentally from those associated with the mineral resources. While Sale 
IIJ!asure of deplet ion is an inevitable counterpart of the use of mineral 

resources, the forest can actually be made to yield an increasing raw'

material return by the employment of appropriate forest-management tech

niques. The nature of recent technological developments in logging 

methods has been such as to encourage sustained-yield logging which, it 
widely adopted, would assure a basis for continued and stable operation 

in the industry. The effect of technical develqllrents on future employ
ment opportunities in the industry my well depend more on hCM the equip
ment is employed than on what part icular equipment is developed and at 

what rate it is intrcduced. 

The report was prepared by Alfred J. Van Tassel with the assistance of 

David W. Bluestone. It is one of the series of "Studies in Equipment 
Changes and Iudustrial 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 in cooperation with the Na
tional Bureau of Econanic Research. A saDple of luniler mills was covered 

in a cooperative study undertaken in 1936 as one in a series of ,·Studies 
of Productivity and Fll!ployment in Selected Industries" under the super

vision of !larry Jerane and William A. Neiswanger. Tabulations developed 
for that study, which was conducted 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 equipll2nt to 
the lU!tt>er industry were also d>tained in a field survey conducted in co

operation with the National Bureau of Econanic Research. Harry Jerale 

participated in the planning of this survey of machinery lIWlufacturers, 

and J. Van Horn Whipple organised the field work and supervised the edit
ing of the materials collected. 
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CHAPTER I 

INTRODUCTION 

In several respects the lumber industry occupies a position of out
standing importance in the national economy. It is one of the largest 
employers of labor, the source of one of the most important industrial 
raw materials, and an industry whose conduct has a vital effect on the 
basic land resource of the countrY in tems of such factors as soil ero
sion and flood control. Among llRIlufacturing industries the lUllber indus
try is third in importance as an employer of labor; it is estimated that 

in 19.29 OVer 650.000' were dependent on lumber and tintler production for 
enployment. 

PRODucrIOK AND TIMBER DEPLETION 

Praluction in the lumber industry grew steadily and rapidly throughout 
the nineteenth century. In 1799, tbe first year for which prnduction 
estimates are available, 300 million board feet of l1llliler were prnduced 
fran Am"rican forests. Throughout the ensuing century 11llliler production 
increased at an average rate of 61 percent per decade to 35.000 million 

board feet in 1899.2 After 1909, when 45.000 million board feet were 
produced, lumber production ceased to expand, and during the 19.20'S the 
average annual production was liLtle over 34.000 million board feet. 15 

A precipitous decline in l1lllileT prnduction took place after 1929, and 

annual prnduction in 1932 was below the level of 1869. By 1938 prnduc
tion had recovered to 63 percent of the average of the 19.20'S.· 

The prnduction history of the industry is a canposite of the histories 
of regional industries, eacb developing in its turn and declining when 
tintler depletion took its toll. In its westward migration the industry 
has "mined" the timber in its path and marched on to fresh sources of 
supply, leaving abandoned, cut-over areas in its wake. It moved from 
the forests of New England and New York to the Middle Atlantic States and 

then to the lake States, along with the moverent of population. So rapid 

Mct~.- The author wIshes to aelm09fledge h1s Indebtedness to Thomas G. Casey and 
Nathan 8r1akln. who collected 1I8ter-lal frCD eeeondal'7 sources; Allee H. Bluesteln~ 
Barry Favadlo. Therese R. lRvlck. aM: Alexander K;o Freund, who rendered valuable 
clerical asslstanee In COIIIpUt1ng &nI1 cbec:k.1.ng; aM Henry W .. Schultfi am ElwOOd L. 
Peoples, who prepared tnt cbarts. 
156ft table 23. This fIgure does not lneluae an eat1lla.te4 nWllber ot "10,300 worllers 
engaged 1n t.ransportatIC11 or lUliber. 
2'M '-bit" IPldudr, (t1. S .. DePt. Com.. .. Bur. For. and Dom. cca. .. Harketlng Research 
DIvIsIon ancl Forest PrOducts D!V1&1014 It1rlret Research Ser. No. 104. Dec. 1936). 
p. 20 

~~ board root ot lUliber represents a bOlU'd 12- I: 12- x 1-. 
"See table e .. 
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2 MECHANIZATION IN THE LUMBER INDUSTRY 

was the development of white~>ine operations in the Lake States that 

production in this region reached its peak in 1889, a decade after the 

region had attained production leadership. A single decade later, in 

1899, production leadership passed fran the lake States to the South, 

but by 1909 the latter had also passed its peak of production. Since 

1920 the South bas shared leadership with tbe lacific States. Today the 

Nation is faced with difficulties arising fran the tinDer depletion which 

accanpanied the migration of the industry. The most serials aspect of 

the situation relates to the supply of saw tiDler, i. e., timber of the 

size required by prevailing logging and milling practice for utilization 

by the lunber industry. 

9f an estimated original forest area of 820 million acres, only 495 
million acres are nQi' available for CCJImOrcial tinDer grGi'ing. The orig

inal forest grQi'tb on passibly 150 million acres was destroyed in clear

ing the laad for agriculture. lIowever, of an estimated original stand 

of 5,200 billion baird feet, 1,650 billion bm.rd feet of o1d grtWth have 
been cut for lUllber. There remain available for cutting only 1,346 bil

lion bm.rd feet of original, old-grG<tb stands, and only 1,668 billion 

board feet wben second growth of saw-tiDler size is included. Since 

the lOOSt desirable and most easily available timber bas been cut first, 

the portion of this 1,668 billioo baird 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.5 

Production techniques have been successively altered in the coun;e of 

the migration of the industry corresponding to the changing requirements 

in the developrent of a particular region. In the extractive industries 

technology is faced with continually increasing pbysical difficulties 

as operations are continued at the sam. location; these must be overc<me 

if the productivity of labor is to be maintained or increased. To the 

extent that the lumber industry has el1l'loyed an extractive technique, 

it bas faced obstacles to iDCreased productivity analogous to those en

countered by the mining industries. If there is no accanpanying change 

in the techniques ~loyed, labor requirements are higher per thousand 

board feet of lUllber realized in the logging and milling of smller t~ 

ber, and they are likewise increased as logging operations extend farther 
Iran the mill into less accessible territory or as the cutting of less 

Su.t s. Congress. Snatlh J htiOt'l4I Plelf' lor A • .,.ica" 'orest .. ,. S .. Doe. No. 12-
?3CI Cong •• lat S8SS •• 19:53. I, 124. 174. 189. More recent estimtes resultIng troa 
the Fcrest SUrvey are avallable, but t~y 40 not gr"eat.l1 alter tbese relatlonshtps. 
It 1s worth not1ng. however, that these est1aates place the sLana or Old-growth 
tilliber at 1.267 bUl1cn board feet and the total ssw-tUlber stanc1 at 1,764 ttll110n 
board teet (see .w.bs,. I'JIitiU.,.., lacts: 1939 [Wasblngton, D. C.: Nat10nal l.uJDber 
Hanutact"JI"era A.aaOC1&t1on,J. p. 5J. 
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INTRODUCTION 3 

dense stands of timber is undertaken. These difficulties are analogous 
to 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 capable of operatjng aI a c(lItinually 

replenished stand of timber. 

Production techniques have been conditioned at each stage of develop

ment by the nature and magnitude of the difficulties to be overcome. 

There are therefore profound regional differences in technology corre
sponding to regional differences in the characteristics of the timber 

stand and in the stage of development of the individual regions. The 
center of advance in prodnctial techniques bas allOlYS been in t40se areas 

in which production was expandjng and in whicb large mills ""re the c~, 

acteristic centers of production. In spite of other regional differ
ences, the ascendant policy has almost universally been to "cut out and 

get out", and production techniques have been designed for the rapid 

realization of inmediate timber values without regard to future yield •. 

PUKPO&B AND SeOPB OF TEl STUDY 

The puI1'ose of this study is to analyze the relationship ben<een recent 

developments in technology and EII{lloyDEllt opportunities in the lUlliler in

dustry. Chapter II traces the development of the machines and techniques 

used by the industry, with sane discussion of the economies attendant 
on the application of recent develapments, Chapters III and IV consist 

of an examination of the application of these machines and techniques 

to the industry in the Pacific Coast and southern forest regions. This 

examination is directed toward an understanding of (1' the effects of 
changes in technology on the productivity of labor in particular sec
tions of the industry and (2) the effects of types of mechanization and 

production techniques on the present and future econanic availability of 

standing timber. Chapter V presents general statistics aI production and 
employment which are analyzed with respect to factors affecting pre>
duction, changes in labor productivity, and regional changes in the 

availability of standing timber, as well as a discussim of production, 

productivity, and the state of the forest resources in the Pacific Coast 

and southern forest regions as they relate to EII{lloyment opportunities. 

The industry with whicb this report is principally concerned is that 
designated by the C ....... of Jtrmofactures as tbe "Inmer and timber prod

ucts" industry. It is defined as follows: 

Under the indUstry designation "Lumber and t.1mber products" 
are classified l"lliling camps: merchant sawmills: combined saw
mills an:! planing mills, 1nclUlling t.hcse engaged in the 1IIImIlfac
t.ure of boxesl veneer tills: and eooperage-st.oek mIlls ....... 



4. MECHANIZATION IN THE LUMBER INDUSTRY 

The principal products of logginjj camps are saw lo~s; sbin
gle, stave, and headlng bolts~ hewn and round poles; mine 
timbers; spars; piling; fence posts; railway ties; and wheel, 
handle, anc1 excelsior stocks The p:(oducts or sawmills include 
rough lumber, shingles, lath, sawed rallway ties, and cooper
age, spool, pencil, penholder. Clni veneer stock.. The prlnclpal 
plan1..ng-mlll products are dressed lumber f sash, doors, bllIJds, 
interior woodwork, and moldings. 

The products of c.oopera~e ..... tock mills are ti~bt and slack 
staves. heading, anct wocxien hoops .......... e 

The industt7 enilraces the manufacture of a wide range of heterogeneous 

products. The center of interest in this report is the lumber industt7, 

which is that sector of the "LlllIiler and timber products" industt7 in 

which the logging cantJS are engaged in the production of saJi( logs and the 
sawmills and planing mills in the production of lUll"ber. Lumber, as used 

here, may be defined as a product of saJi( and planing mills which is not 

further manufactured than by sawing, resawing, and passing lengthwise 

through a standard planing machine, or crosscut to length and mtched. 
The product of even this narrower sector of the industry is a diversified 
one in that it includes ~ sizes 7 and both rough alId surfaced 1unt>er. 

The discussion of technological changes centers on the lumber industry 

as defined above; for .the calculation of man-hour requirements, the in

dustry is defined in this more precise sense. When the broader group of 

activities inclnded in the census definition is referred to, the designa

t ion will be that employed by the census, viz, the "Lumber and timber 

products" industt7. 

SOURCBS OP D&T& 

The basic data used in this report are from tour principal sources: 

a. field survey of logging cantJS alId sawmills, a. field survey of lIRDufac
turers of machinery used by the lUll"ber industry, mterial mde available 

through the cooperation of the United States Forest Service, and a direc
tory of the Pacific Cce.st lUll"ber industry. 

In 1936 the National Research Project, in cooperation with the National 

Bure8ll of I!conmic Research, conducted a. field survey of lilt Pacific Cce.st 

alId southern sawmills and aa of the logging cantJS SUpplYing these saw
milD;. Thirty-six Pacific Cce.st sawmills had also been surveyed in 19<18-
29 by the NBER. e which mde available the records obtained in the earlier 

e'Vt •• 1lth CfI'Mte of the gnU" StaRS: 1930.- -Manufactures: 1020- (U. S. Dept. 
CCIII •• Bur. Census. 1933). lI, 440. 
"7Stl-lp8. bO&N18. ell.mslons, planks. scantllngs, jOtsts. and t11lbel'8. 
eot the ee. 19 were resurve)'Gd In 193e. The remalning 1'1 were no longer operatlq 
or eould not cooperate. 
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survey. These surveys are- designat¢ as the "NRF-NBER logg ing-camp and 
sawmill survey", and their findings constitute the principal source of 
data on labor productivity. Technical features of the data are discussed 

in sane detail in appendix A. ' 

Another cooperative field'survey of the National Research Project and 

the National Bureau of EcOllQ11ic Research was conducted in 1936; this sur
vey covered 14 manufacturers of lumber equipment and is designated as 
.he "NRP machinery--.nufacturers survey." It is the source of data on 
the value of sales of equipnent used in the logging and manufac1:Ure of 

lUl1ber. Appendix B describes the sample which constituted this survey. 

Data on types of equipment used by Pacific Coast logging camps and 

sawmills were tabulated fran material in the B •• dboo. and Directory of 

tile Wester. Timber Industries for 1933, 1935-36, and 1937. This direc
tory is published periodically by the liest Coast Lumb."",n, a trade pub
lication of the Pacific Coast lumber industry. A description ,of the 
tabulations is presented in appendix C. 

The Forest Service of the United States Department of Agriculture co
'?!"'rated with the National Research Project in a number of ways. The 
Division of Research prepared a special report for the "Studies of Pr0-
ductivity and Fmployment in Selected Industries" section of the National 

Research Project. This report contained the results of a survey of a num
ber of large logging operations am sa>.miils in the South, fran which data 

on departmental man-hour requirements were obtained for 1929 and 1936. 
This report also contained the findings of the Southern Forest Survey on 
unit labor requirements at several hundred operations. The Southern 

Forest Experiment Station supplied tabulation sheets of the Southern 
Forest Survey fran which information was obtained regarding types of 
equipnent employed by operations of different size. The Southern Forest 
Experiment Station also supplied da.a 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 1934 location. A detailed des

cription of the Southern Forest Survey data is given in appendix D. 



CHAPTER II 

TECHNOLOGICAL DEVELOPMENTS 

The developDent of lumber technology has been roodi tioned by tl«) fai:
tors: (II changes in the state of the resource ri. e., the magnitude, 

availability, and quality of the timber standi with the passage of time 
and with the migration of the industry fran one region to another and 
(21 the changes in econanic conditions which detemined what the iudustry 

did with the resource. The nature of the technological developnents, 
determined in the first place by these factors, has had its effect, in 
turn, on the state of the forest resources and the econanic objectives 
of the industry in relation to that resource. Finally, the rate and 
types of mechanization in the industry have been dependent in large meas
ure on general devel.opDents in science and engineering. 

The history of technological developnents in the lumber industry as 
presented in this chapter has been written in the light of the condition
ing factors noted above. The developDeDts until about 1900 are presented 
sketchily, the principal aim being to indicate the manner in which mech

anization of one phase ot the process led to mechanization in another, 
wi th the consequent increase in the canplexi ty of the process and in 
the amount of capital required for engaging in production. More recent 

developDeDts are exanined in greater detail for particnlar stages of the 
processes of logging and milling, the intention being to indicate more 

concretely the adj ustment to changes in the state of the forest resource 
and in econanic conditions and the effect of that adjustment on labor 
requirements in lumber production. 

BUlt PROCBSSBS 

Logging is the term for the series of processes involved in the har
vesting of forest crops. Felling the standing tiDler. the first step in 
this process. is perfonned by "fallers" l«lrking in pairs with axe and 

Sail. "Buckers" trim off the branches and cut the tree into convenient 
lengths for transporting and sawing. The logs are then assembled at a 
camIOII point. an operation known variously as "bunching", "yarding", or 
"skidding. n This is perfomed either by cable yarders, which haul in the 

l~s by means ot a cable I«)und onto a rotating dnmt. or by tractors or 
horses. which tow the logs over the ground. lIhen the logs are assembled, 
they are loaded onto the means of transportation by mechanical loaders, 
animals. or manpower. Railroads, trucks. tractors, teams, and _ter 

6 



TECHNOLOGICAL DEVELOPMENTS 7 

are sane of the neans of transportation used in the "long baul" to the 
mill aver distances varying from less than a mile to SO or even 100 

miles. The logs are deposited in a log polX! or other stornge place ad

jacent to the mill. 

At the mill the logs are boisted, drngged, or conveyed to the log deck 

in the mill. From the deck the log is shifted onto a carriage whicb 

travels on rails and conveys the logs past the headsaw. The headsaii re
duces the luniler to cants (large dimensions for later reduction by resaws 

or gang saws) or, by successive operations, to boards. The "sawyerl1
, 

wbo is the key employee of the sa"",i11, stands beside the beadsaw and 

directs the workers on the carriage in turning and seUing the log for 

cutting. All boards from tbe headsaw, gang saw, or resaw whicb have 

not been cut to 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 squared, inferior portions removed, and stand

ard lengths made. After they have been trilmled, the boards are graded, 

sorted, and stacked. These stacks are either lett in the yard for air 

drying or tabln to dry kilns and dried by steam or heated air. After it 

. has been dried, the luniler my be sold in its rough state or it may be 

surfaced or worked in the planing mill. The surfaced lumber is merely 

planed on one or more sides, while the worked lumber ... y be matched, 

shiplapped, or patterned. If this finished lumber is not loaded for 

ilmlediate shipnent, it must be stored in finishing sheds to keep it clean 

sIX! dry. 

£ARL~ bEVELOPKEKTB 

The mechanization of the lumber industry began with the sawing 0p

eration. Once the steam-powered mechanical saw and accessories were 

available, the need arose for the mechanization of tr.1nsportation to 
snpply the saw with logs and tor machines to handle, season, and finish 

the larger output of the mechanical saws. 

Mechanization of the sawing oper.1tion was foreshadaoed by the develop

ment of the methlX! known as pitsawing that came with the introduction 

of the cr<lSS-handled, tWQ-illO.n saw. Pitsawing effected a division of 

labor bet"':'lD the "top sawyer" who guided the saw and the "pitman" who 

acted as the prime lI1OI'er 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 b1 

an overhead spring pole, coostituted the first sawmills which prevailed 
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for the 200 years preceding the first halt of the nineteenth century. 1 

In the nineteenth century the quantitative addition ot saw blades led 

tothe gang saw; qualitative 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 pi !sawing period was 
transfomed beyond recegnition into a parer!ulllBChine. 

In using mechanical saws the sawyer guided the log against the saw 

rather than the saw against the leg. BY 18so a carriage for transporting 

the leg past the Salt had been developed to aid the sawyer in his work. 

At about tbe same time the edger for squaring the edges of the beard and 

a nechanical planer for the finishing of luniler were introduced. Thus by 

1850 all the mechanical prerequisitesz existed for a greatly increased 

rate of production. 

The strides in the speed of production represented by the transition 

fran pitsawing to the mulay saw were smll in absolute mgnitude com

pared with the further increase pcssible through the application of steam 

pGlet'. This is indicated by the accanpanying tabulat iCll:3 

Type of saw 

Hand-powered pitaawiD8 
Water-powered single blade 
Water-powered sash saw 
Water-powered mula" saw 
Water-powered circular saw (1820) 
Steam-powered 8aD8 saw [16501 
Steam-powered circular saw (1863) 

Sawmill 
output. per da,y 

I board feet.) 

100- 200 
500-3.000 

2.000-3.000 
5. 000-8. 000 

500-1.200 
40.000 
40.000 

Steam power, the lrey to the realization of the potential capacity of the 

sawmill, was used occasionally during the first halt of the nineteenth 

century. • By 1850 the use of steam power was increasing rapidly, and in 

"wl11ll]1 F. rCll[. A .... for' of flto ~r IIWl ... fry ... tlto StGU of "'''' Tor. (n. S. 
DePt~ Agr •• Bur. Forestr7. lull. No. 84. 1902). pp. 12-8. the connect1ng link 
between the crank a.lld tba beam ftS l1e$!gnated as the .PltDlBll. t and, thts tera re-
1B1ne4 In ys. even when a1ll1lar apparatus was POllteN4. b7 steam.. 
2Rlehard G. Wood. A 6i!ttory oj L_bs""fIi it'S lhiM. 1820-1881 (Orono~ Kaine: 
unIverSIty Press, un1v. ot tBlne Stucues. Sec. Ser •• }fD. 83. 1930). pp. 162'-6. 
SR61pb C. Bryant. t_be.,.: It& Mn_fach.,.. aM Dlst'P'ibvtiOJl Cad: 84.; New York: 
John Wl1e7 & Sons. Inc*. 1938). p. S; WOOd. 01. cif., pp. 162-3; and James E. 
De ~.oaUgh. 6utor, 1)1 ell. MbBr Inciwtr, of A.rica (ChIcago. nl .. : lite .4w'P'icaft 
MNf"llJfl~ 18(7). Vol. 2. 1)p. S. 68.. . . 
4Tbe tlrst ateas sawmIll, erected at Mew Orleans In 1811. was destroyed by the 
.orura who were atn14 ot being: thrawn out ot' "qrk b7 the steam-pCJllfered ach11le 
(J~pb. 8. Ullol:. An OW",., oj 0e1l8f"Q' 10rutry (.New Torle Barnes 6. Noble. Inc ... 
18361. p. 61). The tirst steam-powered sawa111 In ~ln •• the center ot lumber 
prOductIon durlnt thIs perlO12, was Installed 1n 1822 and. was so aucoessf'Ul that the 
11111 .took. increased In V8lue trCII 175 to '126 per sbB.-re (WoOd, o~. cif., p. 1e"1). 
8teea sanl118 IlteN reported at Detroit In 1829 .. at Pontlac tn 1830, and at Black 
61'1f61> In 1~1 r-M1chigan·. Great Tlm1>er Wealth,- fM r'.Hf'Cft~ Vol. %IV. Ho. 8 
LAug. 80. 1811GJ. p. 90). 
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1869, the first year for which data are available,6 steam pa<er accounted 
for 51 percent of the mechanical parer employed in the lU!li>er industry: 
water wheels and turbines generated the other 49 percent. The displace
ment of water power by steam power proceeded rapidly in the following 
decades, and by 19011 over 90 percent of the horsepower in the lumber 
industry was provided by steam engines and turtlines.· 

Mechaniaal Loggins Bqulpment 

The application of steam power to the sawmill raised the problem of 

improved log transportat ion to assure an ample supply of raw material. 
In the period of the water-driven sash SaIf the forests i1llllediately adja
cent to the towns and cities supplied sufficient timber; with the advent 
of the water-driven !1IIllay and gang SaIfS, short excursions into the woods 

near the sawmill became necessary; equipped with the parerful steam-driven 
circular saw, the lU!li>er industry swept up the waterways of America and 

cleared the forests on and near their banks. 

In the face of the steady depletion of the easily accessible timber, 
it became necessary to break the dependence of the lumber industry on 
water transportation: this dependence was virtually canplete 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 Dot subject 
to the sharp seasonal and geographical limitations of water transporta

tion. The first logging railroads were introduced after 18so, and after 
1876 they were installed on a large scale in Michiga .... 7 

An important effect of the introduction and adoption of the forest 
railroad was the freeing of the industry fran one of its geographical 
limitations. The substitution of steam parer for water power relieved 
the industry of the necessity of locating on the fall line of streams. 
The logging railroad opened up areas where water transportation was im

possible, notably in.the South, and I1Bde possible the logging of hard

\iCClds which were floatable m1y with difficulty. 

Teward the close of the nineteenth century the forest railroad was 

established as the IImt important means of log transportation. ~s were 
still driven and rafted d(Mll the rivers, but the period of the rivermen 
was nearing its close. 

0,1."",\ a.",.: 18'10, Vol. III. 'IThe Statlst10a or the Wealth and IDd.U9tr:r ot the 
united States- (Under c.UreetlOll ot SecretaI''' ot tm Interior, 1872). p. ~. 

8fM'P't .. "th C.M_ o! tAt hitn. Sta.te.!: 1910, Vol .. X, -Manufactures: 1809-
CU. S. Dept. C!a.. Bur .. Cenaus. 1813), p. 601. 
7·,tve rears atter the first logging railroad was completed In MichIgan there 
'Were 71 logging rallraada In operation In tlmt State alone and. Uve In WIsconsin. II 
(lll1ck. 0;. ci.t"", p. 56.) 
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Although the railroad effected a vast extellSion of the scope of logging 

operat iOllS, toward the close ot the nineteenth century it proved neces
sary to mechanize log yarding, the process whereby the logs are assem

bled, fran the point of felling in the wocxIs, at a camnon landing on the 
railroad or waterway tor the "long haul" to the mill. In ,the period fran 

about 1830 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 fran the river banks, a skid road of logs laid cra;swise 

in a corduroy pattern S<m!lihat facilitated skidding operations. As the 
tinDer line receded before the logger's axe, harever, it became necessary 
to deVelop mechanical equiprent to aid the logger in the short hauL fran 

the stump to the II2aIlS of naJor transportation. 

The donkey engines which found their way into logging camp; in the 

1880's and 1890's answered this need. The early donkey engine consisted 
simply of a cable on a single-drum hoist by means of which the logs were 

hauled in over the ground from the stump to the engine, or aver skid 
roads and chutes. Steam equiprent was especially necessary for handling 
the large logs of the I\icitic Northwest. Accordingly, the earliest use 
of the steam donkey engine was reported on the I\icltic Coast in 1885, and 

by 1895 the steam donkey was in widespread use in that regim. 6 

Gr .... tb 1n She ot tbe,lIaWld.ll 

The adoption of mechanical legging equiprent, which follared fran the 

application of steam parer to the sawmill, also influenced the course of 

deVeloprent of the sawmill. The introductim of steam engines made it 
possible to utilize larger, heavier, more expensive, and more productive 

machinery, for the larger investment entailed was profitable only if 
there was a large and assured volume of t iniler available for sawing. 
The result of these increases in the necessary invest,ment for equiprent 
was a widespread tendency ta<a.rd consolidation; and a growth in the size 

of mills. 

Taoard the clase of the nineteenth century the production processes 

within the sawmill gradually assumed the characteristics of the processes 
of a. l18SS-production industry. The headsaw which had changed but little 

since the invention of the circular saw was transformed again when the 
band saw achieved widespread application folla<ing the deVelopnent, in 
1~, of a. steel blade of sufficient strength.10 

8J098Ph W. 0111, ·Steam LoggIng.' ~CAafttC4t .ftt'",8~i",~·VOls 47. No. 10 (Oct. 
1926). p. 816. Horman Bruce. -logging by Electrlclty How Part or Blg Buslness.-
1orbe&, Vol. lXI, No.5 (Mar. 1. 1928). p. 42. 
geruoe, r4. c (t., pp. 4QJ 42. 
:Oar,ant. 09. cit., p. 11 •• 
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The most pronounced changes occurred on the sawmill carriage which 
transports the log past the headsaw. By 1900 the logs were turned for 
cutting ami set for the thickness at cut by steam-e.ctuated mechanical 
devices. Mechanical conveyance at lulliler ...... general throughout the 
IIXlte adVlIJICed mills at the cl<:se at the nineteenth century.l1 

Other innovations during the nineteenth century, such as the edger for 

squaring the edges at beards, the trimer for removing detective portions 

fran the lulliler, the artificial seasoning of lulliler, and planers for 
finishing lumber, developed the processes at the industry by 1900 to 
appraxim!.tely their present scope and degree at canplexity. 

In the eighteenth century and for many years thereafter there were vast 

stands of choice timer readily accessible to all import&llt centers of 

population. The problem faced by the industry was that at converting 
this easily available timer into useful products with the least pos
sible effort. Accordingly, smll trees which would have required ex
cessive labor to log and mill were left standing ami only the larger 
.trees were selected for cutting. This left the forests in good collditioo. 
for regenera.tioo.. 

StealJl-1lOrered saws which accelerated timber depletion ami the expan
sioo. at the froo.tier which opened mrloets for the products at DeW timer 

stands changed this situation. By 1900 the dljectives of the logging 
operations at the lulliler industry were considerably different fran what 
they had been in the first half at the nineteenth century. In the period 
at rapid Dational expansion foll<lfing the Civil War timer specUlation 
becaIIe prevalent and large blocks at valuable forest lands passed rapidly 
into private control. The earlier dlject ive of logging and milling to 
secure useful products with the least possible effort was overshad<lfed 
to an increasing extent by the effort to secure a canplete liqUidation 
at the value of the standing timer. which had increased during the pe

riod at speculative holding. With vast tiDilerlands still available, the 

course at new developments in the industry was dictated by the intense 
canpetitive drive at individual operatorS for the rapid realization at 
timer values in order to be in a positioo. to proceed successfully to the 
acquisition at other holdings. 

According ly, the mechanical III!!thods of logging deve loped during this 
period were best fitted for and were utilized in logging systems which 
involved virtually canplete liquidatioo. at the timer stand. The high 

l1_The Hew Sawnr-OoOdlllD lUll,- fAa li.be~. Vol. XXY. No. '1 (AUS. ta, 1888), 
p.. eo. 
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overhead costs involved in railroad logging encouraged the canplete aban

donment of a tract once logging bec<m>: difficult; hence it appeared ,de

sirable to cut as cleanly as possible on the first logging. The methods 
of logging involving donkey engines for the short haul were likewise best 

adapted to clear-cut logging methods. The construction of larger mills 

made possible by steam power and railroad logging also stimulated cutting 

in excess of growth. The course of developnent of the technology of the 
lumber industry was definitely directed along lines favoring clear--cut 

logging, a factor responsible in large measure for the continued rapid 
depletion of timber resources in the period after 1900. 

RECENT DEVELOPMENTS IN LOGGING EQUIPMENT 

Felling, Bucldng,. an4 Yarding 

The woods operations of felling and bucking, despite experimental in
stallations of power-driven saws, have remained largely UIll1lechanized. 
Extensive changes, however, have taken place in log yarding involving 
steam and, more recently, tractor logging equipnent. 

Stu .. Log-ymB'''1f Equ'~nt.- The early donkey engines were used for 
skidding logs over the ground or over skid roads Or chutes. High-lead 

logging, an alternative method, involved rigging the cables to a single 
spar tree in such a fashion as to lift 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 11. Both systems represented a marked advance over ground skid
ding in which ti.me-consuming stoppages, caused by the catching of logs 
on stumps and other obstructions, restricted output. Yarding-cost reduc
tions of as much as 13 percent were reported as a result of the shift 
to overhead logging. 12 

Overhead handling required more powerful, multidrum hoists and there
fore stimulated the development of heavier and more canplex engines 

utilizing higher boiler pressures. ill The >Jeight of logging engines in
creased fran about 20 ,000 pounds to between 31,000 and 36,000 pounds 
after 1900. By 1910 boiler pressures were employed which were double 

those in earlier engines. 

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

12Ranald MaeDonald.. 'High Lead. ana Ground lardIng Compared,· tit.. fisbef'1lClft. 
V01* IVIII. No. 1 (Nov~ 1916), p. 55. 
130111, QP. c,~ .• pp. 815-8. 
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FIIURE. 1.- LARGE-SCALE SKY-LINE LOGGING OPERATION 

em~~·oySek/-~tln~a~~r~~~ggeS!:i:fe s~:~~ ,11~ tl:~;~ 1 
0:: r~~e, om;st.hod: 

:~;crlno:. ~~~~h n:1[, t::ln~a ~ ~e~P:fe:~v:, bteh~n g~~~~Jh:~d \Ora~~~ 
port them to the land Ing at the head spar . There the logs 
will be loadad onto flat cars by the mechanlca' loader shown 
j ust to the right 0' the head spar. To the right 01 the 
oadlr Is • lorge cable yarde r which drives the complIcated 

cable system 0' the sky line. The Sky line is yarding ·'ro,. 
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use in the dellSe stands of the Pacific Coast. Introduced in 1906, high

lead yarding achieved popularity in that area about 1915.14 Sky-line 

yarding was introouced on the Pacific Coost at about the same time and 

achieved widespread use after 1915.16 

During the 1920'S the DltBt significant changes in cable yarding equip

ment affected the type of fuel and power employed. The substitution 

of oil for wocxl as a fuel in steam donkey engines and the replacement 

of steam engines by gasoline aDd Diesel internal-caOOmtion engines ef

fected striking reductions in operatiDg costs, especially through the 

elimination of the labor required to cut aDd gather wocxl.18 

Tractor LOf-yardine Equtj> ... 1It.- More important than the chaDges in 

cable yarding equipment were the developments in tractor loggiDg which 

considerably widened the usetulJless of tractor equipment. Tractors had 

been used in logging operations prier to 1920, principally as a substi

tute for animals in ground skidding logs. At that time they were used 

onlY on skid rosds aDd log chutes or in grouM skidding relativelY small 

logs. The steady improvement of tractors made it possible to use them 

with larger logs for which cable yarders had fOrErlY heen considered 
necessary. 

The more powerful tractors developed during the 1920'S could likewise 

ta< larger loads of small logs. About the middle of the 1920'S tractors 

began to be equipped with toong winches, powered by the tractor engine, 

which made it unnecessary to use animals to bunch logs for the tractor. 

Equipped with a taring winch, the tractor could cable-yard its (J(fi logs 

within a short radius. 

The first important effect of this imprarement was to alter radically 

the technique of high~l yarding. For m.ny years horse-drawn, wocxlen 

high wheels had been used to a limited extent in logging. The logs were 
buncbed, the high wheel backed <7let them, one end of the logs was lifted, 

14Jas • O'Hearne. -Descrtptlon and. Value or Hlgh Lea4s •• 1M f •• ,...,,,. Vol. XVIII. 
Jlo. 1 (II .... 1916). pp. ~. 
15speneer HIller. -The O'Ierbead--Cablewe.y MethOd or Logg1ng.· Nec.lVmica' ""ift6eri~, 
V01* 4? Ho. ? (Jul,. 1926). p. 629; f. B. H&llory~ -Modern SlI:;Vl1ne 87Stems,· .1M 
I(.bc~ft, Vol. IVI. No. 11 (Sept. 1915). p. 46. 
leA stUd,. ot tour operatIons indIcated that OJ)fJl"8.tIng costs were 81 percent hIgher 
tor WO()d;-tlurnlng steam eng1nes than tor oll-burning steam engInes (W. D. Peaslee, 
-Electrlcl~ va. Steam tor Western Losslns". Nest Coast .w.btrwn, Vol. S1. Mo. S62 
[NOV. 1918). p. 26). Furthermore. It was tound that merchantable t1mber rather 
tban wood waste was treQuent17 used as fuel. and. the otrtclals or one -operatIon 
d1eoovered that over 8 pereent or the 3ear17 output was consume.d In loggIng engInes 
(E. P. WhltM,.. -ElectrIc Appl1eatlons In the LoggIng Industry of the Nortr.est.
O,,,,,rat Ilect9'k R41llw, Vol .. XXIV. No .. II [July l;el1 t PI'. 633-4). Fuel costs were 
reduce6 ge percent In ODe Instance and 97 percent In another through the sub
stItution of DIesel engInes tor steam loggIng eng1nes. ~blrt7-0ne percent ot 
the red.uctlon In ruel cost In the tirst Instance and 41 pereent In the second were 
d.ue to tne ellmlnat.1on or the labor neeel!sal"7 to cut and gather woo1. (See IDlesel 
Logsing on Ora18 Barbor, I 1M J'i.k,...,,,,, Vol. XXX. N04 8 (June 192Ql t p. as; aM 

tohn Sehafer. -tH&se1 va. Steam Yaroer Coste l - rM "_Nl"lO", Vol .. :axl. No.1 
NOV. 1Q2Ii1, p. 132.) 
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aIKI the load was tared to the mill or landing place. With the advent of 

the mare powerful win<:h-equipped uactor it became possible to use steel 
wheels capable of towing heavier loads. A further evolution of this 

equipnellt led to the present logging arch. The arch aids in ground skid

ding logs aver short distances aIKI is capable of carrying much heavier 

loads than the early high wheels. Ta<ard the end of the l~'S the trac
tor donkey, a donble drum hoist attached to the tractor, was developed. 

This device could be nsed for high-lead logging, and its introduction 

cawerted the tractor into a light, mobile, mnltipurpcse cable yarder. 

The trend ta<a.rd larger tractors which are better fitted for logging 

operat ions has continned in recent years. Since 1 ~. 75- to 8o-horse

power Diesel tractors have been introduced and are tending to replace 

the smaller gasoline tractors, particularly in Pacific Coast operatioos. 

The larger Diesel tractor can be employed with greater efficiency in 

roogh country and on steeper grades.1'7 In. one test a 'I5-hp. Diesel trac

tor was able to haul 6. percent more footage per hour than the 6o-hp. 

gasoline tractor; the fuel cast was 80 percent lower per thousand board 

feet logged. 18 Diesel tractors have increased rapidly in importance 

in recent years. 19 The tractor logging equipnent of the leading manu

facturer is na;- designed fCll" use with a 7S-bp. Diesel tractor. 

The developnent of such logging auxiliaries as the towing winch, the 

tractor donkey, and the fair-lead arch, as well as t,he increase in the 

power of tractors, has placed tractors on a competitive level with cable 

yarders aIKI animals in logging operations. The nature of the competition 

1'7The relatIve advantages or the larger Diesel In rough country are shtl9n by the 
tOllordn& comparative pert0MDanC:8 rlgurea; 

8O-bo. '75- to 8O-hP~ 
Itea gasol1ne Diesel 

traetor tractor ---l'I&Xlmum grade negotIable ~ 4Oj! 
Slope reQutring least time 

tor hauling and returD 
Orade on which round-trIp speed; 

~ 1611 

1a sue e.a on the level 1~ 2~ 
Averap 10&4 (boan1 teet) 2 BOO 4330 

In ad4ltlon~ sllght adverse grades can be negot1&ted more easl11 by the DIesel 
tractor. The coet ot operatlon 1s alsO lower, chIefly because or ruel economy. 
(Burt P. lUrkland afld Axel J. r .. Brandstrom. SeucUva l'iso.r Iicl1saea.ftt ill till' 
b~l~~ 'ir RCllOA lForest Service ot the U. S~ Dept. Agr. and Charles Lathrop 
Pack Forestr,. fCJt1m.ation. Jan. 193a.] It p. 18~) 
l~elson C. Srown, J,cr,(",-.rrc""~t4t'Q1l: the Pt-incipus and JietlK;b 01 tog 
.fnlftS9O"taUOIl .'Il t.v lhdtea ,sia:t.., tiC Caftlda (New York: John Wllt!!7 & Sons. Inc •• 
1956), p. 85. . 
lOone CClJlP&D7 whIch produces DIesel engInes tor traetors 8M. IncIdental l)(W8r unIts 
ahowed an e:ztrelle17 rap1d. Increase til the proouetion of Dlesel engines between 1931 
and 1934, u Is 1n41eated b;r thest!! t!g\lt'es (ibid., pp .. 72-\5): 

Total hp. Total hp. 
Year or D1esel engInes Year or DIesel eng1nes 

1931 
1932 

produced pro:lll:e4 

1933 
1_ 
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between cable, tractor, and animal logg ing depends 00 the topography, 
the size of the timber, IlIId the density of the stam. 20 

The steam cable yarder weighs several tons, and nn1ess it is employed 

at a point i~diately adjacent to the forest railroad, it is usually 

quite cUl!ilersane to move. 21 When either the high-lead or sky-line system 

is employed, the rigging of the C<l1Iplicated system of cables adds further 
to the logging ccst. Thus a large part of the total ccst of operation is 

incurred in placing the machinery and rigging it. up for operatioo before 

logging actually begins. Furthermore, the initial investment in this 
type of machinery has increased fran a few thousand dollars for one of 

the early machines to as much as $~oo.ooo for a single unit. 

If at each setting there is a sufficiently large stand of large trees 

available, the investment charges- and lIIOYing and rigging costs lIBY be 

distributed over a sufficiently large volume to reduce unit ccsts to 

a lew level. On the other band. if only sparse or scattered st.ands of 
tilltler are available for logging, these costs lIBY constitute an imp<rtant 

item. Furthemore. the cable yarder is poorly adapted to any system in 

which sane trees in the stand are cut while the renaining t:iDt>er is left 
for cutting at sane 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 yarded along radial paths jutting out fran the spar 

trees. Young trees which are left staming are frequently broken by the 
logs which are hauled in, am in the ground-skidding am high-lead system 
the forest covering, favorable to the sprouting of new trees, is torn up. 

In contrast to the stationary cable yarder. the tractor is JOOSt fre
quently operated strictly as a mobile toong unit. traveling to and fran 

the stump and the landing with each load. The fact that the tractor 
travels in and out with each load means that individual trees lIBY be 
selected for logging fran the forest. Stands too sparse or too scattered 

to justify the moving and rigging costs of the cable yuder lIBy fre
quently be logged with profit by tractor because of its greater mobility. 
When .. network of tractor roads is constructed, considerable selectivity 

may be exercised in choosing the econanical sizes of trees to be cut. 
Thus clear-cutting may frequently be econanically dispensed with when 

201he dIscussIon or the r!latlve merits ot cable and tractor loggIng eqUipment Is 
bM:ed largel, on Brown (op. cU. t ~ss1.1 and. Axel J. F .. B'randstl'Qm. AM'YSis of 
Lotl'ffI Costs ~ftd OI>eraU", NetAotb (n tile Doughu '(yo Regio1\ (Forest ServIce 
of the U. S. Dept. Agr •• West Coast tumtlermen's AssocIation. and ella!'1e!; Lathrop 
Paek. forestl7 f'ound.at1on. June 1933), ~si •• 
21Th• r , la a wIde va~latlon In thts respeet between the relattve17 lIght and 
flexIble wheel-ll!OWlted. gasol1ne e!ble yaraers. extEnsIvelY e1llP-loyed In too South. 
and the larse steam engInes em'p10)'8d at Pac1tle Coast hIgh-lead ana sty-Una 
operations. 
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'.clflc Car • .,d foundry Co. 

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

tr~~~~,a~~a~~~qU~~~~Y n!~i~~e~rtooun~ 's8knjddldne9d o:ve:r l;~~~:n:ji~i!~c~~~~~~~:~ 
lifted at' the 9round by means at a caDle which is WOUf'\d in by a winCh 
l'I'aunted on the rear end ot the tractor. 

tractors are employed. F'urthennore, tractors have been found to be COll

siderab:Qr Jess destructive of gra<ing liJlber than cable yarders. 

For JIIaIt southern operations the di!ferences between cable yarding and 

tractor logging as described above are IltUch less sharp. There ground
lead logging direct to the railrcad track prevails; UDder this ... thcxl, 
lII:Ning and rigging C(Bts are not excessive and individual tree selection 

is pa!Sible when the logging is carefully lII!.DaI/ed. 

In the South animal logging is more extensive:Qr employed than any me

chanical ... thcd. Animal logging more near:Qr reseot>les tractor logging 

than any other methcd. 

Sel ... / Cabl. a.d Tractor Loe-yardint Equi,....t.- During the years 
1909-18 aver $1;.600.000 worth of heavy cable yarding equiprent was sold 
by one Pacific Coast canpany which manufactured such equiprent. This 

lII!IJlufacturer reported that sales of this equiprent reached a peak in 19a:3 
and declined thereafter, the last power-yarding unit having been built in 

1930. Sales of another important Pacific Coost manufacturer of this tYlJe 

of equiprent were negligible after 1930.22 It appears fraa this that 

2~p aaehlnII"J'-1!Il.nutactur.r! sUM'e;y. No ",nutaetuT'II'S of tbe l1Sht lUoline 
nnters. wbleh are w14eu UMd In tlIe Sau.tb. wtre surYe7ad. 
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between 1930 and 1936 there were few additions to the large number of 

heavy stationary yarders in use during the 1920'S in the Pacific Coast 

States. 

On the other hand. reports fran lIIUlufacturers indicate a substantia.l 

volune of sales of tractor legging IIIIChinery after 1929. An index of the 

dollar volume of sales of two leading lIBIIufacturers of this equipment is 

given in table 1. &nufacture of this equipment as a regular pra1uction 

item began in 1927 and rare to a substantial volume by 1929. declining 

sharply thereafter. Harever, sales recovered rapidly after 1932- By 

1935 sales of tractor hoista {single~ taring winches and double-drum 

tractor donl!eysl exceeded the 1930 level; in 1936 they rare to 32 percent 

above the previous pea.k of 1929- The recovery in the sales of legging 

arches was even more pronounced. reaching new big he in 1935 and 1936. In 
the latter year sales were roughly double those of 1929. The behavior 

of sales of tractor logging equipment is in sharp contrast to tl)at of 

heavy cable yarding equipment and is indicative of a trend ta<aro t.he 

former, which will be discussed in detail for the Pacific Coast and the 

South in later chapters. 

Year 

1929 
1930 
1931 
1932 

Table 1.- IID.XIS OF VALUB OF BALl8 OF LOOGIKG ARCHES 
AID TRACTOR BOI8T8 TO TRB LUKBIR IIDU8TRY, 1818-as" 

(1_100) 

LoU ins Tractor LoSSinS Tractor 
arches hoists Year arches hoists 

100.0 .100.0 1933 24.7 18 .. 8 
74.1 57.0 1934 71.8 40.8 
22.4 28.3 1935 127.1 79." 
23.5 2.0 1938 198.8 131.8 

llaJor Tr .... portation 

Lot-hauLint Equi;ment.- The developments in the equipment and tech

niques of transporting logs fran the landing to the mill parallel the 

charlges in yarding logs fran the stump to the landing. Railroad logging. 

which became the dOll1inant method after 1900. has found its supremacy 

threatened by the increasing euq>lO)'l1lent of trucks in the long haul. In 

recent years. trucks have been used to an increasing extent as a supple

_, to the rail haul, replacing spur-line rail transportation. The 

nature of the cClllpetition between these two most important lII!aDS of a
jar transport&tion is conditioned by their operating characteristics. 

The r&ilroad has achieved and to a large extent has IlBintained a daninant 

paaition in logiing oper&tiOllS because it has important advantages over 
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other forms of. major transportation. I~ assures a continuous supply of. 

l~s for the mill, on the whole regardless of. weather conditions, thus 
making year-round operations practicable. Furthermore, the railroad 
normally accomplishes this at a unit cost sUbstantially below that of 

other methods. Ql the other hand, the initial investment in a sbort for
est railroad is usually at least $so,ooo; sane single lines have cost 

more than $1,000,000. 

It is evident that continuous large-scale operation is necessary for 
profitable operation of. a forest railroad in order that investment charges 
and operat ing cans may be distributed (Ner a large output. This implies 

the existence of. a stand having a vol_ at least sufficient to liquidate 
the investment in the area tapped by the railroad. It is also clear that 

density is another characteristic of. the stand to be considered, tJe<:ause 
it will determine the amount of. construction per unit of praluct. 

The volume and density of the timber stand necessary for successful 
operation of the forest railroad depend largely on the length of haul 
alld the relative expense associated with railroad construction and III!.in
tenance under vary1ng conditions of terrain. In general, hooever, it 
m,y be said that small and .sca.ttered stands of old-grwth timber lsuch as 
are left in the wake of. clear-cut logging operations) or sparse stands 
of second-growth timber are frequently unsuitable for the profitable 
operation of. a forest railroad. 

The large initial investment reqnired for the construction of the for
est railroad has tended to encourage the clear-cutting of. the area tapped 
by the railrood in order to achieve a rapid liquidation of the investment 
involved. The necessity for achieving large-scale continuous operation 
in order to realize the full efficiency of railrood l~ging has perhaps 
encouraged the cutting of til1ber in excess of. current needs during pe
riods of. depression. Nevertheless the forest railroad is by no means 
necessarily linked to clear-cutting; it is frequently employed under a 
selection system of cutting, particularly for the main-line haul. 

Trucks are valuable in logging scattered stands of tiDiler for which 
the construction of. railroad spurs would be prohibitively high. Thus, 
in one operation, truck-road construction cost about $2,100 per mile 
in contrast to about $10,200 per mile for railrood constructiOll.23 If 
rood-ill1lOrtization costs are disregarded, helieVer, hauling costs for the 
railroad amount to one-half to one-fourth of the same costs when motOf'

trucks are used.2< 

l3arown. 09. ci'tw, p. 192. 
~t1"a.. 0fJ. e(t _, p. 71. 
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Trucks can be used lOOre profi !ably to tap new stands of timber, there

fore, only through a sharp reduction in road-aoortizatioo and maintenance 

costs. This is frequently possible where public higbwa,ys can be used for 

the major part of the haul, with temporary logging roads constructed, at 

low cost for short distances 0nI,y. 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 in selective' cut ting of 

a dense stand. 26 

River driving is confined lOOSt!y to the Northeast and northern Rocky 

!truntains, but rafts and boaIls are E!Ilployed to sane extent in the Pacific 
NOrthwest and the South for the transportation of logs by water. 26 The 

use of chutes (principally in the nOrthern Rocky !truntains and the lbrtb
east J, flumes (used occasionally in all sectioos but principally in 

nOrthern Rocky Mountains', and other less CQIIIIOnly E!Ilployed aids in log 

transportation have not been considered. 

LoZ-loadi1l(f Eqvi;mertt.- The mechanization of yarding and hauling equiIr 

ment could hardly have been accanpUshed without a corresponding mechani

zation of log-loading equipnent. Several types of mechanical loaders, as 

well as a number of standard hCJlle-1!lade devices powered by donkey engines, 

were available to the logging operator of the 19~IS. Loading on rail

roads was alJOOst universallY accanplished with the aid of machines. The 

'productivity of labOr 1n log loading was much higher where mechanical 

devices were employed than in the considerable number of operations in 

which loading on to trucks or wagons was performed by animal power or 

manpower. 

During the 19:ao's the loc(JlX)tive crane, developed for general indus

trial use, was adapted to the lumber industrY and was used both for log 
loading and for handling finished lumber in the sa>mill yard.2'1 During 

the 1930'S a tractONOOUnted mechanical loader was introduced which was 

sui table for use in loading trucks and wagons; its output canpared favor

ably with that ot the larger loaders used in loading railroad cars. 

26Th18 18 olten 40ne In conjunction with the use or borses for haulIng logs on 
wagons (prinCipally In the South and to leaser"extent In the East. Northeast, 
and lake States) .. 
26srown, ofJ. cf. 1. , pp. 230-88. 
t?',l 8BJIIple or aalea ot locomotIve cranes beHeved to represent about 15 peroent or 
the total 8ale. or all locODIotl" cranes shows that 62 or these _chlnes weH sold 
to the lumber Industl'7 In the 6 years from IQ20 to 1924.. eompared wtth 21 untta 
,~ the succeedIng 6 years, aales atter 1;29 were negligIble, Tha average alma or the locomotive CreJ11t sold to the lumber Indust17 tended to· 1ncrease durIng thIs 
perIod, BVeragln, 18 tons In weIght each durIng the ftrst 6 lear. and 22 tons 
In the next 5. he alsea or these cranes indIcate that they ~r. 801d almost 
entIrely to the larger lumber cOIll'Ules (NRP lIachlne171!anufacturera survey: 
tor a descriptlon or th6 l&1e. lample or 10comot1ve cranes ana power shovels aee 
appendiX B). 
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Construction Equi~nt.- The construction of logging railroads and, 

more recently, of truck roads is "considerable industry in itself, and 

large numbers 01 power shovels are anployed by the lumber industry to 

grade railroad beds. The accumnlation of this equipnent took place mst 

rapidly during the early 192)'s.28 Jobre recently, since 1932, bulldozers 

have been introduced in ~ading operations. The use of bulldozers 

has been particularly associated with the construction of tractor trails 

and truck roads. 

RBCBNT DEVBLOPMENTS IN LUMBBR-MANUFACTURING MACHINERY 

8 ... 111 and P~aD1Dg-.l11 Machiner, 

During this recent period there \ere few fundamentally new deve1.oprents 

in the sawnill. However,,, nunt>er of refinements in the construction of 

band saws, edgers, resows, and trinmers were made after 1920, and they 

had an important cumulative effect in improving these machines. 

Typical of refinements anployed to an increasing extent on post-19:1O 

models were antifriction, ball, and roller bearings and higber quality 

alloy steels. The introduction 01 autanatic setworks and various ait'" 

. and steam-po>rered log-haudling devices on the sawll carriage reduced 

the labor 01 the "daggers" and "setters" associated with that machine. 

The ne>rer machinery in tbe planing mill anployed ball and roller bear

ings, direct-cannected motors, and improved steels to an increasing ex

tent. These changes, together with improvements in design, have made 

the ne>rer machines capable of operating at speeds much higber than those 

of earlier years. The DrJSt moderu surfacers in the period prior to 19:.0 

were capable of operating at a feed speed of 2)0 to 2SO lineal feet per 
minute,I!9 although average speeds were much sla>rer. The planeN!latche~ 
introduced since 1930 is capable of feed speeds as high as sao lineal feet 
per minute, and speeds of over :;00 feet per minute are quite ordinary.30 

However, the effect of these improvements in salE!ill and planing-mill 

machinery has been limited in recent years by the relatively low vol

WIle of sawmill and planing-<nill machinery sales. The cYcle of'lumbet'" 

production activity is reflected in the sales of sawnill equipnent, for 

2~RP machlner1""1Danuracturers survey. nurlng the year8 trOll 1920 to 1924 .. 
44 shovels were 801d to the lumber 1ndustry by the tlrms Included In the e8mple5 
D.trtng- tM )"ears traD 1925 to 1929. M were sold; during the followIng 7 years on11' 
10 were 8014. The dIPper capac1ty of these shovels haa Increased troa 1~13 for 
1920-24. to 1.:51 cutlte 7&rda tor 1~29 an4 1.56 tor 1930-36. 'rbese shovels are 
employed prlnCipally 00 the larger operatIons. For a descr1ption or th. sales 
8amj)lfli of locoaotlve cranee aru1 power shovels see appendU: B~ 
29s. F. Whitney •• Electrlclt;T In the Lu1aber Industl7 •• ~UOftS 0/ t1w Au,,-icon
Institute oj j'lectriC41Iniifl,8ers~ Vois nXIII {leU}. pt. II, p~ 1al? 
SOsoae milIa report runnIng dimension stook at teed speeds of 1.000 lineal teet 
per .lout. (Bryant. o~~ cit .• p. 2S9~ Harry Morgan. -Report of CommIttee on 
PlanIng lUU Pract.1ce.· ~M ti.benaart. Vol. IIXI, No. 5 [:tSar.. 19301, p. 62) .. 

, 
• 



22 .MECHANIZATION IN THE LUMBER INDUSTRY 

tile construction and modernization of tile larger mills takes place during 
periods of expanding production in a given area. The last phase of the 
expansion of Pacific Coast lumbering activity is indicated by the slight 
rise of machinery sales in the years preceding 1923. After 192ij the 
value of sales o! both saMIlill. and planing-mill mchinery shae:l a matked 

decline to a lCM point in 1932. The recovery in saMIlill-!IBChinery sales 
after 1932 was insufficient to restore sales to the vollE o! the 1920'S. 

(See table 2.1 HCMeVer, the figures illdicate that during the 1920'S 

there were considerable pnrchases o! new sawmill alld planing-mill ma
chinery. Sales during these years would prdlably have been larger had 

there not been an appreciable vollE o! secolld-hand machinery available 
fran mills which were steadily cutting-out during this periai. 

~able •• - IRDBR OP V~LDB OP .~LB' or ~CBlIERr TO TRZ LUMBBR 
~RD WOODWORK 11. IRDU8TRY, 1.1O-8e& 

(11129=100) 

Year Sa_ill Planln~ mill 
(heavy flnlshln~1 

1920 216.3 198.0 
1921 112.1 100.0 
1922 123.5 127.6 
1923 172.3 179.9 
1924 171.1 172.1 

1925 104.7 142.2 
1926 134.9 136.9 
1927 65.0 108.1 
1928 76.4 94.5 

1929 100.0 100.0 
1930 59.8 68.9 
1931 26.5 33.4 
1932 10.3 11.3 

1938 15.2 33.1 
1934 20.7 31.1 
19311 24.8 48.0 
1936 111.4 59.0 

-Saeed on table 8-1.. ExclUdes l1ghter f1nIehing and Ytoooworklng maCh1ner:y whIch 
would. usually be 8l11Plo,Jed In lndepeDdent WOOdworkIng esuol1s_nts.. The series 
tor sawmUl mchlnery 18 beUeved to represent SO to 60 percent ot the value ot 
sale8 ot all DBGh1nerl eqUipment used exclualve~ 1n sawmll18 (table B-2) .. 

Iouro. ot Powe • • 
The shift fran water power to steam power was approaching conpletion 

in 1911ij when the beginnings of a new shift fran steam power to electric 
power became evident. Electricity is more economical to praiuce and 
transmi t than stellJl1 power. and it is a prerequisite for the appli~ 
tion of many retinemen ts in machines. Nevertheless. its intraiuction 
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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 fran 6.9 percent in 191'1 to 11.9 percent 
in 1919. Thereafter the rate of increase was higher, and by 1929, '1'1.6 
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-station power 
is frequently not feasible because lumber mills frequently operate in 
outlying regions. 81 

Table •• - paRCaRTAGB OP TOTAL BATED HORSBPOWER OP THB LUMBER 
ABD TIMBER PRODUCTS IKOUBTRY FURNISHED BY BLBCTRIC MOTORB, 

1914_811& 

Driven by Driven by 
Year Total enerQy Qenerated purchased 

in the plant electrical energy 

11114 6.9 5.2 1.7 
1919 11.9 8.S 3.6 
1925 24.6 16.7 7.9 
1921S 36.2 27.8 8.4 
1927 42.1 29.3 12.8 
1929 44.6 30.4 14.2 

&z,ata tor 1928 fr(m c~ Of ll<mtlfGctvrfl!J: 1923 (U. S. Dept. Com •• Bur. Census. 
1926), p. 448: data tor all other lean tram If.Jieenth CBtUUS' of 'the United Stcltes: 
1930. lManutactures: 1929- (tT. 8. Dept. Call., lrur. Census, 1Q3.'!S), II, 463. 

The primary reasons for the electrification of the sal<IIli.ll were the 
centralization of power generation and the operating econmies attendant 
on the use of electric power. Centralization of power generation in one 
electric generator rather than in several steam engines, each with its 
full complement of firemen and tenders, reduced labor requirenents in 
one instance from 70 to 19 men. 32 The purchase of electric energy, of 
course, entirely eliminates power-house personnel in the sawmill. 

The sharp increase in the average size of steam turbines as canpared 

with the average size of stean engines (table 'II indicates the extent to 
which power generation was centralized by the shift to electric power, 

81.rb.ese factors restrIct the use of electriC power at small mIlls 1n particular. 
Tbu8, on the PacifIc Coast more than three-fourths ot the large al11s (4&117 
capac1t10r 100 thousand. or aore board teet) and leas than one-rUth ot the 811&11 
al118 {dally c&p&City ot less tban 60 thousand board feet} used electrIc or 
electrtc md. lte_ power In 1938 (see table 1>-6). > 

82c~ B. Gorton and P. R. Innes. 'One Hew Inaustrlal POlMr Plant Replaces snen.. 
Powtr liOfd: ""iMarl"" Vol. XXVIII. No. 16 (Jug.. 1. 1924), ,p. 7&1. 
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since turbines are used almost entirely in electric-power generation 
whereas engines _are frequently used for driving machinery without fur
ther paw-er conversion. Having an average horsepaw-er of 229 in 1919, 
steam turbines increased in size mre than threefold to an average C3ll8;C
i tY of B<!4 horsepaw-er in 1929; in general there was no corresponding ly 
consistent increase in the size of steam engines during this period. 

Table •• - AVERAGE RATEn HORSEPOWER OF STEAK ENGIMES, 
STEAK TORBIJlES, AIID ELI!CTRIC KOTORS I!r TIlE LUMBER 

AIID TIMBER PRGDUCTS IIIDUSTRY, 191.-a9& 

Year Stream. en~lnes Steam turbines Electric motors 

1914 n.a. n.a .. 24.5 
1919 61.5 229.1 22.5 
1923 69.6b 596.91> 22.0 
1925 92.7 774.6 24.0 
1927 91.9 875.7 16.6 
1929 70.3 844.3 16.5 

aFor source see table 8. ttn. a. 
bDerlved by multIPlYing the average horsepower In 1923 ot both steam engines and 
steam turbInes by an estImated ratIo ot the average horsepower or each to the 
average horsepower or both. The estimated rat10s tor 1923 were obta,lnsQ bl' 
stra1ght-l1ne 1nterpolAt1on between s1mllar ratIos tor 1919 ana 1926. 
n.a ... Data DOt'. available. 

Another significant effect of electrification has been a considerable 
reduction in sawmill- maintenance personnel. Associated with the steam 
engine was a relatively inefficient system of shafting and belting for 
power transmission which required a large amount of maintenance labor. 
The applicat ion of motors to individual machines and groups of machines 
eliminated labor for the maintenance. 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 
lUlltler industry and by a canparison of the average size of elect ric !II(>

tors with that of steam engines. In 1914 the average size of electric 
motors in the luDiler industry was 24.5 horsepower; by 1929 this figure 
was 18.5. In the latter year the average horsepower of steam engines 

was 10.3. 

Savings in t he cost of power generat ion are onIy one phase of the econ
anies attendant upon the use of electric power. The mcst flexible and 

adaptable of all forms of power, electricity has increased the tempo of 

proauctian throughout the -.ill. Electrical equipnent, furthennore, is 
easily adaptable to autanatic and semiautanatic control. 

Important though not easily measurable savings have folla<ed the greater 
flexibility 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 need not plan the lay-out with a rather clunsy mechanism of 

shafts and belting as the starting point. Be can lay out the simplest 
arrangement of machines with the IlKEt direct and rngged drive for each 
IIBChine and then select the IlKEt suitable motor. The cumulative effect 
ot electrification plus the improvements in sawmill and planing-mill 
IIBChinery alreadY noted have been to increase production fram IS to 20 

percent in reported instances without the addition of a single IIBChiue.s3 

.... 0111 .. Bqui_nt 

Develapments in the artificial seasoning of luniler were stimulated 

during the 1920'S by the rapid extension 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 larer the 
shipping weight of the I18.terial. 34 

The smoI<e kiln, the earliest torm adopted, bas been replaced by momt
air kilns at all except snall sawmills in the pine region of the South. 
The principal develapments in recent years have been directed tcwa.rd 
securing better air circulation within the kiln in order to secure mre 
,rapid and unifano seasoning. Forced-drculation kilns have largely re
placed other kiln t;ypes since 1920.36 

The devel.opnent of instl'Ullents for indicating and recording kiln temper
ature and bumidity bas facilitated their successful operation. Instru

ments were also developed for the full autanatic control of temperature 
and humidity, and they were found to be capable of effecting marked sav
ings in steam and operating-labor casts.se 

IlandU .. Equ1_nt 

In the handling of luni>er, semiautalBtic and fully autalBtic lumher
sorting tables have found sane use. The more popular type is the semi
autalBtic edge sorter, in whicb a workll8.n turns the lumer on edge and 

~-HBER lOBSlng-camp and sawmlll survey. Also Allan E~ Hall. .Eleetrlcal17 
Dr1ven Saw lUlla,. NecAcanicQ; l 6fti 'ft8.~int. Vol. 43. No. 2: (Fet> .. 1ee1h PP. 90-7; 
RBrrJ A. Mount, -In the Modern Sa.wmill.· Sde"Utk ;: .. ,..(can, Vol. CnIII. No. 22 
{Nov.. 27. lQ201. liP. 64&007. 
34As an IndIcatIon or the ext~nt to whleh kIln seasontng reduc~s d~YIng tlme~ 
southern rellow pine may be taken as an example. Tb!s material In i-lneh stock 
requIres 46 to 60 4tl18 1n the warm months 8Jld trom 90 to 120 days durIng the "Inter 
for proper drying. Eila seasoning, 00. the other band. was round in a survey ot t9 
planta to requ1re an average ot eo hoUrs. (Bryant, O? cit. (1922 eel.]. p~ 244.) 

36Letter trm the U. S. Department or Agriculture. FONst ServIce. Forest Prcducts 
lAboratory, to the author. c1ated June 7. 1989. 
S6In OM ease the installation ot the automa't1c control s;rstell on 11 kilns In
eN!asel1 the kUns 1 output by 23 percent an4 redueed tile s~am reqUirements or tbe 
kilnS bY 18 percent (1..- A. Corw1n. -Exhaust Steam tconCl&1 •• Pod .. Ploni Infineni"f, 
VOl. XXXIV. No. 23 [Dec. 1. 193Q], p. 1372).. A test or two Identical kilDa at 
a Paclt1e Coast plant, the teaperature ot one regulated: by hand aDd tbat or the 
other by an aut01ll9.tlc regulator .. truHcated that the band-regulated. kiln use4 
46 percent more steam than the latter ( ... st COQ.S't L .. bBr .. n-, Vol. sa, Ho. 3M 
!Kar. 1. 191aJ. p. 32). 
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dro{s it into the proper slot. after which live rollers COIIVey it to the 

end of the sorter aDd drop it ooto skids which .carry it to storage plat

foms. The fully autanatic types have not fouDd cannon use because IIDSt 

of them separate ltmiler b~ length only. rather than by width or thie\<:

ness. Another devel.opll!nt of considerable inp:lrtaDce in open-ilir drying 

or kiln seasoning of ltmiler was the intraluction of mechanical stacking 

devices. The proc!uctivity of labor in stacking aDd unstacking kiln cars 

aDd in piling in the open yard was estimated to he 150 to 250 percent 

higher with these devices than without them.37 

Among the more striking changes in lumber manufacturing during the 

·192O'S was the application of mechanical haDdling devices in the saMIIlill 

yard. Before 1<}20 ltmiler was haule<l fran 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. Ole of the first stages in the mechan

ization of ltmiler handling was the substitution of tractors for horses in 

pulling lutdJer buggies. IIorses could pull a mximllm of about 1,500 board 

feet at a speed of ~ miles per hour; tractors could haul 3,000 board 

feet at 6 miles per hour. 38 

Although it greatly increased the productivity of handling labor, the 

s~titution of tractors for horses did not fundamentally change the 

haDdling system. BaSic changes were effected, ha.ever. by the installa

tion of monorail aDd crane SystellS and, particularly in later years, by 

relatively inexpensive selt~red straddle trucl!s cr carriers. 

The emphasis in the larger. aDd more expensive itellS was on volume of 

ltmiler that could be moved. A monorail system, employing one operator, 

was capable of handling 100,000 board feet per day; a cantilever crane 

operated by two men was reported to have moved ~<}2,OOO board feet of 

lUlltler in 8 hours. Another type of crane had an estimated capacity of 

150,000 board feet per day with two operators, and locanotive cranes 

were estimated to be capable of handling 90,000 to 125,000 board feet 

per day with two operators. In one case a particularly high output was 
reported for a gantry crane when 800,000 board feet of ltmiler was loaded 

OIl a vessel ill 10 hours. These systems Calle into wide use wherever lUll!

her was moved directly fran the sawmill to ships. Their installatiOIl OIl 

docl!s in lU1lt>er-producing regions undoubtedly displaced a considerable 
• amount of labor. at these systems, the one employing the locanotive 

crane was perhaps the IIDSt flexible. The locanotive crane was capable 

~"'Bu'd upon eatllMtes or outPUt by baDd aDd b7 mehlne gIven In Br18Jlt .. ~ ... _cU. 
(IE eel.).. pp. 212. 241-6 .. 
881b14., 1>1>. 14<H1. 

• 
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• FIGURE ).- STRADDLE-TRUCK lUfi1BER CARRIER 

This high'~ adaptable and relatively inexpensive machine has found wfde-

~~~~:d t~S: ,,:s tr~n;~:r:ai;3 t}:dmbte6'pr8intehr~~t ~~~8~~~~~gr' l~r~~r~7:dsy~t ~ ~~ 
space between the wheels; It is piled by means of a front-litt 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 
locanotive crane loaded 170,000 board teet ot lumber on a ship in 10 
hours. Hcwever, all of these systems' involved large investments; they 
were theretore largely limited to mills of high output. 39 

For smaller plants and for large plants requiring flexibility in han
dling, carriers found great popularity. These mobile units are capable 

of halKlling 30,000 to 50,000 board feet per hour. 4o 

The period fran 19:U 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 
Da'e rapid than the decline before 1932, and by 1936 the value of carrier 
sales had reached the highest level yet attained (see table 5). This 

SQni40. pp. 147~. 
'Oor. Br1!l!!lon CunnIngham. 'American ~tbOC1 ot ConveYing Tlmber.' Cas""',,,'" Irwlus
tt"(Ol Ma,..,.",nC Clncl Ntclaonw:allon4Unf, Vol. XV (new sarles). Mo. 2 (Feb. 1828). 
p. 48. 
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Tabl_ G.- IKDEX OF VALUE OF BALKB OF LUMBER CABRIERB. 1910-ao" 

(11129=100) 

Year Index Year Index 

1920 46.6 1929 100.0 
1921 21.5 1930 49.6 
1922 59.1 1931 35.2 
1923 116.4 1932 12.5 

1924 88.3 1933 24.3 
1925 86.4 1934 35.2 
1926 109.7 1935 76.7 
1927 77.7 1936 136.4 
1928 81.0 

aaased on table 1-4. 

striking recovery is in marked contrast to the behavior of the sales of 
sawnill equipment noted earlier. 

SUMMARY 

The machines and techniques of the lumber industry have been developed 

in response to changes in the economic objectives of the industry and 
in the state of the forest resource. The emergence of stean 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 sawnill and yard equipnent 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 ~he rapid liquidation of the timber re
source. The effort to achieve oost reduction and quality improvement in 
recent years represents a trend of increasing importance. 

The extent and mode of the application of the JOOre recent machines and 
techniques depend upon the character of the forest resources in the 
several producing regions. The magnitude, availability, and qualitY of 
the forest resource in each region are detemined in turn by the natural 
conditions. the length of time the region has been logged, and the types 
fIIf .technique employed in the past. There are accordingly marked diffe1'
ences in tbe extent of employment and rate of adoptiOn of the machines 
and techniques which have been described. In tile following chapters 
technological changes and their effect on labor productivity and the 
state of the forest resource are discussed in relation to the condi tions 
peculiar to tbe t1OlO JOOst important forest regions. the Pacific COast and 

the &luth. 



CHAPTER III 

TECHNOLOGY AND UNIT LABOR REQUIREMENTS 
ON THE PACIFIC COAST 

An examination of the relationship between unit labor requirements and 

technological developments in the lmnber industry must begin with a rec
ognition of t..o facts: tIl that unit labor requirements, 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. quality. and accessibility 
of the timber available for cutting and 121 that the lumber industry has 

operated for the most part on the principle of clear-cutting first the 
most accessible stands of large-size. high-quali ty timber, so tha, there 
has been a rather steady decrease in the accessibility of available tim
ber. or in its size and quality. or in both as operations continued within 
a particular region. Because of these conditions. a constant process of 
adjustment has been necessary to accanplish a reduction or even the main
tenance of the level of unit labor requirements. 

One phase of this process of adjustment has been the advance of tech
nology. There bas· been the steady improvement of machines, as noted in 
the preceding chapter, which has tended to reduce unit labor requirements. 
New machines and methods have been developed, particularly in logging, to 

meet the changes in conditions of accessibility and size of timber. Leg
ging techniques have been developed to overccme to a=siderable extent 
the difficulties of decreasing average size and to a lesser extent 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 entirely the increase in difficulties asscciated with the 
continuance of operations under the traditional clear-cutting sYStem. 

A second imPortant mode of adjustment to depleted timber stands has 
been the abandonment of large stationary mills in favor of smaller and 

more mobile units. lilten timber becanes 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. 
FIlrthemore, stands are frequently available for cutting which are not 
of sufficient volume to justify tbe erection 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 stationary mills; they 
frequently attain a canpetitive position in regard to labor requirements 
by manufacturing a crnder product. 

29 
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United Stat •• Fore.t S.,,,lce (I . S. 3Ai~;) 

FIGURE ij.- LARGE AND SMALL SAWMillS 

~hl~: ~~~~~~~tOt~~ -::,e; ~ '~h:h~:~I;l c t~~a~~P o~~p~~lCt'"eOfpot;tea~,a;g:a:.!n~ 
Shown below Is one of more than 7.000 small sa""",ills in the South which 
accounted for nearly "0 percent ot the southern product ion in 1934. 
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'The relative importance of these two foms of adjustment to increasing 
difficulties varies regionall,y. 'The present discussion is limited to the 
Pacific Coast and the southern forest regions, areas which together ac
counted for over 80 percent of the total lumber production of the United 
States in °1935• 

'This °and the following chapter are devoted to 11) an examination of 
the measures of adjustment to depleted timber reserves euployed 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 tenns of 
the resultinlr level of unit labor requirements. Examination of the sta
tistics on lumber production and timber depletion serves to indicate the 
magnitude of the adjustment necessary. Figures on the proportion of the 
total production in these two regions supplied by mire 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 analysis of tecbnological changes with reference to their effect 
On labor productivity and the availability of timber defines the role of 
this fo"" of adjustment to depleted timber reserves. Finally, the pres
entation of the available data on changes in the level of unit labor 
requirements, together wi°th an analysis of the factors responsible for 
these changes, serves to sUlllllaI'ize the effects of the shift in production 
and of technological changes. 

(kl the Pacific Coast1 are fonnd the largest and densest remaining stands 
of old-gt'<7.."th timber in the United States. 'The Pacific Coast has 62 per

cent of the country's saw timber and 71 percent of the old-growth saw 
timber. 2 Most of this is in the dense stands on the moist western slopes 
of the Cascade Ibuntains where fuuglas fir predcminates; in the interior, 
the sna1ler ponderosa pine is the lIOSt important species. 'The old-grQith 
stands are extremely dense and the individual trees are large. P.owever, 
much of the remaining stand is not econOOlically available at the present 
time because of the muntainous topography. 

Production in this area began about 18~5, but little lumber was cut 
until the completion of the Northern Pacific Railway in 1882. Production 

increased steadily after that time Itable 6). with I10table spurts after 

lIncluClU call tol'nla. Oregon. anti waShIngton. 
2us 8. Congress, Senate. A 'ol'onal PlGft for .IU"~C'Gn. ~ut"'~b s. Doc. No. te, 
73d Cons •• 1st sese., 1933. 1. 178. Hore recent estImates indIcate that these 
f1gures overstate slIghtly t~e Importance ot tbe PacifIc Coast In terms of the. 
Nation's tl~b8r reserves. Th~ recent surveys by the UnIted States Forest ServIce 
show that Call tornta and the Pae1tlc Northwest (1ncluQtng loaho and Montana) con
taIn 82.1 percent or the Hat1on's ssw tImber and 75.4 percent or the old-growth 
saw tlmoer (&tte L-.b.,. Ifldvstry 'acts: 1938 [we.ahlngto-D. D. C.: Nat10nal L\lDl!)er 
Manufacturers AsaOclattOD,), p. 6). 
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Table 8.- LUMBER PRODUCTIOR IR TBB VRITED STATKS 
AKD OR TIB PACIFIC COA8T, 1889-1838& 

011111_ or reet, b. ..) 

Percent Percent. 
PacifIc PacifIc 

UnIted Pacific Coast United PacH'lc <;:0&51. 
Year States Coast. Is of Year St.ates Cosst Is of 

United United 
St.ahs States 

1869 12,756 558 4.4 1920 29,878 10,323 34.6 
1879 18,091 663 3.7 1921 26,961 7.215 26.8 
1689 27,039 2,152 8.0 1922 31,569 10,581 33.5 
1899 35,078 2,901 8.3 1923 37,168 12,762 34.3 
1904 34,127 4,562 13.4 1924 35,931 11,929 33.2 

1905 30.503 6.241 20.5 1925 38.339 13.287 34.7 
1906 37.551 7,259 19.3 1926 36.936 14.189 38.4 
1907 40.256 6.764 16.8 1927 34.532 13.390 38.8 
1908 33.224 5.390 16.2 1928 34.142 13.630 39.9 
1909 44.510 8,918 15.5 1929 36.888 14.149 38.4 

1910 40.018 7.448 18.6 1930 26.051 10.670 41.0 
1911 37.003 7,087 19.2 1931 18.523 7,494 45.4 
1912 39.158 7.239 18.5 1932 10.151 4,545 44.8 
1913 38.387 7.892 20.6 1933 13.961 6,147 44.0 
1914 37.348 7.082 19.0 1934 15.494 6.459 41.7 

1915 31.242 8.351 20.3 1935 19.539 7.953 40.7 
1916 34.791 8.128 23.4 1936 24.355 10,297 42.3 
1917 33.193 8,207 24.7 1937 25.997 10.840 41.7 
1918 29,382 8.589 29.3 1938 21.648 8,801 39.7 
1919 34.552 8.818 25.5 

aData tor 1869-1934 !rca .. be.,. Pr-odw:t'cm: 1889-193G (U. S. Dept. Agr ... Forest 
Service, Div. Forest Econ., 1938). Pl'. '7-73; tor 1935 fr(ll SEme, 1935 (1~7); t(1l'
lQ.'58 trOll sa •• 1936 (193"1): tor 1937 trtD same .. 1937 (rev. ed.: Apr. 4, 1939); 
tor 1938 fro. same, 1938 (llov. 1939). FIgures tor the PacifIc Coast States 
(Cal1forn1a. Oregon, and WashIngton) Incluae data. usual17 not separable, tor 

lfevada; DOIIJ8Ver, the .rrect or the 1ncluslan ot Nevada 18 neglIgible (see table 
A-i. ttn~ C). 

the opening of the Panllllla CaIlal in 1914 and in the post-war recovet7 of 

19:1(), 'The producti<JI peak for this area occurred in 19Z. but productim 
was maintained at a unifoml,v high level throughout the years 1923"'29. 

In 19:1() the \iii ted States Forest Service estimated that about 75 per
cent of the original 77.UO,OOO acres of forest land remained and that 

about 68 percent of this area was virgin stand. S Between 1920 and 1935 • 
the depletion of timber COIItinued. 'The Forest Serviee estimates that 
the annual cut of saw timber in the rears between 1925 and 19a9 was 
16.1!86.839 thousand board feet4 and that about 140 board feet of timber 

8 ttllbsr D._~hUOft. ~_be,. Price'!. , .. be,. h90rtS, (If:d CCMC."tf"O.tioa of , •• ber 
o..,..r,sM, (3c1 e4 .. : u. s. Dept. Agr' •• FoHst Servloa. 1928:). p. ~ 

4A I4U""", p"", I"" au""'" ",.. •• try, I. 211. 
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VlII'ted Stat •• for •• t Strylce 

per 1.000 board feet cut were destroyed by fire. insects. and other 

causes during each of these ~rs. 6 During these 1ears the ratio of an

nual draill to annual elWtb was 10.S to 1 for saw tiJlt>er. · The dec:liue ill 
lunt>er &lid t~ts produc:tiOll sinc:e 1~ has lowered cOllSiderably 

this rate of depletiOll. But ill 1936 tbe current annual draill 011 tbe ~ 
tillDer resOurces of the Pacific Coast States. ldaho. and btua was 
st ill rNer three tine as ereat as tbe current annual gr(J(th. 7 

The depletiOll of the tillDer supply evell on the Pacific Coast has IIOde 

adjustments nec:essar;v to avoid rising loni.., costs. All exllllinatiOll of 

table 7 indicates that 011 the Pacific Coast this adjustment was DOt .ade 

6.n.t annual dra1D 1Il tlablr out &n4 dlltro",d OIl the Pacltlc caut waa 3.444.011 
truNnnd cub1c tl.t (U., •• D. 208) ccapared to 2,1iI!7.880 thousand cullia teet cut 
1D .. cb of tbe •• 7UJ'8 (nill,. p. 211). 
en"". p._. 
'_IIIII ... try '''''*"' J8.li. p. U. 
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througb a shirt of production to smaller mills during the 19~IS. The 
percentage of the total production accounted for by the group of largest 

mills increased markedly, whereas that of all other groups declined. B 

Since 1929 there have been indications of an increase ill the importance 
of small mills. It is safe to say, however, that on the Pacific Coast 

the alteration and improvement of praiuction techniques still constitute 
the most important of the two principal DrJdes of adjustment to depleted 

tiniler supplies. 

'able ,.- .UMBER AMD A'RUAL PRODUC'IOR OF PACIFIC COABT 
BAWKILLS, BY VOLUME 0' AIXVAL OUfPUf, 1919 AWD 1989& 

Volume of annual 
Milis Production 

out.put (thousands Percent Thousands Percent 
of feet.. b. lB. ) Number of" total of" feet, b. m. of" total 

1919. total!> 1.217 100.0 6.796 .. 504 100.0 

50- 499 420 84.5 94.410 1.1 
500- 999 185 13.5 116.887 1.3 

1.000-4.999 305 25.1 659.253 7.5 
5.000-9.999 85 7.0 602.479 8.e 

10,000 or over 242 19.9 7.323.525 e3.3 

1929. total!> 1.307 100.0 14.149.301 100.0 

50- 499 469 85.9 110.447 0.8 
500- 999 151 11.6 99.414 0.7 

1.000-4.999 815 24.1 708.813 5.0 
5.000-9.999 81 6.2 571.095 4.0 

10.000 or over 291 22.2 12.659,732 89.5 

a Oata tor 1919 from J'otWtee"U Censvs Of 'tile Ons.ted States: 1920, Vol. X. 
_Manufactures: 1919. (U4 S. DePt. Com.. Bur. Census. 1923), p. 437; data tor 1929 
trom 'ift4tl'llth CeftS~ 01 Ue kited Sto.t8S: 1930~ .Hanutactur&s: 1929- (11. S. 
DePt. Com •• Bur. Census. la33). II. 448. Data are tor California. oregon, and 
Washlngton but InclUde statistles tor one mill In Nevada. tor 1929-
bK111a cutting less than 60 K tt. b. lit. per )'ear were exclUded. from the tabul&tton 
1n 1919 because mUla ot this slze Mre not reported in 1929 and it was desIrable 
to have h01llogeneoua gr-OUJ)!I tor comparison. In 1919 there were 38 mUla In this 
class {3 percent of the total ot all mills on the PacifiC Coast} cutting a total 
at 1.16S H tt. b. m. 6.01 percent ot total lumber cut In th1s reg1on). Because 
these mUla are responsible tor 8uch a small percentage of the total prOdUCUOD.. 
tJleir om1881oo cannot attect the resUlts appreciablY .. 

'BCHBICAL CHABOBI AID CMI' LABOa aBQVlaBKBK'. 
IX LOOGIMG CAMPI, 18aO-85 

The reduction of lI1!II1-hour requirements on the Pacific Coast between 
1920 and 1935 must be attributed in large _UTe to a process of steady 

&rbere was a larse 1ncrease In tbe '9'olUD8 of prOductlon between 1919 and 1929, and. 
the 1ncrttaeed. ut111zat1on ot capaclt7 no doubt raIsed manJ" aUla trOll a law&r to a 
higher a1ze group. HOMver, slnce 99.? percent ot the Increase In prmuction be
tween 1919 and. 18e9 waa accounted tor by the tncrease In prOCluctlon ot the group 
or largest mllle. It 18 ev1Qent t18t tbe dominant tendency was to t.ra.nater a larger 
abare ot prOd.uct1on to eM luge mUla rather tban to the aall mills. 
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improverent in logging IIBCbinet7. This was particularly tl'1le during tie 

19aO'S, when the pcM!rful stationary cable ya.rders and torest railroads 
reached their peak of developnent. 

The dellSe stan:ls of old-grarth tiDiler on the P.!cific Coast li\ere partic

ularly well adapted to logging by moans of cable ya.rders, and the large 

size of individual til1tler holdings and the desire for their rapid liq
uidation favored the introduction of powerful equipment. Technical 

developnents during tie 192'>'S were therefore cbanneled to a cOllSiderable 
extent within the requirements of the large operatioos. Tie shift fran 

grcund skidding to high-lead and sky-line yarding likewise favored an 
increase in the size and canplexity of logging engines. 9 The central 

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 nUIIDer of large P.!cific 

Coast operations during the l<pO'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 1920'S em

ployed a portable power plant mounted on a single railroad car with a 
-l00-toot steel spar which could be raised and lowered. This tremendons 
machine could be run directly into the forest on a railroad spur line 

and quickly rigged at various points along tie line to clear the forest. 

That it bore little reselli>lance to the early power skidders of qo :years 

earlier is indicated by the tolla<ing tabulation: 'O 

Pirst oableway St.ee I-spar 
Item skldder skldder 

Weight of power plant l~,OOg lb. 300,O~¥ lb. 
Main cable • in • In. 
Span e50 ft. 3.000 ft.ll 
Total alllount of wire rope 3.000 ft. 82,000 ft. 
Load carried 3 'tons 25 t-ons 
Dally maximum out.put 20.000 ft. 250,000 ft. 

TIe large paoer skidders which reached their peak of development in tie 
1920'S not only carried larger loads but transported them more rapidly. 

An average haaling speed of 250 to IlSO feet per minute was increased, by 

'HISh-au and: alr7-l1ne logging beeue glMUl at logging operations In the North
weat atter 1916.. IntrOduce4 Into CaUtorn1a In 1917 .. ht8h-le8(1 loggIng was em
ployed at 19 or 25 l .. orta.nt operations. bl 1921. (5. B. Shaw &lld W. B. Greeley • 
.f._ber Orowi':li Q_ bott'''' Practice ift tlwl CClUjOf'lliG P(M RegiOtt. [U. S. D&pt. 
Agr •• Bull. No. 1402, Ma7 182e) f p. 29.) 
10AQapted trom Spencer Kl1ler, -TbI!' fNerbe&d.-cableway HethOd or LoggIng.- Jlec1tcsr 
"Ctll 6",iMeri"" ·Vol. '7. No • ., (July lQ25.l. p. 527. 
lltUUer gave this UP" as 5 .. 000 teet. but since this clear17 represents tobe 
extreme 11lll1t4 tor operation ot 'Ulls eQulPll!ot, it. wu telt d.eslrable to substi
tute tbe more .nerallY Obt.a1llable tlgure or a l ooo teet. 
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the middle of the lC}.20'S, to 1,000 feet per minute, aDd in extrere in
stances to even higher speeds.12 

The development of the forest railroad paralleled that of the cable 
yarders; there was a steady ilIcrease in the size and pcwer of the lOCo
motives and the strength and durability of the rolling stock e!!ployed.13 

This meant an increase in the size of the load carried and in the speed 

of cperation. 

FIGURE 6.- COMBINATION SkY-LINE YA.ROER AND LOADER 

SUCh large machines as this electrically operated skldder-loader are 

~~:;D!~e~' h~~:~:~~OI~ i ~j! f,;S e!~e~~yy~~n~~~;~~:~e oro t ~~v:a~~~ i~ i c~a:~d 
best suited to extensive clear-cut lo9a1ng . Progressive timber dep~etion 
has Increased the number of sltuat ions In Which llIIore flexible equipment is 
des i rable. . 

Accoopanying 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 ya.rding machinery, from steam to gaso1ine And Diesel 
engine power. This was productive princiPally of a reduction in the 
labor of AttendAnce on these machines. These improvements in logging 

121l'l.11 Important phase ot techntca.1 progress which mde poss1ble these Increases 1n 
the speed ot operation and. the IIllle or t.be load carrIed "a8 the constant IJiprove
ment In the Itrength or the wIre rope eJIPlo79d In the cable larder (Sha" and 
Greele,. ~. c't .• p. 27). 
13Locaotlve8 employed In weatern operatIons aomet11188 welShed 100 tons ctaPared 
wIth 12 tons tor earller englnee. The aIze or ralls l1kewls1 Increased from 12 
pounde per ;yard on earl)' Unes to eo and 70 pounds per yard on contemporary 

:i~~~l~,.s;~~~~~' ,~c:;:; #,,'ff.';,s~~~~,:,"~a~~~a tr:e!,,~:~&e~c!: ~:fe~OO: 
Sona, Inc .• 1~e]. pp. 2U,-6.) 
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machi.Dery - tbe increased size, speed, aIIII p<:l'ler aIIII tbe introduction of 
types Of p<:l'ler aIIII fuel requiring less labor - were probably tbe princi

pal factors operating to reduce logging labor requirements during tbe 

1920'S. These improvements affected tbe larger oPerations particularly 
and were certainly tbe principal factor responsible for tbe reduction in 

unit labor requirements at the large Call"pS during the 1920'S. 

The Shift t. No ... n."ibL. It4chi .. ry.- In recent years the improvement 

of cable logging machinery and forest railroads has declined in inlpor

tance as a factor influencing the Pacific Coast logging labor require
ments. The increased utilization of more flexible types of logging ma

chinery, such as the crawler tr'!"tor and the motortruck, has been the 

mast important fom of tecbnological advance since 1929. 

Tbe develqment fran ground skidding to high-lead and sq-line yarding 
resulted in a progressive. increase in tbe weight, canplexity, and size of 
tbe pcwer unit. Thus the very steps which made tbe cable yarder a highly 

productive machine also contributed to its ilIInobility. The system of 
clear-cutting timber (with which pC>Oer yarders are associated and for 
which ·they are best fittedl leaves in its wake scattered stands of less 
accessible tiBt>er which are left precisely because tbey cannot be profit
ably logged by this IlEthod. Tbe IOOre intensively tbe equip!IEnt aIIII motb

ods of the clear-cutting system were developed and the more rapidly their 

use was extended, the more widespread became the necessity for a lJX)re 
flexible system capable Of logging tbe scattered stands and tbe less ac

cessible areas lett by the cable ya.rder. The forest railroad, while not 

necessarily asscciated with the c!ear-cutting of tbe forest, was equallY 
unsuitable for logging scattered stands. 

Th. Shift From Cable to Tract.,. LoggiJlf.- In 1919, 2.987 cable yarders, 

sane capable of reaching 3.000 feet into the forest, were in use in the 

three Pacific Coast States. There were 1.700 in Washington, 112S in 
Oregon, and 46.:0 in California. 14 It was noted earlier that sales ot 
cable logging equip!IEnt appear to have declined after the middle 192U'S, 

whereas sales of tractor logging equip!IEnt reached their highest point 

during the recovery years of 1935 aIIII 1936. The beginning of the shift 
from cable to tractor logging became apparent during the latter 1920'S 

and proceeded with particular rapidit), during the period of recovery 

after 1932. 

Data on tbe rate at which the shift took place follcwing 1933 have been 

obtained frem a directory of the western lumber indnstry. The results of 

14·Hagnltude or the LOSSing Industry or the West •• 1'lic t.bcnlGA, Vol .. XX, Ko. 5 
(Har. 1&19l. p. se. 
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the tabulation are presented graphically in figure '1. Cal:parisons have 

been made of groups of identical caJIIlS classified according to estimated 

daily capacity in 193'1. in ter!IB of thousands of board feet. 15 A def

inite illCrease betl<eeD 1933 and 1937 in the percentage of camps €!!pl.oyiilg 

tractors is shown for every size group. The greatest illCrease in the 

numer of camps €!!playing tractors occnrred in the group of large caDlpS 

cutting 100 to 2<l9 thousand feet per da,y, and the shitt to tractor log

ging proceeded furthest in the case of that group. Except for the tl«) 

groups of small camps. however, there was no increase in the percentage 

of camps depellding solely on tractors for yarding operations. The tend

ency during this period was to supplement cable yarders with tractors 

rather than to replace them entirely. Fitty percent or more of the camps 

in only one of the five size groups employed tractors in 1933; in 1937 

over 50 percent of the camps in three of these groups €!!ployed tractors. 

The same general trends are evident frcm the experience of 266 identi

cal camps reporting in 1936 alld 1937. This group is '15 percent larger 

than the group of camps identical for 1933 alld 1937. In this group the 

illCrease in the numer of camps employing tractors was greatest for the 

camps cutting 50 to 99 thousam feet per da,y; the iDCrease in the number 

and percentage of camps depending entirely on tractors for yarding was 
greatest for the group cntting 100 to 249 thousand feet daily. 

In 1937 about t1«)-tbirds of the large camps in the three size groups 

cntting more than 100 thousand feet per da,y enpl.oyed tractors in logging. 

In general, however, there was little or no increase or an actual de

crease (in the case of the group of largest camps and the group of small

est caJIIlSl in the number of camps depending exclusively on tractors for 
logging operations. 

The two groups of camps cOIISidered thus far were limited in size by the 
requirement that identical camps for each of the years ullder considera

tion be examined. To give a more adequate picture of the present level 

of technique, a distribution was made according to method of the 409 

camps reporting ill 1937 (figure '11. This group is sq. percent larger than 

tbe group of camps identical for 1936 and 1937 and about 170 percent 

larger than the group of camps identical for 1933 and 1937. It is larger 

particularly for the small camps cutting less than 50 thousand feet, 

lI4Iich are inadequately represented in the two groups discussed above. 

An examination of this group shols tbat a majority of the camps in all 

except the smallest size categories IIC1f employ tractors at sme poillt in 

the logging operation. Tractors are used by a greater percentage of the 

lS,or a acre <leta.l1ed dlscuaslO1l of tbeae data. see appendtx C. 



F1gure 7.- PZRCEITAGE DISTRIBUTION OF PACIFIC COA8TLOGGIXG 
CAMPS BEPORTIRG SPECIFIED YARDIXG EQUIPMEIT, 

BY DAILY CAPACITY, 193a~ 1930. AND lS31 

(0&117 eapa.c1tr In K tt. ... b ••• ) 

1-49 100-249 500 OR OVER 
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-...co OIl TAIILC. C-I 
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large caDi'S (those cutting lOOre than 100 thousand feet per day) than of 

the sna11 and medium-size C8J1i)S. The most popular practice at the larger 
caDi'S is to canbine cable and tractor logging .1S 

While the number of donkey engines employed at identical caDi'S did not 
increase greatly be_ 1933 and 1937 and declined between 1936 and 1937, 
the number of tractors increased t table 8). However, the statistics on 
the number of donkey engines and tractors employed at all reporting C8JIi)S 

in 1937 indicate that the donkey engine is still an extremely important 
factor in Pacific Coast logging. 

Table 8.- lUMBER OF TRACTOas AID »OKKEY EIGIKES REPORTED 
BY PACIFIC COAST LOGGIHG CAMPS, 1933-37& 

Year Tract.ors Donkey engines 

106 identical camps 
1933 208 797 
1937 244 866 

1937 as percent of 1933 117.3 108.9 

166 identical camps 
1936 331 1,172 
1937 368 1,092 

1937 as percent o£ 1936 111.2 93.2 

All reporting camcs 
1938 (387 camps ) 636 1,805 
1937 (469 camps·) 724 1,848 

-Data tabulated trom laftdboo. ond Direciory of the ~este~ ri.ber Industries 
(Seattle? Washat ¥est Coast J,uabe~. edItions or 1933. 1935-36. end 1937. See 
appendIx c.. 
bOt thls number. 201 repol"te<1 tractors and 288 reported donkey englnes. 
Cot this number. 259 reported tractors and 33e reported donkey englnes~ 

There are important differences in the logging practices in Washingtoo, 
Oregoo, and California arising fran differences in the principal types of 
timber cut. The two pcincipall«JOds of Washington and Oregon are Ihuglas 
fir, which is the doninant species on the Pacific slope of the Cascade 
lbuntains. and ponderosa pine, which is the 1OO5t important species in the 
pine forests of the interior. In California ponderosa pine. with sugar 
pine found in the same forests. is the daninant species, and redwood is 
next in importance. 

18It 11 Interesting to note that the largest campa han the smallest liercentage or 
CaJIl)8 empl071ng tractOTe onU. altbough they ha.ve 11 large percentage ot camps em
ploying tractors wlth cable yardera. on the other band. the smallest cups bave 
tb. smallest percentage or camps employIng tractors but bave 8 relat1velY large 
pereentap ot campa employIng tr&etors eml)'. 'lbe tact that the larger camps empl-oy 
a greater number or machInes. whleh In turn perm1t greater dIversIty In types of 
machinea, 1& probably the explanatIon tor this dIvergence. The small camps which 
emp107 tractors are lIkely to concentrate on thea; on the otber band 5 the large 
nuaber or amall campa dependent en the aecond-banCl machInery 1Il8.rk.et wou14 be llkely 
to find cable ¥ardera more eaal1~ Bvallable. 
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The shift to tractor logging is virtually complete in the ponderosa
pine forests. In the Douglas-fir region 8Ild in the redwood forests it is 
a comp&ratively recent development and has becane important only since 
1933. 1• The shift to tractor logging proceeded rapidly in these &Teas 

ben.een 1933 and 1937. 

In Washington, Douglas fir accounts for almst four-fifths of the total 
production; ponderosa pine is relatively unimportant. Accordingly, in 
relation to its production Washington bas a l&rger proportion of donkey 

engines and a smaller proportion of tractors than either of tbe other 
Pacific Coast States. A majority of the Washington logging operations 
depend entirely on donkey engines. Q, the other hand, the shift to trac
tor logging took place more rapidly between 1933 and 1937 in Washington 
than in ei ther of the other States, because this development in Douglas
fir logging has been rapid. 

In California the situation is just the opposite; pine production is 
daninant and Douglas fir is a relatively unimportant species. California, 
in relation to its production, therefore has a larger proportion of trac
tors and a smaller proportion of donkey engines th8ll either of the other 

. Pacific Coast States. A majority of the logging operations in California 

employ tractors only, and the number of operations dependent solely on 
donkey engines is small. is Because the shift to tractor logging in pine 
is virtuaily complete. however, the rate of increase in the number of 
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 fran 1163 to 1937 accounts for the considerable number 
of donkey engines employed in California and for whatever increase has 
taken place in the mmiler of tractors. 

In Oregon. Douglas-fir production is daninant, aithough ponderosa pine 
is a highly important species. Oregon accOrdingly occupies an intet'- . 
mediate position between California and Washington in respect to the rel

ative popul&rity 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 IOOre pronounced. Tractors were a 

17The chler eng1neer or 8. hett1e Cout til"'ll engaged 111 the anute.cture of tractor 
loggIng eQUipment eeU.mated. tnat, 10 1938. 25 percent ot the reclWoOCl was logged b7 
tractors, whereas none bad been 80 logged 3 )'ears earl1er~ Accortttng tl) Del J. F. 
Bran4stroa or the Unl't6d States Forest ServIce (specIal Nl'Ol"t or the U .. Se Dept. 
Agr .. , Forest ServIC., Dlv" Rea. [NOV. 1, 1936] tor the 'StUdIes or PrOdueUvtty 
and Employment In Selected Industr1es· sectIon or the NatIonal Research PrOject), 
by 1936 about SO to 4-0 percent ot the output or the Douglas-til' regton ha4 been 
sh1t~(I fr.oa cable loggIng to tractors, wureas -C1"8ctora were or Vel')'" l1ttl. 
lmPortance untIl 1932 ........ . 
l&rhe percentages ot camps usIng doniS)'S only ere 4 .. 5 tor the s_lle8t-aut~t 
Glass and. 0, 4.6. 11.1, am C- tor tha suecesalvelT larger classes {table C--2) ... 
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distinct rarity in western logging operatioos in 1920 and bad begun to be 

a significant factor only toward the close of the 1920'S. Single- and 

double-<lrum hoists were not inuoouced until 1925 and did not becaDe an 

important production iten until 1927. Similarly, the logging arch did 

not replace high wheels unt il the close of tbe 1920 's. Nevertheless, by 

1937 over 45 percent of the camps in all capacity groups were employing 

tractors and over 18 percent of the camps in four of the five groops used 

tractors without the aid of donkey engines. 

rM Shift Frora Railroad to rruck Loeei'll/!.- Concanitant with the shift 

fran cable to tractor logging has been a grCMth in the importance of 

truck logging. frequently at the expense of railroad logging. In the 

early 1920'S the daIlinance of the railroad as a means of log transporta

tioo on the Pacific Coast was unquestioned. The scope and importance of 

logging railroads in the Pacific Coast States in 1919 are indicated by 

the fact that there were 3.665 miles of railroad employing 75:0 lecano
tives, distributed as fo1J.a.ls: 19 

St.at.e 

Washington 
California 
Oregon 

Tot.a.l 

Mileage 

2.000 
840 
825 

3.665 

Locomotives 

430 
160 
162 

752 

Trucks were prdlably first used in the Northwest abont 1913. During 
the 19;oo'S truck logging gradually assumed an iq>ortant position. By 

1931 there were nearly 900 trucks hauling about 375 million board feet 

per year in Oregoo and Washington. It was estimated that about 6 to 10 

percent of the total cut of logs was banled by trucks in these two States. 

Estimates placed the divisioo between means of transportation in 1931 in 

the Puget Sound District of Washington as follows: Trncks, 6 percent; 

logging railroads, S8 percent; c(JlllJ(]ll-carrier railroad, 27 percent; and 

inp>rts by water haul, 9 percent. 20 

The indicatiOllS are that since 1932 there has been a rapid increase in 

the extent and iroportance of truck logging. An examination of fignre 8 

indicates that a substantial majority of the SIIall and medillD caIJ!lS, hav

ing a daily capacity less than 100 thousand feet, emplay trucks as the 

sole means of major transportation. At 19 percent of the large opera

t;'OIIS, those cutting 100 to ~9 thousand feet per dq, trucks are en
played in coojuoction with railroads. A majority of the large camps in 

18'·ttagnltl.X1e or em. Loa1n8 lnd\I!J1;rJ' or tba West,- Icc. cU. 
2Or. F. Ra~ra.ger. IMotor trUCk Log Baullna In Oregon an4 Washlngton.- tA. 
f'.HrllQ,,, Volo- .uxIV. Mo. e (June 1933), pp .. 11-2.. (For the reM1nlng DQrts or 
this art1ele 8~& the f'ollCl'lng tssues ot the volu.e cIted! Mo .. 10 [Aug.) r MO.11 
[sept.]. _ No. 12[Oct.].) 
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this group depend 011 trucks fer at least part of the haul. The largest 

camps, cutting more than 250 thousand feet per day, are predaninantly 

railroad operations; when trucks are employed, they are osee! as a supple

Dent to the railroad. It is probable that camps which reported the·use 

of both trucks and railroods employ trucks in IIBIlY instances to replace 
railroad spur lines, thereby reducing the volUDe of railroad-constructioo 

and maintenance labor.21 

It is evident that trucks have increased marlredl.y in importance since 

1932. em., stndy stated that the n1l1lller of l~ging trucks under permit 

tran the State of Oregan doubled between 1932 and 1935.22 The data pre
sented in this study indicate that a large proportion of the output was 
handled by truck in 1936. 

Harever, there are difficulties in Deasuring the rate of change fran 

railroad to truck ~ging. Trucks are employed because of their flexi

bility which malres it possible to l~ sparse er smU, isolated stands 

profitably. Also, trucks are used chiefly on the smaller operatiOllS. 

Because of tbis, camps employing trucks tend to shift locatiOli more fre

quently. In the tabulation (table C--sl it prO'1ed impossible to uace 
operat ions which changed locations; hence the gronp of ideDLical camps 
represents a more stab Ie group of operat ions than the average, in terns 

of period ot cntting at <me location. COI!Sequently any group of camps 
identical in general location as lieU as amership 0'1er a period of ;years 

is likely to COlitaiJi a bigher-than-average percentage of railroad opera

t ions; a canparison of Dethals at identical plants in various ,.,am is 

likely to understate the extent of truck logging and the shift to that 

DethOC1. 23 

With this qualificatioo in mind, an examjnatiCII of figure 8 delD:mtrates 

a relII!U"kably rapid adoption of truck l~ging at the expeuse of railroad· 

lqrging. In general, camps cutting less than 250 thousand board teet per 

day show a marked tendency to discard railroad lqrging entirely in faver 

of truck l~ging. The largest camps are IIIOre likely to supplement exist

ing railroad facilities with truck haul, presumably for short dintances 

only. The indicatiCIIS are that on the &cific Ccast truck ~ging is eIIt

played Da!t in IXegCII and least in WashingtCII. 

21ror a d1scussion ot tl'.leSB uta see BPpendtz: c. 
2~lph J. Staehlt. -Tod&"'8 Truck Logglns.- fM J'itibeY'WIll. Vol .. .xxxVI. Mo. 3 
(Jan. 1936). p. 18. 
2121 the other band. a eampe.rlson or the Jetho:1s ellPIQJed at all reporttng CUiP9 10 
two 41tterent Jeara would 10 one se-nse oventate tbe cbl!lnge.. Because. the SM.ller 
op(t1'"8.t1ons work1n& slIlll and seettereo stanllS are 11_17 to lberease 1n nuaber w1th 
• recover), 1n product1on. t.bere a7 be & ,greater apparent tban actual shUt to such 
.. _thoo as truek logglQC. 
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Table 9.- NUMBER OF TRUC~S AMD MILES OF RAILROAD REPORTED 
BY PACIFIC COAST LOGGING CAMPS. 1933-31" 

Miles 
Year Trucks of railroad 

100 identical camps 
1933 14 2.205 
1937 101 2.405 
1937 as percent of 1933 721.4 109.1 

149 Ident.ical camps 
1936 67 3.067 
1937 168 3,051 

1937 as percent. of 1936 250.7 99.5 

All reporting camgs 
1936 (387 camps ) 208 4.197 
1937 (469 camps e) 701 4,09~ 

8Data tabulated trom Handbool and IH1"ectOf"':1 of t~ Neste"" li_ber Industries 
(Seattle, Wash.: Nest Cmst Lultbef'Wn.}t ed1tions of 1m3, 1-935-38. and 1937. See 
appendix C .. 

bot thIs number. 48 repartM truckS and 194 reported rallroad mIleage. 
cor th1s number, 148 reported trucks e.nd. 177 reported. ra1lroad m1leage. 

Effects of the Shift to Nore Flexible Equi1Jtnent on Wor Requirements.

The yarding operation, in which logs are hauled from the stump to the 
railroad or other means of major transportation, is a logging phase of 
decisive importance. The efficiency with which yarding is coordinated 
with loading and the long haul may determine tbe efficiencY of these 
latter operations. 

In a complete analysis of large-scale Douglas-fir logging operations 
the United States Forest Service has shown that the productivity of'trac
tor yarding is greater than that of donkey-engine yarding. A ccmiparlson 
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. 24 

Tractor logging with fair-lead arches shows decisively lower unit labor 
requirements at all except very short distances for all sizes of logs. 
Unit labor requirements with large sky-line skidders approach the level 

24.The curves In rtgu1'8 10 Ilre based. on bel J. F. Brandstram. AfIO.iysu of LOfling 
Co.Jts OM O;tl"oUng liatAotJs '''' tM Doaflas 'i.,. Re:tion (Forest Servtce ot the U. S. 
Dept .. Agr~, West Coast Lumbermen's Assoc1atton. and Charles Lathrop Pack. Forestry 
Foundation, June 1933). pp. 19. 26-,'50. 
The follOW1ng method was employed 1n calculating the data: From the OT"1g1nal 
tables. prOductIon per man-hour was computed tor lru11vldual stUdIes by divIdtng 
total 'PrOductIon by the number of man-hours required; the resultlng tlgures were 
then averaged.. tM nUDlber of stUdIes represented being used as a weIghting tactor; 
curves of varlOus types wel"8 tltted. to tbBse averages; an4 the: tlnal data. appear
wg 1n thts table. were talC8n tram tbB curves. 
The external yardIng c118tance 18 that trGll the l.aru1ln8 to the outslde bounda17 ot 
the loggln& area. 
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of those wi th tractors only tor very large logs and at considerable dis

tances. ::mall gasoline high-lead yarders show a lower unit labor re
quirenent than "tractors at very short distances for small and medium-size 

logs. Unit labor requirenents are loIer with 10o-hp. gasoline high leads 

than with tractors for large logs at very short distances. Otherwise 

these studies, the best available, daoonstrate that tractor yarding has 

decisive advantages over other logging machinery in terms of unit labor 
I-equirements. 25 

When it is necessary to extend yarding operations to distances beyond 

3,000 feet, the advantage of tractor reading over sky-line swinging in
creases rapidly because of the fact that ~line-swinging costs increase 
sharply as addi tienal units becane necessary. 26 

The relatively slower increase in logging costs for tractor logging 

with an increase in distance has important implications for labor re

quirements and costs in related operations in railroad construction. 

Cable logging requires an extensive net'WOrk of spur lines in logging a 

stand so that yarding distances are kept at a prefi table maximum. When 

tractor logging is employed, it is possible to extend the yarding dis

tance sanelIhat and thereby to reduce sharply the 8IOOU1It of spur-line COlI

struetion. Thus tractor logging enables operators to achieve important 
reductions in construction-labor requirenents.2'1 

An important aspeCt of the successful utilization of the new tractor 
equipment is the specialization of equipment for 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 II18f be necessary to employ cable logging macbinery 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. utilization of. the 

capital investment of. the small operator employing these machines. 

25ft should be noted that the' traetor can be 9Q.uipped to serve as a s_ll high-lead. 
yardsr by eQ.ulPPlng it with a dou'oJ.e-drum bolst or ·-tractor ClonRy.· 
2~traa, o(J. cU •• pp. 62--0. 
27E8t1mat8a tor one ooeratlon placed construction costs a8 fOllows tor th& two 
metbods (maln-llne railroad used In both methOdS): Using raIlroad and cable 
loggIng, 40 mUes ot SPUr 11ne:B cost t356.860; uslng rallrOBd, truck. and. tractor 
lcgglng, 1 aHe of spur line cost 110.000, 2.6 1Illes ot truck. road cost 112,000, 
~4 ao m1lea or :mtn tractor roe.d.s coat 118,000, or 11 total cost or '40,000 (10<>-
200 .u.es or branch tractor road.s were ebarged directlY to current oJ)&l'8tlng costs) 
(Burt P. Klrklaru1 and Axel J .. F. Brandstram. S81eCUve JI(.ber Na.ftlJt8tl8nt (n tu 
/Jaut l4s 1t.,. '.t(Oft {Forest 8arvlae ot tba U. S. Dept .. Agr. and. Cberles Lathrop Pack 
FOl'eatt"1 Foundation, Jan. IG36]. p.87). For another operatlon: road-ccnstructlon 
costa tor a large 8rea were esttmated as rallaNs tor the two methOds of logging: 
Rs llrOlld-spur (60-80 miles) and. dooDy-eng1ne logging, .580.000; tractor loggIng 
(600 mil .. or roedl. 1319.000 (Brandstr<lll. 01>. c(C., PD. 1010-i;). 
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Truck logging has made headwaT in the West because of the need for 
equipnent IIIOre flexible than the railroad in logging certain studs. 
IIooeYer, Brandstraa COIIcludes that "in spite of the rapid developlellt of 

motor trucks, the tn>ical logging railroad operation when operating at 
nonnal capaci t)' is still far in the lead as far as actual hauling effi
cienq is concerne:l •• 28 Truck logging, then, represents an adjustment in 

which current q>erating efficiency is sacrifice:! in f/lVOr of lower invest

ment costs; it amortization costs are disregarded, truck-hauling costs 
are fraa tWO to four times as great as rail-bauling costs. 2Q 

FIGUR( 11.- TRUCK LO!iCING '1 THE POIiOEROSIr-PIII£ REGIO. 
logs are being loaded 'or the haul to the railroad several Miles away. 

(AI the other hend, truck hauling is much less expensive than tractor 

hauling, end frequentlJ truclcs aq be employed profitablJ to replace long

distance tractor roading of logs. The disadvantage of this proce:lure is 

2~trca. o#). cH .• p. 71. 
28costa ot true .. and railroad loa1nl. t.n cents per aIle per LbousaD4 btard teet. 
tor 1011 at eoo-bOU'd-toot yoluae .,.. as tollOlllB (ibtd .. po. 82): 
Kotcrt!"UC1I:s !aaullD& aD pocr or 8teep roadS; &ftnsa baul1A& d18taDce or 

S 8tlN .................................................................... '0 
Lag1D.g ralll"01.d~pur tr'aDspcrtatiaD (laD:I1Dg to ._"'D track): averaaa 

baullnS dl.!ltanc:e of S ailes; &-16 tiUlon teet of t.Ulber IlIr alle 
ot roac: cost ot cCIlStructlrm per Il1le. $8.000 ............................. 10 

Kotortruck baullll8 CD load. r<:84s (public .b.~H ."rap baul1D8 diS-
tance or 10 .lles • • • • .. • • .. • • .. .. • .. .. • • • .. • • .. • .. • 18 

Log1n8: aID-11n' transP«'tatlCJl; average ba.ul1n8 4lstance or 20 aUes; 
.eo-eo .UllCll teet or t1JlDer per alle ot road; cost. or con.structlca 
per .1le t '12.000 .. .. .. • .. .. .. .. .. .. • .. • .. .. .. .. .. .. .. .. .. .. • .. .. .. .... , 
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the cast of loading ~ on trucks, but this difficulty has been overcane 

to S<J!e extent by the introductioo of smll tractONlWllted loaders. 

In spite of the greater operating costs of truck hauling canpared with 

railroad hauling, truck transportation frequently constitutes the o'lly 

possible I1Ethod of logging small, scattered stands of timber having in

sufficient volUlle to justify railroad construction. Such operations are 

most practicable when public highways can he used for the major part of 

the haul. A rough calculation for 52 Oregon trucking operations studied 

in 1933 indicates that 86 percent of the total length of haul of these 

operations \<OlS !IBde over public roads.3o Even under favorable conditions, 

harever, truck hauling on the whole probably requires IOOre labor per unit 

of transportation service than most railroad operations. Nevertheless, 

by reducing the capital and labor requirel1Ents that would otherwise be 

necessary to 1q; less favorable stands,31 truck hasling has mde it pas

sible to log such stands profitably and has thereby extended the limits 

of the econanic availability of timber. 

The shift fran railroad 1q;ging to truck and tractor logging, particu
larly on the spur lines, has effected large reductions in construction 

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 construction 
activities. 

The 1920'S witnessed the introduction of paIel" shovels princiPally for 

use on railroad grading:;;. It was noted that the sales of concerns manu

f acturing power shovels for the lumber industry declined sharply after 

1929.32 The steady increase in the n1llli>er of power shovels reported at 

Pacific Coast logging camps fran 1933 to 1937 {table 101 is therefore 

30aapraeser. o~. cU .• Vol. XXXIV. No. 11 (Sept .. 1933)" p. 18. In hIs table 
Rapraeger g1ves tbe type or road 8mplO)'ed tor truck haul at 52 operations. Length 
or l'aul 18 given as 1 to 2 m1188. 3 to 6 miles, etc.; by weIght1ng the mld-POints ot 
th&se lntervals by the number ot operatIons .. It was Possible to. eatiJIBte the number 
ot mile. mulec1 on the varlous tiPea ot r08.d .. 
3~lCa.l CQl.ts per mile In tb& redwoOd. regton· tor truck-road allC1 ra1lroad eon~ 
structlon are as tollow.: Maln truck roe.ds .. $8,000 to S10,OOO: branch roads. as 
11ttla u $1.600 graveled and $'750 ungraveled; min-line ra.llr084S. under ccapar
able COndItIons. $15 .. 000 to 120.000. aM raIlroad spurs. $10,000 (Emanuel Fritz • 
• Tractor Advantages In the Rec1woOcl Regton, • .1otwMl of forestry. Vol. 35, No. 10 
[OCt. 1937]. p. ge2). 

Rapraeger found tbat truck-roe.d constructlon CCl!tts per mlle tor seven 1 operatIons 
were &s tollows: i&rth - $100. $130. $206, $1,800 (hand labor, steep InclInes, 
blastln8). 1442, and. $193; gravel, 12-toot wIde,S inches or gravel - 81,313. 
plank - $3,000 to $5,000 (Rapraeger, "p. cU., Vol. XXXIV, No .. 10 [Aug. 1933], 
PI). 18-7).. Eett_tea tor rallrOBd.-epur constructIon were placed. at an average of 
aoaut '8.900 per m11e at a Douglaa-tlr operation compared with $4.800 tor truck 
road (lirkland. and Brandstroa, 0;. cit., p. 3'1). At a aeCOnd-grONth DlNglas-t1r 
operation truek.-r0a4 construction ClOSt wu eetlmated at $6.000 per mile (ibid .• 
p • .el· 
32see oh. 11. ttn. 28. 
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Table 10.- HUMBER OF POWER SHOVELS AND BULLDOZERS REPORTED 
BY PACIFIC COAST LOOGING CAMPS, 1983-31" 

Year 

111 identical camps 
1933 
1937 

1937 as percent of 1933 

172 identical camps 
1936 
1937 
1937 as percen~ of 1936 

All reportlng camrs 
1936 (387 camps I 
1937 {469 campsd I 

Power shovels 

80 
131 

163.S 

leo 
158 

98.S 

214 
232 

Bull.dozers 

(b I 
(b I 

51 
89 

174.5 

77 
les 

61 

aDat& tabulated from 8a~booA: and Dh'ectcw.l' Of t~ Neste", lis.Nr Industries 
(Seattle. Wash.: ¥esi COCISt .w.oenlG1J) I edltlona of 1933, 1935-36. aM 1937. See 
appendix C. 
b Inadequate S&l!I)le. 

Cor tb18 mmber. 120 reported ptMer shovels 8l1I1 61 reported bulldozers. 
COt thls number, 129 reported power shovela aM. 1315 reported bullt:!ozers. 

F1aure 12.- PERCEHT OP PACIFIC COAST LOGGING CAMPS 
REPORTINO BULLDOZERS AND POWER SHOVELS, 

BY DAILY CAPACITY, 1937 

r-__________________________ --iP~;;NT.r_--------------------------__, 

BULLDOZERS POWER SHOVELS 

eo 

eo 

4. 

20 

o 
OR 1-4& 

OVER 

DAILY CAPACITY (loA FT. B. W 

.. -.. 
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Cltlrp.llar Trlctor Co. 

Flo.", 1,.- BULLDOZER BUiLDING A LOGGING' ROAD 
The e.-lade 01 the t)U'11dozer. seen at the left tront corner ot the tractor. 

Is cutting a tractor road In the mountainside. The use at such equipment 
has radically reduced road-construct Ion costs and has contributed to the 
development of truck and tractor logging. 

the IIIOre note...orthy. Figure 13 ShCMS that the reductioo in labor re
quiresoents through the use of shovels was accanplished princip.lly at the 

larger camrs. A1mcst four-fifths at. the larger camrs. those cutting m:re 

th&n aso thOUS&lld board feet per d&y. reported the \lie 01 paoer shovels. 
whereas ooly aoe-sixth at. the snal.ler camp; repcrted their use. Although 

these figures doubtlessly UDderstste the extent at. the use at. parer shov

els at Pacific Coost logging camrs. thef prdlably reflect accurately the 

distributiCII at. parer shovels according to size 01 the caIIIfS. 

An iIIIporta.nt recent developoent siDCe 1933' has been the intralllCtiOll at. 
bulldozers into Pacific Coast camps. & developoent closely associated 
with the expaDSiOll at. tractor logging. The rapid eXpaDSiOIl in their use 

is indicated in table 10 • . 
Bulldozers are IIIOre evenly divided among the campS 01 variQ1l8 sizes 

th&n parer shovels. & fact which prdlablJ reflects tbe more general em
p~nt at. tractors in logging operatiOllS. Fo:wer shovels are associated 

with railroad operations and are therefore concentrated in the larger 



PACIFIC COAST 53 

camp;, whereas bulldozers are associated wiT.h tractor and T.ruck opera

T.ialS an<! are T.herefore mre widely employed tfigure ",I. 

Etfects of the Shift to Nor. Flexible Eq.ip...nt ." Timber Reso.rces.

The newer methals at lq(giq(, employing tractors and trucks, are notable 
principally for the fact that individual trees or scaT.tered groups at 
trees may be selected for qging. The United ST.ates Forest Service has 

deloonstrated that for a given type at ti!1iler there is a size limit bela< 

which the ccsts involved in lq(ging and milling becane excessive. The 
employment of the newer methllds of logging, by making it pa;sible to 

select ooly these individual trees larger than this econanic lOiler limit, 

can reduce 11W1-liour requirements in psrticular areas bela< levels attain

able with the older equiplEnt. Many operations have therefore doubt

lessly la<ered their unit labor requirements through the adoption of 
newer methals of logging. 

Many of these operations, hcorever. employ tractors to remove mcst of 

the merchantable stand, and they leave the land in a condition which is 
hardly more desirable fran the sT.andpoint of regeneration and fire pr0-

tection than under the clea~lItting system of logging. Therefore the 

.prq(ressive increase in the difficulties of logging which was the feature 

of the cle~utting system is also a characteristic of the newer system 
of lq(ging insofar as the newer "selective lq(ging" involves the relllOYal 

of all the tilltler which can be cut at a profit. Whether or not the newer 
methllds of lq(ging applied in this fashion will reduce· unit labor require

ments in lq(ging for the Ru::ific Coast industry as a whole depends on ha< 

rapidly the difficulty of logging increases because of the essentially 
destructive ... ture of these methllds an<! of the old clear-<:utting system. 

In other words, t~ newer methllds may IIErely perpetuate the race between 
iJIlproved tecbnolq(y an<! increasing extractive difficulties. 

It seens likely tllat the short-time effect of the adoption of "tractor 

lq(ging has been to reduce unit labor requirements for the Ru::ific Coast 
industry as a whole. Harever, depletion of the forests continues. The 
cbstacles to the reduction of unit labor requirements may increase too 
rapidly to be avercane by further advances in technolq(Y. 

Tractors and trucks may nevertheless be profitably emploYed in qging 

the forest so as to d:>T.ain a susT.ained yield of large tini:ler. This woold 

mean that the oewer methllds of lq(ging woold be applied not rerely to the 

cutting of all ti!1iler which can be cut at a profit but to the cutting 

of individual trees and groups of trees which had reached that point 

in their grtwth where the value of further gra<th is not sufficient to 

justify their further mainte!l&Dce. Under selective lq(ging of this type 
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a forest of large trees could be maintained and the natural growth of 

tile trees accelerated through cyclical cuttings. Thus the progressive 

increase in logging difficulties could be largely ended and the capital 
values of tile grcwing forest aDd of improvements in tile land maintained. 
Althougb such a system would probably reduce unit labor requirements'on 

l"'rticular tracts, its effect <Xl e!l!pl~nt opportunities in the industry 
would doubtlessly be beneficial. The relation between e!I!p~nt 0ppor

tunities aDd tile c<Xltinued stable existence of forest resources, hcwever, 
will be discussed in a later cbapter, 

Unit lAbor Requireaent. at a Group or Large Operatl0D8 

The National Researcb Project, in cooperation witb the National Bureau 
of Econanic Research, surveyed 17 logging camps in the Douglas-fir regim 

aDd 3 pooderosa'""i'ine operations in tile Pacific Coast States. This survey 
is designated as tile "NU4IBFR logging-<:alllp aDd saNllill survey.· 

The product ia! of these camps rep! esented a sna.ll but generally increa!>

ing proportion of tile Pacific Coast l1lllt>er production. Logging cB11lPS 
supplying mills which cut aver 50 million board feet in 1929 are best 

represented in the sample. which is coofined to logging camps supplying 

mills which cut aver 25 miilia! board feet in 1929. The findings there
fore refer only to large logging camps; tlley are most representative of 

the experience of the largest logging caDI!S. The Slll1l'le is regarded as 
being reasonably adequate far the large logging camps after 1cpcJ. A more 

detailed analysis of the S3I1l'le a! which the follclring findings are based 

is presented in appendix A. The methai of calculating logging productia! 
and a description of the operations inclnded in the logging man-hour 
tOtals are also given in this appendix. 

The production. man-hour, and unit-laboI--requirement series dltained in 

the survey are presented in table A-3. In spite of sanewbat erratic 
year-t~year fluctuations, a definite downward trend is evident in the 

laboI--requirement ratio for this group of large caDI!S. A canparison of 

the average unit labor reqniremeuts for 3""year periods indicates a steady 

decline in lIIaIl-honr requirements averaging about 15 percent per period. 
The reduction of about 1 l1BIt-hour per thousand board feet between 192'1""39 

aDd 1933-35 indicates a consistent increase in labor productivity. Be
cause of t he steady increase in tlie size of t he sample, canparisons of 

the lIIaIl-hour ratio lman-hours per thonsand board feetl far one period , 
with that of another period are more hazardous for the earlier years. 
The available data indicate. haieVer. that the 1920'S lepesented a pe
riod of the mast rapid deerE'Se in the l1BIt-hour ratio. 
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The trend of the man-hour ratio for the two camps for which data are 

availAble over the entire perial fo11_ cloeel1 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 yearl1 variations lies in the concentration of construction activity 

in particular years.315 When the area of operations must be extended and 

a new stand openecl, a relativel1 large quant i tY of labor must be expended 

in tasks such as the construction of spur railroad lines, bridges, and 

roads which do not ilmIediatel1 result in increased production. In years 

.when production is sbarpl1 curtailed, however, it may be possible to dis

pense with such construction labor almost entirel1. 

Fleur. 14.- UMIT LABOR REQUlREYEKTB 1M LARUE PACIFIC COAST 
LOO&II& CAMPI, 1&80-88 

*II IICllR5 fER THOUSAfC) ~RD FEET ,. 

1\ 1""-a 
1\ I ~ \ I 

~" 
2: !:Qf;;NTICAL CAMPS \ I /~-J{ 

• \1 ", .............. 

AU.. REPORTING CAMPS ~ -...... ~ ~, / '\ 
\ 

4 
\/ .... 

2 I 1 I I 1 I I I I I 1 1 .. 
..". 10 .. 

... .. 
F...,ton COIItributi"l to I""rollS.1I Labor Productiv'ty. - Insofar as the 

decrease in unit labor requirements shQ<l1 by the sample was typical of 

large logging operations on the Pacific Coast during the 19ao's, it must 

be attributed in large measure to the improvements in logging machinery 

made during that perial. This period was marked by the peak in the de

velopnent of cable logging machinery and forest railroads. The increases 

33At ttl1a e..P conetMlCt1on actlYItles at • new sIte began 1n 1&e3 so tbat pr(Xluc
tion was e'UrtaUed and ma.n-boura Increased at the same time. As. & result the 
I18D-l'Iour ratio reached 48.e in 1923 compared. wIth 9.4 In 1922 and 10.1 In 1924. 
The estl_ted number or Jan-hours spent In constructIon activities -at tlils camp in 
thls 79&r bave been el1mlnated 1n the calculat10n ot tbe an"bour ratlo so as to 
avoid. Intr01uclng a serIous. distortion or the trend .. 
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in the size, speed, and pcwer of cable logging engines and of logging 

locanotives were particularly typical of the larger operations. These 

improvements and t he shift. to types of pO!rer and fuel requiring less 

Jabor3' were almost certainly the principal factors responsible for t~ 

dlserved reduction in unit labor requirements during the 1920 's. 

The improvement of cable logging machinery and forest railroads bas 

declined in importance as a factor influencing Pacific Ccest logging-labor 

requirements in recent years. The substitution of tractor logging for 

cable logging, a developrent which began in 1925 and proceeded with par
ticular rapidity after 1932, has prdlably been the principal force operat

ing to reduce unit labor requirements since 1929. In general this shift 
has taken the fom of the abandOlllrent of cable logging as the sole means 

of yarding in favor of a system canbining tractor and cable. The United 

States Forest Service study of Douglas-fir logging costs indicates that 

the adoption of a system canbining the lise of cable logging engines and 

tractors affords opportunities for sharp reductions in unit labor re

quirements in yarding operations.35 Nine of the 20 logging CIlI1ps covered 

by the NRP-NJlER survey employed tractors in yarding operations, and 2 

CIlI1ps depended solely on tractors for yarding. 

Railroad logging was still the daninant means of major transportation 
in 1936 at the logging CIlI1ps included in the NRP-NBER survey. Nineteen 

of the 20 operations lISed railroads exclusively; the other caDp supple-

, rented an extensive railrced system, employing 6 locanotives and SO miles 
of track, with truck haul. These operations, then, were not forced to 

adopt truck logging in order to reach scattered stands of tinDer. Since 

the railrced, under favorable conditions, provides the means of transpor

tation requiring the least labor per unit of output, the camps surveyed 

appear to occupy a favored position in this respect. 

Another factor responsible for the reduction in unit labor requirements 

in large operations has been the mechanization of railroad grading and 

truck- and tractor-road construction. In 1936, 19 of the 20 logging 

operations surveyed used parer shovels. A total of 26 shovels was re

ported. In recent years the adoption of bulldozers has been generally 

rapid and particularly characteristic of large operations; bulldozers 

were employed at 5 of the 20 operations under review in 1936. 

MIn this connection. It 18 werth noting that the 20 logging operatIons on the Weet 
Coaet which were aurveye4 had over 25 percent or the 6I1a11 number or DIesel loggIng: 
engInes reported 07 PacIfIc Coast loggtng campa In 1936.. On the other haM they 
had a very emaU Pforcentage or the gasolIne donkeys. presumably because the l!ght 
gasoHne donkey engInes are elllPloyed predomInantly at the smaller opel"8.tlons not 
eurve;vtd. 
36sranc1strom •. 0;. cit'f passt. .. 
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Table 11.- LOGGING PRACTICES AT ALL REPORTING CAMPS 
AND AT SAMPLE CAMPS ON THE PACIFIC COAST, 

BY DAILY CAPACITY. 1938 

All ~epor~in, ~ampsa 

Dail;?" capacl t.,. ltRP-JIBEII 
Dall)' capac u.S' of 1.00 eatapsb Practice ot 1-99 M.rt. b. 111. 

M ft.. b ••• or lIOre 

lfwnber Percent. _her Percent H\lmber Percent 

Tot.l number o~ camp. reportln, ••• - 150 - 19 -
Camp. report-ing specified 

7&rdlb.i1 equipment. tot..1 '" 100.0 >45 100.0 19 100.0 

Donkey engInes only •• 49.'1 1!8 40.0 l! 5'1.9 
Dank., enfitles and -tractors •• SO.9 59 40.7 • 31..6 
~ract.or. onls 54 19.4 28 19.3 • 10 • .5 

Camps reportinf spectfled 
lonQ-haul equipment. 'total 100 100.0 140 lOO.a 19 100.0 

Locomot.ives only •• 3'7.0 129 90.9 1 • 100.0 
Locomotives and trucks • 5.0 7 <.9 0 0 
'l'rucka onl7 59 58.0- • 4.2 0 0 

Camps report.lng power sbovels " 15.Sc 101 64.'1c 19 lOO.Oc 

Camp. reportinQ bulldozers 9 •• Oc .S 27.ec 5 26.3(: 

• l)&ta tabulauIl1 troa lllNl&ool IIIWI lUrK tory til "' fuk"" 14&H'I'" l~t-ri." (Seat.t.1e, Waal1.: 'ut 
C(Dd "'-.~, ~ .41tlon. Su append1x c. 
bUthoUlb eo loalag cup.e ftN InclU4ed 111 the RRP-NBEIl loUlItg-C1U!# an4 sa_111 ,u!"V&l'. eQultillent 
lnforaatlon far on17 19 cerold bl round Lo. n. lQ36.03$ edJ.t1OD of the dlrKt.ol':r. In the Ul:t:ulI.l 1.1:1a
cu •• lon, b!nMver, lofonaat1on tor the tweo.Uetll cUlp U otJtalne4. rrc. the 1G~ 41rectoI'1' •• 1.1SUJIecl. 
ttl ho14 true tor 1~ Each of the eo camps aurvelt4 Jiad I. 4.117 capaclQ1' Of IlIOn Ulan 100 thcNsancl. 
1KI6t1I rut acecf'4J.ng to ae l~ 41rectG17. 
ahrcet or total ~r or CUQI8 l'Ipol't.Jns. 

Table 11 presents data on the logging rethods enployed at camps covered 

in the NRP-NBER survey and at all Pacific Glast camps reporting on equip

ment. An examination of this table reveals that in 1935-36 the shift to 

tractors had not proceeded so far at NRP-NBER camps as at other Pacific 

Coast operations. Data presented earlier indicated that man-hour re

quirenents for tractor logging operation >lere less than for cable logging. 

On the other hand, the adoption of tractors is frequently necessary be

cause of the unfavorable stands of timber available for cutting. Thus 

the fact that cllI!lps .included in the survey have been saoewhat slower to 

adopt tractor logging 11la1 be a reflection of the fact that they are fa

vored with more accessible stands than the average camp. It 11la1 also be 

a reflection of the fact that the SIlI!lple is CQlq)rised largely of Douglas
fir operations, in which the adoption of tractors began at a late date 

lsee page /Ill. 

Logging practice in the lang haul at NRF-NBER camps is very similar to 

that at other large Pacific Coast camps cutting over 100 thousand board 

feet per day. lIowever, the methods used in the long haul at NRP-NllER 
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canps are strikingly different fran those employed At small Pacific Coast 
camps, ldtere truck haul. is the favorite method. Since railroad haul. gen
erall:v involves less labor per unit of output, this difference probabl:v 
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 t:vpe of timber stand on ldtich the small operations choose 

to emplo:v trucks can probabl:v be logged b:v that method wi tb less labor 
per unit of output ! including c<JIStruction labor) than would be involved 
in railroad logging. 

Road- and landing-construction activities at NRP-NBER camps are con
ducted on a sClllewhat more highly mechanized basis than in all large 

Pacific Coast camps and on a much more highly mechanized basis than in 
small Pacific Coast camps. This is indicated by the statistics on the 
proportion of camps employing shovels and bulldozers. It l«)uld appear 

fran this that unit labor requirements for truck and railroad construc
tion should be lower at NRP-NBER CaJlllS than at most Pacific Coast- camps. 

TECHNICAL CHARGES ARB UHIT LABOR REQUIREKERTS 
IH SAWMILLS, 1930-38 

In a certain sense, production techniques in the SAlCIlill are less af
fected b:v the changes in the Availabili t:v and size and quali t:v of the 
timber resources than are logging methods. While the depletion of the 

most easily accessible stands of timber in the Pacific Coast area has 
given rise to striking changes in logging techniques, the technolog:v of 

lumber milling since 1920 bas developed in A more continuous and even 
fashion. Soon after production on the Pacific Coast attained sizable 
proportions. large mills became the characteristic production centers. 
During tbe 1920'S the large mills strengthened their danination of Pacific 

Coast production. and it is only in recent :vears that small sa>ilIills have 
attained an:v degree of importance in that region. 

There are indications, however, that the reduction in the supply of the 

easily accessible high-qualit;v tilli>er has made the reduction of labor re
quirements at Pacific Coast mills A more difficult task. Reports fran 

field agents of tbe NRP-NBER survey indicate A widespread belief thAt it 
has becane progressivel:v more difficult to secure an adequate supply of 

Iarge-size. high-quali t;v logs. Insofar as the depletion of easily avail

able timber supply has been associated with a reduction in the size and 
q;w.ity of the logs supplied to the sawmill. it has meant an increase in 

- 'I 

the obstacles to increased labor productivit;v in the sAl<mill as lieU as 

in the logging camp. • , 
, 
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Teebntoal Dev.lo~nt. 

Sioce 1930 there have been no radical changes in the production tech
niques of Pacific O:last mills. lIo>ever, this region has been the center 
of such technical advlDces as have been made because it was the only 
region in which there was an expansion in production and in the number 
of large mills during the 1930'S. While there have been no outstanding 
clianges, a large number of improvements in the manufacturing process have 
occurred which have had an important cumulative effect in reducing pro
ductiCII costs. Wi thin the milling department the DXlSt important factor 
tending to reduce unit labor requirements has been the increased speed 
and power of the headsaws, cut-{)ft saws, trimners, and edgers. 

f.r. hcurltr Ad_I"I.trlltlon lRotlute"fl) 

The increase in the speed and palEr of sawnill machinetl' has been made 

possible through improvements in the strength ot materials, refinements 
in design, the application of anti friction bearings, and the electrifi
cation of the sawnill. The heads8lf has been ilIt>roved through the use of 
ligbte~age saws which reduce the waste in sawdust. The use of auto
matic setworks and other devices CII tbe carriage has tended to increase 
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labor prcductivity.36 Electrification has speeded up prcduction through

out the milling department. especially in the conveyance of the sawed 
IUllber. 

Electrification has been particularly widespread on the Pacific Coast 

because of the dooinance of large mills. The substitution of electric 

for steam parer reduces the nUllDer of m;!n in the parer division. reduces 
maintenance cost through the elimination of overhead pulleys am belting. 

increases the direct parer, makes it I!Xlre feasible to maintain constant 

speed of operation during sawing. and is subject to easier control. 37 

Data on the equipnent in use at Pacific Coast mills indicate that the 

large mills have been the principal beneficiaries of the improve~ts in 
machines and of the advances of electrification. This conclusion is in
dicated by the fact that the large mills are more frequently electrified 

than small mills. IOOre generally employ the superior band SaJi( in place of 

the circular sa .... and are usually equipped ... ith such special-purpose 
machines as gang saws. 

An examination of figure 16 shows that an overwhelming majority of 
large mills with a daily capecity of over 100 thousand board feet employ 

band saws. On the other hand. from 80 to 90 percent of the small mills 

with a capacity of less than SO thousand board feet per day use circular 
saws. Studies have sham that band saws cut almost 1~ percent more lum

ber fran logs of 13 to 20 inches inside diameter at the small end than 
circular saws.3e 

Figure 16 also shQlS that a large proportion of the larger mills, those 

able to cut over 100 thousand board feet per day. use electric parer, 
whereas roughly 80 percent of the smller mills depend on steam power • 

• 
It is possible to increase the output per man-bour in sawing operations 

by employing a nUllDer of special"""1'1lrpose machines to accomplish a major 

86.rhe Introd:uctlon Of an alr-dog ca.rriage In 1927 at one of the ml113 In tbB NRP
NBER survey e111!11nateO two lIlen; 1n another. the !ntrOC1uctlon or 8. semls.utaaatic log 
carr1age in 1930 red.uced. the l&bor toree on the cs:rr!e.ge !roc thr~e men to one; at 
anotner m1ll the IntrOduction or .a log turner In lQ26 1ncreased the dally -output b7 
-6 to 10 thousand. board teet. . 
37f7pIeal of the increASe 1n P!"OCl.uct1V!t7 achieved through the more ready control 
or electric power Is the IntroouctlOn of tne double-motor dr1ve tor the maIn head.
saw at several large PeelUe Coast plants. Because ot the dtrterences In hardness 
of logs, 1t Is frequently necessary to slow down the saw speed fram the usual 
10,000 teet per minute to Il~out 8,000 teet per mlnute to avo1d mkIng a wavY cut 1n 
t~ lumber~ In the ateam-drlven mUlB th1s can be aone only by Sh,1ttlng the belt 
dr1v1ng the saw to a saller pulleT. With the double-llotor ·drive it Is poss1ble 
for the sawyer to cbange the speed or the saw almost InstantlY 07 pushing. button. 
The Installation or a double'1:otor drIve at one Pac1Ue plant saved $1,,000 montll17 
through an 1nvestment of $3,000 by el1mlnatlng wavy cuts In lumber, speedIng up 
prOductlon, and. reduclng planIng cuts. (.Koo~rnIza.tlon Solves IndustrIal Problem,-
IZl'ctf"ica.f "st. Vol. 88" No.7 (JUne 1. 1932J, pp. 6?3-4.) -
88aaIPb C. Brnnt. z..,.ba1": Us NoflNt!oc'tvre am Dist,..'bvUo", (£d ed.; New York: 
John WlleJ' "Sans. Inc", 1938), p .. 2'73. 
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part of the reduction of' -the tint>er to SIlRll dimensions; This is accan- -

plished by cutting with the hearlsaw only to large dimensions, leaving the 

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

particularly gang saws. This prooedure is even mre important in redUc

ing labOr ca;ts than labor time, since the sawyer who directs the cutting 

of the headsaw is ODe of the mcsthighly skilled worlrers in the sawmill 

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

There is no indication of any marked increase froo 1920 to 1936 in the 

amount of cutting done by gang saws and resaws. llafever, there are def

inite indications that the use of gang saws is characteristic of the 

mills which are ab le to cut (Ner 250 thousam beard feet per day. Figure 

16 shQjS that more than two-thirds of the mills with a daily capacity of 

(Ner 500 thousand beard feet reported the use of gang saws and mre than 

half of the mills with a daily capacity of 250 to sao thoosand board feet 

reported the emplOl'DEnt of gang saws. ell the other hand, only a negligi

ble percentage of the snall mills, tha;e cutting less than so thousand 
beard feet per day, reported gang saws. 

Refinements in planing-mi.ll machinery similar in character to tha;e in 

sawmill nachinery have resulted in even mre pronounced increases in the 

speed of operation. Iarticularly important have been the imprcwements in 

the feeding tables which carry the llll!i:>er into the surfacing machines. 

As a result the feed speeds for planers and natchers have been increased 

froo 200-250 lineal feet per minute for the best nachines prior to 1920 

to as much as 500 lineal feet per minute in the best nachines of recent 

years. The output of such fast feed planers and natchers may be as high 

as 10 to 15 thousand board feet per hoor.3D Machines running at these 

speeds are employed almcst exclusively in the large mills of the Iacific 

Coast.40 

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

mill on labor praluctivity has been offset to SQlJe extent by the effort 

to increase the prcxluction of high-quality l.llIIiler. In recent years sharp 

3~. Y. WhItney, 'Electricity In the Lumber Industry.' l'-rcUIS-aCUOftS of "'tlvl A.1'"ka1\ 
Institute of g ).ect,..tca' S"I'fI6e1'"s, Vol. XXXIII (1914). Pt. II, p. 1347; Bryant. 
0;. cit~. p .. 239. Same mUla run 41_nslens at 1,000 l1neal teet per minute .. 
40A. number ot the mills surveyed reported the Installation of raster planlng ma
chInes slnce 1920. At one plant the applIcation of an electrIc motor to the 
planers 1ncreased the output 60 percent pe~ machIne.. At another. one fast reed 
planer replaced three dry machInes In 1927. At a thIrd. two new planers and. 
matchers replaced tour older machines in 1935; together wIth other Improvements 1n 
the planing ~111f th1s made It poss1ble to increase the output or the department by 
26 to 30 percent and to reduce the number ot employees trom 60 to about 60. In a 
tourth plant a dImension sIzer wIth a teed speed or 360 lineal teet per .1nute re
placed. In 1928. an older machIne wIth a teed speed. ot 250 lIneal teet per minute .. 
It should be noted that in a number of Instanees the InstallatIon ot taster ma
chines during the 1920·s. although doubtlessly IncreasIng the productiVIty ot 
labor, wa& usociated wIth an lncr&ase In the total working torce In the planIng 
mill. 
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canpetition has mode it DeCessary to increase 'the amount of finishing 

even on the l.arer gra<les of luoiler, and ,a 1arge'nUlliler of lUniler 11lIllutac

turers naf package and trade IIR1'k their pra1uct. ,SmOOth trilmers, which 

finish the ends of the lUlliler and st8lllp the trade, IIR1'k 00 each piece. are 

frequently found ta!ay in the larger planing mills. An examinaticm of 

figure 16 reveals that CNer 85 percent of the mills cutting more than SO 

thousand board feet per day had planing mills and that all of the very 

large mills had finishing plants. It is prd:>able that the larger plants 

employ a greater nUlliler of special-purpcse J12Chines and ,prQ1uce a greater 
variet)' of finished pra1ucts. 

One phase of technical advance on the Pacif ic Coast which bas not been 
prQ1uctive of increased labor prQ1uctivity (as measured in board teet of 

11mberl has been the application and imprCNement of methods of utiliz

ing sawmill waste. Mills in the Do~las-fir regicm had a norml sawmill 

waste of about cme-third of the total cubic volume of lOgs sawed at the 
mill. The waste fran slabs, edgings, and trinmings averaged 19.3 percent, 

and the loss fran sawdust accounted for 1<+.1 percent. It seems likely 

that prior to 1920 mast of this waste was burned in large incinerators, 

with practically no labor expen:liture. In 1931. harever, about 4'1 per
cent of this waste was utilized for byprQ1ucts, about 29 percent was em

ployed as tuel in the pra1uction of power, and less than 27 percent was 
burned in incinerators,·1 

The princip!.l byprQ1ucts dltained fran the solid sawmill waste are lath, 

box >oUOd, bog fuel. and screen chips for pulpwood. The preparation and 

selection of sawmill waste suitable for utilization in bypra1ucts add to 
the 8I1lOUIIt of direct labor in the sawmill and planing mill. Waste util

ization also involves added labor for the operation of lI8.Chines employed 
in the manufacture of bypra1ucts. Figure 16 ShafS that a much larger 

proportion of the larger mills tllan of the Sl!II.ller mills have latb mills 
attached to them. 

The &rtiticial seasoning of wood bas developed with Plrticu1&r rapidity 

on the Pacific Coast, and be<;ause of the possibility of weight reduction 

through kiln drying, it was a Plrticu1&rly imPortant aid to the Pacific 
Coast operators in imprCNing their canpetitive pcaition in the eastern 
mrl!ets by saving on freight rates. 

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

the extension of kiln drying to aver 70 percent of the plants cutting more 

than 100 thonsand boarq feet per day (figure 161. A small proportion 

41Allen 11. Hodgson. 'Present Ut1l1zatloD. ot SawaHl 'Wasta' 1n the Douglas F1r 
Regton .. - lhe fi."'''~ Vol. mIl. Nos. 9-12 (J'uly-Oct. 1931). 
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of the plants cutting less than 50 thousand board feet per day report 

the use of kilns. 

The use of such labor-saving devices as electric transfer cars aJId 

autCllliltic control devices for the regulation of tempera:ture and humidity 

bas been particularly widespread in the large mills of the Pacific Coast. 

Mechanical devices for the handling of lwdler in the sawmill yard have 

received thei r most widespread adoption on the Pacif ic Coast. The in

stallation of haDdling equipment bas beell responsible for the most strik

ing instaDces of labor disp1aceDent during this periai. 

A study of 30 mills in the Pacific NortJJ.oest, IIIlde in 1915, sha.'ed tIBt 

the handling systems in use at the tiDe were favored appradmtel.y accord

ing to the follaring order: u 1 Flat-wheel trucks and horses, 121 over

head mnorail systems, 131 loccumive and traveling cranes, 141 revolving 

derrick arD5, 151 rail trucks and horses or lIDtors, and 161 misceIl.aDeQIS 

methais.u Of these, the most caam device by far was the h~ 
two-wheeled truck; heDCe the IIDSt important early developmell1: was the 

intraiuctiOll of smll tractors to replace horses in drawing these lwdler 

bnggies. A tractor is capable of performing the work of three to six 

animls.43 

Of the eight sawmills covered in the NRll-NBER survey which eqlloyed 

tractors for bauling Illlltler at Stille tiDe during the periai 1916-;36, seven 

began to eqlloy tractors between 1916 and 192;2. In the five cases which 

reported fully, the tractors displaced horses in hauling lwdler trucks. 

By 1929, five of the eigbt mills reported, the tractors aJId trucks had 
been replaced by sttaddle-truck lU111Jer carriers. The st~truck car

rier was intraiuced in 1916 and bas had large sales to sawmills and 111111-

ber distribntors since that time. Between 1916 and 192;2, with a lIB.XilIIum 

of 29 canpanies reporting fer any ODe year, 11 mills reported the initial 

purchase of carriers; between 1923 and 1929, 6 more mills reported the 
adoption of this equipnent. lobst of these carriers replaced borses and 

two-wbeeled trucks, altbongb in a nwdler of cases tractors and IUldler 

trucks were displaced.44 • 

LuDt>er carriers were capable of operating at higher speeds than trac

tors and elimiD&ted a large part of the haDdling labor formerly necessary. 

The labor displacemell1: accClJtllisbed through their use at those mills re
pot'ting this figure is indicated in table 12. Between 1915 and 1936, 16 

of the mills surveyed purchased at least 6S lUlllJer carriers. 

42J~ 8. WllU .. , -An Ana17S1a ot the Ve.r%oua Syste." tor Bandl1ng Luaber at the 
Kill,. I'."t C~t .&till"'''''''. Vol. 27. No. 318 (Jan .. 1, 1915). Do. Ua 
~t, ",. cU •• p. WI. 
4~ 1088tnc-c_ aD! ..... Ul """,,,. 
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T.1>le la.- B:U.lIPLB8 01' LUOB D1SPUCBIIBn BY TBB £110"1011 
01' LlJlIBBB CAlllUBBB A~ PACIPIC COAST UII1ULL8& 

Number of men 
Number of required tor 
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Year carriers Equipment replaeed opera~lon per shift 
adop1.ed 

Before After 

1922 2 5 trae~ors and trucks: 
2 horses and trucks 8 2 

1926 15 Tractors and trucks 12 15 

1928 3 6 tractors and trucks 12 a 
1931 1 5 teams and trueD 6 2 

1934 1 10 teams and trucks 12 8 

19315 2 5 tractors and trucks 5 2 

The installa.tion of cranes and derricks in the yards of Pacific Coast 

. mills was iDt>ortant during the period prior to 1929. The intraluction of 

cranes of the CM!rhead~rail. traveling, and locanotive varieties was 
reported by 8 mills between 1916 and 1922 and by 11 mills between 1923 

and 1929. In the five cases in which the types of displaced equipment 

were reported, the lretbocis displaced were horses-and-trucks and tractors

and-trucks. A tl'alJlolal' system installed at one mill between 1919 and 1_ 
replaced gas tractors used in hauling lumber trucks and eliminated the 

need tor 110 of 1:W horses eI!lployed tor the sane purpose. At another 
mill the installation of an overhead monorail system displaced 20 men 
tomerly eoplo)'eCI in driving horses. 

lID" La1>OP .. qu1 ..... _ .. t .. Oroup of Lara" II1lla 

The NRP-NBER lcgging-camp and sawmill survey covered 39 sawmills in the 
Douglas-fir region and 'I poDderosa-pine sawmills in the Pacific Coast 
States. The praluction of these sawmills represented about one-fifth of 

the Pacific Coast lumber production except tor the period 1919"'23. in 
which the coverage was considerably snaller. The coverage of the saople 
was best for mills which cut IOOre than SO million board feet per year. 
No mills cutting less than IS million board feet were included in the 

1929 S8l!ple. The findings of the survey therefore apply only to large 
mills and are lOOSt representative of the experience of the largest mills. 

A I!I)re detailed analysis of the S8l!ple on which the follCMing findings 

are based is presented in appendix A. 
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In order to obtain canpa.rable data tor the mills surveyed, an effort . 
was made to exclude fran 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 shingles, 
was likewise excluded fran 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, tbe output of the planing 
mill was converted to equivalent units of production of UDSurfaced lumber 
and added to the unsurfaced sawmill production to secure for each plant 
its "equivalent production. n The latter is plainly la.rger than actual 
production. The equiValent production represents the smn of the actual 
sawmill production of unsurfaced lumber and the additional production 
of unsurtaced lumber which would have been possible had the labor time 
in the planing mill been devoted to the production of addi tional IInsur
faced lumber at the level of labor productivity prevailing in the plant's 
sawmill. The man-hour ratio was then computed from the total number 
of man-hours in the sawmill and planing mill and the total equivalent 
production. 45 

A more detailed description of tbe methods employed in obtaining can

pa.rable uai ts of production and labor time will be found in appendix A. 

The movement of labor requirenents per unit of equivalent production 
tor the group of large Pacific Coast mills surveyed is shown in table 13. 

The index presented for all reporting canpanies was deriVed fran chain 
indexes ot man-hours and production lsee table A-61. This type of index 
is believed to represent most accurately the relative changes whicb occur 
in a SIIIlPle ,whose calplSition changes fran year to yea.r. 

The index for mills in the Pacific Coast region shows a substantial 
decline in labor requirenents fran 133.6 in 1918 to 98.1 in 1935 with the 
base year taken as 1939, which represents a decre&<>e of 31 percent over 
the period. The downward trend was concentrated in the years 191&-:a8. 

After 19:a8 there is no apparent trend in the sauple plants. 

Although the chain index provides a measure ot the relative decline 
in unlt labor requirements in the Pacific (hast mills surveyed, it does 

46In eomputlns unIt man-hour requirements at aU1B In the NRP-NBER. survey, an ef
rort was made to el1m1nate the etreet on theIr magnltUd.e or the negree at finishing 
III14 remanutac:turll\1. waste ut1l1'Zatlon, byproduct anufacture. and tbe manutac:ture 
at other t1mber prooucta sucb as sh1ngles and. bons" on the whole, this errort was 
8uccesstuL and the ertect or these faetora on the tlme aer1ea or un1t laoOl' re
Qu1rements was largelY eliminated. FUrther anal1S1s. however, 1ndicates that tbe 
ettect ot theae tactors on the man-hour ratIos ot Inaivldual mIlls could not be 
entlN1ly eliminated because It was not possIble to e'Zclude trOll the man-bour fig
urea some ot the labor 1nd.lrectly emplO1ed 1n and. 14eal17 chargeable to _ste utU
izat1on. byproduct manufacture. and the prOduct1on at minor forest produets~ 
Furthermore. the metbOd ot adJustm&nt d14 not take !t1ln drYins tnto account; labor 
tor this process was &mplo;yed at aame mills but not at others~ 
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Table 18.- IRDBI OF OMIT LABOR REQUIREMENTS II LAROE PACIFIC 
COAST SAWMILLS, 1918-8~· 

(1920-100) 

Year Index Year Index 

1918 123.8 1927 100.5 
1919 120.0 1928 97.7 
1920 123.9 1929 100.0 
1921 114.3 1930 l.01. 2 
1922 110.5 1931 97.5 

1923 110.2 1932 107.0 
1924 103.2 1933 96.4 
l.925 l.05.1 1934 100.2 
1928 100.7 1935 98.1 

"Table .>-e. '01. (10).· 

not show the absolute decline. For this purpose the average unit labor 
requirements ot a group ot 11 mills on the Pacific Coast \'/ere computed 
(table A-8). The trend of labor requirements per unit of equivalent ~ 
duction in this group of mills is representative of the movement of the 
chain index. <e 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 8.1~ man-hours. Thus 
there was a saving, on the average, of 2.2 man-bours per thousand feet of 
equivalent OUtput during this period. As in the case of the chain index 

for all reporting mills, there is no iadication of a trend after 1928. 

A sample of 18 identical plants for which data are available fron 1926 
to 1935 shows the same general trend after 1926 as that shown by the 
series of 11 identical plants !table A-8). The average of unit labor re
quirements for the S-year period 1931""35 is slightlY lower than for the 
1926-30 period for the llkoill series; the average for the later period 
is slightlY higher for the 11-1lli.ll series. 

A substantial part of the explanation for this is afforded by a canpar

ison of the percentages of capacity utilized by the two groups of plants. 
The series for 11 plants shows a noticeablY sharper decline in the per
centage of capacity utilized after 1929 than does the series of ~8 plants 
(figure ~ 71. 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 requirenents to decline after 1~. 

4°Tbat Ie. the percentage decl1nt tram 1900 to 1928 1s almost the sam& tor the two 
,erles. However, there are year-to-year 4Uterencea Wh1ch have no explanation 
other than the erratic fluctuations or 1ndlvidUal, plants. whicb have more eUect on 
the .erles w1 th the smaller number ot plants. 
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Another factor responsible for the failure of unit labor requirements 

to cantinue to decline during the 1930's was the decline in n_quipnent 

purchases after 1<P9. The 11 identical mills increased their aggregate 

capaci ty rapidly and steadily until 1<P9, but there was no increase 

thereafter (table A-61. Similarly, there was sane increase in aggregate 
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capacit)' for tile 18 identical plants· fran 1926 to 1929. whereas the level 

ot aggregate capacit)' was actuall)' lower during tile 1930'S. 

TIle expansion in capaci t)' IIOted for this sample of large mills during 

tile 1920'S was generally associated with the installatia> of new and more 

efficient machinel')'. TIle failure of capacit)' to expand after 1929 meant 

a drastic reduction in n€If-eqUiplelt pnrchases. This is reflected in the 

much lower level of sawmill-!ll8.Chinel')' purchases after 1929, as noted in 

cbapter II. Such purchases as >rere made apparent!)' were for replacement 

purposes. 

Another rough indication of tile extent of tile decline in equiplelt pur

chases is obtained tran reports a> Pacific (hast sawmills in tile NRP-NBI!R 
survey. An examination of the reports reveals that the nUDber of all 

kinds of installations per cOOlpaD)' ),ear ot reporting were 45 percent 

lower for tile period 1930""35 than for 1920""29.'7 

Tile decline in unit labor requirements was associated with the period 

of high production levels when many plants >rere expanding their capacity 

and additions or replacements of equiplelt >rere frequent. The types of 

equiplelt changes associated with the decline in unit labor requirements 

have been indicated earlier in tile discussion; they include the electri

fication of mills, which resulted in sane reduction in tile indirect labor 

of the power-house and the maintenance department, increased speed and 

power of machinel')' throughont tile mill. and more extensive use of hand

ling equipnent, particular!), in tile yard. 

An examination of tile types of installations made at tile Pacific (hast 

mills in the NRP-NBER survey indicates the nature of the changes which 

predaninated in varioos periods. Between 1916 and 1922 tile installations 

of handling equipnent, particular!), ot carriers and yard tractors, ac

counted for half of tile total changes. Between 1923 and 1929 installa
tions of handling equiplelt declined in proportion to the total, and tile 

"71n the course or the SUM'ey flelcl agents gatbere4. when pOSsible. _terlal em the 
installation or eqU!pIlent at sawmills. Fl-om 1920 to 1929 the number or sa ... l11s 
reporting on Iqulll1Dsnt cba.ngea or &d41tlO1ls varied nee 20 to 35. and the total 
nuaber ot CO!lIPtuil" Tears of reporting (the sum of the year17 ttgul"8S on number of 
CCllp&llles for whIch data were obtalned) was 300. Between 1930 an4 1935 the nUlllber 
varied tr~ 16 to Ie, and the total number of CClllp&Il7 Jlears or reporting was 92~ 
The: total number of equIpment cha.nPt!I was 195 for 1920-29 and 33 for 1930-36. 
Equ1P1D!nt changes were erunte<1 indivIdually regardless of the nUd)er of units tn
volved and InclUded changes or addIt10ns to _ehlnel"7. power equlpment, _Ml1ng 
equiJ89Dt. &Dd. such structures as kilns. d17 sbeds. and storage or sblpping facil
it1es. For the moet part, the equlpment. changes recorded. represented. 1Il'Port8llt 
repl&Cements. alteratIons. or ad.d1tlons to pla.nt tac:Hlties. The plant reports OIl 
whleh these data &1'8 based as' be tnecaplete over a perlod of tl_ or tor 8.DJ' re
ported year. Furthemore. the reporta used. covered.. 1D. several lnstancea, InitlaJ. 
equl_nt or aumllla eatabUShe4 after 1920. 
The figure quote4 in the text understates the eztent of the deeHne 111 equ1.-ent 
purchasea inUJIUch 8S reporting was presumab17 less cr:ap-lete 1n earlIer ,ears am 
IndIvldu&l 1nstallatlcms Involved 8 larger average capItal InvestJlent before 1929 
tbaIl atter. KaJ01" cban,pa we~ l.arge17 U.lted to- t.be earlIer )'e&t'8. 



70 MECHANIZATION IN THE LUMBER INDUSTRY 

emphasis appeared to be on the purchase at. large and expellSive units, 

such as monorail s)'SteDs, l.ocanotive cranes, and gantry cranes. Carrier 

purchases reIlBined at the same level at. relative importance. lDStalla

tions in the parer41CllSe and the construction at. yard structures accounted 

for alma!t one-third at. the total llUI!iler at. equiprent changes reported in 

the 1923"'29 perial. After 1930 there was, as has been noted earlier, a. 
sharp decline in equipnent purchases. About hal! of the changes made 

were in the sawmill and planing mill. Planing-mill iDStallations were 

a.lma!t double in relative importance, but parer4louse installations-and 

the erection at. yard structures declined sharply in relative frequency. 

The reports indicated no further installations at. heavy handling equip

rent, such as monorail sfSteDs and cranes, or at. the ootmaled yard trac

tors, but iDStallations at. carriers continued. 

Field agents' reports indicate that the praluctivity at. labor was in

creased during the 1')20' s through the extensive iDSta.llation at. handling 

equiprent. the speeding up at. praluction by the use at. faster machines, 

and the electrification at. the sawmill and planing mill. Since 1930 pur
chases have been restricted more to essential replacements. It seem;; 

reasonable to believe that the declining rate at. rechanization was one at. 
the factors principally responsible for the failure at. sawmill unit labor 

requirerents to decline after 1928. 

The reports of the NRP-NBER field agents indicate that even the uain

tenance at. unit labor requirerents at the same level fran 1')28 to 1935 

represented scmething at. an achieverent, for a n1llliler at. factors tending 

to increase unit labor requirenents were operative during this period. 

The l.at rate of operation in relation to capacity was one such factor. 

Iqs received by the sawmill becaDE poorer and snaller, and this had a 

ccmequent adverse effect on labor productivity. Unit labor requirel!Ents 

were also iucreased through efforts to achieve truer size and better in

spection of grades in order to improve the grade at. l1llliler dltained fran 

a log at. given quality and to meet changes in consumer buying habits. 

Demand for large-dimension l1llliler and tiriler, which require relatively 

less labor than small dimensions, has declined. The effort at. l1llliler 

de&lers to reduce inventories under condi tiOllS at. depressed de!IBnd has led 

in recent fS&I'S to an increase in the importance at. mixed-lot orders rel

at~ve to carload-lot orders. Mixed cars require mare mn-hours not only 

in lOilding and tallying but also in Jlll.king up the orders fran stock. 

The type at. equiprent used by the sample at. mills in the NR.P--NlER sur

vey corresponds fairly closely with that at. mills having a daily capacity 

at. 100 thousand board feet or more ttable 141. Such differences as dO 

exist indicate that the NRP-NBER mills are more generally equipped with 
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~abl. 14.- SIWMILL PRAC~ICB8 l~ ILL RBPORTIK. MILLS 
IIlD l~ SAMPLE MILLS 011 'filii PICIl'IC COlST, 

BY DilLY CAPICITY, 188e 

ioU ,..port.1lIe ~n.1I 
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8"_ .n4 .leok'to JOWIIr '" 0.> ,. .'T.e .. 49.tI • S .... 
aactl'lo ~r !MIlJ' .. 11.~ IS .... .. 8e.O • .... 

e..,. repCIl'UIij on ... 4 •••• 1I~.1 ... 10C)'0 .. 100.0 - 100.0 .,. 100.0 
t'lroul&1' ._ oalT ... .... .. U.< S>. .. .. • '.S 
C1J'C1l.u,r &lid baDd •• ". • •• < • 1 •• < a •• 1 a.< 
a. ••• " ~ .. 10." eo .... ... .. .. 50 67.8 

C:...,. l'&porUaf 011 &pecJ.tllt4 
• o.9.1~'. \ot. .. l ... - .. - ... - .. -

Galli •• v • ••• 1 • 10.e <. 29.0 ,. ;(e.a 
PlalI1Dj 01.1 ... .... .. . .., ... .. .. .. ..., 
1&1." .t11 .. < •• .. .... . .. .. .. S> "&.6 
DJo,J' trilA .. 11.' as ••• 8 ... .... .. .... 
8hillllliit .11l. .. ••• • •• > .. .. .. • 18.5 
Bcz taot.c:r,. 11 ••• • ••• .. , ... • 14.6 
1I&e!lu. _hop ,. ••• .. .. .. .. .. .. .. e3.4 

-s.ta ~ ,.. ....... oM. .&oK....,. fI/ iii ........ «aIritr lllllwtnM (SInna. ..... t ...... t C.,t ~. 1IDHIII Nltt-. 
'" __ 11Gb I:-

~ ~ ad ..."U nl'ft)'. All aUla ~ l::II4 a _~ ... lQ Of _ .. 'IQ UIImaal 'Oail'd tnt. Mut<dlq to ..... "".oolI -C 'v.~ If/ ... ,fqk<'>o rc.r ~"',Iu fW I ..... 

the specified itens of equipnt. The diUerences in equipnent between 

tbe ~ mills 8IId the mills in the two smller size classes are much 

more pronounced. 

The difference in equipnt used by mills of different sizes, as in
dicated in table 14, raise the questicm of the effect of the use of more 

advanced aDd special equipnt on the man-4lour ratio. Unfortunately, ad

equate data for a thorough 8II&lysis are not available. It was pcssible, 
h~er, to analyze data for 37 of the MU'-NBI'll. mills, all having a daily 
capacity exceeding '10 thousand bau-d feet (details of the lIDII~is may be 

found in a,ppendix EI. 

The average unit labor requirements for the 19 larger mills (daily ca

pacity of at least 250 thOllSalld board feet I were 15 percent higher than 
tha>e for the 18 other mills {daily capacity of 70 to 2l+9 thousand board 

feet I. Further lIDII~is revealed, however, that factors other than rel
ative efficiency in the utiliZAtion of labor could account for the dis
parity in the man-hour ratioo. The 19 larger mills were, more generally 
equipped with dry kilns, lath mills, shingle mills, bOlt factories, and 

machine shops, which involve the emplo1lO"nt of additional workers with

out a corre~ponding increase ill the footage of lumber output.·e Whell 

48tllt'1ct labor lnvol'lt4 111 lath .Uls. sbingle 1Il1lls, anc1 bQl' ractorles a.ttached to 
a .... Uls was l&t'ge 17 exclUded trom the mn-hour Usur&e, but Indirect labor 'Pe
Qulre4 to sUPPU utert.a tor ana to hand.le the product 0: such actiYitles. ea 
_11 .a 4r,...klln aDd ain'teDUCe labor. wu 1.nCluded. 
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similarly equipped mills in the two size groups were canpared, it was . 

found that the ma.n~our ratios at the larger mills were slightly l~r 
than those of the sm1ler mills. 

It appears, therefore, that such factors as the extent of artificial 

seasoning, waste utilization, l1IIJlufacture of pra:lucts other than IUllber, 

and maintenance work at machine shops attached to the sawmill exert in

fl.uenc:es which tend to raise 1IDit labor requirements at large mills. The 
end pra:luct of the sawmill proper is green lUilber. Further finishing 0p

erations (such as surfacing and kiln drying I, remanufacturing, and the 

pra:luction of bYPl"a:Iucts increase the labor involved without equivalently 

increasing the nlUdler of board feet produced. Similarly, in their ef

forts to offset high freight costs in shipping to eastern markets, sane 

large Pacif ic Coast mills pra:luce end-matched, trade-ma.rked IUllber which 

is frequelltly packaged for shipnent. The more fully equipped mills may 

in this I1IIJllIer cbtain advantages over smaller canpetitors. These advan

tages must often be cbtained at the expense of greater unit labor require

ments, but these do not necessarily reflect a l~ degree of efficiency 

in the utilization of labor. 

8UllIIAIlY 

Lumer production, in the Pacific Coast States increased by more than 

60 percent bet\reell 1~9 and 1929 Itable 151. This increase represented 

the continuation of a regular rise during the preceding two decades. 

~a1>l. 1110- IIIDII:XI!8 OF PIlODUC~IO. J.lID EIIPLOYllBn IB ~BB 
PJ.CIFIC COJ.8~ LUIlilER IIlDU8~RY, 1888-18a7" 

(1888=100) 

Number of Humber of 
wage earners wage e B rIle rs 

Production in the lum- Production in the lum-
Year of lumber be r and t 1m- Year of lumber ber and tim-

ber product.s her products 
industry lndustrl' 

18119 20 81 1925 94b 101 
1904 32 42 1927 115b lIB 
19011 411 81 1929 100b 100 
11114 50 56 1931 63 52 

1119 112 81 1938 43 52 
1921 51 65 11135 56b ' 67 
1923 90b 106 1937 77 89 

aBased. Db data trCII C.fIt1Ilt of "JIU.factwe a 

btne1Ude• uta tor-Nevada In addltlonto4ata fat' Cal1ftrn1a, tl"egm. and Wash1ngtm; 
however, the etrect ot tba Inclusion of Nevada 1s neglig1ble tse. table £-1. 
ttn. oj. 
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beV'er, emp1.oJment in the luri>er and tilli>er products indUSt17 declined 

bet1een 1933 and 1929 in spite of the continued rise in producti(Jl. Pri<r 

to 1933 the iucrease in employlrent in the luri>er and tilli>er products in
dustt7 did not I!eep pace with the production rise. Although the indexes 
presented do not refer to strictly canparable nniverses, the available 

data 011 unit labor requ~ts tend to substantiate the conclusi(Jl that 

the disparity bet>reen the courses of production and employ!rent prior to 

1929 is attributable to an actual 'change in unit labor requirements in 
luri>er production. 

The available data on logging labor requirements indicate that there 

was a steady decrease in the man-hours per thousand board feet between 

1920 and 1929 tor the most important section of the industry COIISisting 
of the large camps. !/bile the sample of camps surveyed was not large 

enough to yield conclusive results, the survey showed that the decrease 

in the man-hour ratio over the decade may have aoounted to as lIIUch as 

30 percent. The data on sawmill labor requirements, also representing 
the experience of large cperat ions, showed a damward trend in the man
hour ratio between 1920 and 1939; the reduction amounted, perhaps, to 
30 percent. 

Bet>reen 1931 and 1933 the index of the average n1llltler of wage earners 
employed in the luri>er and tinDer products indust17 failed to decline in 

spite of a sharp drop in luri>er production, and between 1933 and 1935 the 
index of average 1I1l11tler employed in the luniler and tiDi>er products in

dust17 rose more rapidly than did production. Since 1929, h<ll<eVel", the 

regular workweek in the Pacific Coast luri>er indust17 has been shortened 

in many instances fran 1!8 to ljO hours. U The available information in
dicates that the rise ill emp1.oJment in the l1lIItler and tiDi>er products 

indust17 fran 1931 to 1935 relative to the index of production was not 
clue to any rise in the man-honr ratio in those years. 

llni t labor requirements at the larger lq;rging camps appear to have con
tinued to decline after 1929, although at a reduced rate. The man-hour 

ratio for the large SlDlllilla remained practically 1lIIChanged bet>reen 1929 

and 1935 except for yeat'-tlryear fluctuations. As far as the experience 

of the large operations which were sampled is concerned, it seens likely 

that there was, if anything, SQ1le decrease bet>reen 1939 and 193$ in the 

n1llltler of man-hours required to produce a thousand feet of l1lIItler fran 
standing tilli>er. 

The developments in logging machine17 which contributed to the re
duction in man-hour requireoents during the 1930' s were associated with 

49,..,t Coast _be.,. A1ets (See.ttle~ Wasb~: West Coast LuIilbeMien's .ls8octatl011. 
Jan .. 1. 193'1). p. 1S. 
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increases in size, speed. and power, particularly -of cable logging lila

chinet¥. The mechanization 01 logging cmstruction activities was another 

notable feature of the period. The intensive development up to the mid

dle 1920'S of powerful cable logging madlinet¥ and of the clear-cut log
ging techniques associated with it led to the necessity, in an increasing 

number of instances, of employing more flexible logging equipnent, nota

bly tractors and trucks. The utilization of tractors has been a feature 

of the period since 1929 and has probably contributed rore tban any other 
single factor to whatever reduction has occurred in the man-hour ratio 

since 1929. However, the principal role of logging technology in recent 
years has probably been the extension of operatims to areas fomerly re
garded as unprofitable logging "chances" because of the inaccessibili ty 

or insufficient density of the stands. Trucks have played a particularly 

important part in extending the scope of logging operations since 1929. 

The developments in the sawnill which caltributed most to the reduction 
of the man-hour ratio involved considerable capital expenditures. The 

introduction of faster machinery, particularly in the planing mill, the 
introduction of handling and conveying devices in the sawnill and in the 
yard, and the centralization of power generation and elimination of sane 
maintenance work througb electrification constituted the outstanding 

changes during the 1920'S. Equipnent changes since 1929 have been lim

ited largely to essential replacements or to the addition of relatively 
inexpensive, cost-re<iucing equipnent such as carriers. 

The increase in labor productivity during the 1920'S to which technc>

logical advance contributed is not likely to continue at the same rate in 
the future. To an increasing extent technological advance will be de
voted to extending operations to areas not nOlI' econanically available and 
to the reductioo in the production costs for lumber fran trees of a given 
size and quality in order to maintain over-all production costs at the 

same level. 

In logging operations the large and powerful cable logging machinery 

associated with cleaN:ut logging is giving wa.Y to tractor logging. Trac

tors ma.r be employed in a sort of selective cutting which renoves most of 

tb~ merchantable stands and leaves only the timber too small to be re
moved profitably fran the forest. This method, however. 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 cle&l'-Cut patch. 6o Both cle&l'-Cut cable logging and 

"zero margin" selection mean & continued increase in the obstacles to be 

e.oK!rlUBna and _trom, ot. eli., p. 88. 
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overcane in achieving logging production at the same level of, man-:-hour 
requirenents. &ployed within the framework of this tn>e of logging S¥&
tem, the use of tractors and the loggiog techniques associated with t~ 
may serve, as they have in recent years, to make econanically available 
timber whicb could not be profitably logged with older techniques. The 
replacement of railroads by trucks has likewise extended operations to 
areas considered poor logging "chances" in the past, and it will pr0b

ably continue to do so. However, unless the newer techniques are em
ployed in a system designed to assure a sustained yield of timber of 

approximately the present size and quality, the progressive cumulation of 
obstacles to increased labor productivity will continue. 

The obstacles to increased labor productivity under a system of rapid 
liquidaticn of timber resources are perhaps less pronounced in the s __ 

mill than in logging. If the depletion of the timber reserve forces the 
shitt of an increasing proporticn of the producticn to small mills, h0w
ever, the indications are that sane of the progress made in waste util
ization, quality improvement, and the level of mechanization will be 

, fortei ted. If the size and quali ty of available logs decline, improved 
technology in the s-'11 may be necessarY to maintain labor productivity 
at present levels. 



CHAPTER IV 

TECHNOLOGY AND UNIT LABOR REQUIREMENTS III THE SOUTH 

TIle South1 cootaiDs about 200 millioo acres of call1Jet"Cial forest laDd, 
about qq percent of the Nation's total.2 TIle vol1ll!le of l.IIiItJer production 

fran this vast staDd increased rapidly alter the intraluctioo of railroad 

l~giDg in the 1870 's. Soutbern l.IIiItJer praiuctiOl1 increased by 763 per

cent frcm 1869 to 1899 !tabl.e 161 and at the end of this period dis

placed the Jake States regiOO fran productioo leadership. In the decade 

alter 1899 IUlltler productiOO in the South increased by 80 percellt; by 

1909 soutbern IUlltler productiOll was at the highest point in its history, 

_ting to 19.973 million board feet. Production declined SCJDeWbat 

alter 1909, but in the :w succeeding ;rea.rs it averaged alDDst 80 percent 

of the 1909 peak. 

During the period of rising production the drain 011 the f~t re
sources of the South fa.r exceeded the annual growth. During the 1920'S 

the annual draill on SOIltbern tiJJiler was estimted to be about 1.5 times 

as great as the annual growth; the ratio for saw timber was about 3.9.3 

TIle latest available estimtes indicate that an appraximte balance was 
achieved between growtb and drain in 1936, although the situatiOll was 
less satisfactory with respect to quality.4 The excess of annual drain 

aver annual growth which retained until recent :years, although due in 

part to Datura! causes, was largely due to destructive D!thals of l~ing 

at an excessive rate witbont regard for the future yield of the forest. 

The cutting of the vast virgin forest areas of the South was cOlldocted 

WIder the traditiODal cl.ear<utting poliey of the industry. By 1936 ally 

about 12 perceut of the Call1E'rCial forest area was iu land bea.rilg old
grotth tiDtler of saw-tilrber size, and ally q.8 percent was in land bearing 

both old and secOIld-granh saw tilrber. Because of destructive D!thals of 

cutting, over 14 percent of the CClllll!rcial forest land of the South was 
in poor to nOll-restocking cOllditiOll by 1936. S In that year the South IBd 

about 14 percent of the NatiOll's stand of softwOod of saw-tilliler size and 

Dearly 64 percent of the hardwocd of tbis size. 8 

1,A1&0"'" ArIlan.BU, Florida. GeorgIa, Loulalan&. JUsalsslppl. Morth CarolIna. 
Oklaholla.. S<N:Ul Carolina. Te:xaa. and VIrg1n1&. 
2-luabef" IJIIf_e.,., hclS: 1939 (Waahtngtm. D .. C .. : lIatlonal LuJlber Jtumtacturel"S: 
Maoctatlan). p. •• _ 

30 .. 8. Congress .. Senate. A IGt(OJD l P iGtI for A ..... ko. 'are$b> S. Doc. No. 12. 
?34 CQD& •• 181. seas... 1933. I. 222~ 

4£uober IftdreCry focb: lSl7a. p. u. 
6 IbC4 •• lI'. 4. TIl! terws -.pOOl"- ancs -non-restockIng- re fer to &reU ebaraeterlsed 
b7 10 to S9 percent. antl leas UJ&n 10 percent, respeetlYe17. ot noral 8t.ocIlng 
with treea tfr tbe .oe.t part be10. contwOCld alae .. 
eIbld ., p. 60 
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Table 16.- LUMBKR PRODUCT 10K II TBK URITED STATES 
AKD TBB SOUTH, 1889-1988" 

(1I111loDa of feet, b ... ) 

Percent. So~tb 

77 

United St-ates Sout.h .. of Unlt.ed States 

12,'758 1,288 10.1 
18,091 2 • .499 IS.S 
2'7.039 -S~OB2 18.8 
35,0'18 11.118 31.7 
3'.127 13§3'17 39.2 

ao,lIDS 10,500 34.4 
3'7,561 13.849 38.9 
40,2e8 18,028 39.8 
a3,224 13.607 41.0 
44,510 19.973 44.9 

40,018 17,432 43.6 
37.003 15.985 43.1 
39,168 18.119 48.3 
as.3S? 18.312 47.7 
37,348 1'1.801 4'1.' 

31.242 14.890 4'1.7 
34,791 16.8'13 4'7.8 

33,193 16.834 47.1 
29.3&2 12.440 .c2.4 
34.1552 16.078 48.5 

28.8'78 11.491 a8.S 
28,981 13.5aO 50.2 
31.~e8 1.4.Saa 4.!S.6 
37,1&6 18.481 44.3 
as,931 18.238 4-S.2 

38.398 1'7,148 44.7 
38,938 15.5'71 42.2 
34,e32 14.478 41.9 
34.142 13~9"lB 40.9 
38.880 15.462 41.9 

26.~1 10.lea 39.0 
16.523 &.- 06.2 
10.151 3.938 3B~8 

18,981 S."l6S 41.3 
16.494 5.810 S8.1 

19.&39 "1.1329 40~1 

24.366 9.628 88.1 
2e.99'7 10,293 89.0 
21,ecO 9.see 43.2 

In spite of the serious reduction in the tiDiler reserve of the South, 
that regia>. has succeeded in ma.intaining a leading positial in proiuction. 
The southern States as a region ma.intained proiuctiOll leadership cOIltinu
ously fran 1899 until 19'>9, after which the volume of proiuction on the 
Pacific Coast exceeded that of the South. This has been possible be
cause of a nUDtler of CircUIIStances favoring the South. Although SCllthern 
stams are sparse c~ with those 011 the llicific Coast and frequently 
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~ftlt.d St.t •• For •• t S.rvlce 

FIGURE 18.- VIRGil STAND OF SOUTHER. PilE 
The open stands and level topography of southern torests otter few ob

stacles to logging. It is possib~e. however, to aCh ieve higher levels of 
laDor productfvlty in the denser stands ot the Douglas-fir region. 

yield ~ low-grade timer, these disadvantages are largely balanced by 

the fact that except for limited areas there are few natural obstacles 

to overcCllle in logging.' Practically all of the softllOOd saw timer, 

including se<:CIl~ro<th timer, can be classed as ecalClllically available; 

this is also true of the bulk of the hardwood of sav-timber size. Fur
thermore, growth is fast in most southern forests, and second-growth 

stands rapidly attain saw-til1tler size. Finally, proximity to the prin

cipal consuming centers is another fallOrable factor. 

The reduction of the soutbern timer resources bas nevertheless made 

the maintenance of the region's share in the total lumer pnxIuction .:Ire 

difficult. The large stands of old-groonb timer, on which tbe large 

. mills depend to a great extent for their log supply, have been partieo

larly reduced. To l1li increasing extent southern mills have been forced 

to depend 011 second-groonh stands or on scattered stands of old-growtb 

tiJlt)er. Southern pnxIuction bas been maintained principally by the rise 

ill the nlDler of SII18l.l aills capable of operating (II sparse IIIId SC&tterai 

stands of timber; IIIOSt of them operate close to the tiDtler supply and 

move frequently. 

"'wbn .tl.D.~' in the South .""11 on17 about ~ eoo board teet per .. ere lA sa __ 
ti.ber .taD4. a. ca-pare4 to about 18.000 boeM1 reet OIl 81.llar staD.4a 1D tbe 
'.C1Ue COI..t aDd M<rtb. Roe" "0IJD~1n 8~tea. (Ibid.., po .. 40. 6.) 
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Census data on this point are s<m!Wha.t inconclusive. but other sources 
iIrlicate a pronounced shift to smll mills. particularly in the proluc
tion of southern pine. The results of three surveys of southern-pine 
proiuction by the Southern Pine Association. presented in table 1" show 
a IIBrked increase during the perial 1919""29 in the relative inpcrtance of 

snal.l mills cutting less than 6 million board feet per year. 

'able 17.- 80UTBBRM-PIMI PRODDCTIOM IV LARO. ~MD 8M&LL MILLS, 
1918, 19 •• , ~HD 18a9" 

Year and Amount cut.. 
size of .,111 (millions of £eet, b. m., Percent.. of total 

1919 

Large 10.e09 87 
Small 5.150 33 

1924 

Large 9.287 57 
Small 7.089 43 

.1929 

Large 6.179 47 
Small 6.987 53 

·'conoaic ConIU't(OfI,S (tl SovtMt"n PT.,. In4a.stry (Soutbern Pine Assoclat1on, JUlY 1, 
1931" p. 43. Data exclUde production or States wbleh were responsIble for a total 
pIne output of 123 mIllion lett In 1919 an4 102 mIllion teet In 1924. tar whlehno 
data wue avallable 1n 1929. In thls table a large :mUl 18 one prodUCIng 6 mlll10n 
board. teet or mare per )'8ar. 

The IIXlSt accurate information is avai.l.a.ble for 1934 for a 5aleWbat !lOre 

limited section of the South as covered in the Southern Forest Survey. 
These data (table 18) show that about 47 percent of the pine proluction, 
21 percent of the hardwood proluction, am '10 percent of all pro!uction 
is accounted for by the 7.709 mills having a daily capacity of less than 
20 thousand board feet. Small and lI>!dium-size mills, having respective 

daily capacities of 1 to 19 am 20 to 39 thousand board feet, proluced 
over half of the pine am hardwood lumber in the region covered by the 
Southern Forest Survey in 1931!o 

These surveys are sufficient to substantiate the general belief in the 
i"l'ortance and magnitude of the shift to small mills since l~. Small 
mills are dClDinant today in the North Carolina pine region and nearly 
equal in importance to the meai1llll am large mills in the southern-pine 
region. 8 The few technolDgical developments which have taken place ill 

fispectal report or tbe u. s. Dept. Agr' ... Forest Service. Dlv. Rea. (NOV'. 1, 1938), 
tOl" the -'St\ll11 •• ot PraluctlVlQ a1II1 EIQP1QmeDt 111 Selected. IDduatrles. HctlOll ot 
the Natl00a.l Reaearch PrOject. 
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Table 18.- PBRCENTAGB DISTRIBUTIO. OF LVMBBR PRODUCTI08 II TBB 
BOUTH, BY .PICIBS OF LUMBER AID DAILY CAPACITY, 183.a 

Capacity 
Number Percent of 1934 production 

(II ft. b. m. (dry-lumber tally) 
per of 

10-hour day) mills Total Pine Hardwood Cypress 

Total 8.694 100.0 100.0 100.0 100.0 

1- 4 1,406 2.3 2.0 3.2 0.7 
5- 9 3,Oeo 11.3 13.2 7.2 1.6 

10-19 3.243 28.0 32.2 10.4 10.9 
20-39 715 20.4 16.8 29.8 21.4 
40-79 166 15.7 6.8 37.9 32.8 
eo or over 104 94.3 29.0 11.5 32.6 

8Adapted trom speCial report ar the U. S. Deot. Agr •• Forest Servtce. Div. Res. 
(NOV. 1. 193e-)' tor the -StUdies or PrOduct1vity and Employment 1n Selected 
In4ustrles- sect10n Or the NatIonal Research ProJect. 

the southern lUllber industry since 1920 have been unspectacular in rela
t ion to advances IIBde during the same perial at Pacif ic Coast operations. 
Ha.ever, the introduction of. more flexible logging equipment in the South 

has been an iDprtant factor in the rise in importance of the slIBll mill. 
At the larger operations technological adjustments in logging methods 

have enabled many canpanies to maintain themselves in the face of in
creasingly difficult conditiollS. 

TBCRHICAL CB~.OE8 AID VNIT LABOR REQVIRBMBKT8 I. 
LOGOIIG CAMPS, 1920-8& 

Cbanie. at Large on4 Me41u.-Slze Operat1on. 

The perial of rapid increase in the use of forest railroads in logging 

operations, from the 1870'S to 1900, was also the perial of the most 
rapid expansion in the southern llllliler industry. Thus, .fran the begin

ning the .forest railroad with its extensive network of. spur lines was the 
backbone of the logging system ell\lloyed at large operations in the South. 

Steam cable yarders, also a praluct o.f the last decades of the nineteenth 

century, were used to ground skid logs in the system of clear-cut log

ging ell\lloyed at the large southern operations during the peak of. produc
tioo in the early 1900'S. AnillBls supplerented cable yarders in yarding, 
principal17 far bunching logs within 8. small radius preparatory to cable 
yarding and for logging difficult corners of the operation. The methods 

and equipment used at JIWly of the large operations during the 19Qo-1910 

perial were substanti&l.ly the same as those enployed today at a few oper-
8otiollS with a daily capacity of more than I!O thousand beard feet. Since 

then high-lead and sky-line yarding have been employed to a limited ex

tent on the larger operations, particularly in logging out of ~. 
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A track-laying IllilChine which reduces the crew on this work by abont half 
has found sane use in Alabama, Florida, louisiana, North Carolina, and 

Texas. 9 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 machinery have been made in response to the re

quirenents of the Pacific Coast logging camps aDd have led to larger and 

more paertul IIBChines which were neither necessary nor desirable in the 

smaller timber and under the less strenuous logging collditions of the 

South. Changes in the equipnent of railroad aDd cable logging have not 

been of major importance as a factor affecting the level of unit labor 

requirements or the econanic availability of the timer suml since 1920. 

The major de\"elopment at the large operations during this period has 
been the introduction of trucks, particularly in the long haul. The open 

timer stands and flat topography of IlUlCh of the South IIBl!e railroad con

struction silll'le, for it is frequently possible to lay ties and rails for 

spur lines on ungraded ground. While this makes it prOfitable to log 

,stands of larer density than those on the Pacific Coast, it is neverthe

less necessary that the railroad tap a total stand of timber of suffi

cient volune to serve as the basis for the IIlOOrtization of construction 

costs. Since 1920 an increasing n1llliler of timber stands have been en

countered which were either too sparse or of insuff icient total volume to 

be econanicall)' available to railroad logging - at least to the logging 

system eJllllO)'ing extensive spl1l'-line construction. 

Formerly the only alternative to the railroad, aside fran water trans

portation which was only occasionally feasible, was animal-hauled carts 

and "b1ll!lrerS." In recent years truck logging has replaced spl1l'-line haul 

at many operations supplying mills with a daily capacity of more than 

110 thousand board feet and has replaced railroad haul entirely at most 

pine cUJlllS cutting fran ao to 39 thousand board feet daily. Truck--road 

cCJIStruction is less expensive in the Sonth than on the Pacific Coast for 

the sane reasons that railroad construction is less expensive, and it is 

SQIIetimes possible to run trucks directly into the woods without pre

liminary grading. By permitting the logging of some stands for which 

spur-line construction costs were prohibitive and for which wagon ban! 

involved excessive current q.erating costs, the introduction of the truck 

has been an iJlllortant factor in increasing the timber volume econanically 

available to the larger mill. 
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In log-yarding operatiOllS at Call1fS supplying mills with a daily capiC

ity of 40 thousand or more board feet, the principal <levelopnent since 
1920 has been the iniraluction of tractors. !be mbile than steam skid- ' 

deI'S and permitting a higher labor praluctivity than aninRls, tractors 

have increased rapidly in importance in recent years. Trucks have also 
found use at large operations since 1920 in the short haul as well as the 
long haul. 

Clwlgeo at 8IIIall Operations 

The same ci:rcUIIBtances whicb have led to the abandonmnt of railroad 
logging at IIBIl)1 large operations have likewise favored the develop1lent of 

smll operations (daily capiCity of less than 20 thousand board feet I 

which are close to the timer supply and capable of moving frequently. 

At the small operations the one development of OII'erwbelming importance 

since 1920 has been the increased use of trucks in the long haul. The 
old-graftb timer stands left by tbe large mills and the second-grafth 
stands alla<ed to repralnce without further cutting by the large mills 

were available to the small mills for cutting precisely because they 
could not he logged profitably by railrosd. Prior to the advent of truck 

logging, the only available methal in most cases was animal haul. The 
intraluction of truck logging has presUllBbly either increased the amount 

of tmer econanically available to the snall mills or has reduced the 
labor requirements for logging stands eCOllanically available by animal 

haul. The extension of the highway system since 1920 has brought much of 

the southern forest within easy reach of public roads, so that truck-road 
construction is greatly reduced and in certain areas is virtually unnec
essary. In the logging s)1Stem which is coming into increasing use at 

snail operations, animsls are used for bunching the logs within a radius 
of about 200 feet and for loading the truck, and the loaded truck is run 

directly from the waals to the mill. At a number of small operations 
trucks are being employed in the haul directly fran the stump. Otherwise 

there are no indications of any important progress in the mechanization 
of bunching or sbort-baul retbods at the small operations. 

a.eent hut le.. in tba Lower South 

The best available data on logging metbods in the southern lUllber in

dustry are presented in tables D-1 and 1>-2. These data represent the re
sults of 8. survey of several hundred mills conducted by the United States 

Forest Service in 1934 and 1935. The mills were classified according to 
8.ppraltinate size on the basis of the operator's estimste of capacity, &lid 

they were design&ted as pine, hardwood, or cypress mills according to 
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the species cO!IStituting (Her SO percent. of the cut in the 'lear of the 

survey, 19311. 

The survey territory includes the IIlCBt important forest regions of the 
southern States but exc).udes mast of South Carolina. and all of North 
Carolina and Virginia, three States included among these canprising the 
"South" as defilled in this report.10 For the sake of brevity, group num
bers have been assigned to the various size classes as foll<:w.S: Group 1 

consists of operatiO!lS having a daily capacity of 1 to 9 thousand board 
feet; Group 2, 10 to 19 thousand feet; Group 3, 20 to 39 thousand feet; 
Group II. I!O to '19 thousand feet; and Group 5, 80 thousand or more feet. 
OperatiO!lS in Group 1 and Group 2 are referred to as sll2.ll operations; 
these in Group 3 as medium-size operations; and these in Group II and 
Group s. as large operations. The capacity assigned to the logging oper
ation is the sanE as that of the mill to which the operation was attached. 

Short Haul - Pi ••• - Within the Southern Forest Survey territory there 
were 839 operations which reported on the type of equipnent employed in 
the short haul (see table J).-).l. This nUl!ber included 60 percent of the 

"large and alJ1lost 3S percent of the medium mills in the territory. The 
1127 small mills which reported on short-haul equipnent constituted OIIly 
6. percent of the small mills in 19311. Harever. the sample may be re
garded as adequately representative within the size cla.ssificatiO!lS. 

An examination of figure 19 indicates that animals are still eD!ployeci 
extensively in hauling logs fran the stump to the meaus of I12.jor tra.us
portatiou. Animals are emplo)'ed at sane point in the yarding operation 
at about 80 percent of all small and medium operatiO!lS and at the large 
operations in Group II. Animals are eD!p1oyed. to the exclusion of mechan
ical equlpnent at a substantial majority of all small operatiO!lS and at 
'10 percent of the remainder. with the exception of the large operations 
in Group S. 

The principal mechanical devices employed in yarding are tractors, 
steam skidders, and gas skidders. M.chanical yarding equipnent is usu
ally eD!ployed in camination, animals being JIlaIt frequently ~ as a 
supplement to these devices. Steam skidders are eD!ployed. at about one
third of the large" operations in Group 5, but they are virtually unkna.n 
at small and medium operations. Tractors are used at alJ1Iost one-fourth 
of the operat ions in Group S and at CNer 9 percent of the operations in 
Groups 2, 3, and 'I. Gas skidders are the lImt popular item of mechanical 

10rhe &rea cQvere4 oy the survey lneluaes allot Alabaaa, Flarld&, Georg!a. 
Lou1slana. IIlU1 Klsslsslppl and the Important torest reglans ot J.rllansas, Oklabom., 
and Texas. In addition, the aurvey inclUded small sections ot Tennessee and 
HiHourI, two Sta.tes not InclUded In the 'South- as detined. In thI8 report. For & 
~ detall.ed c1escrlpt1OD or tbe Soutbern rarest Surn)' see appeD41z D .. 



Fllura 19.- PBRCINT OF SOUTHERI MILLS REPORTING SPECIFIED SHORT-RAUL EQUIPMBNT, 
8t SPEC III OF LU~ER AND DAILY MILL CAPACITY, 1984 

(Paily .apa.ity 1n M rt. b. •• par lO-hr. dar) 

ANIMAL.S T~ACTcms STEAM SKIDDERS CAS SKIDDERS T~UCKS 

m'D SPE:CIFltO f;QUIPMENT ~ONLY SPECIFIED £QUlPM£NT 

IAKO ON TAII.C D"I WM .. NATIOHAI. Rr.KMett '1'OJCc;:T. ..~ ... 
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l~ging equiplent at medium-sire mills. Trucks are used at a substantial 
proportion 01. the mills in all size groups and at about lS percent 01. all 
small and medium operations, the haul heing made directly fran the stump 
by truck without preliminary bunching. 

Short liaul - liardwood..- Logging methods vary more widely at hardwood 
operations 01. different sizes than at pine mills. About 9S percent 01. 
the small mills employ animals in the short haul. and at 7S percent 01. 
the operations in Group 1 animals constitute the sole means 01. bunch
ing l~s. On the other hand, less than one-fourth 01. the operations in 
Groops 3 and II use .,,; ... 1s alone in the short hanl. 

Three 01. the seven largest bardwood operations employ tractors in l~

ging and two employ steam skidders. Almost two-fifths 01. the 56 opera
tions in Group II and about one-fifth 01. those in Groups :I and 3 employ 
tractors. Gas skidders are employed in considerable nUllbers oaly at the 
medium ..... ize operations. Trucks are employed at more than one-fifth 01. 
the hardwood operations in all groul'S except Group 5. Truck l~ging 
01. hardwood in the short haul is almost always supplemented by animal 
.bunching. 

At the few cypress operations tractors, steam skidders, and water haul 
preda1linate at the large and medium opera"tions, with animal haul 01. first 
importance only at the camps in Group 1. 

Fran an examination 01. the data it is evident that in recent years m0-

bile l~ging equiplent such as tractors and trucks was preferred to cable 
logging eqUiplellt, whether pa<ered by steam or gasoline engines. At the 
large operat ions steam skidders are often used, but at the medium ..... ize 
camps the lighter gasoline skidder is more desirable. It seem evident 
that the steam skidder has declined in importance in southern logging 
with the decline in importance of the large mills. 

The widespread use 01. animals even at the larger operations reflects 
their greater efficiency under conditions 01. small timber, flat topogra
phy. and short yarding distances such as prevail in the South. Although 
the replacement of animals in yarding offers the greatest opportunity for 
D!Chanization in southern operations, it is not certain that mechanical 
yarding is more efficient than animal yarding when yarding distances are 
small. It _ likely that because of the increase in the relative im

portance of the small mills a greater percentage of the Log output of the 
South is yarded by ani ... 1s today than in 1920. 

Lo,., lia"t - Pi ••• - The 862 mills ill the Southern Forest Survey terri
tory which reported on the t;ype of equiplent employed in the long haul 

inclUded 60 percent of' the large mills and 3S percent 01. the lEdi_ize 
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Unlt.d Stat •• For •• t Service 

FIGUR£ 20.- ANIMAL lOGG'_G IN THE SOUTH. 1939 
.niMh still play an important part 10 the short haul at the sn.allest 

southern 1099ing operations, which account tor a considerable proportion 
of the southern production. However, truck logging In the long haul 
has ., ~ost ent i rely .d Isplaced an imal 10gg ing at all except t he smallest 
ope rat Ions. 

mills in the area. The '140 snall Ilills which reported constituted S.7 

percent of the smII mills in 193~. Variations in the canpleteness of 
reporting account for the differences in the samples for the long aDd 

short hauls. 

The most striking changes in logging methods since 1930 have affected 
the long haul. The introduction of trucks into qJerations of all sizes 

has doubtlessly had a greater effect on unit labor requirements in south

ern lumer production than any other single technical change. Data sup

plied by the Forest Service indicate that in 1934 a mjority of all size 

groups of pine and hardwood operations in -the Southern Forest Survey 

territory enplO)'ed trucks at sane stage in the long haul. 

Figure al indicates that at the large pine qJerations the railroad toaS 

still the dOOnant l!eaDS of major transportation in 1934. Railroad haul 
• is enployed for p&rt Of the distance at '}a .S percent r:4 the operations in 

Group S and at 68.7 percent of those in Group,.. At the smaller qJera

tions railroad haul is unimportant. But even at t)1e large operations 

railroad transportatiOll has been supplemented by truck haul for part 



Piau,. 31.- PIRCKNT OF BOUTRIRI MILLB REPORTINO 8PECIFIID LONO-HAUL IQUIPMBNT, BY 8PICII8 OF LUMBER 
AND DAILY MILL CAPACITY, 18S' 

(Dall, eapadt, 1n II n. b •• per 1O-hr. day) 

AU. AAILROAOS 

~ SPEGIF'IEO EQUIPMENT 

.. NOT AVAILABLE FOR. LOGGING RAILROADS AND COMMON-CARRIER RAILROADS. 
BAKD O~ TAt"1 .,~ I 

II1II SPECIFIED EQUIPMENT ONLY" 

WPA~ NATIONAL IgltAAttl PROJECT .. u", 
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of the distance in a majority of the camps. Over one-sixth of the 0p

erations in Groups 4 and 5 utilize CQIIIlOII carriers tor part of the haul, 
a developnent which represents another phase of the loggers I efforts, to 

avoid part of the costs associated with the maintenance of a logging 

railroad. 

Trucks are employed at 97.4 percent of the medium-size operations, at 

95.9 percent ot the operations in Group 2, and at 81.3 percent of those 

in Group 1; they are practically the sole mechanical means of major trans
portatioo at these operations. Though trucks predaninate at the snallest 

operations, animal haul is used as the sole means of maj or transportation 

in nearly one-fifth of the cases. 

Lo"t 84ul - 8ar.wood..- Truck haul is employed at two-thirds of the 

large and at over 90 percent of the medium and snall hardwood operations. 

Water, usually supplanented by railroad or truck, is the medium of 'trans

portation at almst one-third of the large and at about 20 percent of the 

medium operations. Railroad haul is employed at over '10 percent of the 

large and at almst three-fifths of the medium operations, but a majority 

of the operations in Groups 3 and 4 employ the frili ties of camtOn car
rier lines. Truck haul to a CQlIIIJD carrier is the canbination most fre

quently employed by Groups 3 and 4. 

Trucks are the sole mechanical equipnent employed at over 55 percent of 

the snall operaticms. However, animals are employed in the long haul to 

supplanent trucks at about 35 percent of the operations in Group 1. 

These data indicate clearly the pronounced changes in southern-pine and 

hardwood logging methods produced by the introduction of trucks, princi

pally since 1920 and with particular rapidity since 1929. The extensive 

use of trucks as a supplenent to the railroad at large pine and hardwood 

operations suggests that their introduction has been responsible for a 

sharp reduction in the volume of spur-line construction and the labor 
associated with it. The use of trucks at snall operations has almost 

eliminated animal haul as the sole means of major transportation ex

cept at about one-fifth of the pine operatioos in Group 1. The use of 

animals in the long haul even as a supplement to trucks is important only 

at snall hardwood operat ions. It seens reasonable to assume tbat their 

1184 there is associated primarily wi th the logging of hardl«lod fran wet 

sections. 

Loal". lletbods and llblt LoIIor ilequire_ta 
at • Group of Larp Operat1oR8 

The significance of changes in the operating methods of large oper

a.t ions in the short and long hauls can be seen fran an examination of 
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data for five mills surveyed by the United States Forest Service for the 

National Research Project. The man-hour requiranents by operation were 
obtained for 1929 and 1936. 

Four of the five mills cut botb pine and bardl«lod and one mill cut ally 

pine. Four of the five mills aperienced sane increase in the difficul
ties of cutting and logging pine between 1929 and 1936 because of the 

decrease in the size of logs available for cutting. Most of the mills 

are cutting second-growth pine. and the average dianeter of the logs cut 
decreased fran 13.0 inches to 11.8 inches. or by 9.2 percent. These 

mills were nevertheless able to reduce their logging labor requit'e1le!lts 

between 1929 and 1936 fran an average of 11.9 to 10.8 man-hours per thoo

sand board feet. or by 9.2 percent. This was &CC<JIIllished principally 
through the introducticn of trucks into the logging operatioos. 

Table 19 presents the average unit man-hoor requirements, by operatioo. 
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. l1 Man-hours per unit of output in the short baul increased only 

.slightly 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 wagons; this lessened the increase in 
unit man-hour requirements in two cases and reduced them in the third. 

At four of the operations loading on railroads by means of lIcGiffert 

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 me operatioo began loading trucks 

for trnck haul directly to the mill. and loading man-hours were increased 
as a result. 

The principal factor responsible for the reductioo in the average log
ging unit labor requirenents at these camps was the introductim of trucks 

to supplement the railroad in the lmg baul. This resulted in a sharp 

reductim in the _t of spur-line CaIStructim at the four operati<JIS 

where this change was made, with a corresponding reduction of more than 
SO percent in the man-hours allocated to railroad CCIlstructim and main

tenance. This was the only department in which a reductim in man-hour 

requirements occulTEd. and the reductioo attained in this department off
set the increases in other departments sufficiently to reduce total log
ging unit man-hour requirements. Railroad-<lperating labor was likewise 

l1At one operation lOgmaklng .en-bours were reduee~ trca 2.6 ~o 1.8 per thousand 
boerd teet through a Shitt trca a 4&117 rate ot pay to the piece-rate system em
plond at tbe othe1" tour eampa studied. •. At thiS camp the H~uct1on In ahOrt-haul 
man-ltOl!H pel" tbousanc1 boar'<l teet tra 3 .. 0 to 2 .. 2 wIthout a Change ot eQu1pment W88 
attrIbuted to the 1ncreased apeeQ ot worlt ot the tallers an4 Welters .as a result ot 
tala Change in the Q8tem ot pay. 
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Table 19.- LOGGIWO UWIT LABOB ReQUlReMENT8 OF FIVE LABOR 
800'lllllBII OPII:RAT 10118, BY OPBRAUOW. lIIl18 J.lID 188S" 

Number 
Change 

in number 
Operation of man-hours of' man-hours 

1929 1936 Number Percent. 

Tot.al,. excludlng purchased logs b 11.9 10.8 -1.1 -9.2 

Cutt.1Dg 2.2 2.4 +0.2 +9.1 

Yarding" 3.3 3.4 +0.1 +3.0 

Loading 
Five mills 0.8 1.5 +0.7 +87.5 
Four m1115 4 0.7 0.7 0 0 

Railroad construction 
and maintenance 

),ive mills 4.2 2.3 -1.9 -45.2 
Four mills' 4.4 2.0 -2.4 -54.5 

Long-haul operatlng labor 0.9 1.0 +0.1 +11.1 

Rallroed.haul only 0.9 0.7 -0.2 -22.2 

Supervision and miscellaneous 0.4 0.4 0 0 

Total, includlng purchased logst 11.8 10.3 -1.5 -12.7 
B, speetal report ot the U. S. Dept. Agr •• Forest Service. Div. Res. (NOV. 1. 1Wa),. 
tor the .Stllel1es or Productlvity aIld EmplO)'!!lent In Seleeted Industries. section or 
the NatlO1J&l Research ProJect. Man-hour ratios are unwelgb.ted averages. 
bngures represent unwelghted averages or the SUE tor fIve m11l8.. The sums or 
the t1gures belQIII are 11.8 for 1929 a.IJIi 11.0 tor 1936. but these dUferences are 
due to roundIng ort the UIl¥elghted averages tor the spec1tled operatIons. 
e InclUdes man-hours r&4ulrect In IOBcl1ng trueD and wagons in the woOds. 
4E%cludeS camp wbleh began loa41ns trucks tar truck haul dIrectlY to the mill 
between 1929 and 1936. 
elncludes camps wh1ch Introclueed trucE to supplement rallroad haul. 
fLoP were purchased 1n apprecIable QuantttIes by three mills. The man-hours 
expended by the contractors supplying the purchased logs are 1nclUded. 

reduced, although all operating labor in the long haul increased because 
ODe of the operations initiated truck haul directly to the mill. 

In recent yean sane of the large southern mills have supple!lented cut
tings fran their am holdings alld by their am crews with logs purcbased 
fran independent operators cutting slll!l.ll bodies of timber. They also 
pllnfhase fran SIIl!l.ll sawmills green 11llliler which they season, finish, alld 
marlret. Two of the five mills surveyed purchased logs fran independent 
operaton;, alld one mill bought green luni>er. In 1936. 9.S man-hours were 
required per thousalld board feet of logs produced on the operat ions of 

these tbree mills; the nUl1lber of logging man-bours per thousand board 
feet of purchased wocxl was 6.9, or 27 percent less. If data for logging 
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nan-hoots expended 011 woal purchased by these three mills are inclnded, 

the logging man-bour ratio for the five mills drop; fran u.8 in 1929 to 

10.3 in 1936, or by 12.7 percent. 

The experience of these five large logging operations, which reduced 

their logging unit labor requireuents by 9 percent hetween 1929 au:! 1936, 

is poralJel.ed by tbat c1 two large southern canp! incl1Xled in .he 1iU'-NIlIiR 
survey. The average man-hour ratio of these two camps for the period 

1m-35 was 1.2 percent l.a<er than tbat for the period 1927-29.12 

The five cases for which depirtmental man-hour requit'l!lll!l1ts were avail

able illustrate the importance of the introduction of trucks at large 

logging operations as a form of adjustrent to a less favorable timber 

stand. The data noted earlier, which indicated an extensive employ

Dent of trucks in the short au:! long bauls as a supplerent to the forest 

railroad at large operatioos, indicate tbat the type c1 change noted at 

these operations was characteristic of IIWlY large operations. It seem 
reasonable to assure tbat the introduction c1 tI'1Xks, particularly as a 
supplerent to railroads in the long baul, has been the principal reans of 

. I18intaining or increasing, the praiuctivity c1 labor at the large southern 

operatioos • 

UDit. Labor Require_nte at. lAtggl1f8 OpepatloDS 111 the Lower South 

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

southern industry are the differences in the relative man-hour ratics of 

logging operadons attached to small au:! large mills. A wide difference 
wou14 bave a prc10und effect 011 the ratio for the southern industry as a 

whole because of the increase in the relative importance of the small 
mills. Data all1Xled to earlier indicated tbat the prnduction of small 

mills increased fran ooe-third of the total southern'11ine production in 

1919 to aver one-balf in 1929, au:! the survey underta.l<en by the United 
States Forest Service indicated tbat this was also occurring in ha.rdwoaI 
prnduction. 

The Forest Service obtained inform.tion on the output, number of ren 

employed, au:! hours c1 work when in full operation fran 651 operations in 
the Southern Forest Survey territory .1l1 These data were based either 011 

the operator's knoiledge c1 his organization or CII actual records. 

These data are presented in figure 22 for pine-logging and hardwood

logging operations au:! for all operations inclndiDg the 14 cutting cy

press. This survey covered a larger nUlliler of operatioos than any other 

1.2.n.e am--hour ratios tar these two CUDS tor lse?'-eo are presented In table J.~'" 
lS0! the 851 operations In the Southern Forest 8urYeJ' tel"rtt01"Y .. 448 cut p1ne 
D1"1nclP&ll7 .. 189 cut ltarmtoOd ,pr1nelP&l17. 8Ild. 14 cut cnresa pr1Dclpal17. 



92 MECHANIZATION IN THE LUMBER INDUSTRY 

Figu •• 88.- UBIT LABOR REQUIREMENTS OF SOUTHERN LOOOIKO CAMPS, 
BY SPECIES OF LDMBER AND DAILY KILL CAPACITY, 1&34 

TOTAL 
QNCL C.YPRESS) 

PINE HA.RDWooD 

DAILY CAPACITY Q.A!'T. 8. M. PER IO-HR. DAY) 

lAUD ON TABU D~" 

lllldertaken to date and included a large sample of snall operations. The 

data are, unavoidably, sanewhat crude insofar as they are based in in

stances on the opinion of the operator; nevertheless, the size of the 

sample is such that these data IIlaf be anployed to indicate the relative 
1I!aIH!DUr ratios for operations of different size. 

Pine.- The most striking feature of the 1I!aIH!our ratios for pine opera
tions is the regular increase in the magnitude of the ratios as the oper

ations increase in size fran Group 2 to Group 4. This probably reflects 
the longer hanl necessary to the stationary mills supplied by the large 

logging operatians in Group It ccmpared with that necessary at the smaller 

operations in Group 2. 

The fact that the man-hour ratio is lowest for the largest operations, 

in Group 5, suggests that the increase in labor requirements associated 

wi th tbe longer hanls which are generally necessary to stationary mills 

"'an be offset by superior mechanical equipnent. Under favorable condi

tions the railroad offers the means of transportation requiring the least 
labor, and the use of railroads at over 90 percent of the operations in 

Group 5 is one of the factors responsible for their low unit labor re
qui1'El1lents. Ch the other hand. when railr-oad-amstruction and -operating 
labor are chargeable to a snall volume of traffic. unit labor require

ments may be high. 
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The logging operations in Group ;& have lower unit labor requirements 

than those in Group 1. This is probablJ attributable to the fact that 

the percentage of operations anployiug animals in the loog han! in Group 1 

is three and one-half times as great as that in Group 2. FIlrthe:nnore, 
mechanical yarding equipnent is enployed at a larger percentage of the 
operations in Group 2 than in Groop 1. 

Harclt.iood. - There is less variation in the man-hour ratios of size groups 
in tbe case of hardwood operations. The considerations which guided the 

analysis of the differences in the level of unit labclr requirenents of 
pine operations of various sizes probablJ applJ as well to hardwood 0per

ations. Unit labor requirements are highest for the mediUllt-Size opera
tions. PresumablJ, the bani is sanewbat looger than to smaller portable 
mills, which might account for the lower unit 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 $, than for any 

other group may indicate advantages in tenns of labor productivity of the 
types of mechanizatioo at the largest operations. 

The smallest operations had slightlJ higher unit labor requirements 

than had the operations in Group 2. Here also this may reflect the more 
widespread use of animal s in Group 1. 

The figures for average labor requirenents for all'operations, includ
ing the 1'1 engaged principally in cutting cypress, are heavilJ weighted 

by the large number of pine mills, so that the unit labor requirenents by 

size groups are similar to those of the pine operations. 

raca.leAL CR&.OB8 &XD UBtr L&BOB BBQUIBBKEKrS 
IK SAWMILLS, 1820-aa 

The advances in design and construction of sawmill machinerY during 
1920"'3S had fran all indications little effect 00 the technique and meth

ods anployed in southern S8>IIIills. The large mills, which were the char
acteristic production centers during the boa!I period in southern lumber 

production, have declined in importance since 1920. During this period 
many of the large mills have been faced with the prospect of cutting-<lUt 

the timber stand fran which they received their log supplJ. There has 

therefore been little incelltive for extensive repl.acenent of standard ma
chines or for considerable investments in the newet' mechanical handling 
equipnent. 

The principal changes during the years 1920-35 at the medium and large 
southern mills have been the introductioo of electric pc!M!r and improve

ments in and extensiCl! of the techniques of kiln drying. 
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lIqat_"t Ch&JIcetI aDd 1!II1t LollOJ' Bequt.-1Ite 
at • OPoup or lArge IIUla 

The experience of the six mills studied for the National Research 

Project by the United States Forest Service14 is perhaIS iDdicative' of 

the lack of change at large southern mills siJlce 1929. The five mills 

which reported on haDdling metbais employed mechanical haDdling equip

ment on the log deck aDd fran the headsaw to the sorting table. The six 

mills had a total of 16 baDd mills, aDd the carriages were in every in

stance powered by steam piston feeds. One of the mills 1ISed electric 

setworks on the carriages; the others used the less advanced cable set

works. Eleven of the 16 headsaw carriages were equipped with air <legs; 

the others were operated witb the less advaDced lever d~. Each of the 

six mills had edgers aDd triJmers, two of the triJmers heing operated by 

CQIJpreSSed air. The others were operated by lever. In the yard, stack

ing was perfOf'llEd; with the aid of machines at two of the six millS. All 

but 0IIe of the six employed the usual l.Imiler bnggies or tramtrucks for 

the conveyaDce of lumber in the yard, aDd ODe mill was equipped with an 

electric monorail system. Each of the six had planing mills attached. 

The only changes at these mills during the period 1~ were the ad

dition of a vertical resaw aDd an air~ carriuge and the discontiuuaDCe 

of a horizootal resaIf. There were opportunities for impravement through 

the introduction of steam cr electric setworlrs at 5 of the 6 mills, the 

replacement of lever d~ by air d~ on 5 of the 16 sawmill carriages, 
aDd the replacement of lever-operated trimers by air-operated triJmers 

at ~ mills. More important, perhaIS, were the opportunities for mecha

nization of yard baDdliug operations at alnmt all the mills. 

It will be recalled that at five of the six mills the average size of 

pine logs decreased by 9.2 percent between 1929 aDd 1936.15 The adjust

ments in logging technique which DBde it pa;sible to reduce unit labor 

requirements in that operation in spite of the increased difficulties 

were not paralleled in the sawmill, where there were only negligible 

changes in llE!thods or equip!Ellt. It is not surprising, then, that the 
average mn-hour ratio for these five mills, the five which reported on 

unit lAbor reqUirellE!lIts for 1929 aDd 1936, increased fl'Qll 21.9 to 23.4 
lIBfl-hours per thousa!id board feet, an increase of 6.8 percent. The ex

perience of the group of large southern mills covered ill the lRP-NBER 
lqging<aIIIP aDd sawmill survey suggests that this failure to red1lCe wt 

labor requirements was characteristic of this sector of the imustry. 

"IDelUdee tbe ttn aUla d1sCusse4 earl1er (PP .. 88 ft .. l. 
llIs.. D. 89. 

• 
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FIGURE 23.- LUMBER H.MOlIHG AT A SOUTHERN MilL 
lumber dollies or buggies at the right receive 'umOer from the sorting 

table. The dollies ere then moved by horse or tractor, as shown at left, 
to dry kiln, planing tIIlll. or stonsge. This fRethod of handling, largely 
replaced at large Pacific Coast mills by"crane systems and straddle-truck 
carriers. still prevails in the South . . 

Tbe Natiooal. Research Project in cooperatioo with tbe Natiooal. Bureau 
of EcOllaUC Research sUIVe1l!d ;08 mills in Alabama, LwisiaDa, Mississippi, 

South CaroliDa, and Texas. Because of tbe inadequacy of available re
cords 'it proved impossible to sample small mills adequately. Accord
ingly, tbe S8I1t'le is liI1Iited to large mills having a daily capacity of IjO 

thousand or more board feet; snal.l.er mills were eliminated fran tbe com
putations .18 About bal.f of tbe mills retailled in tbe sample had a daily 
capaci ty of at least 80 thousand board feet. 

Since small mills are iDprtaDt in tbe Sooth, tbe sample of large mills 
covered by the survey accounts for OI1ly a small proportion ot total 
southern production. Tbe percentages of tbe total southern production 
accounted tor by sample mills III1IOUIIt to fran 3.8 to 7.0 percent in the 

census years 19:0'1-'35. 

With OI1e exception, the NRP-NBER mills actually cut over 10 million 
board teet in 1939; DrlI'e thaD bal.f of them cut arer as million board feet. 

In 1~9 these size classes acCOllDted for less than 3 percent and less 
thaD 1 percent, respectively, of the total nUDiler of southern mills. For 

the group of larger mills, those which cut more \haD :a5 million board 

lese. appeDdlz &. pp. 146-t. parUcUler17 ttD. 7. 
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feet in 1929, the sample was reasonably adequate. NRP-NBER mills ac
counted for 19.8 percent of the production of mills which cut more than 

SO million board feet and 12.6 percent of the praluction of mills which 

cut 25 to 50 million feet in 1929.17 • 

In table 20 is presented an index of unit man-hour requirements for 
the group of large southern mills covered in the NRP-NBER survey. This 

index, based on "equivalent" production, is of the type presented for 

Pacific Coast sawmills. 18 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 bigher tban that in the first half, but the difference 

is too small to be characterized as an upward trend, particularly in view 

of the sharP drop in the equiva1ent-production index after 1930. 

Table 110. - IIIDB]! OF UUT LABOIl UqUIUIIllNT8 IX ulloa BOUTBER" 
B •• KILLS, 18a&-.&" 

(111a8:100) 

Year Index Year Index 

1926 98.0 1931 101.4 
1927 96.1 1932 101.7 
1928 . 102.3 1933 98.1 
1929 100.0 1934 102.9 
1930 94.4 1935 96.8 

"Table A-H. col. (10). 

Since the chain index reveals only relative levels of the man-hour 

ratios, a series for 12 identical mills was canputed. For 1926-15 the 

latter corresponds with the chain index with reasOllable coosistency (fig

ure 2/1-1. 

The average man-hour ratio of the 12 mills is 16.119 for the period 

1926-35. There was no significant upward or downward movement in the 

level ot unit labor requirements for these 12 mills during the period 

1~5. Their aggregate annual capacity declined fran 459 million hoard 

feet in 1926 and 1927 to '1'19 milUm board feet in subsequent years. The 

percentage of capacity utilized by these mills declined sharply after 

1929 (figure 2/1-1. 

17ngurea represent actual ratber than -eQUivalent- IlrCd.uetlon~ For a more d.e
tailed c1escrlptlon. of tba NRP-NBER logglng-caap and sawmlll survey see appell4U A.. 

IBsea p. 68 and table 13. 
191ft comparIng thla ratio wIth tbat tor the Un mllla stlX11ed. by tlJe U. S. Forest 
ServIce. It 11 Import.ant to recall tbat In cOlDputlns: the lIIfln-bo\U" ratIos tor the 
NRP-NBER survey tlle lllan-houre 1n the planing IItll wrere exclUded. 
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Fleur. 24.- INDEXES OF UKI~ LABOR RBQUIREMENTS ~KD PERCBKT~QB 
OF C~~CIT! UTILIZBD 1. LABOB 800TBBRK .~WMILL8. 1I1ae-ID 

(1929-100 ) 
INDEX NUMBER 
120 

UNIT LABOR RtOUlflEhENTS,. 
12 MILLS 

----"'" ............. y--.- .~ '" . . ..... 
IDO 

1-'- .-
~ ~ 

..... , , .. '/ 'v' '" UNIT LA.BOR R£QUIREM£NTS. 

\ ALL REPORTING MIl.L S 

eo . , 
" \ , 

PE~ENTAGE OF CAPACITY , 
UTILIZED. 12 MILLS ; , 

-', ,,/ ; 
'/ .. , , 

" ' , ; 

',,' 
I I I I I I , ... 1929 1932 

On the basis of the available data there appears to be no evidence of 

&lIY marked change since the middle 192<)'S in unit labor requiretrents 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 man
hour ratio obtained in the years 1<)2(>-26. 

D1.t"hrencee in Bqu1~nt and. lJn1t Labor B.equire_ate 
1>1' 8i.. or MiU 

A cooparison of the type of equipment ent>lo;,m by mills of various sizes 

indicates that mills of the size of those included in the NRl'-NlI!R survey 

are more extensively equipped than the smaller mills. This is sham in 

figure :as for the mills in the Southern Forest Survey territory. 

A substantial majority of the large pine mills are equipped with band 

saws, whereas the small mills use circular saws almost exclusivelY. Sillce 

band saws praluce approximatelY 10 to 15 percent less kerf than circular 

saws, it is possible to achieve with band saws a considerably higher 

OOard-foot praiuction fran a lq of given size. Thus at the large mills 

equipped with band saws less log handling is required to achieve the same 

OOard-foot praiuctioo fran legs of the SIIIIE size. A majority of the large 

and medium hardwood ,mills and almost one-fifth of the mills in Group " 
,used band saws. 
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About ha.l1 of the large pine mills use resaws for the further reduc

tion of lumber produced on the headsa>t. Almost ha.l1 of the pine mills 

in Group 5 also 6Illloy gang sa>IS,. and about 11 percent of the pine mills 

in Group 4 are also so equipped. About 70 percent of the large bardliood 

mills 6Ill1oy resaws, and about one-fourth of the mills in Group S 6Illloy 

gang saws. The use of resa.ws and gang saws by the large pine and hard

wood mills probably means a reduction in the aJIIOUBt of work wbich would 

otherwise be required on the headsaw in order to reduce logs to given 

dimensions. Thus the more extensive use of superior headsaw equipmen t 

and labor-saving gang saws and resaws apparently provides a basis for 

a higher producti v;i ty of labor at the large mills, of the size covered 

in the NRP-NBER survey, than at the smaller ones. 

There are important differences in the character of the product of the 

large and small mills which are likely to offset sane of the advantages 

resulting fran the better equipnent of the large mills. About.as percent 

of the pine mills in Group ,. and about 63 percent of those in Group 1 

are equipped only with the headsa>t and such accessories as the cut-<lff 

. saw and edger. In many of the smallest mills there is no edger, and in 
sane instances not even a cut-<lff saw. About one-fourth of the mills in 

Groups 1 and ,. anployed planers as the sole item of equipnent in addition 

to the headsaw and accessories. The percentage of hardwood mills which 
are equipped only with handsaws and accessories is much larger; about 

half of the medilJll-Size mills and over three-quarters of the small mills 

have no other equipment. Another 10 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 planers only in addi tioo to the headsaw and accessories. The 

small pine and hardwood mills, equipped with such simple machinery, bear 

little relatiOll, in terms of number of operations and type of product, 

to the large mills wbieb employ a variety of special-purpose machines and 
produce seasoned and finished lumber. The IlX)re extensive use of planers 

and dry kilns at the large mills means that a larger 8IIIOUl1t of labor is 

required for the operatiOll of these additional itElllS of equipment; this 
is Ilot reflected ill increased production. The large percentage of the 

small hardwood mills which are equipped OIlly with headsaw and accessories 

may be attributed in part to the fact that these mills often lDaIlufactu,.... 

as their principal products, sawn railroad ties and planking. whicb are 
in COII!IaI local use for bridge timbers. 

The equipment data reflect tbe difference in the degree of refinement 

of 'the product of the large and small mills. The latter produce for the 

most part only rough greeD. lumber, whereas·the large mills produce a v .... 

riety of seasoned dimensiOllS and finished planing-mill products. Topkis 
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showed that in southem-iline sawnills yard lumber required about 55 per- . 
cent more man-hours per thousand board feet than timbers, whereas planing
mill lwnber required almost 112 percent IIIOre l.aIlor than timbers. 2o Jbe 
large mills, according to the equipne!lt data, would be likely to produce 

a high percentage of planing-mill lumber and the snall mills a high per
centage of timbers. 

Figure 28.- UBIT LABOR RBQUIRBKEITS OF 80UTHER. SAWMILLS, 
BY SPECIE8 OF LUMBER AID DAILY KILL CAPACITY, 188. 

TOTAL 
(INCl.. CYPRESS) 

PINE 
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20 1--------------' 
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""'LY CAPACITY (M FT. B. M. PER /O-HR. MY) 

Data on the average saWDill labor requirenents of southern mills in 
1934, secured by the United States Forest Service, are presented in fig
ure :;{,.21 The average labor requirements at pine mills, it may be seen, 
increased wi th an increase in the size of mill under consideration. 
Thus, the pine mills in Group ~ required about 80 percent more man-hours 
per thousand board feet of lumber sawed than the mills in Group 1. These 
differences are traceable very largely to differences in the degree of 
refinement of the product. The data on equipnent indicated that about 
thr same proportion of the mills in Groops II and 5 employed planers and 
dry kilns, and it seems likely that, 011 the average, these mills manufac
ture products approximately similar in size, diversity, and degree of 

.teaeroar<! I .. TOPklS. -Labor Re-Q.ulnmenta In Lumber Production •• Mo.t.U,. &obor 
I.vlftt, VOl. 44, 110. 6 (lIQ 1a1?). P. 1146. 
2lse. p. 81. 
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refinement. It is therefore probable that the fact. that the man-hour 

ratio of the mills in Group 5 was approximately 12 percent lower than 

tbat. of the mills in Group 4 refl£cts -a real change in the efficiElicy of 

utilizatial of labor. 

In the case of the hardwood mills there is IIOt the same degree of UDi
fanni ty in the relationship between size and unit labor requirements. 

The mills in Groops 3 and 4 have higher unit labor requirements than the 

small mills, but the mills in Group 1 have higher unit labor requirenents 
than the mills in Group 2. The large mills bave ~r unit labor re
quirenents than the medi~ze mills; the largest mills have the lowest 

unit labor requirenents. 

The data ou equipment at ha.rd\<ood mills indicate t.hat 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 

hardwood mills do not bave planing equipment and tbat over half of these 
mills do not have dry kilns DJa¥ indicate that differences in degree of 

refinement of the product between large and sma.ll mlls are not so pro

-nounced in hardwood as ill pine. It appears that the greater labor pro

ductivi ty of the large ha.rd\<ood mills is sufficient to offset much of 
the increase in unit labor requirements necessary to carry manufacture 

further. 

LOGGING AND SAWMILL O.I~ LABOa RBqOIRBKE.~., 
BY SIZE OF SAWilILL 

The discussioo of unit labor requirements at the swthern logging oper
atioos and sawnills has shOlm that in general the sma.ll mills have ~r 
unit labor reqni.....ents thaD the mills of medium size and those in Group 
4. This is refl£cte1 in the logging and sawnill UDit labor requirements 

as presente1 in figure 27. These differences have been explaine1 prim

arily through the calclusion that the small mills ..-ere 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 ~ 

ble quality, and conversioo of the product of the sma.ll mill to the salle 

degree of manufacture as the product of the large mill requires further 

finishing at another plant. The small SIlIIthern-pine mills are knoIm to 

market their product primarily through cmcentration yards which season 

and finish the output of these mills. Dimms;OII mills bear saoewhat the 

5aIIIe relatiOllship to sma.ll bardwood mills. III any attl!ll{)t to determine 

whether the lower lIIIIlI-hour ratios of the small mills actually <XlIISti tute 
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lPiau". 87.- UIIIT L.llIDR UQUIUIIBIITS DIP SDUTaRlI LOOOIIIO C~1IP8 
~IID 8~WMILL8, BY SPBCIBB DIP LUMBBR 

~IID D~ILY KILL CAP~CITY, 19a6 

roTAL 
(INeL. CYPRESS) 

PINE HARDWOOD 

DAILY CAPACITY (M FT. B. M. PER IO-HR. DAY) 

",no, ON TAke 0·. 

a canpetitive advantage, it would be necessary to add to the amollllt of 

la.lxr employed at the SlI8ll mills the san-hours utilized in transpcrting 

the green llllliler to the concentration yard am in seasoning am finisbing 

this llllliler. 

In table 21 data are presented for the purpa;e of indicating the im

pcrtance of such activities in determining the total nUllber of san-hours 

required to carry the prcxluct of the snall mill throogh the seasoning am 
finishing operations. In this table a canp!.rison is I!Bde of the unit la

bor requirenents in the prcxluction of finished IUllber of 11 mills enning 

less than 15 thousand board feet daiJ.,y and these of larger mills. These 

mills were surveyed by the United States Forest Service in different 

years CNer the pericxl 1926-35. The data cannot be used to establish the 

absolute or relative l!l!I.II-hour rati<B of large and slIIlll mills, but they 

are adequate for the purpose indicated abCl'le • 
• 

The labor requirenents for the two group!! are apprmiuateJ.,y equal, and 

in this respect the data for the mills chesen far canparison do not seem 

to be typical. The unit labor reqnirerents in the sawmill and in the 

yard are about 5 percent larer at tbe larger mills, and the amollllt of 

la.lxr required per unit in reJlll.nufacturing am shipping is saJEWbat less 

in the case of tbe snaller mills. 
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Tabl. 81. - UBIT Ulloa IIIIQUIIIIIIII!ft8 OP 80111! B01H:IIBIIII MILLS, 
BY BIZB OF MILL .ID OPBalTIO." 

Number 
of man-hours 
per thousand 

Operation board feet. 

Large Small 
millsb .111sc 

Tot.al 33.8 32.9 

Woods and haul 9.7 8.7 

Cutting 2.8 3.5 
Yarding 3.5 5.24 

Railroad loading 0.8 -
-Transportation L8 -

lUll 24.9 24.2 

M1lllng 6.3 7.9 
Stacking 2.4 l..S 
Hlil moving and miscellaneous - 2.l. 
Transportatlon to concentration yard - s.cI 
Remanufacturing aDd shippIng 8.7 7.7 
Office and- supervision l..l. 1.8 
PlAn.t erect.ion and maintenance 6.4 0.6 

&speCial report or tbe Ua Sa Dept. Agr •• Forest Serv1ce. Dl .... Res. (Nov. 1. 1938), 
tor the ·StUdles of Productivit7 8Jld _10,.nt in Selected IndUstr1es' sect:lQ1l of 
tbe NatIonal Reseereh ProJect. HIlls classIfIed 88 .s.all- for pUrposes of this 
table bave & 4allJ' capacity or less thaD. 16 Ulousand b08J"d teet. 

n. tlgurea preseDted are based OIl data tor 11 sull aDd 11 large 1I11la. In S~ 
cues aUls c11d Aot report unIt aan-bour reQuIre_au tor each operatIon seps
ratelT. Mll-bours exPended. 1D tbe UDreporte4 operat1on were 1nclUOed wIth am--bours 
reported tor other operations. Averages. halrever. tre1"e c~uted b7 dlVlcl1ng the 
SUIa ot tbe t1g\U'es tor eacb operat.lOA D7 11 .. 
blnclUdes Gata tor siz: m11l5 aurveJ1!'d 1n 1929. one In 1931. two In 1932) one In 
Ul33~ aDd one in 19M. Tbe aTerage Glaaeter ot logs tor seven p1De anl,s 1J8S 13.,0 
lncbes; tor seven !W'd1fooI1 allla, 17.4 lDCbea. 

ClbCludes -data tar tift _1118 aurftJe4 In 1928. one 111 Ieee. OW! 1n 1980. and tour 
In 1935. 'the average 4lameter or 10&9 tor 10 p1ne aHa W&8 11.6 lnelles; tor 1 
bardwOOd atll. 17." laches. 

cl.rbe average G1atance !rca 8tuI!IP to all1 was cae-llaU tile .. 

e.n. average distance tr_ alll to cCIDCentJ"atlon lard tor 10 tills Ir8S 18 .. 7 alles .. 

Tile lII&lI-bour requirements f<r plant erection aDd ma.ill~ are oore 

tlllll1 10 tim!s as great at the larger mills as at tile Sllll.ller (lIeS. Tbis, 

b<Jft!Ver, is largeJ7 balanced by tile labor requited at the sma.ller mills 

far """'ing the mill and for transporting greea llR>er to the concentra

tioo yard. To prepare a tbousand board feet of l_r at the smaUer 

lIIills for transportation to the concelltratiOll yard required ".2 __ 
hour.;; a tboosud board feet of l.u!OOet shipped by the larger mills re
quired 33.6 lIBIl-boors of labor. !bever, when the lab<r involved in the 

transp<rtatioo to the calCelltmtim Jard &D1 in reII8lIufacturing &D1 ship

ping is added to the DIR>er of IIBIl-boors requited at the saaller mills, 
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the average unit labor requi~Dts for these mills are seen to have been 

only 2 percent larer than for the larger mills. The experience of these 

mills iDdicates that for c<l1pIrIIb1e products tbe l!BlI-hour ratios of mills 

of varying sizes are appraxillately equal. It is evident, then, that tl!e 

man-hour ratios presented earlier for mills of various sizes do not ac

curately reflect the canpetitive position of the different size groups in 

relation to unit labor requirements for lumber of a specified degree of 
finishing. 

BI1I1IUIlY 

At the beginning of the period 1920'"'35 the southern lUlltler iDdustry had 

already ~ its peak. Estimates placed the remainder of the virgin 

yellow-:pine tinDer in 1920 at about one-fifth of the original staDd. 22 

Similar estimates placed the remaining virgin stand of southern Appa
lachian hardwoods at about one-third of the original staDd.23 Only the 

·hardwood staDds in the lower ~lississippi Valley remained canparat"ively 

unexploited.2~ Thus throughout the period since 1920 the southern IUl!tler 

industry has had to adjust itself constantly to poorer stands of tiriler 

in order to continue in operation. This has been accanplisbed primarily 

through the shift of production to smaller mills aDd secondarily through 

the adoption of more flexible logging equipment, notably trucks. The 

success of the southern lumber industry in mintaining its relative im

portance must be attributed in large measure to the exceptionally fav~ 

able natural ccmitions for tiriler growth. 

Fran 1909 to 1929 the southern States accounted for almost half of the 

total national emplo)'IIEnt aDd OI.-er qo percent of the total 'lUl!tler produc

tion of the lUlliler and tinDer products iDdustry. Although t~ cooparison 

must be IIBde with caution, it is interesting to I10te that the index of 

emplo)'IIEnt in the lumber and timber products industry of the South aDd 

that of southern lumber production have been in general agreement since 

1899 {table :.al. The decline in emplo)'IIEnt opportunities in the sruthern 

lumber iDdustry must be attributed almost entirely to the decline in de

mand for the IUl!tler and tiriler products of the. South. 

The data available on the course of unit labor requirements for sa>anill 

production iDdicate that at least for the large mills there has been no 

apparent trend since 1928. The more limited group of large mills report

ing tlII logging operations was able to effect sane reduction in unit labor 

221 (.h.,. h;t.HOft, -'_be" p,.(ees, L~b.'" Ix,oru. 4fld Cmscefttn;timl Of flisbe.,. 
~Nh'; (3d e4.; u. B. Dept. Agr., Forest Servlce. 1928)' p .. eo. 
28 Ibl4., p. 25. 
24 Ibl4 •• p. 28. 
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Number of wage earners 
Year Production of lumber in the lumber and 

timber products industry 

1899 72 70 
1904 87 79 
1909 129 130 
1914 115 118 
1919 104 118 

1921 89 91 
1923 108 121 
1925 111 112 
1927 94 99 

1929 100 100 
1931 39 43 
1933 37 45 
1935 51 59 
1937 87 74 

·aBased an data trs CeQW: ot·JIonv,jacWrtJ~ .. 

require!lleDts in the woods in spite of increased difficulties. This was 

accomplished principally through an extension in the use of trucks; the 
data on equipnent in use show a widespread adoption of trucks at oper

tions of all sizes. Although the evidence scarcely justifies the conclu
sion that logging labor requireuents have been reduced generallY through 

the adq>tion of trucks, it does snggest that this type of n.t:hasization 

has been· an important factor in _intaining the level of labor produc
tivity in the face of increasing difficulties. 

The decline in ent>lo)'llEnt opportunities in the southern lU!liler and tim
ber products illdustry can scarcelY be traced to technological develop-

~ts. O! the contrary, it appears that the only extensive technological 

changes, those in logging, had the effect of extending logging operatiOllS 

to stands which would DOt have been ecalC1lli.ca1ly available othenrlse. In 

most instances, therefore, the effect of the introduction of lOObile a.Dd 

flexible logging equipnent, such as tractors, trucks, a.Dd gasoline skid

deIS, bas been to preserve ent>loyment opportunities for the tine being by 
making it possible to dltain the tini>er aecessary for mills fran stands 

that could not have been logged profitably with the eqUipment previoosly 
eoplqyed. 

The advance of technology bas, then, been ODe of the ways in which the 

lumber illdustry of the South has adjusted itself to depleted timber 
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reserves. The 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 fron secon6-growth stands or scattered old-grarth stands 

has been made more profitable by the adoptioo of flexible mechanical 109-
ging equipment, particularly trucks. The operating econanics of the 

small mill often do not pemi t the use of railroad logging. Betore the 
introdnctioo of trucks and tractors the only alternative to railroad haul 
was, in IIIlSt instances, animal haul. It is safe to say that the increase 

in the number of small mills wuld not have been so great if trucks had 
not been introduced into logging operations. 

In the Sooth, as on the Pacific Coast, the nature of recent technolog
ical developments has favored the adoption of better forest-management 
practices. The use of trucks as a substitute for or as a supplE!llellt to 

railroads and the use of tractors and gasoline donkeys in place of heavy 
steam cable yarders have increased the chances for profitable operation 
of a system of selective logging. Animal logging is also 1ftill. adapted to 

tree selection, although it is generally less efficient than the mechan
ical methods. 

In the ilIIIIediate future it is unlikely that increased mechanization 

will by itself produce a significant change in unit labor requirements. 

The future level of unit labor-reqnirements will depend in large measure 

upon the extent to which the new technology is applied within a logging 
system designed to assure a sustained yield. 

If the further depletiOll of the forests is not halted, the man-hour 
ratio for southern lumber will probably be detexmined by the interplay of 
opposing forces: a decrease in the size, quality, and accessibility of 

standing timber 011 the OIle 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 stands 

will probably continue; the proportiOll of southern lumber produced by 

small mills is likely to continue to increase. 

If the quality of the pine-forest resource is allowed to COlltinue to 

decline, the quail ty of sout hern"'1line lumber will probably becane 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, 
• sash. door stock. siding. etc. This will probably not be carried 00 SO 

extensively as it is IICM carried 011 in large mills because the requisite 
high-grade lumber will not be so plentiful as at present and the small 
sawnills are not generally equipped with the lIecessary machillery. It 
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seems likely that man-hour requirenents (including the labor involved in 

transportatiCII to and manufacture at the concentratiCII yard) may increase 

slightly per thousand board feet of pine lumber of specified size and 

degree of finishing. On the other hand, it is likely that slightly less 

labor will he spent per board foot of pine lumber produced because of the 
decline in the degree of finishing. 26 

If the operating practices in vogue in hardwood production are contin

ued, a situation similar to that which obtains in pine-lumber production 

is likely to prevail. In harowood-Iumber production it is likely that 
the replacement of large mills which are cut out by small mills will 

not be so canplete as in pine-lumber production. The small mills will 

probably devote themselves principally to the production of structural 

materials for railroad and local use. Those small mills which do serve 

as successors to the large industrial-hardwood mills will probably engage 

in the cutting of blsnks for handles, athletic goods, vehicle stock, and 

specialties. 28 In the main, hOW'ever, the southern industrial-hardwood 

supply nOW' manufactured principally in large mills is likely to he pro

duced in mills of medium size. 

Since the differences in the degree of finishing of large and small 

mills are less pronounced in hardwood than in pine productioo, the influ

ence of the increase in difficulties is likely to have a more pronounced 

effect on the level of unit labor requirements than the decline in the 

degree of finishing which is associated with the shift of production 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 saI1!e 

or to increase sanewhat. 27 

The widespread adoption of forest--tllallagellellt practices leading to a 

sustained yield tron southern forests wuld undoubtedly alter radical1,y 

the outlook for the future. The adoption of sustained-yield practices 

would probably mean an increase in the size of trees cut for ""'" logs and 

a gradual improvenent in the quali ty of the forest resource. The timber 

supply available to individual mills wold be stabilized and the closing 

ot ~lls due to timber depletim reduced. 

An improvement in the size and quality of timber available for cutting 

would make it possible to carry finishing and renanufacturing operations 

25s&sed on & apeetal report or tbe U. S. »eDt. Agr •• Forest ServIce. Div. Res. 
(Nov. 1. 1936), tor the IIStudtes or Producttvlt7 and ElD,plOJm!'nt in Selected Inooa
trlu ll .ectlon ot the Nat10nal IWseareh Prolect. 
28Ibi4 • 

27n '4. 
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further and· hence l<01lld increase the total aJOOunt of labor eq:lloyed in. 
such operatiOlls per unit of lumber production. Unit labor requirements 

for lUDtler of a SPecified size and degree of finishing would nevertheless 

be reduced. FUrthE1lllOre. sustained-yield logging t«JUld probably pave 'the 

way for the adoption of machines and techniques whose use in the South is 
not profitable at the present time. 



CHAPTER V 

TECHNOLOGY, RESOURCES, AND EMPLOYMENT OPPORTUNITIES 

In 1~ the lumber and tilliler products illdustry, one of the mcst im
portant sources of manufacturing employment, provided jobs for '119,000 
wage earners and <Her 21,000 salaried employees.1 The further manufacture 
of lumber into planing-mill products and the distribution am mrketing 

of lumber and planing-mill products gave empl.oynent to over 350,000 more 
persons. Thus a rough estmte places the 1929 employment afforded by 

the lumber and closely allied industries at close to 800,000 wage earn
ers and salaried employees. About 5S percent of those employed were en
gaged in cutting and sawing and about 13 percent in planing, or a total 
of aboot 69 pen:ent occupied in the various stages of producti.on. It was 

estinated that 9 percent were railroad employees transporting luntler to 
the wholesale and retail dealers, who cmprised 22 percent of the total. 
(See table 23.1 

Certain group; of workers for whan no data were available were excluded 
. fran this estimate. It did not prove practicable to estmte the em
ployment afforded by the manufacture of equipJent used in the lulliler and 

timber products industry. The manufacture of sa>nnill DBchinery provided 
employment for roughly 1,000 workers in 1929. but this represented only a 
fraction of the workers engaged in the production of all equipment • .e 

Aiso excluded were the employees of mills sawing luntler on a contract 
basis; workers engaged in manufacturiug locanot ives. tractors, trucks. 
logging equipJeDt. stackers, mill structures, etc.; and longshoremen, 
sailors, and others carrying lumber by sea or inland waterways. The 

course of total employment in the lumber and tilliler products industry 
(logging camps, sawmills, and camined sawmills am planing mills I is 

shQ<lll in table 24 for the period 1899-1937. At the turn of the last 

lLogglng accounted. tor 35 to -to percent ot the wage-earner employment of the 1nC2us
try in years tor which separate data are avallabl€l (1909~ 1919. and 1923. see 
fM-rt8ltntli C.eM\iS of the United Stata: 1910. Vol. X, -K8:nuraetures: 1909- ro. s. 
nept. Com.~ Bur. tenaus. 1913]. PD. 496-7. 'ourteentl Ce.s~: 1920. Vol. X. 
-M&nur8ctu~S: 1919- [1923]. PI'. 424-6i Census of Muwftictwes: 1823 (U_ 5_ Bur. 
Census. 1928]. pp. ~, 444). 
2.rhls estimate Is tor the labor empl0184 In the manu1'aeture of sawmHI aaehlnel"l' end 
straddle-truck luaber carriers. The fIgure was obtalned by mul~lplYlng the estI
IIIlted. value of 88W!111l1-ll&chlnery and lUlllbet'-carrler sales by t..tte number or man
hours or labor requIred to prOC1uce • dollar·s worth ot saqlll uchlner)' and luabel' 
carrIers. anCI. then cuvtdlng the result by 2.400 In order to convert to 1!I8Jl-years of 
eaploYll&nt. Tba estimated value or sawtrllll-ma.chinery and IUllber-earrler sales was 
eompute4 b~ Intlatlng fIgures secured In the NRP m&chlner~uraeturers survey by 
tbPlr coverage durIng the NRA perlOtl. 'The labor requIred to proc1uce a dollar's 
wort.h or sawalll aacblner;y and lumber carrIers was computed froa d.ata obtained In 
the 8UIB surveJ'. nata on. the mmber ot workers engaged In pr04uclng otber IIIIlChln-
61'7 used. In lumber 'IIISllUt&eture are not 8va!lable. 
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Table 88.- EKPLOYKBWT IB LUMBER PRODUCT lOB 
ABD aBLATED ACTIVITIE8, 198'& 

Wage Salaried 
Industry Total earners workers. 

Total 795,491 - -
Lumber and timber productsb 440,788 419,084 21.714 
Planlng-mill products C 107 .101 90,134 16.967 
Railroad transportation of lumberd 70.300 n.a. n. a .. 
Wholesale lumber dealers e 24.874 24,874 n.B. 
Retall lumber dealers t 152.418 139.009 13.409 

&.ooes not inclUde water transporUtlon, tor- whIch no Oata are ava1lAble. 
bn,jf.eentIJ Census of tile United States: 1930, ·Manufactures: 19291 CU. S. DePt. 
Com., Bur. Census, 1933), II. 443. InclUdes workers or lumber camps, sawmllls. and 
planIng mills operated 1n conjunction with sawmllls. ExclUdes a small number- or 
workers engage(l 1n contract work. and. BBnl' workers attached to portable mills. 

C Ibid:". p. 465. InclUdes workers or planIng mIlls operated Independently or 
SR.wmlllS. 

(iKsCI_ted by multl.pU'1n8 the number employed in trelght transportatIon by Class r 
rallroads by the ratIo or ton-mlles or lWllher hauled to ton-mlles or all tre1ght 
hauled (Interstate Commerce CommIssIon, Bur. StatIstics. 'reight Co .. oatt, 
3ta:tisUcs of Clcss I $t8(l. Railtt.cys in the United States: 2929 [1930]). freIght 
employment ot Class I raIlroads was derived by addIng to the workers class1fIed by 
tbe Interstate Commerce CommIssIon as freIght employees a port1on ot the worksrs 
class1fled as both treight and passenger employees. ApportIonment or the latter 
classIfIcatIon was done on the basIs or revenue received tor the treight an~ 
passenger sel"Vlces (Interstate Commerce Comm1ss1on, Bur. S~Rtistlcs. 'ort1~ixth 
,A'I'I.'l'l1.Ul keport ml the Statistics of RailtLc,s ift. the United States: 1932 ll934]; 
1ort)':'ntnth AnmcZ Report 011- Ue statistics of Rail:a1ys in the United. ,states: 1935 
[lII37J) • 
e'ijteefltl1 Census, Vol. IlJ 'Wholesale Distribut1on' (1933). p~ 78. 
r'ifteentA Census. Vol. 1, 'Retall DIstributIon' (1934.)~ pt. I, 'P. 48. Ineluc1es 
'lumber and bUIldlng-materlal dealers- and -lUBber and hardware dealers.-
n.&~ Data not avaIlable. 

Year 

1899 
1904 
1909 
1914 
1919 
1921 
1923 

Table , •• - RUMBBlI OF WAGa IUlIBBR8 IB '1'l1li: LUMBER 
Aft» TIMBBR PRODUCTS INDUSTlIY, 1899-1'81" 

Number Year Number 

413.257 1925 467,090 
404,583 1927 413.946 
547.178 1929 419.084 
479.786 1931 196,847 
480.945 1933 189.367 
384.247 1935 255.230 
495.932 1937 323,928 

~ata tor 1899-1929 trom 'V'Ce.,,'Cll Census of the lhlited Sl:Gtes: 1930~ 'Manufac
ture8: 19291 (U. S. Dept. Com •• Bur. CensU9, 1933). II, 442; data tor 1931-35 trOJll 
Cllff"_ of .MlmjGCttwBS: 2935 (U. S~ Dept~ Com., Bur. Census, 1938), p. 489-; and 
data tor 1GB? tram same, 193'1 (1939), p. 501. 
Far 1919 and earlIer years the census data Included all establIshments whose 
pr06ucta weN valued at 'SOO or more per year; tor 1921 and. subsequent years 4ata 
Included ODl7 .8tablls~nt8 wbose prOducts were valued at S5e OOO or more. In 
1914 the number or .age earners in establIshments whose production was valued at 
lese than S5~OOO bat more than $500 was 38,669. In 1919 tbe number was 11.648 
"ourt •• "t4 GensUS' of tAlI U"ihd 8i4hs: 1920. Val. X, 'Manufactures: 1915-
[l923J. p. 429). 
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century employment in this indust" was still risi"i, and by 1909 aver 
54? ,000 workers were employed. Thereafter there was a gradual damward 
trend until 1929, wilen about 1+19,000 workers were employed. Thus between 
1909 and 19:>9 employment declined by (Ner 125.000, or nearly a fourth. 
Mre than halt of this decline occurred be_ 1909 and 191'1. Fran 191'1 

to 19:>3 there was DO further sustained decline, but between 19:>3 and 1929 

employment dropped markedly and between 19:>9 and 1931 was more than 
halved. A continui"i decline was noted in 1933. after which there was a 
prcmounced rectNery; the 1937 figure, however, was still :>3 percent bela< 
that of 19:>9. (See table "'I.) 

P~CTOR8 J7FBCTIKO TOTAL EKPLOYMEKT 

The decline in the deI!and for llmt>er was the principal factor responsi
ble for the decline in employment; the volume of exports and imparts has 

been a small fraction of production, and the general trend of internal 
consumption coincides rather closely with the production trend. This de

~line was of such overwhelming Dnportance as to obscure the effect ot the 
operation ot other forces. Between 1909 and 19:>9 pr<XIuction of lumber 
decreased by more than 7.600 million board feet, or by almost 20 percent 

(table 6); production ot other tinDer products was "imilarly affected. 
The daninant importance of lUDiler product ion in the level of employment 

Year 

Iln9 
1921 
1923 
1925 
1927 

Table IB.- V~LUB OP LOMBBR ~8 PERCBNTAGE UP V~LUB 
OP ~LL PIlODOCT.· UP TIIB LOIIBEII. A!II UMBEII. 

PRODUCTS IKDOBTlI.Y. 1919-87& 

Percent. Year Percent. 

75.2 1929 78.0 
70.1 1921 69.1 
79.0 1923 73.9 
75.6 1935 72.4 
73.3 1937 74.3 

&.nata tor 1919-S1 troa CeMtIrS oj JIo'JW./GctV"'BS: 1931 (U. S. Dept. Com., Bur. 
Census, 1935). PP. 4.26. 429. "8; data. tor 1933 ami 1935 from same, 1935 (19!8). 
pp. 413. 476; am (lat.afor 1937 !rOIl same. JS3'1 (1i11S). pp. 606. 6Cf1~ To t1nd total. 
val.ue of lumber. lUlibar proc1uetloD was ault1plled '07 average m111 value. 

·in the lumber and tinDer products industry is suggested by table :.s, 
which sha.'s that the value of lumber coostituted between 69 and 79 per
cent ot the value of all products of the lumer and tinDer products in
dustry throughout the period 1919"'3'1. 

The key to the sharp decline in lumer production and employment lies 
in the steady fall of per-eapita consumption since the 1900'S, a strilrlng 
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indication of how extensively new ccmoodi ties have supplanted lumber in 

the econanic life of the Nation. 

The lumber industry was one of the pioneer industries of America. The 

frontier marched westward on wood. The railroads, the frontier towns I\I1d 
cities, aDd the tams used wood for ties, railroad cars, houses aDd build
ings, sidewalks, roads, fences, wagOllS and buggies, barrels aDd boxes, 

turniture, aDd agricultural implements. It is estimated that prior to 

1910 "there was a prospective market for ~ billiOll teet of lumber an

nually for 90.000 new faItllS" alone. 3 

By the end of the 1900'S it was apparent that demand was slowing down. 

Pe~pi ta CODSUIIlption, which had increased by over 80 percent frem 1&19 

to 1889. increased by only 20 percent between 1889 and 1906. Wood was 
being crowded out of construction, particularly uroan construction, by 
brick, cement, iron, aDd steel; the last two also replaced it for many 

uses in the manufacturing iadustries. 4 

Prior to 1906-7 the per-capita consumption of lumber was steadily 
increasing, but since then the demand tor lumber has declined both abs0-

lutely aDd per capita. The factors behind the decline iu lumber consump
tian are revealed in table 26, which presents the results of sutVeys by 
the United States Fbrest Service on the quantity of lumber consumed in 

Table a8.~ Dl8TRIBuTI08 OP LUKBBa C08BUKPTI08, 
BY PRl8CIPAL USB, 1818 A8D 1888& 

191.2 1928 Change. 1912-28 

u •• lfll110Zla Percent KUllons Percent Millions 
01' board of ot board of of board Pereent. 

teet. t,ota1 feet. t.ot.al feet. 

Total .3 000 100 sa.SOO 100 -0.""" -15 

ract.or,y 11.200 2& 10.300 2S -000 -II 

Couatruetion 
Sa.h. door, Ill'Id 111111work 2.300 6 3.300 • +aoo +32 
Direct construct.ion 29.300 6B 22.900 63 -e~400 -22 

Rural 1:5.000 3. S~SOO 10 -9-.500 -63 
Urban resIdential 9.000 21 12~OOO 3. +9.000 .33 
Urban nonre.ld~ntl.1 S~SOO 1. .5.400 .. .,00 +2 

a"4&P'Ud fl'ta 0. 8. COhIl'6u. 8uatt. 4 latkmi.l '1011 for "~kGa ION2try. S. Doc. 10. 125 'ISIl Ceq •• 
18f. .. N •• 1S153. I. 148< 

Su. S. CongreSs, Senate. ~ Ia.U<Rl& PkUl for Jaer'CGII. loresk-" S. Doc .. No. 12. ?'311 
Cc:m&u 1st aeaa •• 1~. It 249. 
"The replacement or lumber sidewalks by brlek and cement PaVIng ell.Inated the 
potenttal demand: tOl" 800 1In1108 tee t or lumbar a ;veal' (Rolt Thelen. lla. S'UbstU.,.. 
Ucm 0/ Otw Nat..,.wds for rood lu. S. Dept. Agr.t Report No. 117. 1917]. p. 33). 
The tonnage of wOQCIen sbips buUt In orlvate shIP18NB tell trOll about 470 thousanc1 
1n 1879 to 220 thoosaM In 19OQ, whereas iron and steel shIP aonstructlon Increased 
trl;D 30 thousand tons 1n l879 to S26 thousand tn 190\ (ibid., p. 61). The substI
tut10n or bat'bed an<l woven w1re tor woOd In tal"lll fencIng amountef1 to an eat1mated 
1 bUlIon board reet per par b7 1917 (,bid •• p. '52). 
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1912 and 1928 by the principal users. The major factor is evidently the 
declining demand for lumber in agricultural areas, steaming fran the ter

mination of the period of rapid agricultural. eJqllUlSion, the population 
movement 3ItIq from the farm, and the agricultural depression which en
forced curtailment 01 nomal repairs. For the past two decades the num
ber of farms in the United States has renained alJoost stationary, and the 
agricultural depression of the 1.920'S eliminated the demand for abOUt 
half 01 an estimated 11 billion board feet required annually for nonnal 
repair and repl.c ....... t 01 rural farm bnildings.6 

Another factor important in the declining demand for lumber is the 
graring umanizatioo 01 the populatiou which is accanpanied by the devel
opnent of rultifamUy dwellings requiring less floor space; these utilize 
building materials other than lUldler to a greater extent than do single
family urban dwellings. This condition, together with the displace
ment of lumber in other urban residential construction, resulted in a 

"S-pet'Cent rednction in demand for lUldler per family unit of urban resi
dential construction between 1912 and 1928. In uman nonresidential cou
struction the consumption of lUldler relative to that of other materials 
was probably reduced by fully one-half. e The consumpt ion of lumber for 
construction purposes since 1928 has been at an extremely low ebb.· In 
1932 lUldler consW11ption for such purposes was only abOut ~ billion ooan:i 
feet, a decline 01 ~ percent from the 1929 level. In 1936 lumber con
sW11ption for construction was 80 percent of the 1929 level; in 1939 this 

figure bad risen to 98 percent. • 

The widespread sullsti tution of otber materials for l«lOd in factory prod
ucts was a ·tbim factor of major importance in accounting for the decline 

in demand. The lumber consumed in l«lOd-using industries, ranging from 
one-fourth to one-third. of the total lUldler conswnption, declined by less 

than 8 percent bet"""" 1912 and 1928. Fiber was substituted for l«lOd in 
boxes and crates and metal for l«lOd in railroad-car construction and in 
nonhousehold furniture. The drop in consumption was pronounced in the 
case of alm:>st all other factory uses of l«lOd, indicating a rapid process 
of substitution of other materials for lumber. The dramatic strides in 
this respect in antaoobile constructiou have doubtlessly brought about a 
sharp reduction in the use of l«lOd in autaoobiles in recent years, al
though it increased by 410 percent bet\leell 191" and 1928.8 The secular 

0.1 h11.OPJQI PIG" for lvricoa lores"", I, 249'-60. 
eIb~., pp. ~. 
7w• LeRc7 NeubrScb, ·Present Pos1tion or the Lumber IndUstr,r,. Sgrvey of Curr~t 
.Jv.s'M.s,,~ Vol. 2Q" No. 1 (Jan. 1940). p. 16. 
8J lutia.l Pm tor hwi.coll- lorssflry. 1. 253-6. 
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decline in tbe consumption of wood for industrial purposes which was ev
ident during the twenties has continued. In 1939, with consumption of 

llll!ber for construction purposes at approximately the :1929 level, C9U
sumption of lumber for boxes and crating was 66 percent, industrial con

sumptioo of luniler was 39 percent, and railroad purcbases were 60 percent 

of the 1929 levels. 9 

Ai though lumber exports accounted for an average of only 7 percent of 
the total productioo during the 192O's,10 the export market has neverth~ 

less constituted an important source of demand. Fluctuatioos in the vol
ume of exports have been slight. Generally speaking, and apart from the 

canpeti tion between American and Canadian Douglas fir, there is a marked 

difference between the quality and types of lllOlber imported for danestic 

use and lllOlber purchased internally, so that imports probably have li t

tle direct effect upon the danand for daIlestic lllOlber. Exports d~ned 

sharply from 1929 to 1933 under the ilIlpact of such factors as the war in 
the Orient and the British imperial-preference policy; they have not ~ 

covered since. Exports in 1939 were 35 percent of the 1929 volume. 11 

The demand for other products of the lumber and timber products indns

try has probably been of secondary importance in terms of total employ

ment in the industry. It appears that there was a slight downward trend 

in the demand for riUlroad ties fran 1906 to 1929 because of a slowing 

dam in the aIIlOWIt of new railroad coostructioo and the reductioo in the 

danand for ties for renewals per mile of track. 12 As may be noted in 

table 26, the danand for planing-illill products, such as dressed lumber, 

sash, and doors, has increased relative to that for lumber. Shingle pr<r

duction dropped by almost so percent fran 1910 to 1920 but was stable 
during the 19:.0 's. is 

The production of veneer as measured by the wood consumed in its manu

facture almost doubled fran 1919 to 1929 and bas increased in importance 

relative to total lumber productioo since that time. U Particularly not

able was the steady increase in Douglas-fir plywood production, which 

more than tripled from 1~S to 1935. 16 

~'UbreCbt loc~ c(t. 
l°Adal'ted tl'Clll ~ 'atiOl'lClI Plan 1M ~CGrl ,orestry. It 248. Total exports dur1ng 
thl 1920'S 1n roun4 rtgurel were 2.802 .1l11DD board. teet. total product1on durIng 
the 1920's 1n round tlgures was 37,139 mIllIon board teet. 
1lweubreCh, loe. cU. 
12A IGtl"",,1 PI"" fM" _1_ 'orest.,. I. 270-1. 
lSIbU., p. 276. 
14StaUsUC41 Abstract of tM hUed SfGtss: 1937 (11. S. Dept. ColI .. Bur .. FOr. and. 
Dam. Com.. 1938). pp. se.'i. 8e&. 
16spee181 report or the U. 8. Dept. ;.gr., Forest Servtce. Dlv. Res. (Nov. 1. 1936). 
tor the -StudIes ot ProductiVity and Employment In SelecteQ IndustrIes- sectIon or 
the NatIonal Research ProJ K t. 
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Unit LIlbOJ' Requ1reMllta 

For a given volume of production, the volume of employment is deter

mined by the IIIIlOIIIlt of labor required per IIDit of product. Althougb the 

decline in demand was respcnsible for most of the decrease in employment 
ill the lumber and timber products industry, indica.tioos are that since 

1919 man-hours of emplO1Jllellt have declined more rapidly than lias proiuc

Hon. This is sh""" by the indexes of output per wage earner and per 
man-hour in the lumber and timber products industry given in table 2f]. 

Several factors suggest thenselves as possible explanations of the rel

ativelY IIlOre rapid decline in man-hours than in production. First, the 

canpositioo of toe total product has shifted fran 1920 to 1936. Table 28 
gives the percentage distributioo of the total lumber production by im

portant types Ithe less important associated species are included with 

each type). The sallie table gives relative man-hour requiI'61lellts per unit 

of output, also .by important types of timber cut. 

Table a7.- INDEXES OF OUTpUT PER WAGE EARNER AND PER MAN-HOUR 
IN THB LUMBER AND TIMBER PRODUCTS INDUSTRY. 1919-38" 

Period 

1919-24 

1925-30 

1931-36 

(111880 100) 

Ou~put per wage earner 

a6.1 

95.4 

86.7 

Output per man-hour 

91.1 

95.9 

H1.6 

&sarry Kag4otr. IrvIng H~ Sle~l. s.ncI !fUton B. Dav1e, Pf'Cd.vction, .Ia;Zoyvnt" and 
Prod~ctivit, in 59 jbftU!act~(nt Industries, lSZS-38 (WPA Nat10nal Research 
Project, Report No. a-1. HIlJ" 1939), Part Two. p. 126. The 6-year averages pr&
aented above represent unwalghtec1 averages ot the ;yearly 1nc1e:x 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 1919-21t. Unit man-hour requirements for the manufacture 

of southern-pine lumber are fran 80 to 100 percent higher than those for 

Douglas fir and associated species. and southem-pine production has de

clined tnarked!y in relative importance since 191<r24. Southern hardwood, 

which has a much higher man-hour ratio than the average for Douglas fir 

and associated species. has declined slightlY in relative importance since 
1925-30. Among the western lumbers oolY redI.'OOd products have high unit 

man-hour requit'Elllents. and rec!\\'OOd-lumber production has been a. consi~ 
teDtlY unimportant part of total western productiOll. Lumber productioo 

tron all other forest regioos, including the lake States and the Northeast 
in particular, has also declined noticeablY in relative importance. Unit 

labor requirements ~ considerablY higher in the Lake States tban in the 
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South (table ]}-sl. It is likel,y that lumber prodilctioo in the Northeast . 
also requires more labor per unit than in the South. It theretore seens 
reasonable to assmne that the man-{!our ratio for the production included 
in "All other" lumber in table :as is higber than for that of other types. 

Table 28.- RELATIVE PRODUCTION OF LUKBER AID RELATIVE VIIT 
LABOR REQVlREKEKT8, BY BPECIES OF LUKBER, 1919-se 

Percentage dlstrlbu_ Relatlv~ unit labor 

tien of productions. requirement.s, 1935b 

(DouQlas flr=100) 
Produclnfl area 

Yard 
Planinfl-

1919-24 1925-30 1931-36 Timbers m111 
lumber lumber 

Total lumber 100.0 100.0 100.0 - -
DouQ:las fir 22.7 26.0 29.0 100 100 100 
Western pine . 12.5 14.1 17.7 (e) -:L25 loa 
RedwGOd 1.6 1.4 1.5 (e) 169 155 
Sout.hern pine 36.0 31.7 29.5 199 201 16l. 
Southern hardwood 9.5 10.2 9.3 302 262 224 
All ot.her 17.7 14.6 13.0 - - -

-&sued on HalTy Kag4orr. IrvIng B. SIegel. aDd !f1lton B. Davts, P.,.oducUcm. "l1Zo,.ent .. 
and Pror!ucUflt, (ft 59 If __ foct1#rl,,, I~t1"'u, lSJ9-3a (WPA Rational Research ProJect. 
Ra-POl"t No. .1,. HQ 193&), Part f'hrQ. p .. 9l. 
bBased an Bernard H. 'fopkls. -Labor Requtrements In Lmlber PrOductIon,. N(lPf.Uty Zobor 
In' ..... Vol. 44. No .. 5 (Hq 1937), p. 1148.. • 
cRelattve17 tn tblbua are produced In th1a area. 

Thus changes in the canpositicm of lumber production have been uniformly 

such as to favor a reduced man-{!our ratio for tbe total production. Fur
tbennore, the production of lath and shingles, which require more man
bours per unit of eguivalent production than does lumber, bas declined in 
importance relative to lumber. 1e This too bas been a factor favoring a 
more rapid decline in man-hours of ElllPloyment than in production. 

A second factor responsible for the more rapid decline in man-bours 
than in production was the decline in unit labor requirements for the 
production ot Douglas fir and western pine at tbe large Pacific Coast 
mills. The available data indicate a reduction of about one-third in the 
man-{!our ratio for logging between 1925 and 1935 and a reduction of 6., 
percent in sawnill unit labor requirements. 1'1 Althougb the sunrey oov
ere<! onl,v the larger mills, operatioos of the size most adequatel,v repre

SIl!Ited acoounted for the bulk of the Pacific Coast production. 

1Ss.aM'7 Kasdort, Intol H~ Slepl, and tinton B. Davta. lToc!'UCiiml .. la9Zo,..eJlt, Oftd 
h'oducUvU, ,,, 6' Itt'Jnttl./GCtw(nl IPldust:1"h:.t, 191N' (WPA National ResearCh ProJ
ICt. Poeport. No~ 8-1, Hq 19Si"), Jl'art Three, 1). 83-.. 
17~E1l10gglna-camD and sawmill sum)'.. See tables A .... and A-e~ 
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EFFECT8 OF THR 8T&TR OF FOREST RESOURCBS 
011 RIIPLOYlIRlIT &IID llllRlIPLOYlIRlIT 

Insofar as the magnitude, availability, and quality of timber resources 

influence lumber productian and unit labor requirements. they represent 

important elements in the detenuination of employment levels. As used 

here. the magni tude of the timber resource ref ers to the vallEe at the 
stand regardless of its quality or availability; availability, to the 

topographical obstacles to be overcane, the density of the stand. and the 
distance to marlrets; and quality, to the size of the trees ccmposing the 

stand and the quali ty of the lOlOd. 

The magnitude of timber reserves bas never imposed a direct limi tation 
on the volllllle of employment opportunities for the Nation as a whole. In 
spite of tremendous depledon of tiDDer resources. there is no likelihocxl 

of a general shortage of timber for sane time to cane. It seens likely, 

however, that the decline in the availability and quality at the timber 
resources has had an adverse effect on the danestic utilizatian of lum

~. although the importance of this effect is difficult to evaluate • 

. Whatever the influence of the magnitude, availability, and quality of 
the timber resources on the vallEe of employment apportuni ties for the 

industry as a whole may have been, the state of the forest resource has 
. frequently constituted the decisive factor governing .the volume and sta

bility of empioyment in particular regions and localities. 

In the course of the migration of the 11lllber industry, production has 

shitted fran one region to another as timber stands have been depleted. 

To a considerable extent tbe decline in production due to timber deple

tion in one region has been offset by a rise in production in other 
regions. 1S lIowever, tbe decline in production accanpanyiilg timber deple

tion in particular regions and localities has been the cause of severe 
regional econanic dislocation, unemployment, and aggravated relief prob

lems. Since improved forest-management practi~s can largely eliminate 

violent regional fluctuations in tbe volume of production attributable 
to timber depletion, and since the technological developnents of recent 

fears have increased the possibility of a general adoption of such prac

tices, the state of the forest resource is highly significant in a con
sideration of the employment problems of the IUlllber and timber products 
industry. 

18rhlS .ust be Qualified to the 8%tent that COftsu.ptlon drOps because the area of 
a4e~uat. timber reserves m&7 not be anle to aupp17 the market ronaerLJ served b7 
the area ot depleted tlaber reserv18 with lumber or the same type or at the SaDe 
prIce. Also, It productIon 18 ahHted from areas or relatIvelY high labor require
menta to area. or low labor requirements. the Increase In employment In the area 
or rising production will not be eQ.ual to the Qacl1ne 1n empl())'Jlle:lt In the area ot 
4ecllntng prOdUCtIon. 
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The ensuing discussion will be concerned with l!!ltlloyrent 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 tilOOer depletioo 
and of technological develop!lEnts as an element favoring the adopt ion of 

better forest~ement practices. 

Regional .... lo_"t nuotuaUona 

Table 29 indicates the shifts in regional emplqyment which have oc
curred since 1899. The Pacif ic Coast and the Rocky KJuntain States have 
increased their share.ot the Rational emplqyment almost steadily since 

1899. On the other hand, there has been a slight decline in the per
centage of total enplqyment accOllllted for by the South. The rise in ~ 

ployment in the western States was made chiefly at the expense of the 

Nortm...estern, LaIre, ~trai, and the other less inportant areas •. 

Table 89.- III1PLOTImD II TO LOOIIII .111) TIOIIII PRODOCTS 
JIII)08TIIT, BT l1li0101. 1899-1981· 

Rocky Horth-
Year Total Pacific HoUDt.a.ln Southern Lake Central eastern "'her 

St.at.ea Stat-es States Stat.ea Statea St-ates States 

1899 413.257 Se.OfS 6.012 142.6"18 94.000 66.U9 64~"158 8.7"'5 
190< 404.CSes 48.488 6.836 180.007 '72 .. 791 61.998 62.108 2.530 
,_ 

64-7.175b 70.847 12,54l. 262.473 69.420 '1S .29"1 57.342 1.2se 
11114 4'78.788 64.877 12.240 235,000 63.243 rt 9. 070 415.352 .04 
11118 480.945 98.234 us ,50? 238.053 49.320 47.197 3a~598 2~OSe 

1 ... 1 S64~2"'1 '15 s 181 11.'135 188.242 3:5,972 SO.296 2'1,2:58 ess 
1 ... 9 4~.9S2 122~452 19 .. 868 244 s 01t!i 44~'740 89.087 2:5.981 1.099 
1"'3 46'1,090 lU5 .. 9OC 20.601 22'1.588 45,503- 34.420 21.931 1.148 
1 ... '1 413.9:'6 110.978 19.120 201.1~8 35.375 so. lea 16.803 1.204 
1 ... 9 419,084 lU5,224 20.443 200.82-4 SO.589 82.808 16.1'17 1.519 

19S1 196.64'1 80.2se. 9.180 111._ 14,423 18,1"14 7.7:59 '731 
1998 189.369 80.014 6.911 90.0015 11.,893 U.OII1 7.s« 881 
1_ 255.230 77.724 11,391 119.440 18.101 19.348 8,S12 '119 
199'1 82-3.928 102,es2 15,9"18 14a.850 20,130 2.2.806 12:.888 '1011 

PeroeDt. 
1899 100.0 8.7 1.3 84.3 a8.'1 16.0 111-'1 0.9 
1905 100.0 12.8 8.8 4S.0 12.7 13.4 10.15 0.2 
1819 100.0 19.4 S.l! 49.15 10.8 9.8 '1.4 0.4 
1 ... 9 100 .. 0 27.5 '.S 48.3 '1.8 7.8 3.9 0.8 
199. 100.0 31.'1 4.9 48.0 e.2 '1.0 4.0 o.a 

-Baa" on Cef\Hlt of Mt-.foctwv. Se. table '"* tfJ:o... State Il'lNI)laiI rettrred. to are thaa. of tII8 c.,... of ~hru.. -
b .. "VI.ed t1pre of M?1'761W1 publ1slle6 11\ tblt te; C8IIsvt til MUUJfoctwn (a" table M}; the 
Itl\U'e sllown in tll1s table -.a obta1lW1 troa tbe c..'INJ of ~t~ ror lQCS. _Meh presented tlIe 
hl1QlW,l cUatl'lbuucm Ol I1lPl~llt. 

During the 1920'S, when demand was still at a relativelY higb level, 
the quality of the forest resource was doubtlesslY the decisive factor 

affecting the volume of ellploynent opportunities in the forest regions 

of the Northeastern, Lake, and Central States. Between 1909 and "1929 
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employment in tile lUl1tler and tinDer pro<!ucts iniustry as a whole declined 
by 23 percent. During tile same period emplO1!'Ent in t.1le Northeastern 
States decreased by 72 percent; in tile lake States, by 56 percent; and 

in the Central States, by 5S percent. Tile total decline in emplO1!'Ent 
ben.een 1909 and 1_ in these three regions was fNer UO,OOO, or ~ per
cent of the drop in the .industry as a whole. Canparisons with years 
otller than i909. a peak year for employnent in the industry, indicate 
even mare clearlT tile loss of emplO1!'Ellt in these areas, which was due to 
tile exhaustion of tile tinDer supplT. 

No such striking lass in tile proportion of total employnent has as yet 
affected the South, which has long been able to maintain a leading pi
tion in lUl1tler pM1uction. 

Rema.rkablT favorable natural conditions, which make tile South one of 
tile fastest-gTawing tiDiler regions in tile world, have enabled tile South 
to stave off tile disastrous decline in the forest industries that has 
stricken other forest regions. Tile high rate of growth has tended to 
offset much of tile tinDer depletion, and tile annual drain of all species 
.and sizes exceeds tile annual growth by onlT about 3 percent. TIle situa
tion with respect to S3If tiDiler (sizes suitable for use in lUl1tler produc
tionl is less favorable, however, tllere being a net annual drain of over 
3 billion board feet. 18 TIle balance between growth and drain is gener
allT less favorable in terns of quality than quantity. Tilere is a Ileav
ier annual net drain on Sal< tiDiler than on con1wocx! sizes and on larger 

saw-til1iler sizes than on small ones. Furtllermore, tile drain may far ex
ceed tile growth within tile working area of anY given mill. 

Forest resources do not impose limitations on tile employnent oppc:rtwrl

ties for tile southern forest region as a whole. IIaoever, tile stability 
of employment in particular localities and at particular mills is and has 

been threatened by til1iler exbewtion. nota collected by tile United States 

Forest Servi,,!! in tile course of tile Soutllern Forest Survey shaw clearlT 
tile high degree of insecurity of employment associated with tile depletion 

of tile tiDiler suPPlT of particular mills. Table 30 presents data on tile 
DUIIiler of persons employed in 1934 by mills in tile Soutbern Forest Survey 

territory, classified by dailT capacity and by tile operator's estimte of 

tile length of time his mill would continue to cut in tile ilmEdiate vicin
ity of tile 19~ location. It should be noted that tllese data cannot be 

taken as estimtes of tile future emplO1!'Ent or unemployment in tile South
ern Forest Survey territory. TIley are based on tile aDSWerS of individUal 
operators to a questiODnaire, and tile answers represent in all cases onlT 

19"-114,,· 1Mldtry Iocb: < ISS9 (Wuhtngton. D. C.: MatlODal l.\llDb4I:r Kmufact.urers 
~OClatlon). p. 11. 'rbt data cited are tor 1938. 
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the operator's best opinion. Furthemore. the operator's estimate was· 
usually made on the basis of the continued employment of the techniques 

in use at the time. In general, the estimates are prd:>ably more accurate 
for large mills and particularly for those cutting virgin timber fran 

their am lands. 

'able 30.- LIFB BXPBCTABCY or 80UTHERB KILLS, 
BY DAILY KILL CAPACITY, 193." 

Daily capaclt.y Mills Persons employedb 

and 
estimated year of Number Cumulated Number Cumulated 

termination llU1Jlber number 

1-19 M fi. b .. m. 
1935-39 2.508 - 12,051 -
1940-44 1.169 3.677 4,656 16.707 
1945-49 1.432 5.109 5.003 21;710 
1950-59 307 5.416 1.101 22.611 
Permanent. 2. l.06 7.522 9.597 32.406 

20-39 M ft.. b. ... 
1935-39 219 - 5.664 -
1940-44 136 357 3.626 9.710 
1945-49 99 456 2.661 12.391 
1950-59 33 489 789 13.180 
Permanent 202 891 5.696 18,6e6 

40 M ft. b. m. 
1935-39 65 - 9,142 -
1940-44 60 125 9.262 16.424 
1945-49 85 190 9.160 2'7.804 
1950-59 8 196 932 28.536 
Permanent '75 273 10.370 38.906 

BSpeel8.1 report by I. r. Eldredge a.nd R. Ito- W1nters ot the U. S. Dept .. AgrO'. Forest 
Se-rvlce, Div. Res. (Dee. 2, 193e). tlJf" the 'Studles ot PrOductivIty aM EmplOYment 
1n Selected Industries' section or the Nat10nal Research ProJect. Data refer to 
the Southern Forest Survey terrItory. See IIlPpem11:1 D. 
b Inclu:tee w~O<1S, S8wm1l1. a.n4 otUce workers. 

The logging operations, sawmills, and offices of the "'13 large mills in 
the region surveyed employed about 39,000 persons in 1931l-, or 43 percent 
of the total employed in the mills surveyed. Only about 27 percent of 
the employees of large mills were attached to mills which anticipated 
permanent operation in the im1Iediate vicinity of the 1931l- mill site; an 
adIli tional 2~ percent were attached to mills which may be regarded as 
seroipennanent, tor in 1934 they had an anticipated life of more than 

1$ years in their vicinity. The operators of mills employing over 9.000 
persons, or 23 percent of the employees ot the large mills. expected to 
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exhOllst the timber supply in their 1934 vicinity before 1939; the opera
tors of two other groups of mi lls, each enpl07ing approximately the same 
nlJllber of pet'SClIIs, expected to cnt-<>ut by19'l4 and 19«9, respectively. 

The medium-size mills enpl07ed 18,868 persons in woods, mills, and of
fices in 193~, and only about 30 percent of this number were at mi lls 
regarded by tbeir owners as petmaneDt. At mills accounting for over hal! 
of the total enplo)'l1lellt in this size class the operators expected to ex
h8IIst the timber supply at their 193~ location before 1945. }bre than 
12,000 workers were enployed in 19~ at mills whose CMners expected t? 
cnt-<>nt by 19~9. 

Although the data for large and medium mills IlI<Q' not be sufficiently reli

able to be used as a basis for estimates of job separations due to tintler 
exhaustion, they are nevertheless indicative of a higb degree of enploy-
ment instability. Probably most of the owners who e,:pected in 193~ to 
cut-<>ut by a certain date made their estimates on a sound basis, and many 

of these mills will exhOllst 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 ",",'Ders' estimates of the 
length of life at the 19~ location for the small mills are probably much 
less reliable than estimates for larger mills and because the number of 
small mills in the South is increasing and is likely to increase in the 
future. The majority of these small mills will continue to operate al
most indefinitely. 20 Even it an allowance is made for a considerable 

underestimatiOll of the timber supply available to the small mills wi thin 
a small .radi us of the 19~ location and even if it is assumed that all 
the mills will continue to operate elsewhere, it is evident that tbe 
small southern mills constitute an unstable source of enployment to that 
portion of their labor supply which has firm attachments to particular 
10cali ties. 

In general, the data in table 30 indicate that the statistics on em
ployment in the South. which show only a slight decline in that region's 
share of total enplo)'l1lellt. tend to obscure the considerable disruption ot 
enplo)'l1lellt opportunities. attributable to timber depletiOll. in particular 
southern l~ties. 

&ploymen t in the Pacific Coast forest region has COllSti tuted an in
creasing percentage of employment provided by the lumber and timber 

80m the ease or the s_11 m!lls t't1e <Jmerls est1mte or the 11t. expectane;y or the 
Qper&tlon In the Immei11&te VIcinity of the 1934 locatio:!' Is at best a rough guess. 
tor !IIIUl3' or th&se all1s aN portabl&; the,. ope:-ate at eaeb D.1'I loeatlon on stends 
of 8_11 VolUM aDd. cupete with other .11la tor the cuttIng or &uch low-vol~ 
~tan:1s. 
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products industry as a whole. In no other area is the industry a 1IIOre 

decisive factor in the regional econany than in Washington and Oregon, 

which together accounted for 83 percent of the Pacific Coast lumber pro

duction in 1935. It bas been estimated that (Ner 40 percent of the p0p

ulation of Oregon and Washington are dependent, directly or indirectly, 

on incanes frem the forest industries. 21 

It is fortunate, then,·tbat the Pacific Coast still bas vast stands of 

old-gl'Olitb forests despi te the liquidation of forest capi tal that has 

taken place. For several decades, at least, the size of the timber re

serve need not in itself becane a factor which will limit enpl.ol'!nent <JIr 
portuni ties fqr the Pacific Coast region as a whole. 

The situation is much less favorable {or particular localities. Sev
eral important lumber-producing centers in the Pacific Coast States are 

threatened wi tb econanic dislocation because of timber shortage. The 

fact that the forest industries constitute the major part of the econany 

of many of these localities makes this threat all the 1IIOre serious. 

I\eg1011I1l Reller lIe_ 

The preceding discussion bas sboI-u bow enployment has declined in sev
eral forest regions and is threatened in otbers becalIse of timber de

pletion. Unemployment problems associated witb economic dislocation 

occasioned by timber depletion may frequently lead directly to intensified 

public-relief problems. 

The American lumber industry has traditionally left cut-<lVer areas in 

its wake. During the years in which tbe frontier was pressing westward, 

it was frequently possible for the C()IIIIunities of the cut-<lVer areas to 

make successful transitions to other forms of sustaining activity, gen

erally agriculture. The ghost town was probably less a feature of the 
piooeer lumber industry than of the mineral industries which also partic

ipated in the exploi tation of the Nation's natural resources. In many 

localities the passing of the lumber industry occasioned only tenporary 

hardsbips. The termination of the expanding period of American agricul

ture has, however, made the adjustment to depleted timber resources 1IIOre 

difficult. 

The cClllllllll1i ty decadence associated with cut-over areas is familiar. 

kandoned towns and railroads are the more dramatic aspects of this pile

naDenon. These features, however, tend to divert attention fran the ex
istence of a considerable residual population which bas attenpted to make 

21SuI"t P. KIrkland and. bel J. r. Bl'andatrOllh 3deeth. Ii_bet" lIaagtuJltt ttl tA. 
DOf.IIw 'ir Re,iOfl (Forest ServIce of the U .. S. Dept .. Agr .. and. Charles Lathrop Pack 
Foreatr7 FoundatIon. Jan. 193e). p. 1 .. 
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FI'U~E 28.- CUT-OVER LAND IN NORTHERN MICHIGAN 
. forest land Is freque ntly unsuitable for agrlcuHure. It is therefore 
difficult tor the population which Is lett behind afler the fores t has been 
cut to ~ake a successful transition to agriculture. When the lu~ber indus
try cut5-out. the agriculture which ex i sted while the timber was being cut 
Is jeopardized because of the lack of opportunities tor supplementary work 
tor the 'anmers, the loss of local ~arkets tor 'arm produce. and the dis~ 
In.ntling of rail roads tollowlng cessation of tfllber tra,rtic. 

a transitioo fran lumbering to sale other means of livelihood and has 
failed. As a result, such areas trequently present particularly acute 
relief prdllens. Superficially the relief problem in such areas appears 
to be an agricultural ooe, but closer study reveals that it is frequE!IItly 

traceable in large measure to loss of incone fraa the lumber industry. 

In 1935 tbe Federal l!mergenq Relief MninistratiOD conducted studies 
in sample cOUllties of six rural areas baving high relief loads. These 
areas contained 36 percent of the Nation's rural population and approx
iaately one-balf at the rural fwlies receiving direct or work relief 
fran governmental sources. The Appalachian-OzarJt and Lake States cut
over regions, which represented two of tbe six problea areas, contain 
mucb cut-over forest land. Thirt)'-two percent of the families in the 
counties surveyed in tbe Lake States cut-over area received relief in 
June 19311; the COliespun.1ing figure for the APPalacbian-Ourk region was 
22 percent. The average rate for the United States at that time was 

about is percent. In the Appalachian-Ozark regioo 39 percent and in tbe 
Lake States cut-over area 78 percent of the heads of families who were 
receiving relief were usually engaged in nonagricultural occupatioos. 
MaDy of those who OOIIsidered 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 lumbering, which was accanpanied' by 

the developnent of small-scale farming on submarginal land. The relief 

households in the Appalachian-<>Zark area had depended largely on subsist

ence farming with supp1anentary employment for cash incQlE. Loss of sup

plementary employment in the lumber industry was one of the major reasons 

for relief in this region. 22 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.23 

A study of four Appalachian counties24 indicates the course which is 

likely to be followed by the population remaining in a timber~xhausted 
area. Marketable t~ was the greatest natural resource of these four 

counties until the well~tablished lumber industry bad exhausted most 

of the timber supply by the early 1930'S. Between 1930 and 1935 the per
centage increase in the fam population of these four counties varied 

frm 1" to .. 9 percent without a proportional increase in fann acreage, 

indicating that many of the Mlrkers released by the lumber industry had 

turned to farming. The inadequacy of fann incane in these counties is 

shown by the fact that in 193 .. frm 23 to ,,1 percent of the tann oper
ators in each of these counties worked for pay at occupations not con

nected with their tams. With the onslaught of the depression, incane 

trm faming and from what was left of the lumber industry soon col

lapsed and relief rates soared. At various times between April 1933 and 

Deceoi>er 1935 the following percentages of the papulations in four coun

t ies were receiving relief: 86 percent, 63 percent, 15 percent, and 

32 percent. 

These studies and others indicate the relationship between the manner 

of utilization of the forest resource and the relief problem. When the 

bulk of the timber in a locality is cut-out, the inhabitants who remain 

t urn to agriculture. The land in such areas is frequently submarginal 
for agriculture, and additional means of support are necessary. These 

are obtained fI'CIJI a failing SOUrce - marginal lumbering operations which 

lap. Q. Beek an4 M. C. Forster, 31% R~r41 Frob' •• Areas, R~lief - Resources -
R.Aobit(toiiOft (Federal Emergenc7 Reller A4mlnlatratlon. DtvlsIon or Research. 
StatIstICS. and Finance, Rsssarcb SectIon. Research Monograph No. It 1935). 
PP. 1. 2, 27, 1.20. 
23serta Aeeh -aM A. R. Mangus. 'M'fIIII.'rS Oft I. '''Ii'f af14 I.la4bi Utoticm. (Works Progress 
Adminlstrat1on, D1v1Sion or Soc1al Ranaren. f{esearch Monograph No. VIII. 1937). 
pp. 54-&· 
a"L. S. DOdson. Liv'", CondiUor.! OM PopvlatiOfl Nitration i ... '0lI.f" .fHIGaac1J.ia" 
COWlti..,' (U. S. Dept. AU •• Farm Security AdministratIon In cooperation w1th Bur .. 
Agr. E~on., SOCial Renaren RePOl"t No. rIl, Oct. 193"1), PP. 1 .. 3. 146. 
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cut scattered stands of old-gra.'th timber or cull second-gra.'th stands. 

WbeD depression strikes, both agriculture and the industry are quick to 

succW1lb. 

The relief problelll5 characteristic of cut-over areas in the badly de

pleted forest regions of the Lake and Central States are not found in 

such striking form in the South. There is every indication, however, 

that timber depletion in the South has created in particular localities 

the preconditions for relief problems similar to those which have af

flicted regions characterized by 100re general depletion. 

The large mills having a dail.y capacity of more than 40 thousand board 

feet are disappearing fran the South. The shitt of southern production 

to small mills proceeded throughout the 1920'S, and the outlook in 1931< 

was for a continued abandonment of the large mills. In 193'1 owners of 
large mills employing a.lJnost half the total personnel of mills in that 

size class expected to exhaust the timber supply within the working cir

cle of their 193<; location by 1_. 

The adoption of improved forestry practices, a reduction in the rate of 

cutting, and the underestimation in 193<; of the timber supply are pos
sibilities which could alter the estimated number of workers actually 

affected by the closing of large mills. There can he no doubt, however, 

that timber depletion constitutes a real threat to -the emplo~t secu

rity of the employees of many large southern mills. 

Such mills constitute an established part of the econany of their lo

cali ties. They are large enough to form the nucleus of a lumber town or 

to he an important SOUrce of employment in any town haVing a popUlation 

ot less than 5.000.25 It is probable that the labor reserve for most 

southern operations is drawn fran the villages and farms in the ilmIediate 
vicinity.2G 

The economic dislocation resulting from the passing of these large 

mills is theretore likely to he OUt of proportion to the actual nW1lber of 

employees affected. The experience of other regions indicates the course 

~lnet7-tlln. mills with an 8attJrated 4aIly capaclty ot at least eo thousand been 
fflet, each emplOYlng an average ot 2!!Il persons In 1934. accounted In that :yl!ar tor 
81 percent or the total emplOl'lDent- or large m11ls.. These 99 mllls would bave em
ployed from 260 to 850 persons each It tMJ' bad been operatIng at capacity. The 
relallln1ng 174. luge 1111118, wltb .. dally CQIl&Clt:r or 40 to 79 thousand board teet 
aM an averap empl~nt of 89 persons In 1834, accounted tor the re_lning 39 
percent or the 1934 ellPlOJlD8ot ot laree Dlnls. These mllls. had the,. been operat
lng at capacity. would bave employea tr01ll 150 to 250 persona each. (Based on a 
special report b7 I. r. Eldr&dg9 and R. It.. Winters ot the U. S. Dept. Ag., Forest 
Servtce. D1'v. Rea. [Dee. 2. lQ361, tor the ·StUdIes of ProductiVIty and Employment 
In Selected IndustrIes- sectIon of the National Research ProJect" _ Data rerer to 
tbe Southern Forest 8'urve7 terrltor7.) 

26rbe 80uthern lUlIlb&r Inaustry has not, according to Vanee. employed aigratory 
labor el:tetlslvelJ'; OIl the contrarl. lt bas dl'8.WjI. on the stable natlve labor aupply 
(Rupert B. Vance. '~(Jeot~1>h,) of tllc So.th lCbapel Bll1. N. c.: The t1rllverslt7 
ot .Marth Carol1na Pren, 19321, p. 130}. 
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frequently follCJft!d by a call!l\lllity and by the worlrers dependent on a mill 

wilen the mill ceases operations. The population of the lumber town de

clines and cClllllercial establlsRnts close their doors. The nUllile,r of 

persons attempting to live by cCJJi)ining agricnlture with part-time employ

IIEllt increases 1IlOSt rapidly at the time when opportunities for supple

mentary emplayment are declining. Studies of areas il\ which this course 
was followed indicate that the result was an aggravation of the rural 
relief problem. 

al1er lumber mills or other forest iudustries offer possible sources 

of reemployment for worlrers released by large mills. It shwld be noted, 

haolever, that when a particnlar canmunity is st.ruck by the closing of a 
large mill the rise of new emplofment opportunities in sufficient numben; 

and in ample time to avoid the ill effects of econanic dislocation is 
largely a matter of chance. 

Data presented earlier (table 30) indicated that the anticipated rate 

of exhaustion of tilliler resources within the working radius of the 1934 
location of l!Edim-size southern mills was approcimately the SaIDe as that 
for large mills.27 

~ium-size mills are of two types: stationary mills similar to the 

large mills and semiportable mills capable of tnCJVing to fresh supplies of 
tilliler if necessary; The effect of the closing of a staticmary mill dif

fers only in degree fran the effect of the closing of a large ODe. The 
semiportable mi.lls which exhaust the tilliler supplies at their 1934 loca
t ion are not li1cely to c lase; they may be expected to move to new loca

tions. Many of the medium-size mills whose owners expected in 1934 to 
cut-out at a definite date may achieve penDallellCy by the adoption of bet

ter forest-mnagellent practices. The chances of IIBking the transition to 

sllStained-yield operation are mucb greater for the medium-size than fer 
the large mi Ils. If this is not achieved, the closing of medium-size 
mills is li1cely to add to local relief prcblems even though other mills 

may spring up elsewbere to replace them. 

The small southern mills surveyed in 193~ expected to shift location 
even more frequently than did the large and l!EdillllHlize mills. These 
smoUl mills are increasing in number and importance, and it is prcbable 

that D1CI!It of their a;ners who expected to cut-out will continue to oper

at~ elsewhere. It should be noted, ba;ever, that a large pcrtioo of the 

employees of SIII&ll mills are part-time war1cers attached to farms. The 
migrat ioo of these mills fran particular locali t les 00 the scale indicated 

27Tbe _dlum-eln aBa empleyed; aD aYerage 01' P:! _orll2rs In 1934 and _0014 baye 
tapl0)'e(2 tN. es to 160 wOI"kers bad. the,- been operatlng Ilt ttk!lr stated. eapa.clty. 
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by the data in table 30 IIlIl1 produce serious problems for individual 

workers who have tim attachments to particular localities &lid who are 

unable to travel the distance necessaI')' to secure the part-tire employ

ment to which they have been accustaned. The prdlabili ty that employment 

in small mills will aheM a relative illCrease does not lessen the serious

ness of the situatian tor iudividual worlrers. 

There is no indication that tilli:>er exha.ustiOll has been a significant 

factor in illCreasing the relief l.oat1 in any considerable Illl!dler of locsl

ities in the P..cific CcBst States. There is 110 section of the country in 

which the torest industries pl.a;y a more decisive economic role· than in 

Washi~on, 0reg0ll, aDd IIOrthern California. In those locslities of the 

Northwest which have neared the exhaustion of the timber resources the 

inpact an the ec~ bas been particularly severe aDd the effect on the 

relief l.oat1 especiallY noticeable. 

The recent history of three counties of the Inland &pire in eastern 

WashingtOD &lid northern Idaho illustra.tes the drastic results of deple

tion. The forest industries of these three counties, BauDdar)' aDd Bonner 
Counties in Idaho aDd B!nd Oreille County in Washington, entered a. period 

of rapid expansion in 1900 which reached a peak in 1910. Sixty-six per
cent of their 1920 population of 211,000 were dependent 011 forest indus

tries. During the period 1911""20, 12 of the ao millS which had sprung up 
during 1900'"10 had cut-out, &lid 'I other mills follCMed between 1921 aDd 

1930. Between 1930 &lid 1934 thiee more large millS, faced with i.mni.nent 

timber exhaUStiOll &lid beset by fiD&DCia.l reverses, ceased operations. 

The number of workers employed in the forest industries near one tGi'D, 

regarded as typical, declined from 3.500 in 19211 to 100 in 19311. The 
present tilli:>er supply is adequate to mintain operations at only 1 large 

or 2 small millS, instead of at ao mills. In 193'1 mre than 3.500 people 

in these three counties were supported by employnent in Civilian Conser
v&tian Corps C8I1IlB aDd in the regular aDd erergellCy work CODducted by the 

United States Forest Service.28 

Other localities in the P..cific CcBst States are in danger of folleMing 

in the path of these three counties. Because of the vastness of the for

ests &lid favorable .... tural conditions for tilli:>er grCMth, this danger can 

probably be averted in most iDStances by proper llIIJIageilent. It is sig

nificant to note in this cQIIIleCtion that the Forest Service has estillated 

that it the tilli:>er stsDd in the three count ies i1entioned above hall been 

llIIJIaged on a sustained-yield basis aDd protected fran fire it coulti have 

2~ttel' troa R. D. Garver ot the U. 8 .. Dept .. Agr ... Forest SeN1ee. 1>1-". Forest. 
£con., to the JlatlQDal'Reaeareh ProJect, dated. Aprll 28. 1937. 
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yielded continuouslf the largest cut and 8iforded continuQUSlf the larg

est entploynent evt:r achieved in these counties. 

IATlJIIB Alii IIlPORT ueE ' OP POUlT II.lUOIIlEU 

Proper management of the forest resource requires"foremost, a balance 

between dr~in and gt'aith. The measures necessary to achieve this balance 
include improvement·of the rate and 'quality of gt'aith and protection of 

the stand against fire, insects, and destructive cutting. 

Improved productivity of the forest can be accanplished IIIOSt rapidlf 

in timber stands which are being logged, provided that cuttings are SO 

conducted as to be balanced by t iDtler gt'aith. Such sustained-yield log

ging involves the selection for cutting 01. individual trees or groups of 
trees that are no longer Tapidlf 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 considerable area the drain fran such 
selective cuttings and other causes would be ronghlf balanced by timber 
grarth. If the area is large enough, this need not mean a reductiOll in 

the volume 01. cut, for gt'aith is stimulated by the reooval of mature trees 

in selective cuttings and defective and small trees in occasional thin
nings. The possible . increase in the rate 01. gt'aith is especiallf great 

FIIURE U . - SELECTIVE LOGGING IN A WYOMING NATIONAL FOREST 
Superylsed select tve cutt Ing 'or I'JIlne props hes left an ampl, stand 0' 

medl~lz. trees 10r future harvesting. 
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in the Pacific Coast forests, becaIIse the high percentage of overma.iure 

trees II"" standing in the old-growth forests of that region inhibits the 

·gI'afth at smaller trees. 

Sustained-field logging practices 'would largel1 eliminate periodic 

disruptiOllS at emplO1Jllellt opportunities in particular regiOllS and local

ities. The decline at the forest illllustries in the ~pleted regions of 

the Northeastern, Lake, and Central States, attended bf intensified re
lief problems in those areas, caD he avoided on the Pacific Coast and in 
the South bf instituting sustained-yield operation. In the South ma.ay of 

those large and medi1lllH>ize mills whose owners expected in 19~ to cut

out within 10 fears might be maintained. Furthermore, a better adjust

rent of mill capacitf to growth capacity may be necessary to preserve 

employment OPPOrtunities at ma.ay of the large 'mills regarded bf their 

owners as pemanent. 

The need for appl1ing sustained-yield ""'thods is no less immediate in 

the case, of individual localities in the Pacific Coast States. In Bend, 
a town of about 9,000 population in the interior of Oregon, an inves

tigatioo by the local chamber at canmerce disclosed a striking lack of 

balance between the timber cut by local mills and timber grafth in the 

vicinity. The C<JIIIIittee reported: 

Unless operations in t.he timber tribut.ar¥ to the Bend mills 
are placed OIl a sustained-yield basiS, t.he fut.ure of the CCIIl

munlty dependent on those mills is uncertain * * • [and this 
will cause] * • * great sufferinQ and financial loss * * * 
'""""lI aU classes of the local populat.lon. 2 • 

Bend is not an isolated case. In the region west at the Cascades the 

local situation is becaning serious in the 6 most populous and highl1 in
dustrialized at the 11 survey units. so 

The quality as well as the magnitude and availabilitf of the forest 

resource may be improved bf employing the techniques at sustained-yield 

logging. This fact alao has important implications for the enployment 

probl..... It may be noted first that the lUllt>er fran large, higl>-quality 

logs is likel1 to he taken through more stages at finishing and refabri

cation than lUlli>er fran small, poor-qualitflogs. In southern States the 
transition to sustained-yield logging. canbined with other ioq>toverents 

in forest tnanagemeDt. is likely to increase the quality of the forest re
source. With larger and higher quality timber to be drawn upon, it is 

29Quoted 1n •• fxJlrt of the CAul of tM 'oru"t S8""ic.: J938 (U. s. Dept. Agr. t 
FOl'iJSt servIce, 1938), p. 11. 
~OIb(4 •• p. s. 
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lilrelJ that the amount of enpl.oyment afforded per unit of tiDDer removed 

fran southem forests will tend to increase.51 

The 1IXlSt pressing problem on the Pacific Coast is that of preserv.ing 

the existing bigh-<J.uality stands. In the case of the important Douglas
fir region the prosperity of the industry is dependent on the sale of 

the products of higb-<J.uality tiDDer in the eastern domestic and foreign 

marlcets. Kirkland and Brandstran, of the United States Forest Service, 
CODclude: 

I~ the supply o~ high-quality timber is allowed to diminish 
there 1s no escsplnt the C!ODCluslon that a large proportion o~ 
the ~orelgn markets and most o~ the remote domestic markets 
will be lost. ~ lower grades ~ lumber camot st.and an 1.helr 
own feet. ~or distant shlpaent!l. In particular, 1.he large east.
ern domestic market.s for these Qrades of west coast woods are 
sure to dvlnd1e, because it hss heen amply demonstrated that 
the southern pine region wl1.h its 200 million acres ~ forest 
lands can produce them at lower cost and with a large ~ight 
d1f~erent1al in its hvor.32 

A continuous suppl, of large, high-quality logs has been shown b, 

Forest Service studies to be feasible if the remaining large areas cOW'

ered vi th IIIIIIl1 aged stands capable of supplJing sucb timber are placed on 

a sustained-yield basis of operation. 

A correlation can be found between the level of incanes derived fran 

enpl.oyment in the llIIi>er industry and the quali t, of the forest resource. 

Available data indicate tbat hourlJ wage rates at large mills in tbe 
southern lumber industry are about half of those in the Pacific Coast 

industry. In nearly all ,ears fran 1 .... 6 to 1935. however. unit labor 
costs at a group of large southern mills covered by the NRP-NBER survey 

were slightlJ bigher than at another survey group of large Pacific Coast 

mills. because l)f the DlllCh higher unit labor requirements of the southern 

mills. This is sbQm in table 31. Jl&ta fran other sources indicate that 

the relationship shown in table 31 between unit labor requirenents, aV'

erage hourly earnings. and unit labor costs is fairlJ typical for other 

operations in these two regions. 

A marked reduction in the disparity between hourly earnings on tbe 

Pacif ic Coast and in the South wi thout compensating movements in la

bor productivity wuld. of course. alter the relationship of unit labor 

ctlsts. Since tbe southern indusT.ry holds a favored position in regard to 

proximity to many of the major consuming centers and since it is well 

ate. the other hand it should be note4 that the unit labor reQUlre1l8nts tor lumber 
Dr 11 apeclf1ed s1u and <legr!!e ot tlnlahlng w111 tend. to declIne wben larger a.nd. 
b 19ber Qual1t7 t!JIber 1s cut. 
32x!rkland ancI _trtJII, at. cit •• Po 120. 
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Table 11.- AVERAGE HOURLY EARIIKOS. UMIT LABOR REQUIREKERTS, 
AID UNIT LABOR ~OBTB OF SEVEN PACIFIC COAST 

AID BIKE BOUTHERN HAWKILLB, 182&-88& 

Seven Pacific Coast. sawmills Kine southern sawmills 

Number of Number of 
man-hours Labor cost. man-hours Labor cost 

per per per per 
Year A.verage t.housand t.housand Average -thousand thousand 

hourly board feet board feet. hourly board teet. board feet 
earnings of of earniqa of of 

equivalent equivalent. equl valent. equivalent. 

production production production production 

1926 $0.'65 9.29 84.6? $0.302 15.77 ".?7 
1927 .561 9.39 4.71 .289 16.30 4.72 
1929 .''18 8.19 4.72 .292 18.42 5.39 
1929 .1584 ?99 4.-87 .l!8l5 16.70 4.76 
1930 .563 8.21 4.62 .2?5 1.5.38 4.23 

1931 .4'18 8.15 3.99 .204 17.40 3.55 
1932 .3ee 8.34!) a.asb .163 16.58 2.71 
1933 .392 7.76 S.04 .199 16.33 3.25 
U34 .529 7~89 4.17 .291 17.22 5.01 
1935 .566 8.05 ... 56 .275 16."14 4.61 

. W .. HBER ioulng-eup and. 46wall1 survey. FIgures are Milllte6 averages or !1gune tor the 
lntUvldual uWlQll18. L&bOr tille. and wagee QP~ In D&W constructIon, in tbe production or 
byproduct. and .pa~lal ~r04ucts. in delivery. etc •• were not included 1n the calculatIons. 
8oolar17. hOUr. an4 salaries or a&larlad o!t1cl&la were ucluded. 
The 192& practlcabl)' obta1Dable e&p&Cltles or th& PaeUlc Coast _111.8 ranged. trca ~.4 to 2.25.4 
_iUlon board taet per J8ar~ the _dIan bslnl 81.6 _Ullon; el'mllar capacIties ot the southern 
lUna range4 tl'CID 11~8 to 9i.5 _UUoo board teet per Te8.rJ the _dian baIDg ~.2 millen.. 
bBue4 aD I1ata tor CI1U' tlve opefttI0ll8, 

established in certain markets, there is presmnably sane roan for move

ment in relative unit labor costs before the competitive relationship 

between the two regions will be affected. HOWI!Ver. any pronounced 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 in southern operations. 

Forest Service studies indicate that at southern operations the im
provements in technique which are necessary to establish a sound founda

tion for increases in labor productivity are those which l«lUld contribute 

to the rate and quality of timber growth rather than to further mechani
zation. Kirkland, who has observei produc,ion techniques in both regions, 

concluded that "the difference in outputs [of laborJ arises directly fran 

differences in condition of the resource [size of trees, stand density, 

etc.J. and indirectly fran greater mechanization thereby made possib~ 
for handling large Pacific Coast tooer."33 Another Forest Service study 

33aurt" P. I1rklaoo, IPotentlal1tlf18 or the Forest Resource end Forest Industries ot 
the Southl (U. S. DeDt. Asr., Forest Service, Dlv. Forest £con., typewr1tten re
POrt. 1938), p. 9· 
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found that "if Pacific Coast wage rates were appliei in these [southern
pine] operations, trees under about 20 inches in diameter and forests 
lacking a considerable volume of larger trees could not profitably be 
cut for saw-tiniler unless price levels should greatly increase. ,,34 Today 
trees of considerably smaller diameters are being loggei and sawed at 
southern operations. 

An improvement in the condition of the forest resource should there
fore furnish a sounder basis tor increasei incanes fran employnent in the 
southern lumber industry by making it possible to restrict cunings to 
large trees. Likewise, the preservation at the quality of the timber 
stand on the Pacific Coast is one of the important conditions for the 
maintenance at the relatively favorable Wlge rates in that region. 

Without accoopnying improverentS in the state at the forest resource, 
mechanization of the southern lumber operations is I10t likely to effect a 
considerable reduction in unit labor requirements and is therefore not 
likely, by itself, to provide a basis for higher Wlge rates. The larger 
southern mills, which might utilize the more advancei equipnent in use on 
the Pacific Coast. are giving W8f 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 301. Under such circumstances 
it appears unlikely that the owners of these mills would be willing to 
undertake extensive modernizatiOll. The possibilities for mechanization 
in the small southern sawnills are especially limited, for the installa
tion of the labot-saving handling machinery and special;mrpose machines 
employei in the large mills on the Pacific Coast l«luld destroy the mobil
ity which is the basis tor the existence at the small mills. 

81pU·10 ..... _ or 8W1ta1ned-Yield LogglDg 

tor Otbar Fo ... t lDduat.~ •• 

The maintenance of local and natiOllal timber supplies would have a fa

vorable effect at other forest industries. The expansion of these indus
tries otfers the principal hape for the reempleyment. of those who have 
beccme or are likely to b_ unanployed because of timber depletiOll or 
bec&USe at the secular decline in lumber COIlSlI!lPtiat. 

In the South it is probable that, at a given level at nationaL demand 
for lumber, the anployment aftorded by the production of lumber itself 
will decline. 86 The loss in employment occ&siOlled by the passing of the 

S4Burt P. 'kIrkland, 'HIgher Econom1c an4 SocIal Returns From forest Management.· 
JOtIf'7IOl of lor.~try. Vol • .se, No.8 (Sept. lfii3S). pc. 894... .. 
368pecla.l report: ot the U. S. Dept. Agr •• Forest 81"108, Div. Res. (Nov. 1, 1936). 
tor thl 'StUdte. or ProQuctlVlt7 and Employment 1n Selected Industries· sectlOD ot 
the Nat1onal. Reaearch ProJect. 
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large mills will probably not be entirel,v offset by the increase in en
ployment at small mills. It seans reas""able to assume, bowever, tbat 
this decline will be alJOOst entirel,v offset by aD increase in anployment 
in other forest industries. It is doubtful that there will be any sub
stantial decline in the forest industries as a wIlole, except for cbanges . 

associated wi th the fluctuations in the general level of business ac

ti vi ty. The most important of the expanding fields for anployment is 
pulp production. It is also likel,v that there will be sane increase in 

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

creosoting pine, and in the manufacture of S!1all-<lilllension hardI.ood. 

The establishment of 15 new pulp mills in the South fran 1935 to 1938 
increased the number of southern pulp mills fron 30 to '15.38 Bnployment 

in the t«lOds increased by about 4,000 man-years of 200 days each between 

1935 and 1937 because of the manufacture of pulp products iron southern 
pine. In the same period the estimated increase in anployment in mills 
and factories producing pulp products fron southern pine was about 6,500 

man-years. The total anployment in weds and in manufacturing establish

ments involved in the production of southern-pine pu4l products increased 
fran an estimated 21,400 in 1935 to 31,900 in 1937, an increase of about 

50 percent. 37 During the same period the consumptiOll of all danestic and 

imported pulpl«lOd increased by onl,v 36 percent.38 Thus the growth of the 
pulpwood industry in the South has prospects of canpensating, in large 

measure, for any decline in anployment in the llImbe.r industry as a result 
" at the cutting-out of the large mills. 

It the pulpwood industry is to fulfill the pronise which it holds for 
the Soutb, however, improvanents will have to be made in the care of the 

forest. The pulpwood industries are able to anploy material fran tbe 
small and poorl,v formed trees wIlich must be ranoved fran the forest at 
frequent intervals in the process of growing high-quality trees of saw
timber size. It pulp..ood is secured as an inexpensive byproduct of the 
growth of high-qualit;v timber under an extensive sustsined--yield program, 

the expans!-on of the pulpwood industry could be further stimulated. Q, 

the other hand, if timber depletion COIltinUes and the pulpl«lOd industries 

beoane dependent on forests yielding and devoted to growing rordwood sizes 

38Report of tlw c~iof of tile 'oro,t 9""",.", 1935. p. 13. 
3"1Tbe consumption or southern plD. rot' c1<IDeatlc pulpwoOd. corurumptlOl1. Increased from 
1.785,228 corda In 1935 to .e. 658. 949 coras In 193'1 (see ~b.t" 1"",1ISt,-, 'a.cts: 
J~ p. 46). 1'h8 U. 8. Forest service esttaatea that 0.9 .an-clQ' In Ule woods and 
1 .. 5 man-dU8 In the manufacturIng: plants are required tor each cord ot southern 
pulpwood (se. Kirkland, ·Potentialitiea of the Forest Resource and Forest Indus
trIes or the SOUth-). 
Tht 1Il8Il-)'ear tlguN& cIted. above ftre campute4 trOll the toregolng figures and the 
arbi tra1'7 UBl.DIIPtlon or & 2~ )'ear. 

38.b ... 1l1li",">- _b" 1931\0 Po &s. 
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only, pulI>«>Od production costs are likely to be increased and the pres
ent expansion is likely to be foreshortened. 39 

In the Pacific Coast States, also, the conduct of the lumber industry 
can have a decisive influence on other forest industries. Ole of the'in
dustries most ilImediately affected is the Douglas-fir plywood industry, 

wich requires the large, old-grotth, high-quali ty logs wich are so es
sential to 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 nearly five times as great as that of 1925. 40 

Fmplo1Ment in the plywood industry increased fran about 2,300 worl<ers in 

1925 to about S,OOC in 1935. 41 'The Douglas-fir plywood industry at the 
present time depends on logs sui table for peeling into plywood stock and 
Obtained principally frm 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 fran lumber opera
tions has created in the lumber industry a dearth of large logs yielding 
a high percentage of the valuable "clears.· The canpeti tion for peeler 
logs is so keen that there is a constant interchange of such logs between 

producing centers several hundred miles apart. 42 These facts anphasize 
the possibili ty of a shortage of high-quali ty logs on the Pacific Coast. 43 

The preservation of ·forests wi th an adequate representation of trees of 
I!O or more inches in diameter is vi tal to both the lumber and plywood in

dustries of this region. 

The operation of Pacific Coast forests on a sustained-yield basis shonld 
encourage the use of sawnill waste and the cordl<OOd-size byproducts of 
selective logging by pulp mills and thereby stimulate the grotth of pulIr 

products industries. During the 1920' s there was a pronounced grotth in 
the ptOpot tion of pulp-mill ra"'-!lIaterial requirenents supplied fran saw
mill waste,·4 and byproducts of logging operations offer another source 

of supply for pulp mills. Further progress along this line should be 

39KIrklande ·Potentialities of the Forest Resource and Forest IndustrIes of the 
South.· p~ 12. 
'OL_b,r Indvstry ItlCts: 193& p~ «-. 
41SpeCIal report Of the U~ S. Dept. Agr •• Forest Servlce. D1v. Res. ~v. 1. 1936). 
tor the ·Studlea of Productlvlt7 and Employment in Selected Industr1es- ~ectlon or 
the Na.tlonal Reseanh PrOJ ect. 
42Ibi4 • 

,~ ready adaptabll1t7 of plywDOC! to unIt construction metbods and prefabrIcation 
emphasIzes the IaPDrtance or providIng a sound basIs tor the plYWOOd Industry. 
PlywooC1, because of Its adap-tabUlty to newer construct1on methOdsJ mIght regain 
tor woOd. SOM of the gr0u.n4 lost to compet.1tIve bu1l4lng materIals lsee A hUon,d 
Pla lor .facricG1l lor.3try. II. 1387). 
·'Letter tran Herman K. Johnson or the U. S. Dept. !gr •• Forest Servlee. PacItlc 
Northwest rorest and Range Exper1lnent StatIon. to the author, dated June 5, 1939. 
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stimulated by the assDt'aIlce of a stable supply of SlId byproduct materi

als frm operatiars produciDg on a snstained;'ield basis. 

In general, it Illa¥ be noted that the labor employed per cubic foot of 

wood wi thdrllW!' frm the forest may be profitably increased if the for

est indnStries which use dif!erent portions of tbe tree are integrated. 

Under a program of joint utilization of tbe forest resource by SlICh in

dustries as lumber, pulp and paper, [nel wood, wood distillation, and 

wood specialties, the raw lII&terials for each can be secured at a lower 

cost than would otherwise be necessa.ry. A number of notewOrthy examples 

of rommni ties in which diversified industries canplenent one another in 

the use of the forest resource are to be fonnd both in the South and on 

the Pacific Coast. The capital investments involved in creating such 
diversified forest industrial c:amnmities calid be greatly stimulated by 

assuring a snstained yield frm the local forests. 

IIt11111AaY 

The history of technical development in the industry shows that the 

type of mechanization has been detennined by the econallic objectives of 

. the industry and by the conditions of the forest resource. Thus, at one 

stage, the eilpbasis was on redncing the production cost; at another, on 

logging and sa>IIIill equipnent capable of effecting rapid and canplete 

liquidation of forest resources; and, in recent stages, m the applica

tion of flexible logging equipnent and cost-reducing 'lIJplOtanents in the 

sawllill. the rate and type of change in technique have also been condi

timed in each stage by developnents in science and technology generally. 

The mechanizatim of the lnmber industry was motivated until about 11150 
by the need for oanverting with the least possible effort the timber which 

was found more or less at halld, in every important center, into useful 

building materials. Dnring the last bal! of the lIineteenth Cel!tnry the 

United States entered a period of rapid expanslm, and vast timberlands 

were opened to eas,y acquisitim. TiR>er specnlatim became prevalent and 

large blocks of valuable forest lasd rapidly passed into private control. 

The nature of new developments in production techniques was dictated bY 
the intense ·canpeti tive drive for the rapid realizatim of tiR>er values 
in order to proceed SlIccessfully to the acquisi tim of other holdings. 

l'cwerful donkey engines, extensive logging railroads, and large sawllills 

were products of this period. 

Vi tb the rapid expaIIsion of Pacific Coast lumbering activities after 

1910, the industry reached the last frontier; further migration of the 

industry as an answer to timber depletion was barred. Since then the 



136 MECHANIZATION IN THE LUMBER INDUSTRY 

industry has been forced to penetrate ever farther into the forests and to· 

overcane ever greater obstacles in its search for suitable raJ/I materials. 

The objective of technological change has been shifting fran high output 

and canplete liquidation to lowered production costs. This tendency lias 

been noticeable since 1920 and particularly since 1929. 

Olanges in the sawmill since 1920 have been directed primarily toward 

the reduction of costs. Handling equipnent capable of sharply improving 

labor productivity bas been widely introduced, especially in Pacific Coast 

mills. There are indications that in an increasing n1lJ1tler of cases re

duction of handling-labor requirements in the period since 1929 has been 
accanplished througb the adoption of such equipment as straddle-truck 

carriers, which are relatively less expensive than the more elaborate 

handling equipment wbich was popular during the twenties. Other changes 

included refinements in saws and planing~ill machinery, which contrib

uted to increased speed of operation, and the shift to electric 'power, 

wbich contributed to the automatization of processes, increased speed of 

operation, and reduced pcMer-generation and maintenance personnel. 

The most iJIIportant 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 turn, to an increasing extent, to less favor

able stands of sparse or scattered tooer, and this has encouraged the 
Use and developnent of tractors, trucks, and light cable yarders. The 

s_ qualities at flexibility and mobility wbich make the new logging 

equipment preferable to heavy steam cable yarders and forest railroads 

also make its use preferable in 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 substitution of tractors for cable 

yarders represents the most important at the technical steps leading to 

sustained-yield logging. Heavy steam cable logging equipnent 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 encourage a large output at each setting. The nature' of the log

ging operation in sky-line and high-lead logging makes individual tree 

selection virtually impossible and group tree selection extremely diffi

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 systEl1l. 

Tractors, equipped with logging arches and singl.e-drum towing winches, 

are ideally adapted to either individual or group tree selection. United 
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States Forest Service studies in the Douglas-fir region indicated tbat 

lqgging with a modified individual and group tree-selection system em
ploying tractors involved laoer unit costs tban did tbe- traditional cl.eal:-

cutting system e11ploying cable yaroers.46 

Trucks also p~ an important psrt in selective logging, serving as a 

supplement to the railroad and replacing much of the expensive spur-line 

construction fonnerly considered necessary. This reduces the magnitude 

of that portion of the investment which is to be liquidated ilmEdiately, 

and it thereby reduces the pressure for heavy initial cuts of the tilliler 

stand. 

The application of the techniqnes of selective cutting is a necessary 

but not a sufficient condi'tion for the realization of sustained-yield 

logging. To attain continuous production it is necessary that selection 

in cutting be !"'lde so as to maintain continuous replacements' of the tilliler 

cut. Tractors are frequently employed in Pacific Coast Forests to reI1lJVe 

almost all of the tilliler stand capable of yielding a profit, a procedure 

which leaves the forests in an· unsatisfactory state. The tull long-run 
value of the new logging techniques to the Pacific Coast forest indus

tries can only be realized if those techniques are employed within the 
framework of a sustained-yield system designed to peq>etuate the timber 

resources at their present levelot magnitude. availability. and quality. 

In the South the OO5t important phase of recent technological advance 
is the introduction of tracks into the loading operations. Also imp0r

tant is the adoption of tractors and light. flexible. gasolin~ 

cable yarders in bunching operations. although animals are principally 

employed in that phase of logging. 

The importance of the adoption of trucks in southern logging operations 

is traceable to the fact tbat the southern industry is now operating on 

caoparatively sparse stands. Railroad-construction costs are likely to 

be prohibitively high per unit ot 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 logging would frequently represent an essential 

step in tbe process ot building up the forest resource by periodic se

lective cuttings of a snall part of the stand. The substituti<ll of trac

tors and ligbt gasoline yarders for the heavy steam yarders formerly 

e11ployed on the larger operations ""uld also contribute to the ef!iciimq 
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• of sustained-yield logging. Thus the nature of recent teclmica1 develop-

ments in the South, as en the Pacific Coast, bas been such as to stimuJ.ate 
the aOOption of sustained-yield !Il!!thods. 

Whether or not 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 equipnent is employed wi thin the framework of an improved 

forest lllaDagement. Historically, it is safe to say that profits in the 
lumber industry were made principally through speculation in timber re
sources. The emphasis in technological developnents was accordingly 
placed on those machines and techniques which enabled the operator to 
achieve a rapid liquidation of timber resources. In tenns of these 01>

jectives, clear-cut logging was naturally most desirable, for it effected 
in one cutting virtually a complete liquidation of the resource; when 
mechanized logging was developed, the machines were designed for clear
cutting. The cable logging engines, which reached their peak of devel

opnent in the 1920'S, were in their most advanced form suitable only for 
extalsive clear-cut logging. 

Recalt developnents in logging equipnent have cane in response to t1«l 

factors: the decline in availabili ty of timber and the decline in daI1and 

for timber products. These have made the rapid liquidation of timber re
sources a less desirable obj ective. The use of tractors and trucks in 
logging operations has come in response to the need for reducing costs 
or maintaining them at the same level in the face of greater obstacles. 

_" This reflects an increase in relative importance of operating efficiency 
·oonpared with the volume of output. The history of the timber resource 
has been one of steadily declining reserves; its future will depald on 
the extent to which the new machines are employed in sustained-yield log
ging, to which they are well adaPted. 

It tractors and trucks are emploYe:! with the sole objective of lowering 
present operating costs, without regard for the future yields fran the 
timber stand, the progressive depletion will continue. To the extent 

that the demand for timber continues to show a secular decline. timber 
depletion may be slowed down. Insofar as declining avai labili ty and 
qUality of timber depress the demand for timber products, the slowing
down process might be accelerated. However, it tractors and trucks are 
a~lied to a system at sustaine<\-yield logging, further timber depletion 
could be balted and SOlIe improvenent made in the state' of the forest re

sources. This would aid periodic disruptions of employment opportunities 
due to timber depletion, open the way for reducing operating costs, help 

main tain a market for 1IiOOd products by preserving quali tY, and bave an 
important favorable effect on employment in other forest industries. 
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The state of the forest resource is one of a group of factors which 

include the level of labor productivi t1 and the volmne of dEmand; these 

factors are affected by technological developltents and in turn detennine 

the vol.mne and stability of enp~ t opportuni ties. 

The available data indicate that labor productivity in the llll1lber and 

tilllber products industry tended to increase thronghrut the period 1919"36. 

The index of rutput per man-hour for the industry was 23 percent higher 

in the period 1931-;36 than in the period 1919-211 lsee table 271. This 
increase in the rutput per man-honr is ascribable primarily to the shift 

of an increasing proportion of the production to regions of relatively 

higher labor productivity and secondarily to increased ontput per man
bour in logging and milling in the Pacific (»ast States. 

It tilltler depletion is alla.ed to cODtinue, the available evidence in

dicates that changes in the nwnber of man-hours required to produce a 

thonsand board feet of lwnber of specified size and degree of finishing 

will not be an int>Ortant factor in determining the vol\Dle of ""Illoynent. 
On the ooe hand, large reduct ions in unit labor requirellEl1ts through ad

vances in mechanization will be rendered more difficult by the progres

sive increase in the obstacles to be overcane. On the other hand, an 
increase in unit labor requirements for rough lUlliler because of declining 

quality of available tiJdler wuld not necessarily mean an increase in the 
amount of employment afforded by a given volume of production, for less 

finishing and refabricating labor WJUld be used on lower-quality lumber. 

The principal factor responsible for tbe secular decline in enployment 

opportuni ties in the lumber industry has been 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 canpeti tive materials and 

the declining importance of ngricul ture in the ecoDaI\Y. 

On the other hand, it should be noted that the position of lwnber in 

its ccmpeti tion wi tll.. other materials was not improved by the depletion 

of the timber resources of sane of the major consuming areas, a factor 

over which the individual operators in the industry might have exercised 

scme measure of control. 

FUrthermore, while new manufacturing techniqnes and new uses resulting 

fraa industrial research have been steadily improving the position of 

mterials canpeting with wood, the lumber industry has left the support 

ot such research activity almost entirelY to public bodies. The only 

forest industry in which research has received any significant aIIKl\lIlt of 

support frail industry has been the pu!Hroducts industry, which repre

sents (lie of the few expanding uses for wood. 



140 MECHANIZATION ·IR THE 'LUMBER INDUSTRY 

The central questiail regarding the ielatiOO of recent technological 
developnellts to the future of enployment-opportunities concerns the rate .. 
at which the techniques of improved .forest mauag~t. directed t~rd 

h •. 

assuring a continuing basis for· the ind!lstq'~ are adopted. lJn!ess tech-
nical devel,opnents take an unexpected tUr)!; the particular types of 
machines developed in the near future and the rate at which they are 
introduced will be less significant for the levei of ~lol'ment opportun
i ties than the extent to which machines of existing types are applied 
wi thin the scope of a program designed to insure an uninterrupted flow of 
timber fran highly prodoctive forests. 

I1ncouraging beginnings have been made in the adoption of sustained- . 
yield forestry both 011 the Pacific Coast and in the South. 1Iowever. the 
great majority of operators still follOlf a policy of rapid liquidation of 
the forest resource. Measures to stimulate the more rapid adoptiOll of 
better forest-managenent practices appear to be of first importance in 
any effort to preserve and stabilize employment opportunities in the 
111!1ber and related forest industries. 
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DESCRIPTION OF DATA FROM NRP-HBER LOGGING-CAMP 
AND SAWliILL SURVEy! 

111 order to obtain data for a study of challges in the labor producti v

it.y of the lUlliJer industry, the NatiODal. Research lroject, in e<qeratiOD 

with the NatiODal. Burean of Bconanic Research, made a field st1ld7 in 1936 

of 64 Pacific Coast and soot.hern sawmills and 2:1 of the logging camps 
supplYing these sawmills. 111 the case of each operat. ion an atU!lllpt was 
made to secure yeal':bHear data on capacity, pro1nction, and the nUlliler 

of man-boot'S of emp~nt. Where a breat-dam was possible, the man
hour data were obtained for separate departlIents. 111 additiOD, detailed 

infOOllll.tion 011. chaIIges in pro1nctiOll. techniques was cbtained for a sualler 

DUIIiler of plants. including data on the nature and the amount o~ equip

Ellt purchased, replaced. and retired and the effect of tbese chaIIges on 
the absorptiOll. Q[' displacement of labor. 

The n1lllilers of operaxiOllS llSed in the various statistical i\.lla.l;rses lieI'e 

SDBller than t~ total nUlliler of plants surveyed because mcst reccrds did 

not provide cQllPlete informtiOll. coer the perla:! 1930-36, ei tiler hecanse 

the operations were Dot working in all :rears or because" their reccrds 
lie1'e incaDplete. 

PAClrlC COAS! LOGGIJa CAMPS 

The 1936 survey covered :ao Pacific Coast logging camps. Seventeen of 

the camps were eDgaged principaU:r iD loggiDg Douglas fir. us1l&ll7 to

gether with hemlock and frequentlY with cedar and spruce. Three were 

engaged in loggiDg pODdertBa pille, and two of the three ClIt sane other 

species. Thirteen of the :ao estiDBted their dailY capacity at between 

100 and 249 thousand board feet; 4, between aso and 499 tbOllSaud board 

feet; and 3. at over SOO thousand board feet. Eleven of the camps were 

located in Washington, seven were in 1k'eg0ll.. ODe was in Califc&'llia. and 

Mote.- Tbe apPlIld1%ea wre prepared 07 tlIe author In collaboration with JU11as H. 
Bal1c1r. and WllU .. R. Gra7. 
Ibcept as apeelt1ed, tbe 4ata InclUded 1D tbla appenH2: were col1ecte4 1Jl 8 field 
1ur"ft7 conducted bJ' tbe Jatlcmal Researcb PrOJect 1n cooperation with the Hatltmal. 
Bureau of Econcalc baeereb u one til a aerlas or .Studles or PrOdUCUylQ" aDd E.
plO)'lleDt 1n Selected IDdustrles· dIrected. b7 BaIT7 JercataD!1 Wlll1aa A. lIelswanger .. 
rer thIs stUd1 data were aleo &nIl&ble !rca a field 8UM'eJ' conducted In laeS--e& 
by the Na1ilonal Bureau of EconomIc Rea-earch (s8e BarrJ' Je:rClDe. Jlec._uatiQIIS "" 1_. try LNe" fork: Hational Bureau of Economl0 Regearch. 1984l. p. 16). The 
basic statIstIcal teChniques eaplolld In ban(111D.1 these tleld data were 4evel0pe4 
In the -StUdies of PrOdueUYlt,. and Empl()7lleDt in Selected Industries. sectIon of 
tbe Project.. KIlton GIlbert cODducte4 the stud,. af the lUllber 1Ddustl7 • 

• 

142 
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cme was in Mont8D&.2 All 20 suppliec! sawmills incluc!ec! in the Pacific 
Coas~ sawmill sample. 

Table A-1 shows the percentage of the total lUDDer cut in the Pacific 
Coas~ States which was dltainec! fran legs suppliee! by the 20 camps coverec! 

in the survey. The incOOlpleteness of records, particularly in earlier 

years, made it inp:ssible to include all camps in each year. Accort1ingly 
there is a steac!y gro'lth in the percentage of total Pacific Coast praluc
tion 8CCobntee! for by these operations. As my be observee! fran an exam

ination of table A-li, the sample was c0n8ic!erably mre representative of 

the camps supplying the larger mills. In 1929 all of the camps surveyec! 
were attachec! to mills which cut at least ~ million boarc! feet in that 
year; 8:1.6 percent of the production of the camps ",urveyec! was accountee! 

for by camps attachec! to the largest mills, those which cut at least 

SO million boarc! teet. After 1929, therefore, the sample is reasonably 
adequate for the camps supplying large mills anc! particularly tor the 
camps supplying the largest mills, which accountee! tor aver half of the 
1929 Pacific Coast llllliler pra!uctiOll. 

. In orc!er that accurate figures for the logging operation might be ob

tainec!, the ~ c!ata were collectee! in the form of logging man-hours 
anc! logging praluction in log-scale reasure. Thus the tact that a com
pany my sell some of its logs to other sawmills or purchase some ot the 
logs usee! in ita sawmill c!oes not intraluce any error into the loggiag
camp figures. Logging-camp production in log scale was convertec! to 
boarc! Il>!asure (l1l!lber scale) by the year-by-yea.r overrun experience of 
the mills which the NRl4IBER camps suppliee! with logs. The overrun tor 
a mill constitutes the c!if!erence, within a given time period, between 

the nlllliler of teet, log scale, suppliee! to the mill in log form anc! the 
output in teet, boarc! reasure, actually achievec!. The higher the overrun 

of a given mill, the more lumber that mill is obtaining trail the logs 
which it receives. The overrun varies with the precision of manufacture 
anc! the size of logs sawec!. For camps for which the overrun experience 
was not available, the average of the overrun ratios tor other camps was 

usec!. 

All the labor time spent in ~he camp or in transporting logs to the 
mill has been incluc!ec! in the mn-hour totals. These man-hours incluc!e 
such operations as telling anc! bucking, skic!c!ing, yarding, anc! 1oac!ing, 
as well as transportation of logs to mill or tic1ewater anc! construction 

2.nte Montana operation surveyed cut ponderosa pine anti operated under conditions 
and with Mtboos ebaract~r1!t1e ot the ope.rat1ons or tbe ponc1erosa-p1ne reg10ns or 
Q'egon and CalHOl"nia. The Montana operatIon was t.beretore inclUded 1n the sample 
and was treate4 u it It were loeate<l 1n one or the tbree P8eltic Ccut States .. 
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and maintenance of logging roads or railroads. In short, all the labor 

time which appears on the logging ~ll records is included. Jb..ever, 
it was not possible to cbtain a figure for all the transportation man
hours in cases where sane of the work was done by independent boaiting 
ca1plllies or Call1lOll carriers. 

Table A""3 presents production, man-hours, and unit labor requirements 
for all camps for which data were available in each year of the 19'W""35 

period; data for two camps for which data are available in each year of 
the period are also given. 

P~CIFIC CO~8! SAWMILLS 

The NRP-MlER survey covered 36 Pacific Coast sawmills in 1936. Nine
teen of these mills and 17 others had been surveyed in 1928 and 1929 by 
the NBER.lI It proved impossible to cbtain an adequate sample of small 

mills, and the surveys were accordinglY limited to a sample of 53 large 
mills, each of which cut more than IS million board feet in one of the 
years for which data for the respective mills were cbtained. Data for 
" of the 53 mills were not adequate, and these mills >rere not included 
in the ana1,vses. 

Of the 51 mills in the sample, 47 were engaged principallY in cutting 
Douglas fir and associated species; the other It produced lumber from 
ponderosa pine and associated species. Thirty-three of the mills were 
located in liashington, 15 in Oregon, " in California, and 1 in &ntana.4 

The sample shows a steady grarth in coverage, from 9.5 percent of the 

total Pacific Coast production in 1919 to "7.4 percent in 1927. From 
1927 to 1929 the coverage of the sample declined sharplY because a large 
n1l!lber of the mills included in the sample for 1927 were surveyed by the 
NBER in 19.:a8 and at the time of the resurvey (in 19361 17 of the mills 
were oot of existence or could not cooperate. The coverage since 1929 
is relativelY stable at a :.o-peicent level (table A-.ol. 

The analYsis of the change in unit labor requirements is conf ined to 
the experience of the large mills, and for this group of mills the S8III'le 
is considerablY more adequate than figures on the percentage of total 
production would indicate. This is shown in table A-S by an analysis 
of census data for 1929, the onlY year ill the period covered for which . . 

.sin .rrort waa I18de to resurve7 all 38 s&walllS SUJ"'IeyeQ 1» 1928-29. but 1'1 of the 
mUlS "ere no longer operatlng or could Dot cooperate. The combtnatlm ot allla 
oovered in the two surveys lnto on. sample dId not have a d18tOl'"tln& arrett. 
however. tor the 19 .Uls covered 1n both surveys and the 1"1 cO'I1ered 1n the seeonc1 
IUl'Ve;, Ihtwed all111lar aove_nts ot unIt labor reQulrell8nt.s (see table A-e. ttll. do). 

4See ttn. 2 of ttlta append.1x. 
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praiuctioa figures are available classified according to the size of the 

rep:ming mill. 

In 1929 the sample included only 2.5 percent of the total number of 

mills in the Pacific Coast States. ilowever, the production of mills in

cluded in 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 50 million board feet in 1929 was accounted for by 

the mills included in the sample; about 20 percent of the product ion of 

Pacific Coast mills which cut over 15 million board feet in 1929 was cut 

by sample mills. None of the 1,061 Pacific Coast mills which cut less 

than 15 million board feet in 1929 were surveyed. The saople, then, is 
reasonably adequate for mills which cut more than 15 million board feet, 

but it is I1DSt representative of the largest mills. Sample mills in the 

lat tel' group praiuced &I percent of the lU!!tler sawed by saople mills. 

Table A-6 presents chain indexes of man-hours, equivalent production,6 

and man-hour requirements per unit of equivalent production for sample 

mills. The man-hour and equivalent-praiuction indexes were canputed en 

. the basis of percentage changes from year to year of aggregates for all 

mills which reported in each of two consecutive years. The uni t-labor-

requirement index was canputed from the man-hour and equivalent-production 

indexes. The figures are for 1918-:ls. 

Table A-'/ presents two additional indexes of labor requirements per 

unit of equivalent productien. 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 s~, in addition, the lowest and highest individual 

mill ratios for each of the years. The period covered is 1918'"35. 

Dnit labor requirements, percentages of capacity utilized, and aggre

gate capacities8 are presented in table A-8 for two groups of identical 

mills. The figures for a group of 11 mills cover the period 1920'"3S; the 

figures fora group of 18 mills 

group) cover the period 1926-35. 
(including the 11 mills in the first 

SOUTHERN BAWKILLS . 
The NRP-NIlER survey covered ~ mills in Alabama., lDuisiana, Mississippi, 

South Carolina, and Texas. Because of the inadequacy of available rec

ords, it proved impossible to sample small mills adequately. The sample 

5ror DthOCS or c~t1ng IIqulV&lebt pra:tuctlou. see Plio 148-9. 
lise. ta'le A-a. ttns. & ODII b. 

• 
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was accordingly limited to large mills believed to IIave a daily capac

i ty of more than q.o thousand board feet; the four smaller mills were 

eliminated fran the analJSis, as was another mill for which data were 
inadequate.7 

The percentage of the total southern prodUction accounted for by sanp1e 

mills is sham in table A-<}. Coverage ra.uges fran 3.8 to ,.0 percent in 

the census iI'US fran 1<p7 to 1935. Suall mills are quite important in 
the South, and the S8lIIlle covers a much greater prcportiCll of the praIuc

tion of large southern mills, for which the sanple is rea..O<'lMb17 adequate. 

Table A-IO shews the relation between the pra!uction of sanple mills 

aDd total southern pra:luction, by size groups. Witb one exception the 

sample mills cut more than 10 million board feet in 1929; aver IIalf of 

the S8lIIlle mills cut Da'e than 25 milliCII beard feet in tllat year. These 
size classes contained less than 3 percent and less than 1 percent, re
spectively, of the total number of southern mills in 19:;\9- The sample 

was reasonably adequate, however, tor tbe group of mills which cut lOOl'e 

than 25 million board feet in 1<P9. NRP-NllER mills accounted for 19.8 

percent of the pra:luction of mills which cut at least so million board 

feet and 12.6 percent of the pra:luction of mills which cut :IS to SO mil

lion board feet in 1<P9- The entire NRP-NllER S8lIIlle accounted for 8.6 

percent of the praluction of all southern mills which cut more than 10 

million baird feet in tllat year_ 

Table A-ll presents chain indexes, de1'ived as in the case of the Pacific 

Coast sanple, of man-hours, equivalent prodUction, and man-hour require

ments per unit of equivalent pra:luction for the perial 1<p6""3S- Table 

A-l" presents an index of 1eighted average labor requirements per. unit of 

equivalent praluction tor all" sanp1e mills for which data were available 

in the respective iI'US, an index of the rredins of the ratios for indi

vidual mills, and the range of the mti(B for each year. The peria! cov
ered by this table is 1<P6-:3S. Unit labor requirements, percent,ages of 

capacit)' utilized, aggregate capacities, a.nd aggregate equivalent praIuc

tiCII are presented in table A-13 for a group of 12 mills for lcp6-:3s. 

Data on praluction, man-hours, &lid unit labor requirements were 0b

tained for 1927"'3S 1-or two logging canps supplying two of the southern 

S8WIIills included in the S8lIIlle. These data are presented in table A-1lI • 
• 

"ot tbe 23 .1111 retaine4 in the S&lIIPle r 20 had a practleab17 obtalnable capactt7 
or at lUBt 12 mIl1im boa.M te.t~ tba otbef' :I. bad eap&c1t1ea which were In axeasa 
of 11.8 million board teet. on the basle of 300 wor-klng clll;,8 per year. these 
7'lar17 tigure. can be reduced. to d.&117 fIgures at at leut 39 thousand board teet. 
It 18 beHaved that dall1 oapaclty ttgureB ®taIne4 In th1e tub,lon are constaer
ab17 lcw&r thaJl tlgu.rea tor daU, rated. capac it,; 1l1llB inc lUCled In the NRP-NBER 
aUl"'1el are there tore conal4ere4 to taU wIthIn tbe eateg0l'7 01' 1l1lla havins &[<lall¥ 
rated capacIt7 or more than 40 thOUl6Jld board. teet. TWelve ot tbe 2:5 mllla C<mJ 
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B~BI. or IBLECTIOX OF MILLS FOB ,TUDT 

Sawmills and attached planing mills camnonly manufacture a variety of 
·s products, such as timben., rough lumber, surfaced lUDDer, doors, sashes, 

molding, lath, boxes, and Shingles. These pro:Iucts require a varying 

quantity of labor time for their manufacture, and it was believed that 

differences in the relative output of such products might iD{lair c<JIllari

sons between mills and between years. Accordingly, mills included in the 

field survey were those which manufactured a relatively snall variety 

of products. 

In a further effort to obtain a fairly unifonn sample, only sawmills 

which had planing mills attached were surveyed. 9 

Sizes of lumber may also vary considerably, and each size requires a 

different amount of labor per board foot. Thus the mills studied were 

tbose which produced the general run of sizes COlll!1011 to the industry of 

the particular section of the country. Because it is possible to cut a 

greater proportion of timben. fran the large trees on the Pacific Coast 

than fran the snaller logs available to southern mills, there is an im
portant difference in lumber sizes produced by sample mills of the two 

areas. 

cOMPOSITIO. or PRODUCT 10K ~ID MAR-HOUl D~TA 

A nUDDer of the.mills studied produced byproducts (such as hogged fuel, 

briquets, and· saMlustl and special products (such as lath, shingles, and 

boxes). Such pro:Iucts and the labor time expended in their pro:Iuction 

were, on the whole, ~cluded fran the pro:Iuction and man-hour data pre

sented in this report. Man-houn. expended in auxiliary services not can

moD to all '!Iills, such as new construction, cali'allY stores, retailing, 
and local delivery by truck, were also excluded. It was not possible in 

every case, however, to separate and exclude caJIlletely the various by

product, special-product, and auxiliary-<!ervice iteos; this is especially 

true of indirect labor, such as handling, which could not be allocated to 

production am surfacing of lumber on the one hand and to waste utiliza
tion, byproduct !IBIIufacture, and the production of minor forest products 

on the other. KillHirying labor, used in sane mills but not in othen., 

was included in the data presented. 

'1[ConJha4 pract.lce.bl,J obtainable annual cspaelt1ea of more than 24 mUllan board 
teet. Tbe le.rges.t mill InclUCe4 In the sample had. a dal17 praCtiCably obtainable 
capaeltJ' of 30$ thouaaM board. teet. (For metbOd or aetermlnmg practicably 
obtalnflble capac Itl Of 88111Ple allls see Pl). 149-60.) 
8r12d>tra are lengtba or wOOd whOse smallest dIameter 18 at least 5 1nc~s. 
80M of tba Pa.clt1o Coast allla stUl1lea dId some surfacing but did not bave a CQIl
plete Pl&n1D& mIll at.t&Cbe~. 
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Unadjusted productioo figures represent aggregates at. surfaced aDd 1111-

surfaced lumber produced. The man-hour figures are aggregates at. the 

labor tinE expended in the pond, the sawmill, the dry kiln, the yard, 

the planing mill, shipping, power production, maintenance, and other 
work directly or iDdirectly CCIIIIeCted with luniler production, rougb aDd 

surfaced. 

DBBIV.TIOI OF BQUIV.LBIT PBODUCTIOI 

The operation of a planing mill increases labor reqnirements without 
increasing footage produced. Although ooly sawmills with attached plan

ing mills were surveyed, changes in 1IIIit labor reqnirenents at. an indi

vidual mill or a group of mills my reflect changes in the propcrtion of 

the outplJt which is surfaced as well as changing efficiency in the utili

zation of labor. Differences in 1IIIit labor requirements my similarly 

reflect differences in the proporti~ at. the output which is surfaced. 

Unfortunately the data were DOt. sufficiently adequate to permit pres
entation of separate 1IIIit-labor-requirement series for the manufacture 

at. rough and surfaced lumber. An effort was therefore made to adjust 

the prodDCtiOll series in such a fasbiOll that, when divided ioto the man
hcln- series, it would yield a series of man-hour ratios which would DOt. 

be appreciably inf1l!eJ1Ced by shifts or differences in perceotage at. total 

output surfaced. The adjusted productioo is referred to as "equivalent" 
pradnct iOll. 

l'laning-mill outputs in each year were IIIIIltiplied by average ratios of 

unit labor requirements in planing mills to 1IIIit labor requirements in 
sawmills. The resulting figures (representing theoretically the_t 

of additiOllal luniler which would !me been cut had man-hours expended in 
the planing mill been expended instead in the sawmill) were added to the 

5aIo!IIIill productiOll of the respective mills in order to cbtain each mill's 
equivalent productioo. Thus the equivalent-proiDCtiOll figures exceed the 

figures fer actual production; they represent both rough aDd surfaced 
output in tel1lB of rough output. 

Ratios used to convert surfaced pradnctioo to l'OI€D pradnctioo are pre

sented in table A-1S. They were canpDted fran reports for mills for 
which separate planing-mill aDd sawmill data were available. Separate 
ratios were CanpDted for Pacific Coast mills, southern pine mills, aDd 

southern hardwood mills. Except for the latter group of mills, each at. 
which bad & pr!K:ticably obtainable capacity of less than SO million board 

teet, separate ratios lOere also canpUted for mills whose practicably oil

taiDable annual capacitJ was IUlder or aver so million board feet. Thus 
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ratios were canputed for five distillCt group' of mills. For each group 

ratios were cClllputed for the period preceding 1930 an4 for the period 

1930"35. Each of the ratios sham in table A-1S represents an average of 

selected ratios tor individual mills and years. tO 

Examination of table A-lS reveals that the ratios tor each area are, in 

general, similar. For three of the five group' of mills the ratio; for 

192'} an4 earlier years were identical with those for 193D-35. In the re
maining tl«> cases the proportion of surfaced production added to total 
rough production rose fran 20 to ~ and fran 23 to 30 percent. In view 

of the facts (1) that the production of not all mills in either area was 
adjusted by ratios which changed aver time and (2) that only part of the 

rough production of the mills was surfaced, the distorting influences on 

equivalent productioo exerted by changes in the ratios are helieved to be 

negligible. 

DBRIV£TIOB OF PR£CTIC£BLY OBT£IK£BLB C£P£CITY 

Practicably obtainable capacity was CClllputed for individual lqgging 

_ camps an4 saMllills on the basis of attained production peaks an4 nor

mal interruptions of production. The production peak attained for axfI 

3-month period was quadrupled to yield hYPOthetical annual obtainable 

capacity under conditions of continuous peak production. -This estimate 

was then edjusted daonJward in order to take into account IleCI!ssary shut
dams occasioned by weather or repairs. The edjustment was based on the 

season during which the J-iOOIIth peak occurred an4 00 information obtained 

fran officials and engineers of the operations surveyed. 

Where only 8lIIIual production figures were available, the highest 8lIIIual 

figure was inflated to yield practicably obtainable capacity. Annual 

peaks were tmI1tiplied by the redian ratio, as observed tor operations in 

the same area for which monthly production data were available, of prac

ticably obtainable capacity to peak annual production. 

In sane cases further edjustment was I1WIe necessary because of known 

changes in the length of the working day, in the nUl1t>er of shifts per 

day, an4 in major equipnent items. In other cases further adjustment 

was made to take into account several discernible production peaks or 

definite trends in production, either of which might indicate changes in 

obtainable capac i 1)' • 

1~tlO1! were computed: annualU tor lnd.lv14ual mllls In each o-t tbe tin groups of 
allls. These ratios were then separated accordIng to the period to 1Ifhicb they 
referred:. The ratIos in each or the 10 groupa or ratios were arre.1eCl In Or<ler of 
magnitUde. and those OCCUPYing a central POSItion 1n each array were CCJli)lned Into 
an unwelghted average (these aVerag&s are shown 1n tabla A-16). The number or 
ratIos selected for use. In coa,pUtlng the average varled trom 3 to e, dependlng 
UPDD tbt total Il\UIIJer or ratios 1n the group. 
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It should be noted tha.t factors other than size of opera.tion may lead 

to differences ill practicably dltainable capacity. For insta.nce, differ

ent mi 11s may ha.ve working days of different dura.tion, and this would ,be 

reflected in the annual practicably cbtainable capacities. Particularly, 

the working day in the South was normally SaJIlWhat longer than tha.t on 

the Pacific Coast. 

~&bl. &-1.- ~OTAL &KD S&MPLE PRODUCTIOR OF P&CIFIC CO&8T 
LOGGIRO C&MP8, laRa-as 

Thousands 0 f board feet Sample as 
Year 

Pac! :fic Coast.4 Sampleb percent of -tot.al 
Total Pacific COast 

1926 13, 286, 699 c 417.175 3.1 
l.927 13. 389. 52Sc 684.759 5.l. 
1929 14.l.49. 3:>1 c 1.181.015 8.3 
1931. 7.493.772 882.731 11.8 
1933 6.146.749 956.447 15.6 
1935 7.953. 477 c 887.290 11.2 

'1>ata for 1926-29 trom 'lfte8ath Census oj the U1lf.tet1 8tates: 1930, ·J1Bnu:tactures: 
19291' CU. S .. DePt~ com •• Bur. Census, 1933). II, 447; data tor 1931 trem CeMUS oj 
lIa'Njactvrss: 1931 CU. 5. J)epe .. C(D •• Bur .. Census. 1935), p .. 429; data for Im3-35 
trom same, 1935 (1938), p. 474.. Data are tor Callfornla, oregon, and WlshlngtoD. 
an4 1nclUle only mUla proo.UClng 60 H ft.. b. m. or more .. 
bconverte4 !rca log scale to board. measure. See p.. 143. 
ClnclUdes data tor Nevada because output tor CalIfornIa and Nevada was reported 
together.. The etrect ot the lnclwUon of Nevada 1s negligible. however, ror 1n 
1919. the (DIY year tor whIch separate productIon data were rep01"ted for NeVada, 
the outPUt or Nevada was an17 0.2 percent ot the total output or Ca11forn1a, 
oregon, and washIngton. 

~abl. &-a.- !OT&L &RD 8&MPLK PRODUCTION OF P&CIPIC COA8! 
LOBGIIO C&MP8. BY VOLUME OF PRODUCTION. 1988 

Total P"cl£1c Coastb Sample 

Volume oi Percent 
product-Ion & Production Production oi total 

(N it. b. mol (N it. b. Dl. I Percent (M f't.. b. m.) Pacific 
Coast 

Total 14.149.3:>1 100.0 1, :'81.01.5 8.3 

50-24,999 3.280.747 22.8 0 0 
25. !lOO-49, 999 3.378.738 23.9 205.668 . 6.1 
&),000 or over 7,539.816 53.3 975.347 12.9 

80UtPut or the 8&WIIl11 to whlcb the loggIng camp Is attacl1ed. 
bnata trCIII: l .. ft •• ft·tIl C.M...., 01 th. £'ftlte48t(lt.s: 1930. IHanuractUNts: 19291 
cu. S. DePt. ~om., Bur. Census. 1933), H, 448. Data are tor Calltorn1a, Ne'laM. 
h,on, an4 waah1n8ton. Sse t.al>le A-1. ttn. c. 

• 



tabl. A-". paOPUCfIOI, KAI-BOuaS, AID URI' LlBoa RlQUIRlKlI' "'108 II .AMPLI PACIFIC COAST LOOOIIO CAMPS, 
1880-ao' 

All reporting c •• p. Two ldentlcal camps 

Period "WIlber 
ProduetloD H_n-houra P't'odueUoD Han-hour. 

eM ft. b. m., at alltllp8 
1uIIII\le1' uale J HWllber 

'920 • 131.113 1.1e~.449 

'921 • 80.363 178,.554 

192. • 122.9"13 1.09'1."110 

.92. • 117,037 940.538& , ... • 179.823 1,412.734 

.QU 8 41'7.1'76 3,046,1533 

.92e Q 60..070 3.083,142 

.927 .0 0&1.769 3,6M.8eO 
,928 •• 893,818 6.388.3158 
1929 •• 1.181.0Ul 7,221.313 

1930 18 1,287,460 7,019 t 803 

~iIII' ,. 882.731 ".166.374 
.illle to .560.25& 2,827,298 

'93. '7 9(58,447 •• 378_1115 
.93. 18 902.692 " •. UO,0&1 
.935 •• 887.290 4.386.924 

.920-23 - 401,476 3,382.2t50 
1924-28 - l,101,Be8 '7.522,409 
1827-29 - 2,7159.&92 16,274.321 
1930-32 - 2, 710,4tS2 13.612,2715 
1938-30 - 2.746,329 13,194.090 

peroenta,e decre •• e 
1.00-23 to 1924000:28 - - -
1824-26 to 1927-29 - - -
1927-29 to 1930-32 - - -
1930-32 to 1833...J& - - -

'At ont or tbe c,.~ • large propott1on or the workin!!: tiM wan apent 11'1 new CGIII-
• t~tlCID. IiIJ,nOe tb.1I would .'1'l0Wll,'r dlfltart the tnod or -.:Q'"'houre &lid 1.II'llt 11.\)01' 

(M tt, b. 111.., 
Pe .. H tt, b. lII.. lWGber scale) lfUIIIber Per M tt.. b. III. 

8.S& 131.113 1. 161S.4.f,a 8.89 
5.88 30,363 1'78.15(54 ··as 
8.93 122.973 1,097.710 8.93 
8.04- 81,872- 699,43"· 7,gea 

7.86 153.146 1.248.849 8 ... 

',30 168,148 1.119.413 '7.0" 
6.07 147.226 998,676 6.'17 
$.35 1153,292 919,7158 8.00 
e.03 163,034 1.115.366 •• 84 
8.11 161.649 1.052,662 6,lil 

6"64 112.227 098,196 e.l1 
•• '/2 53,236 209.298 3.91 
4.eO 36.084 198,340 5. ISO 
4.58 90,622 &27.398 5.61l 
4.91 '76.427 349,023 4,tS7 
•• 94 118,012 694.623 15.13 

8.42 3'72,311 3,141,1415 8.44 
8.83 4158,81B 3.361,838 7.33 
6.90 477.975 3,087.802 8.46 
tS. 10 201,646 1,092,831:5 0 • .,. 
•• 80 283.001 1,471,044 6.20 

18.111 - - 13.a 
13.6 - - 11.s1 
13.6 - - 16.1 

••• - - • •• 
requlnJlflntll. the DUllber or un-bOliNJ illI8l'1t 111 cCIIIlItrur:I'.loa at t.bl. cuP ....... tl" 
_ted. and aUlltractlid t1'~ ~ total nuabllr or -.n-tl0lU'8. 811. ob.. III. ttA. sa • 

"" .., 
tll 
"" '" .... 
I>< 

"" 

... 
ell ... 
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rable A-4.- rO'rAL Am 8AIIPLB pII.ODlICrIO. OF PACIFIC cour 
8AWKILLS, 1918-1. 

Thousands ot board teet. Sample as 

Year percent. of 

Tot.al Pacitic Coast" Sample t.ot.al 
Pscific Coast 

1919 8.'796.504 832.295 9.5 
1921 7.204.4l57 988.0'14 13.7 
1923 12.781.838b 2.083.01.5 18.3 
1925 13,2se,699b 2.'12e~757 20.5 
1927 13,389,525b 3.668.710 27.4 

1929 14,149.801 b 2,485.426 17.2 
1951 '7.493.772 1..583,9?'9 21.1 
1983 6 • .146. '749 1,337,719 21.8 
1985 7. 953.477b 1.543.791 19.4 

"Data tor 1919 tr .. ,_ .. tit C_ at tM "'Ued State..: 19110. Vol. X, '!Olnu
tactures: 1919- (0'. BoO Dept. COL t Bar. Census. 1923)" p. 437: data tor 1921-23 
fT'". C6ft8taS r JIoftMjoctvre: IBB3 (U .. S. Dept. Caa.. BUr. Census. lQ2e). p .. 449; 
tor souree 0 data tor 1925--35 sea table "-1. ttn .. a. Data are tor C&Utornla. 
Oregoa.. &DC Wasb1.D.gton. and except tor 1921 Include on17 .1lls produclDg: 60 K 
tt. b. JL ar .are. 
bSee table £-1. nn. e. 



Table A-e.- !OTAL .!.IID UIIPLII JUllBSR OP PACIPIC COAST 8.llllllLLII AIID TBBIR PRODUCTlOI, 
BY VOLUMB OP PROUUCTIOJ, 19a9 

Total PacIfic coast· Sample 

Volume of 
M111s Production Killo ProductIon 

product.ion Percent 
1M it. b .... ) of tot.al 

Number Percent M :ft. b .. m. Percent Humber Percent Paoific M ft .. b. m. Peroent 
Coast 

Total 1.307 100.0 14,149,301 100.0 33 100.0 a.5 2.435,42a 100.0 

50-14.999 1.061 81.2 2.031.951 14.3 0 0 0 0 0 
15.000-24.999 61 4.7 1.198.796 8.5 4 12.1 6.6 8a.826 3.4 
as. 00D-49. 999 93 7.1 3,378.738 23.9 8 24.3 8.6 299.471 12.3 
50,000 or over 92 7.0 7.539.816 53.3 21 63.6 22.8 2,053,129 84.3 

50-14.999 1,051 81.2 2.031,951 14.3 0 0 0 0 0 
15,000 or over 246 18.8 12,117.350 85.7 33 100.0 13.4 2,435,426 100.0 

6Se• table A-I, Itn. b. 

Percent 
ot total 
PacifiC 
Coast 

17.2 

0 
6.9 
8.9 

2'7.2 

0 
20.1 

> 

~ 
'" t:I .... 
I>< 

> 

... 
CII 
Co> 



Table .-8.- CallI AOORIOATIVI IIDIXIS or .. I-BOURI, IQUIV.LlIT PRODOCTIOK, .ID UIXT LABOR REQUIREMENTS 
IW •• KPLI PACIFIC CO.S! I' •• ILLI, 1817-88 

- Glven Fear Preced1n' ,year Link relative' Chaln lndez (1929=lOCI 

lfu.ber Squi valent. Iqulvalent Unlt. 
Yeat" of product.ion ltroduction 1:qulvalent. 

Man-boursb Iqulvalent. labor 
aUls Man-hou .... (.11110D8 ot' Man-hour. (_1111on. of Man-hours production pl'Oduetlol1 c requlre-

board teet) board teet) aentsd 

(1) (2) (31 (4) (61 (6) (7) (el (9) (101 
191'1 - - - - - - - eo.e 55.3 109.9 
1918 '1 ".221.110 3lSe.O 4.1580.294 434 ... 0.922 0.820 56.0 ,,5,3 123.e 
1919 12 7,94ts.333 '12:5.9 6,875,623 592.6 1.190 1.220 6e.7 :SlS. e 120.0 
1920 15 9,880.900 904,2 9. '15". 204 923.1 1.013 0.980 8'1.6 64.6 123.9 
1921 21 10. 292.eeo 1.012.0 14.279.881 1.292.2 0.721 0.783· 48.7 42.0 114.3 
1922 24 16.005.799 1.856.8 11.092,835 1.110.2 1.443 1,492 70.8 63.6 110,5 

1923 29 21.201,061 2.203.3 18,804,851 1.950 .. 3 1.127 1.130 79.2 71.9 110.2 
1924 33 22.820.932 2.511.7 22.371.286 2,326.8 1.011 1.079 eo. 1 77.8 103.2 
1925 37 29. 0154. 235 3.003_6 24.sse.814 2.685.5 1.187 1.146 93.4 88.9 105.1 ' 
1928 39 81.707.480 3.486,8 29.409,345 3,097.9 1.078 1.1215 100.7 100.0 lOC.7 
1927 40 33,399,845 3,696.8 32,808.957 8.819.4 1.018 1.021 102.8 102.1 100.5 
1928 42 32,312,S98 a,seo.s 33,863.231 8.878.9 0.989 0.998 9Q.4 101.7 97.7 

1929 29 19.140.216 2,421.9 19.028.831 2.483.8 1.006 0.983 100.0 100.0 100.0 
1930 38 le,eel9.8es 2. eUs. 7 21.369,201 2.773.8 0.918 0.907 91.8 90.7 101.2 
1931 33 14,497.108 1,911.9 19.687.126 2.508.7 0.736 0.783 67.5 69.2 97.0 
1932 2'1 9.310.'100 . 1.124.4 13,675,976 1, aOQ. 7 0.081 0.621 46.0 43.0 107.0 
1933 27 11,47S.468 1.538.1 9.310,760 1,124 .. 4 1.233 1.S68 ee~7 68.8 96.4 
1934 81 12,294.8l5O 1, ese.e 11,978,878 1,eo7.8 1.026 0.e88 58.2 58.1 100.2 
1935 29 13,708.938 1, a44." 11,642,502- 1,835.1 1.177 1.201 08.4 69.7 99.1 

'cOle. (2) &lid (8) NIIIP*cttve17 divided b, co18. (.f' &J:I4 (6). 1'1 mUla InclUded. onl)' In the 1«'5$ aune, are as follows (182.100): 
bCc.puted fro. col. (0). . 

Tea\" Ul ,. 17 Ynr All 10 '7 
CC'*PUt.ed fr~ col. (7). !!ill !!1:.!!' !!!!!! 1:1111111 lila. !l!!! --'--
dcol. (Sf dIVided bt col. (9), aDd lIu1tlpl1ed by 100. 8111111a1'" lndoxu tor 1028 tl7 .7 97.9 97.6 ltiH52 107.0 107.1 100.7 
1ge8-S6 or tile 81'oup ot 19 .11la IncluC!.ed In bath SIU"V&18 ane,1 the sroup or 1929 100.0 100.0 100.0 19S3 98.4 99.8 ... 8 

1930 101.2 103.e ga.l 1934 100.2 102.8 98.1 
1831 97.6 8'1.8 87,8 , ... Oe.l 9<.8 102.8 
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'able A-T.- IIPEXEB OF AViRAGB AlP KlDIAR VRIT ~OR RBQVIRBKI"T8 I. 8AKPLI PACIFIC COAST IAWMILLS, 1818-8S 

Humber Equivalent. 
Year of IIWDber ot production 

.111. Jl.Ul-bow-s ( .. iUlone ot 
board teet) 

. (1 ) (1I) (S) 
1915 13 7.424.679 1170.2 
1819 10 9,704.204 923.1 
1920 21 14,279,861 1.292. II 
1921 24 11,092,83D 1.110.2 
1822 29 IS. 804. l1li1 1.960.3 

192a aa 22.371,286 2.326.S 
1924 87 24.See.S14 2.e66.6 
1926 a9 29.408.346 3.097.9 
1926 41 33.176.262 3.606.4 
1927 44 36. 796.10e 4.1e9.2 

1928 44 33.003.982 3.957.6 
1929 33 21.3019.201 2.773.8 
1930 311 20.023.445 2.1160.3 
1931 33 14.497.108 1.911.9 

11132 27 9.310.760 1.124.4 
1933 31 11,978,678 1,607.8 
1934 32 12 t 061 t '7ll1i 1.626.6 
1935 29 13.708.938 1,844",,4 

"wu.ber 01 -.n-houra dlv.lded b7 equivalent;. prod:f.lctlon. 
bC ...... d 11' .. • 01. (t'. 
cCa.pUted Ire:. col. (e). 

Man-hours required pe~ thousand Indexes ot unit. 
board tee~ ot equivalent production labor requirements 

411 "Hl .. 
Indivldual milia (1829-100) 

...ldhted 
mean' Range Medlan 

Weldhted 
Iftean

b Median' 

(4) (e) (II) (7) Ie) 
11.08 7.21-19.74 8.62 143.9 120.8 
10.07 6.29-21.07 9.e6 137.3 128.1 
11.06 6.28-16.69 10.ae 143.11 1311.6 
8.99 6.30-24.66 9.69 129.7 120.2 
9.1\4 6.tl7-13.35 9.40 125.2 122.7 

9.61 0.04-19.03 10.33 124.8 134.9 
9.34 4.21-23.97 S.S6 121.3 116.7 
9.49 4.02-19.99 9.47 123.2 110.6 
9.0S 4.69-16.12 7.89 117.9 104.3 
8.l1li 4.62-14.76 7.40 114.9 96.6 

e.34 3.88-14.94 8.S1 108.3 ea.9 
7.70 4.46-13.15 7.60 100.0 100.0 
7.82 4.48-12.06 8.00 101.6 104.4 
'1.158 4.110-11.93 7.98 98.4 104.2 

8.ae 3.80-18.39 7.87 107.11 102.7 
7.46 3.90-13.64 7.39 96.8 96.6 
7.72 3.88-12.11 7.55 100.3 98.8 
7.43 3.l1li-16.94 8.87 96.11 89.7 

100 
"d 

~ 
~ .... 
M 

100 

.. 
g: 
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~.bl. ~- •• - U.I~ LABOR RBQUI"ME.~8. PlRCBK~~ •• OF Cjp~CI~T 
~ILIZ8D. ~KD ~OO .. O~~. Cjp~CI~T OF ID.K~IC~ B~LB 

P~CIFIC COA8~ 8~WKILL8. 1818-10 

Welgh~ed average Aggrega~e 

of man-hours Percentage annual capacl ~7b 
required of capacl ~7 ,mUlions 

Year per K ft. b. ... utilized" of feet., b. m.) 

11 18 11 18 11 18 
plan~s plan~s plants plan~s plants plan~s 

1920 10. a.4 n.a. 64.5 n.a. 808 D. a. 
1921 9.87 n. a. 46.0 n. a. 828 D. &. 

1922 9.35 nOla. 69.8 nOla. 916 nOla. 

1923 9.85 n. a. 76.8 n. a. 937 n. a. 
1924 9.27 n. a. 70.1 n. a. 977 D. a. 

1925 9.09 n .... 68.8 n.a. 991 n. a. 
1920 8.57 8.52 74.1 79.9 1,005 1.,71.1 
1927 8.18 8.21 78.0 B2.2 1,017 1,725 
1928 8.14 7.77 78.7 81.7 l,Ose 1,739 
1929 8.16 7.93 76.1 79.4 1.,043 1.753 

19se 8.35 8.14 65.3 70.3 1.043 1,893 
1931. 8.04 7.78 48.8 58.7 1.,043 1.693 
1932 9.41 8.45 27.3 31..2 1.043 1.897 
1.933 8.24 7.98 4l..1 42. 8 1,043 1.,897 
1934 8.64 8.04 38.2 42.9 1,043 1,697 
1935 8.24 7. eo 46.9 53.2 1,043 1,897 

aB&se4 CIIequlva.lent producUanandaggregate capacity. See pp. 148-& and. pp .. 149"-50. 

b-PractlC8b17 obta1nable cap&elt7. See pp. 148--9 .. 
D.&* Data not avallabbh 

~.bl. ~-8.- ~OTAL ~ID .~LB PRODUC!IOK OF 80~BKR ... WKILLB, 
1887-80 

Thousands of board feet Sample as 
Year 

To~ .. l South" 
percent of 

S .... ple tot.al South 

1.927 14,475.897 547.559 3.8 
1929 15,462,.485 828;637 4.1 
1931 5,983,782 421,547 7.0 
1933 Ii, 785, 491 ·38S.eo8 6.3 
19315 7.928.1572 417.910 5.3 

"nata tor 192'H!i tI'<JII "ftoRtA _ of tAo lInUod 8tom: 11130. _ut"""","s: 
Ui128· CU. 8. Dept. Com.. Bur. Cenaua" 19253). lIt ,,"7; data tor 1931 tr(ll c.ftStd of 
Na.",,/aCiwut JQ;11 {U. 8. Dept. com. t Bur. census, 1&36}. p. 429: ata for 1933-36 
from 8ame. 1936. (193&). p. '74. Data. are tor Alabama. Arkansas, Florida, Gecrg1a. 
Lou1s1ana. Missis81pPI. Nortb Caro11na, Oklaboma, South CarolIna. Tezas, an4 
Vir&m1a, and 1ncluc1. cnl7 1I111s prcdUC1ng 60 K ft. .. b. 1L. or more. 



Tabl • .1.-10. - TOUL AD 8J.lIPlJI ."l1li1111 or 80llTHBIII 8J.WIIILLB AD THBIII PIIODUCTIOI, 
BY VOLUIIII or PIIODUCTIOI, 18a8 

To'tal Souths. SBlnpie 

Volume KUla Production Kills Production 
of' production 

Percent Percent, IK £to b. m.) 
NWllber Percent M ft. b. m. Percent Number Percent of total H ft.. b. DI. Percent of tot.l 

~ot.l 11046 100.0 15 462.465 100.0 

50- 9.999 10.728 97.1 8,178,974: 52.9 
10.0'00-14.999' llSb 1.1 1,442,063 9.3 
lC. 000-24. 999 1024 0.9 2.110.165· 13.6 
25.000-49.999 90· 0.8 3.331.845r 21.6 
60,000 or over lOt 0.1 399.416 2.6 

50- 9.99g 10.728 97.1 6,178,974 52.9 
10,000 or over SIB 2.9 7.283.511 47.1 

'nata trOll! "ltflfntA C,nsur 01 the flnUed Statu: 1930, 'Manufactures: 
1821it' CU. 8. Dept. C01II_. Bur. Census, 1933), U. 448. For States 
J.neludea see table A"'$, ttn. &. 

bProduetaon data tor 1 or the lUI ml11a prOductng 10,000"14,999. 
H ft. b. JD. are Included wIth prOduc:tlon data tor IIl11s proouclns 
60"'9,999 H ft. b. !D. 

CSamp1e data. Include one mIll w1th an outPUt ot 9,600'"'10,000 W tt. bit JII. 

dproauctlan data tor 2 ot the 102 mills prOdUCing 16,000-24.999 

South SOuth 

22 100.0 0.2 628.637 100.0 4.1 

0 0 0 0 0 0 
7 31.8 6.0 77.697 12.4 5.4 
3 13.7 2.9 52.245 8.3 2.5 

11 50.0 12.2 419.602 66.7 12.5 
1 4.5 10.0 79.092 12.6 19.8 

0 0 0 0 0 0 
22 100.0 6.9 52S.537 100.0 B.5 

H ft. b. m. are tncluded with prOl.1uctlon data tor mIlls prDc1uC1ng 
10, ()()o-14. 999 H ft. b. IDo 

eprOduettan data tor 6 at the 90 mll18 prodUC Ing 26. 000"'49, 999 
Ii ft. b. m. ILre Inclucled with prOduct1on data Cor &l1ls prOduclng 
16,ClCJO-24,,$99 H ft. b. tao 
[PrOductton data tor 4 or the 10 mIlls prOductng 60,000 H ft. b. ID. 
01" over are included. with productton data. tor mUls prOducIng M,OOO"" 
49,999 H ft. b. m. 
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t.ble A-ll.- CRAIl AOORBOATIVI IIDIIII or kll-BOOkl, IQOIVALIRT PkODOCTIOI, AID URIT LABOk RBQUIRBKlRTI 
II IAMPLI BOOTHlkl IAWMILLe, 18aa-80$ 

Given ,ear free.din. year Link rolativ.~ Chain lIlde:o 
(19290100) 

JfUJIber Equivalent Equl valent 
Yea,. of production production 

8Uh Han-houri (millionl Man-houre (mUllonl Man_houre Equivalent Kan-bourso Equivalent 

of board of board production producUo,,4 
feet) t .. t) . 

(1) (2 ) (3 ) (4 ) (6 ) (II) (7) (8) (9) 
1925 - - - - - - - 97.4 100.8 
1928 10 7.039.129 452.7 0.979.318 464.11 1.009 0.998 98.2 100.2 
1927 14 9. 335.S26 672.1 8.934.670 638.9 1.046 1.0ell 102.11 10e.8 
1928 17 10.202.213 692.2 10.eS3.gel 864.e 0.984 0.90e 9S.9 96.7 
1929 21 12.012.894 740.1 11.884.864 716.8 1.011 1.034 100.0 100.0 
1930 22 10. 399.8S0 677.0 12.4111.294 7ee.l 0.S3t! 0.S8e 83.8 SS.8 

1931 22 8,238,180 499.2 10.399.838 877.0 0.792 0.737 88.2 115.3 
1932 23 8.743.470 415.3 8.430.448 620.8 0.800 0.79S es.o 52.1 
1933 22 e,eSl,144 449.8 6. 16e. 694 393.2 1.093 1.144 157.4 e9.7 
1934 22 15.S00.104 3e4.9 0.681.144 449.8 o.ees 0.811 49.9 4S.4 
19315 21 S.450,106 1530.4 e,II91.284 371. e 1.343 1.427 66.9 69.0 

. -- . ~. 

dO"""""4 tra •• 01. (7). 'onl of Chi .. 111 eOV,",d in tb11 table aut ',800-10,000 " tt, b. III. 1n 
U1I2C» tbl otbiN cut at lIaa~ 10,000 H t~, tlf •• 1n that ,aar, 
"cOl •• (II) ..., (1) ... 1110.""17 dl'14ld 1>J •• 10. (4) IIId (6). 

·Col. (8) divided 1>J 001. (0). IIId OUltlPlll4 bl 100. 

·C_t4IcI tr .... 1. (0). 

Unit 
labor 

requlre-
menta· 

(10) 
98.8 
98.0 
98.1 

102.3 
100.0 

94. " 

101.4 
101.7 
96.1 

102.9 
96.9 
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Tabl. A-ll.- IIDKXE8 OF AVBRAGB AMD MEDIAN UNIT LABOR REQUIREMENTS IN SAMPLE SOUTHERN SAWMILL8, 
1910-86 

Number Equivalent 

Year of Number ot production 
mills man_hours (mLULon. of 

board teet) 

(1 ) (2 ) ( 3) 
1926 14 B,934,570 536.9 
1927 17 10, 58a. 951 654.5 
1929 21 11,884,654 715.8 
1929 22 12,461,294 765.1 
1930 22 10.399.636 677.0 

1931 23 8.430,446 520.3 
1932 23 6.743.470 415.3 
1933 22 6.681.144 449.8 
1934 23 6,647,283 387.8 
1935 21 8,450.106 530.4 

~mber ot man-hours divided b7 eqUiValent prOductlon. 
bCOlIPUte4 trllD col. (,). 
·COOP\lted trill 001. (e). 

Man-hours required per thousand Indexes of unit 
board teet ot equivalent produotion labor requirements 

All mil19, IndLvLdual m111. (1929=100 ) 

weighted 
meana. Rang. Median 

We1ghted 
l'I'Ieanb Medlanc 

(4) (51 (61 (7) (B) 
16.64 12.85-54.40 16.27 102.1 104.5 
16.17 12.76-22.59 16.87 99.3 lOB. 3 
16.60 10.40-29.77 14.73 101.9 94.6 
16.29 11.46-28.19 15.57 100.0 100.0 
15.36 12.54-22.68 15.63 94. S 100.4 

16.20 9.11-24.95 16.52 99.4 106.1 
16.24 8. B2-37. 95 17.95 99.7 115.3 
14.85 7.73-23.46 16.48 91.2 105.8 
17.14 7.89-36.99 17.64 105.2 113.3 
15.93 7.65-29.04 16.01 97.8 102.8 

----- -- -- -
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160 MECHANIZATION IN THE LUMBER INDUSTRY 

Table ~-11.- UIIT LABOR REQUIREMENTS, PKRCERT~GE OF CAP~CITT 
UTILIZED, ~GGREO~TE CAP~CITT, ~ID AGGREGATB PRODUCTION 

OF 18 B~IIPLB SOllTBEIIR BAWIIILLH, 1928-8a 

Wei~h1.ed A~gre~at.e 
AUregat.e 

annual 
average Percent.age 0 f annual equ1 valent. 

Year of man-hours capac1 'toY capacl tyb product lone 
required utilizeda (millions o£ (m11110ns of 

per M ft. b. •• feet, b. m. ) feet, b • ... ) 

1926 15.34 S7.4 459 401 
1927 16.00 S6.1 459 395 
1928 1'6.94 72.S 449 327 
1929 15.99 S1..5 '449 . 366 
1930 15.02 71.0 449 319 

1931 16.97 152.1. 449 234 
1932 16.315 47.0 449 211 
1.933 15.59 50.8 449 22B. 
1934 1B.n 39.9 449 179 
1935 15.73 55.15 449 249 

aBased em eqUlvalent production aDd aggregate capac1tJ'. See pp .. 14&-9 aDd 14~ 
bPraetlCab17 Obt&1M.blt ca;acltJ'. See W. 149-6(). 
c8ee pp. 148-9. 

Tabla ~-14.- PIIODUCTIOI, MAl-HOURS, AID UIIT LABOR REQUIREMEJT8 
OF TWO BAIIPLB 80llTBERR LOGOIRG CAlIPH, 1927-8S& 

Product.1on Han-hours 

Period (M ft. b. m., Per 
lUilber scale) Number M ft. b. ... 

1927 27.445 394.178 14.36 
1928 24.428 364.81.6 1.4.93 
1929 22.21.7 370.026 16.68 
1930 23.658 31.5.152 1.3.32 
1.931 20.977 267.45E1 1.2.75 

1.932 18.41S 265.393 14.41 
1933 17.1523 248.S61. 14.20 
1.934 11.824 149.891 12.68 
19315 20.068 261.614 13.04 

1927-29 74.090 1.129.020 15.24 
1930-32 63.0153 848.001. 13.45 
1933-85 49.415 6eO.366 13.a6 

aercent&~e decrease 
1927-29 to 1930-82 - - 1l..7 
1930-82 to 1933-315 - - 0.7 
1927-29 to 1933-3!! - - 12.3 

l[. cne or tbea. ctUlP8 .,,»pUed & 11111 whose practteab17 Obtalnable Call8Clf;7 waa 12 a11-
11m board tut per ,.ar; the other ... 11111 whose pl"aCtlcab~ !)beam_bIt O&jI8,cl~ was 
81 a1111an board r.et per liar.. Botll CUlp8 out 1'I11ow P1ne .IIl"1nclll&l17. 
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Table ~-1&.- RATIO OF PL~.IIG-KILL TO SAWMILL UIIT LABOR 
IUlQUIIUlIlEK'rB OF BAIIPLB SAWIIILLB. BY IIBGIOI. 

KILL CAPACITY, AlID PBIUODa · 

Pacific Coast Sou them pine Sout.hern 
mills mill!! hardwood 

Less t.han 50 Less t.han 50 
111115, 

less t.han 
Period 50 million 50 million 50 

million or more million or more million 
board hoard board board board 
feet.. :feet feet. feet feet 

Number or'mills 2 5 5 3 3 

Ratio 
Before 1900 0.19 0.20 0.32 0.23 0.37 
1930-35 0.19 0.25 0.32 0.30 0.37 

aFor method or computing rat10s see pp~ 148-9. Klll-eapaclty flgures refer 
to practICably obta1nable annual capacIty (tQl'" methOO or C1et.ena1n1D.g pract1cabl¥ 
obta1Daole capaclt;y see pp. 149-60). 



APPENDIX B· 

DESCRIPTION OF DATA FROM 
NRP MACHINERY-MANUFACTURERS SURVEyl 

Ikta. were obtained in a field survey covering 1.1+ equipnent-lllll111facturing 
canpanies candocted by the Natiooal Research Project in cooperatioo with 
the National Bureau of Ecmanic Research. Fran these can ..... ies was ob

tained the value of sales (and in sane instances the number of units 

sold), chiefly for the period ~920-36, of equipnent used in the llBllufac
ture of lumber. Of these conpanies, seven produced sawmill or ot her 
woodl«lrking equipnent, three praluced lIllIiler carriers, two produced trac

tor lqrging equipnent, and three praluced excavating equipnent.2 

SAWKILL AID OTHER WOODWORRIBa RQUIPKBWT 

The woodworking-machinery sales data ioclude equipment employed in 

sawmills and in planing mills attached to sawmills and, in addition, 

a wide variety of equipnent used in other woodworking industries. The 
sales of carq>anies covered in the survey have accordingly been divided 

into the follQring three categories: 

1. Sawmill machinery. Tbis category includes large band mills, port

able circular sawmills, steam feeds. carriages, edgers, trinlners, gang 

saws, large vertical resaws. large horizontal resaws, cut-off saws, and 
circular rip;a1MS. 

2. Heavy planing-mill machinery used in planing mills attached to saw

mills. and including 0Dly machines that would be used for the snrfacing 
and finishing of 1lll1iler as discussed in this report. This category in

cludes planers, planer-<na.tchers, planer-<na.tcher-ml.ders, planer-ma.tcher
floorers, band resaws, vertical resaws, rip;a1MS, surfacers, and mlders. 

3. Light woodworking machinery. Tbis category contains items of m
chinery used to sane extent in planing mills attached to salomills. but 

the sales represent mainly equipnent used. in furniture factories and 
other woodworking establishments which are not attached to the lIllIiler in
dustry as defined in this report. It includes small planers. gang plan

ers, cabinet planers. small planer-ma.tchers, hand plaDers-and-jointers, 

~xcePt 8.8 apee1t1ed. tbe data InclUd:e4 In this appendtx were collecte4 in a Ueld. 
a1llM'e7 camlucted by the NatlOD.B.l Research Project in cooperation with tbe NatIonal 
Bureau or EconomiC Research. Harry Jerome partlet~ted 1n the plannIng of the 
l!Iurve), and J~ Van Horn WhIpple organ1Zed. the tlelCi work. and supervIsed. tbe editIng 
of the IBterlal.e collected.. 
2(he or tbe c-oape.nIes produced equllB8nt In two or tbe 1ndlc&ted categorIes. 
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small surfacers, SIIBll. cut-off Sal<S, scroll saws, shapers, small mold

ers, woodworkers, sanders, wood lathes, tenon machines, lIIOl'tisers ..... nd
tenoners, hand jointers, sash and door stickers, and band, siding. and 

circular resal<S. 

Data c.t>tained fran three of the cmpanies were for sales of sawmill and 
heavy planing-mill machinery only. The remaining four prodUced equipnent 
falling in two or more of the three categories, and the allocation of 
sales to these categories was made on the basis of the sales of indi
vidual new machines. 

The data. obtained for two of the seven canpanies represented insep
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 cmpanies. 

The value of sales of woodworking machinery 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 1920""36. For such years sales of the canpanies for 

. which data were lacking were estimated on the basis of the average pr0-

portions that the sales of these canpanies canprised of the sales of 
other canpanies manufactul'ing similar products. The proportions were 
canputed for years for which the sales of all canpanies were available. 
One of the companies required such estimates for the period 1920-27. 

It was necessary in the case of two companies to divide estimated total 
sales of woodworking equipnent into sales of sawmill and planing-<llUl 
equipment. This was done on the basis of the percentage of all sales of 

the individual companies accounted lor by sales of saWllill and planing
mill equipnent. In one instance estimates for the last 2 months of 1936 
were IIBde on the basis of the average for the first 10 IIKIlths. 

Table B-2 presents a comparison of the value of sales of sawmill and 
heavy planing-<llill machinery by the seven companies and the value of 
sawmill machinery as estimated by the code application division of the 
No.tional Recovery Administration. 

Of the 39 subdivisions of the machinery and allied products industry 
specified by the NRA. 1 manufactured woodworking machiner), with the 
exception of sawmill machinery and 1 manufactured sawmill machinery, 
defined as equipnent "for use in sawmills for converting saw logs or 
tilmers into lU!li>er and other timber products ... 3 Since it is not certain 

whether planing-<llill machinery, even of the limited types contained in 

~t1C1\81 Rec01feT'l" Adllln1stratlon, COC!SS at hit" C~U.Uoa, los. 330-3'13 (AJ)I)rO'Vea 
COC1e No. 34"1, Mar. 17, 19M), VIII, 242, m. 
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the sample, is included in sawmill machinery as defined by tile NRA, the 

canparisons in table B-2 are made on the basis at two sample totals, one 

including and one excluding sales at beavy planing-mill machinery. 

Examination of table B-2 reveals that the volume at sales obtain~ 

in the survey fluctuates closely with the values reported to NRA. The 

percentage which the sample series including sa>IIIlill and heavy planing

mill machinery canprises of the NRA series varies between 51 and 63; 

the percentage which the sample series including only sawmill machinery 

canprises at the NRA series varies bet~ 38 and ..s. 
The NRA registered 17 manufacturers of sawmill machinery, and it was 

estimated that 7 at these C(JlCerns accounted for 75 percent at the sales. ~ 

The NRP machinery-manufacturers survey included five producers at salIIlill 

machinery and two producers at planing-ru.ll IIBChinery. Three at the five 

producers of sawmillllBChinery also lIIIllufactured planing-ru.ll machinery. 

The biennial CeftSUS of lfanv.facturos has reported the value at produc

tion at woodworking macbinery; since 1927 it has also reported on wood

working power-saw blades. Table B-3 presents a canparison between the 

value of total sales at the seven manufacturers included in tile survey 

and the value of product ion of all woodworking machinery as reported by 
tile Census of lfanv.factuns. 

The percentage which the value of sample sales canprises at the value 

at total productioo declines steadily fran 1925 to 1935. It seem reasal

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 at total production repre

sented by the sales sample. 

LUMBEa CABBIEaS 

Data obtained tor three of the canpanies 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 trant-lift truck used 

for piling lumber (this machine embodies the operating principles of 

the front-lift device which constitutes a special feature at one of the 

straddle-truck carriers). In the case ot two of the three canpanies. 

an1:y total sales at all equipment were available for a few years at the 

period 192(r36. and it was necessary to estimate the value at their sales 
at IUlliJer carriers for these years. The estimates were made on tile basis 

·w. H. D1111n_ Repert on lIRA Pre-<lode Iaber an1 PrOlluetlon Statlttlcs (National 
R.aearcb ProJect lIIBmorandUJI. une. based. an NRA tU6 DIlterlalB) ... 
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of the average of the ratios in S1I1TOIIIIdillg ;vears of the value of sales 

of luni>er carriers to total value of sales of the canpany in questiOll. 

One canpany began manu!acturillg carriers in 1921/. and sales for 1927 8IId 

1<)28 were estillBted by straight-line interpolatioo between 1929 and the 

Imam zero in 1926. For two of the canpanies 1936 data were available 

0IIly for the first 9 months; sales for the last 3 months were estillBted 

fran the C)-IIlCIIth average. 

The three e&rrier-manufacturillg canpanies surveyed are the <lilly pro

ducers of luni>er carriers at the present time; other producers have DeVer 

been important. The sample of sales shown in table B-4 is there! ore 

believed to represent practicaU:v all of the sales of lul1i>er carriers 

durillg the period 1920-36. 

The sales data for these machines do not represent sales made onlY to 

the lul1i>er industry. Sales of carriers of the type discussed here to 

industries engaged in activities other than the fabrication and distri

butioo of lul1i>er products have been small in vOlume; on the other h8lld. 

man)' carriers are employed in the wholesale and retail distribution of 

lul1i>er. 

TRACTOR LOGGING BQUIPMENT 

Data for two of the canpanies surveyed cover the value of sales of 

tractor hoists and loggillg arches. OnlY total sales of all eqnipnent 

were available for 1932 and 1933 for one of these canpanies. 8IId it was 
DeC: 5"ry to estimate the value of sales of tractor loggillg equipnent for 
these;vears. The estimates were made 011 the basis of the average of the 

1931 and 1934 ratios of the canpany's sales of tractor logging equipnent 

to its total sales. Data for one of the two canpanies were available 

ool:v through the first 9 months of 1936; sales for the last 3 IIIOInhs ,.;ere 

estillBted fran the 9-!DOOth average. 

There are no canparable data with which to canpare sample sales of 

tractor logging equipnent. An examination of trade journals indicates 

that the two canpanies surveyed are among the leading advertisers of 

this equipnent •. It seems likelY that the sample of sales shCIIII in table 
B-s reflects the course of the sales of this equipnent with reasonable 

accurac:v. 

Bxe~V~TI.B BQUIPME.' 

Each of the three exco.vo.tillg-equipnent canpanies surveyed manufactured 

power shcvels, and one also produced.locanotive cranes. 
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The sales of parer shovels and locanotive cranes to the lunber indust ry 

account for only a small proportion of the total sales of excavat ing 

equipnent of the three cCllpUlies. Their total sales, hCMever, canprise 
a lal-ge portion of the.total production of this type of equipnent. They 
represent between 33 and 61 percent of the total volume of praluction of 

pcIOeI" shovels aDd locanot ive cranes lsee table B-6l. 

Repairs and resales nake up a considerable portion of the sales of two 

of these CCllpUlies: for the third, available data cover onl,y new units. 
The c .... "" of lIanu,fact .. ns nomally includes in its detailed praluction 
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 canpany the 1936 

data were obtained for onl,y 9 mcnths; fignres for the last 3 IOOlIths >ere 
estimated on the basis of the !I1OIlthly average for the first 9 !I1OIlths. 

For another cmpany the figures. for 1920 and 1936 were estimated on the 
basis of the ratios in 1921 and 1935, respectively, of the sales of this 
canpany to the sales of the other two. 

Year 

1920 
1921 
1922 
1923 
1924 

1925 
1928 
1927 
1928 

1929 
1930 
1931 
19.32 

1933' 
1934 
1935 
19S8 

Table B-1.- V.LUB OF •• LBB OF WoOD.oaEIIO KlCBllERT 
BT 8EVS. CoMP •• IB8, BT TTPB OF BQUIPKBIT. 1920-8e& 

(!howumdlo ot 4011 .... ) 

Planing-mi II 
Planing and 

Total Sa .... i~l (heavy 
woodworking 

finishing) 

3,893 2.843 881 589 
2.089 1.370 344 375 
2.454 1.509 439 506 
3.818 2.108 819 591 
3,301 2.091 592 618 

2.887 1.280 489 618 
2,853 1.848 471 534 
1.885 1.039 372 454 
1.587 933 325 329 

1,958 1.222 344 . 390 
1,161 731 230 200 

555 324 115 118 
230 128 39 85 

338 188 114 38 
401 253 107 41 
1I1e 303 l81l 48 
907 828 20S 7e 

• rOl" detlnltlan or apec1tted typea of mCblner, eel PP. lee-8. 



Year 

1_ 
193. 
1930 
1931 
1932 
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~.bl. B-lI. - VAL'OJI OP ~OTAL BALBI AD IIAIIPLB BALBB 
OP WOODWORKIKG MACHIBBRT. lells-all 

Sales of sevea companies b 
Percent. 

of total salee accounted for 

~o"tal •• lesa 
(thouaands of dollars) by a •• pIe aales of -

(thousands S • ..,.ill 
of dollara) Sawmill Plan1.n-g-mill Sawlllli and planing-alll 

lll.achlnery {beavy finishing) aacblaer;,c theavy £inlshln,) 
aaehlnery maehlner,c 

2.440 93. 32' SS.2 51.6 
2.1540 1~222 .... 4B.l 81.7 

1.e08 ~., 230 45.5 59.8 
,760 324 11~ 42.e 57.8 
261 126 •• 4B .. 3 63.2 

-W. H. tllUnpa. ~POl't tlG. NP..A Pre<od.e !.&bcr w Pr"<ld!uctlO1l 8t&tlaUcs (Ha.t10ll&1 Research Pro.teet. 
~.. UG80 bUa4 Cft liSA rna _tarlale). .... "' ..... 
en. .erl •• pre •• ated _7 Dot be aU-Ietl,. c~llfll'llble. It 1$ not kDGlfI1 wMtMl' the lfRl tlpnts 
laelWl8 &alta of pt.l"ts aM rapalrll; ezcep.t tor two 41r the seven coapanlea. such sales are not 
Included In the UJlitJ.e •• rle.. 'f. pU'cent&pa .,. tblretGr1l lIIId.eratau 01' Oftt'State tbe caveraae 
of tbI NQle. 

Table B-8.- VALUE OP TOTAL PRODUCTION AKD SAMPLB SALES 
OP WOODWORKIWO MACHINERY. '18Z&-S& 

Val\le (thousands of" dallal'll) of - Percent. 
Year 

proc1uct.iona Total salea '1-eompan¥ IIBles 
Total 

of seven cCllpaaleeb .... ot total product lonG 

1920 ft. .... e._ -
1921 ,<) 3~61a -, ... It .... 4._ -
1933 ,< ) 6.8N -
1_ D.&. 5~103 -
193. 49~861· 4.112 •• 2 
1936 11.&. 4.320 -
1927 3'1 • .213 8~~4 8.' 
1 .... D .... 2.'169 -
1939 41~827 S .... 7 •• 

'''''0 D.a. 2.18e -
1931 lS.sea 1.090 7.8 
193' D ••• 471 -, ... 8. '11'1 - "". 6.9 

'''''' D.a. 764 -
1 .... 15.683 ... '.4 
1_ 11. ••• 1,'709 -
&IMlw •• JloOl1work1A& _c-hlMrJ and JloQC1worltlll& J)GIIfer-eaw Cl&4ea. Dna tel' 1~ trea 'if,n,,!. 
Otuu 0/ tAtl "'ft«1 $tot'": ,liSO. -Hanuractures: 1928- (U. S. Dept. Ca. •• But'. CauWll. 1!IJM:). 
n. rna, 1102: <lata t.or 1851 frca CflU;.u of Mo"t.I.tactvru: JID.! CU. S. D~pt. Co ••• Bur. Census. 
1_). JIh 120. SICS .. data tor ue II1Id. lie6 he..... 1","" (1if58), Pit- tu. lOiS. 
bae,n .. nta ... Ulu. 

en. CaM10 01 Mmufoetwru prodw::t1aa tlIW'" :n~11J t"etu to new unlU Illd puts: recelpte for 
nlllir work al"tl lated aeparat.e17. Tbe 7-e<apu1l aeries represents sr'on sales UI4 lllcl114ea lnsap
&r&bl. !t .. rer J&rta &rid. "1&Ira. Altbough recdpta rrca rep&il'a e~l.ed .. s.ll wt In4etal'-
1l1natl Pl"o;ol"tlQl Of t1:ll toUt tor rel&ll"fl &M oarta. It La UtlilT tJat tbe D&l'Ceftt&saa &r8 s~t 
tnrlatt4. 
"f'1SUN. fill' woo:twCf't1nS _cbwl7 CI\~ are _~-ose,ooo tar 1El &DIl 144·,44'7,000 for !SIP!!. No efrort 
wu .ade to U:~l.ata tl&m"M far troa::htoI'-klna pcwIr-sur tlla4ee .. was 4«111 111 tbI cue of 1\115. 

-Data tor WOO4WOI""UI;& f-r-u.. Wt\1u wtlH aot l'_ported tel" 1926. 11M 'lalua wu estlate6 b7 
aultlp1J'lq the ft1u. 0 wOOIlWorlJna _ell1na1"}' III 1925 b;r U. lie? raUo or tile nl\M. or _ooawork1DC 
:DC*tr--eD bl&4e. to ua .... 1. ~ wooDu'ltln& -.eh1nerl' • 
•• ~ Dati. !tOt _,,11&ble. 
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Table'B-&.- VALUS OF SALBS OF LUMBBR CARRIBRS, 1880-88& 

Year Thousands of dollars Year Thousands 0 f dollars 

1920 238 1929 508 
1921 109 1930 251 
1922 299 1931 178 
1923 589 1932 83 

1924 447 1933 123 
1925 437 1934 178 
1928 555 1935 388 
1927 393 1938 890 
1928 410 

~ta t"e fer to sales by the onl.7 three manufacturers or th18 equIJ;1DeDt at tile tlJDa 
of the survey. Bales ttl retail and Wholesale dIstrIbutors of lumber are inCluded. 
as 18 tbB SEll vol'IDII!J or sales to otber 1Il4ustr1es. 

Table B-8.- VALUE OF SALB8 OF LOOOIRO ARCHIS AID TRACTOR BOI8!8 
BY TWO COMPARIBS, 1888-18 

(Tbouean4e of' 4011& .. 8) 

Year Logging Tract.or Year Logging Tractor 
arches holst. arches hoists 

1929 85 458 1933 21 85 
1930 63 260 1934 61 188 

1931 19 129 1935 108 362 

1932 20 9 1936 169 601 



Year 

1919 
1920 
1921 
1922 
1923 

1924 
192~ 

1926 
1927 
1926 

1929 
1930 
1931 
1932 

1933 
1934 
1935 
1936 
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Table B-6.- V~LUK OF TOTAL PRODDCTION ~ND SALES 
BY THREE COMPANIES OF POWEB 8HOVELS 

AND LOCOMOTIVE CRANES, 181&-36 

Value of sales by three companles 

Value of Totalb To lumber Indust.ryc 
total pro-

duetlona 
Thousands Percent. Thousands 

(thousands of 
of value 

of Index 
of dollars) dollars of total dollars (1925=100) 

production 

15.3684 n. a. - n.a ~ -
D. a. 1",,478& - 245 121.9 

15.86'74 5.422 34.2 97 48.3 
. n.&. 9,074 - 218 108.5 
29,2264. 14,112 48.3 450 223.9 

n. a. 11,648 - 187 93.0 
32.835! 12,54'7 38.2 201 100.0 
n. a. 13,005 - 158 '78.6 

38,494 t 12,'742 33.1 142 '70.6 
n. a. 14,878 - 196 9'7.5 

49,301 16,952 34.4 111 55.2 
n. I.. 9.941 - 69 34.3 

20,442 8,183 40.0 25 12.4 
n.a. 3,507 - 15 7.5 

5,095 3,108 61.0 0 0 
n. a. 4,568 - 24 11.9 

13,295 6,282 47.3 0 0 
n. a. 8,2188 - 66 82.8 

aBased on Cen.sv of KtJfWfactUf'es: 1925 CU. S. nept. Com.! Bur. Census, 1928), 
p. 1031; J929 (1933J. II. 1099; and 1835 (1936) .. p. 1076. 

bOata are froa HRP maehlnery-manufacturers surve7 and cover two companIes manu
facturIng ~ower shovels and one company manufacturIng both power shovels and 
locClllotlve crenes. Data tor the latter company are tor new un1ts onl, (no repalrs 
or rebuIlt .quipment)~ Data tor the former companIes Include repaIrs and r~salea. 
In the case or one, about 70 percent ot the sales represented salea or new units, 
about 20 percent represented resales. and a~out 10 percent represented parts. 
In the cue of the other. about one-thIrd represented repairs. 
clncludes complete units only. Soae rebu1lt unIts may be lnclUded. The COMP&f\lI' 
manufacturing both power shovels and locomotive cranes sold CIll7 the latter to tbe 
lumber 1n4U8tr,J'. 
ctData for locoaot1ve cranes were not "ported tor 1919, 1921. and. 1923. Va.lues 
were estlmated by multIplying the value of power sbovels in these yeaTS by the 
1925 ratl0 or the value of locomotIve cranes (see ftn. f) to the value or power 
ShoVels.. 
apartl,. aat11llated. 

tCrawler and loccnotl ft cranes were reported in cOlJlblnatlon In 1925 and 192? ~ Ttl-e 
valu. ot locOIlIotlV1t c.ranea onu .. S Itstlmated on the baats of tM 1929 proport1on8~ 
n.a.. Data. not available. 
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DESCRIPTION OF DATA FROM WEST COAST DIRECTORY 

The West Coast Lumb.rman, a trade publication of the Pacific Coast 

lUl!iler indilstries, has published periaiically its /landbook and Directory 

01 the Western Timber Industries. The sections on the lumber industry 

contained infomation for concerns operating logging camps and sawmills 

in each of the various localities. 1 

JATURB OF THR DATA 

Mally of the concerns listed reported their app1'Oltllmte daily capacity 

aDd the nature of their principal items of equip!!Ent. In a considerable 
nUl!iler of instances the nllllDer of items of equip!!Ent was also reported. 

A particular virtue of the directories as a source for equipment data 

is that they cover a large nUl!iler of operations. The 1935""'36 directory, 

for instance, listed 1.'177 Pacific Coast operations.2 The nwrber of 

Pacific Coast mills reported by the C.nsus 01 Ranulactuns for 1935 was 
only 1.090.3 This difference I181/' be explained only in part by the fact 

that the census figure does not include establishl1Jents whose praiucts 

for 1935 were valued at less than $5.000 • . 
The 1933. 1935""'36, and 1937 editions of the directories \olere used as 

the basis for tabulations designed to indicate techniques utilized by 

Pacific Coast logging camps aDd sawmiils. According to the publishers 

of the directory, the material in the 1933 and 1937 directories was col
lected during the early months of the date year and the late mnths of 

the preceding year. The publishers did not specifically state the periai 

during which mterials for the 1935""'36 directory were collected, and it 

was assumed that this material was collected late in 1935 and early in 
1936. The data fran these directories \olere therefore considered to refer 

to the years 1933. 1936, and 1937. 

Unfortunately, reports for many of the operations did not contain in

fomation on equip!!Ellt. Since there is evidence to indicate that reports 

for snaller operations \olel'e considerably more deficient in this respect 

lame concerns h&4 establishments in several localit1es 8l'l4 were accONllngly listed. 
1n each. In aucb. cases the various eatabl1shlllents were considered. to be seParate 
operationa and were 80 tl'9ated In tabulatIons based on the dlrector1es~ 
2LOgglng campa and eawmllls 1'f8I'e counted as separate operatIons Wll&se they were 
operated by the same concern 1n the BaM loaal1ty, In whIch case the sawmill and. 
Ita loggIng camp were counted a6 8. sIngle operat1on. 

3C."""" Of JlamJaciWfls: la35 (U. s~ DePt~ com •• Bur~ Census .. la58). p. 476. 

170 
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than reports for larger operatiolls,' equipnent data for operatiOllS of all 
sizes would therefore be of doubtful significance. In individual size 

groups, however, tltis 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 fran the tabulaHons." 

Another reason for the exclusion of a nUldler of q>erations fran the tab

ulations was tbat reports in earlier directories were less detailed than 

those for 1937; this could be offset only by including in tiJDo cmpari

sons those operations for which adequate reports were available for 1933 

and 1937 and for 1936 and 1937. 

DE8CRIP~IOR OF !BR !jBULA~IOK8 

LogiJIC c_. 
In order to determine cbanges mer tiJDo and differences between camps 

of different size with respect to log-'Yarding equip!lent of Pacific Coast 

camps, a 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 capa.city.8 Ca!pl.risons were DBde for each size group 

between 1933 and 1937 and between 1936 and 1937. In order that dis
tortion due to incomplete reporting might be avoided, the only camps 

included in the 1933-37 cmparisons were those which reported for both 

years the type of log-yarding equipment in use. Camps which failed to 

report on the nUIIDer of units in use were included, for the tabulation 

was intended to indicate, for each of the two years, hOf II8lIY camps used 

donkey engines only, tractors only, or both. The size group to which 

a camp was assigned was determined by the daily capacity reported for 

1937. Where the 1937 estimate was not available, the 1933 estimate was 
used. Where neither was available, the camp was not included in the 

tabulation. The procedure foll<><ed for the 1933-37 cmparisons was also 

follG<ed for the 1936-37 canparisons. Because a nUldler of the camps for 

which adequate 1937 reports were available could not be included in the 

1933-37 or 1936-37 canparisons, a separate distribution by size of camp 

"'See p. 1'15. 
6rbe various tabulations are deserlbe4 in the tOllCM1ng sectlO1. 
8.rhe reported alee of an operatIon Is basee on the owner's estimate or the datly 
c&paclt7 ot his operation. Slnce dittering crIteria may have been used by the 
variOUS OImel"8. the aanlng and COlllP&ra.bll1t7 of tbeae est1mates are open to some 
Question. A DUIlber. of the Ope1"8.tlons were cOftred 10 tbe NRP-NBER logglng-eamp 
and sa_Ill survey .. 8..D4 estimated 4ally capaCities as reported to lmP-NBER fIeld 
agents are quite "lIIltar to those publlsbed In the dlrectOl"les. The sll1Il.arlt.,. 
suggests that the esttmatea In the dIrectories are care tully considered ones. 
In any event. the rtgurea as publ1s.bed are prObab-17 surt1cl~ntl.y accure.te to show 
generall7 the differences In equip.ent aSSOCiated wlLh dIfferences 10 81&e 
or operatlans. 
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aDd type 01 log-farding equiptrent was made for all ClIIIt'S whose 1937 re
ports were sufficiently detailed to permit this. The results of the 
log-yarding tabulation are presented in table C-1. State break-downs 
of the 1937 distribut ion are shawn in table 0-:.. 

A tabulation similar to that for log-yarding equipment was made for 
log-hauling equipment (locomotives aDd trucks). The results are pre
sented in tables C-J and ~. 

A cOlIStruction-equipment (bulldozers and pooer shovels! tabulation, 
shawn in table C-s, was also 118de. In this tabulation, harever, 110 ef

fort was made to mire CCJlilarisOllS over time, and the data refer to 1937 

only. FurtheI'lOOre, the basis for selection of camps to be included in 
the tabulation differed. It was helieved that all camps required log
yarding aDd log-hauling equipment, aDd therefore differences in tech
niques could be indicated by differences in the types of equipment in 
use. Not all ClIIIt'S, harever, have need for cOlIStruction equipment of 
their awn, aDd a different criterion was sooght for inclusion of camps 
in the cOIIStruction-equipment tabulation. The criterion selected was 
cOllilleteness of reporting; the test for this was: did the camp report 
adequately on the type of log-yarding or log-hauling equiptrent used? 
Thus the "Nwmer of camps reporting" in table C-s includes all ClIIIt'S in

cluded in the distributiollS of "All camps reporting in 1937" as shown 
in tables C-l and C-J. 

It should be noted that the changes over time shawn by this series of 

tabulatiOllS, based as they are on groups of identical canpanies, my be 

somewhat biased. It was not possible to trace changes in ownership of 
the ClIIIt'S, nor was it feasible to trace changes in location. Thus the 
groups of ClIIIt'S are identical with respect to CJI'Ilership aDd location as 
well as canpleteness of reporting. Such calII's are likely to be IOOre 
s table than the average in terms of the length of the period of cutting 
a.t a. single location aDd a.re therefore likely to employ methods which 
a.re sanewba.t different fran those eq>loyed by canps which move frequently. 
This a.pplies pa.rticularly to the methods used for hauling logs. 

It should be recognized, furthermore, tha.t 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 identica.l C8llpS, for new camps are 
likely to enploy new techniques. 

Another series of tabulatiOllS was 118de. This series'is concerned witb 
the n1llltler of units of particula.r types of equipment in use ra.ther than 
wi tb the n1llltler of camps using them. There are three tabUlatiOllS in the 
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series dealing, respectively, with log-yarding, log-hauling, and con

struction equipment. No distinction is made between units used in small 

and large canps. In this series, as in the preceding one, data for 1933 

and for 1936 are ~tely canpared with data for 1937. 

In the tabulation dealing with log-yarding equiJ?lll'nt the nWli>er of 

donkey engines and the nWli>er of tractors used by a group of camps in 

1933 are canpared with the nUlltler of each used by the same camps in 1937. 

Data used in the tabulation are for those cal1!PS which reported on the 

number of units of log-yarding equipment and on type of log-hauling 

equipment in both years.7 Failure to report on daily capacity did not 

constitute grounds for exclusion. The description of the 1933~7 can

parisons also applies to the 1936~7 canparisons. In addition to these 
canparisons CNer time for groups of identical CIlIIpS, the nUlltler of donkey 

engines and the nUlltler of tractors used by all canps 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 

" trucks and railroad mileage) and construction equipment (l11lIIiler of parer 

shovels and nlllliler of bulldozers I ; these are sbo;n in tables 9 and 10. 

Because of the fact that bulldozers were not introduced in Pac if ic Coast 

logging canps until 1932. adequate data for 1933 could not he Obtained; 

the 193n7 canparison for bulldozers is accordingly anitted fran ta

ble 10. The criteria used for selec):ing camps to he illCluded in the log

yarding tabulation were used in the case of the log-hauling tabulation. 

In the case of the CODstruction-eqniJ?lll'nt tabulation, however, SCIIe m0d

ification was necessary because of the fact that Dot all camps needed 

construction equipment of their !MI. Camps included in the construction 

tabulatiOll were those which reported the tYPe5 of log-yarding or log
hauling equipment in use in both years; thus the camps included in the 

construction tabulation (table 10) include all CIlIIpS included in either 

the log-yarding or log-hauling tabulations (tables 8 and 91. 

The changes over time indicated by this" second series of tabulations 

for logging cal1!Ps, being based on the experience of identical camps, 
are subject to the kind of bias discussed in connection with the timt 

series. Unlike the fimt series, which deals separately with camps of 

different size, these tabulations are subject to bias introduced by the 

relative overrepresentation of the larger CIlIIpS. 

7SUch C&lIPS are believed to bave reported tullY on type or equIP_nt. Aecordlng17, 
a CU1P which 414 not report at all on a gtUD type of yarcl1ng equtpent tor one or 
the two 3earl tra8 aseWDe4 to bave used no units of that 'type of :Jardlng eQutpaent 
In tbat 7tar. and data tor the camp were luelUded. In the tabulat1on.. However, 
a CIllIIP that reported. the use ot a gInn type ot 7anl1ns equipment wIthout "speCl!7-
tna: tbI mzmber Of units 1n use was not lDCIUded.. 
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InfOnll!ltion appearing in the 1935""36 edition of the directory was used 

in order to distribute sa .... ; 11s by type of jJeadsaw used (band saws ally, 
circular saws only, or both) and by type of pao'er used (steam ally, eiec

tric only, or both). 8 These distributions were mile separately for eacb 

of the five size groups. 9 All mills which indicated the type of beadsaw 

used were included in the t~-headsaw tabulation provided tbat they 
reported also their daily capacity. Similar criteria were used for the 
inclusion of mills in the t~""flOrer tabulation. The results of these 

tabulations are presented in table C'r6. 

Table c-, presents the results of a third tabulation of sawmill equip

ment. Tbis tabulation was mile by counting the n1lll'ber of mills which 
reported using specified types of. equiplJent. As in the case of tbe other 

two tabulations, the mills were assigned to their appropriate size class; 

where this could not be done, the mills were not counted. The first line 
of figures of. table c-, indicates tbe total nUlltJer of. mills reporting on 
any type of. sawmill equipD!nt in use and on daily capacity. 

COVIIllOB OF ~1111 ~AIIUL&nOIf. 

Indications of tbe extent of. the coverage of the tabulations of. l~ing 

C8l!PS according to types of. equipD!nt in use are given in table C-8. In 

table ~ are given similar figures for the tabulations on nwnber of 
units of such equipment. Table C-I0 gives the coverage of. the type
of-headsalf and type-of-pao'er tabulations for sawmills. The measure of. 

coverage used is the percentage that the nUlltJer of. logging C8l!PS Ol" saw
mills used in a given tabulation for a given year is of the total nWdler 

of legging <:aDpS or sawmills listed in the directory for tbat year. 

With respect to the tabulations of logging camps reporting type of 

equipD!nt in use, 31 to 37 percent of the camps in the 1933 directory 
were included in the tabulation. Of the C8l!PS listed in tbe 1935""36 di

rectory, 29 to 39 percent were included in the tabulation. Of the C8l!PS 

in the 1937 directory, '13 to S6 percent of. the camps reported in suffi

cient detail to permit their inclusion in the distribution III!de for 1937. 

Cot lesponding percentages for the tabulations dealing with the llwnber 

of logging-caI1p eqUiplEllt units in use are as follCJolS: aq. to 27 for 1933, 
• 22 to 25 for 1935""36, and sa for 1937. 

SAn examination or data tor other yeara 1nd leat&t1 that changes In sawmIll equtp
ID&Dt mar the periOd or tlms covered by the avallable directoriea (1933-37) were 
note or aufUcient. 1B8Il1tUde to warrante aeparate tabulatIons tor each 19a.r. 
9Sel ttn. 0 or th1s append. tx. 
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The type-ot-headsaw tabulation for sawmills covered ~6 percent of the 
sawmills listed in the 1935""36 directory; the tr.p<Hlf-porer tabulation 

covered 38 percent. 

The State distributions of the logging camps and sawmills included in 
the various tabulations were reasonably similar to the distributions of 

ill listed logging camps and sawmills. This my be seen is tables e-s to 
0-10, which present also the State coverages of the various tabulations. 
It will be 'noted that California logging camps are relatively overrepre
sented is most of the tabulations; Washington 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 

cOllp!.red witb thase of operations which did not report, special enumera
tions were nBde of operations listed in the 1935-36 directory. Opera
tions were separated into two classes: those which reported on capacity 
and On sane types of equipment and tbase which failed to report on one 
or both Of tbese items. The first class includes operations eligible 
for inclusion in one or more of the tabulations; the second inclndes 
operations which could not have been included. The two classes were sub
divided according to type of ownersbip - cOllqlany, partnership, or in
dividual. The nUldlers of operations in each class and subdivision are 

given in table 0-11. 

Table 0-12 presents a distribution of those operations arned individ
ually or in partnership whicb were eligible for inclusion in at least 
one of the tabulations. An examination of tbis table sha.s that an over
whelming majority of the operations having such ownership are in the 
SllIIlllest size class (daily capacity of 1 to 49 tbousand board feet) and 

are concentrated in the la.er half of that size class. Witb but ffM ex
ceptions, none of the operations distributed' in table 0-,2 had a daily 
capacity exceeding 100 tbousand board feet. 

An examination of data in table 0-11 in the light of the data in table 
0-,2 suggests that a lIBjority of tbose operations which could not be in

cl\ded in any of the tabulations were in the smaller size groups. Whereas 
only 21 percent of the operations eligible for inclusion in the various 
tabulations were arned individually or in partnership, s8 percent of the 
ineligible operations had sucb ownership. It therefore appears likely 
that the tabulations are appreciably more representative of the larger 
operations. 



T.ble 0-1.- .UMBBa or PAClrIC COA.T LOOOIIO CAMPI aRPOaTIIO 01 LOG-YARDI.O BQUIPKB"', 81 DAltY C.,ACITY 
• AID TIPB or IQUIPMBIT, 1881, 1888, A.O l8aT 

DaH.v oapac.lt.v (M ft. b. II.)· 

Years 1-"" 1iO-99 100-249 250-499 1i00 or over 
and t..vpe of el\uipment 

Earlier Earlier Earller Earlier Earller 
year 1937 .vear , 1937 .vear' 1937 .vear 1937 year 1937 

152 camps report.ing in 1933 
and 1937 22 22 25 25 53 53 36' 313 16 16 

Number emplo.ving -
Dontey engines only 14 12 20 16 22 13 18 14 12 7 
Dontey engines and t.ractors 6 7 " 7 15 25 9 13 3 8 
Tractors only 2 3 1 2 16 15 9 9 1 1 

2680 camps reporting in 1936 
.and 1937 86 813 52 152 65 65 45 45 18 18 

Number employing -
Donkey engines only 46 43 29 23 22 19 19 16 8 7 
Dontey engines and t.ractors 21 25 16 21 29 29 17 19 8 9 
Traetors only 19 18 7 8 14 17 9 10 2 2 

All camps (409) reporting 1n 1937 - 136 - 91 - 107 - 54 - 21 
Number empl<>.v1ng -

Dontey engines only - 70 - 39 - 32 - 20 - 8 
Dontey engines and tractors - 33 - 35 - 45 - 24 - 11 
Tract,ors onl,y - 33 - 17 - 80 - 10 - 2 

*capacit7 1n 1937. Where thl, was not ava1lable, capacit7 1n the 'earlier year' was ueed. 
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~obl. C-B.- WUKBBa or P~CIFIC CQA8~ LOGeI.e CAMPS aBP08rI.a 
o. LOG-Y£lDI.e I'OIPK&~. BY D~ILY C~~CIYY. IY~ • 

.lID Yn>B OF B'OIPK&~. 1117 

Da117 capaclt.:r 1D .188" 

St.a1.e 1M n. b. a. J 

and l.7Pe of ~paellt 500 
1-49 5()...99 100-249 25G-499 or OftI"' 

Call forDi. caps 
(641 report,ing 22 9 22 9 2 

.u.ber -ISP~07iD.Q -
DoDkeJ" engines olll,. 1 0 1 1 0 
Douq engines and t.racto rs 6 4 10 e 0 
1'raetors only 15 II 11 2 2 

Oregon c_ps 
(201) reporting 6'1 55 54 24 1 

Wuaber eaploTlng -
DoDkq aglDes onl7 46 24 12 II 1 
Douq engines and traeto rs 10 23 29 11 0 
7'ractors oDl." 11 8 13 7 0 

Washington caps 
(144) reportiag 47 27 31 21 18 

.uaber eaplo71ng -
Done7 englnea only 23 111 19 13 7 
DoDke7 enillnes and tractors 17 B 6 7 11 
1'racto rs onl, 7 4 e 1 0 



'able C-a.- IOVBKB O~ PACI~IC COAST LOOOIIO CAWP8 alPOBTIRO 01 LOO-BAULIIO BQUIPMBRT. BY DAILY CAPACITY 
AID TIPB O~ BQUIPMB.', 10", 1088. AID 19.' 

Dail!" capacH!" 1M ft.. b. m.)& 

Years 1-49 150-99 100-249 250-499 500 or ove .. 
anel t.;vpe ot equipment. 

EarHer Earlie .. Barlier Barlier Earlier 
year 1937 ,year .1937 year 1937 ,year 1937 year 1937 

128 camps reporting 
in 1933 anel 1937 9 9 21 21 49 49 34 34 1:5 15 

llwaber employing _ 
Lo coila tl ves only II 5 17 13 46 315 33 SO 15 14 
Locomotives anel trucks 0 1 1 2 2 10 1 3 0 1 
Trucks only 4 3 3 8 1 4 0 1 0 0 

197 cam08 reporting • 
in 1938 and 1937 40 40 33 33 62 82 44 44 18 18 

lIumber employing _ 
Locomot.ives only 8 8 19 14 51 3B 44 38 18 17 
Locomo tl ves anel trucks 3 1 1 3 iii 10 0 IS 0 1 
Trucks onl!" 29 31 13 18 9 14 0 1 0 0 

All camps (349) reporting 
in 1937 - 102 - 75 - 102 - 50 - 20 

lIumber employing -
Locomotives onl!" - 7 - 20 - 49 - 43 - 18 
Locomotives anel trucks - 2 - 4 - . 19 - e - 2 
Trucks onl!" - 93 - 51 - 34 - 1 - 0 

.. 
8aee table c-t. ttn. a. 
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Table C-•• - BUMBER OF PACIFIC COAST LOOOIIO CAMPI RBPORTIRO 
OR LOG-HAULIK. EQUIPMEIT, BY DAILY CAPACITY, STATE, 

UD TYPB OF EQUIPMEIT, 188f 

Dally capacity in 1937 

Stat.e [M Ct.. b • .. ) 
and type 0 f' equipment. 500 

1-49 50-99 100-249 2:50-499 or over 

California camps (58) reportIng 16 6 21 9 2 

NWlllber emplo)'in~ -
Locoaotlves onl~ 0 1 12 '1 1 
La como 1.1 ves and trucks 2 0 2 2 1 
Tru.cks only 18 'I '1 0 0 

Oregon camps {.le9} report-inti 51 « 52 21 1 

Nuber employing -
Locomo-t.i ves only 2 12 2S 16 1 
Loco.otives and t.rueks 0 2 11 4 0 
Trucks only 49 SO 18 1 0 

Washington CutpS (122' reporting 33 23 29 20 1'1 

Number employing -
LccollOti ves onl", 5 7 14 20 16 
Locoaotlves and t.rucks 0 2 8 0 1 . 
~nlcks onl,. 26 14 9 0 0 

Table C-8.- RUMBBR OF PACIFIC COAST LOOOIN. CAMPI RBPOBTIBO 
COI8TBUCTIO" EQUIPMENT, BY DAILY CAPACITY, 18a7 

Da117 capaclt7 in 1937 
(K ft. b. ... ) 

Typ4! of' equipment. 
500 

1-49 50-99 100-249 250-499 or over 

"WIlber of c .. ps reporting 187 95 109 55 21 

!fWD ber 0 r cut.ps repo rUng 
bulldor.era 7 31 55 22 11 

Percent of total number 
of cam.ps 4.2 32.6 50.5 40.0 52.4 

NWIl'ber of bulldozers report.ect& 'I 31 84 29 24 
4veraiile num.ber or u.nlt.s 

per caap report..ing 
bull40aers 1.0 1.0 1.2 1.3 2.2 

IfUilber or c .. pa "Ntport-lng 
pover shovels 0 e & 42 1e 

Percent or tot.al nuaber 
or camps 0 e •• 48.8 76.4 65.7 

Nwaber of shovels report.eda - 9 69 76 64 
A.veraie D.laber of u.nl ts 

per ca.p reporUng 
abovels - 1.1 1.4 1.e 3.6 

linIn .... tl-a data. in tab~· lA tbat e t 
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Table C-O.- WUMBEa or PACIrIC COAIT SAWMILLS ftBPOaTIIO 01 TYPB 
or BEADIAW ARD TYPB or POWEa, BY DAILY CAPACITY 

AID TYPB or BQUIPMBIT, 1880 

Dally capacity in 1938 

Type ot headsaw 1M ft. b .... ) 

or tyPe of power 500 
1-49 !iO-99 100-249 250-499 or over 

Mills reporting on t.ype 
of headsaw 280 87 127 24 11 

Number employing -
Band saws only 30 !iO 1011 22 10 
Band and circular saws 4 1 3 0 1 
Cl rcula r saws onl7 - 246 38 19 2 0 

Hills reportlnll on type 
of power 209 69 H8 23 9 

Number em.plo~inll -
S team: power onl.y 172 311 29 II 0 
Steam and electric power 13 19 116 10 8 
Electric pover only 24 111 33 8 1 

Tabl. C-T.- WUMBEa or PACIrIC COAIT SAWMILLS ftBPOaTIIO 
SPECIrIED TYPB or BQUIPMBIT, BY DAILY C£PACITY. 1880 

Dally capacity in 1936 
(M ft. b ••• ) 

Type 0 t equiplIlent 
500 

1-49 50-99 100-249 2!iO-499 or over 

Number of allIs reporting 
on eQ.uipaent& 299 94 133 25 11 

Number employing -
Gang sa"s 3 10 28 13 8 
Planing .. 111a 157 73 118 24 11 
Lath mll1a 13 23 81 18 9 

Dry klln. 35 28 87 25 10 
Shbgle 81118 19 15 13 4 e 
So .. factories 11 9 18 a 1 
Machine ahops Hi 24 62 14 10 

1 11.,1\11411 111111 luclUdtc1 elaewb&re 1D thlS table or in tattle c-e. 
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T&ble C-8.- COVERAGE OF PACIFIC COAST LOGGING-CAMP TABULATIONS 
REFERRING TO TJPEB OF EQUIPMENT IN UBB, 1&88, 1988, AND 1937& 

Total Number of camps Camps in tabulation 

Year number in t.abulat.ionc as percent of tot.al 

ami St.ate of Log LoG Construo- Log Log Construe-
campsb yardinf haulln.g tion yardinQ hauling tlon 

1933, total 413 1'. 128 (d) 38.8 3.1.0 -
Call £'omia 7. 31 27 (d) 42.6 37.0 -
Oregon :182 6. 4S (d) 35.7 26.4 -
Washington 158 56 •• (dl 35.4 33.5 -

1936, total 680 266 197 (d) 39.1 29.0 -
Call fomia 87 46 3' { .) 52.9 40.2 -
Oregon 272 121 sa (d) 44.5 32.4 -
Wa.shington 321 99 74 ( dl SO.8 23.1 -

1937, t.ot.al 80. 409 349 447 50.8 43.4 55.5 

Call ibmi. 103 64 58 70 62.1 56.3 68.0 
Oregon 374 201 169 .,6 53.7 45.2 57.8 
Washington 328 144 122 161 43.9 37.2 49.1 

• Figuru- ar8 tor all euws, wblltber reportll1 U operated aeparate11 or In conJunc't1on wltl1 
1JD'D1llB. 
1J.!1l CaQ8 Hated 1D. tbe respectIve dtrectories • 

. CThe lQ83 tlgurea Include oD17 CUUJS that report" adeQuatel7 on tbe specified t:nte-3 of 
equlpaent for 1937 as well as 1933 and on 0117 capUltl tor 19.'53 or 1937; the 193e Ugwoe8 
inelUde onl$ CUlps which l"el)Orte4 til a slmtlar17 a4*quate fubion tor UBe &1111 11&'1~ Tl1a 1937 
Ugurea. hcJJlever. 1nclW1e ell campa wblch reported ad*QUat&-17 tor 1957. 
4rabulatlOD not JII4t; for th1a 1881'4 

Table c-e.- COVBRAOB OF PACIPIC COAST LOGGING-CAMP tABULAtIONS 
R&FBRRING TO NUKBER OF EQUIPMENT UNITS IN USE, 

1988, 19.8, .N» 1937& 

Total Number 0 t camps Camps in tabula~ion 

Year nutDber in tabulatlonc as percent of total 

and St.ate of Log Log Construe- Log LoQ Const.rue-
campsb yarding hauling tion yarding haullng t.ioD. 

1933. total U3 106 100 111 25.7 24.2 26~9 

CaU f'ornia 73 22 20 23 30.1 27 .... 31.5 
Orel1on 182 40 37 41 22.0 20.9 22 • .5 
Waahlniton 158 •• 43 4' 27.8 27.2 29~7 

19se, tot-al 680 186 149 172 24." 21.9 25.3 

Call.fo",,1 a 8. 3S 31 3' 40.2 35.6 40.2 
Oregon 272 ee OS 71 25.0 21.3 26.1 
V.shillgton 321 63 60 66 19.8 18.7 20.6 

193'1. tohl 80S 469 .69 469 OS. 3 58.3 OS. 3 

Call£ornla 103 •• 77 77 74.8 74 .. 8 74.8 
Orelloll 37. 227 227 227 60.7 60.' 60.7 
Vaah!nlfton 328 16" 160 16. 00.3 "'.3 "'.3 

&rlaurea .,.. tor &11 Ga;e ••• tber "portee separate17 (It' 1110 corlJWlCtlon Wlth sUBllls. 
bl.ll c .... l1st.d In tbe l"Itspectlft 41rectorle •• 

~ tC1S3 figures lllClude cm17 caps tb&t reported. adeQU&te17 011 the IUDlb61" or units or the 
apeclU.d. tnu or .Qulpa&nt tor 195'1 as ~ll u less. the 1lia! !1gures Include Onl7 c.1I£)5 
Whleh reported In • 11"1l • .r~ adeqll1.U fUhl00 tor lie, Ud U181.. n. !Iii'}' t1guraa. hOlleTU', 
1bc1uG. all c ... trhlch r.pert.f:li a4equattlJ far 1m. 
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Table C-l0.- COVBRAGB OP PACIPIC COA8T SAWMILL TABULATIOKS 
RBPBRRI.G TO TYPES OP BqUIPMENT IK UBB, 18.e& 

Number of mills Hills in ~abulation 
To~al in tabulat.lonc as perc~Dt of to~al 

Sta~e number 
of millJ> Type of Type of Type of Type of 

headsaw power headsaw power 

Total 1.139 529 428 46.4 37.6 

California 2SS 92 7S 39.5 33./; 
Oregon 492 217 168 44.1 34.1 
Washinllton 41.4 220 182 53.1 44.0 

·'lgur8a are tor all mIlls. whether reparte4 as operated. ae»&r&te17 or 1n ConJunc
tIon wUb loggIng camps. 

bAll millS listed 1n tbe 1&36-36 -dlrectOl7. 

cAll .Ula reportIng a4equate17 OIl tJPe 01' he-8d8.w or power used In 1936 and on 
dal17 capaclt7 In 1938. 

Table C-l1.- DISTRIBUTIOI 0' RBPORTIBO ABD BORRBPORTIIO 
PACI'IC COAST OPERATIONS, BY TIPE OP OWNERSHIP, 19Se& 

Type of ReporUng Nonrepo rt.lng 

ownership Num.ber Percent. Nuaber Percent. 

All operatiOns b 

To~al 694 WO 783 100 

Company 548 79 331 42 
Partnership 65 9 144 19 
Individual 63 12 308 39 

Logging camps 

Total 442 100 238 100 

Company 339 77 110 46 
Partnership 50 11 43 18 
Individual 63 12 85 36 

Sa_ills 

Total 687 100 552 100 

Company 464 79 226 41 
Partnership 66 9 101 18 
Indi vidual 6a 12 226 41 . 

8A -reportins. operatIon Is one whIch reported on eapaclt7 8M on some ttems-ot 
equipment; & anonn.port1ng. opere.tlon 18 one wb:1cb. taUed to report on one or both 
or thas, 1 teM. 
bLoGG1na: CQp& and 8ewm1l1s operated In conjunctIon with each other are cons1dered 
a single operatIon tor purposes of tD!. table. or the reporting lOBSing camps. 
ass were operate4 In conjunction wlth aawmll1a; or the logg1ng campa tor whIch 
there war. no reporta, 7 weNt operated in ConJunctIon wIth allwmlllaa 

'- . 

'-', , .- . 
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~.bl. C-la.- DJ8~a1BDTIO. or aBPOa~I.O p.ClrIC CO"~ OPB"~IO.8 
OWlfBlI IIIDIVIDU.LLY .IID n p .. ~nUIIP. 

BY D.ILY c .. .cJYY. 18.S" 

Type 
operat.ionsb of ovnersblp Ul 

and 
dal1:v capaci t;v 
eM ft.. b. a.) )fUllber 

Individual 63 

1- 24 50 
215- 48 26 
150- 74 3 
715-100 3 
Over 100 1 

Par'tDershlp 65 

1- 24 3S 
25- 48 20 
50- 74 9 
75-100 3 

"su table C-U. rta. .. 
bs.. table C-U .. tt.D. b. 

Pereent. 

100 

eo 
31 

4 

" 1 

100 

51 
31 
14 

" 

Logging "allps 

lfuaber Percent. 

53 100 

26 49 
21 40 

3 5 
2 4 
1 2 

50 100 

25 50 
13 26 

9 18 
3 6 

Sa_ills 

H.-her Percent. 

ee 100 

44 65 
21 31 

1 1 
2 3 
0 0 

55 100 

31 56 
19 35 

3 5 
2 4 
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DESCRIPTION OF DATA FROM SOUTHERN FOREST SURVEY 

The K:Sweeny-McNary Forest Research Act of 1928 authorized the United 

States Forest Service to CDIIduct a NatiOlHdde survey of forest resources. 
The findings of the Southern Forest Survey, which was conducted pursuant 

to this act, represent the most canplete and detailed body of data avail
able regarding the southern lumber industry. Throngh a cooperative ar

ranganent the Forest Service II1ade sane of these data, collected in 193'+, 

available to the "Studies of Productivi t7 and Fmpl.o1ment in Selected In
dustries" section of the National Research Project. The data were sup

plied in the fOtm of a special~ unpublished rep;>rt dated NoveDber I, 1936. 
Later the Southern Forest Experiment StatiOl1 supplied tabulation sheets 

of the Southern Forest Survey m types of equipnent enployed. 

The territory covered by the survey is shown in figure 1)..1. It includes 

the Gulf States IAlabama, Florida, Louisiana, and Mississippi); Georgia; 

the JllCSt important pine-forest regims of Arkansas, OUahana, and Texas; 

and the Delta hardwood-forest regiOl1s of Arkansas, Kentucky, Missouri. 

and Tennessee. A small section of South Carolina is also included. 

Operations of different sizes enploy different techniques. For in

stance, about hal! of the mills ha:ving a daily capaci t7 of 20 to 39 thou

sand board feet and practically all mills having a lower daily capacity 
1Ila1 he considered to be portable mills. However, sane of the very small 
sawnills are pemanent neighborhood mills attached to plantations or d0-

ing local custall sawing. <AI the other band, all of the largest sa>mills, 

those wi th a daily capacity of 110 thousand or more board feet, 1Ila1 be 

considered stationary. The mills surveyed were broken down into five 

size groups, and separate data are presented for mills in each group.! 

In addi tion to break~s by size, break~s were also made accord

ing to the species of ludler constituting SO percent or more of the pr0-

duction of tbe particular mills in 193'+. the year of the snrvey. This 

latter break-down consists of three categories: pine, hardl«Jod, and 

cypress. 

1S1s• etasattlcatlona 111ft based on rate4 capacIty In thousands at board. rase per 
10-h0u1" day. The ce:pacl tIN reported tor each ml11 were trequent17 ba.e&4 on an ar
bltral7 estImate made by the 8umlll operator. These estlJ18.tes may be subject to 
c0D8Iaerable error and 1187, turthtnaore. be based; em aittering crIterIa. -Thus 8CIDI 
operators undereatlllate4 c8D8.Clt7 by quoting the cut und.er 1934 CQElcUtIOllS. w)u)reaa 
otntrs OYIre.t~tea cepacI~ b7 reportIng the cap&elt, which the operatIons ml8ht 
ban had tormer17 when a favorable timb.r auPP17 .xleted. Although tbe d1vlslon ot 
the allla tnto th8 .pec1tl&d alu group ..,. not be altogether accurate. It 18 never
thele.s suffIcIent to ditrerentiae. In a general fash10n between the practlc •• 
and aparl.nol. ot operatlona of dlttlrent sIzes. 

184 
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Figure D-l.- SOUTHERN FOREST SURVBY TBRRITORY 
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The Southern Forest Survey material has been used in this rEPOrt in 
order to obtain infonnation for southern operations on equipnent in use, 
unit labor requirenents, and life expectancy of mills. 

D~T~ ON BQUIPKBHT IN U8B 

A sample of 839 ~ations was used by the Southern Forest Survey in 
order to determine the short-ilaul equipnent in use in southern operations. 
The operations were asked to supply information regarding tbe means of 
transportation used to move logs froJl the stump to the beginning of the 
long haul. The replies are SUIIIIlarized, by size of mill and predaninatiug 
species cut, in table D-l. 

Infonnation on equipnent used in the 100g haul was also obtained in the 
survey, in this instance fran a sample of 862 operations. The sample 
operations were asked to check blanks provided for the folla."ing itans: 
Team, truck, tractor, logging railroad, caJJIIOlI-carrier railroad, barge, 
and raft. They were also asked to specify and descrihe briefly any other 
equipnent in use. The reports obtained on long-haul equipnent are ..

marlzed in table 1>-2. 

The survey likewise sought infomration regarding equipnent in use in 

sawmills. A total of 901 southern mills checked one or more of the 
foIlOk'ing items: Band saw, circular saw, gang saw, resaw, planer, and 
drY kiln. The replies to this quell' are presented in table D-3. 
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Data presented in tables D-l to D-3 were obtained fran the tabulation 

sheets suPPlied by the Southern Forest Experiment Station. 

DATA OK VKIT LABOR RBQVIRBKBMT8 

logging and sawing uni t labor requirements of 651 southem operations 

are presented in table~. Data are presented separatel¥ for mills cut

ting pine predaninant:i¥, for mills cutting hardwood predaninantl¥, and 

for all mills regardless of species cut. As in the case of equirment 

data, separate figures are shown for mills falling into one or another of 

the different size groups. 

Average lIDi t labor requirements were calculated fran information 0b

tained fran responses to sev~al questions. Operators were asked to 

indicate the nlllllber 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 iilfotmation 

on the nlJllber of hoors worked in the woods and in the mill. In addition, 

infonnation at daily cutting capacity was requested. These queries were 
to be answered on the basis of fnll-.:apaci ty rather than 1934 operation. 

Large mills were known to snrface a much larger proportion of their prod

uet than the small mills. Although labor employed in surfacing was in

cluded in the reported totals, operators were asked to supply infonnation 

on the proportion of the product surfaced. Responses to this last ques

tion indicated that abont 80 percent of the output of the largest pine 

mills - those which cut 110 thousand or more board feet per day - was sur
faced; a much smaller proportion of the output of small pine mills and 

of all hardwood mills was surfaced. 

Catcentration yards (mills that finish and market unsurfaced and fre

quentl¥ unseasoned lllIIIber cut by a number of small operatimsl were not 

included in the survey. 

Intoll!lation at unit labor requirements was contained in the gpecial c0-

operative report supplied to the Natiatal Research Project by the United 

States Forest Service. This report also contained information 011 unit 

labor requirements in 58 operatims in the Lake States. This infomatioo 

is stmnarized in table D-s in cauparison with data for the Southem Forest 

Survey terri tory. 

DAYA 01 LIVE .XPECYAKey OP KILL8 

The infOt'lll!.tion on life expectancy of mills presented in table 3,2 was 

obtained trom 8.l!86 operations. These operations were asked how long a 
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lifetime they anticipated in the illInediate vicinity of their l~ loca
tion. Information on 193~ output, rated daily capacity, number of per

SOlIS enployed when operating at capacity, and number of hours worked when 

operating at capacity provided the basis for determining the 19~ "em
ployment" of individual mills. 'These "enplo)'ll1ent" figures represent the 

number of man-fears of enployment. requi red to produce the 193~ output.. 

A man-feal' was arbitrarily assumed to be made up of 200 le-hour working 

<!als. 

Replies to the question on life expectanq represented, of course, the 

operators' best opinions. In the case of a number of the largest mills 

which were cutt.ing virgin t.imber fran their own lands the answers were 
definite and probably rather accurate. Answers fran mills cutting ~ 

nant old-granh stands, second-growth tintler, and purchased timer were 

often indefinite and at best were good guesses. Answers fran portable 

mills, which operate at each new location on S!Bll. stands and which fre

quently compete with other mills in cutting these stands, are probably 

rough guesses. 'The United States Forest Service has found that operators 

are IOOre likely to err in the direction of underestimating the future 

timer supply. (At the other hand, the Forest Service has estimated that 

southern mills were in general operating at about a third of capacity in 

193~; operators n>a7 have based their estimates of anticipated lifetime 

in the 193'1 vicinity on an assumed future extent. of capacity utilization 

varying fron the proportion of capacity utilized in 193'1 to full capacity 
utilization. 

The data in table 30, therefore, can he used only to indicate the ~ 
of timber depletiOll on the security of job tenure of workers attached to 

southern mills. 'They cannot be used as a basis for determining emplO)'ll1ent 

opportunities to be afforded by southern mills or nnenployment resulting 
fran the cutting-otlt of mills. 

'The source of the data 011 life expectancy was a United States Forest 

Service memorandum to 1. F. Eldredge, who directed the Southern Forest 

Survey. A copy of this memorandum, dated December 2, 1936, was made 
available to the National l!esearch Project by the Forest Service • 

.llU.LTSI8 OP TBB 8.l11PLE8 

X .. 'ber- ot Itl11a 

Table D-6 presents, for the southern forest territory as a whole, the 

proportion of the mills in each size class cowered by the various Sllllples. 

'The equip&ellt SIIIIples inclnded roughly 10 percent of all mills. In each 

of these SIIIIples, however. a much greater pr<lJ.)OrtiCll of the large than of 
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tbe snail mills was covered. The samples of mills having a dai17 capac
ity of at least ~o thousand board feet were quite large, constituting 

more than 60 percent of all mills of that si ze. An adequate sample of 

about 35 percent of tbe medi_ize mills I those having a daily capacity 

of 20 to 39 thousand board feetl was obtained. The number of snaller 

mills covered is large although tbe percentages which tbe samples canprise 

of the totals are small. About 8 percent of tbe mills having a daily 

capacity of 10 to 19 thousand board feet are included in the equipnent 

samples; tbe percentages for mills having a dai17 capacity of less than 

10 thousand board feet are about halt this magnitude. The very small 

mills which serve neighborhood markets are inadequate17 represented in 

tbe samples; however, the large numerical representation of snall mills 

tends to canpensate this inadequacy. 

The sanple used for data on unit labor requirements is sanewbat smaller 

than tbe equipment sanples. at tbe 8,'102 mills in tbe territory, 651. or 

'1i percent. were included in tbe sanple. In tems at. size groups, ~5 pel'

cent ot tbe large, 23 percent of tbe medium, and 'I to 5 percent of tbe 

small mills were covered. 

The li!~tancy sample covers 97~ percent of the mills. Coverage 

of each size group exceeds 95 percent and in one case (mills with a daily 

capacity of 40 to 79 thousand board feetl is as high as 100 percent. 

Oeovaph1e DlatrlbuUGII 

An analysis was also made in order to detennine the geographic repre
sentativeness of the equipment and unit-labor-requirement samples ltable 

D-71. Tbe Southern Forest Survey territory is divided into tour regions 

lsee figure 0..11. Tbe longleat-slash pine region includes the area bor

dering on the Gulf coast and Florida and constitutes the core of tbe 

naval-stores industry. The eastern pine-bardwood region enc<Jlll8SSe5 the 

northern portions of Alabana, Georgia, and Mississippi; it contains over 

halt the mills in the territory, but about 99 percent of its mills have a 

dai17 capaci t1 of less than ~o thousand board feet. The lI'eStern pine

hardwood region lwestern portions of Ark8.nsas and Louisiana ~ eastern 
portions of Oklahana and Texas! contains, on tbe other hand, nearly three

fifths of the mills having a daily capacity of at least 80 thousand board 

feet. The Delta hardwood region (eastern Arkansas and Louisiana, south-

eastern Missouri, and western Mississippi! has a larger than average pnr 
portion of mills with a dail1 capacity of 110 to 79 thousand board feet 

but only one mill in the largest size group. 

Only 8,112 of the 8,7Oa mills in the Southern Forest Surve1 territory 

could be distributed by region, but it is believed that these 8.113 mills 
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truly represent the existing distributions. For purposes of table D-7, 

therefore, the regional distribution of 8,112 mills was assumed to repre

sent the distribution of all mills in the territory. 

Examination of table 1)-7 reveals tbat the regional distributions of 

the four samples are lqlpI'OXimately tbe same wi tbin each size group. In 
general the regional distributions of all mills and of sample mills are 

roughly similar. Pronounced differences in the regional distributions 

occur primarily in size cl asses containing large n_ers of mills. C0n

versely, total and sallJlle distributions agree rather closely in the larg~ 
size groups which contain canparatively small IIIl!1lbers of mills. It may 

also he recalled that coverage was greatest for large mills. 

Because the easter:n pin~ha.rdwood region contains the largest propor

tion of small mills, it is 1I0t surprising to find that this region is 

relatively IDlderrepresented in the samples. On the other hand the Delta 

hardwood region, which has a canparatively small proportion of small 

mills, is relatively overrepresented in the samples. 

at the four samples, the regional distributions ot the nnit-labor

requirement sample a:mpare least favorably with the distributions tor all 

mills, regardless of size group. In this respect it may he recalled that 

the coverage of this sample was less complete than that of the others. 

Bpee1H Cllt 

Sample mills in the various size groups were distributed according to 

the species of lwdler daninating the mills' output (table D-8). Similar 

distributions were made for 8,112 mills iu.the territory.s Comparisons 
revealed that the distributions agreed closely and that on tbe whole the 

various species predominated in tbe output of sample mills to the same 

degree as in the OUtput of all mills in the territory. To SCJlle enent, 

however, among mills baving a daily capacity of less than qo thousand 

board feet, mills cutting pine were relatively underrepresented and those 

cutting hardwocxi were relatively <Wel1eplesented. 

!!s.. PI>- iSS-a. 



f.b18 D-I.- IUMBIR or OPERATION. JI 10UTRlRI 'ORI8T 8VRVlt TBRRltORY RBPORTIIO aPBCI'IBD 
8RORT-HAUL BQUIPMENT, BY aPBCIIS 0' LUMBBR CUt AND DAILY MILL CAPACITY, 18S. 

specie. at lumber cut And d.117 cap.clt, (H. ft. b. m. p.~ lo-hr. da~) 

Iqulpaent. Pine Hardwood Cypress 

1-9 11)-19 20--39 .0-'1; ao 1-' 1~19 20-39 4c>-'79 80 1-9 11)-19 So-S8 4c>-'79 Qr over Qr over 

total noab«r at op.r.~lon. 
reportin. n6 , .. to, 4D &1 &7 'a B4 DD 7 8 a 8 , 

.u.ber reporting -
Anl .. ta 8e 15. 1.21 .a aa a' 48 7' 40 4 8 a 1 1 

hl.ale oal, a6 108 8D 18 13 43 27 ,. 18 3 • • 0 0 

Tractors , 1. 22 7 12 • 8 
, 

20 21 3 1 0 • 1 
'lract..Orl onl,. 1 • 7 • • 1 0 2 3 0 1 0 1 0 

at.eM ekidder. 0 • 1 a 18 0 0 , • 2 0 1 a 3 
St... _kidders OQ1~ 0 0 0 • 8 0 0 2 3 1 0 0 1 1 

G •• _Udder. S 31 •• 8 4 1 4 111 3 0 1 4 • a 
Baa .kidders onl, 2 • • 0 0 0 1 1 1 0 1 3 1 0 

• 'l'ruck. 18 33 '8 11 ,. 11 10 28 11 0 1 1 1 0 
'!rueke only 18 24 2. • 3 0 0 • D 0 0 0 0 0 

Pullboat.. 0 0 0 0 0 0 0 1 8 0 0 1 3 0 
Pallboat. onl, 0 0 0 0 0 0 0 0 3 0 0 1 1 0 

'loato. 01' water 0 1 0 1 0 1 • , 1 1 1 0 0 1 
Hand 10,,1nll 2 0 0 0 0 0 0 0 0 0 0 0 0 0 
4n1 •• 1s and •• chanical 

eQuip.ent. 10 46 D8 20 20 11 1B D4 28 1 1 1 1 1 
eoabin.tionl oC .ecb.nieal 

equip.ent. 0 0 • 0 3 1 1 1 1 1 0 1 3 1 . 

80 
or over 

3 

0 
0 

• 
0 

8 
0 

0 
0 

0 
0 

1 
0 

0 
0 

0 

3 
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'.bl. D-I __ IUMBBR OP OPERATIOla II aOUTHBRI POREST SURV!Y TERRITORY RBPORTIKO SPECIFIBD 
LOID-HAUL BQUIPMEKT, BY SPECIES or LUMBER CUT AID DAILY MILL CAPACITY, 199. 

Species ot lumbe~ cu~ and dal1, capacity (H ft. b. m. per la-hr. da,) 

Pine 
BQulp •• nt. 

Hardwood Ctpl"eas 

80 80 
1-9 lcrlSJ 2~38 40-79 or over 1-. 10-19 20-3. 40-78 or over 1-9 10-19 20-39 400--79 

Total nu.ber ot operat.iona 
report.inll 123 '., '" '8 '3 •• 51 88 5a 6 • • ~ • 

Nuaber report In. _ 
TMtcks 100 186 101 31 31 .0 .8 80 .0 4 6 6 2 1 

Trucks onlT 93 169 131 11 • •• 3S 21 9 1 • • 1 1 

RaUroad. 1 ~ 11 aa •• • • •• 41 • 0 2 • • 
COIlUllOD carriers 0 3 10 • ,. 0 • •• 31 2 0 1 2 0 
LOU1., 1 4 1 •• •• 0 0 • ., • IJ 1 3 • RaUroacis onl,. 0 1 0 14 20 0 0 6 10 a 0 1 3 2 

Aola.h a. i. 6 1 1 2S • 1 0 0 4 1 0 0 
Ani.all only 2S ot • 0 0 • • 0 0 0 • 0 0 0 

Water 1 6 6 • • • 5 19 20 1 2 S S 1 
Wahl' onl, 0 0 2 3 1 1 1 • • 0 1 8 • 1 

Tract.ors 0 0 1 0 1 0 0 0 0 0 0 0 0 0 
aailroads ~ trucks 1 6 11 ,. 29 6 • 46 as 3 0 1 1 0 
TruckM and anImal. e 6 • 1 0 20 ~ 1 0 0 e 1 0 0 
Wahl", and trucke 

or raIlroads 1 • • 1 4 3 • 16 15 1 1 1 1 0 

eo 
Dr over 

3 

1 
0 

3 
2 
3 

• 
0 
0 

0 
0 

0 
1 
0 

0 
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table D-,.- lUMBER O' OPERAtlON8 I. SOUTHER. rORlST BURVEY TERRITORY RlPORTING SPECIFIED SAWMILL EQUIPMENT, 
BY BPICI18 OF LUMBER CUT AID DAILY MILL CAPACITY, 19S. 

Specie. ot lumber cut and dally capaeity (H Ct. b. _. per lO-hr. day) 

Plne Hardwood Cypress 
Iquip.ent. 

eo eo 80 
1-9 10--19 20-a9 40-79 or ove 1-9 10-19 e0-39 40-79 or over 1-9 10-19 20-39 40-79 or ovel" 

'otal anabel" ot operatlons 
l"epol"'t.int le6 201 182 _8 06 6a 61 96 eo 7 9 10 7 4 3 

Kumber report.ing _ 

Saw., anel 
&cee.80rles only 79 49 15 0 2 51 37 44 7 ,0 9 7 • 0 0 

Re •• wa 1 8 31 27 27 2 3 13 41 6 0 0 0 2 1 
Re •• .,. on17· 0 1 1 1 0 2 0 4 11 1 0 0 0 0 0 

aand •• w. 0 0 5 a 27 0 0 0 3 2 0 1 0 2 3 
GanQ 8aws onlya. 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 

Planers 40 148 140 47 53 9 12 4. 34 5 0 2 3 • 2 
Pl an.",. onl,y· 92 58 22 1 0 6 8 17 3 1 0 2 2 0 0 

Ory ,cllns 13 91 118 43 53 4 • 24 a8 a 0 0 1 2 2 
Pry klln. only" 0 2 5 0 0 1 2 3 3 0 0 0 0 0 0 

Band sa"s a 1 30 33 51 1 9 83 69 7 0 1 e 4 3 
Circular III"". 123 200 132 1& 6 6a 42 12 1 0 9 9 1 0 0 

aln I4dlt1on to saWl and ICc ••• orlea:. 
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Table D-4.- LOGGIRG ARB SAWMILL UKIT LABOS BBQUIBBME.T8 
OP OPBRATIOKS IX SOUTBBR. POBBST SURVBY T£88ITORY. 

Species of 
lumber cut. 

and 

BY SPBCIES OF LUMBEa CUT ARB DAILY 
MILL CAPACITY, 1934 

Number of man_hours 
per thousand board teet 

Number 
daily capac! t.y of mills 

193 

(M 1't. b. m. Tot.al Logging Sawmill 
per 10-hr. day) 

Total, including 
cypress 
1- 9 169 26.0 l.l.5 14.5 

10-19 1'13 26.6 10.8 15.8 
20-39 164 32.5 13.8 18.7 
40-'19 eo 37.0 14.9 22.1 
80 or over 45 31.0 9.9 21.1 

Pine 
1- 9 138 24.5 10.9 13.6 

10-19 142 25.8 10.2 15.6 
20-39 92 30.3 12.8 17.5 
40-'19 39 39.7 15.5 24.2 
80 or over 37 31.1 9.9 21.2 

Hardwood 
1- 9 49 30.1 13.1 17.0 

10-19 29 29.2 13.0 16.2 
20-39 67 35.1 14.9 20.2 
40-'19 39 32.9 13.6 19.3 
80 or over 5 26.4 10.8 15.6 

Table D-e.- UJIT LABOR BBQUIRBKEKT8 OF OPERATIORS IX BOUTBBSK 
PORBST BURVEY 'fB88ITORY UD II THE liD STUES, 

BY DAILY MILL CAPACITY, 1934& 

Southern Lake States 
Dally capacl ty Forest. Survey territ.ory 

(M 1'10. b. m. 
per Number of Man-hours Number of Man-hours 

10-hr. day) operations per operat.ions per 
M ft. b. •• b M ft. b. -. 

1-19 362 26 44 34 

20-39 164 32 
. 

9 $ 

40 or over 125 35 5 44 

~ta cover both logging U4 SMmUl actlvlUes of each ot tbe operatlODS. 
bFlgurea "present weighted averages or those tor 1IDl'8 4et.al1e4 sUe el&aSJtlca
tlOM 1n table H. the mmbers of aUla be1ng used as wel6bts. 



t.ble 0-0.- D18ta18Ut1U. or iLL A.D or 'AMPLE OPBRAtIO.8 II BOUTHIRB roRK8! IUaVBt TIRRITORt, 
Bt DAILt KILL CAPACITt, 188. 

Number of operation. in sample 
Sample operations as percent 

Dally Total of all operations 
capaci ty A_ber 

(M tt.. b. III. of Short- Long- Uni t Short- Long.. Unit 
haul haul Sawmill labor. Length haul haul Sawmill labor per oper-

lo-hr. day) ations equip- equip- equlp_ require- of 11.1'e equip- equip- equip- require-
ment ment ment ment.s ment menii ment mente 

Total B.702 SS9 B62 901 6151 B.4S6 9.6 9.1l 10.4 7.5 

1- 9 4,46e 162 lS6 197 189 4.372 4.1 4.2 4.4 4.2 
10-11l 3,243 245 254 262 173 3.150 7.6 7.8 8.1 5.3 
20-39 715 246 250 264 164 691 34.' 35.0 96.9 22.9 
40-79 17;1 105 110 112 BO 174 60.3 6a.2 64.4 46.0 
eo or over 10;1 61 62 e6 , 45 99 56.7 59.6 63.5 43.S 

-------------- -- -_.-

Length 
of life 

97.15 

97.9 

97.1 

96.6 

100.0 

95.2 
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Table D-T.- DISTRIBUTION OF A~~ AkD OF SAUPLK OPERATIONS IN SOUTHERN FOREST SURVEY TERRITORY, 
BY DAILY MILL CAPACITY AkD REOION, 193. 

------------------------_ .. _._-
Nu.ber o~ operations percent of group total 

D*11,. capacit,. 
Sample operations Sample operations 

(M ft. b. m. per All Short- LonQ- Unit All Short- Long-
lO-br, day) and reQIon operat.ions" haul haul Sa.WlIll11 labor operations haul haul SaWlDill 

~qulp- equip- equip- requlre- equlp- eqUip- equip-

ment. ment mel'll, mente ment ment Jll,ent 

1-19 7,309 427 440 459 362 100 100 100 100 

Lond1,eat-elasb pine 1.347 112 120 122 129 18 20 27 27 
Pine hardwood, east 4.218 162 lee 170 114 58 36 aa 37 
Delta hardwood 517 92 aa 99 62 7 19 19 19 
PIne hardwood. west 1.232 71 71 7a 57 17 17 16 17 

20-39 561 246 250 264 1M 100 100 100 100 

Longleaf-slash pine 121 72 71 75 57 22 29 29 119 
pine bardwood, east 207 aa ae 93 aa a7 36 35 36 
Delt.a hardwood 47 27 30 3' 30 a 11 12 13 
Plne hardwood., west la6 69 81 el 44 3a 34 24 23 

40-79 1'3 10. 110 112 80 100 100 100 100 

Longleaf-slasb pine 43 28 29 aa 21 118 29 28 25 
Pine hardwood, east 30 15 18 15 9 20 14 16 13 
Delt.a hardwood 38 a1 31 32 29 26 30 28 29 
PIne hardwood, west 42 31 34 37 21 27 30 31 33 

eo or over 89 61 62 66 45 100 100 100 100 

Longleaf-.lash pine 25 22 33 23 15 28 36 37 35 
Plne hardwood, east 12 9 9 9 6 14 16 14 14 
Delta hardwood 1 1 1 1 a 1 2 2 1 
PIne hardwood, west 51 29 29 33 21 57 47 47 60 

, 
'8ee PP. le8""'. 

Unit 
labor 

requIre-
.ents 

100 

30 
31 
17 
16 

100 

35 
20 
la 
27 

100 

26 
11 
37 
26 

100 

33 
13 
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Tabl. D-8.- DI8TaIBUTIO! 0' ~ AID 0' 8AKPLI OPEaATIOIS II SOUTBRal 'ORIST SUaVBY TERaITORY, 
BY DAILY MILL CAPACIT! AID SPICIBS OP LUMBER CUT. 198. 

Humbel" of operations Percent of group total 

Dally capacity Sample operations Sample operations 
(M ft. b .... 

All All per 10-hr. day) Short- Lon I!- Unit Short- Lon~-
and oper- haul haul Sawmill labor op eI'<- haul haul Sa ... Ul 

Unit 
labor 

species of lUBber cut. ations· equip- equip- equip_ requlre- ationa equip- equip_ equip- require-
mInt Ment ment Ment ments ment ment ments 

1-19 7,309 427 440 459 362 100 100 100 100 100 
Pine 6.1158 305 317 328 280 B4 71 72 71 77 
Hardwood 1,127 105 106 114 78 16 25 24 25 22 
Cypress 24 17 IB 19 4 * 4 4 4 1 

20-39 561 246 250 264 164 100 100 100 100 100 
Pine 413 164 155 182 92 74 63 82 81 58 
Hardwood 131! B4 BB Ill! 67 24 34 31! 36 41 
ClIpress 13 B 7 7 15 2 3 3 3 3 

40-79 153 105 110 112 BO 100 100 100 100 100 
Pine 6e 415 48 48 39 43 43 44 43 49 
Hardwood BO 56 5B 60 39 52 53 53 54 49 
Cypress 7 " " 4 2 15 4 3 3 II 

eo or over 89 61 62 66 45 100 100 100 100 100 
Pine 76 151 53 156 37 B6 84 85 85 . 

B2 
Hardwood 10 7 e 7 5 11 11 10 11 11 
Cyprus 3 :3 3 3 3 3 IS 5 .. 7 

Se. p. 18e. 
·Le.. than 0.6 percent. 
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APPENDIX E 

RELATION OF SIZE TO UNIT LABOR REQUIREMENTS 
OF PACIFIC COAST SAWMILLS 

The detemination of the relationship between labor productivity and 
size of mill is canplicated by differences in the character of product 
and the conduct of auxiliary 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 si~roductivity relationship was possi

ble for 31 91 the large Pacific Coast sawmills covered in the NRP-NllER 
Ingging-eamp and smonill survey.1 The man-hour ratios used for these 

mills are standard man-hour ratios based on equivalent production and 

were obtained frm survey data. 2 The 1935-36 edition of the Handbook and 
Directory of the Western Lumber Industrie. was used to determine daily 

capacity and equipment of each of the mills.3 

Table E-1 shCOlS the average standatd sawmill man-hoor ratios for 18 

mills having a daily capacity of 10 to 2119 thousand board feet and for 
19 mills having a daily capacity of 250 thousand board feet or IOOre. 

From this table it appears that when differences in equipment are disre

garded the average ratio for the larger mills is about lS percent higher 

than that for the S!Bller ones. This is consistent with the findings of 

a 1929 study of lacific Coast mills conducted by the United States Burea>; 
of labor Statistics.4 In the latter study it was found that lIBll-hour pro

ductivity decreases with size of plant as measured by IlUI1i:>er of wage earn

ers enployed. This relationship held especially for mills which produced 
their own logs; man-hours spent in logging were included in the totals 

for those mills. In the case of the southern mills, also, as showi. by 
data presented in cbapter IV, labor productivity tended to decrease with 

an increase in the size of mill, although labor productivity was high in 

the grrup of largest mills. 

It seems possible, however, that in the lumber industry the man-hour 
ratio for a mill is an inadequate measure of the efficiency of utiliza

tion of labor in that mill. It was pointed out in 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 

~o ._11 aUla were ooverec1 1n tbta surve7. For a deacrlPtton ot tlr!; aUM'el see 
8.,,"MiX .l. 
2ror • 4escrtptlon ot tlw •• tuda.l"d- wan-hour ratio see table E-1. ftD. b;O 
~or • deacrlp-tlon or tbe da:t.& trc. tlIt West Coast directories aee appeDd1x C. 
'tHan-Hour PrOC1\lctlvlQ" In tbB Lumber rllOustr:r In the Pactt1c Coast Statea In 
192$,' ltot\tM, ~bor Je,,'-..... Vol. 36. No. , (OCt. 1832), pp~ 819""25. 
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198 MECHANIZATION IN THE LUMBER INDUSTRY 

work is dOne by the mill fS own eIlI'loyees may affect the mill's man-:hour 

ratio. 

In the Im'-NBER logging-camp and sa1<l1lill survey the effect of variatiOllS 
in the ptq>CIrtioo of IUlllber surfaced was largely eliminated by caIlJUting 

man-hour ratios on the basis of equivalent proouction. An effOrt was 
also made to exclude man-hours expemed in the proouction of byprcxlllCtS 

and special prcxlucts, but it was not possible to separate and exclude 
such labor time canpletely. (See appendix A.I Since the larger mills 
carry on such auxiliary activities to a greater extent than the smaller 

ones, it seems likely that fact0':.'S other than relative efficiency in the 
utilization of labor could account, at least in part, for the difference 

in average unit labor requirements dJserved in U!l>le &-t. 

The existence of differences between size groups in the degree of fin

ishing, extent of manufacture of byprcxlucts and special praiucts, and the 

volume of activity auxiliary to the prcxIuction of lUDtler may be iDdicated 
in a rough fashion by differences in the kiDds of equipment USEd. Table 

E-:a iDdicates the nature of some of these differences in 1936. There are 
no pronounced differences in the type of power and type of headsaw em
p~ at the two groups of mills. !bever, the proportion of the mills 

having a daily capacity of at least 250 thousaDd board feet that USEd the 

labor--saving gang saw was much greater than the correspoDding proportion 
for the smaller mills. This is the only difference in equipment which 

WCRlld iDdicate a basis for higher output per man-bour in the larger mills. 

QI the other hand, the fact that relatively more of the larger mills 

bad planing mills aDd dry kilns iDdicates that a larger pOrtion of the 

lUDtler prcduced by this group was seasoned and finished. Lath mills lEre 

mere geoera11y EI1l'lo~ at the larger mills, suggesting that the utiliza
tim of W!lSte through the manufacture of byprcxlucts was more widespread. 

Few of the smaller mills bad shingle mills or box factories, whereas a 

considet'8ble fract ion of the large mills did have them. A much greater 
percentage of the larger mills than of the smaller ones bad their own 
machiae shops, perhaps iDdicating that more of the mintenance aDd repair 

work was carried 00 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 eeaeral iDdicatClr of the degree of mnufacture and integratioo 
of activities at the sawmill. Table ~ presents average standard unit 
labor requirements of the 37 mills grouped according to the nUl1ber of 

items of special equipment emplo~. 6 The data in this table suggest, 

&aens: S&n &nc1 plantns all1a were not taken Into account 1n thIs. ana tm fOllOWlns 
table. Kille Nportlng the uae or each ot the speclal-equlPDltnt ite. repOl"te4 t_ 
u.e or tbl tollOfflna Uft Hems: Box factory, c1r,J &lln. lar.h .111~ _chIne shOP, 
and .bingle m111. 
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though by no means conclusively, that these factors, rather than size as 

such, are responsible for the differe!lCeS in average labor require!Qellts. 

This conclusion is strengthened by an exaJllination of table~. Thus, 

when a canparison is made of the standard average unit labor requirerents 

of mills in the t~ size groups on the basis of the n1llli>er of different 

items of special equipment reported, it appears that the larger mills 

have sanewbat lOler average unit labor requirements. 

Qf ·the 37 mills considered in this appendix, 7 did not report the use 

of dry kilns in 1936 (each of the 7 also did not report the use of at 

least one of the tour other i te~ of special equipment used in tables 

E-.3 and ih! I. 6 These seven mills had an average standard man-hour ratio 

of 5.25, a figure strikingly larer than the average of 7.91 for all 37 

mills. This suggests that mills which use dry kilns and thereby, pre

sumably, accQI{>lish a reduction in time-in-process, an ~rovement in 

quality, and a reduction in shipping weigbts do so at the expense of 

labor prcductivity. 

Whether or not the higher labor prcductivity apparently associated with 

the smaller mills employing fewer items of special equipment coopensates 

for the loss of the advantages associated with the use of such equip""nt 

probably depends on the character of the mrke! which these mills seek to 

enter. Thus the materially lOler man-hour ratios of the mills enploYing 

less special equipment need not reflect more efficient use of labor de

spite the fact that these mills have a greater volume of output per unit 

of labor time expended. 

Table E-1.-·UNIT LABOR RBQUIREMBNTS OP 37 LAROE PACIPIC COAST 
SAWMILLS, BY DAILY CAPACITY, 1938& 

Dally capacity Number of Standard 
{If ft, b. ", I plants man-hour ratio b 

Total 37 7.91 

70-249 18 7.34 
250 or over 19 8.45 

a ln thIs and subsequent tables the man-hour ratios or ~he mills are based upon tbe 
NRP-NBER logslng-c8]Qp and sl\Wl\lll survey (see appendix A); the capacltl' And eqUip
ment data tor the m11ls were obtaIned trom the 1935-36 edition or tbs &:u'libook ancl 
Dlqctor), of -eM i'astern ~,.. Ird1l$ffies (see appeDl11X C). 
bRatlOS shown ara unwetghted &V9ragss ot standard ratIos tor individual mills. 
Standard ratIos tor each mIll ware calculated by conputlns the weIghted average or 
the 111111'& man-hour ratios tor those years durIng the perl00. 192~-30 in whleb the 
percentage 01' capacity utl11~ed by tbe 5111 was between 70 and 89. Thus the 
effects on unit labor requirements or dltterences 1n capacity utll1zatlon anI1 ot 
r6lll101l :re&r'-tO-1ear tluetuaUons were mInimized. 

aOt the seven. tbNe had • dally capacity or at least 260 th0usan4 board reet~ the 
otD!r tour were In tb& aaUer-a lze 81"OUp. 
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~abl. B-8.- DI8~RIBU~IO. OF '7 LAROB PACIFIC COA8~ 8AWKILLS, 
BY DAILY CAPACITY AID TYPE OP EQUIPKBW~ REPORTED. 18aea 

Daily capac! t.y (M ft.. b. m.) • 

Type or equipment 70-249 250 or over 
reported 

Number Percent. Humber Percent 
of mills of tot.al of mills of t.ot.al 

Tape of power 16 100.0 16 100.0 

Steam power 2 12.5 2 12.5 
Elect.ri c power 4 25.0 2 12.5 
Steam and electric power 10 62.5 12 75.0 

Type 0 t headsaw 16 100.0 19 1.00.0 

Band saw 16 66.9 17 89.5 
Circular saw 2 11.1 0 0 
Band and circular saws 0 0 2 10.5 

Special equipment 18 - 19 -
Box factory 2 11.1 4 21.1 
Dry kiln 14 77.8 16 64.2 
Gang saw 5 27.8 13 66.4 
Lat.h ,.ill 11 61.1 17 89.5 
Machine shop 8 44.4 15 76.9 
Planing mill 17° 94.4b 19 100.0 
Shingle mill 0 0 8 42.1. 

&see table 1-1, ttn. a. 
bAlthougb each of the NRP-HBER. anls ensage4 1D surfacing, one ot the mills cUd not 
have a cCIIq)lete planIng alll attached. 

~abl. B-8.-, UIIT LABOR BBQUIBBMB~8 OF I' LAROB PACIFIC CO£8T . 
8AWMILL8. BY IUMBBR OP ~YPB. OF SPBCIAL 

BQUIPKBJT BBPOBTBD, 1886& 

Number of tyPes of 
spec1al equipment I'eportedb Number of mills 

All f1 ve repo rt.ed 
Four repo rted 
Three repo rted 
Two 0 r 1 ess repo rt.ed 

aSee table I-i. ttJls. a aDd. b. 

10 
8 

12 
7 

St.andard 
man-hour ra1.io 

10.21 
7.72 
7.1.0 
e.2e 

bThe five tTPes ot speetal equt1JlD&Dt constdered In tbta table are boz factories. 
Clr7 kllnB. lath mills. macb.lne 8ll0Pl. and. sh1ngle ml11s~ 
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T~bl. B-6.- URIT LABOR RBqUIRBNEKT8 OF 87 LARGB PACIFIC COAST 
BAWMILLS, BY KUIlBER OF TTPBB OF SPBCIAL BQUlPlIBlIT 

RBPORTBD AND DAlLY CAPACITY, 1980& 

Number of t.ypes of 
special equipment reportedb Number of mills 

and dally capacity 

Five or less reported 
(all 37 mills) 

70-249 18 
250 or over 19 

Four or less report.ed 
70-249 17 
250 or over 10 

'rhree or less reported 
71)-249 13 
250 or over 6 

&see table :£-1. ftns. a and l)~ 
bSee t.at11e £-8. cu. b. 

St.andard 
man-hour rat.l0 

7.34 
8.45 

7.29 
6.86 

7.29 
5.70 



WP~ NATIONAL RESEARCH PROJECT 

Reports Issued to date 

Studies in Produetlon, Productivity, and Employment-Oontinued 

MInIng 

1-2 I3mall-Scale P16cer Hlnes as a Source ot Oold. Emplo1Ment, and L1velihood 1n 1936 
( ... t of print) 

E-4 Emplo:ment and Related Statistics ot Mlnes Bnd Quarries, 1936: Coal 
'1-7 TtCMOIG8Y, Employment f C -and Output per Man 'In Phospbate-Rock. lUning, 188()oo1937 
1-8 Changes 1n ~eehnologJ and Labor ReQu1rements In the Crushed-Stone Industry 
£-& Kechan1zat1on, Employment, and Output per Man in Bltu.lnous-Coai Hintug 
E-I0 TeChnOlogy, Employment, and OUtput per Han In Petroleum and Natural-Gas PrOduct1on 
£-12 TechnOlogy, Employment. and Output per Han In Copper MinIng lift ;r.ss~_ 

Agricult,ure 

Changes 1n ,Technology aD~ Labor Requirements In' Crop ProductIon: 
A-1 Sugar Beeta 
A-4 Potatoes 
.A.-5 Corn 

t- ).-7 Cotton 
A-tO Wheat and Oats 
A-12 V'6Stttabls8 

A-a Trend41n 81z"e and ProductIon of the Aggregate Farm EnterprIse. 1909-36 (out of 9r'-nt) 
A-8 TrendS 1n Employment In Agrieulture~ 1909-38 

Studies of Effects of Industrial Change on Labor MArkets 

P-t Recent Trends In Employment and Unemployment In PhIladelph1a 
P-2 Tbe Labor Force ot the PhIladelphIa RadIo Induetry In 1956 
P-3 Eaplol'1!tent and Unemployment 1n Ph11adelphla In 1936 and. 1937 (out of fWint) 
P-l Ten Years or Work. Expe:rUnee ot- Phllatlelphl& "Weavers and Loom Flxers 
P-5 Ten Years· ot Work Experience ot PhIladelphIa. HachIDI8ts 
P-6 . ReellPlO)'lllent or Phlladelphla HosUry Worer! Atter Shut-Clowns In 1933-34 
P-7 The Search for Work 1n Phlladelph1a. 1932-36 
P-8 Tbe Lops-Term unemployed In PhIladelphIa tn 1936 
1.-1 CIgar Makers - Aft&r the_ L'ay-Otf 

L-2 Decasua11zatlon or Longshore Work In Ban Franc1sco 
L-3 Employment Expftrlence ot Paterson Broad-SIlk Workers. 1928-86 
L-4 Selective Factors in an txpanalng Labo~ Market: Lancaster, Pa~ 

L-& L&bor and tbe Shut-down or tbe Amoskeag TextIle Killa 
L-e C!:umgea In Hae.bInery and: Job Requ1rements 1n Minnesota H811Uracturlng. 1931-$6 
L-7 Farm-CIty M1gration and InQustr~~s Labor Reserve 
L-8 Trade-unton ~llc7 and teChnOlogIcal Change lift ;ress) 

ft.QU.lIt. fer copl •• of th •• e r.pot'"ts should b. addressed -to: 
Publlcattons Sae-tioft, Olvi.ton of Infot'"aatlon 

Work Projects Ad~tnlstr.tlon 
.uh lngton •. O. c. 


