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Preface

Various legislative and cconomic groups concerned with agricultural
policy have long been interested in the relation bebween charges for
marketing farm food products and pavments {o the farmer-producer for
his products. A marked decline in thege paymenis relaiive to consumer
expendituves for farm food proruels since World War IT has focused
attention on the need for additional informai‘on {o analyze past and Tuture
trends in Taclors underlying changes in marketing costs.

The index of output per man-hour in lactory production of domestic
farm food products presented in this repori was developed as part of »
larger investigation of changes in output of marketing services reluted to
domestic farm food products and changes in utilization of resources
employed in providing these services. A major objective of this investi-
gation is to develop long-range projections on the agricultural food mar-
keting bill which will supplement Department of Agriculture long-tange
projections on the demand for and output of farm lood products.

Labor costs in lactories processing Tarm food products are a major
component of total labor costs in marketing these products: Within recent
vears payrolls in factory processing nccounted for about one-fourth of
total direct labor costs in the markeling bill. This is the second report
related to the investigalion of output and utilization of resources in
factory processing of farm food products; the first was “Output of Fne-
tories Processing Farm Food Products in the United States, 1909-58,"
Technical Builetin No. 1223, Additional studies will be reported as they
are completed.

Acknowledgment is made to Frank de Leeuw, Division of Research and
Statistics, Board of Governors of the Federal Reserve System, and to
Imogene Bright, Marketing Economics Resenrch Diviston, Agricultural
Merketing Service, for suggestions und review of technical aspects of the
report, and to Clara Wiliams and Richard Suttor for their assistance
with the statistical analysis.
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Summary and Conclusions

During the postwar period 1947-38, output per man-hour worked in
factories processing domestic farm food products increased af, an avernge
annuel rate of 2.7 percent, Rates amaong industry groups differed widely:
Output per man-hour rose 4.6 percent per year in factories processing
fruits and vegetables compared with 1.4 percent per year in [actories man-
ufacturing bakery products. Output of factories processing farm foads
rose slightly less than output per man-hour from 1947 to 1958 as the
number of man-hours worked by all employees declined slightly during
the period. The postwar rate of growth in output per man-hour did not
set o new all-time high; the rate was equaled in the decade following
World War I. During the four decades 1919-38 as a whole, output per
man-hour in factories processing farm foods grew at an average rate of
2.0 percent, per year.

The annual rate of growth of output per man-hour in food processing
industries rom 1947 to 1958 was significantly smaller than the annual
rate (3.5 percent) for the total private economy, but about the same as
tho yearly rate in the privaic nonfarm sector. The sialler rate of growth
in food processing industries than in the total private economy was
caused, in part, by shifts in production from industries with higher levels
to industries with lower levels of output per man-hour. Output per
man-hour in food processing industries, adjusted far changes in the product
mix, showed about the same yearly rate of growth as the series for the
total private economy.

The postwar increase in oulput per man-hour in lood manulacluring
was accompanied by a substitution of total capital (fixed plus working
capital} for labor. However, the increase in the stock of total capital
per man-hour worked was apparently confined to working capitel; the
ratio of fixed capital to man-hours remained virtually unchanged. In
fact, there was no substitution of fixed capital for labor from 1929 to
1957; technological improvements in food manufacturing after 1929 were
ot least ns much fixed-capital saving as labor saving.

The estimates of the stock of total capital do vot reflect changes in the
quality of new machinery, equipment, and other kinds of enpital goods
employed in processing foeds; in particular, the estimates do not reflect
new technology. Surveys of lood processing plants indicate that techno-
logical developments in materials handling, continuous processes, clec-
tronic temperature and humidity contrels, packaging, grading, and other
developments have had a dramatic impact on output per man-hour,
particularly since the end of World War I[. Developwment of {rozen foods,
blended and prepared flour mixes, and other new products also contributed
to the rise in cutput per man-hour.

Changes in the “quelity” of lubor inputs through edueation, training,
experience, and other kinds of investment in human capital contributed
to the growth in output per man-hour, During the postwar period, the
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number of engineers, technicians, and other highly trained cmployees
working in food processing phnts increased markedly; however, to some
extent, interindustry shifts in employment offset the contnbutlon of
increﬂsed quality of labor inputs within plants.

Net output per man-hour in farming grew at an average annual rate
ol 6.2 percent from 1947 to 1938——dmnmt1mlly faster than in food process-
ing industries. However, between 1919 and 1939, output per man-hour
rose about twice as fast in {ood processing plants us in fariing. Because
of the rapid rate of increase since the beginning of Weorld “m' 11, the
average annual rate of growth of net output per man-hour in farm
production during the fowr decades 1919-58 as & whole was 2.8 percent,
substantially lawe; than in foctory proeessing. The postwar ers wit-
nessed a large subsututlon of capital—muinly real estate and machinery—
for labor in farming. In fact, the substitution was more than enough to
e\plmn the faster rate of growth of cutput per man-hour in {arming thnn
in food processing. T hes efore, on the basis of available data on labor
and eapital, there is no indication that there was a larger rate of growth
in resource efficiency or of technology in farming than in food processing
during the post-World War If period or dumw the entire four decades
since the end of World War [ (Indexes of output per unit of labor and
capital combined—-=so-called “lotal ploductlﬂty’ mdexes—in larming
and in food manufacturing are discussed in appcn(h\ B

In 1958, hourly earnings of employees in fuctorics processing farm food
products (based on hOlll-: worked by all employees) wore abont 85 per-
cent above the 1947-49 average, and ouiput per man-hour was nbout
30 percent higher; conscquently, unit Iabor costs were up nearly 30 per-
cent. The sharp rise In hourly earnings was not confined to food man-
ulactures, bul was part of a sharp postwar inerease in all manufactures.
In fact, the postwar rise in wnit lubor costs in faetory processing was
about the same as the inflationary price vise in the cconomy as & whole
{measured by the Implicit Price Dellator for Gross National Product).
Hourly carnings in farming rose substantially less than in food manufac-
turing during the postwar period.  In conlrast to the experience in food
processing plants, the postwar vise of output per man-hour in farming
more than offset the rise in hourly carnings so that unit labor costs in
farming declined.  During the four decades 1918-58 ns a whole, hourly
carnings in factories processing farmy food preducts rose ubout 335 por-
cent, output per man-hour rose about 140 percent, and unit Inbor costs
inereased nearly 85 percent.

Nonlabor charges (including profits) per unit of output in 1958 were
about 35 percent above the 194749 average, slightly more twn the rise
in unit labor costs. Between 1919 and 1958, unit nonlabor vosls inereased
aboutl 125 percent, again significantly more than unit labor costs.  “The
tong-term fnicrease in nonlubor costs relative (o fabor costs in food proe-
essing reflects the substitution of cupital, technology, and other produe-
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tion inputs for Inbor; but it also reflects Inrge increases in advertising and
similar operating expenses, particularly in the postwar vears,

Total unit processing costs (“value added” por unit of output) in 1958
were about one-third larger than in 1947-49.  This rise was somoewhnat
larger than the inflationary price rise in the Lotal cconomy, and inereased
the spread between wholesale prices of processed food pracuels and the
farm price of the raw materinls.  From 1919 (e 1958, unit processing costs
rose about 118 percent.

Judging from Department of Agriculture studies of income clasticilies
ol different food products, it nppears that shifts in production from indus-
tries with higher levels (o industries with lower levels of output per man-
hour may continue for some time in the future, as they have in the past,
Lo retard the yearly rale of wrowth of output per mun-hour in laclories
processing farm loods.  Discovery and adoption of new technology and
expanded edueation and training of lahor (ineluding mnnagerial) will
undoubtediy continue to contribute to the rise in output per man-hour
within food processing industries and plants.  Unlortunately, however,
nothing ean be said about whether the annual rate of growth will inerease,
decrease, or remain the same.  This depends in parl upon the rate of
substitution of cupital for labor; but, much more importantly, it depends
upon chunges in new teehnology, quality of laber inpuls, cconomics of
scale, and other faclors which cannot be statistically estinmted.  On the
tsis ol currentl knowledge and severnl eritical assumplions, about one-
fifth of the rise in output of fuctory processing from 1919 Lo 1958 ¢n
be expluined by the rise in Inbor-capital inputs; the rernining four-fifths
are attributable to fnetors which are nol anenable (o separie statistical
measurement,
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OUTPUT PER MAN-HOUR IN FACTORIES
PROCESSING FARM FOOD PRODUCTS

By Winniax 1, Warbonre, reonumist

Marketing Economics Research Division,
Agricultural Marketing Service

Introduction

The Problem

Civilian consumers in the United
States spent $58.7 billion for domes-
tic farm food products in 1959;
$39.0 bithon went to agencies for as-
sentbling, transporting, processing,
and distributing commodities; and
$19.7 llion went te [armer-pro-
dicers for their products. Labor
costs for marketing furm food prod-
ucts were $18.5 billion—nearly half
of the total marketing bill.! During
the postwar peried, payroiis in fae-
tories processing domestic fnrm Tood
products accounied for onc-lourth
of total fabor costs in the marketing
bifl. Txcept in 1850, consumer out-
lays to marketing agencics have in-
creased each year since the begin-
mag of World War {1, and labor
cosls have paralleled this upward
trend.  Historically, the marketing
bill has grown substantially fuster
than the farm value (4, 18).

The importance of labor costs in
the total marketing bill and the Inet
that these costs hiave paralicled n
continuedd upward trend in tolal
marketing charges hnve focused at-
tention on the need for information
on changes o oulpul per mun-hour
i marketing demestic farm food
preduets (£). The major ohjectives
of this report are to (1} gnge lrends
since 1910 w output per mun-hour
in factories processing  domostic
farm food produets, (2) anslvze
(acltors underlying these trends,
(4} compare developments wm oul put
per man-hour in {netory processing
with those in farming and (4) review
the implications of these develop-

ments for changes in unit labor cosis
in faetory produclion of farm food
products.

The Coverage

The series oa fnciory production
of farm food products, mun-hours,
and outpub per man-hour compiled
for this report are for manufacturing
eslablishments primarily engaged in
processing  domestically  produced
farm food products (except fluid
milk, cream and eges)?  This pro-
duction includes factory processing
of loods [or export, for membersof the

! The Inbor cost Arure does not inelude
labar cosis of vaitroads and olbier for-hire
earriers; it includes an ostimate Tor cost of
fringe benefits, ©% % * the marketing bill
mensures Lhe dilTeronce belween consumer
expoenditures for farm producls and pay-
menis reecived by fnomers forequivalent
quantities of produee,  In this context,
markeling ineludes all oprralions involved
in maoving agricndineal products from
farms on which they are produced to enn-
swiners nt the Ume and o the form they
are hought.”?  See Ogren (183, ([lalie
nnmbers i parentheses refer to ilems in
Liferstore Citod, page 353

The tolal markeling bill for domestic
fierm food prodaets is published annuslly
in The Markeling and Transporiation
Siluabion, Agricnltucal Markelinge Secvive,
United Stales Departinent of Agrictilure.

2 "I'his repord exeludes plants processing
fluied milk, cream, and vgus beeavse ade-
auate employiment data for these plants
are nok avalablie.  In e buase period,
FT=19, aid milk, cream, and processed
cges aceounted for abool 15 pereent of
{weighted) factory  production of  all
domestic furm lood produets. The series
used in Lhis report alse inelude outpat and
man-hours in production of food by
praducts manafnelured in establishmoents
specializing iy proecessing Mrm food
produeis,




Armed Forces, and for Government
purchases used in various relief pro-
grams as well as food for sale to
Civilian consumers. 1t exeludes fac-
tory processing of imported foods,
seafoods, and other foods net pro-
duced on domestic [arms. It also
excludes manufacture of aleoholic
and nonalcoholic beverages.

Definitions

Efficiency 1s generally defined as
nutput divided by combined inputs
of Inbor and other resources where
other resources include fixed capital,
working capital, management, and
other futm inputs  {/2, 20).
(hanges in the quahiy of these
factor inputs should also be reflected
i changes in prod-ction inputs.
This means that the index of outpul
per mun-hour s only a partisl
measure of changes in cofficieney:
[t is aftected by substitution among
labor, capital, and other factor in-
puts; changes s the quality of fuctor
miputs; and changes in elliciency
;owllm" from changes in {he extent
of the mariet (ownomms of senled.
{'hanges in the intensity of l.lboa
effort are also reflected; however,
this probably aceounts for only »
minor proportion of the listorweal
rise in outpub per man-hout.

Qutiput per man-hour is a useful
tool, along with others, for analyzing
{i{\\'@lopmonts in labor inputs and
tnbor costs: When consistently de-
fined, unit Libor costs are identieally
equal to average hourly carnings
divided by outpul per man-hour.
The reciproeal of output per man-
hour—unit  man-hour  reqguirve-
ments --measures changes in labor
utitization. I labor aceounts for a
farge share of combined lnbor and

‘t[)![il inputs and there has heen
Itt[lo or no substitution between
eapital and labor, long-lerm trends
in outpul per man-hour may be a
reasonable approximation to long-
term trends in labor-eapital produc-
tivity {oulput per combined unit
of labor and capital): apparently,
this hins been the experience in food

]

manufncturing for the entire period
since the end of World War |.

The index of factory production,
the numcerator of the output per
man-hour ralio, is designed to moeas-
ure changes in net physieal output
of factories engaged in processing
domestic  Tarm  food products?
However, beeause of lack of dats,
it 18 only an approximate measure
of net physicsl output!

The series on man-hours used in
compuling oniput per man-hour is
based on a/l employees and average
hours worked, as defined in Lhe
('ensus of Manufactures.  Data on
man-hours for vears prior to World
War I were devived from published
reports of the Bureau of the Census,
Burenu of Labor Statisties, nnd
studies made by trade and privale
research organizations®

Estimates of the stock of enpital
mvested in Food and kindred prod-
uets (oxcluding Beverages) manu-
fnctures used in this report have
been mude especially available by
D, Dantel Creamer (7, 7). These
eslimates are based on book vajne
of invested eapital reported Lo the
Burean of Internal Revenue de-
{lated for price changes, This means
that the estimaies of the stock of
total eapiitnl measure only physical
assels shown in the balanee sheet,
not alf physical assets used in food
manufacturing,  The figures omit

3 That i=, whenever possible, physiend
epvnnd ities were W dghited by vabue added.
“Value arlded,” s wsed in the Coensas
of M:muf:a(‘harw: (U8, Depl, Camniereel,
is Upalealsted by subtracting the eost of
walerinds,  supplies,  contniners,  fued,
parehased electrie ('m-rfr\ il eoutraet
wark from the tatal value nl' shipments,*
Por un analy=is of the value added con-
vepl anplisd Lo campournts in ronsiomer
expenditures: for food see Dmren (I8

' Far o briel deseription of the indes of
fuctory production, see appendic A for a
detailedl dese ription of  sourees el
methods vamd in copsbraviing the index,
see Waldoel 139,

5 For definitions of !l eiployees and
hoanrs warked, sond For general deseriphion
of sourees of dala and iethods used in
deriving the man-bours Iudex, see ap-
pendix A,
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plant and equipment rented or
lensed from other sectors of the
economy; however, there has been
no apparent shift to the use of
rented capital goods by food manu-
facturers, judging from Internal
Revenue data on rent and deprecin-
tion. The cstimates are net of
deprecintion.  Like all other data
on the stock of capital, these esti-
mates are subject Lo important
limitations {7, ). Because of in-
adequacy of the price deflators used
lo estimate the quantity of eapitul
in constant dollars, changes in the
stock of capital do not refloet in-
creased quality (ineluding new tech-
nology). Clonseqguently, changes in

the stock of capital in food manu-
factures used in this report may be
thought of as changes in a stock of
capital measured in the quality of
capital goods en Ployod dluring the
weight pcuod There is also the
diflicult accounting problem of esti-
maling depreciation and obsoles-
eonce: Capilal goods are sometines
still in use long after they have
been deprecinted “out of existence”
a5 during the wartime and early
postwar periodl.  In periods marked
by rapid technological change, fived
eapital is often scrupped early—that
is, carlier than expected—becnuse
ol abselescence.

Trend in Production Per Man-Hour

Outpul per man-hour in factories
processing domestic farm food prod-
ucls grew at an average rate of 2.7
pereent per vear during the posl-
war period, 1847-58, compnred with
3.5 pereent for the total private
econemy.® The rise in output per
man-hour in factory processing of
foods was slightly faster than the
rise 1n production; the numhber of
man-hours worked declined slightly
during the period. The postwar
trend in output per man-hour for
all lood processing refleets divergent
trends among major food processing
imdustries.  In fact, the compara-
Lively slow rate of growth mn the all-
food series was partly the result of
shilts in production from food proc-
essing ndustries with higher ratles
of cutput per mun-hour o indus-
iries with lower rates.  Quiputl per
man-hour in all foad processing,
adjusted Tor changes in the preduct
mix, was about the same as Lhe
annual rate for the total private
ceonomy,  When we inelude de-
pression, warlime, and  postwar
experiences from 1010 (o 1958,
oulput per man-hour in faclories
processing farm lood productls grew
al an wyverage annual rate of 2.0
pereent,

All Processed Foods

Oulput per man-hour in factory
production of domestic farm food
products during 1938 was 29 per-
cent ubove the 1947-49 average
(table 1). Except for w small dip
in 1948, culput per man-hour in-
erensed during each of these post-
war years (fig. 13, The annual ratle
of growth during 1947-38 was nhout
the same as Lhe rate during 1919-29.

Production per man-hour Teveled off
during most of the thirties and
climbed vory slowly heiween 1939
and 1947, beeause of shortages of
fixed (-npilul and other resource
mpuls imposed by World W 11,
During the 40 vears 191958, out-
pul per man-hour in factories proc-
pssing food products rose nearly 140
pereent.

The reciproeal of the index of
autpul  per man-hour  measires
changes 1n man-hewr requirements
per unit of outpul in lactories proc-
esaing  domestic farm fooad  prod-

B 7nless otherwise reded, throughout
ihis repart avernge annaal rates of growth
wer e compited from least sguares trend
uf the logrithins of the index nambers far
vedra shown i table |,

7
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Tavre 1.—Faclory production of
domestic farm food products, man-
hours, and production per man-
hour, United States, 1919-58
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! ATeasures physicd oulpuel of mang-
facturing cslablishmoents processing de-
mestieally produced farm food producis,
Outpul oxeludes proeessing of fluid milk,
oo, and  egps; it includes  Jood
byproducta.

? For all cmployees of manufacturing
csfablishments, including those cngaped
in distribution and construetion work; the
extent Lo which sstich employees are in-
eluded in figures for yeurs before 1938 s
not known.

Aup-hours index for years sinee (047
is bused on hours werked; those for vears
bebween 1019 and 1923 Lased on prevail-
ing hours, adjusied to npproximate actual
hours. Xstimates of nvernge  weekly
hours worked by employees other than
production and relubed workers are bused
on assumed trend.

I Compulations for produetion per
mati-hour e bused on virounded figures,

¢ Bslimated  frome Burenu of  Labor
Statistics duta,

*The Burenu of the Census rovised
Lhe snmpling plan and universe in Annuad
Surveys of Manufucetures beginning in
1953, which somewhild oifsets compirri-
bility of man-hours and oulput per mun-

ucts.” About four-fifths as many
man-hours were required per unit of
fretory output in 1958 as in 1947.
The annual rate of deeline in unit
man-hour requirements was about
214 times s {ust between 1919 and
1939 as belween 1939 and 1047,
This decelerated rate of decline dur-
ing the war and carly pestwar period
deamatizes the difliculty of extrap-
olating historieal rates of change
in unit man-hour reguirements to
periods marked by severe restric-
tions on other factor inputs, Be-
fween 1919 and 1958, unit man-hour
requirements in faclory production
of farm food products decreased
ashout three-fifths.

Factory production of domestic
farm food products grew slightly
less than output per man-hour dur-
ing the postwar period 1947-58;
the number of man-hours worked
trended slightly downward, Botlh
the direclion and percentage changes
in production and man-hours were
aboub the same i the two post-
war periods, 1947—58 and 1019-29,
During the four decades 1919-38,
produelion outpaced the growth in
output per man-hour, and man-
hours showed & small but significant
upwiud Lrend.

The small rise in the number of
man-hours employed in factory pro-
cessing sinee Lthe end of World War
T was the result of an intrease in
aumber of emplovees that more
than offset & decline in the aversge

T AMore speetficaliy, the reciproeal of
oulpul per mnn-hour ax compiled in Lhis
reparl aneasures chonges o ounit man-
henr ll'f*qlii:'('mvn!':-; for o changing product
HILE,

hour series wilh eartior years,  Compari-
son of cmpiloyment dain reported In
Annual Surveys and by the HLS suggesis
that gvernge nnnurl vnte of growth in
culput per man-honr from 1947 o 1058
wis ol signifieantly  affeeted by the
revision,

Compiled from Bienniad and Deceoniand
Consuses of  Manufaetares (31, 82}
Annual Surveys of Manulzetures (28 nnd
date published by the Departinents of
Lubor and Agricollure.




Factory Processing of Farm Foods
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FiGTre 1

number of hours worked.? Among
production and rtelated workers,

most of the decline in the average
workweek took place within about
the first three decades; within the
lnst decade, average weekly hours

worked by production and re-
lated employecs have declined only
slightly.

Since World War II, therc has
been a shift from production to non-
production workers employed in
factories processing domestic farm
food products (3): The number of
production and related workers re-
ported in the Census and Annual
Surveys of Manufnctures deelined

¥ Data on average weekly hours are
available for production and  related
workers only.  During the period 1080-
58, production and related workers ac-
eounted for at least three-fonurihs of
all employees,  Production and related
workers as defined in the Census of
Manufactures for 1951 include workers
up Lhrough the working foreman level
engaged In preduction operations or in
serviees closely associgted with  these
operations  (for  example, walchmen,
janitors, record keepers).

5 percent between 1947 and 1958,
wherens the number of all other om-
ployees rose 25 pereent. Despila
changes in Census definitions, it ap-
pears that between 1919 and 1929,
when the rise in output per man-
hour cqualed the rise during the
post-World War IT period, the num-
ber of production workers shoswed
little or no change, whereas the
number of nonproduction workers
deelined substantially. The shift
from production te nonproduction
workers since 1947 reflects the in-
troduction of new, more complex
technology that requires especially
trained technicians and englneers,
along  with greater cmphasis on
sales, management, and related
functions.

Comparison With the Total Privatz
conomy

Output per man-hour worked in
the total private cconomy grew at
an average annual rate of 3.5 per-
cent during  Lhe postwar period
1947-58 (8d), substantially faster

9




than in factories processing domes-
tic farin food products (table 2},
The larger rate of incresse in the
total  private economy resulted
mainly from the shurp rise of out-
put per man-hour in farming. The
postwar anounl rate of growth of
output per man-hour in the private
nonfarm sector of the economy (2.9
poreent) was roughly the same as in
food processing industries.  Puring
the entire four deeades following the
end of World War T, ouiput per
muan-hour worked in the total pri-
vibe cconomy inereased ab an aver-
nge rate of 2.7 percent per your;
this was also substantially greater
thun the yearly rate of growth in
fuctlories processing [arm  {oods.
The average anuual rate of growth
i the private nonfarin sector of the
ceonomy (2.3 percent) during the
four deendes as n whole was some-
what higher than in food processing.

TanLy 2--rlverage annuval percent-
age change i owdpul per men-howr
in factories processing furm food
products and in the iolal privaie
economy, {rited Stules, 1847-58
and 1915-58

Serips ST S [ T
Faetory proeessing Hercent ~ Percent
of farm foods. . . 27 2.0
Private nonfari ' :
seclor . o0 L 01 20 2.3
Total private ; .
eceonemy To_ .. |. 35 27
' b

PAverage annusl orades for oacly sector
are buased on bivonint and annaal data for
vears shown in tabie 1. Avernge snound
rites for the tolad privite eeonemy and
for the private nonfarm sector wonkd e
about the snme i computed from anmial
datu,

? Computed from Bureau of  Lobor
Statistics estimades of “peal produet per
mun-hour in the privale cconoms™ (23).
Rewl produact per man-hour for totad
private veomnny and for privale nonfarm
soetor  hased  on esbimiates Tor gross
nutional  produet o constant  dollaes
construeted by Ofice of Business Feo-
nomics, U8, Departinent of Clommeree:
man-hours data from Moenthly Feport of
the Lwbor Force, Burean of the (lensus,
and based on personal interviews of
sample of households.

10

Postwar Trends Among Industry Groups

Average annual rates of growth
in oulput per man-hour shown in
this report reflect changes resulting
from shifts in production among
plants manuwlacturing the same or
dilferent kinds of food products
with different rates of oulput per
nuei-hour as well as increases in
output per man-hour within indi
vidunl 1)]1:111ts. Datn are not avail-
able lor separaling these sources of
change; it is evident, however, that
the aggregate index averages ex-
tremely  divergent trends among
mdividual food plants and indus-
tries.  Postwar trends in ouiput
per man-hour varied widely among
major ndustry groups {table 3).
Output per man-hour in Inctories
processing  fruits and  vegetables,
domestically grown sugar, munu-
fagtured dairy products, and grain-
mill products rose [aster than the
average for all farm foods (lig. 2).%
On the other hand, outpul per man-
hour in factory production of con-
feclionery products, meat products,
nnd bakery products rose at a slower
rate than the nverage for all pro-
ressedd foods.

Production trends ameong indus-
try groups ulso ranged widely be-
Lween 1947-40 and 1958, At the
lower extreime, industries manufie-
turing grain-mil products registered
only a shight rise in production; nt
the upper extreme. production of
processed (ruits and vegelubles rose
aboul 50 percent {luble 3)." Tho

P Phe average annual mibes of growth
shown by the stopes of the lipes in heure 2
are, of eourse, affeeled by the choice of
venrs (1007 -8 avernge and 1a8);
Pherefore, referener shondd slzo e wacde
ter Ltable 3 for coinpoarizon with ot her
YOS,

U Production of pouliry produets rose
roughly 250 pereent frot 194740 Lo
19058, Comparable dala on inan-hours
are incomplele and eannot be shown sep-
arpdely; nevertheless, it is appareat from
wvaibuble  infortmalion (hal eulput per
man-hour in powltey dressing plaonts grew
ab n substantindly fuster rude thun in any
industry group zhown in table 3.
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Factory Processing of Form Foods

OUTPUT PER MAN-HOUR
BY INDUSTRY GROUPS

% OF 194749

140

PROCESSED FRUITS &
F 4 YEGETABLES

/7 UGAR
/

PRODUCTS

{ WANUFACTURED DAIRY
" | GRAIN WLt FRANUCTS

/ ALL FOUDS

CONFECTIONERY
Z PRODUCTS

U, 5. DEPARTWMENT OF &GRICULTURE

/,] MEAT PRODUCTS
’

120

» BAKERY

”~

110

(100
1947 -49 1958

ACRICULTURAL MARKETIHNG JEAYICE

NEG, 31}=50 {11]

Fraure 2

index of output per man-hour for
all processed foods used in this re-
port is affected by changes in the
product “mix.”” For example, the
postwar shilt from gruin-mill prod-
ucts, where output per man-hour
is above the average for all proc-
cssed [oods, to meat products, where
it is below the avernge, retarded

581073013

the rate of growth of output per
man-hour for =all food products.
Elimination of the cffects of changes
in the product “mix” among the
major industry groups on the growth
in oubput per man-hotir for all lurm
foods indicates that there have been
substantinl shifts in output from
those industry groups in which out-

1"
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TasLE 3.—Factory production, man-hours, and production per man-howr, by industry group, United States, 1947-58 !
[1047-49=100]

All foods 2

Moent products 3

Manufactured dalry produets 4

Processed fruits and vegetables

Year Produe- Produc- Produc- Produe- Produce- Produe- Produc- Produe-

tion Man-hours |- tion per tion Man-hours| - tlon per tion Man-hours| tlon per tion Man-hours{ tlon per
man-hour man-hout 10 man-hour 19 man-hour 19
1047 il 101 101 100 105 102 103 105 | - 109 97 97 103 93
1048 _._-___ 99 100 99 96 98 98 08 100 97 99 100 99
1049, o 100 99 101 09 100 99 97 9L 106 104 97 108
1950, e 103 99 104 101 100 101 95 96 98 106 98 108
106 L 106 101 105 100 104 97 91 90 101 124 107 115
1982 i 108 102 106 105 105 100 91 88 104 122 102 119
1953 ... 112 11 97 11115 113 1102 11111 96 1190 11-3106 129 11 98 11131

1954 . i 113 97 117 116 101 115 96 83 1156 128 97 132 .
1968 e o e e 117 98 119 125 103 120 99 84 117 135 98 137
19660 vcmeaa o 124 100 124 130 107 122 102 83 123 151 102 148
1957 i 124 98 126 124 101 124 104 82 126 144 103 139
1958 e 126 97 130 119 95 124 104 79 131 147 104 141
Grain-mill products® Bakery products 7 Sugar ? Confectionery ®

Year Produc- Produe- Produes Produc- Produe- Produe- Produc- Produe-

tion Man-hours | tion per tion Man-hours| tion per tion Man-hours| tlon per tion Man-hours| tien per
man-hour 19 min-hour ¥ man-hour 10 man-hour 1¢
1047 il 105 104 101 99 98 101 110 113 97 100 99 101
1048 o 104 100 104 100 100 99 90 96 94 102 102 100
1949 L. 91 96 95 101 102 100 100 91 109 98 99 99
1950 o eeaam 90 95 95 104 161 102 122 102 119 106 105 100
1951, . 94 95 99 107 105 101 92 96 96 101 88 114
1962 oo ooo- 95 105 90 106 107 99 96 93 104 102 92 111




1103
113
109
117
126
131

106 1197
105 97
107 99
111 100
114 100
117 99

117,
114
110
111
122

11110
138
128
144
151
139

11 109
108
108
111
114
118

110 | - 11100
118
103
113
122
126

1 Man-hour indexes buased on all employces and hours worked;
figure ‘for 1048 interpolated from Bureau of Labor Statistics
data on all employees and hours paid for. See footnotes to table 1.

2 Includes poultry dressing plants and establishments primarily
engaged in manufacturing leavening compounds, shortening and
cooking oils, margarine, corn wet milling products, flavorings,
maearoni- and spaghetti, and peanut butter, as well as industry
groups shown in table.

3Includes mentpacking plants and establishments specializing
in prepared meat products.

4 Includes establishments primarily engaged in manufacturing
creamery butter, natural cheese, concentrated milk, ice crenm and
jces, and specin}l dairy produets; it excludes processing of fluid
milk and creami. ) :

s Tneludes establishments primarily. engaged in manufacturing
canned fruits and vegetables, dehydrated fruits and vegetables,
pickles and sauces, and frozen. fruits and vegetables.

¢ Includes cstablishments primarily engaged in manufacturing
fiour and meal, cereal products, rice milling, and blended and
prepared flour. :

7 Includes establishments primarily engaged in manufacturing
biscuits nnd cruckers, wholdsale bakeries, grocery chain bnkerics,
house-to-house bakeries, and retail multi-outlet bakéries (exclud-

ing those with direct sales to consumers on premises). In 1954,
establishments which were part of a chain and were producing for
direct sale on premises were reclassified from the Census of Manu-
factures to the Census of Retail Trade; however, this did not
significantly affect comparability of the series between 1947 and
1954. ~ Iistablishments which bake primarily for direct sale to
consumers are not included.

8 Tncludes establishments primarily engaged in- manufacturing
raw cane sugar from domestically grown sugarcune and plants
mainly engaged in production of beet sugar. The index of raw
canc sugar also includes an ndjustment for refining domestic
cane sugar, ~

v Includes establishments primarily cngaged:in manufacturing
candy and other confections.

10 Computations for production per man-hour are based on
unrounded figures,

11 Census Bureau revised sampling plan and universe in Annual
Survey of Manufactures beginning in 1953 which somewhat offsets
comparability of man-hours and output per man-hour series with
earlier years. )

Compiled from Census of Manufactures, Annual Surveys. of
Manufactures and data published by the Departments of Lahor
and Agriculture.
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put per man-hour is higher to those
in which it is lower. If the 1947
product mix had remained constant
through 1957 and cach industry
group had expericnced its same rate
of growth in cutput per man-hour,
the average annual rate of increase
of factery preduction por man-hour
would have been 3.2 percent instead
of 2.7 percent.’* The adjusted fig-
ure (3.3 percent} for food processing
is about the same as the postwar
figure (3.4 percent) for the total
private cconomy adjusted for inter-
scetor shilts in output between
farming and the total private non-
farm sector of the cconemy (33).
This means there is no evidence
that, on the average, output per
man-hour within individual {ood
industries or plants grew at a slower
rate than the average within indi-
vidual industries or establishments
for the total private economy.

It appears that changes in the
product mix may continue for some
time to exert a dampening effect
on the growth of output per man-
hour in factory processing of farm
food preducts. Comparison of in-
come elasticities for farmy foods esti-
mated by the Department of Agri-
culture (8, 71) indicates that as
“real” per capita income rises {other
things remaming the same) con-
sumers will tend to shift to meat
products where ontput per man-
hour is currently below the aver-
age for all processed foods and to

shift from grain-mill products where
output per man-hour is currently
above the average. In the base
period 1947-49, meat products ac-
counted for nearly 20 percent, and
grain-mill products for nearly 10
percent of tolal (weighted) factory
production of processed farm foods,
To some extent, these dampening
influences  will be tempered by
probable developments in manu-
factured dairy products where in-
come clasticity and output per
man-hour are both higher than the
averages for all processed foods.
Among the other major food
groups—bakery products, fruits and
vegetables, and sugar and confee-
tionery products—output per man-
hour is roughly the same and close
to the all-food average.

The number of man-hours worked
within cach industry group in 1958
was cither the same or smaller than
in the base period 1947-49. The
number of man-hours worked re-
mained the same in indusiry groups
that experienced substantinl  in-
ereases i production; the number
declined among groups in which
production dechined or stayved the
same.  In all groups, outpui per
man-hour incressed.  These devel-
opments indicate that food muanu-
facturers tended to substitute other
inputs—capital, new technology,
entreprencurship, more  highty
skilled employees, and other inputs —
for man-hours.

Factors Affecting Output Per Man-Hour

Apparently food manufacturers
did not substitute fixed capital for
Iabor in food manufactures from
1929 to 1957. Changes in technol-
ogy were ab feast as much fixed
capital saving as labor saving dur-
ing the period. Between 1948 and
1957, the stock of working capitnl
rase substantially relative to the

TTE the 1957 product mix is held con-

stant, the estimated average yearly
increase is 3.5 poreent.

14

number of man-hours worked and
contributed to the postwar growth
in cutput per man-hour.  Jodustry
survevs and other indicators point
to a dramatic growth in now Lech-
nology in food processing, particu-
Iardy sinee the end of World War 1T,
but information is not available to
measure the impact of new technol-
ogy on the rise in output per man-
hour,

Changes in the extent of educa-
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tion, training, experience, and other
forms of investment in human eapi-
tal also affect changes in output per
man-honr, A man-hours series by
occupation weighted by wages and
salaries would reflect changes in the
“quality” and composition of labor
inputs. As a first approximation
to sucl a series, the number of man-
hours of production workers and of
nonproduction workers within each
mdustry were separately weighted
by average hourly earnings. The
weighted man-hours index showed
the snme average annual rate of
change as the unweighted man-
hours series during the postwar
vears 1947—38 because interindustry
shifts offset intra-industry shifts
from production to nenproduetion
workers. The weighted and un-
weighted man-hour indexes also
showed about the same annual rate
of change for the entire four
decades, 1919-58.

Capital in Food Manufactures

Estimates of the stock of total
capital (fixed plus working capital)
and the stock of fixed capital in
Food and kindred products (ex-
cluding Beverages) manufactures
have Deen constructed by Pantel
Creamer {7, 15) lor scleeted vears;
data 2n the steck of capital em-
ployed in factories primarily en-
gagoed in processing domestic farm
food products are not available®
This information can be used to
gage trends in capital inputs (that
15, capital of base-period quality)
and the extent of substitution be-
tween capital and labor in factories
1 rocessing larm food products. In
order to climinate effecis of business
fluctuations on trends in capital per
worker and eapital-output ratios,
Creamer selected years representing

12 [ 1957, value added by manufactar-
ing establishments included in the output
per man-hour index far factory processing
of domuestic farm food produets aceounted
for 83 pereent of total value added by all
establizhments elassificd in Food and

kindred products (excluding Beverages)
manufietures.

similar positions in the business
cvele (6). Therefore, the effect of
changes in capacity utilization on
trends in capital per worker, capital
per man-hour, and eapital per unit
of output are probab[l)_v minimized
for long-term comparisons; the
effect on short-termu comparisons,
particularly in the postwar period,
mav be significant, however.
During the postwar period, 1948—
57, the stock of total capital used
in Food and kindred products (ex-
cept Beverages) manufactures in-
inereased substantially (table 4).

Tante 4.—Stock of total capital in
Food and kindred producis ({ex-
cluding Reverages) manufactures,

L;'J ited States, selecied years. 1919-

5

[1950=100)
‘Totai capital per—
Tolal
Year capital 1 i

Ein- App- } Colt of

Moyee ! hour? ;!nuLpuH

910 8 6 KR 95
1929 _._.__; 100 100 100 100
1937 I 86 T 93f 83
148 R 6S{ 85 ' ar
1945 _____ 102 77 095 § ah
1957 ... 120 88 113 GO

! Ineludes fixed capital (land, buildings,
machinery, aod equipiient) and workiog
gapital (cash, inventorics, and accounts
receivable), Data muade available hy
Dr. Daniel Creamer: 1019, 1920, 1937,
and 1948 fram Cepital in Marufachiring
and Mining: [is Formation and Financing,
by Creamer, Dobrovolsky, and Boren-
steinn (7); 1U53 and 1957 from Study in
Business Economics, National Tondustrial
Conference Board (15).

? Index based on number of all emi-
plovees in Food and kindred products
{cxelnding Beverages) manufactures re-
ported in Census of Manufaetures and in
Annual Burvey of Manufactures.

3 Hased on estimate of ian-hours
worked by all employees.

t Baged on approximate net output
index for Food and kindred products {ex-
cluding Beverages) manufaetures em-
ploying same rmethod vsed to compute
index of factory production of domestie
farm food products for years hetween
1919 and 1948, Tor years after 10485, the
Industriai Produetion lndex for Food
Praducts (Food and kindred products,
excluding DBeverages) compiled by the
Federal Reserve loard was used {27).

15
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This rise was accounted for by an
increase in the stock of working
eapital (cash, inventorics, and ac-
counts reecivable); the stock of
fixed capital (land, buildings, ma-
chinery, and equipment) remained
virtually unehanged (table 5). In
contrast to the postwar experience
neatly all of the decline in total
capital stock between 1929 and 1948
was due to a change in the stock of
fixed capital.

In sum, trends in capital per
man-hour and per employee in food
manufacturing ndicate that (1)
there hns apparently been no sub-
stitution of fixed capital for labor in
the postwar period 1948-57, and,
in fact, none sinee 1929, the first
year for which these data are avail-
able; but (2) there has beon a sub-
stantial rise in the stock of working
capital relative to the number of
man-hours employed during those
yoars. The inerense of working
capital velative to labor contributed
te the rise in output per man-hour
in Lhe postwar period; however,
the leveling off of fixed capital per

TanLe 5.—Siock of fized capital in
Food and kindred products (ex-
cluding Beverages) manufactures,
g??i ted States, selected years, 1929

(1920= 100]
i TFixes capital per—
I Fixad
Year feapfral t
H Em- Man- | Unit of
| ployea 3 hour?® |oulput?
f
1920 . w0l o0} 00| 100
1937 ... P 73 66 - FLLEN 70
1048 . boSLt 6Ll 7l a0
1083 . __ | 9 GO 761 2
1957 . ... W a8 w3

! Tneludes land, buildings, mnachinery,
and cquipment shown in the balance sheet
of fond manufacturing corporations; ex-
cludes fixed eapital which is leased or
rented from other sectors of the ceonomy.
Judging from Internal Revenue data,
there was no significant trend in the use
of rented capital in food manufacturing,
Statisties obtained from Dr.  Daniel
Creamer; see table 4, fooinote 1, and
references (7, 45). Data for 1919 not
avauilable,

2 See table 4, foobnotes 2, 3, and 4.
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man-hour indicates that, at least
singe 1929, the rise in output per
man-hour in food manufacturing
resulted mainly from other factors
such a8 new technology, a more
skilled labor force, economies of
scale, and other factors.

During both the postwar period
1948-57 and ihe period 1920-57 as a
whole, technologiceal improvements
in food manufacturing seem to have
led to savings in both fixed capital
and labor per unit of output., The
fixed capital-cutput ratio in 1957
wis  {hree-fifthe  below the 1929
figure {table 3); unit man-hour re-
quirements in Food and kindred
products (excluding Beverages)
manufactures declined about one-
hall in the same period. During
the postwar wvears 1948-57, both
the fixed capital-output ratio and
unit man-hour requirements in food
munulactures declined by about
one-fifth. Warking eapital per unit
of output increased in the postwar
perviod.

Technology

New technology is probably the
most dramatic lactor centribuling
to the growth in oufput per man-
hour in factory processing of larm
lood products, particularly since
World War TI. Data for gaging
the tmpact of new technology on
outpul per man-hour are not avail
able. A briel industry survey of
major developments sugzests that
technological changes in food manu-
facturing during the last three
decudes were both labor saving and
fixed-eapital saving, Between 1953
and 1957, firms enzaged in manu-
lacluring FFood and kindred prod-
ucts substantially increased their
outleys for research and develop-
ment.  These outlays are lavgely for
davelopment ol new lood products,
some ol which contribuled to the
increase in autput per mao-hour.

A Department of  Agriculture
survey of technology in minrkeling
of fowl products (28) lists mujor
technological developrments in com-
mereinl  processing belween 1930




and 19530—developments in ma-
terials handling, continuous proces-
ses, packaging, grading, saniiation,
and others, 1o materials handling
the trend has been towards bulk
handling. This includes the intro-
duction of hydroconveying,
poeumitic conveying, and the ex-
tension of the dump truck principle
to grains and other products. The
adoption of bulk handling probably
has been largely Inbor saving.

The de\-‘(‘;lopme.nt and adoption
of continucus processes replaced
much of the old-fashioned discon-
tinuous batch and vat methods.
These continuous processes also
gave impetus to development of
techniques lor short-time steriliza-
tion st high temperatures, packag-
ing equipment, and other nnova-
tions, Introduction of electronic
temperature and bumidity controls
have also cnlarged the usefulness
ol electric control systems. Tech-
nological changes associnted with
continuous processes suggest the
importance of capital-saving inno-
vilions as well as labor-saving
innovations in food processing.

Growth 1n kilowatt hours of
electrie power used also suggests the
tmportance of new technology in
incrensing output per man-hour in
food manufacturing. During the
postwar period 1948-37, the stock
of fixed capital remained unchanged
and the nomber of man-hours
worked declined slightly whereas
the number of kilowatt hours con-
sumed in food manufacturing rose
about 30 percent. This nse in
eleetric power consumed reflecls
increnses in air-conditioning, light-
ing, and other electric appliances;
however, in addition, it also reflects
the employment of more eleetrie
power-driven equipment in bulk
handling, continuous production
processes, and other technelogical
changes in production,

The National Science Foundation
has sponsored several sample sur-
veys (16, 17) during the postwar
venrs which estimate employment

and outluys for research and de-
velopment by United States indus-
tries. According to these reports,
the estimated cost of research and
development within the Food and
kindred products industries in 1956
was 875.9 million, about 40 percent
greater than in 1953, These indus-
tries employed 15,400 engineers,
chemists, and other natural scien-
tists as of January 1937, about 5
percent above the number in Janu-
ary 1934, These figures on costs
and employment within food manu-
facturing 1ndustries are largely for
research and development of new
products. New products often con-
tribute to increased output per
man-hour. In production of pre-
pared and blended flour mixes, for
example, output per man-hour is
much greater than in white llour
milling, and in the postwar period
autput of prepared flour increased
much faster than white flour pro-
duction. Similarly, the dramatic

growth of frozen foods contributed
to the substantial postwar rise in
output per man-hour in the pro-
cessed fruits and vegetables industry

group. Ab any rate, the figure for
Food and kindred products manu-
factures substantially understates
total oullivs for research and devel-
opment related to food munufae-
tures; it exclades research and
development related to food pro-
cessing undertaken by the chemitend
industry, the fsod machinery prod-
ucts industry, the electrieal equip-
ment industry, universities, Govern-
ment agencies, and other groups.®®

? Comparison wirh data for Food and
kindred produets mannfactures publisbed
in the Annual Suevey of Manufactnres
for 1956 indleater that research and
development ecosls as reported by Lhe
National Heience Foundalion accouniod
for about 1.5 pereent of valie addoed and
thut the total number of physical seien-
tists acecounted for about 1 perennt of ail
employees {hearly 3 percent of nonpro-
duction workersy.,  The raties lor sim-
plovees wonld not be significantly inrger
if Lhe ostimales also included tochnicinns
engaged direetly in research and develop-
mnent,

17
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Output Per Weighted Man-Hour

"The index of output per man-hour
reflects changes m “guality” of
Iabor—that is, changes in the degree
of education, expericnce, and other
kinds of investment in labor em-
ployed in processing farm food
products.  The man-hours series
used to compute the index of output
per man-heur is a simple aggregate
of hours worked by employees with
heterogeneous skills and training—
corporate  executives, enginegers,
secrelaries, production line workers,
janitors, and others. This means
that an hour worked by an engineer
has the same weight as an hour
worked by an unskilled laborer.
In order to gage some of the effect
of the change in quality of labor
inputs, the number of man-hours
worled by production and nonpro-
duction workers has been weighted

by average hourly ecarnings by
industry (9, 12y (table 6). In this

weighted man-hour series, an hour
worked by an employee who earns
82 pov hour is counted as equivalent
to twe hours worked by an em-
loyee who carns 31 per hour. At
sesk, these computations are only
suggestive: The classification of

Tanre 6.—drveroge annual perceni-
age change in man-hours worked
and in production per man-hour
in factories processing domestic
Jarm  Jood  products,  based on
weighted and wnweighied man-
hours, 1947-58 and 1819-58

Fories 1 107-55 | 1080-35 1
Alan-hours: Precent I Percent
Weighted 2 _ .. ____ —0.3 G
Trnweighted ... _. —.3! .G
Production per -- i
Weighled man- '
hesir 2L .o 2.7 ) 20
Tnweighted mnan- I
{1715 27 | 2.0

! Based on years shown in table 1.

? Man-hours for produection and non-
production workers by industry weighted.
by averuage hourly earnings estimated
from Census of Manufactures data.
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nonproduction  workers  includes
salesinen,  seerelaries,  engineers,

clerks, corporate execulives, and
other groups of employees with
highly divergent skills. The man-
hours series should be classified by
occupation and should he weighted
by wages and salaries, not by
average hourly earnings.

During the postwar period 1947—
38, the index of weighted man-
howrs worked in factory processing
of domestic farm [ood products de-
creased at an average annual rate
of 0.3 pereent—the same as the
unweighted man-hours index (table
6). The decline in the weighted
man-hours index resulted from two
conlrasting movements: An inter-
industry shift in man-hours worked
by all emplovecs, from higher lo
lower paying industries, more than
offset the intra-industry shife from
production and related jobs to
other jabs that, on the average,
paid more.  Pactory production per
weighled man-hour rose an aver-
nge of 2.7 percent per year from
1947 to 1958, also the same as oui-
put  per  unweighled man-hour.
During the entire period 1919-38,
the picture was much the same:
The weighted man-howr index paral-
leled the unweighted man-hour in-
dex and, consequently, output per
weighled man-hour and output per
unweighted man-hour showed the
same average annual rate of growth
(2.0 porcent).  In sum, it appears
that inereases i oulput per man-
hour caused by inereased quality of
Tabor within individual industries
were ab least partially offset by
interindustry shifts"

U e weighted man-hour index re-
fleets  interindustry shifts by all em-
ployees and intra-industry shifts belbween
preduction and nonproduction woarkers
only; “upgrading’ within production and
nonproduction workers separaiely would
not be reflected. The comparison of
the weighted and unweighted man-houras
series probably understates inereases in
Yauallty” of labor Inputs heewuse of {he
necessity of using hroad elassifications.




Comparison With Farming

Net output per man-hour in
farming grew at an average annual
rate of 6.2 pereent during the post-
war perikl 1847-38, nearly 24
times as fast as in factories process-
ing farm food products (table 7).
During the 40 years between 1919
and 1958, output per man-hour in
farming rose at an aversge annual
rate of 2.8 percent, about 1%
times as fast as 1n factory processing.
The markedly faster rate of growih
in putput per man-hour in farming
than in factory processing can be
accounted for by a large substi-
tution of capital for Iabor in
farming, particularly since World
War I1.¥

Comparative Trends

During the postwar period 1947-
58, net output per man-hour rose
about 110 percent in farming, as
estimated by the Bureau of Labor
Statistics (33), compared with about
30 pereent in factories processing
farm food products {fig. 3).%* Out-
put per man-hour rose significantly
Iaster in factory processing than in
farming in the interwar period,

TapLw 7.—4rerage annuel percent
age increase in oulpwd per man-hour
in factories processing farm food
products and T forming, Uniled
States, 1947-58 and 1919-58

Ferles F047=-34 019-58 ¢

Faetory pradoction Fereent Pcreenr
of farm Toods._. | 27 20
Forming ..., G 2 28

' Based on ananal and bieapial dats
for years shown iu table 1; the average
snnnal rate of growth in cutput per man-
hour for farming based on annual data
is the same as that shown in this tuabie.

*Computed from Burean of Labor
Statistics estimutes of “real product per
muin-hour in farming™ (33). BLS =eries
based on eslimates of gross nationd farm
product, compiled by the Office of Busi-
ness  Feopomies, U.R. Departinent of
Commerce.

1619-39; howerver, since the begin-

ning of World War II net output
per “man-hour rose faster in farming
than in factory processing. During
the period 1919-58 as o whole, pet
output per man-hour increased
about 210 pereent in farm produc-
tion and about 140 percent in
factory processing.

Capital in Farming

In contrast to Food and kindred
products  (exeluding Beverages)
munufactures, the sharp rise in
output per man-hour in farming
since about the beginning of World
War I was accompanied by a large
substitution of fixed capital for
labor. THstimates by the Agricul-
tural Research Service (23, 25) of
value of assets employed in farm
production (in 1947-49 dollars)
indicate that total capital per farm
worker rose about 80 percent snd
capitel per man-hour rose aboutl23
percent between 1940 and 1957

¥ Tor compnarison of trends of ocutpud
per man-hour and labor-capital produoe-
tivity bebtween food manufacluring and
farming, see appendix B.

¥ Nop farm outpud per man-hour is
based on estimates of “oross natipnal
farm product’’ compiled by the Office of
Business liconomies, U.8. Department of
Comunerce {(30). Gross national farm
product {in 1954 doliars) measores total
valite of farm output net of the value of
nonfnrm  materials (gq‘zoime chemical
fertilizera, ete.) and services (reats, ebo.}
used in farm production.  Conceptually,
pross nutional farm preduct, in const:\.nt
prices, is analogous to the index of
fnetory production of farm fgod products,
The index of output per man-hour in
{arming uscd in this report differs con-
ceptundly from the production per man-
honur index compiled by Agrieuliueal
Resenrch Serviee, USIDAL According to
ARS estimales, gross farm output por
man-hour rose about 105 percent in the
postwur periad 14917-538, and 300 percent
i the four decades 18169-58 (241

Tn the period [947—44, {arm produclion
of food products, our primuary interess in
this repor{, nceonnted for roughiy 40
pereent, of tobtal farm production; ihe
pereeniage was the same in the period
194539 {26).
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{table 8}. More than three-fourths
of the inerease in total capital per
man-hour was accounted for by an
increase in real estate and machin-
ery per man-hour; between 1937
and 1957, fixed eapital per man-
hour in food manufactures remained
virtually unchanged. Further com-
parison of capital-output ratios and
unit man-hour requirements indi-
cates that improvements in technol-
ogy in farming during this period
were largely labor savi ng and very
little fixed-capital saving; in food
manufactures, Iimprovements in
technology tended to be somewhat
more fixed-capital saving than labor
saving.

Data for earlier years on capital
in farming estimated by Alvin S.
Tostlebe (21} indicate that there
was & signifieant upward trend in
total capital per farm worker and
per man-hour between the fwo
World Wars. The toial stock of
capital per employee in food manu-
{actures also rose from 1919 to 1929,
but by 1837 it had dropped back
to the 1919 level. During the
entire four deendes since the end of
World War I, percentage increnses
in the stock of total capital per
worlcer and per man-hour have
been much larger tn {farming than in
feod manufactures.

Unit Costs in Factory Processing

From 1938 to 1938, houtly earn-
ings based on hours worked in fac-
tories processing [arm food products
substantially outpeced the rise in
output per man-hour and, as a re-
sull, unit labor costs rose sharply.
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labor costs declined.

In contrast, during the interwar
period, 1919-38, output per san-
hour in food processing rose faster
than hourly earnings, and unit
The marked
upward trend in average hourly




Tasue §.—Capiial used in furm pro-
duction, in constant prices, United
States, selected years, 1920-57

$1930= 100]

; Capial per--

| auitat 1t

Yoar

Farm Man- | Unliof

worker?j hour? |oogpur?

3 2114 SO T 3] 34 jut 161,
14330 . 100 100 100 100
2211 I 1030 (W] 111 86
8. __...| 108 140 146 54
1552 SR, 1 170 198 03
10537 ... 125 206 281 H

! Beginning i 1940, indexes based on
valte of aszets used in farm production,
in LH7—40 prices, computad by Agricul-
tural Research Hervize (23); includes
farm real estate, less value of dwelling;
livestoek; machinery and motor vehieles,
luss 60 pereent of the value of automohbiles;
crop inventories held for livestock feed;
aned a portion of the demand deposits
determined for each yenr by adjusting
deposits of Jan. 1, 1942, by an index of
prodoetion costs.  Indexes for earlier
vours based on eslimates made by Alvin
5. Tostlebe (24). The two series are
somewhat dilferently defined; hawever,
the serics linked in 1940 can be used to
gage long-term trends in eapital vused in
farm production.

2 Based on farm employment {fumily
plus hired workers} and man-hours esti-
puted by the U8, Depurtment of Agri-
culture,

? Based on farm output net of inter-
medinte poods and services purchased
from the nonfarm sector (“gross natienul
firm product™), estimated by the U.S.
Dapartment of Commeree (30).

earnings in feed manufaclures in
the last two decades was part of a
similar trend in all manulactures.
During beth the posiwar period
104758 and the four decades 1919-
58, nonlabor charges (including
profits) per unit of output in food
processing rose significantly more
than unit labor cosls.

Unlike the marked poslwir rise
ol unit lubor costs in factories proce-
essing  fwrm Tood products, unit
Inbor costs in [arming deelined sub-
stantially Trom 1947 to 1958, The
decline of unit Iabor eosts in farm-
ing was the result of & moderate

rate ol incrense in avecage hourly
earnings—substantially slower than
in [actory processing—thal wns
more than offset by the rapid rate
of growth in eutput per man-hour.

Unit processing costs in foctories
manufacturing [arm [ood produels
rose slightly faster than unit labor
cosls from 1947 to 1958. 'Fhis
postwar rise in unit processing costs
contributed to an inerease in the
wholesale price of processed foods
relative to the fnrm prices of the
raw products. Unit processing costs
and unit labor costs have shown
roughly the same long-term patlern;
however, between 1919 and 195§,
unit processing costs rose signifi-
cantly faster than unit labor costs.

Unit Labor Charges

Hourly ecarnings per employee
based on hours worked in factories
processing domestic (arnt (ood prod-
ucts were nbout 65 percent larger
in 1958 than in the base period
(table 9), 1947-49; however, be-
cause of a 30-percent rise in oulput
per man-hour, unit labor cosls were
only about 30 percent above the
base period average (fig. 4).)" Be-
tween 1915 and 1939, outpul per
man-bour grew faster than hourly
enrnings and, consequently, unit
lebor costs declined. Ior the entire
period 1919-58, hiourly earnings rose
about 335 percent, outpud per man-

2 The index of howrly enrnings bused
on hanrs worked is the ratio of an index
of latal payrolls, as reported in the Cen-
sus of Manufactures, and the index of
man-houes worked by olt vmployees, shown
in tnbie 1. Coneeplaully this serjes diffors
from sverage hovrly earning- fur produe-
tion workers peblished by the Durean of
Tabor Slatistics, which is based on hours
puid for (that is, including pald vacutions,
siek leave, ofel. There are olher con-
ceptial as well as sfalistieal dilTerences
bBebween the two series. Both series on
hourly carnings omit fringe benefits whiceh
have grown as a4 pereeatage of tofal laboe
cormpensafion, partictlarly sinee Worid
Wiur [l (27).  Aeccording to estimabes of
the Depariment of Commeree, total pay-
rall: aevonnted far abour 8% pereent of
total employecs’ compensation in Fouod
aned kindred produets manafueinres doe-

ing 1957.
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TasLe ¢.—Hourly eocrnings, wunil
labor costs, wmit nonlabor costs,
and unit processing colls in factory
production of farm food producls,
United States, 1919-58

[1g47—48=108]

Hourly | Unlt Tnit Unit

Tear farn- luhor Tomn- proc-
ings? Losts 2 inhor essing

¢osis } costs
1916, . ___. 38 70 60 G
1921 ... .. 42 72 52 G0
1923 ... _. 42 66 345 GO
1925 ___.. 12 42 62 i
1927 ... 44 G2 62 61
1629 .__.. 43 6L 69 65
5123 I, 42 33 59 a6
1033, ... 37 BE1] a2 -+l
1935. .. ... 44 35 50 ol
1637 ... .. 46 57 a4 84
18934 ... .. 47 51 38 55
1947 ___ . __ 04 04 g9 97
1948 . __._ s 1481 103 { 848 & 100
19448 _ . 135 103 §¢ 103 & 103
1960, .. __ G 106 167 107
95 . _ ... 121 113 1o {12
19052 . 2 120 "7 iy
1953 .. | 134 117 1t9 18
1934 . _ .. 140 i1 1il 115
A1 5% N {45 [ 234 122 122
1956, ... __ 152 133 128 126
BT ... 158 126 134 130
158, ____ 166 128 136 132

' Obtained by dividing index of pay-
rolls by index of man-hours worked by ull
employees (table 1), Changoes in amount
of puid vacations, paid sick leave, and
extra pay for overtime work result in
chanpes in hourly earnings. Conceptu-
ally this series differs from the Dureau of
Labor Btatistics published series on
average bourly carnings which is based
on hours paid for.

2 Obtained by dividing index of puy-
rollz hy fuctory production index shown
in table 1.

3 Obtoined by dividing index of non-
Iubor costs (value added minus payrolls)
by factory production index shown iIn
table 1. XNonlabor costs include profits,

1 Obtained by dividing index of valne
added as defined by the Census Burean
hy fuctory production index shown in
table 1.

3 Hourly carnings interpeluted  from
BLS series on average hourly earnings.

8 Value addrd estimated from dida
published in Stalistics of Tucome, Inlernal
Revenue Service.

Payroll and value-added data com-
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hour rose about 140 percent and, as
8. consequence, unit labor costs in
factories processing farm food prod-
ucts were shout 80 percent greater
in 1958 than ab the end of World
War L.

Datn on hourly carnings based on
hours worked are not available for
other sectors of the sconomy: how-
ever, data on average hourly earn-
ings based on hours paid for, pub-
lished by the Bureau of Labor
Statistics, can be used to compare
trends in average hourly earnings
between food manufactures and
other scetors of the cconomy.
These statistics indicate that, on
the whole, the sharp increase in
hourly earnings in food manufac-
tures since the beginning of Worlkd
War IT paralleled a similar inerensc
in oll manufactures. Between 1930
and 1938, average hourly earnings
in Food and kindred products
manufactures rose about 230 per-
cent, the same as in gll manufac-
tures. Average hourly earnings in
food manufactures lagged some-
what behind the rise in all manu-
fretures from 1930 to 1947 ; between
1047 and 1958, they rose somewhat
faster than in all manufactures.

The sharp postwar increase In
hourly earnings reflects, among
other things, inflationary price and
wage rises In the economy as n
whole, The Departiment of (lomn-
merce series on the Implicit Price
Defintor for Gross National Prod-
uch, the most comprehensive price
series  available, rose about 28§
percent from 1047-49 to 1958.
Comparison with the vise in hourly
carnings in food processing between
194740 and 1958 (table 9) indicates
that roughly half of the rise in
hourly carnings can be attributed
to the goner&T price and wage in-
flation. The remwnining haif re-
sulted from s shift to more tech-

piled mainly from Biennial and Decennial
Consuses of Mapufucteres and  Annual
Surveys of Aanufsactures. Other data
obtained  from  [WH. Jepartinents of
Labor and Agrieniture.
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nical, higher paid jobs, which
increased the all-employee avernge,
and “pormal” market forces winch
require food manulacturers to pay
competitive wages in  order to
atiract and hold emplovees. The
noninflationary increase i hourly
carnings in food processing from
1947-49 to 1938 was aboul the
same us the growth of output per
man-hour. This suggests that if
there had been no overall inflation,
unit labor cost in food processing
industries  would have remamed
fuirly constant during the postwar
Yyenrs.

The picture was notably different
in farming.'”® Average hourly earn-
ings in the postwar period 1947-38,
rose aboul 70 percent in Food and
kindred products manulaclures and
about 40 percent in farming. This
reversed an ecarlier teend belween
1939 and 1847 when average hourly
earningsg in food manufactures rose
about 85 pereent and average hourly
carnings in farming rose about 230

percent.  For the entire period,
1939-58, average hourly earnings in
Food and kindred products manu-
faclures rose 230 pereent compared
with o 333-pervent rise in agricul-
ture. Despiie (his trend toward
closing the gap, avernge hourly
earnings in 1958 were about 82 in
faod manufacturing and only 76
cenls in farming.

Itis appavent that, in contrasi to
the rapid ineecase of unit labor costs
in inrtories processing {arm food
products during the postwar years,

Mo Avernge henirly earnings in farming
are based on noweighted avernge of all
furm wage rates o a per-honr bazis, As
vompiled by AMS, the farm wage rate
series meastres only cosh ralesy it con-
tains po allowaner for such perquisites s
the free use of house or frer room and
Lbanrd which are eommonly furnished o
hired workess on farms, I 1330 these
nonensh wiges were estimated sl abont a
half LBillion dolle: compured 10 S2.6 bil-
lior ineash o woees Uit s, easb wiees we-
countoed for abunt 85 pereent of tolad lnbor
costa.
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unit labor costs in total farm pro-
duction declined." Comparison of
the rise in average hourly earnings
and the rise in output per man-hour
in farming indieates that unit labor
costs—based on cash wages—de-
clined about 33 percent from 1947 to
1958.2 By contrast, during the war
and ecarly postwar period 1939-47,
unit labor costs in farming rose
nesrly 200 percent—about 234 times
as fust as in factories processing
farm food products. For the entire
period 1939-358, unit labor costs rose
nearly 200 percent in farming and
about 150 percent in factory proe-
essing,

Unit Nonlabor Charges

Measured by “value added” mi-
nus payrolls, nonlabor charges (in-
cluding profits) per unit of output in
factory processing during 1958 were
about 35 percent above the 1947-49
average (fig. 5)—somewhat greater
than the rise in unit labor costs.®
Unit nonlabor charges comprise
profils, depreciation, maintennnce
and repair, rent, interest charges,
advertising outlays, taxes, and other
opernting expenses. In 1957, these
nonlabor charges accounted for
about 35 percent of total value
added. During the four decades
1919-58 us a whole, unit nonlabor
clinrges rose about 125 percent and
unit laber costs sbout 85 percent.
The historienl increase in unit non-
Inbor costs relative to unit Iabor
costs rellects, among other things,
the substitution of capital, new
technology, and other inputs for
labor; however, it also reflects sharp
increases in advertising outlays and
similar eperating expenses,

Unit Processing Charges

Unit processing charges (value
wdded per unit of output) in factory
production of domestic Inrm food
producls were 32 percenb greater
1 1958 than during the base peried
194749 (table 8). This percentage
increase was somewhat larger than
the relative incremse in unit labor
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cosis, but less than the rise in unit
nonlabor charges. The increase in
unit processing charges was some-
what larger than the inflationary
price rise in the economy as a whole,
as shown by the Implicit Price
Deflator for Gross National Product.
The postwar rise in unit processing
charges increased the spread De-
tween the price of farm raw food
materials and the whelesale price of
processed foods. In 1958, the
Wholesale Price Tndex lor processed
food products published by the
Bureau of Labor Statisties was 11
percent above the 194749 average;
the Wheolesale Price Index for crude
foodstuffs and feedstuffs, most of
which arc used in manulacturing
foods, was 7 percent below the
1947-49 average (fig. 6). The gen-

¥ There are important definitional
problems in comparing average hourly
earnings in food manufaciuring and in
farming. Average hourly earnings in food
manufactures omit fringe benefits, 1nd
average hourly earnings in farming omit
noneash wages; therefore, the two series
are only qualilied measures of Libor costs
per man-hour in the two sectors.  Histori-
cally, fringe benefits have prown at n
faster rate than total payrolls in food
mannfacturing and  eash  wages have
grown at a faster riute than noneash wages
in farming, indicating that the hiases -
trodueed by using the two qualified series
on average hourly earnings result in an
understalemont, rather thun an overstate-
ment, of the eonelusions in the toxt.

2 The index of outpnt per man-hour is
based on net farm output {(table 7). The
pereentage deeline in unit labor costs in
agriculture during the postwar period
134758, 15 ubaul the same whether based
on net or gross faria output. The genoril
conclusions would probably be the same
for o comparizon belween farm praduction
of fooil products only and food processing
indusiries,

H nit processing charges were derived
by dividing an index of *value added” by
the index of factory prodaction, This rn-
Lig iy, of course, stibject to {he statisficsal
orrars and bisses inherent in both the nu-
merator and the denominator. The anal-
wysig in Lhis report exelndes fuetory proe-
essing of flnid milk, eremmn, and opes;
therefore, catimedes of chunges in nnic
valtg added shown in this study diiler
from those given in an euwrlier fechnical
report (39) which included dala for these
plints,
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erally continuous upward trend in
unit processing charges also damp-
cned the response of wholesale
prices lor processed food preducts
relative to changes in farm prices

for food raw materials. During the
peried 1019-58 as a whole, unit
processing charges rose 110 percent,
more than unit labor costs but less
than unit nonlabor charges.

Appendix A: Method and Sources

Factory Production

The index of factory production
of domesti¢ farm food products is
designed to measure changes in the
net physical output of establish-
ments primarily engaged in process-
ing domestic larm feed products
(except fluid milk and cream and
processed eggs} entering commeorcial
channels. The index includes proc-
essing for commercial and Govern-
ment stocks, for export, for Govern-
ment purchase for veliel and other
programs, for mililary use, and for
civilian consumption. It excludes
faetory processing of imported {oods,
seafoods, and other foods not pro-
duced on domestic Turms. It ulso
excludes manufacture of uleobolie
and nonaleoholic heverages.

The index of factory production
was  constructed I two  stages,
First, aunnual data for individaul
products were weighted by value
added per unit of product or by aver-
age factory prices in order to ob-
tain indexes for individual (Census
4-digit) industries. At the second
stage, these individual industry in-
dexes were weighted by industry
unit value added 1n erder lo derive
indexes fov industry groups and
total food processing. Coverage
adjustments were made at hoth
stages to take necount of niissing
products and missing industries.
aixl to put the indexes on an indus-
try—not produci~ basis, Thul is,
the index of output of meat prod-
ucts shown m Uis report measures
the output of establishinents spe-
ciddizing in slaughtering and cunng
mmeats; 1t does wol measure the
output of wmeat products wherever
manu{nctured. The index-number
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formule used In computing the
sceries at both stages is & modified
cross-weighted formula.  The series
have been weighted decennially be-
Lween 1909 and 1939, and in 1947
and 1954,

The snnunl factory production
index was computed from data
published regularly by the Depart-
ment of Agriculture, other Govern-
ment agencies, and private organ-
izations. Most of the output
indlexes of the component industries
{Census 4-digit) are benchmarked
te factory production indexes con-
structed from dats reported in
deecennial and bienninl Censuses of
Manufactures. In  general,  the
scope of Lhe ouiput index is the
same as the scope of the Census of
Manufactures.

The factory production index is
subject to the following conceptual
qualifications:

1. The formula used is only an
approximate measure of net output.

2. Like all physical output in-
dexes, it does not {ully refleet
changes in quality.

3. The series includes byproducts
of food processing establishinents.

4. The index applies to factory
processing only; it excludes process-
ing within establishments primarily
engnged in whelesale and retail
trade.

Among these four qualifications,
thie first two are the most mportant,
the third 15, on the whole, sialis-
tieally small, and the importance
of the {ourth depends upon the use
made of the index. The earhier
techniesl report (35) conlains a
detailed appendix on method and
sources used in compiling the fae-
tory production index.  The eatlier




report nlse measures factory proc-
gssing of fluid milk, cream, and
eggs, which are excluded from this
report becnuse of inadequate data
on man-heurs.

Man-Hours

The man-hours index 1s desighed
to measure changes in man-hours
worked Ly all emplovees. Nearly
all of the basic data are from the
Census  of Manufactures; this
assures comparability with the out-
put index. Data were also ob-

tained from the Bureau of Labor
Statistics and published studies by
private research organizations. In
seneranl, statistics for vears since
1947 are notably more complete
than those for carlier years.

Employment

Data on the average number of
all employees in factory production
of domestic farm food products are
from the Census and Annual Survey
of Manufactures for the postwar
vears 1949-58; for the prewar years
1919-39, data on all emplovees ave
from the decennial and  biennial
Censuses  of  Muanufactures. In
effeet, the Census figure on average
number of employees measures
equivalent full time number of work-
ors—that is, it measures the number
of persons who would have been
employed if the work actually done
were performed by persons engaged
in full and coutinuous employment
{10).

Conceptually, the number of
employees ineluded in the man-
hours index should comprise the
total number of persons coutribut-
ing to value added in manufactures,
as defined for the output index.
Such complete coverage has never
been awvailable; however, coverage
in the Census of Manufactures has
beew nearly complete and consistent
since 1939, In the Census of
Manufaetures for 1954, all enmi-
ployvees were defined to include
(1) production nd related workers,
(2) force account construction work-

ers, and (3) administrative, sales,
supervision, technical, office, and
other personnel. Officers of corpo-
rations are included as employees
whereas proprietors and partners of
unincorporated firms are excluded.
This Census definition indicates the
scope of the all-cinployees series
used in the man-hour index since
1947; no estimates were made of
the number of proprictors and
partners of unincorporated firms
in food manufactures, but these
firms accounted for only a small
percentage of total production dur-
ing the period studied.

In general, Census datw on the
number of production and related
workers arc consistent in scope and
coverage since 1919. The numbers
of praduction and related workers
were used essentially as published
in the Census volumes since 1919,
In the Biennial Censuses ol 1935
and 1937, and particulirly in the
Census of 1939, the Bureau of the
Census changed the wording of the
schedules sent to manufacturing
firms, which seriously affected the
coverage ol distribution and other
nonpreduction werkers employed
by manulucturing establishments.
The extent of this problem is
illustrated by the faet that the
total number ol nonproduction
workers reported by the Census in
all food manufacturing increased
from 61,000 in 1937 to 148,000 in
1939, In order to link the man-
hours series for pre- and post-
World War I vears the number
of nonproduction cmployees lor
certain food induslries had Lo be
estimated for 19335, 1837, and 1939
using he (ensus definition  (Ler-
minology) emploved in Census
gquestionnaires front 1919 to 1433;
neariy all of the estimates pertain
to 1939, The pre-1939 series with
the less inclusive coverage wus
linked i1 1939 to post-1939 series
with more inclusive coverage.

In sum, the man-hours series
since 1939 includes employvees of
manufucturing establishiments who
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are engaged in distribution and
constmt,tlon work: the extent to
which the man-hours series between

1619 and 1939 includes such
employees is not known. Because
the number of nonproduction

workers accounts for only o minor
proportion of all employees, the
effect of this discontinuity on the
all-eraplovces man-hour series is
small. In 1939, the estimated
number of all employees based on
the definition used sinee 1939 was
about 5 percent above the number
of all emplovees based on the
definition used for the petiod
1919-39.

Average Hours

Data on average hours worked
by production and related workers
are from Censuses and Annual
Surveys of Manulactures for years
between 1947 and 1958, and from
the Bureau of Tmbor Statistics
and other sources lor vears between
1919 and 1939. Statisties on aver-
age hours worked by employees
other than production workers are
not available and a trend for this
serics had to De determined en
the basis of qualitative infermation.

In the Census of Manulactures,
the Bureau of the Census defined
the number of man-hours worlked
by production and related workers
toinclude actusl overtime hours (not
straight-time equivalent hours), and
to exclude hours paid for vacations,
for holidays, and for sick leave
when the employee 1s not at the
plant. Ceneeptually, this diflers
from Bureau of Labor Statistics
data on average weckly hours for
production wor kers which are based
on hours paid for rather than on
hours worked. The Bureau of Labor
Statisties series include overlime
hours en straight-time equivalent
bases, and hours for paid vacutions,
for paid holidayvs, and for paid sick
leave (33). The data actualls
reported by the Burcau of the
Census and the Bureau of Laboer
Statistics also reflect differences
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in_statistical methods wused in
collecting the information. In fact,
statistics on average weekly hours
for production workers in Food
and kKindred products manufactures
reported by the two agencies showed
the same postwar trend from 1947
to 1958 (table 10).

Statistics on average hours for
production and related workers in
food manufacturing industries are
sparse and of varying definitions
for the prewar vears 1919-39. The
question of using hours worked or
hours paid for is important only for
years since World War IT; for the
prewar period, the problem is to
obtain data on actual hours worked

TasLEe 10.—Average weekly hours in
Jood and kindred products manu-
Fectures as reported by the Bureau
of the Census and by the Pureau
of Labor Stutistics, United Stales,
1847-58

Bureon of Buresu of
Year the Census ¢ Labor Sta-
tistics ?
Flours Flanrx
1947 oo 41,0 43. 0
1048, _______ Q] 42. 1
1949 ... 30.7 41, 6
1950 ___.. 0.7 41. 6
1950 s 39.5 41, 9
1952 . 39.6 41. 6
1953 oo 302 41. 2
1958 ______ 30.1 41, O
1905 . - .o -- 30,0 41. 2
1956 _ .. __ 39. 2 41 Q
1087 oo oo 3001 40. b
1958 . . 39. ¢ 40. 7

1 Census figures on average weckly
hours werked were computed from datu
published in the Censuses and Annual
Burveys of Manufactures on man-hours
and numher of production and related
workers; the average annual number of
hours was divided by 32.

? BLS series on average weekly hours
paid for were obtained from Burcau pub-
lication, Fmployment and Farnings, An-
nual Supplement Figures, There are also
unerplamed difforences between the Cen-
sus and BLS series due to differenees in
scope, coverage, and unexplained statis-
tical factors.

3 Not available.
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rather than on prevailing hours.
Prevailing hours, which represent
average ol scheduled hours, tend to
be higher and less flexible than
actual hours (36). For most [ood
manufacturing mdustries, data on
actual hours between 1833 and 1939
are avaldable from published datsa
of the Bureau of Labor Statistics
343, Data for carlier years were
obtained from a variety of special
studies on hours and earnings (14,
36) and on cutput per man-hour
(1,2,13) in manufacturing.

In general, statistics on average
hours for earier ¥Oars, pmtlcnlarly
1919-29, are {or pmvmlmg hours.
Where suppls\' watary information
was alse available, prevailing hours
were adjusted to s.ppmxi mate actual
hours. However, to the extent that
prevailing hours even after adjust-
ment are higher than actual hours
worked during those years, this
tends to overstate the rise in output
per man-hour since the cond of
World War I. Estimates of aver-
age weekly hours were imputed for
industries and vears for which no
data are available,

Statistics onr  average hours
worked by employees other than
production and related workers are
not available. On the basis of
gualitative information, it was as-
sumed that average weekly hours
worked by nonproduction workers
followed a lincar trend from a 50-
hour week in 1919 (o a 4C-hour
week in 1939 a continuance of the
40-hour week between 1939 and
1947; and a linear trend from »
40-hour week in 1947 1o a 38-hour
weele in 1958.

Another possible assumption is
that the trend in average weekly
hours of nonproduction workers
has been the samu as for production
workers. In effect, the two as-
sumplions represent ‘‘reasonable’
limils te the tirend in average
weekly hours worked by nonprodue-
tion workers. For the period con-
sidered, long-term rates of change
in man-hours and, consequently, in

output per man-hour in factory
production of farm food products
are the same based on either
assumption. Qutput per man-hour
based on the assumed trend in
average weckly hours worked by
nonproduction employees, and used
in the body of this report, shows an
average annual rate of growth of
2.7 percent in the postwar period
1947-538, and 2.0 pereent in the
entire period 1919-58; the rates of
growth were the same whon esti-
mates were based on the alternative
assumption that average weekly
houwrs worked by nonproductlon

Tanue 11, —Factory production of
domestic farm  food products,
wetghted man-hours, and produc-
tion per weighted man-hour, United
States, 1319-58

f1tH7=18=100]
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t Method of computing weighted man-
hour index described in text.

¥ Unrounded figures vsed in computa-
tions,

* Interpolated on bhasis of datn from
Bureau of Labor Statistics.
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workers were the same as for pro-
duction workers. The results were
thie sitme  because man-hours of
production workers accounted for
such a large proportion of all
employee man-hours.

Weighted Man-Hours

The index of weighted man-hours
is based on man-hours series for
production  and  nonproduction
workers weighted by their respec-
live average hourly carnings, by
Census  4-digit  industries.  Wage
mid salary data for computing the
weighls are [rom the Census of
Manufactures:  Avernge  hourly
carnings for production and related
workers were computed from wage
data, and average hourly earnings
for employres other than produetion
werkers are based on total payvrolls
for all employees minus wages of
production and related workers.

The weighted man-hour index

was compuied by using a modified
cross-weighted (Marshall-Edge-
worth) formula, similar te the one
used in computing the factory pro-
duction index. The weight vears
were also generally the same as those
used in the factory production
index (35). Specifically, the
weights for computing the weighted
man-hours index are averages of
hourly carnings of the following
pairs of weight years: 1909 and
1919, 1919 and 1929, 1929 and 1937,
1937 and 1939, 193% and 1947, and
1947 and 1954. ‘The weighted an-
nual man-hour indexes were linked
at terminal wvears of the weight
periods and put on a base of 1947~
49=100. Table 11 shows the
indexes of production, weighted
man-heurs, and output per weighted
man-hour for faclories processing
domestic farm food products lor
vears in which the weighted man-
iours index was caleulated.

Appendix B: Comparison of Labor-Capital Productivity in Foed
Manufacturing and in Farming

The index of output per man-hour
in lactory processing of farin Tood
products was construceted in order
to  study  the relation  hetween
changes 1 houely earnings per em-
ployee and unit lubor costs, and Lo
use, along with other informution,
for making Jong-term projeetions of
it man-honr  reqinvements  for
food processing  industries. The
primary purposze of (his appendiy is
to shiow thut, on the basis of avail-
able data, there is no evidenee that
the growth of resouree efficieney or
of fechnology wus any @reater in
larming Lthan in food manufueiuring
during the period 193757 and the
period 1914-57 as & whole.  The
imporLintl question of which of the
Lwo seetors experienced the greater
increase in efficieney is still open;
the unswer requires more and hetter
data.  This also means that the use
ol the index of outpul per man-hour
as an indienior of changes in efli-
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cieney can result in very deceptive
conclusions,

An index of labor-capital pro-
ductivity (oulpul per umit of lahor
and eapital combined) Tor Food and
kindred products (exeluding Bever-
ages] manufactures was construeted
lorselected venrs emploving Creatn-
er’'s estimaltles (7, 191 of the stock of

total  capital  amd estimntes  of
weighted  and  unweighted  man-
haurs.  The index of Tubor-capital

productivity, like the index of out-
put per man-hour, is only & purtial
measure of changes in elliciency, as
defined in the beginning of  this
report.  Emploving several eritien!
assumptions discussed  below, the
index of lubor-eapital productivity
ean be viewed as o somewhat mare
comprehensive measure of changes
in eflicicney than the index of oul-
pul. per man-hour. [n  geucral,
output per mun-hour in luelories
processing Farm Tood produets s
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been n tolerable indicator of long-
term—but not short-lerm—iremds
of labor-capital productivity in food
processing industries.

Methods and Qualifications

The labor-capital input indexes
for Food and kindred products {ex-
cluding Beverages) manufactures
(table 12} were constructed by
weighting the man-hour series by
an estimate of average hourly com-
pensition (average hourly pavrolis
plus an allowance for fringe bene-
fits). and by weighting the stock of
total cupital by an estimate ol not
returns o cnpital (rents, profits,
interest, ete.).®  The weighting em-
plovs a cross-weighted index num-
ber formuln using average hourly
compensation and net returns lo
total capital for 192¢ and 1957.
The lactory production index was
then divided by the combined
labor-capilal input index to obtain
the lnbor-capital productivity index.,

As indieated n the introduction,
changes in the stoek of eapital and
i the man-hour sertes do not rellect
changes in the quality (ncluding

2 Noet returns to eapital were estimatod
by subtracting total labor compensalion
from an estimate of ineome originafing
in Food and kindred producis (exciuding
Beveruge:) manufuetores:.

new teehnology) of these factor
inputs.  Consequently,  resources
emploved in incrensing the quality
of capital and labor inpuis are not
counted as resource inputs, but
instead contribute an unknown pro-
portion to the inerense in labor-
enpital productivity. There is also
the dificull secounting problen: of
realistically mensuring depreciation
of capitul goods. The estimates of
the stock of total eapital exclude
physieal assets used in procduction
which are rented or leased ; however,
there was no apparent tread in the
use  of rented capital by food
manufacturers.

Besides these statistical and ac-
counting problems, there is also the
critical assumption that the flow of
capital services used in produciion
is preportional o the stock of total
capital and that the fow of labor
services 1s proportional fo the num-
ber of man-hours worked. Con-
ceptually, an index of Tabor-capital
productiviiy should relate the flow
cof output to a flow of inputs of lnbor
and capital services; the computed
index of nbor-capital produetivity
uses the stock of tolal capital and
the assunption that the flow of
capital services is proportional to
the stock. Labor-capital produc-

Tasve 12.-—Labor-capital productivity in Food and kindred products {cr-
cluding Deverages) manufactures, United States, selected years 1919-57
{E92G= 1001
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* Based on the stoek of winl enpital {fixed plos working capital) estimuled by
Paniel Cremner {7, 75) and weighted and unweighiod man-hours,

3 FPactory production divided by respeetive capital-labor input indexes,
tiona for lnbor-capitad productivity are based on unrounded figures,

Computa-
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tivity indexes were computed using
1929 weights and 1957 weights
separately, and the results were es-
sentially the same. This suggests
that the stock-flow assumption for
food manufacturing industries may
not be too restrictive for long-term
comparisons., Also, the use of
“prosperons’ years to minimize the
problema of under- or over-utiliza-
tion of capacity is probably “rea-
sonable’ for long-term comparisons,
but perhaps tenuous for short-term
COIMpAarisens.

Comparison With Farming

Labor-capital productivity (based
on unweirhted man-hours) in Food
and kindred products (excluding
Beverages) manufactures grew at an
average annual rate of 2.5 percent
from 1937 to 1957.%® During this
same period, which was marked by
a large substitution of capital for
labor in farming, the index of pro-
ductivity estimated by Agricultural
Research Service (table 13) rose 1.3
percent per year.®  For the period
1919-57 as a whole, labor-capital
productivity rose at an average
annual rate of 2.2 percent in food
manufacturing and at a rate of 1.3
percent per year in farming.  These
figures mean that the ratio of cutput
lo resource inputs which ean Dbe
statistically measured—not total
resource inputs—has grown atl a
faster rate in food manufacturing
than in farming since the end of
World War I and in the period after

% Average annuul rales of growth of
laber-eapilul produetivity were computed
for yeurs shown in tubles 12 and 13,

2 The index of produclivity for farming
compiled by ARS is based on gross output
divided by a weighted sum of inputs of
labor, capital, and interinediate goods nnd
services used in farm production (23}
Using a measure of net output (gross
national farm produets’) anag the stock
of tanrible—not total -—-gapital. Kendriek
{12) vstimated that “total factor produc-
tivity” in farming inereased about 3.1
pereent per year from 1937 to 19537, Both
the ARS series and Xendriek’s series differ
coneeptunlly from our index of produc-
tivity for food manufactures.
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1937. Thus, there is ne indication
that the growth in total resource
efficiency or technological change
has been greater in farming than in
food manufacturing.

Differences between the explained
proportion (measured mputs) and
unexplained proportion of the vise
in output in both food manufactus-
ing and farming are too large to
conclude  whether efficiency  rose
faster in one sector than in the other.
For the entire period 1919-57, only
about one-fifth of the rise in frctory
producition of Food and kindred
products {excluding Beverages) can
be accounted for by the rise in labour-
capital inputs; four-fifths of the in-
crease is accounted for by increased
labor-capital productivity. Based
on data construeted by Agricul-
tural Research Service, inereases in
{measured} production inputs con-
tributed about one-sixth to {zross)
farm output; about five-sixths of
the increpase In output wias ae-
counicd for by the rise in produetiv-
itv.  That is, most of the rise of
output in food manufactures and

Tasoe 13.—Productivily in farming,
nited Slates, selected years, 1918-57

f1g20=100)
Yoar Farm gut-  Producton 1'mtue-
i put? input? : Liviey @
1919 ... . 89 | a3, 26
1929__ .. ..1 100 10 4 100
1937 _..f 1L 96 | 114
1048 ... 5L 102 i PAT
1053 _ .. B 105 130
1967 . ... X 154 f 102 130
i ‘

' Volume of farm produetion available
for eventual human uze.  Inclutdes non-
furm inputs of intermediate goods and
services cgnsutned in farm production,

! Cambined volume of farm labor: land
and service buildings; machinery and
peuipment; fertilizer and lime; purchases
of feed, seed, and lvestock; and miseel-
luneous production items, in terms of
constant dollars.  Physical a=zets used in
protivetion are net of depreciation.

T Outpd per unit of production inputs.

Tstimaied by  Agricultural | Research
Berviee (25).
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farming since the end of World
War I is due to & statistically unex-
plained residual (productivity).
Since technology and labor skills
employed in the two sectors are
markedly different, the conclusion
is that comparison of the raic of
growth in cfficiency in food manu-
facturing and in farming is still an
open question.

Output Per Man-Hour As an Indicater
of Labor-Capital Productivity

In food manufacturing, the index
of output per man-hour may be, for
some purposes, an acceptable ap-
proximation for gaging long-term—
but not short-term—irends in the
index of labor-capital productivity.
This can be ilustrated by compar-
ing yearly rates of growth between
output per man-hour and labor-
capital preductivity in Food and
kindred products {excluding Bev-
erages) manufaciures:

Annual rate of
growth during ! —
Series

' 1919-1 1948
't 57 i

Per-
cent
Cutput per un-
weighted man-
hour
Labor-eapital
productivity
(total capital
and unweighted
man-hours) 2.1 , .2

2.3

i Annunl rates hased on comnpound in-
terest, formulua between ferminal years
shown in table '2.

This tabulation shows Lhat if the
annual rate of growth in culput per
man-hour was used to gage the an-
nual rate of growth in labor-capitai
produetivity (both based on un-
weighted man-hours), the annual
rate would have been overstaied by
about 10 percent for the 33<ear
period {1919-57); by about 30 per-
cent for the 9-year peried {1948-
573; and by about 60 percent for the

4-year period (1953-57). The con-
clusions are cssentially the same if
the comparison is made between
output per weighted man-hour and
labor-capital produetivity using
weighted man-hours (fig. 7).

The long-term rates of growth in
output per mean-hour and in labor-
capital productivity in Ieod mnnu-
lactures are similar Dbecause Inbor
accounts for o large fraction of total
inputs, and the substitution of
capital for labor has heen relatively
small in [ood manulacturing indus-
tries, particularly since 1929, In
1957, the weights for the man-hour
index relative to the total capital
index were about 4 to 1; the ratio
was about the same in 1929,  Also,
between 1929 and 1957 the stock of
total eapital per man-hour rose only
about 15 pereent. From 1919 to
1929, when there wus o large sub-
stitution of eapital for labor, the
risc in output per man-hour greatly
overstated the rise in labor-capital
productivity (fig. 7).

Indexes ol output per man-hour
arc misleading indicators for com-
paring trends in labor-capital pro-
ductivity Dbelween  food manu-
facturing and farming. During
193757, oulput per man-hour rose
at an annual rate ol 2.7 percent in
Food and kindred products (ox-
cluding Beverages) manufuctures
compared with 4.0 pereent in farm-
ing (33).% As indicated above,
during the same period the annual
mte ol growth in  labor-capital
produetivity was areater in food
manufacluring than in farming—
just the opposite ranking shown by
rales of growth of cutput per man-
hour.  Ifrom 1919 to 1937, outpul
per mun-hour rose faster in food
manulucturing than in farming; bud,
lor the period 1919-57 as a whole,
the average annuel mile of growth
ol cuiput per man-hour wus 2.3
pereent in food manufacturing and

= Avernge annuual rates of growth for
output per mas-hour were compuied for
years shown in tables 12 and 13.
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Factory Processing of Farm Foods

OUTPUT PER MAN-HOUR AND
PER UNIT OF LABOR AND CAPITAL
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2.7 pereent in farming. Thus, the
rank of the 38-year rates of growth
in oulputl per tnan-hour between the
two seetors was the reverse of the
rates of growth in labor-capital pro-
ductivity indieated above. On the
assumplion that the labor-capital
productivity index can be treated as
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a sonmewhat more comprehensive
measure of efficieney than the index
of output per man-hour, the nbove
comparison indivates that indexes
of output per man-hour are mis-
feading indicators of trends in effi-
cieney between food manufacturing
el fnrming.



o

{3

(o

an

(1

{13)

(1)

(& -

{1

(17}

(18)

(1

L2

Literature Cited

Bowney, WITT.

1040,  WAGES, HOURS, AND LRODUCTIVITY OF INDUSTRIAL LAROR, 1009 TO 103D

(.5, Dept. Labor, Monthly Labor Rev,, Sept. 194,
Brrawr, [MosesE,

1059, TRENDS ¥ LAROR INPUT AND oUTPCT IN SLLECTEY AGRICULTURAL
PROFESSING INDUSTRIES, 1047-57.  U.K. Dept. Agr, Agr. Beon. Res.
11:415-120.

1937, CUHANGING COMPOSTTION DF LARDR FORCE 1N THE FOOD MANUFACTURING
eprsTRY. U8, Awr. Mktg, Serv., Mty aad Transportation Situn-
tion, July 1957, pp. 16-21.

Brak, Marererrrs (. and Seorr, Forresr 1

1058, coxsUMER EXPENDITCRES FoR Foon, U8, Awsr. Mkig. Serv., Mktg.

and Transpertation Situation, Nov. 1938, pp. 19-28.
CrEAaMEN, [Faxien.

19:}8 MOSTWAR TRENDS IN THE RELATION OF CALITAL TO QUTPUT IN MAND-
pactrigs.  Papers and Proceedings of Seventeenth Aunnual Meeting
Am. Evon. Assoc,, 48:240-254

195.0.  CaPITAL AND QUAPI™P TRENDS 1N MANUFACTURING INDUSTRIES, 1380-104%,
Qceasionad Papor 41, Nat. Bur. Eeon, Res,, Ine., New York.
e -, D3onrovorsxy, SEroer P, and BorbxsTEIN, [SRAEL.
(In pross)  CAPPEAL I MANUFACTURING AND MININGL [T5 FORMATION AND
FINANCLNG,  Nat. Bur. ¥eon. Hes, Ine., New York.
Ly, Rex B
1050, THE LONG-RUN DEMAND Four Fars probrors. U Dept. Agr, Aur,
Eeon, Nes. 8:73-41.
Fanmeraxy, Soronox,
1034, BASIC FACTS 0X ERODUCTVITY cnaxur.  Deeasional Paper (3, Nat.
Bur. Eeon. Res,, Ine., New York.

TO02. BMUPLOYMENT IN MANUCEACTIRING, (S0-1030, AN ANALVSIS OF (TS NELA-
TN TO TIE VOLUME 0F PRObDUeriox,  Nat. Bur, Eeono Hes,, [he.,
New York.

,and Fox, Kakn A,
1951, PACTORS AFFECTING FARM INCOME, FARM FRIVES, AND FOQI CDNSUTME
rox.  ULS. Dept. Apr., Agr. Feon. Hes 3:05-84.
Nexorier, Junxs W,
158, PRODUCTIVITY TRENDR (X AGMICULTURE AND INDUSTRY, Proceedings
of the Joint Meeting of the Amer. Farme Beon. Assoe. aid Canadian
Agr. Eeon, Soc. L: 1554- 1304, December 1458,
Macuorr, llanny: Sigcin, Trvine 1 and Davis, AMirax 1.
1030, PRODUCEHIN, EMBLOYMENT ANXD PRODUCTIVITY [N 50 MANUFACTUREN
INDUSTRIES, 1010-35. WA Nationnd Research Projeet, Philadelphla,
Part I1.
Narmoval Ixvrsriarn Coxrersxee Boawn.
TURG,  wanes, HOURS AND EMPLOVMENT [N THE UNITED STATES, 184 . New
York.

{In press)  STUDY IX BUSINESS BUONOMIOR, Now York,
Naroxan 2riesce Forsbpariox.
195, ACIENCE AND EXGINEERING IN AMERICAN INDUSTIRY, REPORT ON A 1947
HURVEY,
1035, SCIRNTIAPS AXD ENGINEERS IN AMERICAN INDUSTRY —JANUARY W5, &
PRELIMINARY REPORT.  Seientifie Manpower Bulletin 10, Dees 1958
Ourex, Kexxern 1.
1935, THE MARKETING BILL FOR AGRICULTURLL PRODTUTS. LR Dept. Agr,,
Agr. Beon, Res, 7LD 105,
senrerz, Tnsovowe WL
I93G.  REFLEMPIONS DN AGRICULTURAL PRIIUCCEIRN, ol PRET AND SUTULY
Jour, Farmn Feon, 35:7 18702, Aug.
s, Cemonss .
JUIT.  CRENDS (8 OUTPCT ASD BMULOYAURNT.  Nalo Bor Feon. Res, Ine.,
Noew Yark.

L}
[}




ToSTLERE, ALvIyN 8.
1954, TIHE GROWTIL OF PlHYSICAL CAMTAL IN AGRICULTURE, 1870—1950. (ccn-
stona! Paper 44, Nat. Bur. Feon. Res., Ine., New York.
T8, Boarb or CLOVERNORS OF TiE Fenerar REsErvE SysTew,
1060, 1XTUSTRIAL PRODUCTION, 1050 REVISION. Washington, D.C.
U.8. DerarrtyvexT oF AMRIOUETURE,
1960. THE BALANCE SHEET OF ACRICULTURE, Agr. Inform, Bul, 214,

1939, ¢NANGES IN PARM PRODUCTION AND EFFICIENCY, A SUMMARY REFORT.
Slatis. Bul. 233.  (Revised Bept. 1959.)

1950, AGRICULTURAL OUTLOOK GHARTS 'go. 78 pp. {illus.}).

1937, MAJOR STATISTICAL SERIES OF TITE U.S. DEPARTMENT OF AGRICULTURE,
HOW THEY ARE CONSTRUCTED AND HOW TIIEY ARE USED. Vol. 2,
AGRICULTURAL PRODUSTION AXD BFFICIENCY. Agr. [[andbk, Xo, 1185,

1950. TREXNDS IN COST OF LANOR T MARKETING FARM FOOD PRODUCTS. 1%,
Agr. MElg. Beev., Mitg, and Transportation Situation, Apr. 1936,

1952, tECHNOLOGY IN FOQD MARKEETING, A SURVEY OF DEVELOPMENTS aNh
TRENDS IN TIHE FROCESSING AND DISTRINUTION OF PARM-IRODUCED
roons.  Agr, Monog. 14,
T.S, DerartveNyT oF (COMMERCE.
PO3Y.  ANXUAL SURVEY OF MANUCFAGTURES: 1957, Aleo earlier Annual Surveys
of Mamifactures between 1949 uod 1957,

1958. .8, INCOME axD OUTPUT, A SUPPLEMENT TO THE SURVEY OF CURRENT
RUSINESS,  Ulice Dus, Teo,

1935. CENSIS OF MANUFACTURES: 1954, Also errlier Censuses of Manufactures
between 1910 sad 1947,

1938, BIEXNIAL CEXSUS QF MANTUFACTURES: 1937, Also earlier Bienninl Ceon-
suscs of Manufaciures hetween 1921 and 1037,
T.8. Derarrassr or Lakon,
L3O, TRENDS IN OVPTEUT PER MAN-HOUR 1N THE PRIVATE BCONOMY, 1008 1058,
Bur. Labor Statis, Bul. No. 1214,

1342, JIOURS AND EARNINGS IN THE UNITED STATES, 192-40. Bur. Labor
Statis., Bul. 697,
(33} Wannonr, Winas .
JOB0.  OUTPUr OF FACTORIES PROCESSIN G FAUM FOOD PRODUCTS, 1008-55. 1.9
Dept, Agr. Teeh, Bul. 1923,
(36) WorLmax, Lo,
1038, nores oF woug gy AMERICAN INDUsTRY.  Nal. Bur. Feon. Res., lne.,
Bul. 71,

Goatn T et et Pegens

U.5 GOYERNMENT FRINTING OrFIcL: 1369



http:rll,I.IA




