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Preposed Projects Dotermination of Labor Input
requirenents for (1) industries comprising the
80-order classification and (2) spoecific products
included in these industries, by both physical
and value unite

Introduction

After sxploratory invesbtigation and discusslons with techniciansg in
the manpower field, it has been ascertained that the basic data required
to conduct a project of this nature are avallebls from the 1947 Census
of Manufactures and individusl studies conducted in the Bureau of Labor
Stetistics, particularly the Divisions of Interindustry Economics, Proe
duetivity and Technolegical Developmentas, and Manpover amd Employment
Statistics. It has been suggested that a thorough review of the indivie
dual BLS studies in the productivity and employment £isld be made to ege
tabllsh to what degres of detail it ig possible to extend wnlt man-hour
requirements on & product detail bagis which would be consistent with the
overall primary product industry approach. For labor input requirements
based on the 80-order clasgification, procedures can be developed from
1947 Census data which will yield consistent results, Az outlined below,
the »asic problem, apaxt, from the sholes of proper stardards of measure-
nent, relates to the transformation of Consun data on employment and oute
put from the esteblishment basis to the primary product wherever nroduced
one. The recently established output control totals for the I-0 {4150=
sector) industries, defined on a primary product wherever produced basls,
will enabls properly weizhted laboy inputs to e obtained, Before pPro-
ceeding to a discussion of the procedures proposed to obtaln messuves of
labor input requirements on an 80=-order industry primary product basis,
i% 15 worthwhile to discuss tho three posaible measures which can be = 28
ployed to deseribe Labop input requirements and the advantages and dise
edvantages of each,

I, General Disecussion of Labop It Coefficients

Labor input measuresents relute to thr amount of labor requlirad,
im dollar or phyeical terne, to produre o it of eutput; they likewiss
(Ay he expressed in dellar or physical toras, Twe lgbor component included
in the labor laput per wiit of output may refer & “production and related
warkara? or to "sll smplayeoe, " which fmd udss production and related
sorkors" and "all othor enployees," 1/ Uith i exzeption of the unih

I/7TOLT Teneun of Ysfectures, Vol. I, pp. 12-24,
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man-houy requirement epproach, labor input per unit of output can be
readily expressed in terms of "all employees™ or "production and re-
lated workers.! )

A, Labor Coefficients Based on Payrolls

The Labor input coefficient which most closely approximates the usual
interindustry flow coefficient relates to the ratio of total anmual wages
and salaries of an industry--i.e.; payrolls or money cost of labor«-to the
annual ronetary output value of the industry. The resultant relationship
i3 deseribed as the labor input in monetary terms ver deslignated monetary
unit of output. This measure is inapplicable when the objective is to
compare rolative labor input requirements for the same industries over
time or for different industries or economics. Payroll data used in this
particular index reflect not only the industrial techniqes, economic
activity levels, and labor force compositione<i.e., full time, part time
employecs-<but else the accompanying institutional factors assoclated with
the industry. Thus payroll data include payments for such items as veca~-
tion; sick and dismissal pay, and nonproduction bonuses.

B, Labor Coefficients Based on Number of Employees

A second index which can be employed is the ratio of elther the average
yearly rumber of "all employees" or "production and related workers in an
induatry" to the total yearly monetary output of the industry; this may be
described as the labor input in physical terms per designated monetary unit
of output. This particular lsbor input is beset with definite limitations
which oan give rise tc serious instebility in the cocefficients. Although
the totel murber of werkers in an industry may not change significantly,
yearly hours worked per worker may register wide variations from year to
year in an industry due to changing eccnomic conditions. Thus, if the
total number of workers in an industry remains constant for two periods of
time and productivity does not change for the two tims peérlods, labor in-
put coefficients for the industry may reglster a decline for the latter
period because of increased output over the base year due to an increase
in yearly hours worked per worker. g/ Notwithstanding these aforementioned
limitatiens, this particular index of labor input requirements per unit of
output may, as indicated below, serve a useful analytic vurpese and should
not be sumsarily discarded.

nip situation may result from changing propettiens botwesn full and
part tire employees and by extanding the work week of ZLvll and part time
PACTI06 - : :
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C. Labor Coefficients Based on Man-hours

The unit man-hours criterion used to measure labor inputs is defined
as the ratio of the total number of man-hours worked per year by "produce
tion and related workers® in an industry to the total yearly output of the
industry in velus terms. While the physical labor input ccefficient per
designated unit of monetary ontput is seriously hampered by changing cone
ditions, other than technological, over time, the unit man<hours require-
ment index appears to imply straight-line proportionality in relation to
the scele of production and thus nay be inadequate, in itself, to indicate
the degree of increased output per worker per year, or conversely, the
physicel labor input requirsments per year assoclated with a stipulated
increase in output. The industry unit man-hour requirements which can be
computed from Census data represent an average for the whole year. Howe
ever, if unit man<hour requirements are not constant over the entlre range
of the working year, the ratlocs obtained mey have built«in biases which
limit the validity of the proporticnality essumption. 3/

D, Cheervatlons

For individual industries or for the more basic cperating units, the
problen of unit man-hour requirements may be a more important considera-
ion than the physical labor input employed in producing the annual oute
put. The former has impact upon the financial status of the operating
units, while the latter, being conditioned by increased average hours
worked yearly by full or part time employees, may continue to Iall and re-~
sult in rising uwnlt man-hour requirements and, consequently, higher cost
per unit of output, assuming wege rates to be constant, However, when
mandatory increases in output, irrespective of labor cost, are part of a
national program, physical labor input coefficients may sssume conslderable
importarce, the underlylng assumption being that the labor supply is more
inclastic over a period of time for &1l industries as a whole (i.e., the
national economy) than for specific industries, On an overall national
scale, increasing man-hour requirements may serve as indicators and regue
lators of the limiting conditions imposed in the reduction of the labor
input coefficlents for a given lasbor force, Thus national congsiderations
mlght cdemand that certain production be carried to the point where mare
ginel unit men<hour requirements approach infinity, and, therefore, physical
labor input ccefficlents becomd irreducible.

E? The Industry man-hour statistics reported in the Census of Mamifactures
and the Anmual Swrveys of :mmfacturcs refer only to produotion and related
works and do not inciude the category of "all other euployees.” For cer-
tain industries this understaie~ent of man-hours for “ail employees" may be
congidorahlo.
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E. Cenoral Conclusions

Clearly, both unit man-hour requirements and physical labor input
coefficients ("production and related workers") per unit of output are
desirabie indices to have available for analytic purposes where labor
requirevents are an essential part of an overall national econonmic
study. In utilizing unit man<hour requirements for inter-year comparie
sons in order %o project manpower requirements, changes 1ln average hours
worked or stipulsted per year may be worthy of separate exanination inde-
pendent of the study of chenge in unit man-hour requirements resulting
from the application of advances in technology. FProductivity studies
which are not based on the division of total men-hours by annual output
but on individval performance studies may prove useful in discerning pro-
ductivisty changes which do not contain the elements of a yearly averageé.
In vespect to yearly hours worked per worker, if significant increases
are posiulated, it may be appropriate to examine the implications in terms
of changing unit man-hour requirements and physical labor input require-
ments, &n estimate of the hours worked per year per worker in an industry
can be obtained by dividing the total mumber of man-hours worked in the
industry by the total number of workers employed in the industry. Esti-
mates of average hours worked per year are in themselves rather crude
tools when used to appraise the possibilitles and extent of expanding oube
put by utilizing the labor force more intensively. Further useful infor-
mation would include composition of labor force (i.e., full or part time
employess,; sex, age) to determine relevant factors tending to restrict
expansion of average hours worked per year {(i.e., family responsibilities,
physical limitations, etec.). Always lurking in the b ackground in this
type of analysis is the assumption of sufficient plant capacity and the
maintenance of the necessary synchronized flow of materials. Thus, de-
pending upon an analysis of these various factors which affect labor re~
quiremants, different assumptions may be made as to limitations imposed
on merglnal unit man<hour requiremsnts and physical labor input coef-
ficienta.

Sumnarizing, it would appear that estimates for both unit man-hour
requirements and physicel labor input coefficiente per designated nonetary
unit of output should be attempted. I have not as yet had the opportunity

to conduct a careful analysls of labor input requirements for specific
produets, in physical and value units, included in the 80 order industries
end therefora have refrained from: making any substantive cowents on this
subjeet. I capect to prepare a report on this tentative nhase of the pro-
Ject at a luter date.

is & final note to the geweral discussion, it should be »nderscored
that any interindustry and inter.sgonory inferences to be dwawn from any
get of lshor input coefficients computed according to tle indices outlined
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above merit the closest examination to ascertain their validity or, at
least, their eppropriateness. Labor input coefficients should not be
used for value judgments among industry groups within an economys for
example, one should not infer comparative gfflciency or inefficiency as
to the use of labor among industries. Labor and plant and equipment may
all be equal, but a variance in labor imput coefficlents may occur among
industries simply because of differences in cost of materials in rela-
tion to output resulting from the particular stages of production with
shich particular industries are concerned. Even if lsbor and plant and
ecquipment are not the same, variance in labor input coefficlents among
industriss might occur becavse of differing degrees of industrial inte-
gration smong industries, It is conceivable that labor inputs, when come
pered to value added for the industries in question, might yleld similar
retios but would show extrems variations when compared to their respective
ovtputs., More eppropriate inferences, and perhaps significant as indica-
tive of policy decisions, might be drawn from the relative dispersion of
lebor input coefficients among industries end grouped by annual time
periods. This could be shown in graphical form by plotting labor input
coefficients along the ordinate and industries (l.e., from 1 to 80) along
the absclssa.

If eny attempt were made.to estimate labor input coefficienis for
similar industries located in different economies from information ob-
teined for industries in the United States economy, it would be neceasary
to proceed with extreme caution and buttress the estimates with additional
information, particularly as to therelative industry capital structures in
both eccnomies. _15/ What would appear to be required is informstion cone
cerning the scope of the menufacturing processes (degree of integration)
encompaesed for comparsble industries located in the domestic and foreign
econcmles and the capital associsted with each marufacturing step in the
intsgrated industries. Comparable capital structure bases could be ob=
tained ty subtracting from the relevant industries the capital associated
with the integrated proceas ¢ending to create the incorparability. In
additior to examining the degree of integration for similar industries
loceted in two different economies in order to neutralize these differences,
the amornt of capitel plant and equipment per worker would undoubtedly be
an index of the utmost significance for attempts at estimating labor inmput
coeffiolents for other economies based on estimates derived from the United
States eccnomy. If extremely questionsble estimetes are to be avoided, it
would appeer that efforts should be directed to ascertaining, at a minirmm,
the varying effects on the relevant ldor input cooffieients of differing
capital structures for comparable industries located in different eccnomies.

7~Tertaps, as a gensral sumwry expression, it may be stated that Laber
npat Corfficients for similar industries located in éifforent econconiew
may vary due to differences im capital structure, degre® of integration,
compasition of labor forse, hours worked, institutional factors, ete,
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I7. Operationdl Procedure to Derive Labor Input Coefficients
for Primary Product Industries

In order to derive "production and related workers" require-
ments for primary product industries based on physical labor input co-
efficients and unit masn-hours per monetary unit of output, it is neces-
gsary tc have yearly primary product industry data relating to the munber
of "prcducticn and related workers,® total man-hours worked by "production
and related workers," and value of output. Thesedata are either already
available; as 1in the case of primary product industry output control
totals, or can be derived from the statistical compilations included in the
1947 Census or Anmual Surveys of Manufactures (1949, 1950, 1951, 1952).
Census Industry date for "production and related warkers," are based on
tle esteblishment concept and hence require adjustment to accord with the
concept of primary product wherever produced before they can be employed
in the present project. Below is an adjustment procedure intended to
transform the relevent Census data to the proper base and thus enable the'
computation of the desired lsbor input requirements for primary product
industries,

A. Census Heterogeniety in Respsct to Labor Inpuf Coefficients

In the Census of Mamufactures industry statistics, the data compiled
refer to both primary and secondary products produced in an industry.
Conssquently, the relationships betwsen the lsbor employed in an industry
and the output of that industry which can be derived from Census data are
inapplicable for this projlect, Schematically, the labor imput coefficients
(and unit men~-howrs) which can be derived from Census data may be presented
as followss

1, Labor input coefficlent for Census industry i §/ 2

a8, labor input coefficient for primary products of
Census industry i (output of primary product of
Census industry I) -

b, labor input coefficient for secondary products
of Census industry i (output of secondary product
of Cengus industry i).

c. Beth (a) and (b) are divided by total output of
- Cermdug industry i,

2. A sisdlme presentation mey be nade CLor unit man-hours.

I LI . P%i; = [P(1)pp - olalp ¢ P(i)sp o()epl  fai1),
? O{D)pp ol37sp A
or adternatively

2} Lic(e¥se 2 P{i)pp; LIC(1)ep = P{1
e Hae

- 6 &
P Sal~LoBul el
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tierefore
2.1) LIC(1) = LIS(1);p » O(i)pp & LIC(i)sp /X 4)s

wheres LIC(1) = lsbor imput coofficicnt for Census industry ij
P = Yproduction and related vorkers" for Uonsus industry i3
i) = output of Census industry 13 and subscripts pp and ap
refer to primary products and socondary products, reswctz.velye

e Ob;lect:i.veu of the Adjustnent Procedure

Given primary product industry output control totals, which were
derived in oxdar to canp. de prinarxy pmuu.t ingut r,ocf,.mien‘os, the probe
len in this projoct is reducsd to detemdning jor each Census industry Of
the distribution of tix nuwber of "production and rslated workers" and
their total nans-hours between prinary and sceondary productlion and then
txan&fwv‘ing the cotinates relabing to secondaxy production to the proper
prizm:;r producing industrics, The ratlonale for this tranofer procedure
is outlined Lelows

1 am-a.;_ LGy of "production and rolated woxbers® in Census
M;(}!.Lu'br:}' 1

less:  maber of "productlon and rxelated workers® atbrilutable
o seeondury production of fensus industry i,

plus: nunber o8 Pproduction andd related worlcrs® of other
bmsus industries a“ctr:,butablu to o production outside
of Jongus dadnstry 1 oof its pudren product,

oquals:  {otal aoter of Cenges " rolicetivn nud reloted workersh
atiritutable to the production of products classifiocd as
grloary Lo Consus industyy i. 7/

2a 4 similar prosertation is required for wenwhours. §/

%7 Fechincatly, many Consus industries were combined to form 10 indus-

les and thus the oparaiism deseribed in the ?.axf. ean be performed on &
agre aggregative basis inen indicated,

v o he purpam of this project,; estimaies have 10 be made of the

purber of produstiss and .cloted woricrs (alo.  «o-sars) that woulc to
requived ta produce stepstitive lnports and Soesmiery deplets.ma for the
& idg,

LJ".L;"U";. ""‘.-‘-T
e e

R
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C. The Proposed Adjustment Procedure

A preliminary operation in the aijustment procedure is the aggrega-
tion, where necessary, of Census industry data for production arnd related
workers amnd their total man-hours to the I1-C industry definition. Far
‘easa of operation, the next step is to determine the number of production
workers and their total man<hours attributable to primary products of
Census industries produced in Census industries other than the producing
one {the so-called "transfers-in"). 9/ If the assumption is mace that
the man-hours required to produce a designated unit value of primary pro-
duct in industries other than the primary producing one are the same as
the man-hours required to produce a designated unit of output in the
primary producing industry, total man-hour estimatesz attributable to
"trangfers<in® can be derived. The total value of "transfers-in" mlcl.
plied by unit man-hour requirements of the industry recelving the "trans-
fers-in®" can be utllized as an estimate of the totsl number of ien<hours
attributable to the production of primary products outaide of the primary
producing industry. The concomitant estimete for the nunbrr of "produc-
tion and related workers"™ attributeble to "transfers<in" canbte secured
as followss '

For each industry transferring out secoandary products, it is jossible
to estimate the hours worked per year per werker by dividing the total
man=hours worked by "productiocn and related workers' by the total: pumber
of production workers. Assuming that for the transferring-out iniustry
the hours worked per year per worker is tre same for both primary and
sscondary production;, an estimate of the number of workers attribatable
to sach "transfer-in” can be obtained by dividing the man-hour rejuire-
mente for each "i{ransfer-in” by the hours worked per year per worier in
the transferring-out industry. The increments for the "number of pro-
duction apd related workers” and their total man-hours resulting from
induatries recelving "transiers-in" need to be offset; of course, by
appropriate decrements to the transferring-out industries,

Since Census industries vsually include secondary products in theiy
outputs, unit man-hour requirements for industries which are camputed
from Census data, in order to estimate fiotal man-hours for "transiers-
in,” contain a bias., It is believed that where secondary products (trans-
fers-oud are not significant, the resultant bias in the labor input
measurements will not be significant. ilowever, for induatries in which
the production of pecondary products is important (e.g., more than 10 per-
cent of direct ioputs), the blas may be schetantial. It is propoved,

%7 "The requirea information for secerdary products is availeble from the
vork done for t's surrent prisery prosduet industry project,

| SeE-C-B-F-Y
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therefore, that the “transfer-in" adjustments be performed first for
indugtries where the impact of secordary products is not considered to
be cignificant. Then intermediate estimates can be made to include ail
relevant revisions resulting from recording "transfers-in" for the rela-
tively homogenecus industries and from partial revisions on the "trans-
fers=-out" side for both the relatively homogenecus and heterogeneous
industries., The objective of this intermediate computational stage is
to reduce as much as possible for heterogeneous industries the number of
sroduction and related workers,® their total man-hours, and the industry
output attributaeble to zecondary products. After completion of this
stage, "transfer-in" revisions for the heterogeneous industries are to be
undertaken following the procedure outlined above.

After all relevan’ data are available in terms of primary product in-
dustries (i.e., number of "production and related workers,"” their total
man-hours, and monetary output), the data must be aggregated to.the 80-
orfler induatry classification before the desired physical labor input
coefficlents and unifi man-hour requirements are computed.

D. Computing Laber Input Coefficients for Years Later than 1947

It is prepozed thatthe data in the 1947 Censue of Manufactures be
employed to obiain the basic estimates. If desirable, labor input re-
quirementsestimates for the years 1949, 1950, 1951 and 1952 can now be
congtructed, A geries such as indicated would require several adjust-
ments to the data in order to achieve comparability with the base year,
1947. The “number of production and related workers," their total man-
hours, and Census industry output appearing in t he Annual Census Survey
of Mamufactures would have to be adjusted for industry definition (i.e.,
from Census indusiry to I-0 industry and from the 1-0 industry establish-
ment bagis to a primary product one) and for changes in price level of
output in relation to the base year.

The Bureau of Labor Statistics has developed interindustry whelesale
priecs indices (147 = 100) for I-0 industries for each subsequent year
thrcagh the fipst half of 1953, These price indices canbe applied to
appropriately sggregated annual Cemsus output deta to achieve compara-
bility with the base year. Scalar factors (coefficients) empleyed in
‘the primary prodwet industry project tc achisve & transffrmetion of out-
put control totals [vum an establishment to a primery product industry
basis can be emnleyed to adjust the annmual price corrected industry out-
put astimates deriwed from Census deta.

In order to ethieve laber input relationships which are consistent

with the pri~wey sroduct industry definitien, the fallowing adjustment
shiould be mader T ' '
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1. The statistic, total industry men-hours for "production and
related workers" (on an I-0 industry basis), cen be adjusted
by applying a coefficient which will transform man-hours from
an establishment to a primary product industry base. This
coefficient may be defined as the ratioc of the 1947 primary
product total manShours estimate for "production and related
workers' to the 19),7 total man-hours for "production and re-
lated workers"” on an establishment basis,

2, Total nunber of Census '"production and related workers"
(adjusted to an I-0 industry basis) can be transformed to
the primary product industry concept by applying a factor
representing the ratio of the 1947 primary product industry
number of “"production and related workers" to the 1947
number of I-0 industry production and related workers on an
establishmeant basis. )

It it were desired to adjust the physical labor input coefficients
to the 1947 base, an average hours worked per year per worker series
(properly weighted with 1947 = 100) would be required. Unddjusted
ostimates of physical lsbor input coefficients for years other than
1947 mey prove useful, along with information available at the same
time ecncerning the relative change of average hours worked per year
per worker, in analyzing the potentlal maximum utilization of a given
labor force., The difference between a stipulated potential maximam
ntilizetion of labor and the utilization of the labor force for any
given period may indicate the possibilities of intensifying labor force
utilizetion, assuming the availebility of necessary plant capacity and
nateritls.
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