DOCUMENT RESUME
ED 241 743 o - CE 038 532

AUTHOR . leotief, Wassily: Duchzn Faye

~TITLE The Impacts of Automatzon on Employment, 1963-2000.
Final Report.

INSTITUTION New York Univ., NY. Inst. for Economic Analysis.

SPONS AGENCY National Science Foundation, Washzngton, D.C.

PUB DATE Apr 84 . . -

CONTRACT . PRA-8012844 - .

NOTE * - 376p. '

AVAILABLE FROM 1Institute for Economzc Analysis, New York' Unxvers:ty,
269 Mercer Street, 2nd Floor, New York, NY 10003

o : ($15.00).
PUB TYPE _Reports - Research/Technzcal (143)

EDRS PRICE MFDI/PCIS Plus Postage.
DESCRIPTORS *Automatzon, Economic Change; Economic Cl:mate,
_ Economic Factors; *Employment Opportunities; :
*Employment Patterns; *Futures ?of Society): Job
Analysis; Job-Simplifiqation;-*Labor Force; Labor
Market; Labor Needs; Labor Turnover: *Labor L
Utilization; Productivity; Trend Analysis

ABSTRACT L ' -

A study examzned the actual and projected impact of
automation on employmant between 1963 and 2000. Utilizing a fully
integrated, dynamic input-~output model that was designed for. this
study, the researchers analyzed a large body of ‘quantitative"
information from diverse, especially technical, sources. This.effort
resulted in the development of a detailed model of the probable .
effects of automation on the demand for labor services in 53 .
occupations. According to this model, the intensive use of automation
over the next 20 years will make it poss:ble to conserve about 10
percent of the labor that would have beer required to produce the .
same bills of goods in the absence of increased automation.-The

. impact of automation is specific to different types of work and will
involve a significant increase in professionals as a proportion of
the labor force and a steep decline in the relative number of * -
clerical workers. Because the direct displacement of production -
workers by specific items of automated equipment“will, at least in
the initial stages, be offset by increased investment demand for:
capital goods, production workers can be expected to maintain their
share of the labor force. (MN) , -

a

***********************************************************************

L% Reproductzons supplied by EDRS are the best that can be made *

* from the original document. - *
***********************************************************************




"ED241743

THE IMPACTS OF AUTOMATION ON EMPLOYMENT, 1963-2000

B L

Final Report -

by

Wassily Leontief and Faye Duchin

-

with Daniel Szyld, Jesus Alvarez, David Howell, Michel Juillard,
Catherine McDonough, Glenn-Marie Lange, and Dimitri Turchin

'Institute for Economic Analysis -
New York University
269 Mercer Street, 2nd floor
New York, NY 10003 .~

April 1984

a

This report is based upon work supported by the National -

Science Foundation und:r contract #PRA-8012844. Any_gpinions;

findings, conclusions or recommendations expressed in this
publication are those of the authors and dd not necessarily
reflect the views of the National Sd@ense Foundation.

1LS. DEPARTMENT OF GDUCATION
WATIONAL INSTITUTE OF EDUCATION
EOVCATIONAL RESOUACES IMFORMATION
CENTER 1ERIC)

-/ This document has been teproduced as,
received fsom Fho parson of arganization |
ohgktating .~ . .I

. Minar changes have been made to wmprove
reploguclion quality. [N

-t Pounts ol view of OpiNIONS s}aml in this doga-
ment do not necessanly fepresent officiat HIE
position of POlCY. -




ES

The Impacts,. of Auﬁomation on Employméntr 1963-2000

by
Wa5511y Leontlef and Faye Duchin

with Daniel Szyld, Jesus Alvarez. David Howell, Michel Juillard,
Catherine McDonough, Glenn-Marie Lange and Dimitri Turchin

Institute -for-Economic- Analysis
: New York University
T ) 269 Mercer Street
' New Yorks New York 10003

Abstract °

Issues. There is no doubt -that computers and computer-based
automation will have far-reaching effects on the U.S. econcmy
"and society. There is a broad range of views in the scholarly
literature and popular press about the nature and -extent of
these effects. Government policies, however, should and can
be based not on opinion,s but, so far as possible, on concretes
detailed analysis of the probable impacts of the s impending
technical changes. Only action based on such ant1c1pat10n
will be able to reduce the individual and.soc1al costs that
belated adJustments to unanticipated structural shlfts w111
enta11.

L]

' + A .
Methodologx. Thi's study incorporates a large body of quanti-
tative information from diverse, especially technical. sources.
into an input-output model of the U.S. economy to draw a com=--
prehensive and internally consistent picture of the progressive
introduction of computers and ¢of variocus. forms of computer-
based autcmation into 89 individual industries comprising
the entire economy. -It spells out in great.detail the probable
effects of these technological changes on ocutputs and inputs
of ‘all doods and services and in particular on the demand for.
labor services described in /terms of 53 different occupations.
These projections are based on four alternative scenarlos
about future technological change.
- A fully integrated, dynamlc input-cutput mocdel, developed
- for this study, provides the analytical framework for capturing
nct only the direct but also the indirect effects of all these
chang€s. In particular it takes into account the effects of
technological change on the investment requlrements of all the’
different sectors and the correspondlng changes in the outputs
of capital goods producing industries. : . :
Findings. - The intensive use of autdmation over the next
_twenty years will make it possible to. conserve about 10% of
the labor that would have been required to produce the same
bills of goods in the absence of increased automation. The
impacts. are SpeC1f1c to different types of work and will
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involve a significant increase in professionals as a.propor-
tion of the labor force and a steep decline in the relative
number Sf clerical workers. Production workers can be expected
to maintain their share .of the labor force; direct displacement
'by -specific items of automated equipment (like robots and
numerically controlled machine tools) will, at least 'in-the -
initial stages, be offset by the increased investment demand
for all sorts of, cap1ta1 goods, especially computets.,
Computations that assume the full utilization of the
projected future labor force suggest that personal and -
government consumption will be able to increase about 2% a .
vyear in real terms through the 1980's and between 0.5 and 1.1%
through the 1990's due to the adoption of computer-based :
automation (in the absence of other structural changes).
Whether or not the smooth transition from the old to the new
technology can actually be realized will depend to a' large
extent on whether the necessary 'changes in the skill structure
of the labor force and its distribution between different
sectors of the economy. (and geographic locations) can be
effect1vely carried dut.. The study projects the direction
and magnitude Of these changes 'in the structure of the-.-labor
force and of the educational and training efforts needed to
carry them out. : '
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Preface

The Eollow1ng 1nqu1ry is concerned w1th the complex
'1ssues surrounding the chanQLng structure of employment in

the U.S. in the recent paet, and, especially in the future two

decades. A team of about ten researchers collaborated closely

in this- effort over a period of three years.‘ Because, of the.

emphaSLS in this study on change, it was 1ndlspensable to
develop a d1saggregated dynamic 1nput-output model of the
economy capable of absorbLng_detailed‘1ngormat1on on techn-
ological change. |

Volumlnous historical data had to be assembléd: Eor testing

.

and refining the performance of the mogel over the past two
decades.? Eveo_more challenging was the fact Eipding'task”of
extracting from a preat-varietf of published and'unpublisheo_-
sources deta1led estimates of the input-output structure of
computerbased product1on processes ‘that can be expected to
be adopted in. the d1tferent sectorslof the U.S. economy in
the course of the”text two decades. A large number oE methodo- i
looical ﬁssues had to be eettied in-connection with the sys-
‘tematic representation oE.technological chahge.

such'worg will eventually entail‘direct use of detaileo
eﬁgineer;ng and management planntng itformation. This level -
of effort7was not possible in the present study,; and it
proved‘to Se tecessary to reiy'to a great extent on p@ecing
topether difterent and often differing expert estimates.
' Such future work wifl have to examine in detail,technological

change specific to each individual sector. This stuﬁy
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concentrated instead, as a first step, znjthe changes that
- % : .

can be anticipated in many sectors: Qhese:changes are des-
, : , _ ‘ .
cribed 'in considerable detail within the report.
The principal investigators attempted to drovide enough

1

direction to ensure the compatibility of many individuals'

Ll \

contrlbutlons while tolerating and even encouraglng dlfferences
of p01nt of view and approach 1n an area that is st111 v1rtu-'
ally‘uncharted. The Eollow1nq chapters describing this work
provide ample evidence of this precarious balance. while .
they have. been extensively rewp;keg and edited, individual
authorship ie'unmistakable}‘

Professor Leontief, Director of the Institute Eer
Economic Analysis, provided overall direction for this
research. The conduct of the study was Bupetvieed‘by Dr:

Faye thhin} Aesociate Director of the Institute. Her

efforts were in pattichlar concentrated on the formulation

of a new dynamic input=-output model, more fealistic than ite
many predecessors, and the continual methodologlcal integration
‘and evaluetlon of the data bases and prOJectlons as well as
aligning and editing of separate chaptere:- |

A crucialprole was played by Dr. Daniel Szyld, mathema-
tician and programming excert; who collaborated in the -
'Eormuiatidn ef the dynamic indut-putput podel and coauthored -
Chapter 2 with Dr. Duchin. In addition to supervising the
computations, he assured the completeness and consistency of
the data provided by other cclieagues and their coﬁpatibiiity

with the requirements of the model.




The many eets of data produced'by:goverﬁment agencies were-

assefmbled and prepared to meet the-requirehents of the model

with meticulous attention to detail by Messrs. Jesus Alvarez—

and Michel Juillard; a visiting scholar supported in part by

* .

the Swiss government, who together prepared Chapter 3 describing

- .

that work. o -

-
“ ”

Dr. David Howell was responsible for the qualitative‘
description and gquantitative prejections regarding thé use
of ﬁomﬁuteré and compﬁter-beeed automation in grOQUction
oﬁerations in all sectors of -the economy. He describes apd
documeets‘this work in Chapter 4. |

‘Ms. Catherine McDonough and Glenn-ﬁerie Lange carried
out sector stﬁdies regarding the future use of computers in
Iother applicatidne. . In Chapter 5 Ms. McDonough describes
the process of office automation. EF. Lange's.work on the

- education and health care sectors is presented in Chapters 6
and 7, resgectivelyJ and in Chapter 8 she Qescribes the
prpfections of deliveries to final demand.

Mr. Dimitri Turchin was responsible . for implZmenting
and maintaining -the datebaserané the computer model and
carried out most ofithe computations. 'He was assisted with
the computations'at'eifferent périods .by Mesérs.hKennetﬁ
Furlong, Vladimir Roytman; and Oleg Vishnepolsky. - . PV

Ms. Mary Parker organized tﬁe-aesemblygand precessing
of the'manuscript and, along Qith Dr. Sled, pfovided exten-,
sive'editorial assistance. Most of the processing was done

by Ms. Holly Lammers.




‘While it isrsatisfying to have completed what has beep a

510ng and intense research effort, 'in fact it represents just.

the beginning of the systematic"investigatioﬁ of a complex

and important subject. We have Bénefitéd,-in preparing this
. + I L)

report, from comments elicited by the Draft Final Report. ,

We are well aware of the prelimipary nature of our findings.

?

Each of us naturally assumes the responsibility: for dur own

contribution to the study. The'prinqipallihvestigakors are

]

w
.responsible for the conclusions.

W. Leontief
F. Duchin

L
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Chapter 1. The Impacts o) Automatlon on Employment,
1963~ 0 .

‘A Introduction

The op1n1ons expressed in the scholarly literature as

-

-

well Aas the popular press cover a wide range, from reassurance
that geclining ratgs of growth of the labor.force in the ;980fs
and 1990's will more tnan compensate for any, loss of ‘jobs to E
prediotione that the manufacturing labor force wilf;fall from
over 25'million now to less than 3 million by .2010. We‘are:
told that sone jobs will become more. .technical and complex .
than ever but also about the prospects for a "deskilled".

' workforce of sweepers and button;pushers. Most observers'
agree about painful "adJustment“ and the needs of retra1n1ng:
oEten fn the context of measures to ease the “tranSLtion"to
some automated Euture whrch'remalns ent1re1y unspecified. .

Barely beneath the surface of these debates,rthere are

passionate social, political, and phllosophical dlfferences.

An adg}tional qauee.of confusion is that we cannot carry out a”

"factual®” analysls, if that means diréct‘observation,nof the

future. "In this report, we deveiop and illustrate a fact-

Einding and modeling approach that promises to be fruitful in
the diSpaaEionate analysis of these iasuee. After ascertaining
the operating characteristicé of the aiready .existing, newly
deVeloped types of computer and computer—based equmeent, weﬂ

‘ proceed to derlve the consequences of alternatlve assumptlone

concerning future rates of introduction into the dlﬁferent

industries. Taking into account the corresponding changes in

a
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-

the combination of other inputs, pa:ticﬁlarly labor inputs, we
insert the apprOpfiate figures {combinations of so-called

technical input coefficients) into a dynamic input-output ‘

model and use it to trace the direct and indirect effects. of

thesé technical changes‘bn Eﬁe future levels ofloutpﬁt and

input--partiéularly labor inputs--thrb@ghou; all sectors of

-

the economy.

While there is no shortage of rexpert'gestimates of-isolaﬁgd‘

numbers (like the sales of computers in 1990), the specialized
literatuﬁe in this_area-isbstill veéry limited, and robotics
-seems to be the 6nly aspect of automaticn that has been studied
at ali systematidally to -date.., While technical studies liﬁé
those that have so far beeqlcarried 6ut'on1y for robotics must’
be welcomed and encouraged, their detailed findings need to be

-gincorporated with'th; results of other similar studies into a
comprehensive analyticalvffaméwork before useful generallcoh-
clusioné can be dfawn. It is ppecisely such an effort, Eased
an a dynamic“input-ouéput model of  the U.S. economy, that?;é
described in this report.. - -

. ‘A number of other studies of‘structural.bhanée have been
‘carried out within the inpuﬁéouﬁputlframework, stgrting with
Professor Leontief's analysis in th? 1930's oE.;he changingf
'U.S. economy between 1919 and 1929 [Leontief, 1941, Most
;other émpiricaiiwor&.hég'also been concerned wigh analysis of

the past, notably {Carter, 1970; Vaccara and Simon, 1963;

Bezdek and Wendling, 1976), The £ormulation of detailed

-

17
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-

scenariosl to analyze futurgiﬁrospebts-was also initiated by
Leontief [ieohtief, Carter, and—éetrif 1977]. A recent input-
output study of the impacts Bf‘future:teéhnolbgicél'qhange-bﬁ.
the Austrian economy‘invciving-canstfﬁction of altgfnative:
scenarios follows,ﬁp‘this trédition IOSterfeichisches Instit@fﬁ
1981] . The.Ecqﬁbmic Growth' Model of the ﬁureau 6f Labor Statis=-
tiés (BLS) uses an inpthOutput'mbdule-withiﬁ an-econdﬁetric

.
framework to pro;ect Euture employment {U S. Department of

Labor, 1982bl.- We have made.exten31ve use of ﬁhe histonical
data prepared by;this group, directed by ﬁonéldﬁKutscher' in

the development of our model. We have also used their detailed

prOJectlons of f£inal demand. B

Alternatlve.tegnnological écenarios are formulated and

-

gomputed withih.tbe framework of a comprehensive. d?nami;

input-outpuﬁbmo&gl Sf,the'entine U.S. ecoﬁpmy deyelopéd for -
this study. ' This means thaﬁ.inﬁef-teﬁporal-consistency is
assured betweén‘the production,oflinvestment gocds-and ﬁhéir
subseqdent availapility. Thé-}ebel and comﬁésitipn'éf each
sector's ;nnuai‘replacement épd ekpansiqn investment reflect

‘within the Eramewérk of this model the particular teéhnolog;cal

~and growth:conditions'postulaﬁed in each scenatio.? The data

-

lvscenario,™ in the narrow sense, means a set of
assumptions about ‘certaln aspects of the economy.  When the . -
implications of the scenario are computed, projections of
other aspects of the economy are obtained. The word is
also used to mean the projections 1mpl1ed by the assumptions..

2The World Model [Leontief, Carter. and Petri, 1977] took
some steps in these directions: all the other-cited studies
were carried out essentially within a ‘comparative static Eramework.




‘work carried out for this study, although still very‘tarrfromf
:exhaustive:-is more comprehensive and more.fu11y7documented
than-that used in most other descrlptlons of the U.S. economy,
_,espec1a11y with regard to future tsqhnolog1ca1 optlons, ‘and

'the‘adternat1ve scenar1os are designed so as to focus attention

on ‘intensive examfhation of -the  changing structure of - employment.

Itzneeds to be emphasized at the outset that this-study

represents only a E1rst step in antic1pat1ng the Euture demand -

for lapor. In add1t1on to the prel1minary nature oE the work

that has been done, we -have'concentratéd on only one--albeit the

newest,‘most,talked about --component of'tecnnological change:
Comput;r-based-automation;{ Our most, substantjal results
will be based on thelcomparison of employment projectibns
under alternative assumptions‘about computer-based automa-—-

tion. While some readers may be tempted to draw more general

L] ¢

'conclus1ons about Euture technolog1ca1 unemployment, such an
analysls cannot be supported by the work wh1ch.has been done
':to date. Tnis is one of our next tasks. ;'. ‘ |

The report is divided into four parts. Part I provides

an overview of the study and reports the results. The dynamic’

"input-output model is described in Part II. Part III describes

the assembly oE the database for 1963 to 1980, and the five

. chapters of Part IV contain sector studies on the automat1on

. of product1on and oEE1ce operat1ons, education, and healthcare

which serve tas the basis for alternative scenarios about. the

future. The Appendix contains the graphic presentation of

selected results under alternative scenarios.

19
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1.5

B. Methodology and Scenarios

To 1mprove the understandlng of the ,impacts of past

technolog1cal=change on employment in the U.S. and to assess

the probable eEEects of 1mpending computer-based automation
' the demand for labor over the next Eew decades, a dynam1c
1nput—output model of the U S. economy ‘was developed and ‘an
extensive dgtabase was prqpared contalnlqg degcr;ptions of
-ﬁast and'ﬁresent technologies and of technological changés
to be_intréduééd in the relatively near’ future:’ qu:mdif

ferent scenariog were formulated, and alternative projections

o

- based on them were computed with the model to determine the
structure of employment cotresponding'to each of them..

This section provides an overview of the methodology and
describes the scenarios. 'A formal de&@tiption of the model

and data used in its practical implementation is provided in
the following chapters. - L ' *
The. national economy consists of a set of inter-related.

sectors each characterized at a given time by a common prinqibal

-

output and the combinafiop‘of inputs to prpduée that output-- -

including labor inputs‘o: varibus types. The,estabiishments
in each sector employ ip-an} given yéaﬁ a ‘specific mix of
machines, tools, énd hﬁman ;aborito Eransﬁdrm a‘specific-
combinatioa of purchased inputs (produced by the same or
~other sector;) into the characteristic output of the sector.
" At ény given time there afe'typicéllylsévefal distinct'“

technologies or product1oncprocesses in use at dlfferent

establLShments w1th1n a sector or even at 2 51ngle plant.
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The average combination of inputs that characterize the sector

corresponds to both the input requirements of alternative

-

]

technolougies and Ehe_wgight with whicﬂneach alternative
operateé in‘the_national economy. Technological change
involves a change in Ehésé'weights, Ghere tfpically the newest'l
techno}ogies are progréss;vély phaséd in'(indreased weight)
and the éldes: eliminated -(decreased weight). Of course,
technologicai,changéIéiso_involvgs the introduction of new ,
processes and products that weré pot'previously available.

. Portioﬁs of a séc&br's-stack of plant and eduipmgn;;are'
.periodically replaced while current additions to it make
possible an increase of'outputuin the‘ﬁutqre. 'fhé technological
requirements for the replacement of existing capital (i.e. to.

maintain current production capacity) are in large part

dictated by the mix of investmeht goods already in place.and

to this:extent reflect the technologie; already in use.
Some'quernizafion also takes piécef'tﬁis involves the
incorporation of newly available technologies‘inyo‘exisﬁing .
.plant. However, in a Qrowing economy the new technologies
.are gypically reflected fifstnid-ngwly produced;capital equip~
« ment installed é;presslf for the expansion of existing capacity-e:”
and naturally in the occupational composition of the “labor
force which works with the physical capital and other inputs.
The state of the national economy in each year over thé
time intérval 1963-2000 is described in terms of commodity
flows among 89 producing séctors and'lébor-inpugs absdrbed
by each of them specified in terms of 53 occupations.

'} &
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1

Numerical data are orgaﬁizedpfor each year into four maﬁricee :
of techniEai'parameters'describing the iﬁput‘stpuctures of all
sectors of the-economyqﬁuring that year. These mapricee

specify the input reqdirements on current‘eccount (A matrix);
cap1ta1 expan51on and replacement requlrements (B and R matrlces,
respectlvely); and labor 1nputs (L matrlx): of each sector per
unit pf its respectlve topal output:gor per unit of pro;ected
future increase in capacity in the case.ef expansion. Veetprs
of non-investment Elnal_demand, inéledipg household conehmption;
government purchases: and net ekporte (yIJector) are also |
_reqeired. For the past years, govepnment agehcies produce
official series eontaining-most,of thie;information: the.
sources and data preparation are described 1n Cnapter 3.

Figures describing future technologlcal OPtlonS are
assembled as part of separate sector studies which appear in
Chapters 4-8. fheee sector etudiee yielaed descpipﬁions ef
alternative input stiucteree;‘that is, éothnsland'rows of
technical coefficjen;s tﬁat are insereed into the A, B, R,

LY

-and L matrices. ITﬁey aleo yielded projected vectors of non-
investment final demand (y);afof;future years. The fact~
finding efforts were,concentrated on the systeﬁaiié study
of computers ueed to automate“production and office-operations;
as well as the potentlal for automatlon in the educatlon and
health care sectors. Flgure 1.1 indicates the rows and columns

of coefficients, ihcledlng cap1ta1 and labor coeff1c1ents; which

have been re-examined.

Y

In addition,to this data base, the structure 0of the model

¢ .
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Figure 1.1, Llocation of the 1980 Technical Coefficients
TRe-txamined Eor Projections to 1990 andd 2000

A, 4, and R Malricos

.

TEA ¥ sectcr

. 9 30 11 1213 14 15 16717 18 19.20 2] 42 23 24 2% 26 27 24 29 3 31 32
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‘29 paints
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34,35 Glass, Stome, Clay 1l
36 [ron and Steel " 12
=Y Nonferrous Metals 13
E1EL] Metal Products ' 14
46.  Metalworking Machinery 15
1245, 47-44, 52 Other Machinery 16
B6  Robots ' 17
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53-55, 6} . tElectrical Eyuip., ete. 20
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S7-5Y4 Electronic Conponents 22
61-63 Transportation ¥gquip. 23
64-66 Dther ManuEaCturing 24
67, 71, 72 Transp. and Trade 25
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70 utilities 27
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*igure 1.1 {continued}
L Matrices

Occupation ’ o . * -

11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 2& 27 28 29 30 31 32
Eng. and Sci. {1.58)8 1 X : . x x|
Computer Prof. {0.4) xxxxxxxxxx@@?‘ X X X X X X X X X X
Health Prof. (2.7) ) ’ . . ) X
Teachers (4.5} - -
Drafrers (0.3}
other prof, (6.0}
Managers {10.6)
Sales Workers (6.6}
Clerical (17.8) ,
Constr. Crafes. {3.8) 10
Metalw, Crafts. {1.3) Il
Robot Technicians (~=) 12
Mechanics (3.9} 13
Other Craftamen (4.3} 14
Asscmblers {1.2) 15
inspecrors (0.8} 16
Packers (0.8} 17
Painters (0.2) ls
welders (0.7} iy
Delivery Workers (2.6) 20
Ocher Opetatives (9.4} 21
Janitors {1.5) ‘22
Food Sve. Work. {3.9} 23
Other Sve. wbhrk. (6.9} 24
Laborers (4.9) 25
Farm Workers (3.2} 26

T R Y
D RV R VI R vV
TR MMM MM WMWK KKK KKK KKK
KRR KK KKK KKK KKK KKK KKK
B N E R EE I,

aumher in parenthesis shows corresponding percentage of 1974 Jabnr force.

Moteg: 1. fThe first matriX in this ‘tignre has 12 rows and 12 columna, cori'espondinq ta 12 sectars of the economy.
The second matrix has 26 rows and 32 columng, corresponding to 26 occupations and the game 32 gectors as the first
matriX. These sectoral and occupational ciassification.schemes are more aggredated than those used in the IEA model.
The correspondence is given by the codes in the columns precedin':‘l the sector and occupatinn names in the fiqure,
labelled IEA # and LAB #, respectively. These codes, in turn, are described in Tables 1.i and 3.7.
2, The letter 'X' indicates an entry that has heen eXplicitly projected for this study. ‘X may represent -
a zeros e.g., a full column of x's does hot necessarily mean that the sector purchases all inputs. °x* does*not
necessalily mean that the entry projected for a future year is different from the base year value (although this is
o typically the case). For example, the column representing Of fice Equipment ia filled with X's because the future
,;,o input structure of that sector was explicitly examined: however, in the A matrix only a sindle entry in that coluen
is eXpected ts change slgnitlcanr.!y from the base year value. Many empty cells contain zZeros. For example. the =
rows tor Health Professionals and Teachers each contain only 1 *X' because these workers are virtually all enpioyed
by the Health Care and Education sectors., respectively.

L
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can be gseen as reflecting explicit cdnceptual assumptions

LT
S

about how the economy works, .independent of the specific 0
) - ‘ _ 4

values assigned to différent variables and parameters. The
structure of the model implicitly‘dete?ﬁines the range of
questions that can be ez@mihgd, and the dynamic input-output
model nsed in thi; ansivsis "'makes it possiblé to:begin to
T answer queétidnS*-like_those an&lyzed in this sﬁﬁdy—fthat
could.not Eofﬁerly evén'be conéretely addressed.
Ihe dynamic input;outpug mode 1 is used to project, Qear
by year from 1963 to 2000, the sectoral -outputs and investment
.and labor requirements of the U.S. economy under alterpativa

&

assumptions about its'changing technological structures

Each set of such assumptions constitutes a -scenario. *

Four different scenarios, 51,'52, S3 and S4, tracing

four alternative paths.that the U.S. economy might follow
" between 1980 and 2000, were Eormuléted’and'computed. .These
,were'selected with the v;éQ of bracketing among them the.
upper and theslowerflimité_of the rates at which different
sectors of the“q.S; economy.ﬁight be expectgd-to'adapt the

: . ¥
new technology. The reference scenario, Sl, represents the

chanéing input=-output strﬁcture of Ehe economy , yeaf by
year, between 1963 and 1980;'bUt'assumes no further 5ut°ma4ﬂ
tion orhany other technological éhange afggr'l980: ‘in other
words, from 1980 on, robots, numeriaally controlled chhiné
tools,'and automated offiqe equipment, to name a Eeé examples,
are used only to the extent that they figured in the averagé '

technologies that prevailed in 1980. Final demand, comprising

private household consumption, government consumption and net

o




a
9

exﬁorts, however, is assuméd to continue'to grow over a pro-
jectgd péﬁh-through‘?poo;-‘The computation of this scenario is
thus an éxperiment that éllows‘us(to assess future employment
and othe; réquireme;ts to satisfy plausible final demand in the
absence of technological.improveménts from IQSQ on: it sefves
as a bqseline'with wirich one can-éompare the‘oﬁher scen;rios.

‘Scenarios S2'and-s3 are,igenticél'wiih S1 through 19§0I
bﬁt differ in their techno;ogical-595umptioﬁs ﬁor the iater-
years. Both scenarios brojecilan increasing use of computers
in all sectors for specific information processing and . |

machine control tasks and their integration. Computerizing

each task also involves changés in other inputs, notably

_;abor inputs. _ﬁhile the detéils are different ;h each case,
ééenario S3 assumes faster technological progress and the
more rapid adoptiOn‘oE availgble technoloéies than dods §21
for example, the availability of more poﬁerfullsoftware to .
dampen the demand for programmers and more raéid elimination *
of human drafters. Under botp scenarios, the demand Eor‘ .
computers (measured in éonstant prices per unit of output)

is naturally higher in 2000 than in 1990. £

]

These scenarios alsg represent the greater use of two
:other mic;;processor-based-devices, robots and'coﬁputer
numericaliy-controlled (CNC) machine tools, for a growing
range of specific manufacturing operations. Scenafio $3
assumes a faster replacemeqt by robots of six caﬁégdriés of

production workers in many manufacturing sectors (and associated

| savings in péin; where applicable). Tt also implieslfaster
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f

substitution than 82 of CNC for conventional machine tools

and greater savings per tool-in steel scrap leading to cor-

responding reductions in direct requirements for the metal-

working occupations.
‘All projections assume that computerfbased workstations

Qil} be replacing conventional office equipment.,.and. that

1

‘most deliveries after 1985 will be for integrated electronic

-

systems rather than stand-alone devices. The process is
accelérated‘undgr Scenario 83 where, Eorlexample,.qﬁnventidhal
typewriters are no longer produced after 1985. -Cofresﬁdgaihd
direct impacits on the demand Ebr manageriél,_éa1953 and six f
categories of clerical workersbin‘different sectors of the -
economy are represeptedlip detail. |

Both Scenarioé 82 and 83 assume thk continqafion of
recent trends in the inéut's;ructures of the health cérg
sectors: notagly inéreasedluse,per case of various types
of capital equipment for diagnosis and'treatménﬁr‘of_drugs and
dthér chemicals, and of plastic-disposabie items, as'welllas
an expansion of nohphyéiéian medical personnél. These changes
proceed more rapidly under Scenario S3 than S2. The health
ca?e sectors also continue the ‘automation of'officé-type opera-
tions, with -the direct consequences described above. Undef
Scenério 81, there are no structu:al changes, in these or in
other sectors, after 1980.

Just‘as computers are inqreasingly affecting the conduct' ’

. . u -
of professional and leisuré activities, the demand for computer-

based education, training. and recreation in schools, on the

Il
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:job, and in homes w111 also 1ncrease. In all Ye?rs through

2000 Scenarlo 83 assumes far more computer-based courses per
student ‘and more_teacher tra}ning thanIScenarlo 52. It also
postulates on-theejob training inhmote sectots andifot‘a greeter
number of occupations.‘

.

The dynamlc 1nput-output‘mode1 used in this study requires
that projectlons‘of final demand other than 1nVestment—-
essentlally the level and comp051tlon of Euture public and
private consumptlon--be provided Erom outside the model. For
present purposes the same BLS final demand prOJeCtIOhS (excluding '

- deliveries for investment purposes) were used in Scenarlos s1, sz,
and $3 so that differences in scenario outcomes have to .be attrl-'
buted exc1u51ve1y to the different technolog1ca1 assumptlons.

We have not yet examined Elrst-hand in detail the 1mp11*
cations of technoiogical and demographic change Eot the
future input structures of households; of'technological
chenge and altetnatiVe government policy for the input-strucn
tures oﬁ the various federal, state.and local pubiio adhinis-‘\
tration functions, or of,technological ohange and related
shifts in internationai comparative advantege Eor the |
comnosition of U.S. exports end importe; Under these

o c1rcumstances we decided that the best startlng point would
be the BLS final demand projectlons which, howeveg, have-
fbeen.reyised upwards with reSpeét to:the use of com?uters‘by
the military and by households. | '

Scenario S4 is identical to S3 in all of its assumptions

about the technological structure of the ecoromy but the Einei‘

30




demand p:OJectlons incorporated in it are different from those
used 1n the third as well as the flrst and second Scenarlos.
The reasons'for this dre -discussed in subsequent sectlons.

Emp loyment figures-shown in tnis study_do not, unless:otner-
wise noted,‘include either-government employees in the afmed
forces and in publip administration positidns or household |
workers, and the valde of final demand does not include payments

to them.

C. Impacts of’Automation on Empioynent; Principal Findings
This section descrlbes the future demand for labor based on’

comparlsons of alternat1ve préjections from Scenarr;s S1 through

54, The results of some of the computatlonslare shown in

the graphs appearing in the Appendix, in each of which changes

in one particdlar variab;e are plotted unde: projected alter=-

native scenarios over the period‘19§3-2000. An examination

of graphs #5 and #6 in sectjon C of the Appendix (p. APP441),

for example,‘shows’thit’the output of Iron'and ferroalloy

Ores Mlnlng (Iea #5)3 is generally lower and Nonferrous

Metal M1n1ng {1EA #6) 'is generally higher under Scenario S3

than Scenario S1. Despite the c¢lear pattern, however,:thlg

is not the case in every year since each curve reflects a

distinct pattern of capacity utilization and investment

~which in turn requires distinct cyclical patterns of produc-

tion, especially for capital-producing sectors. A preliminary

* . - . l
3IEA #nn refers to sector number nn in the IEA sectoral
classification scheme which is given in Table 3.1 of Chapter 3.
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investigation suggests thgé the cycles of sectoral o;tput and
‘of gross sectoral invéstment produced by this model for the
:perfod 1963-1981 bear a respectable resemblance to théée thatﬁ
have been actually‘experienced. (Actual output and 1nvestment
Eigures have in no sense been used to "callbrate" the model Y4 -

‘ Nonetheless, gareful analysis of the cycles will require a

 separate study, and here. we concentrate instead on the secular

trends. Thus, whilé the'taples appearing in-this section

cqntain data for iﬁdividuai yearét @ore‘tﬁ;n a single year
is always shown and only relationships OE-;he long~term trends -
are illustrated. e : .

The results 0of this study show that gpe intensive use oEI
adtomation will make it poésiblq to achieve‘OVeF‘thé ﬁext 20 -

years significant economies in labor relative to the productibn3
’ . .. ‘
of the same b1115 of goods with the mix of technologies cur- -

rently in use. . Over 11 million fewer workers are .required in

v *.

' 1990, and over 20 million fewer in 2000, under Scenario S3
compared to Sl: éhis represents a 'saving of 8.5% and 1l1l.7%,
resgectively,'of the reference sce;afio labdr'requirements;

The levels and composition of employment in 1978 under
Scenarlos Sl, 52, and S3 are shown in Tables 1. 1 “and. 1. 2. 'BLé
estimates for the same year are included Eor comparison. Since
the same BLS sectoral d1rect_labor‘coefiic@ents vere used in
" the IEA database, it is not surprising that the two séts gf

estimates for the economy as a whole are within 1% of each other.

dne model Systematlcally fails to replicate the signifi~-
cant downturn of 1982, in large part because of the presimed
monotonic growth of final demand from 1980 to. 1985. Real GNP
in 1982 actually fell. )

-
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Table 1.1
sl, s2,

and 83°in 1978,

[\
e

Levels of Employmenta under Scenarios

1990 and 2000
.{millions of person-years)-

Scenarios .

Professionals
Managers

Sales Workers
Clerical Workers
Craftsmen -
Operatives

"{Laborers .
Farmers
Total

Service Workers

| ot

=t e
WaNEH&-ULWmEeW

FNOWOmWYWYLWY

[+ -]

$1, 82, and:

53

BLS Estimatesb

| ot

—
QB OB DWW W
FOLMOIWORRD AW

o

L]

~ Scenario
. sl

Scenaric

52 .

Scenar1o
53

‘Professionals:
Mandgers
Sales Workers

Craftsmen
Operatives
Service Workers
Laborers
Farmers

Tot§l

Clerical Workers

19.8
14.4
9.1
24.7
18.0
22.0
16.7
6.6
4.2
135.5

e

21.2
14.4
8.9
21.2,
17.9
21.8
16.8
6.6
4.2
132.9

20.9
12.4
8.2
16.7"
©17.5
S 21.1
16.8
6.4
4,2
124.1

Professicnals
Managers

Sales Workers
Clerical Workers
Craftsmen '
Operatives

Laborers
Farmers
Total

Service Workers .

25.6
19.0 -
12.4
32.6
23.3
27.6
22.3
8.7

5.3
176.8

. 28,4
17.1
11.8
25.0
22.9
26.1
22.4

8.6
5.3
167.7

'31.1
1i.2
10.2
17.9
. 23.4
25.8
23,0

8.7

5.4
156.6

Arpcludes all private sector employment (jobs)} plus em-
ployment in public-education and health. Does not include
public adm1n1strat10n, armed forces, or household emp loyees.

bCalculated from [U.S. Department of Labor, 1981] using,
the employment definitions of the IEA Mcdel.




Tqﬁle 1.2 Composition of Eﬁploymenta under'SéenariOQM
L 81, 82, and 83 in 1978, 1990, and 2000 -
{percentages) : ' - .

. o Scenarios . . - |-
E ,Slf‘s2}and 53 BLS Estimates? -

Professiohals .»° .15.6 7 15,0
Managers - - 9.5 - 10.8
Sales Workers 6.6 X ' 6.7
Clerical Workers - 17.8 _ 17.7
Craftsmen ' 13.3 ) 13.6
Operatives " 15.7 _ 16.1
Service Workers . 12.4 12.0
|Laborers - - 4.9 5.0
|Farmers L 3.2 ' C 3.2

Total ' 100.0 ' 100.0

Scenario Scenaric Scenario
' ' Sl 82 83
Professionals 14.6. ' 16.0 16.8
Managers o 10.6 ' - 10,87 - 10.0,
Sales Workers 6.7 : 6.7 6.6
. Clerical Workers 18.2 15.9 13.5
Craftsmen ‘ 13.3 13,5 14.1
Operatives . 16.3 16.4 . 17.0
Service Workers- 12,3 ' 12.6 " 13.5
Laborers C 4.9 - 4.9 5.2
Farmers O A P § . 3.1 3.3
.Total . -100.0 100.0 100.0

Professionals - - 14,5% - . 16.9%
Managers 10.8 | 10.2
Sales Workers 7.0 - 7.0
Clerical Workers 18.4. 14.9
Craftsmen 13.2 .. 13.7
Operatives. 15.6 15.6
Service Workers 12,6 - 13.4
Laborers . 4.9 5.1
Farmers 3.0 3.2
Total - 100.0 '100.0

-,

CwrdE AU - (I
o
-]

e
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-

"asbgee Table 1.1.




The subsequent impacts of automation are dLEEerent for
dlfﬁerent types of work, and this 1s apparent even in terms
of the 9 broad categories of labor shown “in Table 1.1 and 1.2. 5
By 1990 there is a progre331ve increase in the proportion of
IproEessionals and a steep'reduction in thelnumber ané pr0portion
of clerical workers as we move from Scenario Sl through §2
to S§3,. | | | |
- BY the.year 2000, professionals:wiil acgeunt for nearly -
20% of all laberIrequirements'under.Scenairo'S3 compared'to
:15.6% in 1978, and demand for clerical workers falls to 11.5%
Erom 17.8% in. 1978 The demand Eor managers - also slackens “
not1ceably by 2000 under Scenario S3, and 1n absolute numbers,-
is lower than in 1990 even though in the aggregate 32 m11110n
.workers-have been added to the labor force py the end‘pf the
*decade according to this scenario. o
) ' Section A of the Appendix shows labor reguirements at'the
level of -detail of 53 occupations. - The increased demand for -
professionalspis seen-@n that section of the Appendix to be
'mainiylger computer specialists (LAB #6-8)6 and engineers (LAB -
#l-4) while the demand for 5;1 categories of clerical workers is
seen;fn the graphs tp-be signfficantly lower.under scena;io s3

‘than 51,

e ‘

SMost of the nine aggregate categories are self-explan~
atory. Craftsmen, gperatives, and laborers are sometimes called
skilled, semi-skilled, and unskilled blue-collar workers,
respectively. The occupational class1E1cat10n scheme is given
in Table 3.7 of Chapter 3. -

SLAB #mm refers to occupation number mm in the IEA occupa-
tional classification scheme which is given in Table 3.7 of Chap-
ter 3. - J

’ N
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. The projected demand Eor constructlon craftsmen (LAB #25-
28) “has a markedly dlfferent pattern than that whlch has been
dlscussed so far: 1t follows the cycles of the 1nvestment |

" demand for structures, and the peaks under Scenarlo S3 reflect
thehlncreased demad% Eor capltal. The sharp fall 1n demand
for skilled metal-workers (LAB #30-31) reflects in part the.
increased use of CNC machine tools. o , - :

The lmpacts.of ropots on demand for the aﬁfected semi- oo
skilled occupations (LAB f39-43. 46)7eand'Laborete:(LAB
#52)-is much more modest. While,the reduction in deﬁand_ . :
for‘these categories of workers., which is:directlf attribnt'
ablé to robots, is about 400,000 in 1990 and almost two - - °
million in 2000 under Scenario Sé, the net. demand is about
the same as under‘Seenario'SLrIappa;ently due to the off-

' setting effects of increaséed production of capital goods.

bectlonsﬂB and C of the Appendlx show_ labor by sector and

'output by sector, reepectlvely, and it is of 1nterest to look

,_at the two series of graphs side by side. . {(All three scenarios
assume the—same final demand ?or any glven year: personal )
consumption and‘:esidentia;'}nvestment.'government purchases,
and net exports do hat changeﬂfrem one scenario to another.

. .. Capital goods which are used in broductipn-—investment goodef—A
are not.included'in final demand.) ' ..t - | ' T
One effect of the automation represénted in Scenario s3

is*reduced requireﬁents for iron and ferroalloys (IEA #5 and

7LaB- #46, a residual catedory of operatives including semi-
skilled metal workers, is affected by both CNC machine 'tools and
robots. . :

-
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36), due in part to the: reduced steel scrap attrlbutable to
the use oE computer numerlcally controlled machine tools. ) ' 4
At the same time, the increased demand'for nonférrous metals
(IEA #6 and 37) is also notable. ' : N o
For most sectors these graphs show increases in output
‘accompanied by reductions in employment under Scenario $3 as
compared'to 81, . particularly Eor‘many of the metal-working
sectors (e.g.: 18Aa #37 -44) and Sem1conductors {IEA #58).
While employment in the computer sector (IEA $50) 1ncreases
Substantially. output grows at a much greater rate. Under
the given assumptions--in particulafm‘the same final demand
(that does not include investment) for all three»scenarios--
the increase'in.the actual output of.most service sectors is
about the same under alternative scenarios, and the labor
Savings in the service sectors due to office automatlon are
very substantial, especlally for IEA #71 -75 and 83-85.
v The’ proportlon of employment absorbed in the production
of capital goods varies considerably‘from occupation 'to occu- ;
pation. While there are differences over time and across
scenarios, it appears that 5-6% of the private economy labor T
force isbemployed directly or indirectly in the—production
of the private economy's capital goods.8 About 12-15% of

craftsmen are involved in the producEion of capltal goods, 9- 11%

oE laborers. and a somewhat smaller percentage of operat1ves.

L]

L §

8These include capital for public education and health
care but exclude other government capital. Also excluded
from these figures are residential real estate and other

Q o L : : _I. _ | 37




F

As could belanticipated, practically no agricultural workers

and barely 1% of service workgrs are involved. While under
most scenarios for.most yearajonly 2-3% of pr;fessionals-
are .50 engaged, this riges to slightly me:e than 4% by 2000
under Scenario S3. ’ | | I

| IAgéregate gross outpnt is in 3;1 years several percent
higher under Scenario'SB (and §2) than Sl. . While most of'the.
‘increase in output under Scenario §3 relative to Sl is due to
the production of ‘intermediate goods (involving.anﬁindeter-

minate amount of “double~-counting®)}, by far the greatest

percentage increase (in most‘years) is in‘the-production of
investment goods. -In the year 2000,nfpr“example,'aggregate-
gross output. of these goodalis 6.6% nigher;under Scenario 83
than Sl: final demand (comprising personal consumption, .
government purchases and net“exports but not productive
1nvestment) is postulated to be the same, output for 1nter-
industry use 15 8.8% hlgher, and 1nvestment is 42 3% higher.
Figure 1.2 shows annual investment as a percentage of total

" final demand under the three scenarios: from 1963 to 2000-
several BLS‘eatimates and projections are also shown 'in the

. £igure. The labor.savings discussed earlier are, naturally,-
in part made pesaible by the substitution of cdpital for

labor.

household capital and business 1nventories wh1ch are all
accounted for as part of other £1na1 demand.




Figure 1.2. Investment as a Percentage of Total
Final Deliveries,® 1963-2000 -
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arnpvestment is-defined as gross private fixed capital
formation, including investment for public education and healtn

_care. Total final deliveries includes investment.

1985, and

Source: BLS figures are given for 1968; 1973, 1980,
. 1990 in [U.S. Department of Labor, 1982a, p« 141,




Cepitei'flp;s under alternetive‘scenaribs are summarized
in‘Tabie'I.3( investmept in ehis table is cumﬁleted (in
constant 1979 prfceé) eﬁer ten-year periods'ih-anfattempt to ~
focus on secuﬁar changes rather thaghyear-to-year fluctuations..
The first three columns of the table show total 1nvestment, i
1nves;ment 1n computers, and investment in robots over three
succeésive decades. . During both decades 1981—1990 and 1991 2000,
about, half the value of the add1tiona1 investment uhder’ ’
Scenar1o 83 as compared wlth S1 (or S2) is for computers.

Total lnvestment is about 15% hlgher under Scenario S3 than

S$1 in the 1980's and -50% higher in the 1990's,

o

Table 1.3 Total Investment and Investment in,
Computers and Robots
under Scenarios S1, S2 and S3 by Decade

a——

Gross Inveetment by Decade

(millions of dollars, 1979 prlces)

© ) ) Computers as
¥ proportion

Total Computers .| Robots|of total ~

Scenarios S1, |$2,304,430| 34,584 | °s248 |  1.s%
S2, and S3 . : ,

1 Scenario S1 .| 3,552,491 68,204 | 1,870
-Scenario S2 3,838,773] 191,161 | 5,808
Scenario S3 4,069,842 330,228 [10,687

—— > _ -
scenario sl | 4,103,334! 86,480 | 2,338
Scenario -52 | 4,686,462| 490,766 |11,043

Scenario_S3 6,151,903{1,191,765 [29,078




The 1ncrea51ng use of automatic edquipment involves sh1fts
not only in the occupat1ona1 but also in the sectoral’ dlstrLbu-
tion of the work force, with the increased product1on_of cap-
ital goods slowing the transfer from manufacturing tolse:vicé:
sector employment hver’the next twenty years. This is éeen
‘in Figure 1.3}'?hich is a graphic presentation Qf thefﬁercentade .-
‘oﬁ empioyment”in-mahufhcturing. seréice, and other sectors
between 1963 .and 2000. o |

»

D, Discussion and Implications of the- Results,

Scenarlo S3, wh1ch is the basis for the following dis-
CUSSIOH-_assumes the accelerated adOptlon through the year
2000 of computer-based automation into all chtors of the
economy , aécompanied by‘a continual increase ;n the material
standafd of living. While invhstmentfis compdted within the
IEA model, the other components of final demand-(persohal) >
consumption, govérﬁment purchases, and net exports) are pre-
scr1bed as explained in Chapter 8. Tﬁis section ihtroduceé an
additional scenaric, S84, with alternatlve final demand assumptlons.

Table 1.4 shows final demand postulated.under Scenaric
S3 on a per emplhyee‘apd per’capité_hasig for se}ected'feafs
sinceI1§63 and projections for 1990 and 2000. The range of
figures shown for'fqture populét%?n corresponds to the most
recent lowest énd;highest Dureau cof the Census phojéctionst
Final demané per capita-and‘its average annual rate of growth
areliikewise expressed -as a range from highegt {corresponding .

to the Idwest population projectic-~) to lowest {corresponding

41
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Figure 1.3. Percentage. Distribution of Employment'ambﬁg-Serviée.
Manufacturing, and-Other Sectors, 1963-2000

%

] %

95 | 4 5

i
Manufdcturing

|

:Scenario 51

| . :
j _ : 83 .

1965 1975 1985 1995

Note: Manufacturing is defined to include IEA #12-66 and #86,
The residual category, Other Sectors, includes Agriculture (IEA
#1=-4), Mining (IEA #5-10}, and Construction (IEA #l1). All
remaining sectors are included as Services. Public administra-
tion, armed forces, and household workers are not included.
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Table 1.4,

Noninvestment Final Deliveries? per Employee-Year .

- -

E 3

L

and.per Capita under Scenario S3 and S4b 1963-2000,

Final Deliveriesd

(millions of dollars)

1979 prices

h]

per Employee-Year
(dollars, 1979
prices) -

Final Deliveries?|

'Populat;ion

(ﬁﬁllions) )

Final Deliveries?
per Capita
(dollars, 1979

prices)

Average Annual Rate
of Growth' in Final
Deliveries? Per
Capita since last’

Scepario 83
11963
1967

1972

$1,226,784
1,442,482
1,716,593
2,902,133

3,855,045

© $19,189°
20,725
21,951
N\

21850

246-255

256-282

$6,484
¥ B
7,260

8,178

' 11,797-11,381

15,059-13,670

Be_nctmark Year (%)

2.47“1.85

Scenario 54

o

1990 |

2000

' 2,782,565

3,224,360

-

24,133

' 25,151

“246~255

. D56-282

*

11,311-10,912 |:

12,595-11,434

2.2‘1.9
1.1-0.5

aFinal deliveries includes 'goods and services purchased from the private economy for personal and public

consumption and net exports. They eXxclude gross private fixed nen-residential investment. -

bsee text for 'desg:riptibn of Scenario S4.

Sources:

]

Final deliveries, see Chapter 8; population, [U.S. Department of Covmerce, 1979, 1982b, 1982c],
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to the highest popuiatipn projection), ?he last column of
the table shows the real growth ef per capita finai demand
which is postulated in SCenar1os sl, sz, and s3 to increase
over the next tvwenty years at about 2% a year under the hlgh

P
populat1on projections,

\ ) -
The first row of Table 1.5 shows the levels Oof employment

which according to'SCenariQ $3 would be required in order to-
satisfy this grpwthtin total final deliveries (assumed in this
~as well as in Scenarios S1 and $2). . The first Eou;‘entries of
the third rou‘shoe data'for the same employment concept R
prepared from gorernment'sources Eor.benchmarh‘years between
1963 and 1977, and the match with the IBA results is excellent.
For 1990, the prOJectlon based on BLS assumptions (which .are
described in the notes't;-the table). is presented as a range’
©of low to high. Since no conparabie figures have been prbjerted
for 2000, we include in the last row of the row of the table
civilian labor force projections for the purpose of compar1son
with the IEA'employment projections. The difference between the
employment concept of the first three: r0ws and the civilian s
labor Eorce is that the latter measures persons rather than jobs
and includes both the unemployed and those employed .in houséholds

- and public administration. For the.years shown between 1963 and

1977, thie difference amounts to between 6 1/2 and 10 million.?

-

JPublic administration is treated here as a final demand sector,
"and as such its future input structure is based on BLS projections.

In future work, téchnological changes affecting public administration
will be projected in terms of individual technological e°eff1019ﬂt5:
Preliminary computations suggest that public- administration ‘employ~
ment would be about 15.6% less in 2000 under the technological assump-

tions of Scenario 83 than those of S1, compared to a difference of ,
11.7% between the two scenarios for employment in the private economy.

4




Table 1,5, U,S. Employment Under Scenarios S3 and 54,4 1963-2000,
' and Other Projections

1963 1967 [ 1992 [ 1997 | 1990 | 2000

Cod

=,
.

IEA E:mploymentb Estimates and
Projections ,
.Scenario S3 o B R 1 62.8 ‘ : ; ' 2 | . 156.6
Scenario 54 ' : S 0 86,2 | 115. 128,2

Actual and Projected Employment from _ : ) . . . not
Other sourcesb:sc . _ : _ 3.9 favailable

Actual and Projected Civilian:Labor , i ; . . .91, 'l32.9-
Forced . - , " ' . 38,3 157.4-

agee text for'description of Scenario S4. .

PIncludes private sector employment (jobs)‘plus employment in public. education and .
health Excludes public adm1n1strat1on, armed forces, and household workers, P B

CEntries for 1963-1977 are from [U 5., Department of Commerce, 1981, 1982a), - The ratio |

of "business"™ employment (as defined in note 'a') to civilian labor force projected by“

the BLS for 1990 [U.S., Dapartment of Labor, 1981) was applied to the civilian labor-.
force projections for 1990 which are given in this. table. The BLS has* not projected
figures for 2000 Flgures for 1990 and 2000 are reported as a range from low ‘to high,
dEntries for 1963 1977 are from. (U.S. Department of Labor. 1930]. The range of pro—
jections for 1990-and 2000 are based on the most recent population estimates summariz-
ed in [U.S. Department of Commerce,. 1932b] and rates of participation in the labor-
force of the portion of the population over age 16 [U.S. Department of Labor, 1932a,‘
Appendix C}. The lowest projection, for example, is calculated from the lowest part1—
cipation rate. and the over—-16 portion of the lowest population projectlon. N

7 5 . . . ’ -




Projected labor requirements under Scenario S3 tor 1990
- fall at the upper limit of the BLS -based pro;ectlon of 124
mllllon (and the latter assumes an exogenous unemployment '
rate of about 4%). :

Looking further into the future, if the civilian' labor
Eorce proJectlons reported in the table are. accepted,10 |
the proJected labor requirements of 156 6 million under
Scenarlo §3 for the year 2000 exceed the available labor.
force (because even a maximum c1v11ian ‘labor force of 157.4

4

mllllon must allow for publlc adminlstratlon, household

workers, and some multiple Jobﬂholders) Thus the rate oE
‘growth in final demand that‘has been assumedlunder-Sceparlo
:S3, based on BLS projections, could not be achieved through
only those asbeCts of technological'change that have been
represented'in this scenario. | T
The fourth scenario, S4, was'formulated to'assess what-
IEuture‘rates of growth of final demand couid‘actually be
attained within the‘constraints of available labor, according
to current labor Eorce proJectlons, and under the technological
assumptlons of bcenar;o S3. For Scenarlo S4 we progressively
redUced the level,_while mainta1n1ng the composlton, of
oEinal demand prescribed by Scenario $3 Eor 1990 and 2000
(and accordlngly also for years between 1980 and 1990 and

between 1990 and.ZOOO). For each sequence of final deliveries-

| up to the.year'2000; the corresponding labor requirements ¥

1005 the accuracy of such pro;ectlons, see: [Keyfltz, 1981)
and [Fullerton, 1982]. S . .

4%




_ were'computed. The'proceddre was repeatedﬂuntil the compoted
labor required Eor 1990 and Eor 2000 Eell within the range of
labor force pro;ections reported in Table 1. 5.‘ OE course,‘
with add1t1onal 1terat1ons one could ensure c1o51ng in on

i

a prescribed level of Einal demand that would result in

.any specific labor Eorce proJection (e.g., the m1dpo1nts-"
of the ranges shOwn in Table 1. 5). Some results of Scenario
. S4 are presented in Tables L. 4 &nd 1.57 o
Wwhen the value (in 1979 prices) of Einal demand—-excluding
'1nvestment--under Scenario S3 (based on BLS proJections) is
reduced by 4.4% in 1990'and 16.8% in 2000 (compare Scenarios 53
and $4, Table 1.4), the aggregate employment requirements under
Scenario S4 fall within the range oE-the proJected labor Eorce
(Table 1.5). Because overali economic activity is lower under
Scenario sS4 than $3, there will beilese inyestment.v For this
reason the percentage reduction in the demand for labor as

compared to that of Scenario S3 is even greater than that of

final demand. For any given year, the occupational composition

of employment turns out to be'virtually;identical under Scen-
: _ N

ari05 S$3 and 54, with a lower representation under S4 of

thOSe engaged part1cu1arly in the production of capital

L

godds: for examﬁﬁe, craftsmen represent ‘14.7% of the employed

Ny

in 2000 compared to 15.0% under Scenari.o_S3.11 -

1ltn fact, all three scenarios, 51, 82, and 53, were .
recomputed with the new final demand projections (54 is the
one of the three corresponding to the technological assump-
tions of 53). All of the observations made earlier in this
chapter comparing the .results of S¢enario S3 to S2 and Sl -
hold with the new, as well as the original, final:.demand pro-
jections although the actual figures are of course different.

“
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Under Scenario S4, ber_capita final deliveries.grdw at
about 2% a year through the 1980's and between 0.5-1.1%
through the 1990°'s.12 This is.an estimate‘ot the extent to . - )
which reer‘per capita’ consumption wilt be able;to inctea;e-i -
dver the next two decades if the entire projected iabqr
force is employed u31ng the progressively phased~in computer-
based technelogies. F1gure 1. 4 .summarizes the differences
in eostulated aggregate ‘final demand- and resulting levels of . A
employment'betweeﬂ Scenarios S3 ‘and Sg; |
i “Based on the findingsfpresedted th this report;'it is
not yet 90551b1e to pass a final verdict on the questlon of‘
technologtcal unemployment by the ‘year 2000._ Technelpglcal .' | -
changes taken into account in the. four sdenar1os described
tn it have\been limited to computer-based automatioh. " To arrive:
at ‘a verdict, it wlll be neceseery to ascertain by means of
equally deta11ed factual inquiry and to 1ncorporate into the
technical matrices used in these. projectlons other types of
qhange that are bound to take place, for example in agrlculture
.end ﬁnltheoeubstitutiqn of ﬁaterials--llke.plasticstfor
metaie en the onelhand and fer‘paper on the other. Moreover,

. . #*
we have exp}ieitly excluded from our scenarios any major : -

. - Lo . . ; .
If Figure 1.2, showing 'investment as a proportion of total
~final demand, were redrawn for the three new scerarios, all
three.curves would be almost flat after the ‘late 1990's. ,
- The lowering of ,final demand has this effect since most new

capital is 'introduced when-.capacity is expanded.

12rixéd final deliveries are combined with high-growth and
low~growth population projections. Thus the 1.1% rate of growth
of per capita final deliveries corresponds to the low population
projection, and 0.5% to the high popukat1on projection.
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1.4. Growth in Final Deliveries and Employment? -
under Scenarios S3 and S4, 19632000 . ‘

(1963 = 1.0)

Final Delivefies:a
- Scenario 83

Fi.nal-De'liveri_e_S.él _
Scenario 84 .

Employment ,PsC
Scenario 83

Empioyment; Scenario 54

Scenarioc. 83 -

-=~- Scenario 54

1963 1967 1972 1977 . = 199

+@5ee note a, Table 1l.4.

i

bsee note b, Table 1.5.
CHashed lines (5%}, show range of empioyment projections
based on official sources. The range for 2000 assumegs
the same employment to civilian labor force ratios as
giver. in Table .1.5.Eor 1990,

I ' o _
source: Final Deliveries, Table l.4. Employment, Table 1.5.
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break-thrdughs _in computer technology that mlght affect sig-
nificant numbers of workers before the year 2000. While it
is likely to be‘at,least twenty years_before-products‘embodying
future break-throughs ;n ;reas,such:as automatic programming:
speech recognLtionf or. robot vision'are actoally.aoopted on
a large scale, so;é surprises. are certainly possihiea

The greet industriai-revolution inaugurated by the intro=-
duction of'mechanicel'power continued to transform western
economies and society‘ocer-a period:oi some two hundred years.

The .electronic revolution became visible only a few years ago,

Iand,by the year 2000 it will be not more advenced than the

pechanization of European economies had advanced by, say,

the year 1820. ;

A major consideratlon in rea1121ng the transitlon Erom
the 0ld to new technologies will be the availability oE
-workers with the tra1n1ng and‘skills that match the work
that needs to be done. According to Scenario 83, }abor
requirements to satisfy a continually but'moderately increasing
standard of liring will nomber 124'mii}ion jobs tn 1990 with
the required occupationelzcomposition, reflecting‘the tech-
nologies that will be in1place,'g;ven in Table l.1. Let us
_suppose‘that'there ie.an adequatehtotél_nqmber of indiv%duals
to £ill these jobs, but that because of very slow chenge;in
the orientationlof education, training,‘gnidance, and so |
on, these individuals' skills and occupational eipe%tati@ns
will reflect the mix of jobs that corresponded to Ehe -tech-
nologies that were. in place in iQ?B-[also shown in Table'i.ll.
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Under these assumptions, 744,0000 managers (0.6% of 124

million), and over five million clerical workers would be
potentially unemployed in 1990 while there wOule be unfilled
pOSlthnS (in the same total amount .under .the present simple
assumptions} in the other aggregate occupational categories.j .
Of course somelef those seeking managerial and clerical |
employment would be able ‘to find jobs of other kinds bdt_with
obvious limitations on the degree of job mobility.

- The same considerations apply within each broaqloecupa-
tional category. Among prefessionals. for example, the IEA
employment projections ﬁer 1990 show a greater proportion of
~engineers and especially of'cemputef specialists than in,lQ?B.
Among skilled workers, the projections inblede a higher prei
pertion of Eoremen and produetion'mechanice and a lower propor-
tion ef construction and metel-working'crafteggn Fhan in %9?8.:"

The crude experiment described above provides of course
only a very rough epproiimation of the‘ability of the future
labor force to Eulfill'epecific jeb requirements. An edequate
evaluatlon will requlre cowparably detalled analy51s of the
future structure of households and' the Job-related attributes
of their members."This has not yet been carried out.

. Concerted'efforts in eeucatien and training can facilitate
this shift in‘the_occupatienal composition of the labor force. |
Scenario $3 requires ;hat the produétion'of electronic edhca-“
tﬁgnal courseware grow in real terms at over 35% a Year_iﬁ
‘the 1980's and over;' 10% in the 1990's. (The underlying

assumptions about the use of computers in education are
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discussed at length in Chapter d.) In the past, higher.

levels of "conventional" education in the ﬁ;S.‘relative to

other countries also played a key}role in the successjul
transformation ?E our labor Eorce from mainly agricultural
workprs,into a wide range of other occupations. As was tne
case in the past'for conventional education,.the'growth and
gquality of computer%based.education and itsldelivery will no
doubt become an item of government policy and corporate‘and
trade union strategies.‘ ‘

" This study has taken a Eirst systematic albeit partial
glance at prospects for employment for a1most twenty years
into the future, a significant lengthening of the usual time o
horizon for economic inquiry; Witn the'feasibility and '
fruitfulness'the approach taken'in this study, now hopefully
demonstrated, we need to extend and improve the sector studies

i

" on which the scenarios are based and investigate the -impacts

) A

on the distribution of income implied by the technological
assumptions (sece {Duchin, 1984]). It will also oe necessary}
instead of taking final deliveries"as givenp to Eormulate and'
implement a completely closed dynamic input-output model in

which consumption and employment are determined simultaneously._
-

These are some}of the next steps in our agenda.

In the meantime,. the framevork developed for this study
can profitably be used to investigate numerous critical
economic issues which have until now not been subject to

*

systematic inguiry.
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-Chapter 2. ,Dyﬁamic Input-Output Model

A. Introduction . N .
Virtpaily all of the empirical work to'déte making use

of the input-output (I0) approach hés been carried out within

the context of the static model in which the levels of all

categories of final demand are exogenously fixed.l The |

static IO model, through the matrix of technical coefficients,

A {or the so-called Leontief inverse, (I-A)‘;), repfesents

the interdependency among all the producing sectors of the
economy. Any set of outputs computed on the bagis Of this o7
matrix will be consistent with respect to the lebels'o?- |
aq;ivity of all individual sectors at any given time.  These
properties account for the frequent use of the static 10 model.
The objective oflthe dynamic IO modei is to extend these
properties to include the determination of the sectoral
production-and aécumulation of capitai goods. Each sectdp's

demand for capital goods per unit of its own output is deter-

" mined by its detailed technical requirements, represented in

the capital coefficient matrix B. The model framework

imposes intertemﬁoral éénsistency between the specific capital
items produced and delivéfed‘in one period and increments

of output that in subsequent periods will be availéble,fér

use. Studying and extending the properties of the dynamic

lone noteworthy exception is the World Model [Leontief, =
Carter, and Petri, 1977), which takes some preliminary steps
in "closing” the model for fingl demand. ‘
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- 'Y
model is at the present'time one of the moét active afeag of
theoretical input;output regearch. | |

The formal dynamic model has never been impiemented_for
two reasons. First, the daﬁa requireﬁents are very exﬁensive
(as.illustrated by Chapters 3 ﬁo 5 of this report). But more
fundamentally, the implemeﬁtation of,existing formal models
wouid produce impladsible results. - Thi§ chapter déscribes
the characteristics of the dynamic 'I0 model, iﬁdicaﬁes the-
“nature of the difficultiés, and present; the formulation

" sucessfully implemented for this study.‘

3

B. Historical‘Development

The first dynamic 1npﬁt-output model was formulated bf
‘Leontief in 1949 [Lebntief, 1953]. He represented investmeh;
as |[the rate of change in required capital stocks, with a
vector differential equation of the.forﬁ -

X'= AX - Bx =y (1)
where x is the vector of outputs, A is the matrix of input
requirementé on current account, B-is the maﬁrix of caéital-
reguirements, énd'y is the vectoriof_non-investmgnt.Einal demand.
Leontief eghibited the form of thé%solution of Equation (1)

in the case where the componehts of y are exponenﬁials-

[Leontief, 1953, pp. 59-65], and inl[Ivefson, 1954) for the first

time actﬁalhparameters werelémpirically estimated in numerical
solutions of such systems of up t§ 21 differen;&sl equatioﬁs‘
- describing the U.S.-economy in terms of 21 inter-related sectors..
Leontief eventually formulated the model in terms of a

diffefénce equation with dated technical matrices reflecting
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structural change in the economy [Leoutief 1970]
. X = Atxt - Bt+1(xt+1-xt) = yt. ‘ (2)

~Equat1on (2) is 1ntended to be solved for the set of ‘vectors

W -
S o

of” outputs, consistent with the. glven tlme sequence of tech-

* -

n1ca1 matrlces and final demand requirements. -In theoretlcal- .

work the system is “closed " i.e., househqlds are treated as -

a "produc@egisector“ and consqmption‘as 1ts_?techn91bgica11y

determined” input vector. Ip addition; it_is aseuhed ;hat ’

no technicellchange takes plece; Under these circumstances,

Equation (2) reduces to: . | eil” o - .

i Xt - Axy - B(xt+1-xt) = 0. f (3)
A minimal condltlon for .an economlcally meanlngful

solution is the existence of a set of nonnegative vectors

of output xp satisfying thation'(3).‘ It is well known

thet whenlthe model is solved forward in time, a_eet ofi’

nonnegative solutions exists only if the iﬁitial conditions

lie on the so-called ”balanced grOwth path 3" cond1t10ns for

the existence of a balanced growth path are dlscussed 1n‘

[Szyld,I1983l. Actual values for initial conditions will

rarely exactly satisfy this consfraint. - |

‘The fact that negatlve outputs.will typlcally be gen-

erated follows Erom-the.meILCLt requirement in Eguations (2}

or (3) thet the entire physical productive capacity be utilized

(i.e., full capacity utilization), which involves . both perfect

2The stock is said to be reversible if capital in place
but not in use in a particular sector is freely transferable
to other uses within the economy. This occurs when elements
of (Xp+1-Xe) oOr x in Equations (1)-(3} are negative.-
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foresight of futqﬁé stock requlrements and’ the reversibj.lity"2
of the capltal stock- To assure. the 1rrevqrs;b111ty of
capital already in place,'a multl-phase process" was suggested
[Leoﬁtief, 1953] accordlng to- whlch capltal stocks are in-
creased only when output grows. In [Uzawa, 1956] thls process
was represented by replacing the term=ﬁi in Equation (1) by
Bemax(x,0). Uzawa was able to prove under certain
conditions the gxistedce of‘holutiqné to this fosﬁulation of
the dyn;hic model. The fntroduéliph‘pf this'haﬁlinearity
amounﬁed to alloﬁing‘fpr unused capaéit} when outpdt is f&lling.

wﬁiie this approach appeared promising, Leontief and othé;s
fLeontiéf, 19;3: Dorfman, samuelson and Solqw,-iQéB}, wefe
concerned abou;-possible contradictions .in switching between
.;his regime when oﬁtpuE is falling and the full capacity -
utilizaﬁion required when output is rising. This potential.
pfoblem is not eﬁcounteted’if oﬁe {realistically} abandons
the requlrement of full ‘capacity utlllzatlon even when output
is grOwlng, but then the model must provide for the determination
of a particular, sectoral pattern of capacity utilization. u
This is the approach taken in the present formulation.

wé assume that the éffective praﬁsion of a sector's
capacity may require séve;al time periods, iﬁ which case
expansion pléns must belﬁormulated and their imblémentdtion
begun this amountfof ﬁimé in advance.. The amount of planned
expansion depends upon future sécto}al production as anticipated
when the plan is formulated. Once in place, the plan ish
adﬁered to even if the sectoris circumstanceé'chanée.- If

adequate capacity is &lready in place, no expansion plan is

™
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. ) ' -. -
implemented. These assumptions are explicitly represented
in the following section.
Another difficulty that arises in solving Equations (2) or
(3) for xp4] in terms of Xt is the need to -invert the capital
matrix B, While most theoretical work is carried'out at a

higher level of abstraction in.which it is assumed that the B

matrix is invertible, the fact is that the matrix is invariably

singular, with?rpﬁé of zerds.correSponding to gectorslthat do not
~produce durable‘(or étoc}able)'goods. It has proﬁed,pdssible
{under certain assumptions) Fo"solve thé sfsﬁem within the Salf
anced growth framéwork‘deSpiﬁé the Qingulafiég'bf'EEETB"méYETEf
(Livesey, 1973 and 1976; Lﬁenbérgé;;and Arbel, 1377;'Heyer,‘1932]$
but these reshlts have not Been used to solve empirical problems
in pért because of the 6ther difficulties described éaﬁlié;,
such as the. assumption 6E full éapacity utiiizétion.._$olutions
to-the‘model‘wé have"dévised.are obtained at each'time step
without requiring the inversion of-the éingular B matrices.'
Implicit in the Eormulatlon of Equatlons (2) and (3) is
the assumption that the cap1ta1 ‘'goods needed to increase a'
sector's productive cppacity between periods t and t+l are
produced duriﬂg éeriod t. The algebra1c representat1on of
different gestation per1ods for d1fferent cathal goods was
1ntroduced by IJohansen, 1978] who also demonstrated the
exiétencelof a balénced growth bqth solution fof the model
he'preSented without technological‘éhange. The question
.was Eurther studied. by [Aberg and Persson, 1981], and a

similar concept had been used by {Belen'kili, VOlkonsk11,




l

and Pavlov, 1973-5] and [Volkonskii, 1975-6]. Ou}'formplation

also allows for d1EEerent lag structures.
As 1n the stat1c model, a dual price equatlon can be
~written for the dynapic IO model; the price system is not

treated in this report.

Al

C. Model Developed for This Study’
Our objective was to design a dynamic input-output model
to study the effects on labor requirements in the United

States of ,alternative scenarios oE‘technological'cnange

" between 1963 ‘and 2000 Once a model oE the type represented
}
by Equatlon {2) is: solved for the vector of outputs for

period t, x(t),3_ the vector of" employment requ1rements by
Qccupation is easily obtained.

In the present formulation, tne investﬁent termlin
Equation (2) is replaced by expressiqns Eormqlated in accordance

with the following considerations:

Once capacity is in place, it need not be
fully utlllzed and is not reversible.

T .
In'each time period, exXpansion ‘decisions are
made for each sector based on recent past growth
rates, and capltal goods are ordered.

Some capital goods must be delivered several .
periods before the new facility of which they are
part can effectively add to thé investinhg sector's
capacity. : '

31n this section of the-chapter, time is represented by
the letter t in parentheses rather than as a subscript. We
reserve the use of subscripts to denote the specific components
{e.g., sectors) of a vector. Egquation (2), for example,
becomes x({t)=A(t)x{t}-B{t+1)[x({t+1)-x{t)]=y(t).
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Replacement investmént is exp11C1t1y represented,
separately from expansion. -

We introduce two add1t1ona1 (vector) var1ables-

L}
elt) output capac1ty durlng period t

ol{t) increase in product1ve capaC1ty ‘between periods
— - ' : t-1 and t
and we define c(El - c(t~1l) + o(t). 'If for sectorli},ci(ti > xilt),
capacity is'under-utilized; if‘ci(t) <'xjl{t), it is_over-"

utilized.4

A sector's future caﬁacity reguirements are projected

several periods_inﬁadvance4_independent_pfgkhe_gapﬁgitv_in
place.' For that reason we also introduce the vector c*(t) of

projected cdpadity-requireﬁents for (future) periqg k and

define the increase in capacity in sector i as:

0;(t) = max[O,c;(t)-ci(t-%)]

Thus if ¢j{t-1) > c¢c;{t) then o3(t) = 0, no new output capacity
is needed, and'ci(t).=_cikt-l). ‘Otherwise, the change in
capacity, o, is the increase needed to achieve the projected

capacity requireﬁebt, c*.

The investment term in periog k could now be written as
B(t+1)d(t+i), impiyingtthat inveetment goods redﬁiredqto
increase the capacity in period t+l are produced and delivered

one period earlier. In. fact, we recognize that different

»

40ver- and under-utilization are relative to a presumed
state of exactly full capacity utilization. Base year rates
of capacity utilization are specified in the initial conditions
{see Chapter 3), and the concept in the model follows whatever
interpretation is used in their derlvatlon. .
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types of capital-doods may havg to be delivered two Oor more
periods earlier. wWe denote by tij the lag -between the
period when a capital item is produced (by_gector 1) .and the
. period in which it effecﬁively'adds to the capacity of )
.séctor j and by tj‘the_maximum lag for aﬁy capital good )
' required by sector j..i.e;, 15 = max Tij. |
Pianned_capaéity;expansion i; ségtor j wiil'reﬁuire 15
periodé'for its reaiization-and thus will need to be formulated.
at least T beriods in,qdvance. Forlthe present study we make

~the provisional simpliEYing aifumptions that Tij.and Tj °

are the same Eof-ail capltal-u51ng sectors J. Following
[Johansén, 1978, p. 515] we denote ‘as 1i the lag for .
capiEal goods produced by sector i‘and p?t.max ri;

The iﬁvéstmentiterm now becomes

BO(t)o(t+8)
p=1 '
where the i.jth entry of 8%y, beij(t), is the amount.

of capital produced in period t by sector i to increase the

capacity of sector j by one unit in_period £+6.5 . Of’courseq

8 . = : .
b II.J(t] 0 fO[: 8 > Ti-

A, ,
In the present formulation future capacity requirements,
c*(t+fl plahned T periods in advance, are assumed to be de-

termined by recent past changes in sectoral ohtput. In order t

5TheSe capital coeff1¢1ent matrices B%(t) are rpxated
to B(t+1) of Equation {2) by

B(t+l)= z BO(t+8-1).
o=1
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' prevént excessive expansion plans in time of rapid growth,

'11kely to be followed by a long period of underutilization,

“+

a sector-sgecific maxlmum‘admissible annual rate of expansion

"~ of capacity, &, is imposed.,{(Only the sector's expansion

oy
investment and not its output is potentially constrained
by §.) This results in the following expression:
L at+l
. xj (t=1)+xi(t=2)] . ,
cijlt+r) = max. |1+64, xj(t=1}). . (4)
' xj(t=2)+xi(t=3)
‘We can now write the whole' model and solve for x(t) for

each periof)from to thfough gﬁe final period ti. The. initial

P N M.

conditions must specify values for
é(to) ‘
x(t), t. = td—3,...,t0-l
Given these initial cond1t10ns, we compute c* o. and ¢, in that
order, for_perlods tg+l through tg+t-l. For each per1od
in turn (t = tg,..., ty) we first solve for c*(t+f) using
{4). Then wé compute the fgture-additiong“to capécgty
olt+t) = max [0,c*(t+t)=-c{t+T-1)} ‘
and we updaté the capacity,

clt+r) = clt+r=1) + o(t+1).

5, - . " .
Replacement investment 18 represented as

R(E)x(t)

where the ijth entry of the replacement matrix"R(t) is the

amount of capital goods produced by sector i that fmust be replaced
B - ‘ A . .
in order to produce a unit of output of sector j during period t.

We can now solve for x(t) from g .




T : -
[I-A{t)=R(t)Ix(t) = 7§ BO(t)o(t+e)+y(t). S )
. a=1 . .

’

+

-

(Inversion of the B matrices is clearly mnot at issue in this .
. formulation.) Thus Equation-(2) has been replaced by Equations {4=7). «
Finally, labor requirements by occupation during period k are

obtained as | - N : o
Celt) = Lt)x(t) o _ (8)

where the gjth element of Lit) is the amount of labor of
occupation q required to prcduce‘a unit of outpug oflscctor j
during pcriod-t.
"D, Data Requirements

Most of t@e data required. to implement this model, for
empiricgl invectigation, are presented and documented in the
appropriate chapters of this report.

'We know of no’syétematic empirical work on the lag, by
item of physical capital, between the tiﬁc it is delivered
and when it becomes productive. 1In all the computations carried
out for this report;-we'ﬁave assumed a maximum lag t=3‘in order
to permit a Frude distinc’l_:ioh among blant, t‘zajor equipment, and‘
capit&lizétiécs that are-likely to be put into production shortly
Iafter‘delivery. Table 2.1 shows thellags,‘fi of from 1 to 3 )
pcriods assigned to the different capital—producingIsectors.'
They are very rougﬁ estimates and in future work should be
based on empiric;l investigation. = |

The cectoral ceilings ou annual anticipated rates of real

growth of output {611}, wh1ch are used in the detenmination

of future capacity (but do not dé%ectly constrain the sector S

-
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Table 2.1.. Sectoral Lags

"

Sector

Constructlon

Oordnance’ and Accessor1es

. Primary Iron and Steel Manufacturing

Primary Nonferrous Metals Manufacturing .
Heating, Plumblng and Structural Metal Products
Screw Machine Products and Stamping

Other Fabricated Metal Products

Engines and Turbines

Metalworking Machinery and Equipment

.Special Industry Machinery and Equipment

General Industrial Machinery and Equipment
Miscellaneous Machinery Except Electrical
Electronic Comput1ng and Related Equlpment
Service Industry Machines
Electric Industrial Equipment and Apparatus
Miscellaneous Electrical Machinery and Supplies
Scientific and Controlling Instruments

Optical, Ophthalmical and Photographic Equipment
All other capital-producing sectors

. .

AThe lag for IEA #50, Electronic Computing and Related Equlpmeﬁt,
is 2 from 1963 to 1969 and 1 thereafter.

v

]

future growth), are shown in Table 2.2.° For most sectors
that ceiling is assumed-to be- 5%, potentially limiting expansfon.

investment so that at full capacity utilization, real output

capacity four periods- ahead will be no more than 21.6% higher

»

than output in the current period. (The model pefmits
more than "full"” utilization of capacity, however.) As
shown in the table, twelve sectors were assumed to operate

with higher limits on ant1C1pated growth for purposes of

capital plannlng.




Table 2.2. Maximum Annual Anticipated Growth Rates
for Projection of Future Capacity Requirements

“

.Sector . ‘ Real Rate of Growth

Electronic Computing and 20% (15;12)a
" Related Equipment : :
Office Equipment, except . 15
IEA #50 : - _ )
Eléctron Tubes 10
Semiconductors and Related . .15
Devices "« '
Other Electronic Components, 7 15
nec _ . '
Business Services . ' - .10
Hospitals ' 7
Health Services,’ exclud1ng ‘ o 7
Hospitals .
Educational Serv1ces . 7
Robotics . . : 15
Instructional TV e o 20
Computer-based Instruction ) 20
All other : 5

Ty , : : . . . . .
2 The maximum rate for IEA #50, Electronic Computing and

Related Equipment, is 20% from 1963 to 1969, 15% from
1970 to 1979 and. 12% thereafter.

L]

r

By decoupl1ng actual output ErOm productive capacity and -

in: add1t1on ref1n1ng the representat1t1on of 1nvestment 1n several

-

ways, the dynamic 1nput-output model described in this chapter

)

-

provides a suitable framework for émpirical analysis. The Appendix

_contains the graphic results of the analysis described in

this report.
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Chapter 3. Data, 1963-1980

A. Introduction

1

The dynamic model which ig described: in Chabtér 2 requires

extensive data on production, capital and employment by iqdustry.

Most of these data are made avai}able in various publications
by the Department of Commerce or the Department of Labor.

The basic sources of information are the IO studies pub-

lished for 1963, 1997 and 1972 by the BEA, in the Department of
Comhgrce‘[ﬂ.s. Department of Comhérce; 1969, 19?25. 1979). The
IO table %or each‘of‘theqe three years deééfibes‘the flows of
commodities produced and consumed by each industry and the
commodities absorbedfby Qiffefent final uses: privaﬁé consump-
tion, capital formation, government purchases and fbreign trade.
The. BEA has also produced capi;él’flow tablés (6§T's) fgr 1963,
" 1967 and 1972 [U.S. Deéartment of Commérce. 1971b, 1975a. 1980]
thch disaggregate tﬁe investment portioh of final demand in the
corresponding IO table and show the flows of the differént fixed
capital goods to the industries which use them. The offiqial‘
10 study prepared for 19?7 by the BEA is not yet published, But
the BLS .i.n the U.S.‘ Department of Labor has made:avaigabie a
preliminary IO table for 1977 [U.S. Department of Labor, 1982bl.
Price indexes Eqr I0 industries and several series on
sectoral capital stocks and flows'afe produced byltHe BLS
which has also prepared detailed océupation byfindustry matrices‘
for 1960..1970. and 1978. Other sources of information which .

have been used are described in the course of the chapter. -
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The1prepdration of the data reqguired reconciling different

classifications and conventions among data sources and from

one 10 study to the next. Some Of the changes correspond to .

an improﬁement in methodology. Others are ;xplained by actﬁél
changes in the_economyj"_technical.change,_for example, invol!gsﬂm o

the appearance and d1sappearance of certaLn commodities and.

the industries whlch produce them. When 1t was pOSSlble, we

fried—LD;Lrathorm_Lhe_earliest_data_Lp_cQnfQrm_uLLh_Lhe_laLgaL_____f
conventions. Differences and incompatibilitieé among’ data

"soqrces are explained mainly-bf-the decentrélized approach
to the collection of g0vernmentsdata. |

The IEA model is computed ‘on an annual basis and is_hsed_

- to analyze the effects of technological change in the lohg-term.
Linear extrapolation was used to'produce matrices of coefficients
for' the years between the benchmark years for which full detail
is available. | .

The changes reguired tolmake conventiods_énd valuation
uniform in the different IO sﬁudies are explained in éection'
B of this chapter. It includes also a presentation of the
industrial classification used in the model, the treatment
of imports, secondary pfoducts,land eétiqg and drinkiﬁg .
places, and deﬁlation‘of the data so that all magnitudes
would be expressed in 1979 pr1ces.

Section C.is devoted to’ computatlons requlred to obtain
the three matrices of. coefficients A, B and R. Data for
initial conéitions and control totals are described in Section D

followed by an explanation of thé of data describing employment

-
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3.3

.

by industry and occupation, in Section E. The description of

coefficent matrices for 1973-1930‘in‘Section F ends this chapter.

B. Conventions and Valuation -

1.: Sectoral Classification Scheme

One of the first steps in preparing the database involved

selecting of sectoral and occupational classification schemes

"

and reconciling the existing official data series into these

categories. This séctiqn describes the sectoral classification
scheme uéed in preparinglthe a, B} R, ‘and L matrices with
particular reference'to the Bga IO ang capital,fiow tables
used in their Preparation. _
The capital flow tableé'which enter into the cohputatioﬁ

of B and R matrices contain columns showing the détaileq_comﬁodity
co%posﬁtion of grdés,investment ih fixed capital for .77 sectors. -

- The 1963 and 1967 BEA IO tables consist of 368 sectors
whilé tﬁe 1972 BEA IO table and the 1977 BLS IO tabies have
" beeén further disqggregatea to 496 sectors. . Several BEA sector
codes-do not appear at .all in our classification. These '
includ% so-called Speéial Industries (Government Industry,
Hduseholq Industry; Rest of the WO?ld Ipdustfy, and Inventory
'Valuatidq‘Adjustment) wﬁich contain only the value added.
portion of the corresponding final demand sectors. The
"dumny" industries reflect the secondary production of certain
yoods and vanish when the industry bj industry'table of -
transactions is calculated. Noncompetitive imports (explained _

below) are treated as external to the transaction table and

hare included in value added.
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The industrial classification of the BEA IO tables is

based on the Standard Industry Classification.($IC). The
$IC was revised between 1963, 1967 and 1972 (described, re—
spectively, in the SIC manuals of 1957, 1967, and 1972,

<

(U.S. Ex e cutive Office of the President, 1957, 1967, 1972]).

wh11e the changes between the 1957 and 196? edltlons were
m1n1mal, substantLal changes took place between 1967 and 1972;

Most 5gth[5 t the level of dgtall of the IEA c1a551E1cat1on

were unaffected, hOwever, and among those that were aEEected,.
we were able to ascertain that the impact'was-smal by comparlng
_ BLS sectoral outputs conforming to one SIC classi: :ation‘:‘

w1th BEA Sectoral outputs conformlng to the other.‘.The dis=
crepancies were sign1f;cant, hOweVer, for three sectors (IEa
#4, Agricultural,.Fofestry, and Fishery Services: IEa #32,
Leather Tanning and Finishing: and IEA #79, Automobile Repair
Services). In the absence of further infdrmation. the BEA
reptesentation for each benchmark Qear was maintained.

A major objective in determining'the sector scheme was
to segregate those sectors likely to be major actore in the
production or adoption of automated equipment, llke computers
and semiconductors. & detalled representatlgn_oflthe
impottant "service" sectors was desirable be;ause of their
large employment and intensive use of COmputers.

The sectoral c1a551f1cat1on scheme Eor the IEA database
contains 89 sectors, including three newly emerging ones not®
yet included ihvoffiEial eata eeriesi the EIassiEication scheme

. is shown in Table 3 1. It follows the 2-digit BEA classification -

—,......- ..é_-“'—'\.‘. ) -




Table 3.1. IEA Sectoral Classification
~and Corresponding BEA Codes

L |
Description of Sector

(X
om
. (o M
o]

Wo~lohn b WK -

[T Livestock—and-Livestock—Products
Other Agricultural Products
Forestry and Fishery Products :
Agricultural, Forestry, and Flshery Serv1ces
Iron and Ferrocalloy Ores Mining
Nonferrous Metal Ores Mining : ,
Coal Mining- ' e
Cride Petroleum and Natural’ Gas :

Stone and Clay Mining and Quarrying

Chemical and Fertilizer Mineral M1n1ng
Construction ‘

ordnance and Accessories

Food and Kindred Products

Tobacco Manufactures o ' :
Broad and Narrow Fabrics, Yarn and Thread Mills
Miscellaneous Tekt11e Goods and Floor Coverings
Apparel

Miscellaneous Fabr1cated Textile Products
Lumber and Wood Products, except Containers
wood Containers :

Household Furn1ture

Other Furniture and F1xtures

Paper and Allied Products, except Containers
Paperboard Containers. and Boxes .

Printing and Publishing

. Chemicals ‘and Selected Chemical Products
Plastics and Synthetic Materials
.Drugs, Cleaning and Toilet Preparat1ons
Paints and Allied Products

_Petroleum Refining and Allied Industries
Rubber and Miscellaneous Plastic Products
Leather Tanning and Finishing
Footwear and Other Leather Products
Glass and Glass Products
stone and Clay Products |
Primary Iron and Steel Manufacturing
Primary Nonferrous Metals Manufacturing
Metal Containers. ' .
Qeatlng, Plumbing and Structural Metal Products

. Sgrew Machine Products and btamplngs

L
A 1)
o
o

{continued on next page)




.Other Fabricated Metal Products

Engines and Turbines

Farm and Garden Machinery

“Construction and Mining Machinery
Materials Handling Machinery and Equ1pnent
Metalworking Machinery and Equipment
Special Industry Machinery and Equipment

General Industrial Machmerg and Equipment
Miscellaneous Machinery, Except Electrical
Electronic Computing and Related Equlpnent
Office Equipment, Except IEA #50

Service Industry Machines

Electric Industrial Equignent and Apparatus
" Household Appliances

Electric Lighting and wiring Equlpment
Radio, TV, and Communications Equlpuent
Electron Tubes

Semiconductors and Ralated Devices
Electronic Componentss nec.

Miscellaneous Electrical Machinery and Suppl1es
Motor Vehicles and Eguipment

Aircraft and Parts )

Other Transportation Equipment

Scientific and Controlling Instruments -
Opticals Ophthalmical, and Photographlc Eqm.pnent
Miscellaneous Manufacturing

Transportation and Warehousing .
Communications, Except Radid and TV

Radio. and TV Broadcasting : -
Electric, Gas, Water and Sanitary Serv1ces
Wholesale Trade '
Retall Trade

Finance

Insurance -

Real estate and Rental . '

Hotels., Personal and Repair Services exc. Auto
Business Services -~ :
Eating and Drinking Places

: Automoblle-aepalr Services .

. Amusements

Hospitals

Health Services, excluding Hospitals
Educational Services

Nonprofit Organizations

Government Enterprises

Robotics Manufacturing

Instructional TV

Computer-Based Instruction

Public Education

51.04
51 except 51.01
52
53

54

55

56
57.01
57.02
57.03
58

59

60

61

62

63

4

65

66

67

68

69.01
69.02
70,01-.03
70.04, .05
71

72

73

74

75
76
77.02
77.01, .03
77.04
77.05-.09

- 78, 79

(final demand
column)




with the, following exXceptions. The BEA sectors for new and
Cf . . ’ ’

maintenance gonstruction were aggregated into 'a single con-

- . ' i . » -, !
struction sector; and federal, state, and local government

enterprises were likewise combined into one IEA sector. On

the:other*hgﬁd7—BEﬂ—#StT4ﬂ§fice7—€omputin97—and—aﬁcuunEing
Machines. was split .ipto two sectors with computeré.separated
from other office equipment. BéA #57, Electronic Components
and Accessories, was Spiit into £he rabidly growing Semicon-

~ductors and Related Dévices, Electron-Tubes, and thé remainder.
Trade was -.c}i.vi.ded into w_holel'sale and retalil, .and Finapnce and
Insurdnce are shown segarately. éEA #77‘was‘subdivided into
Hoséitals, Other Health SerQices, Educational Sérvices, énd,
Noﬁprofit Organizations.q.in butnscﬁeme, purchases.bf pesidene
Eiai real estate are taken out of the capital ‘matrices and
put inta-final demand because,ﬁhe déménd-for thi§ investment
is not directly deterﬁined by the productive requireﬁépts of
the ebdnoﬁy. Public Education and Health are treéted as

producing sectors thch sell to final demand.

2. Imports N . 3
. d ' .

The U.S. IO tables make a distinction-between imports
which are comparable with domestic production and those
‘which do not have any eqﬁivalent'produced inside the U.S.
The £irst are calledlcomparable imports and the second; |

" noncomparable.

The treatment of noncomparable imports does not present

any particular problem as it is identizdfjin the four IO studies

(1963, 1967, 1972 and 19775 where hOncomparable imports appear

T S
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as a row.
The tfeatmen; of comparable imports'changed between the
earlier 10 studies (1963 and 1967) and the later ones (1972

and 1977)ﬂ In the present work we have adopted the'convedtidns

Used—for the I972 study—and modified—the—+963—and-1967—tables—

to match these congntiohs. After shoYing the differences
inhtae two treaﬁmehts of imports, we describe the procedure -
used:to modify the transactions tables, the final demand
tables and the capital flow tables for 1963 and 1967.

'in the 1972 and 1977 I0 tables, the total ouﬁput of each
industry measures doméstic production and exc;udes imports. |
Consistent with this approach, imports are shdwn as negative
entries in a final demand column. Since their valuatioﬁ |
must be compar;ble with the producers' prices used for tne
domestic produétion of the same éommodity,'comparable
imports are measufed at domestic port value, which includes
the external, usualiy transoceanic, margin required to bring
the commodity to the U.S. border and duty-qwed-on this import.
when the transoceanic transportation is provided by a U.s.
carrier, the margin is also shown as a positive entry in'the
cell of the import column related +to the transportatioh
industry. By coqvengaon, duties are also shown as a positive
entry in the cell of the iméor; column corresponding to the
trade sector (see Table 3.2). . *

For the 1963 and 1967 studies the BEA used a "transfer"

treatment of comparable imports for industrial use. Like

secondary products, imports were transferred to the industry

78
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3.9

whose output was comparablé. Therefore, there is an additional
row for imports; besides the one for non-comparable imports,
called "transferred imports." The total output shown for an

industry equals 1ts domestic output plus the- amount of imports

of a comparable. (:ommoa"i_t_y. ] _ ST T T

Table 3.2. Cost Structure of imports

Foreign port value

Water transportation’ : Domestic

Air transportaion External or port

Duty’ . trankoceanic "~ value :
Insurance margins ) Purchasers'

‘ value
Rail transportation

. Internal
. . margins

Retail sales tax

+

source: [U.s. Department of Commerce, 1980, p. 22].

Transferred imports are shown at the foreign port value and
external margins associated with their ehipment‘are fncluded
in the Trade, TranSportation and Insurance rows.
Repllcatlng the 1972 treatment of c0mparable 1mports for
1ndustr1al use in the 1963 and 1967 tables requires three steps:
The domestic port value of transferred imports is
determined by adding the external margins related .
to these shipments to the foreign port value of
the imports shown in. the table.
These wvalues are 1néluded as negative entries in a

new import column ‘n the final demand part of the
table.
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In order tc avoid double counting of the external C
margins, the total of each type of external margin
is algebraically. added to the cells of the new

import column corresponding to the “"margin industries."

The ned'representation no longér includes a row for transfer—

+

Ired imports.

All imports.consuﬁed by final users are allgcated
directiy to Einal'demandiin the row containing “direcﬂly
‘allqcated imports" (both.cbﬁﬁarablb aﬁd noncomparable) in
the final demand tables-and tﬁe'capital flow tables for 1963
and 1967;1 These purchases are balanced by a negative entry
"in the cell-of this row corresponding to the column of net
exports. In 1972, comparable imports are combined with
doﬁestic goods in each final demand column and balanced by a
negative entry in the imﬁorts column. 0f final demand. To
make 1963 and-1967 CFT's comparable with 1972, aggregate -
'coﬁparablg imports for final users h&ve t6 be allocated
amony thg producing.sectors.

) Fdrtunateiy; the publications of the BEA related to the_
CFf's for 1963 and 1967 .[U.S. Department cof Cémmerce, 1971,
197%a) provide information on imports of‘capital gecods. We

assumed that all imports for 1963 and 1967 were imports‘of

‘comparablé capital goods qnd.dist:ibuted all imported commod-

ities like their domestic equivalents, as the BEA did for
1972, The total imports of each capital good was added as a
‘negative entry to the correspondiné cell of -the new imports

column in the final demand tables for 1963 and 1967.
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No attemp;'was.made to reallocate the imports absbgbed by
.'gersongl consumption,l which in any case accounted for only
about 2% of persconal consumpticn expeditures. No adjustments
to the final demand tables other than tﬁoée described above

were requfraﬁ-for present purposes. -

[3

4
1

3. bsecondary Pfoducts

I

Even individual establishments frequently produce_two‘or
,.ﬁofe commodities: the main product is called prim?ry and
any others are. considered secondary. FOE mény'purpoées it
is desirable to represent secondary products as being produced
by the iqdustries to which they are primary; the fesulting .
industries-are defined in terms ©f a single outhi: facilitating-

a technological interpretation for the input coefficients.

N

The BEA ' changed its treatment of secondary products in the

=

i972 study.
The method used by thé'éEA in its 1972 study makes an
explicit distinction between industry and commodity and
involves the USE table which describes the' utilization of
difterentlfommadities by the differént industries, and the
MAKE table which describes the production of different commod-
ities by the different industries. By conveqtion an industry .
is given the same name as its primary product. _
We‘combined the USE and MAKE tables in order to make- an

"industry by industry representations a choice influenced by

L

-

1lpyll import vectors for the 1963 and 1967 IO tables are now
being- developed in the course of other Institute research.

&1




3' 12
availability of employment data on ‘an industry. not'commbdity

or process, basis. A row of the resulting matrix shows the

. [+] ' - . .
utilization of the mix of commodities produced in the given

year by the corresponding industry;

To reorganize the IO data in this "way, wé used;thé‘
pattern of distriﬁdtion of different commodities as showﬁ in
the USE table. The information in thé’MAKE table makes it
possible to éttribute_a ffactiph of the totél output of each
COmmodiﬁy to the indust;ies whiEh actually produce it. This
transformation assumes that, when a commodity is produced by
séveral industries, it is as if all ﬁsers-buy it in thg‘same
proportions f;om the difﬁereng producefs;- Thése proportfons
are eéual to the share of the different indﬁstries in the

* a3
total production of that commodity. ‘

‘ The algebra of the transformation of a commodity by
industry té an industry by industry classification is the
following: | ’ - : " '

T = WU, E -
where T i§ the industry by industry ﬁable, W islﬁhe COefficieng
matrix obtained after dividing each cell of the MAKE table by

f : : _
the corresponding column total, and U is the USE table. ‘The

same ;ransforhation must alsd be aﬁplied to Fhe final demand

o

columns and the CFT's. ‘
The method described above was used for 1972 and 1977,

vears for which USE and MAKE tables -are available. For 1963

and-1967 we réconstrucféd USE and MAKE ‘tables from publishéd

i

.data.




In the studies for 1963 and 1967, the BEA used a "transfer"

approachs in which a secondary product is sold by the producing
industry to tﬁe industfybfor which it is the ptimé;y procuct.
si;ce this sale is fictitiogs, the method overestimates
intermediate inputs for the "buying" industry.

Data aﬁailab}e {from the BEA dnlmagnetic tape) for
these gzb years show separately ghe direct allocation, i.e;,

.

the real transaction, and the transfer. A table containing

1

only direct allocations is conceptually identical to a USE

table. A table cgntaining only transfers is comparable to a

MAKE table with empty cells on the main dgggonal.

-

To complete the MAKE table we reguired, for the main
diagonalf the production of eac! 'industry's primary commodity.
By definition this amount is egual to the total produ¢tidn

of that commodity less the ahount produced as secondary

5

product by other industries. The total output of a qommbdity‘
is represented by the corresponding row:s total of the USE

. table. The amount produced as secondary product by other
. g

industries is the column total of the transfer table. The
cells on the main diagonal of the MAKE table were filled
using this information, and then the procedure described

earlier for (1972 and 1977) was applied to the 1963 and 1967

I0 tables.

-

scrap and used and secondhand goods are treated as Y

éecondary'pfoducts. Since this category of goods is considered
. —

a single c0mmodity,'evéry user. of scrap appears to use a

small amount of the‘p}oduction of every indus;ry producing

é;?
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’

scrap and hsed and secondhand goods. )
- The numbgr of secondary prdduc;s‘idenéified as suqh in
the later studies is larger than in ghe'earlier ones, and we
have not éttembted to_resdive the.discrepanéy. In all other
respects, the methodology described above allows us to prepare

the inpu;fdutput tables for 1963, 1967, 1972, and 1977 such

that each treats seccondary produéts in the same way.-

-

4, Eating and Drinking Places

In this section we describe the methods used tb_resolve

the inconsistencies created by the lack of an Eating and

Drinking Places (E&D) sectsr in the 1963 and 1967 I-O tables.
prior to 1972 &b (IEA #78, BEA #74) was included in Retail
Trade.as a margin sector. This meant that-i;s input structure

did not include the purchase of food, beverages and other

materials but only the margin costs of providing a service

(electricity, containers, etc.). Since.l1972 it is treated

-

as a separate, productive sector that transforms the product

it sells.

»

We have created an EgD row and column and- -removed E&D

activities from other sedtors for 1963 and 1967, us;ng the

-

following information:

° structure of E&D (column and row) in the BEA
: 1972 table '

gross outéuc of E&D in 1963 and 1967 (provided
- by BLS)_ - S :

industrial compostion of Personal Consumption Expenditure
by PCE category, in producers' and purchasers' prices

" ("bridge tables™) [U.$. . Department of Commerce,
1971a, 1974bl. : : '

[
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. The BEA publishes tables of purchases of meals and

beverages for personal consumption, shown for 196f.in Table
3.3. These purchases correspond exactly to personal consumption
of E&D, which acépunts for over three-fourths of EgD output .

and provides the basis for our Egb column.
Table 3.3 Purchases of Meals and Beverages Out of Personal

Consumption Expenditures in 1967
{millions of 1967 dollars)

Producing Sector. Producer's|Transpor- Trade |[Purchaser's
(BEA Codes) ’ Prices tation Margin Prices

1 J|Livestock and
Livestock Products $ 126 - 204 339
2-——'-—0".'.1'!-9{'——)\9"““”1"""31 :
| Products 361 628 1,042
3 |Forestry and : o
| Fishery Products . . 271 392 "~ 716
14| Food and Kindred :
Products - 8,379 13,230 21,795
27| Chemicals and Selected. .
Chemical Products .| - 8 0 7 15
69| Wholesale Trade 541 o - 0 541
80| Noncomparable Imports |- 6 21 12 } - 19 -
| = Total , 9,692 302 ’ 24,467

source: |[U.S. Department of Commerce, 1974b] .

While Wholesale Trade énd Retail Trade -are combined in
Table 3.3, they need to be distlnguished for the EgD column
since the first is a.cost (i.e:;'an 1nput) and the second is
now a part of ghé product.

Thb'l?ﬁ? Io study pro§ides the trade margins for the
agyregate deliveries of the sectors identified in Table 3.3:

. A *
these margins are shown in Table 3.4. 1In constructing - the
E&D column we assume that Wholesale Trade is the sgmé proportion
of direct allocation as it is for the total sales of the

corresponding sector.
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Table 3.4 Distribution of Retail and Wholesale Trade Among Sectors Supplying
Purchased Meals and Beverages to Personal Consumptlon in 1967
‘ {millions of 1967 dollars)

Producing sSector
{BEA Code) .

Direct

Allocation

BBtail
Trade

Wholesale
Trade

Nxﬂesahe
Trade/Direct
Allocation

Livestock and Livestock Products
Other Agricultural Products
Factory and Fishery Products
Food and Kindred Products
Chemicals and Selected

18,112
37,562
4,486
- 609,746

5,046

4,264
24,927
4,002
252,071

1,581
6,136
960
79,858

087
.163 .
.214
.131

| Chemical Products 2,135 321 .064

3

Source:

[U.s. Department of Commerce, tape, 1974al.

L4

Finally, total E&D output is available for 1963 and 1967

{U.S.

‘Department of Labor, '1982al.

For 1967 it'was_$34,312

million or $75,138 million in 1979 dollars (the value unit

for tHe IEA databasel.

2

The E&D.column can now be constructed. First, the total

value of ES&D output at purchaser's price is distributed

between the value of the product and transgo;tation and trade

margins accordihg to the porportions given in the last row

of Table 3.3; thfg/iS'shown eXplicitly in the last row of

Table 3.5. Then the product is distributed among the seven‘

producing sectors in the- same proportions as-.in the first
this is shown in the first column of

]

The wholesale component of the trade margin- is

column of Table 3.3:
fable.B.S.
estimated by applying the ratios in the last column of Table
3.4 to the direct allocation in the flrst column of Table’
3,5; This produces an‘estlmate of the retail trade margin
as the differenge between the total trade margin and the total

wholesale margin. The retail trade portion is then multiplied

86 .
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by the input coefficient vector of the retail trade sector,
and these flows are treated . as additional inputs to Es&D.
The prices are now inflated to 1979 prices and easily assembled

into a column of input coefficients.

Table 3.5 Input Structure of Eatlng and Drinking Places
- (millions of 1967 dollars)

_ Whole-
Producing Producer's|Transpor-{Retail |sale

Sector . Prices. tation Trade |Trade
(BEA Codes) Margin  |Margin {Margin

|Livestock and . :
| Livestock Products | ' 15

O he %aﬂsuyama‘
V\.ll\-]- - —

rroducts 83

3 |PForestry and Flsheny 1-
Products . ' ‘ 81

14 |food and Kindred - ' :

Products

27 jChemicals and

Selected Chemical

Products

69 [Wholesale Trade

80 |Noncomparaple Imports

Total ' " 118,578 (1,719) 34,312
20,297

H

The 1963 and 1967 E4D coefficient columns constructed in
this way were roughiy comparable with the oné'for 1972,
except Eof Crude Pétroleum_gnd Natural Gas, IEA #8. This
sector provided virtually no input into E&D in 1972 while
cur construction :eSultéd in a substantialjfyéw fo: 1963
; and 1967 which we set to zero in the absence of a substantive

explanation for a large input in the earlier vears.

TN




3.18

The E&D sector is known to sell about three-fourths of N -

its ocutput to personal cdnSumption.l in the absence of additional

information,‘thqu;D roﬁs were constructed by allocating the

remaining 25% of its OQtputJaccordingito the 1972 distribution.
Thé input structures_of other.sectors-wefe adjusted to

be consistent with this treatment of E&D. No longer do they.

.,

purchase food from the®food stuff-producing sectors -and a

margin from Retail Trade; this now comes és a package from
E«b. Reductions in the affected inputs were made for all .
purchasing sectors using the same information needed to

T . ¥ . WL 1
ConmstTuct—tive— s o es1unt=

5. Deflation
In order to represent all values in base Year 1979 prices,
the daflatorscptepared by the Office of Economic Growth of
the BLS were éelected foer the Edllowing reasons:
They are deflators of gross sectoral output”
(rather than value added deflators used in the
National Accounts).:
They .are industry deflators and.take into account
the product mix of the individual sector and its
change over time.
The classification follows closely thelBEA 107
classification and is available at a high level of
disaggyregation (155 sectors).
To take full advantage ¢f the detl®il of the BLS deflators,
the final demand, transactions, and capital flow tables were
deflated at this level and then aggregated tc the IEA 85—§ector

classification: this step involved the reconciliation of

classification Schemes. 1979 was chosen as the base year

because it was the latest Year for which full price data
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were available when this work was done. .

Wﬁilé the BLS series shows almost No price change in
Eléftrohic Computing and Related Equipment (IEA #50} ovér the
period 1963-1977. Ehe business and technical literature sugéests
that the price has in fact been declining at least 10% a year
on ‘the average. A 51m11ar obServat1on holds for Sem1conduct0rs
and Related Devices (IEA #58). The BLS deflators were replaced
by a 10% a year decline in price for both sectors. While

other official deflators may also overestimate price increases

because ©¢f a conservative aSSessment of changes in the ‘nature

Or—gital Ht_y__et_ghe_wb,_thesLatLthe_mosl_memaﬂ_t_C ases

for the purposes of th15 study.

A Separate issue. arises in- the cgée of the so-called
Servicé'éectors. where the official total output deflators are
in ﬁany cases baSed-(inappropriately)'on the changing cost pf
labor inputs. For this stpdy, we have defined “phygicél“
m:asures of output for private aﬁd public educaton.‘;EA #83 .
and #89: whOSe'outpup we represent in millions of student-years.
and for Instructional Television (ITV) and Computer-Based

Instruction (csl). IEA #87 and #88. whose output‘is measured in

terms of hours of electronic courseware.

C. CerELCLent Watrlces. 1963-1977

1. Interlndustry Transactlons {A Matrlx)

After the data had been standardized. deflated. and
aggregated to the IEA 85-éect0r classification as described
above, the parts of the I0. tables for 1963, 1967, 1972, and

1977 containing the interindustry flows were organized into an

8§
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A matrix of technical coefficients for each of thesq\benchmard‘
years. FEach technical COefflcient is obtaldee by dividing an
entry of the flow table by the corresponding row total. Thus
the element in the ith row and jth column of an A matrix is
computed as tﬁe total amount of output of sector i consumed by
sector j, éivided by the total outpet of sector j it‘the corres-
ponding time period (measured in 1979 prices or in physical
units}; For years between benchmark years. each coefficieptl

was linearly interpolated.

2, Replacement of Fixed Non-Residential Capital (R Matrix)

~In the dynamlc IEA model replacement of. existing capital

and_inveetment for expansion are treated separately. while a

sector’s planned incréases in the productive capacity provided

by its stock of physical capital ere determined by comparing -
: A . ' \

projected f.ture capacity requirements with capacity already in
place, investment. to replace fixed assets is assumed to depend

upon the current level of sectoral activity.2 In either case the

composition of investmeht will be dictated essentially by
= _ . .

technical requirements. This sectiof describes the methodology
for_allocating_past gross investment between replacement and
expansion and fot computing the coefticieﬁts of the ‘replacement
matrix;‘R; The ith element ot the jth row of R specifies the

amount Of output of sector i purchased by sector j to maintain

dlnvestment also takes Place for technological modernization
in the absendce of growth: capital may replace noncapital in-
puts or obsclescent capital. This issue arises, for example.
in the case of robots-{Chapter 4). :
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‘its productive capacity during a particular time period. .
. L]
In the absence of systematic, direct observation of the
. .
fixed capital in each industry, official gdvernment.series-on

capital stocks use a "perpetual inventory" approach to record

the accumulation of new capital and the discard of exieting assets

‘using an initial observation of stocks, eubsequenﬁ data on
gross.investment,‘and assumpeiéne about the lifetimes of different
capital goods. wgthin this framework, replacemeﬁ£ investmentL

is that which Compensetes for the'retifemeng of fixed assets.

~ For those sectors whose capital stock is contracting, scrapping

of—fixedassets—exceeds-replacements—-and we _have attempted to
represent the amount of replacement that actually takes place.
The BLS publishes annual data on capital stock, .investwent,
and re&ifement of equipment and structures by industry, computed
in a. perpetual inventory Eram%work, for the yvears from 1947 to.
1974 (U.S. Department of Labor, 1979]. 3 These data do not
specify the physical .composition of-the stocks or flows. We
have rel{ed for this. information on the QEA capital flow tables
for 1963, 1967, and 1972, which deSc?ibe the deliveries in a
inen year of over 600 capital doods -to each sector of the
economy in the 2-digit BEA clessiﬁidation, i.e.,‘77 capftal—using
sectors, These tables wefe standa£dized, deflated, and aggregated

as described earlier. Column totals measure each industry's

gross investment, and column proportions show the corresponding

3The Bureau of Industrial Economies in the U.S. Department
of Commerce recently made available a new set of data on capital
stocks by industry which has not been incorporated in the )
ipresent study. _ ’
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™
composition. Seetoral gross investment as reported by the -
BLS and BEA do not always rely on the same sources and are not
rdentlcal. We adopted the BEA series to maintain es.much con-
sistency as possible with the rest of the input;output studies.
The replacement flow matrices are COmputed in the follow-

‘.

ing way. The BLS ratio of discards to gross investment is

multiplied by the'éEA estimate of gross investment, resuiting

in tﬁe level of replacement iﬁvestment of the given sector
in a particular year. .The composition of thiS-replacement

investment is.assumed to be the same as. that of the correspond-

ing sector's gross investment as reported in the CFY. Each
sector's replacement of equipment and of structﬁres (the-"
latter assumed to be produced exclusively by the construction
'seetor} is computed separately-and takes into account the
relatively slower rate of replacement of structures. Finally,
the technical coefficients of the R matrix are computed byb
dividing these flows of replecement‘cap;tal.by tBe total
output of the u51ng sector. -This rebresentation of replacement
reflects the assumptlon that a sector will replace only the -
portion of its stock required Eor current production. |

Since the CFT's exist only E;r-1963, 1967, and. 1972, R
metrrces can be directly computed only Eor these years. For
the yeare in between, each coefficient was linearly interpolated.
the 1972 R,ﬁatnix wae repeated for each year'through‘l977'with1
a few exceptiops which are described in-the appropriate pdrtions

1

of part III of this report.
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3. . Expansion of Fixéd Nonresidential Capital tB Matrix)

The jth column of the expansion matrix, B, measures the

T

stock of each type of capital good required to‘increaée the capa-
city of sector j by one unit. The stock of each kind §E capital
good is’measured in the same unit as theloutput of the-sector
that produces it. 1In the Present case this unit is a 1979
dollar's worth.

Especially in‘capital~intensive Sectérs,-very detailed plans
are on the drawing-boards of engineérslyearé before a eapital . . K

project is actually realized, and investigators at the Battelle

‘ Memorial Institute have made use of this type of information

'to produce expansion matrices like those required for our data

base -[Fisher and Chilton, 1971). while it ‘proved impractical

to use the Battelle matricesldue'to the impossibility of assuring
consiStency betﬁeen the conventions used in constructing these
tables and those emplofed in ,assembling the rest of our database, .
we expect to return to this so-called ex ante method for construct-
ing the B matrix in_fhture work. The present study relied on.the
accounting information in-the government data series.

Wh - .lata are available on annual sectoral output and net
investment {(the latter Geriéé resultihb from the data work
described in the preced1ng section of Eh1s chapter}, it was
not possible to deduce a technologlcalﬂy meanlngful relatlonshlpa
between the two without taking into account other facto;s,
like Secéorél fateg of capacity utilization. |

Instead of deducing stock reguirement frdﬂ'the'capital

flow data, we chose instead to use the sectoral capital to output -
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ratio to govern the total amount of capital required for a unit
expansion in cabacity. It is true that capital to output ratios
measure the average capitgl reguirement, rather than incorporafing
the most advanced technigues that are typically used by néQ‘féci;-
ities and rhat are econceptually reguired by our representation.
Until better data are availablé, we can observe that qéing the
5verage in place of the fbest technology"” ratio doeslnot'introducé
a sfstematic éver- or unﬁerkstatement of net investment, since
.thegaverage-and therefore éhe bgst technology ratio does not

r »

éppeaf to be monotonic but depends updn specific technological

events (see, for example [(Duchin, 1§33]].
?he B matrices for 1963, 1967, and 1972 were prepared. in
the following wéy. ‘Sectoral capitallstqck estimates for the
~ benchmark years, available in (0.s. Deﬁartment of Labor, £§79]'
in 1952”priceé, were inflated to 1979 prices using the NIPA pfice
index for non-residential fixed investment [C.S. Department |
of Commerce, 1932]. Thesé'mea;ures of the total capital stoqk
held b} each secﬁor were divided by corresponding sectoral 'out-
puts, resulting in sectoral capital to;ouﬁput ratios. _Since-the
‘industrial classification of the capital stock series is less

detailed than the IEA classification, a, single capital £o output

ratio was in several instances used for more than one sector.?
. - s .

1;ffuil capacity output
G‘ {156 .
v

.4The ~industrial classification of the capital®§tock
series follows the two digit I0 classification with two
exceptions: the four agricultural sectors (BEA #1 - 4) are
aggregated together, as are New and. Maintenance Construction
(BEA #11 and 12). ,

(while the specification of the model cal
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oy
.An the denominator of the capital to output ratios, we did
not make this adjustment for the-present study.)

The vectors of capital to ouput ratios for a given year,

measuring total stocks required to produce a unit of output,

"are by definition the column‘totals‘OE the correspdnding B

i bl

matrix. Expansion capital was assumed to have the same
: ’

product cémpositidn as gross ilnvestment, so the column totals
were distributed over cépital-producing sectors in:the sahe
proportions as in thé columns of the Capital Flow tables for
the corresponding years. Thé coefficients of the. B mé;rices
were computed in-tﬂis way.-and then interpolated between
benchmark years and projected to 197‘ in the same way as
that described in the last section Eof “he R matrix.

The B matrix‘is subseﬁuently decomposed into BB, e =1,2,3,
accogding to the lag between the deiiverylof a capiEaI ftem(aﬁa

its effective use in production.- This subject is discussed in

Chapter 2.

D. Initial Conditions and Control Totals

The IEA model requires estimates'bf sectoral capacity for

F

the initial year and projections of future capacity (based on
estimated_sedtora; expansion plans) for the néxt five years {(as ¢ »
-discussed in Chapter 2). 1In addition, during the dévelopment

of the modei it was necessary to prepare "conﬁrol totals" for'
';eétoral gutputs and investment to check the valués produced

by the model. This fectiOn deséribes thé‘preparation of data‘
Eor“initial conditions and controls. )




Pl

-

1.  Sectoral Rates of Capacity Utilization

when a sector's capital stock is beihg'fully‘utilized.
its productive capacity is equal to its outpdta Given its
output and an estimated rate of capac1ty utlllzatlon. the .
- f ’

capacity can be computed. . Sectoral capac1t1es for 1963 were

1]

derived in.this fashion from utilization rates pub}iéhéd by

BEA (U.S. Department of Commerce, 19?5b], using a classification
scheme very close to ours.> When-the BEA Sectors were more
aggrégated than the IEA classification, we ﬁsed the same rate
for each parﬁ of the larger sector. For those sectors not"
‘explicitly reported (éxclusivelylsérvice sectors); we followed

the source docoament in assuang 100% capaC1ty utileat1oﬁ.

The rathS used in the model are glven in Table 3. 6.

2._ Sectoral Qutputs

OQutput vectors for benchmark years'wqpé prgdﬁced'by
s;andardizing. deflating, and aggreggting the IO transéction
Flow tables (see Section B} and thesq vectors were linearly
interpolated for the years iq between These data, were used
hoth to estimate capacity in 1964~1968 and as controls to check

o

the performance of the model and signal.potential pfonlems.

o

3, rixed Nonresidential Investment
Controls were'also prepared for fixed nponresidential

replacement and expansion investment. Thqse numbers'were

. . ' L s . ,
4This source defines these rates as "actual utilization ‘
rates as a percent of preferred utilization rates. See alsq
" Chapter 2, footnote 4. :




computed from a recent BEA' publication .[U,$. Dept. of Commerce,

1982) which provides annual gross fixed nonresidential invest-
ment through 1979 in current and constant.1972 dollaré, Separate-

ly for équipment and strchLres, as well as discards of fixed

4w ]

cqpital. .

Separate deflators for equipment and. structures were com-

puted us@ﬁg the data in current deollars to convert the series

to 1979 prices.
€. Employment Data | - - | o
The‘final requirehent of the IEAdmodel was for data‘oq

the uée of laborﬂby oqgupation per unit of each sector's

output. The principal sources of information are tﬂe occupa-

tion by-induétry matfices-prepargd by the BLS for 1960, 1970,
“ and 1978 from [U.S. Departmenﬁ of‘Laborf 1973, 1981}. °

The occupatioq by indus;fy‘matrix for 1960 is based on

the 1960 Census of Pppulatibn and includes 186 occupations
and 157 industriesfl’Tﬁé qétrix for 1?70'15 based on* the 1970
Census, while that for 1978 is an update incorporating data‘
from various surveys. These last two matrices_include 425

occupations and 260 industries. Neither the sectoral nor

L

the occupational classification scheme fs incompatiblg'wigh
that of the 1960’matrix. o 5

For this study welused_é 5§-occypation classification
scneme, ygiven ighfabl;_gjij‘*EE*EﬁTSfTeve%—eﬁﬁagggggﬁ&lggi;
the BLs‘employment catego;ies for 1960 and later Years were

comparable with only a few discrepancies Ehgt were resolved .

using further detail from the 1960 Census of Population.

-
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Table 3.6.

L]

Capacity Qtilizatioh by Sector in 1963

Sector

Capacity?
Utilization

Sty 6
T
8
9,10
11
12 -
13
14

~ Hotel,

Metal Mining.

Coal Mining -

Crude Petrcoleum and Natural Gas

Stone and Earth Minerals Mining

Construction

Ordnance and Accessories

Foed and Kindred Products:

Tobacco Manufacturers

Textiles

Apparel and Mlscellaneous
Fabricated Textiles

Lumber and Woed Products

Furniture and Fixtures

Paper and Allied Preducts

Printing and Publishing

Chemicals, Plastics, Prugs and
‘Paints i ,

Petroleum Refining and Allied
Industries

Rubber and Miscellaneous Plastics
Products

Leather Products

Glass,. Stone and Clay Products

Prlmary Iron and Steel Manufacturing

Primary Nonferrous Metals Manufacturing

Fabricated Metals

Machinery, except ElectrLCal

Electrical Machinery

Motor Vehicles and Equlpment

Aircraft and Parts

Instruments

Miscellaneous ManuEacturlng

Transportation and Warehousing

Electric, Gas. Water and Sanitary
Services

Trade

PerSOnal and Repalr Services,
except Auto .

Robotics

All Other Sectors

&

.81
.82
.91

.88
.89
.68
.90

* .96
.84
.94

.90’
.87
.85
.87
.79

.93
.78

.93
.92
.80
.80
.83
© .72
" .82
- .85
.68
» 83
.85
.85
.94

.94
:56

1,00

!

%

_l2pefined as proportion of "preferred" rates of utilization as
prop ]

in the source.

sSource:

" [U.S. Department of Commerce.

El

1975b1 .
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A,

g

To ensure compatibility with the IEA sectoral classifi-

cation, wWe attempted to match sector definitions of the three

BLS employment matrices to the 1EA 85-sector classification ' i
at the level of the component §IC codes. When the BLS sector’
included several IEA sectors, the porresﬁbnding employment

- o levels were decomposed acceording to sectoral Qﬁﬁbuts assuming
the same‘occupatidnalustructure for each subwsector.? Once
the classificational discrepancies were técénqiléd:'the émploy--
‘ment data took the form of three flow matrices of 53 occupations
by 85 sectors ﬁor 1960,21970, and 1978.° The row totals of - B
these magrices show private sector eﬁployhentdby occupation, -

-

and the column totals correspond to private sector employment

by sectcr of the economy. N _ _

V_ The BEA Has published aggfegéte employment by IO éector:‘
using the definitions ana conventions of their IG studieswfoél.

P 1967 and 1972 {U.s. Department of Commerce, 1978 and 1981b].

| ? Discrepancies for some sectors ;etweén these data and th?

. K columrf totals of the BLS qatrices were resolved by using the )

| ;EA totals which were augmented by estimates of the ﬁumber ' o
of self-employed by sector, from other sources..tBLS mafrices;.
weré used to determine the'occupationai qoﬁposition of employ~

ment Eor each sector. BEA sectoral employment is consistent

with the NIPA employmént series which, while more aggregated

in their sectoral classification, were aﬁai;able for 1963 and

L]
E)

L - N
- L)
B3

6fn fact, a fourth matrix was prepared based on BLS
projections for 1990. It is used in this study only for
purposes of comparison with IEA projections &in.Table 1.1).

- 95
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, N . .
Table 3.7 IEA Occupatiogal Classification
- and Corresponding BLS Codes

JEA.
Code

-

Description of Occupation

BLS

Prof95510nals

Managers .
17

Sales Workers
18

lo
20
21
22
.23
24
-
Craftsmen
25
26
27
28

29
30
31
| 32

4

Clerlcal Workers

L]

s Electrical Bnglneers

Industrial Engineers
Mechanical Engineersl-
Other Engineers

Natural Scientists
Computer Programmers

' Computer Systems Analysts

Other Computer Specialists

Personnel and Labor Relations.Workers

Ph¥sicians and Surgeons
Registered Nurses
Other Medical Professionals

Health 19chnoLog1sts. Techniciaris

‘Teachers

Drafters

" Other Professional, Technical .

Mahagers. Officials, Proprietors

Sales Workers

Stenographers, Typists, Secretaries
Of fice Machine Operators
Bank Tellers

- Télephone Operators

Cashiers
Other Clerical .

Carpenters

Electricians

Plumbers and Pipefitters

Other Construction Craft Workers

Foreman, nec

Machinists

Tool and Die Makers

Other Metal Working Craft Workers

« 9 Coded

10120200

10020250
10020300
1002 (except 10020200:

10020250, 10020300)|

1004, 1006
10160050
10160100
10160150

- 10240650

10100300

10100400

1010 (except 10100300,
-10100400)
1012000 -
10200000

. 10080150

1014, 1018,°1022, 1024

(except+ 10240650)
1008{except 10080150)
20000000 -

30000000

&
El

40020000

40040000

40060050

40061550

40060200 )

4006(except 40060050,
40061550, 40060200}

50020050

50020350

50020800

5002(except 50020050,
"'50020350, 50020800)

50040000

50060300

50060750 _

5006{except 50060300,

50060750 ) -

AUnpublished BLS cla551f1cat10n scheme accompanying [U.S. Department
of Labor, 198l1].

i

(continued on next page)
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-

¥ Table 3.7 (continued) . ' i \
IEA : ' - _ . BLS !
- Code Description of Occupation . : Code . ' .

Craftsmen {continued) '

33 Mechanics, Repairers . 50080000 .

34 Printing Trade Craft Workers 50100000

35 Transportation, Public Utilities Crafts,

X Othe;: Craft Workers | . 50120000

36 © Bakers- 50140500

37 ©_ Crané} Derrick and Hoist Operators - 50140200

38 Other Craft Workers . 5014 (except 50140050,

. _ ' 50140200)
Operatlves ’

39 Assemblers , ' 61080100

40 Checkers, Examiners, Inspectors 61060050
-41 Packers and; Wrappers . 61060200

42 'Painters. 61081050

43 .© Y Welders and Flame Cutters 61020500 o

44 " Delivery and Route Workers 62000200

45 Truck Drivers 62000550
- 46 Other Operatives 6000 (except 61080100

X 61060050, 61060200
¢ : 61081050, 6102
162000200, 62000550)

47 - Rnbot TechniciansP ——— .
Service Workers .
48 Janitors and Sextons 70020150
49 Protective Service Workers 70100000
50 Food ~Service Workers- < 70040050, 70040150,
, . 709:,40250, 70040300
51 Other Service workers 7000 “(except 70120000
. , , 70020150, 70100000,
\ 70040050, 70040150, {
' - ) 70040250, 70040300}
[aborers . - ’ o
. 82 Laborers _ “ 8000

Farmers and cEll'ar:nru Workers . .
53 . Farmers and Farm Workers 9000 _

YIn aggregate occupational classification schemes Robot Techniclans; IEA #47,
* are included as Craftsmen. - o

s \ - 1 .
N ry
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©1977 és“well as 1967 and 1972 [U.s. Departmenﬁ of Commerce, 1l98la,

1982]. The NIPA data for 1963 and 1972 were disaggregated to 85
: ¢ .

sectors using proportiops frbm:the 1967 and 1972 BEA emplgyment

-

studies, respectively, when necessary.

The ‘three matrices of occupational proportions (for

1960, 1970, and 1978) were interpolated linearly to produce
- - :‘J .
four matrices for the benchmark years (1963, 1967, 1972 and
. ) . _ i - .
1477). The fqur.corresponding vectors of total employment by

seckor were dividéd,‘elément by element, by total sectoral
output (in 197¢{Brfces) in the given year, resulting in
sectoral labor/output ;atioé. Finally thése ratios were

distributed among occupations according to the matrices of

-
1

occupational proportions. The final outcome was a .set of

four matrices for the years 1963, L?S?, 1972 and 1977 of/j

labor/output ratios by occupation and by sector. o

e 'vCo;Eficient Matrices, 1978—1980
Each scenarig for which data ha?e been developed in Parta
IV of this report specifies A, ﬁ, B, and L-cqefficient matrices
for 1990 and for 2000. The most recent governmepLLIO data}

. are for 1977, and these were in ﬁost caseé repeated for - |
'1975; 1979 and 1980 with excebtionéifor néwly emergin& sectors.
The sectors producing electronic edu?atignal,éourseware (IEA
#87 and 88) appear 16'1980, aﬁa'thé robotics secéor (LEa

v

#86) begins prdduction in 19?7.‘ Annual matrices are produced

1
-

by interpolation for 1981-89 and 1991-99.

°
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Chapter 4. The Automation of Productiom Operations

-

A. Introduction

This chapter documents the. procedures employed in estimating
the changes in capital, intermediate input, ‘and labor requires

ments that describe the adoption of specific computer=based

- 5

technologies. While production processes will undergo ‘other

changes as well, the widespread use of computers in the office

and factory is expected to have major consequénéés'for.thé' .

- .

level, occupational composition“and skill content of future -

L]

- . . 0. )
employment. The magnitude of these changes is suggested by

h]

General Motor's prediction that "by i98§, 90 percent of all

L4

new capita} investments will be in computer-contrglled machines”

(Levitan and Johnson, 1982, p. 12] and by  the .fact that a

Japanese designed blant is already in ope;atidn in the U.S.

" whose automated processes have reduced the number of workers
1U LOm. : e y

regquired to produce a given cutput of machinéltools from 500

to 100 [Jagan Economic Journal, 1983, p.&E]s

*

The iﬁpacts of computers are ‘not limited to the prdduction
" of goods. The application nf'coméuterg to office work will
vastly reduce thé need fér'human laQPr,in'perEorming ;epetitiye
tasks such as Eiling,-bookkéeping'dnd typing. These labor
savings are of particular significance for the in@gstries-emf
ploying thte—collar labor most intensively, notably banking,
insurance, legal services and bovernment. Accbrding tc pro-

jbcﬁions madé by the International Data Corporation [198la,

. pp. 4-5], the number of desktop and small business computers
LN

= 1
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»

, _ & :
in use will increase from 823,000 in 1980 to 5.4 million in

1985, and these figures understate the pace of computérization'

* . ¥ .

H]

in. the office since they do not reflect advances in hardware
and software capabilities.
- * . . ’

. - . '
The increased use of computer-based.automation is rep-

LI "

resented in the database of the dynamiﬁ input-dutpug model by

[ .

changes in the input requirements {or technical coefficients)

¢ L]

of the "sectors which produce and use the new equipment. Each

column of coefficients in the A matrix represents a given sec~

o
o

tor's iinputs on current account per unit of output. The cor-
responding column’ in’the B matrix répresents the sector's cap-
ital requirements for a unit expansion of capacity, while a

: . L., . '
column of the R matrix represents capital replacement reguire-
o . ] i +

ments per unit of'outpdt. Finaliy, a column of the L matrix

represents a sector's labor requirements by occupation per
o

("

unit of output. : ‘ .

our focus in this chapter is corganized around twe facets of

the compuﬁgrization of production processes. (QOffice automation

is addressed in Chapter 5.) First, quantitative sectoral
estimates are made of the increasing use of computers (for all
purposes) and the associated‘réquiremen;s:Eor Computer Pgégrammérs,
Computer System Analysts, Otler Computer Speciaiists, and t
Draftersy these estimates are described in Section B; Second,
we represent the increasing usé of two speciﬁic microPrqbessor-
based machines, robots and computér numerically controlled

(CNC) machine tools. The use of robots is projected to

conserve paint, while the substitution of CNC for conventional

"
Al




”

. ’ : - . . '
tocls .will increase the use- of metalwerking machinery and

)

\ . =’ . . o
. reduce steel scrap. The use ¢of robots requ1res a new occupa-
j] ' . .
tion, Robot Technicians, and displaces workers ih six production

occuéations, wﬁile;the us:?of CNC tools red;ces the labor
reauirements of Machinists, Tool andlDie Makers, and Other
0perat1ves (sem1-skilled metalworking operatlves) ‘The
procedures used- to represent ghese meactg of robots and

CNC tools are desoribed in sect1ons C and D, respectlvely..'

The projections made for this study‘reflect technologies

that are .currently known. As Carter [1970, p.'Bél_has‘noted,

"maost major changes in eechnology of production or product

»

design can be anticipated by industry specialists five or more
years before nhey are put into actu$1 use.” We do not.projece

antLCLpated Euture breakthroughs nor the commercial use of

3

technologies which have not yet been effectlvely utlllzed,
but we do assume the incrementaljimprovement of currently

available technoloéies. For example, our estimates take
- &
into account the substitution.of CNC for ¢onventional machines,

-

computer }inks‘between individual CNC machines (Direct Numer-

ical Control, or DNC), and increasing use of machining centers

a

(in which one CNC machine performs several machining operations)

“

but not the Euture‘use of Flexible Manufactdring'Syseems (FMS),

L] .

in which automatic material handling systems are linked to

e"

computer-based machines (including robots) to form an essen

tlally unmanned productlon pr0cess. N .
D1EEerences amOng the technolog1es (computers, cobotics,

and CNC tools) and among the types of inputs {(capital, iﬁtermediate-
%




input, and labor) made it 1mpract1cal to use a 51ngle general

methodology for the projections.” In order to represent the use.

] . 5 -

-of computers,;the increase in each sector’s capital coefficient

(the computers required to increase capacity by one unit) was
based on the increase in the average computer coefficient

{computer stock per unit of output), for which data were de~-

I

veloped for 1977, ‘1990 and 2000, GSimilarly, average capital

3

coefticients EQr the,use of robots were estimated'forheach
-robot‘using;ihdustry. Based Qn'the literature about investment“
in robots, we assumed that the robot requirements per unit
of new capecitf (the capital coefficiente) woeld reech a
peak in 1985 at a value edual to that of the 1990 average
robot requirements (the average cabitel coefticients) for—.
each sector. The 1977 Metalworking Machinery cathal coeffi-
C1ents are pro;ected from the est1mated share of CNC tools

in the vafue of the machine tool stock requ1red for new
capacity in 1990 and 2000.

The projections of the inter-industry and labOrgcerEi—

.‘ L4

cients are based on the future use of these three kinds of
equpmeht: _Intermed1qte lnputs are ad]usted by 1dent1EYLng

the portion of the material input (e.g., paint) that yill be’
affected, eétimating the change in-thie affected portion,

and adjueting the coefficients accordingl&.‘ Labor coefficients
for the eomputer .occupations were projeeted on the b%sis’of

i
the labor requrred per computer and on prOJections of the

computers used per unltjof output. Labor coefflclents for

verious‘product;on occupations are adjusted on th7/basis of

o-
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"1) the stocks of robots held ih each sector and the labor
di:s,:,lacement rate per robot, and 2) the CNC share of ma'chi_ne‘
tools in use and the ratio.of CNC to conventjional iabor
reguirements per unitlcf ocutput, - .

Tecﬁnical coefﬁicients for Ehe_A; L, B, an? R matrices
were Projected for alternative scenarios, corresponding to low
(Scenario 52 and ‘hjgh (Scenarioc s3) fefes of diffusion of
the computer-based technologies. These\ewo scenarios are
intended to specify. a realistic‘range Eor\ﬁuture developments.

“ - ! -4 .

A

B. Electronic Computing Equipment

1. The Computer Sector

Information processing in the office, mgehine .control

Jn the Eactory, and the 1ntegrat10n of office and factory will

become 1ncrea51ngly dependent upen a h1erarchy of computers

over the next two decades. According to a recent report

[General Motors, 1982; p. 31, computer-based\equipmentjon
. ' W
the factory floor will be "linkéd together in a plant's

computer communications network that will not only monitor

how the equipment is Eunctionihg, but will schedule the

slant for.the .most efficient operation." ‘
These computers will range from the desktog variety,

' ‘whieh costs lees than SIQ,OOO, te large mainframe computers
that carry a priceutag in the®$12 million gange. In‘the-IEA
iedustry classification, this equipment is produced by IEA
450 and corresponds to the Standard Industrial Classification

e

(SIC) code #3573, This sector does not include microjrocessors

which provide the basic functions of a computer (input/output,

u
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— :

memory, and précessing) on a single sgmiconduétor chip. " Also
_excluded Erom this sector (1EA 350) are special purpase @Lcrq-‘
proceésor-based machines, such aé word processors {produced
by Office Equipment, IEA #51) and CNC controls for machine
tools (produced by Electric Industrial Equipment and Apparatus,
IéA #53). |

The following section describes the procedures used to
estimate future changes in_ the Eroduétion of computers.

Sectiog): describes the projections of the capital coefficients

-“\\Eoverni the increased use of computers and corresponding

hahgés in labor coefficients to the year 2600.

.

L

2. The Production of Computers

The production of computers .and semiconductors ‘has under- _
gone dramatic changes éipce'the 1960's. As thg composition
of computer output has shifted away from mainframes to smaller, .
stancardized computers, the industry has substituted mass pro-
duction for batch technigquess a trend that has led to a rapid
decline in unit costs. 1In the case of semiconductors, the

' 1970's saw labor-intensive opgrétibns move abroad and an in-
creasing mechanization of the remaining stages of production

(wafer fabrication}. According to qne r??°ﬁ§' the average
selliné pricé of an'iﬁtégrated ciréuit fell from S4.20 in 1967 '
to 63 cents in 1975 (1972 prices) [U.s. Department‘of Commerce:

- 1979, o. 5017. |

The intermediate inéut and labor coefficient columns of

the Computer (IZA #50) and semiconductor (IEA #58) sectors

used in this study reflect these structural changes. 1In the
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aggregate, the 1972 intermediate iﬁput reqﬁirements per unit

of output of the Computer sector were 48% of their 1967

value {in 1979 pfices). By 1975 these requirement; in these
sectors again fell by abouﬁ 50%; The decline in labor require-
ments was éven.more dramatic, 56% and 68% respectively.l Tﬁé'
magnitude of the declines in intermediate inpﬁg and labor
coefficients in the Semiconductor sector were similar.

k Although we focused our effort on thé use of computers,.

we felt that it waslnecessary to prgvide proviﬁional estimateg

of future reductions in interm‘ed:iaté input and labor requir,e.l\me"hts )
:ﬁor sectors IEA #50 and IEA #58. Since the trends ciieq ébove

can be expected to continue in the future, Lhese coefficients

were reduced under all scenarios by 30% in 1990, and éhother

30% in 2000.

3.  The Use of Electronic Computing Equipment: 1977,
1990 and 2000 Computer ] )

. &

Capital Coefficients -

The procedures described in Chapter 3 produced a
"matrix of capital coefficients (B matrix) for each year of
the 1963-72 period. Neither the statistical series underlying

-these natrices nor direct information on the investment -in

computers reguired by each sector to accommodate ;n'exﬁéﬁéion
of capacity was available for years after 1972. Ipstead, wi
deriuég ourlestimates of the future increase in incremental
computer capital coefficients Erom%the increasé in Ehe aJérage

coefficients, defined as the étOCK af cdmputers held by each

sector Per unit of output. o S .
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The 1977 capital coefficients appearing in row #50 were™

*

derived by applying to the 1972 coefficients the rate of increase

between 1972 and 1977 in the average coefficients, or ‘

. 17

77  bsoj 72
bsoj —— b5 5 - (1)
565 .
where b designates an averagé capital coefficient. Average”

coefficients were then estimated for future years, and the incre-

L]

mental capital coefficents for '1990 and 2000 were computed by

"the equation

R © t  _77
bspj = bspj +albsoj=Ps505) (2)

where the increase in the capital coefficients, representing

the newest technology:s is a-times as great as the increase
in the average coefficients. These procedures are described
in detail below. ' .
y il .

The estimates of average computer coefficients for 1972,
1977, 1990 and 2000 were deyeloped in four steps. First the
aggregate stock of puters in 1972 and 1977 was calculated.
The gross stock bf Office, Computing and Abcounting Machinery

for these years, published by the Bureau of Economic Analysis

1) eliminate the office equipment share of tﬁi; machinery .
{15%3), 2) eliminate trade and transportation margins {10%)

in order to value the stoek in producer prices, and 3) deflate
from 1872 to 1979 prices (a 10% annual decrease in érice was
assumed). These adjustments produced computer stgcks of $10

-

billion for 1972 and $17.5 billion for 1977.
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The second step was ﬁo distribute these stocks among
using industries. As the basis for this distribution we used
the proportkﬁn of toﬁal computer personnel émployed in each
sector, since professional coﬁputer %@ecialists have untii
recently been required to operate coméhters.  According ES?
the International Data Corporation [198la), only 0.6% of the .
value of computers in use in 1977 were desktops, the category

- of computers not Jenerally reduirfﬁg specialized skills for

operation.

In'the third step-we projected the aggrega;e.sﬁock of

computers that would be required to prdduce'a 1977 level of total
gross output in 1990 and 2000'1 The growth in the aggregate
computer stock coefficient was calculated from the real growth

in the gross ;tock of computers [U.S. Department of Commerce,
1982] and 1in totallgross private sector output [U.S. Department
of Labor, 1982] between 1972 and 1979. "Between 1972 and

1977, the average annual rate of increase was 8.,6%. This

averagé rate rose to 8.9% between 1976 and 1979..and 1l1.3% for
1978-79. We asshmed an average annual raté of 10% betweeq 1977
and 1990 for Scenario $2 and 15% for Scenario S3.

u

As the stock-grows and computers are used in the bulk of

--.the-operations that ¢an be cbmputerigéd, the rate of increase
in the computer coefficient can be expectd to decline. For
both Scenarios, we assumed that the average annual rate of
growth bethen 1990 and 2000 will be half that of the 1977-90

pefiod (5% and 7.5%, respectively).
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; In the fourth step, the increases.in the aggregate stock
of computers between 1977 and 1990 and between 1990 and 2000 e
were distributed amoﬁg_industries on the basis of their pro-

jected information processing.and machine control requirements.

As the 6peration of compute}s becomes more accessible to
manégerS; secretaries, engineers andsproductioh*workers, re<
quirements for specialized computer personnel will diminish, . -
and there may be significant changes in the relative use of
computerslby'sector. We used two methods to distribute the
1990 and 2000 computer stqus.among usin&\industriés.'*Most 6f.
" the increase (90%) after 1977 was_éssumgd\to-zé for information
processing tasks and was allocated among industriéé'based on

'D

their relative 1nEormat1on processing requlrements. as measured
J'

by the1r share of total white-collar. workers\en 1977. The

re a1nder of the increase {10%) was assumed to be associated’

i'th machine control requiremenfs in goods prodgcing industries
nd was distributed among industries on the basis of the

relative number of machine tools that ﬁere held in 1977. - ;
The projections required p;rtitioning the increase

in capital stocks between the base year (1977) and 1990 and

2000 into the portion used for information processing (IPJ
s and the portion required for machine control (MC) in goods
1; product1oQ*==§é£Q_QQ£L;QQ=ﬂa§_Ln&n ggaratelv distributed
/ among sectors. The future -average computer capital coeff1c1ent
/
/ (Eijt} was defined as the sum of three components,
‘J(.l’ "
/ ) 5 ¢ .
' ' _t 77 _t(IP) _tf(Mc) : : .
Bsoj = Psoj + bsoj * bsoj -+ (3)
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The average capital coefficients, estimated in this fashion
for 1990 and 2000, were used in Equation (2) to compute the

capital coefficients.

In?order to Eiﬁ a value fu. o (the ratio of incremental

to ,average computer requirements) we compared the computer
requirements for a given output vector based on tHe_capiﬁal \\\\
coefficients aeveIOped with the procedhres deécribedlin
Chapter 3 with the requirements based on the ;verage coeffi- .
cients gust descriped. The fo;mer,were naturélly systgmatidally
larger than the latter; their"ratio for the economy as a
whole, 2.25, was assigned to «a. l

The results of Equations (1) and (2) can be briefly
summarized. In 1977; the iﬁdgstries witﬁ the largest computer
requirements per unit of output'were those produc;ng Electrical
and Electronic Equipment‘(IEA #51-60), Instrumeats-(IEA #64,
65), Ordnance and Aircraft (IEA #12, $2), Financial Services
(Banking and Insurance, IEA #73, 74),-aﬁd Bducational Serviées
(IEA #83, 89). Iﬁdustries with-relativély low reqﬁirements
for somputers per unit of output in 1977 included Agriculture
(IEA #1, 2}, Mining (IEA #7, 10) aﬁd several Service (IEA #75,
79) industries, as well as Construction (IEA #11), Food {(IEA
#13) and Lumber (IEA #19): the common characteristic of
these lattér sectors is the predominanée of sﬁall establish-
ments. Most of the COmpuﬁek equipment in 1977 consisted of
mainframes which were experisive and designed for large tasks,

and these industries consequently used relatively little of

this equipment.




The industries wiﬁh the largest‘increasés in computer
coefficients subsequent to 1977 are those with large infor-
mation processing requirements whose operations are conducted
in small establishments: Retail Trade‘(IEA #72), Real Estate
{IRA #75), Hotels (IEA #761], Amusemgnts.(IEA #80) and Educational
Services (IEA #83, 89). The major part of thé'computer equip=-

ment that will be ‘used by these industries will be <Qesktop

computers and electronic cash registers,
Table 4.1 shows fi:teen industries that were projecteé'

to héve largé:computer capital coefficiéntg in 1990 and

2000. Using the Aircraft induStry {(IEA #62) as an example,
$45,000 in computers was requ1red to increase capacity by $1_
million in 1977; by 2000 this requlrement wlll reach $191 000
'under $cenar10_s3. The nine manufacturing 1ndustr1e$,shown
in this table aré_éﬁahgmbhehggrliest candidates for computer-

based ﬁlexible.manufacturing“systemé}‘e?g14h§5réw Machine
froducts (Iea #40), Metalworking Machinery (fEA“¥i§Tf“and
Aircrafé (IEA #62). The seven service sectors have sSignif-
icant information processing reqQuirements. and include Retaii‘

Traae (IEA #72) Finance (IEA #73), Insurance (IEA #74) and

Business Services (IEA #77).

Lab&? Coefficients

Many dccupations have alreadf béen directly_affééted bf
the increasing use of coMputers in the production of goods
and services. In this sectiog wé describe the method used to |
estimate Eutufe changes in the labo; coefficients for three

occupations {(Programmers, LAB #6, Systems Analysts, LABI#7

-
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~ Table 4.1. Capital Coefficients for Computers in the Sectors /
. i with the Largest Coefficients in 1990 and 2000
{dollars per dollar increase in capacity, 1979 pricesﬁ

_ ‘ | scenario 52 | /Scenario §3
Code  Sector . 1977 | 39901 2000 {/ 1990 [ 2000 | "
40 Screw Machine Products and Stampings 006" ] .045 .079 4 .088 [“.192 |
46 . Metalworking Machinery and Equipment “1.o11 | .077 | .136/| .150, | .326
47 - Special Industry Machinery and Equipment .009 | 055 | .096 | .105 | .227
49 Miscellanecus Machinery, except Electrical | .012 | .103 | .184 .203 | .446
55 Electric Industrial Equipment and Apparatus{ .005 | .045 | .080 | .088 | .193,

137 Electron Tubes .029 | ,076 | .118 | ..128 | .252°
62 Aircraft and Parts | .045 075 | 103 | .109 | .191
64 Scientific and Controlling Instruments - .013 | .050 | .084 | .092 | .192
68 Camunications, except Radio and TV 1 .018 | .064 | .105 | .115 | .239
72 Retail Trade . N .006 | .070.| .127 | .141 } .31}
73 Finance’ S .. .081 b .162 | 234 | .250 | .464
74 - Insurance ‘ .084 | .141 | .191 | .203 | .354
77 Business Services - -] .037 | .088 | .132 | .143-] .277

182 Health Services, excluding HOSpltals - .008 | .048 |/.0B4 | ,092 | .198

‘84 - Nonprofit Organizations .010 | .104 |:.189 | .210 | .463

' I3
-
) ‘ . ¢ i

and Other Computer Specialists, LAB #8) ‘which depéadlwholly
upon the use of computers, “d one occupat1on (Drékters,
LAB #15) which is being ellmlnated by computersf

The labor coefficients for the thﬁée computer occupations
in computer using sectorsl were projected to 1990-and.2000
on the basis of 1) estimates of the number of co@Putbr workers
required per unit of cbmputer stock, and 2) the ﬁrojegted
1990 and 2000 computer requirments per unit of dutput. As
stated in a recent BLS study, "Employment of computer workers

A

E ‘Ireflects an industry's capital expenditures for technology

as. employers install computers to increase efficiency and

1The coefficients for the computer occupations in the
Computer sector {IEA #50)_were reduced by the procedure described
earlier 1n‘part of this section. g
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productivity, Qhether or not their output is expanding“
[U.5. Department of Labor, 1981, p. 7].

Given the number of workers,requi;ed per unit of computer.
stock (eqj/ksgj), the ne# labor coefficient (lgj) will vary

with the amount of computers that. are used per unit of sector j.'s

"

output (bsg J)~ - ' N @

lqj = eqj/xj = (eqj/kSOj)(ESOj) - (4)

The computer personnel requirements. per unit of computer
stock were computed for each sector for 1977; Recent develop- .
ments in both software and hardware suggest that in the futyre

these labor to computer stock ratios will fall. According .

.~

to a recent BLS study [(U.S. Department of Labor 1981, P 20];

One trend in software technology has been the incorporation
of systems programming functions into computer hardware.

If the trend continues over the next decade, it may

curb the demand for some systems programmers. . . . ;
Packaged programs are another software option avallable

.to computer users. These programs, which are being
developed for an ever increasing number of applications,
simplify programming operations, reduce programmer

skill requirments, and may require fewer programmers at

a computer site. . . . These packaged programs also

will permit programming to be done by noncomputer personnel
‘in many cases.

Table:412 shows aggregate ratios of computer workers to computer
stock.for thfée computer occupatibnslfor the census years 1972
and 1977, and these ratios show substantial declines for all
three computer occupations.

4 We assume that these ratios continue to fall until
A - ‘

. 1990, Such a trend is supported by a recent study by the

Incefnabional Data Corporation which found that among 350 computer

users over the 1981-83 period, the staff-related share of the
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budget has steadily fallen while the computer room eguipment.

portion has risen [Zientara, 1983, p.l). Under Scenario

§2, advaﬁcés in software and reductions in’' maintenance require-
ments were assumed to reduce employment'per computer to 67%

of the 1977 ratio for each sector and each computer occupation
by 1990. Under Scenario $3, these advances were assumed to

be more rapid, and the ratios were reduced to 33% of the

977 figures. The ratios remain dnchanged between 1990 and

)

2000 under both scenarios.

. Table 4.2. Aggregate Labor-to-Computer sStock Ratios for
. - Three Computer Occupations
(workers per million dollars, 1979 prices)

Qccupation 1972 1977

Projrammers {LAB #6.) | 15.0 11.0

Systems Analysts (LAB #7) 11.6 {° 9.0

Other Computer Personnel {LAB #8) 2.5 2.1

+

The labor coefficients for 1990 and 2000 were calculated

) /

by multiplying these ratios by the average computer capital
coefficients (b50j). The industries with the largest

1990 and 2000 labor coefficients for Computer Prngémmers

are presented in Table 4.3. The coefficients:-increase over

3

time since increasing average computer requi;ements per unit
of output more than offset falling labor reduirements per
unit of computer stock. : T B
In contrast to the future proquctéﬂof these three compﬁter
: /

.0ccupations, Drafters (LAB #15) are among those occupations’ :

113




4.16

Vi
g
¥

Table 4.3. labor Coefficients for Computer Programmers in the
Sectors with the Largest Future Coefficients in 1990 and 2000

{workers per million dollars of output, 1979 prices) - ;

I

. Scenari0]S2 Scenario S3
Sector 1990 | 2000 | 1990 ,{ 2000
Metalworking Machinery and Bquipment 241 | 417 | .23 492
Miscellaneous Machinery, except Electrical ] 290 D523 | .29 639
Office Equifment, Except IEA #50 j 2 «296 | -.415 | 222 | .400
Electron Tubes ; .247 | 351 7f§3 344 .
Retail Trade 190 [ 342 ) (189 | .417
Finance . | :333.1 536 |/.203 | .597*
Insurance ' R .286 - .236 | .462
Business Services- ; , 905 1 804 {1.650
Hospitals : 199 | - 185 | .393
Educational Sexrvices - 1.430 1.240 |2.510
Nonprofit Organizations - ' «283 S 278 508
Government mhterprises «239 242 538
Public Education 1.430 1.240 |2.510

f

which will be adversely affected by the increaging use of com-
puters. . In 1978 there were 296,000 prafters, 90% of whom worked .
in privaté }ndustcy preparing ”detqiled drawings bésed on rough
sketches,;specﬁfications and calculations made Bylscieﬁtists,
engineer%, architects, and .designers. ,T7 y also calculate
the,Streégth, quality, and cost oﬁ?mape ials¥ [U.S. Department

of Laborﬁ 1980, p. 315).- Tﬁefélis ampﬂz evidence in the

busines% and technical literature that/ computer-aided design

" {CaD) géeatly facilitates the perforzance of theée tasks.

According to Allan, (1982, p. 95I,
f
new deflne a part's shape, analyze stresses applled to it and

ith CAD a designer cadn

————
————

automa%ically produce englneering qLawlngs £ér that dgélgn,

all Erom a computer-based grdphics/ terminal.” Once drawings.

-

are automatlcally produced, they ¢an be stored easilﬁ\fetrieved

S &
for ; 9 ification. e
r‘-w.,r F

e : '
S A . &
} R - i
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CAD will affect Drafters in two ways. First, the time

consuming menial tasks will be performed by the. ‘omputer,

eliminating all but the most skilled fsénidr drafters" who are
.qualified to translate preliminary drawings by engineers and
architects into design-layouts for the computer. For example,

"Normally an aiéhitegt and one or more draftsmen would spend

3 dagﬁ medifying the design: changing the-Specifgcations

and redrawing the building. This time an archjtect'ﬁadg.the

-

;hanges on a video screen in é“matter of hours and new drawings
wére in the maii the same day" [Miller, 1982, p. Cl]. | .

The second effect of CAD on drafters is thelimprovement
in the productivity of the relat£vely skilled drafters who are
not replaced. According to a Societylof Maanacturiag Engineers
report [KiQd and Burnett, 1981, p. i];=“1t has been proven
conclusively many times ﬁhat CAD can improve the,producti;ity
of the desigher/dréf?gmgg\sy facﬁors of between 2:1 and 5:1
depending upon the applicéEiQns.“- |

The equation uged to estimate the 1990 and 2000 labor

.coefficients for Drafters incorporates these two effects:

-

t 77 77
lgj =a(l=8)(1-Y)1lgj + (l-o)lgj - (5

loo

t -
where lqj is the Jlabor requirement for Drafters per unit of

‘ ' 77 .
output of sector j at time t; lgj is the labor coefficient

for the base year (1977): «a is'thelshare of Drafters affected

by CAD:; 8 is the share of affected Drafters who are replaced by
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k]
k]

1CAD' and Y measures the increase in drafter product1v1ty attribu-
table to CAD. This f1rst berm of vhe equatlon is added to the

remaining (unaffeoted) port1on to producéﬂthe new coeff1c1ent.
&

Already by 1985, computer-baéﬁd graphics term]nals are

expected to number at least 75,000 [Allan, 1982, p. 96} Accord-

L

ing to Dan Muria of the United Auto Workers, by 1990 there will

_ ' ) ) . . -
be no Drafters employed in/tne Auto industry. We assumed

that under Scenario s2 5¢% of all Dréftere.wi}l be  affected

1py CaD by 1990, while % are affected under Scenario S3..

In the year 2000, th share of Drafters affected rises to

+

90%. and 100%, respeftively. By 1990, 20%‘efzthe affected

. . . ] . -
Drafters are assuyed to be replaced under Scenario $2 and

80% under 3, JYh 2000; these-figures are 50%-and 100%, .
respectively, Finally, we assumed thathAdyimproves the

preductivity/of Drafters by a factor of three. Since phe*
Drafter.u§§ng CAD can repiace the work of three Drafters

‘using conyentional methods, labor requirements decline to 33%

. . ) L
. Of theif previcus level,  a reduction (y) of 67%. These

assumgfions are summarized in Table 4.4. -
/&s the last row of the table indicates, under Scenario’

& .

$2, fhe Drafter labor coefficient declines to 63% of the base

f
yeqr coefficient in 1990, and falls to 25% of the base year .

coeff1c1ent in 2000. Wlth .a larger share of Drafters affected
/and replaced under Scenarios S$3, the coefficient is’ only 16%

/ of the base year coefficient in 1990, Under th1s scenarfe,.

- -

Drafters cease to.ex1st as -an occupation by the year 2090,

bl




o' . .
Table 4.4, Impact of Computer-Aided Design on. Labor
Coefficients for Drafters in 1990 and 2000

o

- - Scenario S2 Scenario $3

- , v 1990 2000 1990 2000
Proportion of Drafters (LAB #15) , R ‘

affected by CAD (a)@ _ .50 . .90 .90 ~1.00

Proportion of Affectéd Dfaftprs
Repraced by CAD (8)23

Réduction in Drafter Require-
ments Attributable to CAD (v)2

, La{%r Coefficients for Drafters as
Proportion of 1977 CoefEicient ’ .63

-

4 These parameters-a%?mused in Equation (5).

Ll

L)

C.” Robotics

1. overview of the Technologi . A

Within theé universe of production machinery, industriai

tobots are unique in their programmability, flexibility of

movement, and range of functions that allow them to perform

\

tasks that could previously be pefformed only By human labor.

This is wmplicit in the Rdbot Institute of America's definition
of -a robot .as a "reprogrammable., multi-fﬁnctional manipulator
designed to move mdterial parts, gools, or specialized devices.

thyough yariableQ&rogrammed motions EQrgthe performance.of a

'yagiéty of tasks”;[SOCéOlOw} 19ﬁ]:.p. 40} .

while industrial.robots vary widely in function and

y -

-coqplexfty, all include'three basic components: .the mén@pulatér

includes,tﬁe robot frame and mechénical partss the cqntroller

- -

determines the sequence of motions, .and in the more complex,
. - . B -
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intelligent pébdts these motions are programmed with humefically-
controlled (Nc) tapes ‘or microProbeséors: the motor drives
the robot and can be one of three types. pneumatlc- hydraulic
or electr1c. Electr1c motors are most advantageous for
.small robots_requlrlng precise, clean operatlongkand low
maintenance.

Robots are currently used in procasses as diverse - as

s

. forging, welding, assémbling. painting and machine tool loading.
T - ’ .
' Acéthing to Ayres and Miller {1983, p. 25], the tasks that
thehcurrénp generation of robots can accomplish-include loading and

unloading CNC machine tools, die casting machines, hammer forging

machines, etc.; ‘spray painting on an assembly line: cutting '§oth

. ﬁw .
with a laser; making mold5};hanipulating tools such as weldi
AN
guns and drills; and- assembllng simple mechanical and electrical

parts. The following examples of robot 1nstalla;1ons ;ndicate
the variety of functions robots are beginning td perforﬁ and
the kinds of labor impacts that have been experienced.

Honeywell introduced four robots "to perform most of
the functions handled by the machine operator" and
claims a 10% increase in production and a 50% decline
in labor costs [Mastez, 1981, p. 78]

volvo introduced 28 robots into an auto assembly line
to make 695 spot welds, replacing 67 workers with a
"handful of key staff"™ (Engelberger, 1980, p.66].

at John Deere & Co., "Robots are handling 80-85 perceﬁ{
of the painting on each tractor - providing a labor .
saving of $300,000" _ {Vaccari, 1982, p. 131]

"12 die casting mach1nes-can be serviced by six robots,
all under the superv1$10n of one operator {Engelbe:ger,

1980, p. 145] ]

+

To date, investments in robots have been made primarily to.

replace unattractive and often dangerous jobs in foundries
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and in welding and bainting operatiéh% in auto ;Bd farm
egquipment assembly plants. Far larger labor imgacts await .

the introduétion of more sophistigatea machinelloéd;pg.and
assembly.robots. Assembly robots with rudimentary viéual

and tactile sensors maﬁe by IBM are currently used in production
by IBﬁ, Generalxoynamics Corﬁoration and Boeing [Marcus,

1883, p. D2]. As'én indication of futdfe develogmenté,-gitaéhi
has "publicly'annéuncéd a task Eoréé of 500 key tecﬂnolbgy

experts to fashion and install a standardized assembly robot

I3

with both visual and tactile sensors, microcomputer. control

and mobility, and projected a 60% robotization of its assembly

processes by 1985" [Aron;’1982,‘p._331.

While concerns over reliabiiity and accuracy in the
performance of work tasks and over the health and-safety of
workers may affect the decision to invest in robots, the
overwhelming determinént is reduction Ofllabor costs. As
Engleberger, the president of the largest maker of ro?ots,
has said, “Industrials are mildly interested in shielding
;orkers Erom_hazard0us:working conditions, but the key
motivat;r-is the savings of 1abog costs by supplanting a
human worker with a robot" [Epgleberger, 1580, p. 103]. Ayres
and Miller [1981; p. 25] also found that "survéy respondents
overwhelhingly ranked effdrts‘to’reduce labor cost:asétheir

main motivation" for installing robots. According to one

executive, upper management sees the robot "as a way of

magically substituting dependable machines for difficult-to-

manage personnel" {Teresko, 1982, p. 38). . A survey of robot
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bsers {Frost and Sullivan, 1979] found that countefing labor

instability was a major factor in the decision to %urchase‘

robots.

These advantages have led market analysts to pfoject

annual growth rates of .30-40% for the robot market through
1990. Robot Purchgseé increased from about $100 million in
1980 to $150 million in_1981; ‘bespite the severity of the
1982 recession, robgt_sales geached $185‘milliqn in that l uw
year, a rise of 23% over 1931 [Hoard; 1983, p. 12]. The 19501
‘market has been estimated by most analysts to be about $2
b111ion and projections of the number of robots that will be
sold in that Year range from 21,000 to 31 000. After survey1ng
these pro;ections, a recent Upjohn Institute study concluded
that a stock of 50-100, ooo'indusérial robots would be in
blace in 1990 [Hunt and Hunt, 1982, p. 431. fihislrepresents
SLQnificant 1ncrease over the estlmated 4,700 industrial
obots in use at the end of 1981 [Robot Institute of
geéica, 1981, p. 3). Unfortunately, these-grojectiqns are
sLaily'made without spécifying either the underlying assumptions
oncérhing future economic. conditionéhor th%}unit prices in

thh the estlmates are expressed.

The increasing productlon and use of industrial robots

1

in the U.s. will affect the capital, 1ntermed1ate anuts and

éa

labor kequirements of many'industries. In this study, we'
con51der only the diffusion of 1ndustr1a1 robots of currently

a allab;e technology. These include simple p1ck-and-place_
roboﬂs'és well as programmable point to peint and contlnuous-
i n - . ’
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path robots with elementary visual or tacﬁile'capabilities.
While most industrial robots are currently used to perform

painting and welding tasks, in the future most robots will.

1

be used for machine tending and elementary assembly operations,

and this increased scoge is reflected in our -projections.
‘We have assumed that lndustrial robots wil be

'used exclusively in manufacturlng 1ndustries. According to/a /

)

report of -the Japan Industrlalﬁsobot Assoc1ation (JIRA), jffﬂ

manufacturing industries are expected to account for 87% of/
ce : ’ . S
the demand for industrial robots in Japan as late as-1990

[Japan Economic Journal, 1981, p. 7). Since Japan is

picneering the application of industrial robots to noﬁ-
manufacturing tasks, it is likely that an even higher share
of robots will be confined to thé ménufécturing sector in the
United States. 1In this report we do not consider their future
use in Qhé mining and service séctors or in the home .

We assume an average 1979 robﬁt price of $70,000, ©oe
a figure that lies within' the ranée implicit in the literature;z_
Qur repfesentatioh of the robot;producing éeétor, IEA #86, assumes
that an average industrial rdbop includes certain peripheral
equipment that .is not manufactured but is passed aleng by
the robot producer} increasing its pfice bg 20% te $84,000,
J . Finally,‘sfnce'tﬁé inddstry was insignificant in size

until the late 1970's, ye assume . that the Robotics sector

2For example, dividing Aron's estimates of the value of the
1980 robot market by the number of robots scld gives a price
of $78,000 [Aron, 1982, p. 32]. 'A similar calculation with
Conigliaro's estimates produces a 1980 price of $68,966

[1981, p. 81].
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first began péoducing industrial robots in 1977.
The next section deééribes the cépital'(B matrixi,

_intérﬁediate input (A matrix), aﬁd labor (L matgix) ?equiréments

of the sector producing robots, IEA #86. -These three columns

are estimated for 1977 and, in ﬁhe‘absénée of aadi;ional,

information, are assumed to remain'unchanged in Euturéiyears:l

The following section desé;ibeS"the aésdciateé éhangeé in th;

ihput structufes of'robotiysing secﬁops Eor-1980, 1990 and

2000.

2, The Productfbn of Robots

Capital Coefficients

Column #SG_OE the B matrix repreéents‘the'amounts
of the various kinds of plan£ and equipment ‘that are required
to increase the capécity of the Roﬁoticsléectof by one uni;.o'
Since governﬁent data ‘are not yet publisﬁed for the Robbtiés
industry and we wer; unéblg to éuryey robo£ manufacturers on
téis question, we based our éstimatesyof these capitai
requirements on those of a similar indﬁstry. Although robots
have much in common with méchine‘tOOIS:lmetal fabrication
plays a Qey rqie in the production process of the Metalworking
M§chinery IEA #46 sector, while robots are manufactured
primarily by assembling purchased cbmponents. The-pfocess
used to manufacture computers; is, like that of robotics,
dominated by the assembly-of relatively_gmall parts (incluging
electronic components). We used the 1972 column boéfficie;ts

of the Computer sector (IEA #50) for the Robotics séctbg'

with a single exception: the -Computer requirements of the

128




4.25

. A
Computer sector (bsg,50) were judged to be too large

for thé Robotics sector and this coefficient was replaced in
~column #86 by the coefficient that describes the purchases
of computers by the Metalworking Machinery sector (bsg,46).

The resulting column of the B matrix for the Robotics sector

is shown «in Table,4.S5.

Table 4.5. Largest Capital Coefdicients for the Robotics
Sector in 1977 (Capital Requirements per Unit’
Increase in Capacity)

S - . ‘ Capital
| Code Sector . ’ Coefficient

122 oOther Furniture and Fixtures T : ©.0253
45 Materials Handling Machinery and Equipment .0974
46 Metalworking Machinery and Equipment - ) .0491
47 Special Industry Machinery and Eguipment _ .0522.
48 General Industrial Machinery and Equipment .0386
50 Electronic Computing and .Related Equ19ment . .0114
51 oOffice Equipment, except IEA #50 s ,0080
52 Service Industry Machines - .0071
53 Electric Inmdustrial Equipment and Apparatus . .1424.
56 Radio, TV, and Commun1cat1ons Equipment - .0682
60 Miscellaneous Electrical 'Machinery and Supplles - .0078
61 Motor Vehicles and Equipment : - .,0617
65 Optical, Ophthalmlcal, and,Photographic Equipment -0208
71 Wholesale Trade X o .0415
|72 Retail Trade f“'-_ ) ' .0093




Intermediate Input Coefficients

-As in the case of the capita} cerEicientsl(B matrix),
cur estimates of the intermediate ingptorequirementslfor the
production of robots were based on data Eorla comparable‘
sector in the A matrix for 1977. Despi?e the differences
between the two sectors pointed outyin the last section, we
judged that Robotics (IEA #86)vrequireq a similar mix of
materia}s and parts as Metalworking Machinery and Equipment
(IEAH#46) after making several major adjustmenté concerning
purchaSes of industrial contnols Erom iEA #53, steel Erom
IEA #36, and perlpheral equ1pment Erom IEA #45.

The controller is a Key component of all robots and
estimates 91ven in various sources SUQgest 7% .as the share oE
conerols in the value of a robot. These controls are purchaseq
from Eiectrical Industrial Equipment;‘}EA #53; We have
assumed that ehe gomputer (microprocessor) combonent of a
robot is included in the controller_and‘consequenpiy no
direct purchases are made by Robotics from the Computer and
Semiconductor sectors; ; '

The use of steel per unit of o&tput_in the mechine tool
industry (.077) was significantly reduced to reflect the
priﬁary role of assembly of purchaeed perté in the robot
'manufacturing process. . Purchases from PrimarY‘Iron and -
steel Manufectcring; IEA #36,-arelassumed to.be 2 cents per
dollar of robots (0.02) in 1979 prices; This compares to atfigure

E

of 1.2 cents (.012) thet can he oerived from William Tanner's

estimates .[Hunt and‘Hun;, 198%{ Table 4.3].
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A large part of the costs of a fully instaliéd\robot,
‘ cénsists of materials handling equipment ;nd end-of-grm
toblingﬁi To represent these purchases, we assumed that\fhe
robotics industry purchases this eduipment‘and passes it K
along to the buyer witﬁ the_robot. From a study by Ténner
-and Adolfson [Hunt and Huﬁt, 1982, pp.'36-7], Wwe estimate _ -
that 15% of the value of the robot (including the p%ssed
along robot-related eguipment) consists of haiérials handling
'equipment iprimarily conveyérs,,bart orienters ahd‘buard |
-rails) manufactured by sector fEA #45. In addition,
53 of the value of a robot is estimated to consist of‘end-df-
arm tool1ng, purchased Erom the machlne tool accessories
portion of Metalworking Machlnery, IEA #46, We assumed that
the value of tools accompanying the robot that would ‘otherwise
. have been purchaséd'directly by roﬁot-using sectors is
neg11gible in size and made no compensathg adjustments.
Yith these changes, the inputs increase by 20% of the value _- ,
of Robptics output. To compensatg for this increase, the
remaining coefficients were diyidednbyllfzo.
As Table 4.6 shows, most of the intermediate inpuEs used
in the manufacture of robots are assumed to be purchased ‘
from four sectors: IEA #53, Eleé;;i&al Industrial Equipment
(industrial controls and electric motors); IEA 49, Misgeli;ﬁeous
ﬂachingry (hydraulic and pneumatic cy}inderé, and_ofhen parts):"

IEA '#48, General Industbial_Machinery {(hydraulic and pneumatic

motors and power transmission equipment); and IEA #36, Primary

1

Iron and Steel. The other large inputs, IEA #45 (Material
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Table 4.6. Intermediate Requirements for the Robotics Sector in 1977
(dollars per dollar, 1977 prices)

Code Sector : Coefficients®

30 Petroleum Refining and All:.ed Industries . L0175 .
31 Rubber and Miscellanecus Plastic Products o .0042
'35 Stone and Clay Products : : 0042
36 Primary Iron and Steel Manufacturing - o .02000
37 Primary Nonferrous Metals Manufacturing .0150
39 Heating, Plumbing and Structural Metal Products .0050
40 Screw Machine Products and Stampings .0050

' 41 Other Fabricated Metal Products .0066
45 Materials Handling Machinery and Equ:.;ment - .1500°
46 Metalworking Machinery and Equipment _ .05_58d
48 General Industrial Machinery and Equipment L - -.0133
49 Miscellaneous Machinery, except Electrical - .0220
53 Electric Industrial Equipment and Apparatus " .0800°
55 Electric Lighting and Wiring Equipment ‘ ‘ .0008 -
60 Miscellaneous Electrical Machinery and Supplies 0008
61 Motor Vehicles and Equipment : . .0017
64 -Scientific and Controlling Instrunents : : .0025
67 Transportation and War:ehousing - L0092 .
68 Communications, exce gudlo and TV - o .0042
70 Electric, .Gas, Water and Sanitary Services . .0083
71 Wholesale Trade _— _ .0208

~ 73 Finance a : ' . -0050
74 Insurance _ - .0017
75 Real estate and rental .0075
76 Hotels, Personal and Repair Serv:.ces exc. Auto .0017
77 Business Services _ ‘ _ .0208
78 Eating and Drinking Places .0083 -
79 Autowobile Repair Services : .0008

2 The source of these coefficients is the 1977 IEA column for Metalworking| -
Machinery, IEA #46, in 1979 pr1ces unless otherwise noted. See text for|.
, further explanation.
b Reduced from .077.

€ This represents tl'f Materials Handling Equ:.gnent that is passed along to
the purchaser.
d includes .05 for end-of-am toolmg and .0058 for other mputs fmm -
Metalworking Machinery.(IEA #46).

€ Includes .07 for controls and .01 for other purchases from IEA #53.
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Handling Machinery) and IEA #46 (Meta}working ﬁechinery),
consist of robot related equipment that is passed along to the

using industry.

Labor Coefficients

Estimates Of the labor required per unit of oﬁtpﬁt in

the Robotics industry were based on discussions with the

personnel department of Unimation, Inc., a Eirm_that-accounts-

for almost half the robots produced in thj\U.S. Table 4.7

shows that four occupations account for mqst of the employment:

Engineers (27%), Managers (9%), Clerical Worke}s (16%) and
" Assemblers (15%). The occupational composition repefted o
by Unimation for 1982 wag assumed for the tobotics industry
as a whole'in 1977 and-supsequent years. |

Labdr coefficients were computed by dividing emplbyment
in each occupat1on by an est1mate of Unimation’s 1982 output,

$72 million. These°coeff1c1ents were used to describe 1977 labor

requirements and are shown in Table 4.7.

L

3. The Use of Robots: 1980, 1990, 2000

Capital Coefficients

<

The future usé of robots in each sector is determined |
in the IEA database by two parametefs. The first is an
expansion coefficient, which measures the investment in
robots required to expand capacity by one unit. The second
.is a modernization coefficient which describes.the annual
investment in robots per unit of output in the absence of

expansion. Both types of capital coeff1c1ents were deduced
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\ Labor Coefficients for the Robotics Sector in 1982
{workers per million dollars of output, 1982 prices)

Table 4.7.

Corresponding
Occupational " Labor
Composition® Coefficients

g

'Occupatfsn

1.10
«20
.40
.75
19
.08
.03
.03
74

t82

. 36
.51
.08
.83
.08
.07
.21
14
.07
1. 34
.25
.04
.06
.08
.51
.04

Electrical Engineers
Industrial Engineers
Mechanical Engineers
Other Endineers
Computer Programmers
Computer Systems Analysts
Other Computer Specialists
Personnel & Labor Relations Workers
Other Professional, Technical
Managers, Officials, ProPrietors
Sales Workers
. Stenographers, Typists, Secretaries
Office Machine Operators
Other Clerical
Electriclans
Foreman, nec
Machinists
Other Metal Working Craft Workers
Mechanlics, Repairers
‘Assemblers
Checkérs, Examiners,
Packers and Wrappers
Painters
Welders, Flame Cutters
. Other Operatives
Janitors and Sektons-:

12.1%
242

3

L

O Q0 =1 O Wb Qs

=
o~
- L] - -

T

b =
oW
Y- RT IR, -]

0 N
Y

Lol (¥
- - - - -

26
29
30
32
33
39
40

[
[ -5

Inspectors

Bk ke d
O L DS
1]

&

s
b OO

Laborers

Total

N AVIBEOIONWOOVRNLAIOONWWOH W

.06
9.07

dReported by Unimation,

Inc.

for 1982.
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from estimates of the future stocks of robots held by epch
~ sector per unit ofhoutput ==-an averege robot to output
ratio s- in the’abseoce of expansion. |
The estimates of average robot capital coefficients
were developed is 3 stages. First, the 1980 stock of robots
was estimated for each robot-using industry. Second,.the
increase in the aggregate robot stbck reqqireq to produce the
same level of output using the averaoe technology io placelin
1990 was projected. F1na11y. these 1980 and 1990 stocks
were d1str1buted to each of 43 robot-using 1ndustr1es.
Because of the small number of industrial robots 15 use
before 1977, we began‘%y estimatiho average robot capital
coefficients (the stocks of robogs held per un1tfof output

for each using 1ndustry) for 1980: and this serves as our ”

base year for the project1ons ‘to 1990, and 2000. K $84,000

each, "the estimated 2600 robots in use 1n 1980 represented a

L] o i

stock of $218.4 million. ’

There is at.present no systematid’collection of data on 7

£
L]

the stocks of robots held by industry. Howevér, a study by
D] - +
Frost and Sullivan used survey data to estimate the sales of |

robots to 13 manufacturing industries and industry groups for

1979 (Frdst and Sullivan, 1979, p. 1351. A recent-Society of

Manufacturing Engineers Delphi study on robotics presented

estimates Of.the share of the robot market purchasgd by the

-

Auto and Aerospace industries and the Casting and Founliry,
Electrical . and Electronic, Hgav$ Manufacturing‘end Light

Manufacturing industry groups [Splith and Wwilson, 1983, p. 48].
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These two sources wefe;supplemented by information in trade _
journals to estimate the distribution of industrial robots

by sector.

1

e

These data are assembled for 1980 in Table 4.8 which shows

.,

that primary metals and metal ﬁabfication industries (1EA #36§
- . \ .

41) accounﬁ for 35%,:and adto'and;fafm equipment producers
hold another 23% of the stock of robots. Almost 14% are held

. by producers of electrical equipment §§53-56), and- 5.3% -are

I

used for aircraft production. The estimated shares for 1990
and 2000 are also shown in this table (the changes from the 1980
distribution are explained below). The average coefficients

for 1980 were computed by dividing each component of the 1980

-

vaector of robqt'étodks (théﬂshafes multiplied by the aggrégate
stock) %y'the corresponding component of the‘bector of 1980

outputs, all .in 1979 prices.

Despite a stagnént economy, investment by manufacturers

o

in robots has gféﬁn rapidly in the last féy years. In our

projections we ,assume that ‘under the‘hiéh diffusion scenario,

-

s3, thé.avérégg use_of robots per unit of output wili,grow

at a real-rate Pfﬂ25% a year. ‘Undér“ScenafidﬁS2, 2 15% rate
of yrowth is assumed. These estimated growth rateg arey used
‘to compute the stock of cobots that will be required in 1990

to produce base year (1980) levels of output.

L




Table 4.8. Dlstr1but1on of jbbots by Sector .

- - in 1980, 1990 and 2000,

',_('pércenf:agqs)

Code Sector

12
713
CF 21
22
26
%27
24"
;29
<31
3¢
35

36°

37
38

39

40
41
42

43
44
45
46
47
48
49
50

51
52
53
54
55
56
57
58
59

- 60

61

62

63

64

65

66

86

/

Ordnapce and Accessones .

Pood and #indred Products

Household E‘urmture o

Other .Furhiture and Pixtures

Chemicals and Selected Chemical Products
Plastics and Synthetic Materials

Drugs, Cleaning and Toilet Preparations
Paints and alliad Products

‘Petroleun Refining and Allied Industries

Glass and Glass Products

Stone ‘and Clay Products

Primary Iron and Steel Manufacturmg
Primary Nonferrous-Metals Manufacturmg :
Metal Containers '

‘Heating, Plumbing and Structural Metal Products

Screw ‘Machine Products and Stampings
Other Fabricated Metal Produets
Engines and Turbines

Farm and Garden Machinery
Construction and Mining Machinery

. Materials -Handling Machinery and Equipment

Metalworking Machinery and Equipment
Special Industry Machinery and Equipment
General Industrial Machinery and Equipment

" Miscellaneous Machmery, except Electrical

Electronic Computing and Related Equipment
Office Equipment .

service Industry Machines

Electric Industrial Equipment and Apparatus
Household Appliances .

Electric Lighting and-Wiring Equipment

Radio, TV, and Communications Equipment

Electron Tubes

Semiconductors and Related Dewces

Electronic components, nec

Mi'scellaneous Electrical Machmery and Supplies
Motor Vehicles and Equlgnent

Aircraft and Parts

Other Transportation Equipment

Scientific and Controlling Instruments

Optical, Ophthalmical, ang Photographlc Equ:Lpnent
Miscellaneous Manufacturing

Robotics Manufacturing =

Total

1980

1.76%
+1.33

27"
.27
1.40
.50
.62
.13
1.76

022 Y.

1.11
12.40
8.10
1.75
4.60
3.54
4.60
.58
3.10
..93
.2_6
.62
.49
.88 -
.53

1-60 )

.60
.60
2.65
4.73
1.70
4,73
022
071

1.20 .

1.70
20,00
5.31
1.50°
.09
.09
.22
.-10
100.00

. 1990, 2000

2.64%
.4.00
i .40 .
. 40
2.10°
‘.75
.93
+20
2.64
.33
- 1.66
6.20
4.00
.80
2.30
1.77
2.30
.87’ -
2.80
1.40
.40
.90
.74
1.32
.80
2.40
.90
-..‘90'
4,00
7.10 -
2.60
7.10
. «33
1.10
1.80
2.50
18.00
4,80
2.25 '
.14
14
.33
.15
100.00
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The next step was to distribute the 1990 stocks among -

robot-using industries. The first generat1on Of‘industrial
robots has been concentrated in the foundry and casting (IEA

. #36-41), Farm and Garden Machinery (IEA #43), Motor Vehicles
(IEA #61) and Aircraft (IEA #62) industries (see-Table 4.8).
However, with the application of roqcts'to'assembly, materials
handling 'and machine tendlng, the shares of -the aggregate )
stock held.bf theSe_industries can be°expected to fall and
the sectoral distributign of installed robotéushould become;
more equal. Industrle§'using_snall batch techniqges (IEA

-

#14-53) to produce'metalfparts, equipment and machinery will
increase thelr use of robots for tool chang1ng and materials
handling. The shares Of aggregate robot stock held 5§ industr1es
whcse production,processes are characterlzed primarily by

K assembly and packaging tasks*ﬁe.g., Household Appliances,

IEA #53, Radio and TV, IEA #56, and Food and Kindred products,
£r ' "

-

IEA #13) can also be expected ;;gincrease in coming years.

As shown in Table 4.8, thd proportion of robots held by
sectors IEA #36-41 in 1990 and 2000 is half the 1980 value,
while Farm and Garden Machinery (IEA #43), Aircraft (IEA
#62) and notof Vehlcles (IEA $61) each decline by 10%., The
. proportions held by all other industries are assumed to
increase_byzsq%, with the exception of Food Products (IEA
#13), which rises by 3002 in anticipation of the widespread

applicationfof robots to materials handlingcand-packaging

whicheplay particularly important roles in this sector.
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The product of these sector sharegs and the préjected aggregate

. robot stocks yields estimates of the average use QE robots
bg sector for a given {1980) level of ouﬁput in 1590.
,’:'- The annual increase for each sector in the stock of
robots between‘l980 and 1990 that will be used to produéé a
given 11980) level of ouﬁput can now easily be coﬁpdtgd.
These modernization (labor replacement) coefficients3 describe
the investment reguirements in the qbsencé of expansidn"ahd
are assumed to ngw through 1990 and then to remain at these
-'l9§0 values through 2000,

The capital coefficients governing expansion -- row #B86
of the B matrix - we;e'deriyed from thése (aGerage) ratios.
of robot stock to secﬁoral output. For-iQBO, we assume
that the capital coefficients were the same as thé avérage
coefficients for that year. ' For 1985 the capital coeﬁficients
(robot requirements in new plants) are assumed td be the
same as the average cqefficients (robot requiremeﬁts in the
average plant) for 1990. IAs a result of improveméﬁgé in the

current generation ©f robots and an increased awareness of

2

their capabilities, these capital coefficients are assumed

to reach their maximum values in 1985 and to remain constant

z -
thereafter:

37he corresponding reductions in séctoral labor coefficients
are described below. o
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vl -

Intermed1ate quut Coefficients B

The increasing use of 1ndustr1al robots is 11ke1y to
have some effect on the use of paint per unit of output,
and this is the only intermediate input considered here.,
Robots can be progrqmﬁed to'aéply an identical coat of paint
to each object, Qith the result that "in spray painting operations. -
it is not uncommon to achieve a 10°to 30 percent savings in

'materials" [Teresko, 1982, p. 39]. According to The American

Machinist [Vaccari, 1982, p. 134], a Deere & Co, spokesperson

claimed that the use of robots 1n the palnting of tractors
| has reduced paint consumpt1on by about 13%.
These estimates of the savings in paint apply on}y to

the portion of the painting tasks that has been robotized in |,

T

each industry. Painting robots are most easily introduced ihto\

“

large scale, standardized ogeratfﬁns. Thus, some workers

o

operate automatic machinery for whiép robots are not appli-
cable, while others use spray guns on small, specialized-\

™~

jobs that will notvbe robotized. ‘ . AN

were projected according to the equation

t 4 77 ) A
a29j = (lwagt) a29j {(6)

. t . ) . . .
where az9j is the paint used per unit of output of industry j
! .

i 77 X L
‘in time t, a29j is the paint coefficient in 1977 (the base-

year), gt is the pdrtiOn of painting tasks performed by robots

1
[

I

3The corresponding reductions in sectoral labor coefficients
are describégd below. -
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in time t, and a is the ﬁercent savings in paint that follows

0 5
from the use of robots. The savings in paint o was assumed
: 7

to bé 20%, and-the‘porﬁion'of painting:tasks'robotfzed.under
each scenario was based on rough estimates of the share of
the painters that will be feplaced by robots in 1990 and
2000. We assumed that 15% of the painting tasks in 1990 and
' 25% in 20Q0 wqpld'be performed by robots under Scenario Sﬁ.
Under Scenario $3, these figures were assumed to be 25% and
40%, Fesgectivély.' Tab;e 4.9 SQmmarizes these assumpﬁions
and shows tﬁat the new paint coefficients range Eroﬁ 97% of

the 1977 coefficient in 1990 uhder Scenario.-$2, to.92% under

S3 in 200C.

¢

1

Table 4.9. Impact of Robots on Paint Requirements
per Unit of Output in 1990 and 2000

Scenario S2. . Scenario S3
1990 2000 ~ "19%0 2000

Proportion of Paint . : .

Proportion of Painting
Tasks Performed by '
Robots {8)

b

Paint Coefficient as
Proportion of 1977
Coefficient

aComputed as (l-aBt) in Equation (6)
' i
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Labor Réquiremgnts .

The growth in the use of robots wilI 1ower.the labor
. o /- : _ . '
requirements for a number of production occupations while

increasing the need for Robot Technicians. These effects are

-y,

direct;y_associated with the number of robots in place,‘wﬁich

is computed endogenously by the IEA model in each year Erom 1277
to 2000. Changes in labor requlrements for six occUpatlons are
estiméted through the use of a matrix of "displacement®
‘coefficients, rebresentinﬁ theknumber of workers in each occu-

-

pation and each sector displaced by a million (1979) dollars

worth of robots. These coefficients were Computed by weighting

a geﬁeral displacement rate (3 workers displacéd per rbbot)

by the proportions of a given sector's stock of fobots assigned to

applications areas that correspond to_% produgtion acgupationé,

divided by -the average unit price of a robot, $84,000. 'fhe

same p:oc;dure waslfoliowed‘for Robot Téghnic;ans, excépp

that- the entries in “the corresponding roQ\oE‘the dispi;cement

matrix have the opposite sign f:o&_the otﬁer‘occupations. |
We estimated the share of the robots held by each ’'sector

that will be devoted to five areas of application: welding,

painting, assembly; machine tending and miscellaﬁeous materials

handling. The first Eour‘of‘th?se_applications affect workers

in the following IEA catgories: Welders and Flame Cﬁtters_

(Lap #43), Paiﬁters (LAB #42), Assemblers (LAB #39) and Other

Operafives (semiskilled mac:ine operagorsi (LAB #46). Materials

handling robots Were assumed to replace two categories of workers,
o .

Packagers and Wrappers,(LAé $#41) and Laborers (LAB #52).
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The results of the'ﬁost recent attempt ﬁo'projeét the
share of robots by application to 1990 [Hunt and Hunt,. 1982,
p. 42] are ceproduced in T;ble 4.10. Unfo;tunateiy, this
s;udyldistinéuished only the auto industry and “ouher Manﬁa
facturing." We assume that in 1990 Farm and Garden Machinery
(IEA #43), Aircraft (IEA #62), and Other TrahSpértation
Equipment- (IEA #63) will use the same share of robots in-
each application area as the Upjoﬁn Institute study [Hunt
and Hunt, 1982, p. 42]'pr05ects-for Motor Vehicles (IEA #61).
For most of the-remainin§ seétors, materials handling pobqté
(i.e., those used primaéily for packaging and in automated

-warehouse systems) were éssumed to make-ué 10%¢ of each industry's

Table 4.10 U.S. Robot Population by Application in 1990

Autos | All Other Manufacturing Total
Application| Range of Estimates Range of Estimate [Range of Estimate
Low High Low High Low High -

Welding 3,200 . 4.100 5,000 10,000 8;700'H“14,100
(21.3%)  (16.4%) (15.7%)  (13.3%) (17.4%) (14.1%)

Assembly 4,200 8,800 5,000 15,000 9,200 23,800
(28.0%)  (35.2%) (14.3%)  (20.0%) (18.4%) (23.8%)

Painting 1,800 2,500 3,200 5,500 5,000 8,000
' (12.0%) (32.0%) (9.1%) (7.3%) {10.0%) (8.0%)

TMachine' : _— -
Inading/ 5,000 8,000 17,500 34,000 22,500 42,000
Unloading (33.3%) {(32.0%) {50.0%) {46.0%) {45.0%) {(42.0%)

Other - 800 1,600 3,800 10,500 4,600 12,000
‘ (5.3%) (6.4%) (10.9%) (14.0%) ] (9.2%) (12.1%)

.15,000 25,000 35,000 75,000- 50,000 100,000

Source: ([Hunt and Hunt, 1982].
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inatalled robots. In the f£ood, chemiéaia, glass and stone
processing sectofs (IEA #13, 26-29, 31, 34~35) ‘the rééaining-
share (90%) of the robot stdck was allocated ent1rely to machine
tending appl1cat1ons. in pr1mary metal processing {(IEA. #36,

’ 37)., 10% of the robots were a531gned to welding, reduC1ng
‘those in machine ténding operations to 80%. The remaining
metalworKLng sectors (1ea #12, 38-42, 44-49, 52) were assumed
to use half their robots Eor mach1ne tending, 20% for welding
and 203 for assembly and 10% for materials handling tasks.
Finally,‘tﬁose industries specializing in assembling opérations
(1EA #53-59, 64 and 65) were assumed to use 30-60% of their
robots for-assemb}y.

Recent evidence from Japan saggesta that among the most

y ' advanced robots currently in use, displacement rates of 2-4

worke;s per shift are possible. * A study publ1shed by the

Japan Industrial Robot aAssociation, [1982] includes the

-

following examples:

Arc welding system for two types of Farm Appliance
Components. . . . The number of workers required in
this process has been reduced from 3 to 1 [p. 352},

Automatic System to continuously operate five die cast
machines with only one worker. . . . The Operation of
five die cast machines needed five workers - one for
each machine before the robot was introduced. Now they
can be satisfactcrily run by only one person [p. 364],

- System for autemztically piling up and cooling down
aluminum ingots cast Py a continuous casting machine., . . .
Formerly, four workers had been needed to pile up ingots,
but one operator is now able to attend to the entire 11ne
satisfactorily (p. 374].

Full automatic mount;ng system for semiconductor chips. . . .
Oone automated machine can perform work which, if carried

out manually as before, would have reguired 6 workers

(p. 234},
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‘These examples appear to lie at the high end of the . =

spectrum of displacement .rates appearing'in_tﬁe literature.
Displacement rateslof 1.5 workers per shift in die‘casting
and two woriers per shift in prese work are cited in [Engelberger,
1980, p. 153, 145}. A Battelle Memorial In;titute survey of
zfive German factories [Ayres and Miller. 1983 p.¢i31“states
that the average displacement per robot is 1.5 workers: per
shift. Based on 1, 5 workers per robot and 2-shift ogerations,
we assumed that three workers are disglaced per robot.
The literature alzo suggests that one robot technicien
will be "required for every sir rpbots_per shift [Preedman,
1982, p. 34; Engelberger., 1980; D. 1451 With two shift
ogerat1ons. two robot techn1c1ans would be required for
every 6 robots.',
These‘rates-were used to coﬁpute tﬁe number cf workers
dlsplaced (or emglozed 1n the case of Robot Techn1c1ans) in
each occupat1on per m1111on dollars of a 91ven sector' s‘
robot stock. Displacement (employment) coefficients are
presented in Table 4.11 for.three sectqrs. ‘"They indicate
that Other Operatives (semiskilled machine operators) (LAB
#46) are those most affected by robots in the Primary Iron
and Steel sector, while ‘Assemblers (LAB #39) are most affected
in Household Appliahces:' Direct displacement by robots in

the motor vehicles industry is greatest for Assemblers,

Machine Operators and Welders (LAB #43).

L} -
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Table 4. 11. D1rect Labor DLSplacement by Robou\\

for .Three Sectors
(workers per million dollars of robots, 1979 Dricasi§

Primary Iron g \\
) 3 and Household Motor
Code Qccupation Steel (#36) |Appliances (§54) Veh1cles (#@k)

39 Assemblers | 0 " . =14.30 ~ -10.10

41 Packecrs -
and Wrappers ‘ . ‘= 1.43 - W72 .

42 Painters . o- -  -1.78 | - 4.33

43 Welders and ~ 3.63 - 3.57 - 7.58
flame Cutters

46 Other Machine -28.50 -12.50 ' ~11.80
Operatives ' C o

47 Robot ' - 3,97 - 3.97 3.97
Technicians .

52 Laborers - 2.18 - 2.14 ~ 1.08

A

Mést industry observers expect that the éccuracy and
dependability that robots bring to,production will significantly
affect the need for inspectors and checkers. We did not have “
enqugh.informati?n to apply‘khe above methodology'to inspe;éors.
Instead, we based our estimates ©f the change in insbector
reduirementgégp the results of two recent studies of the
labor impacts of robots. The Delphi Forecasts an robots
conducted by the Society of Manufacturing gqgineeré [Smith,

_and Wilson, 1982] concluded that the amount of inspectors "who
will actually be displaced by robots” will be 8% in 1990 and
153% iﬁ 1995, Based on a survey of robot users, a Caqﬁegie—mellon
University study concluded that Level 1 robots ("similar to
those on the markét toeday”) could do 13% of the jobs‘currently

done by inspectors in metalworking industries [Ayres and
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Miller, 1981, p. 29). Using these figures as a rough'guideliné,

we assumed that the'IhSpectors (LAB #40) required per ﬁnitu
output in 1977 would fall by 8% by 1990 under Scenario S2 .
and 13% under S3. By 2000 we assumed a decline of 208 under
§2-and 30§ unaer-s3." ‘ II |

CNC Machine iools

1. Overview of the Technology - -

Mﬁ?%, : Machine tools are power driven machines designed to
cut and form metal. :Metal cutting machine tools include
turning'ilathe), boring, driiling and milling mac?ines, whi;e
Imetal_forming machine tools consist primariiy of presses,
forges, anq bending, punching and forming machines. -Tﬁe most

significaht innovation in machine tool design in this century
‘\ took place in the 1950's with the development of numerically-

\controlled (NC) machine tools.. Whereas the use:of‘conventional
égPls was dependent upon the operator, NC tools could be
prbgrammed to follow a predetermined sequence of steps. As
Duke and Brand have written, NC "machine ‘tools are controlled
by insﬁ;uctions which are programmed and- then punched on a -
tape. Iﬁgormation-from the tépe is converted ihto ins§ructions
which positjon the tools with respect . to Ehe work piece;-no

. 1 1 ) -
templates, drill jigs, or stops are used and manual operation

kY

-

is not neéessary“ [Duke and Brand, 1981, p.311.

The potentfé; advantages offered by NC equipment are
consid?rable. Sufyeys of Nﬁ users have been éonducted by an
MIT group headed bf\Robert T. Lund and by Frost and Sullivan,

a market research firm. Both found that NC tools reduced
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machihihg.time per part, the ount of sctap'predhced,‘and
-get-up time. In addition; b th\itrveys_fobnd that-the increase
'in‘management control of the work pace'was sigqifiEadt [Lund,
1978, p. 25; Frost and 3ullivana:1932o p.\IQGJ.I Howe#er,__
deSpite expectations'bf manyfindustrf obserhers in the late
1950's and early 1960's that these advantages would-cause NC
-tools to.revolutionize the production process in metalworking

industries, only 2% of the machine tools in these industries
had numerical controls by 1971. - i
The failure of the market for NC tools to take off in
the 1960's can be attributed to the high initial'investments
{both in the tools and in personnel) that were required,

maintenance problems, programming inflexibility, and manager

and worker resistance to change {Lund, 1977, p. H-56]. By

the late 1970's these disincentives to. the di;iision of the
1

NC tools began to disappear. -Between 1963 an 973 ‘the NC
share of the total number of machine tools shipped'fluctuated
between .6 and 1.0%. _This figure rose to 1. 6% 1n//§77,
2.1% iﬁ’I@?Q; and 2.7% in 1980. Between 19?2 and 1980, the
NC share of the value of shipments of machine ‘tools almost
doubled, from 13.4% t0.26.2% [tund, 1977, p.H-61; National,
Machine Tool Builders ASSociation, 1981, pp. 93, 100].

An increasing familiarity with programmable machines,
impro?ements in guality, and lower relative NC machine costs
help Qo explain this rapid increase in thefNC share of the

' market. At least as important, however, was the development

of computer-numerically controlled (CNC) machinery in the
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h]

1970's. By ﬁ981, almost all the NC tools on the market \mre :
of the CNC varlety. The replacement of taped 1nstruct10ns
with‘a CRT (visual dlsplay) tirmlnal and programmlng capability

at the machine represented a significant advancde in the M

techno;ogy of machine tool controls because it widened the
N ~> . . : : L
- potential sphere«§§ NC tool applications: - first, to large .

plants that formerly used less flexible tecnnologies {(e.g.,

transfer .lines); and second, to small plants, where the older:

generation oE-NC-equipment was‘viewed'as too inflexible. The
use of CNC machines reduced the programming inflexibility .
and maintenance problems-assqciated with tapes, whi}e the

“increasing substitution of microprocessors Eorhﬁinicomputers
narrowed the CNC to NC price'differential.

The most important long-ruq'advahtage of CNC tools is
their potential for linkage with other programmable machines
on the plant floor and to a hierarchy of computers throughout’
the firm. A recent OECD study has emphasized the significance
of this advance over the older”generatien of NC tools:

when a‘part is machined using CNC, a program is fed into

the computer. . . With the help of such a program, which .

is easy to change and which can be easily. found in the

memory, it is possible for a single operative of average .

.skill to produce the part that has to be machined. . .

Combined with automatic handling systems (of the industrial

robot type) it will be able to compete with transfer
machines [OECD, 1981, pp. 25, 26] >

The substitution of CNC Eor conventc:onal tools is certain
to have significant effects on the structure of production
in the metalworking industries. The following parts of this

, sect1on descr1be the procedures that were used to est1mate

changes in the ‘capital (B matrlx), intermediate input (A matrix),
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y
and labor: requlrements (L ‘matrix) ber unit of output that

can be expected ‘to dlcur as this subst1tut13% takes place

Scenarios S2 and 53 are dlstiUQUIShed by the extent of the’

substltu_tl.on pro;e%)ed for" 1990 ?nd 2000.

* t o) e \ .,
- 2. The Prodgction of .Machine Tools, 1990 and 2000

As CNC tco s akeﬁs i uted"fpr1c9nventionhl
machines, the input reﬁuiremeqts”o the producers oflmacﬁine
too}s (Metalworking Ma;hinefy, fEﬁ #46) will be affectéd. .
In this study, we have limited these 'dEfects to the increase -
.in the purchases .of CNC controls. v -

In thé-early stages of CNC‘develépment, the controller
was a minlcomputer. A 1978 MIT étudy'déscribgs a CNC fool in

»

which "the computer ‘is located on the shop floor, alonQSLde
the maching,'qnd machine instruct;ons may be,pro?rammed or
edited at the machine" [Luﬁd,‘197é, p. 4). . According to an
unpu‘blishe'd BLS case study, theé cost of the 'mi.n‘i.computer was
somebhatlless than 2d% of the total CNC machine tool price..
However, qs.micrOProcessors @aue replaced the minicomﬁutér, :
the cost oflﬁﬁé cbntroller'has'prbpped to about 1b3 of the
total priééﬂ[Fkost and Sullivan, 1981, p. 4]. .
’ “although the principal manufacturers of CNC'confrols are
electronics andlmachine tool firms such as GenerallElectric,
Alleh—BrAdley,land Cincinnaﬁi Milacron, therestqplishments
from which they are purchas?d are classified in the input-
output tébles as ;ﬁdustrial Controls, a‘componeht of the
broader sector, Electric Industrial Equipment and Apparatus
& " ) '

(IEA #53). . -

]




Our estimate of the purchases of 1ndustr1a1 contnols by

Metai}orklng Machinery in year £ was calculated using the

equation . . &
t _"I t . \?7I . .
453,46 = G_B + (1-7v) as3, 46 : (7)
o I P

where o is the ratio of the value of CNC control units (purchased

1

from sector 53) to the value of the CNC machine tool output of-

-

sector 46, Bt is the ratio of the value of the CNF. |

machine tool Butput to the total 6&tput df séctor“46wiq year

t, ag3, 46 is the value of thé purchases of Electric

Industrial Equipment (IEA #53) by ‘the Metalworklng Machlnery

1ndustry (1A #46) per unit of the latter's output, " and Y

is the share of industrial controls tn the purchases of IEA

#53 output by IEA #46. . The expression agt gives the value

of the CNC controls in total machine tool output, while tﬁe

second term represents the outéut of IEA #53 -- miﬁus controls

that is purchased by IEA #46 per unit of the latter's output.
The share of the-CNC control unit in the cost of the

machine (a) was estimated to be 10% 'in 1979 pr1ces. The

" estimated share of CNC mach1ne tools in the total machine

tool output (Bt) was,based upon its past rates,of growth

of this ratip;- Fromll972 to 1977 the annugl rate-was 8.6%:

over thell977 to 1980 period, it was 9.0%. Assuming the 9%

annual rate through l990lfor scenario $2, the 26;6% CNC ’“

share of the market in l?gb would increase to 63%. Under

Scenario 53, a 12% annual increase Qés assumed, resulting

in a CNC share of 83% by 1990. For the year 2000, the

.CNC' share under Scenario $2 was assumed to be 85%'énd
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under Scenario $3, 95%. From the 1977 input-Outpu£ tables,
7 1T : X
as3, 46 1s .019, and -yas3, g6 is .012.

Given these data, the coefficient a53;45'increases

o .092 by 2000 under Scenario 52 and to ,102 under Scenario

"

S3. These numbe s are shown in Table 4. 12

- /

Table  4.12, ‘'Impact of CNC Controls on the Purchases of
' / Electrical Industrial Equipment (IEA #53)
by Metalworking Machinery
(IEA #46) in 1990 and 2000
(dollars per dollar, 1979 p;ices)

Scenario §2- y Scenario 53

1990 2000 1990 ° 2000

Share of the CNC . : ,
Controls in Output .063 .085 .083 .095
of IEA 46 (agt

Elecrical Equipment
(IEA #53) Requirements
per un1t of output
Metalworking Machinery
(IEA #46), .except
Industrial Controls

77
(l-Y)ras3£45

Blectrlc,industr1al
Equ19ment (IEA #53)
Requi rements per-Unit
Outpdt of.Metalworking
Machinery (IEA #46 in
Yearjt

(a5344é)

|
1
I




The Use of Machine Tools: 1977, 1990, 2000

Capital Coefficients

f Metalworking Machinery (IEA“#46) is classified as sector

#3?4 in the Standard Industrial Classification and includes

nine 4-digit‘SiC indu;tries that mainly broduce machine éoolé
"and the equiﬁment that is used.in conjunction with them (tqols
and dies, machine'fbol accessories). This section deécribes;
the précedurés used toléstimate the capital coeffiﬁienté
‘governing the' investment demand Eﬁr the output of IEA #46

for expansién -- i.e., row #46”of the B matrix -=- for 19}?,
1990 and 2000, ; .

Capltal coefficients (b46]) for 1977 were developed by
computing the increase. in the average. capital in place per
unit of output between 1972 and 1977 and applying this factor
to the\19?2 capital coefficients @esaribeq in.Chapter 3.

The Bureau of Economic Analysié (BEA) has recently

published time series data oﬁ\fapital stocks held in the 0U.S.

which iqclude estimates of Ehe.aggregate value of metalworking
machinery (U.S. Department of Coinfce, 1985, p. 1701, gstimated'
at $58,664 miilion {in 1972 prices)\ in 1977. (Gross rather than’
net stocks were chosen since the physfbal deterioration of metal-
working machinery is canLderably more gradual than its. economic
depreciation.) This figure was- deflated to 1999 dollars and
transformed to producer prices by‘deducting the shafe of trade

and transportation margins given in {U.8. Department of-Commerce,

1980, p. A.23]. for 1972. : §
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The share of this aggregate stock ($125,230 million) held

by the metalworking sectors (85%) was distributed among them on
the basis of information derived from the 1976-78 American

Machinist Inventory of Metalwdrking Equipment {American Machinist,

1978, pp. 136-7). 'We assumed that the value of the stock was
proportional to the number of tools held, adjusted for the
sector's shdre of numérically contrdl;ed (NC) tools. The'averaqe
1979 price of an NC tool was estimated to be eleven tim§s that

of a conventionai tool [Natioﬁal Machine Tool Builders Association,
1981, pp. 93, 100, 106] and the value of machine tools in use

in a'givgn %ndustrg was adjusted to reflect this priée differen-l
tial. The value of the machine tool-stock held by eadch sector -

was estimated by the equation

' . n c ‘
- . . c .
kj (llmJ+mJ)p | (8)
where kj is the value of machine tool units in use in industry

n : , .
je m; is the number of‘numerical,controlled machine tool units

. c ] . ‘
in use, mj is the number of conventional tools in use, and pc

is the unit price of conventional tools.

About 85% of the machine tools in use in the U.S. in 1978
were held by métalworking industries‘[thionaI Maﬁhine Tool
Builders Asspciation; 1981, p. 256). The remaining 15% was
allocated to the_non;metalworkind industries with the largest
investﬁeﬁL inimachine tools in 1972 {the most recenﬁ dat; for
which this information was available): Livestock (IEA #1),
Other Aéricultural Products (IEA #2), Constfucpion (IEA #11),
Lumber and Wood Products (IEA #19)}IRubber (IEA #31), Glass

(IEA #34) and Stone and Clay Products (IEA #35).
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Avérage coefficients were computed by divid1n§ each indus-
try's stock of metalworkiné hachinery by its output. The same
. procedure was used to compilé 1972 average coefficients, aﬁd the
ratios of the 1977 to 1972 éoefficients‘were applied to the
capital coefficients'éppea;ing in the B matrix for 1972 to
derive incremental Eapital coeffic}enﬁs for 1977.

For the projection of capital coefficients, we aésdred that
machine tools can be éubdivided ihta two categories, con1entional
and CNb. Thus, NC equ}pﬁent was not distiﬁguished from the f
CNC variety, a reasonable simplification since as early as
1979, 80% of the NC market consisted oE-CNC tools [Teresko,

1979, p. 103],reaching 95% and by 1980 [Prost and Sullivap,
1981]. - ‘ | | \

We define bggy as the stock of metalworking machinery
required to produce a unit of output of sector 3 (kggj/%5)
in plants using the newest technology. . The stock is in fact
composed of a mix of conventional and NC machinery (kjgj =
kisj + kﬁsj),'and we_canbdefine seParatelcapitgl
coefficients in terms of the amount of each type of capital

‘required to produce the corrqspondind portion of output:

cC C cC N . n n.
bgej = kgej/xj and bgsj = kggj(xj. Next, the

metalworKing machinery capital coefficient Eor'industry 3

can be written as the sum of the.conventional coefficient and

N

the CNC coefficient, each weighted by the share of the sector's

output produced using the corresponding technology:

-

c - .cC n n
bagj = D46 (Xj/xj) + bggj (Xj/XjJ
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Finally, Equation (9) can be rewritten as

< c n ) n
190465 = (1/bggj) (Kj/kj) + (1/bggy) (ki/kjd, © (10)

which allows us to replace estimates of the future share of the

&

ouput produced with CNC tools with eé;imates of the CNC poégion
|

of the machine tool stock. To solve Equation (10) for b45?

for some year t, we must know the'conventional and CNC capital’
coefficiénts (bisj-and b:sj- respectively) as well as the /shares
" of CNCﬁand_convenﬁional.machine tools in the total value /of

the machine tool stock in new plants in sector j at time t,
(k:aj/k45j) and (kiaj/k4aj),

The value of NC machine_tools in use accounted for 10.2% |
of the‘total machine toollstock held by metalworking‘}hdustries
in 1972, and rose td 22.2% in 1977. Under Scenario §2 the NC
(CNC) share of the machine tool stock required for %gpansion
was assumed to increaseqfurther to 42% in 1990, an éverége
annual rate of increase from 1977 to 1990 of 5%. Under Scenario
3 a rate of 10% was assumed, which results in a 77% CNC share
in 1990. In the year 2000, CNC tools are assumed o accdunt
for 85% of the machiﬁe-tool stock under Scenario 82 and 95%
under Scenariosls3 and 84. Thege levels of diffusion are
aséumed to be attained in each mgchine tool-usiné industry.

Fina;ly; we need to evaluate thg conventional and NC
captial qoefficients appeqring in Equation (10). We assumed
that a CNC tool does the work of 435 conventional tools, which
lies within a commonly cited range df estimates found in the .
literature. For exémple, according to one“source, "a CNCI

flame cutter does the work of 3-5 conventionally operated f}ame
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cutters" [Iron Age} 1980, p. 16). - Another publication

cites a U.S. firm that feplaced 12.con;énticnal lathes with 3

NC lathes [Real, 1989, p. 53], and an MIT study reports capaciﬁy
ratios of 3:1 and 5:1 [Lund, 1978, p. 25}, 1In additiOnJIthe
-increasing,USe of machining centers {multi-purpose milling
‘machines) will tend to increase these ratios and} cbnSeQueﬁtly, b
we cﬂoSe a figure'{4.5) at the high end of this ranée of estimétés.
According to [Frost and Sullivan, 1982), sales ;f NC machining
centerg will outpace other NC tools and will account for 33%

of the total machiﬁe tool market by 1990.

Recalling that the unit price of an NC tool is eleven times

that of a conventional one in 1979 prices, we can write

n - A , c '
bagy = 11/4.5 b46j = 2.44 bquc (11)

L

For bi&,s weluéed the 1977 metalworki?g machiner§
coefficients, adjusted to reduEe the effect of differences in
the relative share of NC tools held by sector on thé cdefficients
in that year. while only 1.6% of the total machine tools in
use in 1977 were numerically controlled, the proportion variéd

widely among_ industries, from.4.4% in Aircraft to 0.3% in

Screw Machine Products [American Machinist, 1978, p. 137].

Table 4.13 shows that these procedures é;oduce 1990 Metal-
. working Machinery Capital coefficients that are 33% larger
Fhan in 1977 under Scenario $§2 in 1990 and 1.28 times larger

in 2000 under Scenario S3. o




Table 4.13. Impact of CNC Controls on Metalworking Maéhinefy
Capital Coefficilents in 1990 and 2000

Scenario §2 Scenario S3
1990 | 2000 . 1990 2000 -

CNC Share of Metal- : , o
working Machinery in . .42 | - L17 .95
New Stocks (kR/k)

Metalworking Machinery
Capital Coefficient as
Proportion of 1877
Coefficient

RS

Intermediate Input Coefficients - !
| Wﬁile the primary advantages of CN& tools lie'ié highef

rates of machine throughput'(outpht per Eour of operatibn),

vgﬁtly reduced labor requirements, énd_tﬁeir ability to be link;d

with other p:ogramméble machines (thereby\increas}ng the productiﬁity

of the entire process), the savings in materials through lower
. A -

scrap rates is also often cited as a key ﬁ%ctpr’justifyihg the

purchase .of these tools. (See [Lund, 19?7% p. 27; Real,

1
i

1980, p. 1381). : - =
" as CNC tools are substituted for conqé‘tional tools, the

use of steel par unit of output of thefmetal orking industries

should decline. We estimated the new steel coefficients (agsjf

with the eqﬁation s

’ agﬁj = a;gj - &TSj ‘ ‘ (13)

where a is the percent reduction in steel scrap, y is the pro-

portion of metalworking opérations using CNC tools, §j is the.




" steel scrap produced per unit of output by industry j, and a;ZJ
is the steel used per unit of output in 1977.’
. We assumed that the use of CNC tools can reduce steel .
scrap (waste from machining as well as the steel embodied in
defective products) by 70% <§=.7). We estimated_that the
preduction of scrap amounts to 25% ef the valueﬁpﬁ the steel-
purchased for-use with conventional equipment (sj?325agzj),
which is 'somewhat higher than the Office of'iechnblogy Aseessﬁent
[0.s. Congress, 1979, p. 27) estimate of 17.6% for the losses
from machining and the scrap that is purchased from "end-product _
manufacture.” +The parameter Y was estimated by the share of |
output produced by CNC tools in 1990 and 2000 under each scenario.
This share was calculated from the projected CNC portion of
the machine tools required for expansioe (see the first row of -
Table 4.15) and the output differential between CNC anq conventional -
tools (4.5).%

‘These parameters and the resulting steel coefficients are
given in Table 4.14. As a result of the reduction in steel surap,

we estimate that these coefficients decline to 88% of their 1977

size by 2000 under Scenario S2, and to 84% under Scenario S3.

Labor Coefficients.

The machining occupations are those most affected by the ~

substitution of CNC for conventional tools. These include
; .

dpor example, if 6% of the machine tools required for ex-
pansion are CNC, the share of the output produced with CNC tools is
' (.06)4.5 ~ - = ,223.
(.06)4.5 + .94

159




4.56

_ 3
!
Machinists (LAB ,#30), Tool and Die Makers (LAB #31), and -the

metalworking operatives {included in Other Operatives,‘LAB £46).

Tabfg 4,14, - Impact of CNC Tools on Steel Requirements
: ' in 1990 and 2000

4 S

Scenario §2 ' Scenario 83
v : 1990 2000 1990 2000 ‘

Reduction in Steel Scrap : . _
Attributable to CNC Tools .70 .70 .70 : .70
{a) -

CNC Share of Metal-~
working Operations (v)

Scrap Produced with
Conventional Tools (sj]

: 77 .
as Proportion of a3gj

Steel Coefficient
(a3gy) as a proportion
of coefficient ‘
in 1977




pto : : - S _
The labor coefficients for these  three metalworking
occupations were projected with the-edpation

1t b

77
q)

Fs

where at is the CNC. share of the machlne tools stock {in

.(14)

Ay

units) in year t, gt is the proportlon of labor saved per -

A

junit of output through the use of CNC tools, and j refers to

L]
each of the 33 metalworking sectors {IEA ¥#12, 22, 35-49, 51~57,

59-66, B6).

The share of CNC tools in tlie total stock of machine tool

1

units (a¢) increased at an averagé annual rate of '19% between
1977 and 1980. Under Scenario S2 we assume that this share

increases at an annual raté,of 8% between 1980 and 19230, from
. : : v

2.7% to 6.0%. Under Scenario 53 a rate Oof increase of 24% was
" assumed, bringing the CNC share to 23%. In the yearIZOOQ CN&
tools are assumed to be 34% of the total stock under 52 ahd
65% under $3. Thus, under ‘Scenario 83 the race of increase in
the CNC share of machine tool units increases most rapldly

pétween 1980 and 1990, while under Scenario SZ,the rate of
; , ,

increase-is-most'rapid between 1990 and '2000. - \\
1 . - . .

The labor savings per unit of output obtained with the use\\

of CNC tools (BY) results from two factors, the output

differential pér tool (yt), and the differential in labor
requirements per tool (4%). Each CNC tool is assumed to
be 4.5 times as productive as a conventional tool (y) for

.

reasons given in the preceding part of this section.




%he‘following passage illustratés why the use of CNC H
" tools will also reduce the time required of operators on each

machine (¢t): ' " " X

In machining cenxexs,ﬁcgmnlﬁx_shapes may be made by mount1ng
cutting tools of varying sizes and power-conf1gurat1ona

on a single spindle. The cutting tools then are automatically
changed By transfer arms, which also store-the tool., The
automatic tool changes take only a -few seconds; formerly -
several minutes of an operator's time were required. - Machlne
Machlnlng centers also eliminate the need to: deSLQn, bulld
build, and store the jigs and fixtures needed\by 51ngle-purpose
machlnes.L :

Ssingle-purpose machines also have been much 1mproved

by numerical controls. For example, numericallly controlled
boring machines have reduced downtime for loading and
unloading‘by up to 30%. Numerical control applied to
grinding machlnes often halves layout time; programmable
electronLC wheel feed and wheel retraction have been
developed) which reduce labor time and enhance precision.
The d951gn of hobs for gear cutting has been sub)ected.
to computer calculation, saving cutting time. -

| [Duke and ‘Brand, 1981, p. 31]

In addition to!these considerations, CNC tools will increasingly
I - : :

be linked toge#her, further reducing operator regquirements per
, :

machine {(g¢bt). {According to [Americah Machinist, 1981,

B 106], "Enhariced communication capabilities are also being
1ncorporated 1n CNC systems, and one result of this is ﬁhgt :

these’ controls are, in effect,” becoming rerminals that can ' * .

"

provide an interface betweén the operator and not only the

'indiéidual machine tool but also thbvplént's overall computer

@

hierarchy." Under'SCenaro 82, we assume that average CNC labor
reguirements pér tool are 80% of the conventional tool requirements

in 1990 (490) and fall to 50% under Scenario S3 by 2000 -
{ ¢2UOO} .

£

The ratio of the labor-differential required per tool to

the output differential per tool (¢t/yt) gives the

i




4.59 | | S ‘

labor requirements.pe: unit of output ﬁsing CNC tools and
gt in Equatioﬁ {14) (the labor savings per unit of ouput)

*

is equal to 16('}t/ Y). T ' . e

N —

The values of the parameter; and the ;esdlting'cOeffi:
cients are presented in Table 4.15. While the coefficients
for all th:pe occupations (ﬁAB #3b, 31, 46) were projected
witﬁ the-same mephod,'the Eacﬁors shown in row 4 of thel
tablq were éppi{édlto only the 75$iof the Otﬁer Operatives
(LAB #46) category who are machiﬁe operators. As a result;
tﬁe impact of CNC tools. on thenlabor coefficieﬁts ﬁor Other . -g.
Operatives, shown in row Sjmﬁgflower thén‘the impacts on
Machinists (LAB #30) and Taol:;nd Die Makers {(LAB #31?.'

Row 4 indicates that the labor requirements of these 2

occupations fall to 42% of their 1977 -value by 2000

K

under. Scenario S3. ‘ o : :




Table 4.15. Impaét of: the Use of .CNC Tools on
Labor Coefficients (LAB #30, 31, and
part of 46) in 1990 and 2000 - -

L ) Scenario §2 | ' Scenario S3
‘ ' 1990 2000 . 1990 2000

CNC share of Machine Tool : : -
Stock in Units (at) .06 .34 .23 .65

Ratio of CNC to Conventional
o0l ﬁabor ReQulrements per
ﬁool (%) .

‘/Ratio of CNC to Conventional
.) Tool oOutput per Tool {y)

Proportion’ of Labor Saved
Through use of CNC Tools
(8E=1-¢t/y ) .

Labor Coefficients for
Machinists (LAB #30) and
Tool and Die. Makers. (#31)
as Proportion of 1977
Coefficient-

|

;
Projected Labor Coefficients

~ for Machine Operators (part

of LAB #46) as a Proportion
of 1977 coefficient L
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Chapter 5. The Automation of Office Operations

The work processes of most offices are recognizable
in industrial terms as continuous flow processes;
‘they consist of .the flow of documents to effect and
record commercial transactions and contractual
arrangements. While work processes are punctuated
by personal interview and correspondence, these
merely serve to facilitate the flow of documentation.
: [Braverman, 1974]

Office automation [0A) inco%porates appropriate tech-
nology to help people manage information. It is-not
a project with a defined polint of completion nor is
it the installation of. a single functional element.
Rather OA is the linking of multiple components or

. elements in such a way that information once entered
can be processed from point to point with a. maximum
of technological assistance and a minimum of human
intervention. [Frost and Sullivan, 1980a]

Electr0n1c data processing during the 1950's and 1960's
had a 51gn1flcant impact on large numbers of clerlcal workers,
microprocessor-based office egquipment of the 1970's extended
the impact ofhelectronic processing to a larger segment of
whité-collar workers, and integratedﬂélecﬁronic inféfmation
systems belng put in place today affect virtually all white-
collar workers. Section A oE this chapter prov1des an 1ntro;
ductioﬁ to recent developments in office technology which

have important implications for capital, labor and intermediate

input requirements. Section B briéfly describes changes in
the input requirements of firms that produqe office‘equipmént,
and Section C describes detailed changeg in the capital, inter-
- mediate and labor requiremehts of sectors that.uéé electronic

office equipment and integrated systems.
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A. ;ntroduction . Oy

Prior to the 1970's, the impact of the computer on office
work was mainly to automare large rou}jnenand.repetitive
processing tasks. Separete Qata processing departments‘were
created} in firms that‘could qutify the purehase of a mafhframe, ,
to perform tasks already performed-mechanically by clerical
workers in the back office euch as bil}ing, payroll and
certain boLkeeping functions. 'The physical flow of information
to and from the centralized data processing department often
resul ted in‘%ortlenecks that limited the'aduantages of e;ecrronic
processing. Thﬁs,-during the 19§0's anq 1960*s, electronic
_cohputing technology had only minimal efﬁects on office
work. In many ways offices during this period resembled-
those of a hundred years earliev pipelinee that required e
great many human pump1ng stat1ons at regular 1ntervals to
see information, maanulate it, and transfer it t0 others
[Braverman, 1974},

Advances in microelectronics durlng the 1970's reduced
the cost and size Of electronlc processing and 1ﬂCf9356d its
application to‘ofgice functions. Offices began to rely on
electroni tybewriters, Jord_processors,‘optical character . ¢
readers, and dictation equipment. These.intelligent office

machines have increased the productivity of secretaries,

typists and other clerical .workers previously unaffected Sy

4

mainframe computer technology. More. recently microprocessor

technology has also reached managers and professionals in

the form of *desk top computers.
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Until today the emphasis of.microprocessor-based office
technology has been to enhance the functional elements of

office information systems already in place. Electronic or

intelligent office machines have replaced conventional machines

within the office and have improved the efficiency of the

.

paper-based information s}stem but these mgchines-hqve not
Eundamentaliy altered the structure of the system. ,Informé-'
tion systems in thé majoriiy of offices are still based largely
on paper as an 1nterfacg medium and continue to requ1re manual
1ntervent1on. According to a reviewer of offlce i«chnology

at Portune, "Not all'terminals have been designec ro commun=—

. icaté witn' big corporate computers; almost none can interact

easily with work stations of anogper brand nor can they
always do so with workstations of the same brand“ (Uttal,.
1982]. Microprocessor based office equipmeht saves lébof time
in many more oﬁflce proceSSLng tasks than malnframe computers,
howeVer; since a major functlon of an office is not’ only to
process but to communicatgwtnformattonvwrsolatedwrnpelllgent
equipment has héd only l;mitéd impacts.

The major trend in office technolody today is to replace
the paper info;matioquystem with eiectr;nic storage and trans-

mission of .information. In electronic office systems recently

.made available, each component performs its own computations

including data and word processing and provides its own Storage
and communications interface. Separate components are linked
together through higﬁ speed communications networks that

allow users to share processing, access central storage

A2
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Eécilities, and expedite the flow of_informatIOn within an 1
organization. Intérgal networks interconnect’ with cémmOn |
carrier nétworks to allow users on different local areax'
networks t0 communicate. Intégrated electronic. information

- systems érOVide'a vast application of COmpﬁter and communica-
tion technology to office fhnctiqns. As these gystems become
more'versatiie, they will ‘enable organizations to capture
information only once, and process, ;ransfer, store and :
access the .information at a-later date q{th‘a minimum Of

human intervention. Thus, integrated systeﬁs wigh the poténf
tial to replace paper-baséd office systéms may reduce the
labor reduired'to process information far Eeyan the sav@ngs-
introduced by intelligént machines that Operété in isolation.

« As 1t stands todﬁy intégraggd syétems have been implemented T
only 1in esiablishménts.that empldy lafge numbers-of whiﬁe
collar‘yorkers such as lérge'cofporat?‘offices. To adopt
a Eullf integrated system requires signif};ﬁqt start-up ,
costs, and firms are hesiﬁant to ianst uﬁtil thef have a
clear idea Of their future processing and communication
requirements. The average priée of the complete systéms"
-:installed for customers by”Xerox, for éxamplef is $270,000
'[ﬁttalg 19821.- According tola studfnby the Rand QOrporatIOn,.

"Of the estimated 3.5 million offices in the U.S. about 1.5 - :
mill@On are currenblfvlarde enough for some sort of @advanced

"
"

information system" [Bikson and Gutek, 1983]). This figure will

increase as smaller and more flexible systems become available .

., . +

and starﬁ%up-costs decline.
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'Falling hardware costs will continue to expaﬁd.thq potentiak.
usé of new information systems. New storage ;ecﬁnologies;'
for exampie. such as bubble and optical memories, provide
tremendous storage capacities at a fraction of today's cost
for electronic stbrage and will further enhance the advantage
of electronic over paper based storage systems. 'Progress iﬁ
microelectronjés“also results in a continuous increase in
processing capacity and'deqliﬁe in its'price. Some expect
that 8K microﬁ?ﬁcessafs capable of performing text ediﬁing
will drop from $200 to $50 over the next ten years fBurns.
1980]}. :Oﬁhers anticipate that |

individual chips will combine memory, logical proces-

sing, input-output interfaces, and, if appropriate,

analog=-to-digital conversion, allowing '*intelligent"

equipment functions to be dispersed to an unprece-
dented degree. [spinrad, 1982)

>

-

1

Advances in communication teEhndlogy will also play an
important.rﬁle in the move-towards the ‘automated office._,Wleg:m_
be purchasers of electronlc offlce equipment are hesitant o
invest now due to problems of compatability and a new awareness_
of the need for equlpment with telecommun1cat10ns capabilities.
Ne tworks that have the 1nte111gence to allow prev10usly |
noncompatible machines to interact. wlll overcome these present
deterrents., _ o

Most 1nt€lligent nétwdrks-aggilable today are based on
the ring principle thaﬁ enables degices to communicate without
going through a central nétwork.processof. Each device‘is
connecteéd to a local processor that injects messaées from a
meséage stream and mdﬁftors the stream for messages diregteg

L
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' towards attached devices; the proéessor then extracts, formats
and trangfers them to the appropriate device. ' Since intelligence
is distributed locally'rather than relying on a central-prpcessor,'
networks based on the ring prinéiplé are faster, more reliable
and more eﬁficfent than poiﬁt to point or staf networks.
Althbugh‘the ring-type systems are expensive at presént, as
memory and processing costs continue to fall and advances in

Eibef optics ‘solve the need for large band widths, ring-type

systems will offer great cost advantages to offices installing

them over the next few years. According to [Spinrad,_lQBZ],

. I
"Local communication networks using optical fibers are

likely to become common toward the end of the decade."
; )
Although vendors of office equipment are now selling.

local area networks, the Bell system and switchboard companies

are also active participants in the local area network market

with their automated PABX systems. Pﬁggmgrgy}gggdggjggmggqumgvuﬂ__"
data transmissions using digital techhology over telephone

. . ~ :
networks which arg already installed and connect to every

.

desk. According to [Electronics Industry Association, 1982}, .
30,000 offices will have PBX equipment for. audio, data and

-visual meséages and for connecting interoffice work stations

electronically by 1990,

Il

&

Hardware components will continue to ‘evolve rapidly,
and software development will for somé time be a maior bottle-
neck to office automation. ‘Analysts agree that most of the
hardware components necessary to iﬁplemqpt the electronic

office are currently available (Spinrad, 1982; Frost and

H
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Sullivan..1980a]. In contrast, éoftwgre-programming for

' system hardware that automates the flow of information. in
offices will be the major development cost over the forseeable
Euﬁu?e. According to [Frost and Sullivan, 1980al, “Office
systems on the ﬁarketltoday are too comélicated, too gg ggg,

and do not meet informational requirements’ in a systematic

way." The uncertain paé@ of sdftwarg development may slow

the -diffusion of integrqtéd officé systems.

Firms can be expectgd to invest in office systeﬁs‘tq _
expand output, to rgducé unit costs, or to dd both. A wide-
spfead peréeption today is that the salaries of manégérsf
profeésiOnéls and secretaries are rising while white-coilar
productivity is stagnaﬁt. ‘according toO one séurce, OEEiFe TR
salaries account for 50% of all business costs today {Morten-
sen, 1982). This sourcé §lso claims that office\productivity
" rose by 4% between 1960 aﬁd 1970 while factory ppoductivity
grew by 80§ over the same period. ﬂow invgspment in office
capital is the reason most commogly cited for this discrepancy.
‘Several authors observe that while white-coliar employees
erk w;th only $2,000 in-egQuipment, a factory workef today
is backed up by $25,000 in machinéfy {Byron,.1981: Uttal,
1982]. IAS the price-of new office tﬁchnology continues to
fall dramatically,lfirms will move to feplaceblabor intenéive
office information séstems, and planned additionsvto capacity
will rely increasingly on new Office technoloéies.b\;r

Analysts agree that the market for integrated office

systems is likely to'be huge, but there is less consensus On
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when this market growth will occur. Frost and Sullivan see

o ‘
the mﬂrket for office systems expanding rapidly over the
latter part of the decade [Frost & Sullivan, .1980al. Léss

optimis&ic analyéts believe that the indifecf costs of impler
menting office systems such as planﬁing, traiﬁing and supervision
-~ activities that can cost as Tuch as the ;pchnology itselﬁ -
ﬁay inhiﬁit investmént in office 5ystgm§ [Uttal, 1952].: in

many instances, in additicn, new ocffice prbcedﬁres are not
directly related to the production of a firm's princip%ii

output, and difficulty in m;asufing the product%vity ga&ns

of néw equipment is %lso seen.as a deterrent Lo investment.
Fortune cites a reviewer of office sSystems who fihdé offiCeﬂ

automation still poorly understcood by business peoples
"Users can't articulate what they want and
suppliers aren't that good at figuring it :
out . . .," says Patricia Seybold, the reviewer
of office systems. "It's the blind leading thé¢-
blind."” So office automation will not arrive
as a revolution, but gradually, as vendors and-
users educate each other. The journey to the
promised :land may not take 40 years but it is
apt to remain painfully slow. , -
: B : - [Uttal, 1982}

: " .
Since the bace at-which the electronic office will begin

to supplant the paper-based system is uncertain, it makes sense

FAa

to consider two alternative scenarios. Scenario_S2:§sSuqu
that Firms wili be slow to inQesu in integrated office
systems and represen;s-what now appears to be thé lowest
1e§e1 of diffusion of integrated office technoldgy that can
be anticipated Sver the next 10_t0-20 years. 'Scenario 83

represents, in our?jUddﬁ@nt, the maximum level of diffusion

that is likely to occur through the year 2000. These scenarios
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will be @égérfbe&—%n—méfe~defail in the following sections.

Pl

B. The Production of Office Equipmeént

A shift in the cohpositibn of output produced by the Office

Equipment sector,%IEA'#Sl, toward electronic text equipmént will
change'its‘inpht fequiréments. In the early 1970°'s IEAl#Sl
produced conventlonal office equipment such as typewriters,
‘.mq11 mach1nes and scales and balances and- dupl1cat1ng machines.
BY the 1ate‘197045J however, office equipment‘prdducgd by this
sector began to rely on electronic components: electronic '
mail machines, scales and balénces..and élecéronic text
equ%pment began to be produced in addition to conveﬁtiOnal'
equipment. In t@e prqcess; firﬁs have necessar;ly increased
theif'purchases of electronic components as reflécted’in the
coeff1c1ent asg,sl 1n the A matr1x, i.e., the output of semi-
conductors, I1EA #58, requlred to produce a un1t of output ot
IEA #51. . i - p

We assume that all office equipment will be electron1c by
1985. As a roqgh estimate of agg,5] in 1985 we use the cost of
a CPU board divided by the retail price of the word précéssole‘
an;‘aSSume_that this cgefficient applies also to mail machines,
'. scales and balances. The coefficient is interpolated for
years between 1977 and 1985 and over th1s perlod represents
; a. weighted average.ofithe‘input_requ1rements for convent19nal

F | - .
and electronic equipment. The value "of agg,5] rises froq

.004 in 1977 to .05 by 1985 and remains at this level through
. -

lgased on information provided by a technical supervisor at
Hermes Business Eroducts, Inc.
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_ A - o \
2000 under Scenarios $2 and $3. We assume that in all other
ways the input structure of IEA #51 will remain unchahged

o

after'1977.

C. ‘The Use of Electronic dEEiCe Equipment

A% offices within éach seétor of the economy inves
electrdnichoffice equipméntland’syétems, other capital,
interm%diaée and labér fequirem;ﬁt§ will;a;so be afflctéd. A
rise in the yse of computers per unit qf-oﬁtput, described iﬁ

Chapter 4, will be the major change in capital requirements

associated with the electronic office; however, demand for -

other office equipment will ‘also be affected. Moreover, with

increasing use of computersy;demand Epr compleme tafy inpués
such as electricity and telecommunicatjions and substitutes
such as paper-will be affected. The_mogt'impértan changé,
howevq;, will be in-the white-collar lébor necessafy'tb
‘perform many job tasks. This section deqcribes ﬁhe methods,
data and assumptions used to project changes in these technical-

]
coefficients with speéial emphasis on la$or coefficients.

1. Capital Coefficients

" The stock of offica‘équipment,‘eﬁcluding'qffice computers,

L]

pér unit of. sectoral output will,increaseLFhrOUgh the mid
1980's but déchine_over the long* run. Estimates of the
annual market for electronic text equipment in the early
1980's range between two‘aﬁd_sevén billion dollars [M§rchaqt,

1979; Uttal, 1982; Frost and Sullivan, 1980a; Electroniis

L1




" .

.-
B}

) Indestries Asseciation, 1982]. By the midr1980's, however,

¢ .

.analysts projéct;thdt intelligent workstetionsf(produced by
the computec‘sectef, IEA #50.) with word pr0cessing.faeilities
‘will” take oqerlthe market for the eleceronig'text equipment
'predchd by-IEA #51 ([fFrost and Sullivenf,f960a]. ’Conventionak
' eypewriters willlalsoxbe replebed by electronic text equipment

or inteiligent work stations and-fester,'cheaper photocopy

machines will make duplicating machines obsolete oyef the

next few years. = - , ' i -

4 =
. . . 7

. Inveshment in offlce equipment is governed by two
types of coeff1c1ents in the IEA model ‘The cap1tal coeff1c1ent,
b513, represents the offlce[equlpment required to expand
the capacrty of the j"-h sector by one unit. - There is also.the
| “modernlzatLOn“ coefE1c1entl £5lje whigh describes purchases
of new office %qelpment to ?eplace obsclete equ19ment (or
labor} in the absence of exbansion.‘ The remalnder of this

I
sect;on describes the prOCedures USed to estimate these \

. i '
coeff c1e:§§;‘ T ,

{

conventional eﬁfice equipment required to expand output,

we split-the coefficients in.row-#Sl of the B. matrix intol
two'éarﬁs'as shown in Eguationl(l) and project the individual'_
coetficients for 1977, 1985, 1990 and 2000: -

tislj=paj+bcj ‘ | (1)
where '

. , N - o &
bglj office equipment required to produce one
additional unit Of ocutput of sector j in year t,

&

)
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|

baj electronic text equipment required to‘prodﬁce

one additional unit of output Of sector j in year t, and

i . . ' _
bej conventional office equipment required to produce
one additional unit of output of sector j in Year t.

. .
|

We assumL that the avetpge new Office pht in place in

. 1977 used the same mix oOf teghnologiés'as the average office
aIready in place. To estimate bz;- we first disgribute
the aggregate. stock oEIeIectrOnic text equipment in 1977,
$1.9 billion [?rOSt and Sullivan, 1980al, among ;ectofs according
to the percent of secretaries they employ. This distrlbution,
shown in Table 5.1, alloca£es the largest stock to Business  _ .
Services-(IEA,#57) and other serbi;e sectors such as Educ;tion,
Wholesale and Retailm?rade, Finanqeiand-Ingurance. (Buéineés
Services includes the légal professiOn! which'is said to
derive,the largest direct gain frbm word pr0ce556rs (Uttal, = :
1982).) This stock is then divided Ey the the seétor‘s
output in 1977 to produce the coefficients Dgj.

| As an estimate of bcj_in 1977 we use the coeffici&nt
bglj'for 1972, é year predaging electronic.office equipment.

Thus We assume an increased use Of office equipment per unit

of output between 1972 and 1977 with the éntire increase

L~
”

consisting Of electronic texE~equipmen£. . . /
.lw" - -IThe coefficients baj are projectéd.baséd on growth

iﬁ the agdregate stock of electronic text equipment. per uni;
/. . ~f gross oﬁtput of the entire economy. _This‘agg}egaté cO-.
.! . efficient grew by 37%’annua119 from,1976f198§\TFrOSt and
IR ;‘Sullivan,IIQBDav U.S. Department oE.Labér, i982]. Under -

Scenario S2, we assumé that this coefficient rises at an

. : ' . .
f_ . < ! . -

- -

17
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Table 5.1. Sectoral Distribution of Secretaries in 1978

. | ‘ .
Code  Sector . N : Percentage

I .
Livestock and Livestock Products 0.1% |
Other\Agr1cu1tura1 Products 0g.1-
Forestry and F15hery Products \
Agric ultural, Forestry, a d Fishery\Services

-

Iron and Ferroalloy Ores Mining
Nonfeqrous Metal Ores Mlnlng . \
Coal Mining 4 y
Crude Petroleum and Natural Gas i
Stone and Clay Mining and/Quarrying
Chem1ca1 and Fertilizer M;neral Mining
Constructlon \
ordnance and’ Accessgr1953 E
Food aﬁd Kindred Products - \
Tobacco Manufactures i ‘ \ _
Broad and Narrow Fabrics, Yarn and: Thread -Mills -
Miscellaneous Tgxt1le ‘Goods and Floor Cover1ngs
Appare ‘
Miscellaneous Fabricated Text1le Products

Lumber and Wood Products, except chtalwers

wood Containers

Household Furniture

Other PFurniture and Fixtures
~Paper and Allied Products, except Conta1ners
Paperboard Containers and Boxes !
Printing and Publishing

Chemicals and Selecthd Chemical Products\
Plastics and Synthetic Materials

Drugs, Cleaning and Toilet Preparations \
Paints and Allied Products '
Petroleum Refining and allied Industries ;
Rubber an. Miscellaneous Plastic Products
Leather Tanning and Finishing

Footwear and Other Leather Products b
Glass and Glass Products l

\

-

O~ W

|-'|-|-'l-,L|-|-'|-'
NN B WO

i
}

OOOC?C)C)OOOOOOOOOI—'OOOOOOOOOOC)I—'C)MOOC)OOOO'O

" & 8 ® 5 & @ € & 9§ ®§ g € § € § € 8§ 8§ 8§ 8 8 . &

N
Qo

\

&

Stone and Clay Products .

Primary Iron and Steel Manufactur1ng

Primary Nonferrous Metals Manufacturing .

Metal Containers .

Heating, Plumbing and Structural Metal Products \
Screw Macthe Products and Stampings H

u-ltl‘-hl—'wuli‘-hl—'l—'OO\ul—'O\MUlODMhI—'MOMI—'UlI-'WOONO\OD’O\OOOE\?I—'

A

{(continued on next page)
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Table 5.1 {(continued) .

[

Code Sector g Percentage

41 oOther Fabricated Metal pProducts
42 Engines and Turbines
43 Farm and Garden Machinery
44 Construction and Mining Machinery
45 Materials Handling Machinery and Equipment
46 Metalworking Machinery and Equipment .
47 Special Industry Machinery and Equipment
48 General Industrial Machinery and Equipment
49 Miscellaneous Machinery, except Electrical
50 Electronic Computing Equipment
51 Office, Computing, and Accountlng macthes, except
IEA #50 L ~ S
52 .Service Industry Machlnes ’
53 Electric Industrial Equipment and Apparatus
54 Household Appliances
55 Electric Lighting and Wiring Equipment
56 Radio, TV, and Communications Equlpment
57 Electron Tubes .
58 Semiconductors