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Preface

N s assce of the Budletin on Industrialization and Productivty, as in the preceding issucs,
I the Seeretariat of the United Nations presents a number of studics perinning to its work
programme on mdustrialization. In recent decisions, the Economic and Social Coundil and
the General Assembly have requested the Secretary-General to place special cmphasis, in the
further development and implementation of the work programime, on “studics on cconomic
programming techniques as applicable to industrialization™ and the “most eflective apph-
cation of modern industrial methods of production and management techniques o the
establishment and operaiion of industries in the under-developed countries”, The present issue
reflects to some extent this orientation of the programme.

The subject of programming techniques is dealt with in the first two articles—"Use of
Models in Programming™ and “Programming Techniques for Economic Development™. Tlie
firse article reviews representative types of development maodels which have been proposed
for und—in some cases—applied in the claboration of national plans for cconomic and indus-
trial development, and attempts to evaluate the applicability of such madels to countrics at
ditferent stages of economic development in the light of the experience gamed under the
United Nations technical assistance programme. The sccond summuarizes report prepared
by a group of experts with a view to providing guidance to countrics in Asia and the Far
East in programming their cconomic development.

The third article, “Choice of Techniques: the Experience of fapan and its Implications for
Under-developed Countries™, by Mr. S, Okita, is a further contribution te a matter of con-
siderable importance in- planning cconomic development, namely, that of the appropriate
combination of factors of praduction in relation to their endowment, a problem generally
referred to as that of capital intensity. Mr. Okita's article is a continuation of the scrics of
studies on the subject published in the first three issucs of the Bedlletin,

The next article, “Use of Industrial Equipment in Under-developed Countries: Problems
of Maintenance, Repairs, Replacement and Obsolescence™, deals wath the problem of how to
ensure the most effective utilization of capital equipment in industry, so as to reduce the rate
of consumption of available capital. The study discusses the princinles and practices followed
in the developed countries to achieve optimum performance of industrial cquipment, including
replacement practices, and appraises their applicability under the conditions obtaining i the
less developed economies.

Engineering and technical skill is ano her resource whose scarcity hinders not only the
operation, but also the establishment of industry in under-developed countries. A means of
creasing and improving its supply is studied in “In-plant Training of Graduate Engineers”,
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by Mr. Yap Kic Han. The article reviews the experience gained in industrial countries and
underlines the possibilities which in-plant training of engineers offers to the less developed
ones.

The need for services to protect the health and safety of industrial workers is discussed
in an article on “Health Problems of Industrialization™ by Professor R. 8. F. Schilling, a con-
sultant in this ficld to the World Health Organization. The article stresses, in particular, the
need for integrating medical care and health protection in planning industrialization projects.

The last article reviews recent United Nations activities in industrialization. It provides
information on the developments in the Secretariat’'s work programme on industrialization
and the decisions of the Economic and Social Council and the General Assembly, mentioned
above. It is concerned, in particular, with the decisions pertaining to the establishment of a
Committee for Industrial Development, one of whose main functions is to examine the work
programme and to make recommendations concerning its further development.
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Use of Models

in Programming

Prepared by the Division of Industrial Development of the United Nations
Departiment of Economic and Social Affairs on the basis of reports by United
Nations Technical Assistance Experts

INTRODUCTION

In the preparation of this smdy, the Division has
hid the co-operation of Professor Hollis B. Chenery
of the Research Center in Economic Growth of Stan-
ford Unirersity,

I)mn.k.\.\nux(; 15 wipkLy used in formulating indus-

trial development policies in the less developed coun-
tries. The United Nations has contributed to the work
m this ficld through various studies undertaken by the
Seerctariat at Headquarters and by the secretariats of
the regional economic commissions, and through direct
assistance to Governments under its technical assistance
programme,

The claboration of development programmes relies on
the existenice of a certain number of interrelationships in
the cconomy. Whether & system of such relationships,
which constitutes an “cconomic model”, is explicitly
lormukited or implicitly assumed is not important. The
soundness of o programme  will depend largely on
whether and to what extent the relevant relationships
have been taken into account in formulating it. The pur-
pose ot this article is to examine representative types of
madels that are now being used in some countries for
national economic and industrial planning purposes, and
to attempt a preliminary evaluation in the light of the
avaikuble experience under the United Nations technical
assistance programme and elsewhere. Emphasis must be
Ll on the preliminary character of any findings or
judgements expressed in this study.

Work in the use of development models, including
the application of inter-industry models. has been car-
ricd out by the secrctariat of the Economic Commission
tor Latin America (ECLA), and a report hy a working
party on programming techniques sponsored by the
seeretariat of the Economic Commission for Asia and
the Far East (ECAFE)' contains a description of var-
1ous types of models and mathematical exampics of the
tvpes described; it also examines data reguirements and
cther problems arising in the use of such models in the

PA brief note on this report will be found elsewhere in the
present issue.

countrics of the region. More receutly, the secretariat of
the Economic Commission far Africa (ECA) has in-
vestigated  problems of applying programming tech-
niques to African ccoromies.? Mucli work v this ficld
has also been done outside the United Nations by aca-
demic and governmental rescarch institutions, The Pres-
ent study examines the uses made of some of 1hese
models and may be considered as 4 complement 1o
previous United Nations studies on this subject, in par-
ticular to the ECAFE report.

An economic model is an organized set of relation-
ships that deseribes the functioning ol a0 economic
entity, whether it be a houschold, a single industry or
a national cconomy. mader a st of simphifymg assunp-
tions. As mentioned above, all cconomic reasoning s
based implicitly or explicitly on models, but this study
is concerned only with those models, or explicit rela-
tionships within a model, that can be expressed in
quantitative terms and for which data can e assembled.
The data and relationships required for constructing o
model are usually cither based on the past experience
of the economy concerned or “borrowed” from econ-
omies considered to be sufficiently similar, Before using
such models for plinnirg purnoses it is necessary cither
to adopt certain specific assumptions with respect to the
country’s future or to adjust the historical relationships
to allow for prospective changes. The extent ¢ which
the quantitative value and the direction of the changes
in the relationships are correctly anticipated determines
the reliability of the model for planning purposes.

2 8¢ documents of the United Nations Feonomie Commission
for Latin America, the Feonomic Commission for Asia and 1he
Far East and 1the Economic Connnission for Africa listed in
parts I and NI of the hibliography appended o ahis article.
An exiensive bibliography is contuined i the FCAFE document.
Among the books on cconomic programming technigues, see
. Tinbergen, Kconanie Policy: Principles and PDeagn (North-
Holland Publishing Company, Amsierdam, 1956); HE B, Clicnery
and P. G. Clack, Interandustry Fconomies (John Wiley and
Sons, Inc, New York, 1959), and P. ]. Bjerve, Planmng in
Norway, 19471956 (Norith-Holland Publishing 1lompany, Am.
sterdam, 1959), which present thotongh  discussions of this
subject, with applications.



Maodcls cam be applicd o the determination of - cco-
nomic policies in two ditferent ways, In the hirst and
simpler case, it may be desirad 1o determine the effects
ol o particular st ol ccononme measures, for example,
of investment i ceviain sectors, Fhe measures and other
data are taken as given, and the model s used o trace
their effects throughout the cconomv?® In-the second
casee o eertain set of objecives s speaiticd, such s
siven rise i mcome or employiment or o given reduction
ol a hakmee of pavments deticit, and the model is used
to determine the maost appropriate policy. measires ta
achicve these objectives, Although hoth ivpes of v
are valuable for programming purposes, the sccond will
he givea particular attention. Inthe st plice, under
developad cconomies are more hikely o think ot pro
gramming interms ol choice of pohey measuress m the
second plice, the use of models has s greatest
vantage over more intninve methods precisely Torthis
type of v,

A policy model of the second type consists ol the Tol
lowing clements:

(1Y A specihed set of objecnres- sudh as masiny
mcome, Tull emplovment, reduced balanee of pavments
deticit - which dehnes the objectives ol the develop
ment programmes:

(2) A set of instrecment eariables velated 1o the policy
measures that 4 povernment intends 1o use 1o achieve
s objectives, Examples of instrument variables are levels
ol savings, production and investiment by sector, ex
ports, or other magnitudes that it s itended 100
flucnce in some wav, Fhe insreument variables are af
fected by measures such s subsiches, tases, or dhireat
public investment 1o achicve agiven Jevel of ontput;!

(3) Other variables, not directly atleced Ty govern
ment action, bt svhich are necessary for an adeguate
analvsis of the cconomy, such 1s consumption of
dividual commoditics, and prices ol commaddities and
of productive factors:

(4) Economic relationships i the Torm ol cquations
containing the variables mentioned above, Such eqgna
tons vy (¢) describe the hehaviaur of an cconaomic
entity i terms of a response of one cconomic variable
to a chunge i oanother viriable (Tor example. a0 con
sumption function) () express o technological rela
tionship (for example, o production function), or (¢)
take the form of accounting identities that must hokd
true in any cconomy, such as the equality of total sup-
phy and demand. These last equations impose constraimts
npon the values ot the component variables that must

H P hese madels are sometmes called  projection”™ madels, e
conteast 1o the second avpe of “dedision” maodels,

1 some cases, the model s devised 1o dacrmime the micas
wres divedly—he pereentage increase in direet taxes, nariffs, or
the amomt ot goveanment imvesimient and so torth=that witl he
nevessary amd safficient 1o acdvieve 1he objectives, This tvpe of
“decision madel™ i 1he strict sease necessitates that the ccononne
parameters of the model be kaown with o degree of accuracy
which s generally achieved only in highly developed cconos e,
Foc this reason sieh maodels are not disenissed in the present
awdv, For @ detaled disenssion of these, see | Tinbergen, On
the Theorv o) Econnmie Poliev (North Holland - Publishing
Comvpaay, Ansterdam, 1952,

he simultancously satished in-order 1o abtiin . pro-
gramme that s all feasib!

A solution of a4 model consists of & setof values tor
the mstrument sariables that satisties alb the cquanons
in the model s o rule, values of some of the varnables
are fined by priov analvsis and the modet aselt deter
mines the values Tor only as many varables s there are
cquatiens, The saome hasic model may he selved tor
diTerent dependent varihles: Tor cvamples the Harrad
Domar madel it simplest lorme states thar the e
of growth of imcome depends on the proportion ol
come saved and the capaboutpt rana. Aecording o
e circumstances, ditfarent combiations ol 1wo v
Ables wall he taken s aiven and the cquanion solved
for the third, Fhe model mav thus serve to deternnne
cither the rae ol growth that came e achieved wah
given coonomic siruaure the savings rate reqrived to
At a4 given rate ob growth, or the upper e ot
the capiial ourpun el hoth grosth and savinas rares
are e,

Al of the models used e devedopmaont progrannmme
are hasicadh simibar becamse they desenbe the same sat
of cconemie phenomena, exeept that e the various
madels seme relationships arc selected as hemg of areater
relative: nportance Tor o given situation. The choc
among the varions relationships will be determimed
the cconomist according 10 the terms ol reference of
his task, mduding the general political and cconomic
sadls which have been set up by the anthormes, Tron
true that the terms ol reference may be very aenerdl
and vaguer or the goals which are preset by the
thorities - such s “rnsing per capits income”, “provid
mg Tull employment”™ and “reducing the gap e the
balanee ol pavments”™ =may be competing ones or mu-
tually inconsistent. In snch cases, the cconomist will have
to decide for himsell which key variables are 1o he
comsidered Tor the construction of his st prelminmuary
madel, Whether the munal choice of the rehaionships
is hased on cconomic imtuition or s given beforchand.
this hirst model could be checked subsequentiy by con:
siructing 4 more complex: model through the addition
ol other clements, Phe ultimate test of a mode! s thin
it should muke the best use of the avatable information
and analvtical resources within the time avaibible Tor its
construction,

A few general ohservations may be added on the re-
Linonship between modcls, progromming and the type
ol ccononw ol 4 country. .\ maodel provides o systematic
framework for cconomic programming: the purpose of
programming. in turn, s to provide for an effecnve gov-
crnment cconamic policy which s consistent with the
goals pursued. The nature of the development pro-
aramme, and consequently the tvpe of model, will differ
i accordinee with the nature and extent of govern-
ment antervention and the tvpe of instruments used.
In principle, the clfectiveness of ccanomic programming
based on the use of models is not necessarily related to
any particular type of conomic structure. Thus, pro-
gramming can be usefully applied in economies ranging
from thase based predominantly an private enterprise




to cemrally planned cconomies wheve the government
1 tully in comrot of directing national economic activi-

ties. This study s primarily concerned with use of medels

tiv cconomies of the former 1vpe: among coumries of
this group. government imervention i the cconomy
varies withi g tly wide range (for example, as
the Netherlands, Poerto Rico, India and Israuch), va
programming and planning techniques have heen ap-
pied wiith considerable suceess in some of them,

There are three tpes of models nsed in deselopment
programming:”

(1) Aggregate models. which apply 1o ahe entire
ceconamy and - deal with production. consamption, in
vostment and the Tike as single aggregates:

(2) Sector models, which apply to individual secrors:

(3) Anterandustry models, which are concorned with
the relationships of the productive sectors of . CCoOnomy

P Fhe present study s oo concerned with shor term niodeds
sad tor vear o vear v,

EXAMPLES OF MODELS USED IN DEVELOPME

AGGREGATE MODELS

'I‘m. RELATIONS  s1ost commonly included meoan -
gregate: model are the following:

(1y A CONSUMPHON IMcome (or  savings income) e
Lation:

(2 A production function, relating national prodnet
to the mput of capital and lLabour

(3) An import function, relating import requireiments
to the Jevel of national income or s components;

(4) The detnmition of domestic product on the ex-
penditnre side as the sum of consumption plus ivest-
ment plus government expenditure on goods and serv
ices plus net exports of goods and services or—on the
meome disposal side—as the sum of consumpiion om-
Liv plus net taxes plus savings;

(5) A\ certain number of “constraints’ or limnations
on resource use, such as: (4) the demand for Libour
cannot exceed the supplys (A) investment cannot ex-
ceed domestic savings plus vet import of capitaly (¢)
imponts cannot exeeed foreign exchange carnings plus
net recapts from foreign loans and grants.

In most cases, not all these relations are used in the
construction ot the imnal model. Tt is customary to
tocus on one or two of the resources considered to e
of strategic importance in a given situation and on the
relevant behaviour equations,

Capital-centred growth

Whan capital is felt to be the main bottleneck in eco-
nomic growth, s is the case in muny of the under-
developed countries, the typical equations of the ay-
gregate model can be consolidated into the Harrod-
Pomar equation. This simplification ignores or treats
a5 wiven data—at least initially—the labour factor and

with cach other, and of cach of these sectors with other
entitics of the cconomy,

It may be helptal to mdicare some of 1hie uses of cach
of these tvpes. Ageregate models are used 1o determine
possible: prowth rates i national income: the disision
of the nationa] prodnce among consnmption (pubhc nd
Privite), mvestment i oxportsy the regmived vohnme
of domastic savings, imports and forcign hnanenl as
SISLINCE to CIrry out o given programme, Sector models
are used 1o daermine lovels of production and con
sumption by cconomie sectors and 1o evplore aliermanye
production possibilities wirlin idividul produciive
branches, dnter andestry models serve 1o determnme 1he
demand tor intcrmedhane producis and capial voods (1
cluding impons), and than solnnon provides tor omn
tualy consistent set ol prodiciion levels by cconome
sectors, and imports Tor the whoke cconom. e will e
clear, however, from 1he tolloswimge discussion that this
subdivision is 1o some extent arhieary, sinee i OB
nees the dividing ines e no alwovs sondear cue

‘T PROGRAMMIN,

the import regirements and determines the s
srowth achievable from ahe rate of investiment i s
“productiviny™ s measured by cipital ontpue ratio,
Further rebnemenms may be introduced o s sim
plitied model to allow for other varables ar objcctives
other than income growth,

bn the cise of Morocoo and mothe Greek five vear
plan, the Harrod-Donmar model swas applied on - an 0y
gregate basis witl no - distinction among sectors, .\ cap
wal-output ratio was applied o the over all income farget
o estimate an rgregate ivestment Bgure, o the
Algerian tenvear plin, and the phin frame for the bn
dian second vevear plaing capital requiremems were
caleulated on - sectoral hasis, I both plins the income
targets and anvestment regiirements were ser ity
on anaggregare basis: ahe overall provedions were
then broken down by scctors, i the case of India, four
man sectors were singlad ont: investment goods; fac-
tory-produced consumer goods; small scale mdustey and
agriculture, and services. The wtal invesunem figure
was allocated among these seaors on the busis of priori-
ties and the resulting rise i sectoral income and em
ployment was projected consistently with the assumed
priorities and over-all targets. I the case of Ageria,
the cconomy was divided mto mine seaors, Seaioral
capital-output ratios were then applied, and the resuling
rates of growth and investment requirements by scaors
were reconciled with the first aggregate estimates by
4 process of successive approsimations. A twentyseven
sector input-output table was used for that purpose.
The capital requirements were then compared with the
available supply of capital, e mteraal Cipnral formation
being estimated on the basis of the muarginal propensiry
te save, Fhe ditference baween mvestmemn requurements
and internal savings (both public and privae) provides
2 measure of the required forcgn hnancal aid, unless
the investment programme is scaled down. "Fhe process
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of adjusting investment requirenients to cipital availabil-
ities ina capitalshort cconomy s a process of successive
approximations; it involves repeated evaluation and re-
evaluation of the projects making up the nvestment
pl.m by a process of successive climinations and subsu-
tutions so as 1o achieve a balinee between the demand
for, and supply of, capital.?

Akhough o Harrod-Domar model is principally cen-
tred on the capital factor, it can also he used to indheate
the extent 1o which it would he possible to achieve tull
cmplovment of lahour. The increase in employment
which may be expected to result trom the mvestment
programme can be esimated by using either a labour-
capital or a1 Tabour-output ratio. The former method was
used in Indiay the Liter v Algerias o may then be
found that significant gaps exist batween the resuluing
dircct increase in emplovment and the desired employ-
ment targets, Inosuch o case, unless the emploviment
target is abandoned as unachievable, certain other Tabour
nsing activities, which are unrekited to the planned -
vestment, may be suggested by the plinner o Qb the
Rap.

Employment-centred models

I Labour is taken as o starting point e planning, na-
tonal pru(luu will he prululul. as o first .lppm\lml
tion, on the hasis of the available Tabour supply and
the Tibour-output ratio. The implications of the resuling
growth in output i then be ascertained from the re-
maining conditions. Compliance with constraims 5 (4)
and 5 (¢) mentioned above will determine the amount,
il any, of requirements i foreign capital. 1f the Tatter
is not avinlable, a ditferent patiern of national growth
hased on lower mvestment requirements and lower im-
ports will have to be devised, unless the initally stated
cmploviment targets are reduced.

In Cevlon, a model was used which the prime
objective was to provide emplovment for the unem-
ploved and under emploved Libour force, taking o
account the anticipated natural increase i the Tabour
force hy the end of the tenvear plan peniod. On the
hasis of the projected labour force and an assumed level
of Labour productivity, an estimate was made of the
national product at the end of the period and durimg
the itervening vears, The distribution of this aggregae
prochuct among the various sectors was made as follows.
In the case of consumption, it was done by introducing

lssllmpll(nl of . sll;.‘hl rise in ptr G Ipll 1 mnsumptmn.
m conjunction with appropriate income-demand clastic
nies. Production for export demend was projected as an
xogenons variable, and an aggregate gross investment
tignre was estimated. The estimutes of - domestic con
simption, exports and investment provided  the hasis
for a1 projection of import requirements and of the hal
anee of pavments. This first round of estimates showd
4 signiticant balanee of pavments gap which led e the

SV arons mncthods ot project evaluanon are deswnbed i

part 11 of Unied Natwns, Manuwal on Feonomie Decdloponent

Frowecte (Sales Noc 381L.GS). prepared by the Feonomie Com
mission tor Lann . Ameriea

10

nest step, namelyy an estimate ot the required expan-
sion of exports and development of import-suhstitute
mdustrics. Emplovment in the various sectors was then
projected on the hasis of the production Tevels thus ob
taimed, and the aggregate Tabour  requirements com
pared with the estimated Tahour supply. I this casc.
there appeared @ wide gap between the two, Only
Iimited amount of additonal direet employment coukd
be accounted for by the proposed investment. The resid
tal unemployment: was asstned 1o he taken care o
by increases in emplovment in small-scale mdustry and
services on which, however, no quantitative conclusions
could be reached because of Lack of dana,

Foreign exchange-centred models

n the projections made hy the Feonomic Commission
for Laun America, the balinee of payments deficit s
amsidered 0 be o major imitation to growth, at least
m the short run. Foreign exchange availabilities deter
mine the possible imports of raw materials and invest-
ment goods, and the achievable increase in national
product. An aggregate model is constructed which pro
jects national product on the basis of the supply of for-
cign exchunge, The latter is, in turn, determined by
estimates of prospective exports, terms of trade and capi-
tal inflow. I a fornmal sense. this madel s analogous
to the previous two, and is usually combined with one
or the other of them.

More complex models

The model approach is most valuable when several
constraints have to be taken into account simultincously.
Instcad of starting with one of the simplified versions
indicated above, all the imitations to growth are speci-
tied from the start, and o solution of the set of simul-
tancous cquations is arrived at which determines the
rate of growth compatible with all of them. Thus, in
the projections of the cconomy of the Netherlands for
the period from 1950 10 1970, 4 series of himitations was
mtroduced with respect to the supply of capital, the
sipply of labour and the mlumc of imports over that
period. The pr()l)llm was 1o ¢ termine the maximum
risc i per capita income compatible with these limita-
tions, Such o sohution was derived, and by adding addi-
tional “instruments”™ relationships 3t was possible  to
present certain alternatives o a “single optimum®™ plan.f

As mentioned  above, this model makes the various
restrictions exphicit at the start of the analvsis. The solu-
tion of the moslels described in the preceding sections
is reached by o process of successive approximations.
Attention is centred first on one restriction—that of the
assumed kev factory the other restricions are then
l)rnn),hl into the picture. by arialand-error procedure,
m v second or subsequent round of calculations.

The techmique of successive approximations, which
has becn used 1 great many countries, is well brought

“See Netherlinds Conmral Phinning Burean, Scope and Meth-
ods of the Contral Plunmng Bureae (The Thagoe, August 1936),
pages 37 10 40 wnd appendix VAL




out n the planning for Tunisia, which was carried out
with United Nations tchnical assistance. The plannmg
began by constructing a series of aggregate investiment-
tcome projections for the period from 1957 to 1971,
which were hased on i set of alternative assumptions
o capital-output ratios and the share of caprtal torma-
tion 1 gross domestic product. In the computation of
these parameters, the past performance of the cconomy,
among other things, was taken into account, A paralicl
projection: was made of aggregate comsumption --both
public and privite—which assumed different rates of
merease by mujor groups of consumers, mcluding gov-
crnment. This projection was based on the expected
changes in the demographic structure of the ceanomy
and in the structure of employment. These 1wo sets of
projections provided the hasis for calculations of the
required import surpluses. Among the series of alterna-
tive projections thus obtained, one plan frame was se-
lected as most realistic in the light of the restrictions on
mvestment and foreign exchange resources, The plan
outline for the final year of the planning period was
then elabarated in more detail by estimating the avail-
ability of and uses tor a certain number of major prod-
ucts  (approximately 160) iu the consumer goods, -
vestment goods and intermediate goods categories. The
demand for consumer and investment goods was calcu-
lated by an appropriate breakdown of the projected
aggregate figures of consumption and investment. Do-
mestic output was then estimated on the Iasis of the
present production plus the prospective output from
new investments, taking into account domestic demand
and the potential expart possibilitics. These estimates
weres - turn, used to determine the demand for inter-
mediate products. By equating the domestic supply of
these major products with the demand, it was possible
to project import requircments and export availabilitics.

These data far the major products were then used as
the basis for a twenty-two-sector Input-autput matrix, in
order 10 arrive at a4 more complete projection for the
entire_economy. The gaps in the outputs and inputs,
as well as the projections of the distributive shares of
the domestic product, by sectors, were filled hy using
cocfhicients from the inputoutput table of 1957, This
process was carried out through successive approxima-
tions until a balanced matrix was reached. Funally, esti-
mates were nade for employment on the basis of the
projected growth in output in major sectors of the
ccanomy, partly by calculating demand for labour force
to achieve the required grawth, and partly by assuming
certain: changes in labour productivity.

SECTORAL MOODELS

The firsi attempts to establish o development programme
ustally start from an assessment of the prospeats in in
dividual sectors of the ecanomy. Such procedure s
tollowed when data for an over-all model are lacking
although information may exist with respect to indi-
vidual projects. The drawback of this approach is that
the development programme tends to become a collec-

o aof assorted projects which oe no part al an n
tegrated tatal, f0as it possible cither 1o evatuate these
projects on - consistent basis or 1o check the total in
puts agaast the overll avatlibihity of resources. This
section will assess the experience of varions coumy: - n
formulating national programmes i this wan, which
may he destgnated as o Tiom he [)ullnln.llll" ap-
proach.

The project approuch

Although the vrojea approach apparently dispenses
with the use ot madels, some mphiag b no explion,
general cconomie reliionships are mherem m e o
teria used to evialuate the projects. hoas comman, tor
example, e give prionty o those hat carn or sive Tor
agn exchange and also o Livonr those th employ
local Libour.™ The weights 1o be given to these and other
criteria can-only be adequately determimed from some
sort of over-all amalysis, T o such over all ahvneal
framework exists, there s o danger that dividual
projects will be evatuated ander ditferem Asstinptions
and different criteria.

The project approach 10 plannimg has been particu
barly used in countries where the industrial sector s
relatively little developed, such as Ghang (five-vear plan,
July 1959 June 1964), Cambodia (Hive year plan, 1960
1964), Jamaca (ten-vear plan, 1957 38:1966/67) and, 1o
some extent, inthe first five-vear plans of ITndia (1951
52-1955 '56) and Pakistan (1955,756- 9509 ‘6l})

The procedure followed in Pakistan provides a1 good
lustration of the way in which o set of projects s
made consistent: with an over-all analviical framework
covering the availahility of resources and an assumed
rate of income growth, Lists of projects were hrst drawn
up, by sector, on the basis of technical feasibility and
market demand. Since the ol of the resubting chams
on government financial resources and forcign exchange
supphes - greatly exceeded  their availabiliry, prioritics
were allocated 1o the various sectors and e individinal
projects within cach sector, in order 10 arrive g
feasible over-all programme. The criteria nsed - al
locating such priorities. were the contrihntion of the
project to the national income and s impact on the
halince of payments. Further adjustments were required
to muake the plimning of different sectors consistem with
oneanother, and o avoid bottdenceks i the production
of power, and of cement or othev critical waterials.
This called essentily for projections of the demand for
and supply of these key commoditics, and the csablish-
ment of physical hakaince-sheets,

The Cevlon ten-vear plan alsa proceeded minally from
pl'u‘ur.lmn.u'ﬂ for sclected k('_\‘ sectaors, hased one certin
assumptions concerimg the contrtbinon of these sectors
16 the CLONOMY a0 whole, andy 1o the e ul l)n\\il)l(‘,

SThe Phibppine: Plinmng Board o wn eliborae: proiony
sestemy of thas sort wath weghts sagned 1o Gl factor, Most
conntrics apply prioruy aiteri noa des tormaad nemner. This
weighting procednre s disarsed o grear lemgh o the ECAFE
document on programnimg. op. ars chapter IV where 1he
concepl of “ac ounting prices”™ s presenied,
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apon anatvses of the demand and supply factors for
cach ot these sectors, The resulting sectorat da were
then aggregated by successive approximations, tiking
mto accornt e overalt plin trgets and the speatic
assttimptions which weve made concerning the move
ment of the mam aggregates of the cconomy, such as
mvestment ol consumption. fnothas way a0 omnsistent
set ol tmacro cconomic and nicro ceconomic projecions
WIS .l\l]l( \'(‘(I.

FThe problem of ntegraing sector projecions i o
amsistent plain s discussed o the repons o soaeral
Fiited Natons experts. An expert advisig el nored
thar plinmg had previonslv been dane one o secton
Bosiesand thar no need had hon et foran organizaed
andd rcgratal plan Fhe clfaas of s precemal
proach was that the price sunctnre: had become dis
ot d o aeomir o numcrous aves andd sobaidhes
whiche bowever, did nor achicve the shsied reduction
in the countnys balimee o pavments dehca, Simee
signhicanm reduction of s debein was considered
B nnperarive, the adviser’s tash aonsistad proparing
anazzreeare i owhich wondd pooside o ceneral frame
work Tor an dfeaine coordination o scetoral plais
.I|l(: ptl'l\i('\.

In Vicr Nam, anadviser disanssing the consistenas
of tho navional plin and the seatoral plans oade T
mdividial manstres noted thaes i thae coumey, the
cumulative alect of seaoral plin led to over ambitious
and anrcalistie togetss T sudy acase there may be o
Lick o halinee between resource reguirements and
avartlabilivies which may Tead o a0 fnhure o complerg
the progects,

Demand projections

Plinnimg wehnigues mvolve esumuates of the demand
for particubar commadives, Such denund projections
can be carried o by various methods: extrapolation
of past tvends: expenence of other countres insimibar
tickds, and moanalbysis and projeciion of the cconomie
vartables determining the demand. Inthe case of in
termedine denmand, o detnled aalvsis ivolves the use
of - inputoutpur model, o be discussed hetow, b
M many cines simpler models wmay sevve the purpose,

The simplest model for the analysis of consumer de
mand relates the consumption of cach commaodiny 1o
the wotal consumey demand or the ot disposable
ncome e the ecconomy. This refationship can he esti-
mated aither from cross-section studies of - consumey
budgets at o particuby tme or from e analvsis of
changes i consumption over time as income has varied,
The two methods were combined in the FCEN studies
of Colombirand Argentina, i which constmmption was
nrst projected on the hasis ol demand clasticities from
houschold bodger stadies, The results were then ad
justed mthe light of recent rends 1o take acecount of
price changes, population shifts and other factors,

As was pomnted out previously, sector projections were
uscd i atl countries hefore the mput-ourput technigues
came anto esitence: they are abso used wadely even
where the biter doexiste They have the advantage of
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ceonomy in-tme anek effort smee they an be nulde
withow constructing claborate imput-output matrices,
Where the dhata tor aninput output table are ot poor
quatity, or there s hole imterdependence between the
cconomic sectors, such partial projecion techmeues may
vickd results s acenrare as those provided by input oogpat
models. However, they do have the weakness e in
direct and secondary comsequiences iy be brequienthy
forgotten or agnored, C e should be tiben when using
these projeciions v nahe thar himitinons avphien. and
to muahe some albswanee also tor mdirect and secondary
cifects 1 those are constdvred v be ol sicmbicant g
nitn e,

Didawstry agriculture models

In those madcls the CCOnoems s divided o 1w nupn
sechrs, .III(‘
seotors ey be derived rom theses While indusin

iy asstned that the development of other

aevionlure or similar twosector nndels have seldonn
been wsed e actuat |v|mmn < they are sometimes e
terred oo the coonomic hterature (Tor example,
the roport of ahie FCAFE workimg pany retarred o
Aoy, One such model has been used i the general
Ineramre 1o prorect Indin’s cconomic growth” “Fhese
be potentinlby usable 1o make proje
agricubiore industry growths o

lnn(lt'l\ SCem
tons ol halieed”
progect cmplovment shifts frome agneabiare o aindustn
morclitnn to given nereases i per capita income, and
- estimane the required incareases i output i both

scctols necessary by sistain g long term cconomic growth,

INTER-ENDUSTRY NODELS
Ter mdostrs modeds range trom simple mput-outpn
nmrices to maore complhicaed hinear programming nod
(s Fhas articdde s mamby concorned wath the simpler
tvpes, which are wadely wed progranmiming: o brict
discimsion will be pre sented of the apphicanions ul lneay
programming techmqus,

Input-output models

tnputourpur models amalvse expheithy the relationships
among ditferent sectors of the cconomy, I the .lpph(l
tions for (kuluplmnl programming, the cconomy s
generally subdivided anto from fifteen 1o thiny or more
production sectors ane from three o Bive or sixsectons
ol hnat use. The variables e the modet are the Jevels
of mal use, production, and imports of cach group of
commuacivies. Fhe fevels of fmal use are vsoally deter-
mmed ovtside the model and the demands for ner
medine producs and imports are determined from the
solution of the model.

Fhe input oatpur wedel may be considered as
breakdown of the agarcgate models considered above,
hawre )l of o single equunion tor total supply of goods

fAce N Giole ad T ML Hoosen, Popedation Growth and

Feomonee Devclopment mr Lowe Tneome Countries (Panceton,
105N,




and serveees aid thien use, here s an cquation tor cach

sector o praducton. Sinilivly, ilie nae of aapital. Libou
and nnported mataals s esmnned separately for cach
Hsig sedtar msread ol GO anagare gt Duasis, ||l|llll
outpur nrodels thoveinme tilie i acoommt e s i
umges e the contpositnar of demond and oupuL
estnnitng the tequiranients of suchi entitics s capial,
toragne curvenay e Salled Libour, v oonirast oo Ay
crezate moddss which asstme for s, e o
teatton of \.'|‘II.I| It'(]lllltlll('l\l\

ourput ratin,

vasnle over all il

Inoais usaal torm il mpu ourpat niodcd assunmes o
hea rehmonship bawaen the R ool secbor
s mprt vcgrrenme s Frong has SSSHIPTa Ty pos
sthle o esta the «foct on nthar secrors of i
crease ur outpue 1 one mlustry, When rechnologio
changes or caaamies or discconomics of seale are an
napared an allosanee cme be omade fon Granges
mpu oneput coctharents,™

Ler tadusiy madels are printds applicahle i econ
vinies thar love achieved o certain degree of mdustiul
develapmenm and hence have a substamial volume ol
mtermdnstey ramsaciens, Ns o ornke of dhamb, i mas
besuggested hat this s the case 1 countses havine
At deast 15 per conr ot e gross anonal product onig
g neondustey o eving o per capia national m
come ol SIY or more,

Tnput outpue models have several uses develp
IICIE Prograniming,

() They provide for mdividual brandics of the coon
omv estimates of production and mport fevels that are
comsistent with cach other and wih e estimmates of
il demand,

() The solution 1o the model aids i e allocition
ol ahe mvestment required 1o achieve the producnon
levels m the programme and n provides @ more
crvare st ob the adequaey ol available investment e
SONTCes,

(3) Fhe vequirements Tor skilled Libonr can e eval
aased mothe same wan,

() Fhe cmalvsis of import requirements and subsiy
tnon possibilities s faclitaed v the knowledge of
the use of domestic and imported materials in ditTerem
branches of the cconomy.

(3) I addinem o diveat requirements o capital, L
bour and imports, the indirec requirenents in ather
scctors of the ccomomy can e estimated.

(6) Regional input-output models can also be con
structed tor plinnimg purposes to- explore the mmplica-
tons ol development programmes for the particulur
region concerned. as well as for the cconomy as a whole,
Such regional tables hove heen constructed and used Tor
planning purposes in Traly, where there is a0 clear re-
gronal distinction hetween the North and the South,
and where o large programme for the development of
the South has been under way for some time. Varions
tables have also heen constructed for speciiic states, re-
2ims and industries 1 the United Stanes.

YA more complete exposition of the mp ontpt methaod and
Uy application o developiment programmes s given on HOB
Chenery and PG Clark, op. At

SONIC Gy Uses o it et siodels ol
lun_: torm e \'(illl‘ll\l'lll pPhospocts were nuade 1 pPrrogey
tons o Ty 3T ey ned the Nethe b ds R
P9 e method Yo winee Do apphed m dovehp
mrcn sidies ot Colombra, Nveoneeg and Pou T the
Feonomic Cammision Lor T Atmcrco, and e
Sear o e vear protections tor Moveeoe Timsea, Al
seriand ther conntcs o e T st s NI
COTLIPE T eniy e thie sectons e scd ol il
COTVOIIICCC,

The mian problon apphvis g crrpi s
to deve |n|||l|; onres s to alow tor st al S IRTITURN
thar may b Pahamg placc Those Consist ol sibate it s
ol domaste praducnons b anpons, o humges e
nolowy and arhor shites 1 1he st e of mrcrmedian
denand. The tolbhwime avamples s o e e hods
ob Temdhng these problems,

The Tahan mput o pn progcctions dvok o wirh ingh
techuologedt Chanecs nnport substonics, \non
portant chunge i rcchnolisy was cvpeond 1o el
trom the mareasmghe waidespdd teploconem of
ported ot by dhaestie ataeal cas and G orhs
pacnral cncay sonces, These potential il teplac
mems were ostunated g tael babanee shoas the i
output calonbiions were thon adyusted 1o 1he new ]
patrer by mcthed ol siccessive approsimations,
el halance sheet whindh cammared the ol don s
ter el s standard s of e, was based o the o
panston ot tiel casunmmyg mdustries, on the aoonnnn.
aned rechnolomal teasibiling o micanmg the donnds
o vhese mdustries wirli e mmaive fncls and on i
spectal coudinons alfecrng el stupphios. The vesahy o
those estimares were then ted back o th mpinand
YApPHE projeciions i ordar 1o than TEPerenssiany
throvghean 1he coamomns,

Wath vegard o mpan subsiies, o s mat 2ol
tnport higures was estinnated ton cach o of the two o
dred prodoce classes, namels, the factom of addinional
requirenienis expeded te be caverad I tnparts tatha
than by domeste prodiciion. T hes ot oncfhicrents,
cach of wlneh was an imdepcndem evnmane of o
sibstitnton possibilines, were based parthv o e ave
age import propartions of the hose vears path o thos
ol more recent vears, aud the rest on aginal rrends
momports from one vear to the neat,

The ECEN wmput ompar sinehies tor Colombi, \r
gentima and Perualso focus upon the problem of
port substitution. Projections were tirst narde with exst
mg ratos of amports 1o domesig produciion m order
to determine the requirad amount ol nnport substiny
von. In cach sector, an assessment ol pradiciion [0
sibilities on technological and - cconomie grounds wars
then undertaken, FPhe study of Peru i particular, il
lustrates the usefuluess of the input ourpin ecdmique in
bringing ogether i g consistent wany cngineering and
cconomic estiates g cary where statistical dara
are not entirely adequate,

The Mexican input-owpu projecions, e which
United Nations adviser participaicd, provide another

"WEE OB Chonerv and PG Gl ke ape o pages 753 10 054,
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exaniple of o procedure suthaendy tlexible o allow for
structural changes. .\ projection was fuse made Tor the
period from 1955 to 1963, using the mput cocthcients
ot 1950 corrected Tor imervening price changes. The &
rect etfects of changes. such as import substtuton, .
creascd consumption of clectrie power and other strue
tural changes i consumption patterns, were then stitdied
mindependent projections and the indirect etfears of
these changes duoughout the ceonomy were estimuated
by teedhng them mio tle model,

An mportant use of the inpnt output studies made
so tar s s checkimg the over all requiraments of o de
velopment programme or of an mportant specitic proy-
et aganst the avanlabihnes of such tactors as caprtl,
forcrgn currency and sanpower, The mdirea repercus
sions ot the contemplated developments throughout the
ceonomy are often of cqual or grcater importance than
the direct etfecrss and e mav he dilicult o evaluare
them adequately at the radmonal istraments of anal
vais arc used s, Tor instances the chockmg of a0 pre
Iy mvestment progranme - deenl through the
mput ouput method has made 1t possible meseveral
casese for examples i Argenuma and Isacl, o dereat
mconsistencies - the ongimal formulanon, and has led
o adjustuents ol anvestment alocations ocertam
sectors, .

Lxpernnents with mpuc outpie analvais i some conn
wies where industey plavs o relatively: mimor role have
not ver led o pracucal apphications, presumably hecause
of fack of daras Bven where this s the case, however,
the preparation of 1 rough input ourput table s often
dusetul wav o organize the data thae do cast and 1o
mdicate arcas where mconsistenaies and other dehiaen
vies abtain and further investigation s necded. A num
ber of unpubhished tables are known 1o have been pre
pared for this purpose for various countnes. A relared
e of the mputoutpur table 18 1o serve as an anter
mediate step m the constracnon ot svstem ol national
ARYIUNTY

Linear programming models

In order o overcome some of the techmaal |||l||l.|
tons arising from the assumptions of the input outpur
models indicated above, mter industry relations may be
lormulated in the more general framework of lincar
programmuge. “Fhis wechimque takes mo account imporis
and alternanve echimques of - production s separate
variables, or Cacnvities™ e can also wike aeeount more
cllectively of such Lactors as shortages of cipial, forergn
exchange honncations nd avalibithties of speaific nat
lll'.ll VOSOUTdes.,

A dinear programmumg maodel descnibes cconemie fune
tons, suchas proodictiong consumption, transportation,
avportmg and amportmge, as Cacnvines” The Tevels
which these acrvines are carried on are the varables 1
the models Several alternanye techmgues of producng
the same commadite can be mcluded, as can aliernany
uses of the same resourees. In this way the model consti-
ttes o formuahized desenption of the alternanve wavs
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of usiig existing resources o sausty  specrhied needs,
The mputoutput model can be thought of as o sim
phihed Tinear progrimmimg model e which the choice
ot production activities and of smports and exports s
speatied madvaned, thereby reduang the numner o
vartables 1y the maodel,

The solunon o a limear programmmng maode! consists
i tdhing the most ccotmnucal wav of - achieving
ainven set ol obiectives, b one formulationg targets for
the oxpansion of nanomal meome and himications on s
composinon are speaticd: the mommum amount of for
[N ‘I\lil'lu\\II].L' consistent with these (»I)]('\ll\'m s then
tihon s the test of cthaeney, In another case, resonrees
tncludimg toragn mvestment) are given and the na-
tonal tcome s to be nusimuzed. The solntions also pro
vide saas of cquhbrium prces that help o deermine
the cthaenay ol alternative programmes.,

Twie apphcitions of Tmear programnung, to ndia 1l
Tostrne s potental usctulness tor development anal
vasc v Uimited Nations planmung expere constructed
fomteen sector moded designed 1o determine the op-
nmnme allocatnon of ivestment tor g hypothetical wen-
voat programme. Te swas abled tor example, 1o show the
mrenelwsonships among imvestments imosuch sectors as
steel cont and machimery and to compare costs and re-
sults o altenmative investment expenditure i various
mdustnes.™ Although s results were intended---he
cane of the Tmmtations in the datae -to be merely il
fusteives they suggest o namber of  possible applica
vons mother under developed conntries. The main value
of this study seems 1o he m making apparent the inter-
rcbmonships ameng pohaces adopted i different sectors
of the ccotomy,

\nother studs ot Indian planmng used o inear o
cianmung formulation to check the etheiency of invest
mentand prices amphon an the plan frame tour-sector
mdel The analvsis did not support the conclusions
thar had been veached mothe Indian plan frame as o
the rekive ethiaenay of mvestment in diiferent sectonrs
ot the ccomomy, It pomted ot inconsistencies between
the mphen facor prices assumed i the maodel and the
b Lactor price relatienships e Indae Thaus, com
dhicared the necd tar revisions i the wodel or in s
mterpretation, whach had noc heen ipparem when the
plan was orngimathy tormulaed.

Fhe mam practiaal obstacle o the use of inear pro
cranmimg models ies i thar greater demand for st
vl mtormanen. The rechnology of idustries tha
donor cer e many e deseribed on the basis of engn
nearmg profecs o of cocthacms “imported” from other
commtries, but care st be aken 1o use comparable
assihcanons of procdaces and o correat for price ditfer

osandees N Longoean Plinnng Maodel 1or Tncha?, PRy
Uond Narens mameogaphed docament FAO/EIND/2?
R A sl pphaanies wae sugaested v ihe report of a
Vo Nuams adviser e b aep

RO ommva V8 Note o Protessor Mahabanobist Model ot
fdi Eeononue Plammg”™, dccicn of Economics and Statisti
vol NG L hraary 1959 (Hanvard Universiy Press,
Cambndge, Massichisetis), mages 29 g0 38




cnces Furtherminge, comparison of the efliciency
of alternative techniques i feasible only when produc-
tian s braken down mto smualler, more homogencous
clissitications than have so Lar been used for input-
output analysis, sinee the Litter assumes parallel varia
tons cmong the activitnes thar are aggregated n g
QIven sector,

" Although mpnt coctlicients are merpreted e mpnt ongin
and hnewr programnnng s being ravos v phivacal 1ers, they
e normally measured movalie terne

For these and aher reasons, 1t s hhely that the use
ol lmear programming models tor tormuliting develop-
ment programmes will nor be ol wide spread use e the
near Future, Fhese models do, however, huve 4 con
sidevable value in exploring the consisteney of develop
ment alernatives, even when sonn ol the paamerars
used i the analvsis are nao bener thon reasonable Ly
proxmuations. Such g prehmimoany exploration op al
ternatives Inomeans of Linesr progiammmg has been
recommendead m he reports of Unted Nanons adviser s
1 bndia and e,

EVALUATION OF USE OF MODELS IN PROGRAMMING

LTHOVan Tkl vk been a few evaluations of the
“Bresults of  cconomic projections - the more ad
vaneed countries, velatively litde work s been done
on evaluation of such prajections in the less developed
countnes,  Certin tentative  and prehiminary conclu
stons s to the usefulness aud limications of madels may
be derived from the present study o the experience
gemed through the United Nations technical ASSISLITICE
programme and other work o this field.

The first question 1o be raised is whether the use of
modcls s Tikely to improve the formulation of cconomic
policies by governments,  Here the werght of apimon
suonglv favours the use of some sort of plmning madel
although the possible drawhacks are nog heing ignored.
Fhe advantages most often cited gre:

(1) The avordance of overly-ambitious  investment
programmes. that would cause inflation and balance of
pavment - dithculties, and may even prove 16 he 4.
together unmanageable;

(2) Provision af 0 better basis Tor an ceconomic evaly
ation of individual  prajects;

(3) Achicving o balince i the growth of ditferem
sectors and thus .1\'mding bottlenecks.

\ second question is the extent to which 1l tise ol
ormal model miproves the making of prajections
aned the assessment of policy alternatives, A mimmum
logical structure for making projections s provided by
the requirement that supply be at least cqual to demand
tor all commadities and factors of production.  The re-
nunmg - relanonships among cconamic variahles can
ather be formalated as mathematical Fnctions or de
termined by the use of judgement.’™  The mang argu
ments for specifyving these relations as explicitdy as possi-
ble are that m o thes way it s casier ta determine the
range of passible solutians and tha IMpartant restric
nons wall not be overtooked.

A thard general question s the degree of detail that

P The Liner pracednre s tollowed 10 4 large extent - the
profections of the Nanona! Plinning Association for the Unied
Stites coonomv. Whether therr procedure mvolves the e of a
tornal model v Largely o« semantic question: 1 requires he
estimation: of o namber of ratios among the conponents of
natienal income .and product @ mnch the same way as these
Fatas are deternuned by o combination of statistical analysis
i udgenient in the less developed conntries,

should be wimed w moan ove Al modell civen the
ol Timtations on stavstical duta mder developed
countres, As g genenl pProposition, 1t can be staned
that, the less complete the madel, the more nends (o
overstate the development possibilhities ol Loy
because it ignores the composition ob outpmt e the
slifts an resources tha mav he vegnired 1o adieve o
grven ancrease i total ontput, 1o orher words, 1t fanls
to take into account the possibiliny ol development o
sectoral bottlenecks wlich nmay slow down consider
blv the overall rore of growth, A detaled utodel of
the amput-output type may erran the other direction by
underesnmating the Hexibelity o the cconomy when
omits the possible subsnitutions 1hon mayv tike plie
among commodities as prices dhange and new tedh
nologies are mtroduced. The degree of dernl tha s
uschul o any particuln case depends Lirgely on the
complexity of he cconomy and the data available,

Some of the objections that huve been tinsed 1o the
use of models m onder developed conmmnes are the fol
lwing:

(1) The model may be more chiborate than the duata
warrant :

(2) Assnmptions v be nade ar he sar of 1he
analvses which are e reexamumed laar (o example,
the Assumphion of given exponts i comam nodels, o
the itk allocation of nvestment - 1he Indian fom
sector maodel)

(3) The nse of models favonrs medhamse vpes of
projections and mav el 1o overlook o tangibl
though vportant factons;

(4) The resuls of aggregate models are of hule
operational sigmbicaince: sinee the governmen pohcy
i more concerned with the requnements of mdividunl
sectors of the cCconomy,

These objecnions are not proparly cnnasms of he
use of maodels per e bt vather of 1hie abilines of the
peeple who nse them, Al these obrcaians cm he it
hy use of sound cconomic judgement as well as of s
tistical analysis and by subjecting the resnlts of the
models 1o varons kinds of tests. Flus may e it
diferently by stanng tha, working withow an ag
gregide modely an expert plaminng bodv nuy niake
someminor mistakes while an ancompeent planming
ofice workmg even wih perfeet models mayv cainse
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cconomic disastar. The use of models does not i any
way chmimate or diminish - the importanee o com
petence and sound yudgement. On the contrary, o model
beng genarally o comples svstem, any projection or
plan based on iy strongly affected by the values of
the wechmiaal and ccononne cocthaents used. The
proper ostimate and use ol these cocthaents s a4 ke
prablem e progemmmimg, They cannot be determimed
or used meoan automatie fashion,

The followmg general comclusions s 1o the ase ol
modcls me plannmg development may he suggested.

() Ao aggregare model, however crade, s Tkl
1o be ot vatue many coumry e the st phase of plan
mge. hes i uses are:

() To provude imtnal assumptions as o the valies of
national produce and other aggregares that are needed
e the anatssis of mdivadual sectors:

() To provide o basis for matal allocation of 1ol
mvestment resonrees, and o maore speaheally ol thase
avatlable 1o the govarnment:

(v To provide o basis dor the cvaluation of invest
ment projects (see condlusion (3 helow),

(2) Sectoral ougpar profections are needed for the
magor seaors of the cconomy swhatever tvpe of develop
nmenm pohicy s o he tollowed, T the Tess mdustralized
countries, these projecticars cans be made separately for
Cach seaor and coordinated Dy the use of common s
stmptions as o income growth and total use of re
swources, However, e coummes wlich have reached
cartan lovel of mdustral development. particularly as
regards praduction ot imtermediate products, an - ipu
output analvsis s usetul moorder o ensure the consist
ency ol the sector projections swth cach other and with
the chumgimg pattern of domestic demand and exports,
A numbar of countries have found i convement, Tor the
applicaion of mputonput analvsis, o use a hreakdown
ol the cconomy m between twamy and thiny sectors
ot prodouciion. In parncalar, all the msrument van
ables™ mentoned carhier retor to mdividual sectors and

it s important in that respeat 1o have sectoral models
which can project the behaviour of cach sector inre
sponse to changes in policies or hinal demand.

(3) The otabhshment ol prionties for nvestment
can be improved by the use ol aggregate and secton
models.™  The vanous methads of assessing priorities
require the estmation of the tuture valie to the ceon

omy s detarimad by aggregate damand and ol
avartlibiliny of Tabour and Torcign oxchange and the
prospective dematds tor imdinadual commuodiies. Thes
magintudes cans best he denved trom aggregate ind
sevtor E\l'(ni('\linn\.

(1) Feonomic models have considerable value i the
cvphoranon ol abternative devdopment polices. They
ke 1t possible o detcrmime the effcas of changes
methe plmmmg assumptions or ebhicctives, such as o
rise e dorcen vestment, o change i the vate ol
crowth, or o brger Lihonr torees They can alsa serve
toadenuiy antcal varables o vetationships in the e
velopment processe which helps 1o focus caprrical e
scarch and pahicy formutation on the most mportant
probloms,

(51 The devddopment of cconomice maodels muost be
paralleled v mprovament. both me quahee and
quanuty, of the bodv of statistical information on which
thev are hased. There s o two way interaction here,
Nat ouly are better stanisties required Tor the construe
ton of models and the implementation of policies hased
on tham, hue the existence ol models helps o pome up
weahnesses i the available statistics and thus guides
the authorties in mproving them. The requirements
for the construction of planning models have thus bad
2 beneticnl eifect upon the basic statistical indormation
i countries where they have heen nsed.

s vepic e nat discosan b e deral moahe present article
beanse 1t s proposed 1o make 1t the snbigect of a0 weparat
Unned Nanans stinlv divestiaent priosinies v relotion 1o imer
b plang have been studied by Both vhe Teonamie Commisston
tor Latm Nimenca and the oanonne Commmission tor A il
the Far boase

Sclected bibliography csed tn the preparation of this article
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ordination, Atheus. 1959)

India:
The Firet Free Yeaw Plan, 1957131 (lus)
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Programming Techniques

for Economic Development

I\ Juey 1959, the Feonomic Commission for Asia and

the T Fast (FCATE) convened the First Group ot
Faxperts on Programming Techniques' w0 “prepare
veport outhning the: most efficient and - practical ap
proach to cconomic development programming tech-
niques, with specal reference to growth models as
tool ol development progranmming in countries of the
LOAFT. vegion™ Fhe group's conclusions are em-
bodicd i report entitled Programming Techniques
Jor- Economuc Development aith Special Reference to
e and the Far Fast.” "Fhis report is brictly sum:
marized  below,

The report examines various types of growth models,
mdicates the data requived for cach of them, and pre-
sents recommendations on their construction and  use,
While the report is aimed at providing guidance 1o
countries of the region in programming their econonic
development, the techniques which it deseribes and the
conclusions and recommendations which it formukates
are o much broader applicability. The main body of
the report s presented i licerary form, with simple
arithmetical illustrations, The mathematical treatment
ol the maodels is given in appendices to certain chaprers.
The report also contains o sclected bibliography on pro-
Sramming techniques.

The growth models are presented in order of -
creasing  complesity, an arvimgement motvated  not
only by didictic considerations, bt also by the fact
that the availabiliy of data and degree of advancement
ol plinning techimques vary considerably from one
conntry to another e the region,

Aggregate models, amed at projecting the general
rate ol cconomic development which o country seeks
toattam, are discussed fiest, In these models, the
meastres of cconomic development are expressed i
terms o national income, consumption, savings, invest-
ment and emplovment: ina simplificd model, the hasic

VPhe gronp wis composed of 1he following experts who
tended i heir personal capacities: fan Finbergen, Professor,
Netherlands School of - Econoniies,  Rotierdam  (Chairman) ;
D kanath Ghosh, Chairman, Programmes Exalination Organi-
sanon, Phuwing Commission, Goverment of  Tndia - (Viee
Charmand . Gan Corea, Searetary, Nanonal Plhinning Conn
al and Divecior, Planning Secretasiat, Government of Cevlon;
Bentanmn Phggims, Protessor ot Feonomies and Chairman, De-
partinent of Feonomics, University of Texas, and Shinichi Teln-
mara, Assistang Professor, Instimie of  Social and - Econonmne
Research, Osaka Univeraity, Japan.

= United Nations publicanon (Sales No.: 60 HF.3). Fhe report
represents the nnanimons views of its authaors,

I8

target tor development programming is the achieve-
ment of the highest possible rate ol capitad accumul.a-
tion,

Models to datermine the rate of development in
Nenor cconomie sectors are examined next. Intersector
srowth relationships are considered in models Timited
o two main sectors: consumption goods-investment
goods: export goods-products Tor the home  market;
agriculiural producton-industrial production,

The report then proceeds to what s perhaps the key
problem of plimning—the integration of  programmes
ol specibie projects into sectoral and national investment
plans. Various quantitative methods for appraising the
clfeats of projeas and establishing  prionities among
them are reviewed, The report examines models with
different combinations of aims and factors, 1aking into
consideration, among other things, the role ol “ac-
counting™ or “shadow™ prices i project viluation, This
leads to - discussion of mput-output and lincar pro-
gramming techniques for detailed multisectoral plan-
mng and, as o turther step, to an examination of mulhti
regional development programmes,

The report deals with the guestion of short-term ex-
ternal disturbances arising during the plan period, and
proposes thot certain models be used to make the neces-
sary adjustments Tv concludes with a brief review of
the problems involved in planning the supply and dis-
tribution of manpower, and the establishment of cdu-
cational and training facilities 1o meet the needs of the
CCONOMIC progrimme,

Fhe nature of the data required for constyucting the
models varies with thair type, The rlatively simpl
aggpregate: models require recent data on national in-
COMCL SIVINGS, INVESTMENL. eXports, imports, capital co-
ctheients, population and labour force.  The sectoral
models need, in addition, statistics on output, incorne
and employment, price indices and wage rates, and
data on ncome and price elasticities of demand. libour
productivity and - capital  coefficients for cach main
sector. The use of the more complex input-output and
hncar programmmg  techniques further involves the
availability of a large number of data on current trans-
actions, technological characteristics of projects, includ-
g possible alternative techniques, import contents of
expenditures by industrial - consumers and producers,
and so on. The construction of regional models requires
most of 1he above data, by sector and by region.
Finally, 10 evaluate projects effectively, it is desirable
to have o large amount of information on  invest-
ment - requirements, costs and  technological alterna-
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tives, The group of expens suggested that aggregte
models might be used in most countries of the re-
gionand sectoral models in a few of these, It felt tha
only in Japan and India would it he possihle to apply
the more complex input-output or linear prograimming
techniques.

The group recommended that knowledge of pro-
gramming techniques be more widely disseminated
through such methods as the preparation of 4 hand-
book on - development programming for the use of

planning agencies and the organization of 4 series of
rRining courses in couniries of the region. It also
reccommended that programming data .1 techniques
be improved through increased ctiorts in collection and
rescarch by national and mternational organizations
and by furthe r mectings of expert groupsy particular
emphusis was put on the collection and analvsis of
data on costs, capital and mput coefficients, consumption
andinvestment functions, Tibour productivity, shadow
prices and the related question ol choice of technology.

PREVIOUS ISSUES OF THFE BULLETIN

Bulletin on Industrialization und Productivity No.

Conrenrs: Capital intensity in industry in under
developed countries. Choice of technology in industrial
planning, by [, Tinbergen. Capital intensity in heavy
cngineering construction, Hirc-purchase loans for the
mechanization of  spall industry, by /. E. Stepanek.
Use of accounting as an aid to management in indust rial
cnterprises i under-developed countries, by G. Ronson.
Round-tible discussion on indust ril management in

Bullctin on Industrialization and Productivity No.,

Coxrents: Problems of size of plant i indusiny i
under-developed countries. Interrelations between large
and small industriul enterprises in Jupan, by Toyoroku
Ando. Organization and operation of cottage and small
industries. Labour aspects of management, by (. R,
Wynne-Roberts. Business leadership in under-developed
countries, by Chandulal N. Vakil. Some problems of
mdustrial management reported by technical assistance
experts. Establishment of technological rescarch institutes

Bulletin on Industrialization and Productivity No.

Contents: Capital intensity and costs in earth-moving
operations. Working party on earth-moving operations,
Choice of industrial technology: the case of wood-
working, by G. K. Boon. Use of welding in machine-
building, hy Evgeny P. Unksop. Financing of small-
scale industries in under-developed countries. Use of
statistical quality  control in the industry of under-

under-developed arcas. Current activities under  the
acgis of the United Nations in the field of industrializa-
ton and productivity, Selecied list of titles on in.
dustrizlization,

UL N publ, Sales No.: S8QLB2. 7o pges

SUS. 0700 5/ st Sw. tr 300 (or cquivalent i other
currencies)

Avaikable in English, Frenel aud Spanish edhitions
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in under-developed countries, Conterence on industrial;
zation i reltion o cconomic development, Report of
a group of experts on the United Nartions Sceretariat's
work programme on industrializanion.
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~USO 0700 5/ st Sw. fr 300 (or cquivatent in other
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developed countrics, by William R. Puber, Iro A new
impetus to industrial development: the United Nations
Special Fund.
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Choice of T echniques

The experience of Japan and its implications for
under-developed countries gy SABURO OKITA

Thr roLtowine akTicLE 75 o part of a series of studies o capital imiensty publiched
m oearlier issues of the Bulletn, In these stndies, the problem 1oas denty with oy
macro-cconomic or over-all notonal planning levet, und 4 Micro-ccononuc or industry
and plant leyel,

An articie i the Jirst isine, entitled “Cupitd Intensity in Indwstry im U nider
developed  Countries”, served o5 an mtroduction 1o the serres ond cvisaged  the
problem under both aspects. It reviewed und assessed recommendations made (o Gy
crnments by technical assistunce experic on generol indnstrialisation policies, selection
of tndustries and degree of mechanization individual indnstries, pith ricu to
provding guidance both to amthorities 11y charge of indurial development und 10
experts supplying technical assistance. In onother aiticle in the same isiue, " Choiee of
Technology in Industrial Planmng”, My, Jun Tinbergen, Professor at the Nethertand;
School of Economics, discussed capital intensity in the conteve of the establishment of
national development plans, and presented practical suggestions for a systematic micre.
economic approach in carrying out research in this field. The problem of copital
intensity In planning was also one of the subjects discussed ar 4 conference of the
Economic Commission for Asia and the Far East (ECAFE) on industrialization in
the region, an account of which was publiched in the second yssue of the Bullctin,

On the microeconomic level, the problem has been explored in 4 number of
articles. One of them, entitled “Capital Intensity iu Heavy Enginecring Constrmc.
tion”, published in the first issue, examined the economics of alternative technigues of
varying capital intensity in a specific industry offering a wide range of technologicol
possibilities in that respect. It was followed up by 4 study on “Capital Intensity and
Costs In Earth-moving Operations”, whic), appeared in the third issne. Thic arpiele
was accompanied by a note on the meeting of a working party on carth-moving opera.
tions in the EC AFE region which dealt with various aspects of the technology of corth-
moving using manual labour, mechanized equipment and combined operations of
hoth. Another mdustry was analysed from that standpoint in an article by Mr. G;. K.
Roon of the Netherlands Economic Institnte, T hiec stndy, entitled “Choice of Industriol
Technology: The Case of Wood-working”, which was published in the sume icone,
dealt with alternative production processec in a om ple industrial operation. the munn-
factore of wooden window frames and furniture. Finaly, a study published in the
second issue of the Bulletin on problems of size of plant in under-developed countries,
which dealt with the economies of size in the fertilizer and glasscomtainer industries,
cxamined the problem of capital intensity in connexion with certain aspects of thr
subtect, namely, the choice of technologies and the lifetime of equipment.

The article by Mr. Saburo Okita of the Fconomic Planning Agency of fapan, pre-
sented below, examines again the problem of capital Intensity on a macro-economic
level inthe context of historical developments i Japan. It analysec the approach which
has been adopted in Japan in order 10 make the best use of its endowment in capito!
and labonr in developing agriculture, transportation and manufacturins.




%u\n or e deasions which under-devetoped coun-
2 nes have womake bring about the transforma-
ton of their veonomy from . stare of stagnation 16 2
process of dyiimiic development are in the nature of 4
chonee berween lullmquu A proper choee mav achieve
the double purpose ol cairrving out thns transformation
with the Teast pamand sacritice and attamimg o state of
atemomons devdopment soithin the WJhortest period o
e,

Inaanarrow seises choree of techimigues means selea
mg the most adequare and cifective means o processes
moachieve agiven torget e production, transportation
or other cconomic acnvities, Ina broadar sense. choos
my techniques is wmtincunt teosetting up mvestment
priories, Inoths article, the problem witl be examined
tunder the Later aspect,

The problem under consvderaion s o find the opt
mum combmation of  Lactors of production -Libonr,
caipital and watural resources including Lind - under
civen hasie conditions. “The factors should be combined
sa s 1o moke the fullest use of ol enisting availible
resources, e o maximize the surplus of product over
current consumption. The resources thus generated
will e available or new capital formation, which i

Meo Owiry Docctar of the
Govanrient of Japan, s a

Plamning Bureaw, Feo
monre Planning Tgoncy,
statl member of the scorctarnat of the United N ations
Foonore Commission for Laa and the Favo Pt
(ECTEE ) o 1952 and 19535 He has beon o micorber
of the deleganon of  Japan 1o varions saternational
mcctings, in particular those of FCAFE, Flis arncle
Ivoa rerised version of o papor which he sulmitted 1o
the Round-table Conference of the International Foo
nonue Assoaation held ar Gamagori, Japan, in A prid
1960,

CIorhere e good  pon taabines, coastal tamsporiaion isoan
ctlective means o saving capnnal

Merchant ships i the b of Ko

the precondition for the turther development and cum-
ulanve expansion ol the cconomy, Eeonomic develop
ment should proceed without having ta resort to cacrdive
means 1o mobilize capital Labour, or to mpose exe

cosvely austere hiving condmons,

CHOLCE OF TECHNIQUES AND ENDOWDNENT IN RESOURCES

In combimmg the factors of production, account witl be
tihen ot thar relaive scarcitys The following criteria
vegardimg uthzanon of resources apply 1o all under
developed countries i castern Asian: they would also
be valid i many under developed countries in other
regions,

(1) Capital resources should be saved and used with
nenimum dlectiveness, Where factoe substitution s
possible, capital-siving techniques should he adopred,
provided o reasonable level of etlicieney is achieved.

(2) Foraign exchange resources should also e saved
andused with maximum cfectiveness, In general,
cconomic development will raise the demand for im-
ports of both consumer and capital goads,  wlile ex
ports will ot mcrease proportionately, In under-de-
veloped countries, especially i those depending upon
export of primary products, - substantial increase in
the surphas available for export s often precluded by
natural  tactors: the surplus mayv e di-
domestic denand induced
By the process of (IL-\'L-I(»Ium'nl For these reasons, de
\\lnpm\' countrics often experience a strain on' their
halanee of pavmens, Factor combinations pernuting
siving of Horeign exchange should therefore be pre-
ferred.

SOMCLITGS,
mumshed by inercase

(Y Fall use should be made of the abour foree, To
leave manpower idle is to waste o majer resource, and.
to be used olectively, w should be trained. The start-
g pomt moa programme of  cconomic dudupm(nl
Jould thercfore be o provide trimning and cducation
to the Libour foree.,

The development o Japan was Lgely guided Iy
these principles. Before examining the cise of ]lpln
m more det; ||l. a e renmarks will he made concerning
another case e whicly development was achicved along
ditferent llnu that of the Soviet Union. In that
country, development eiforts were from the heginning,
and sull ars focused on the promotion of  heavy in-

dustrvy 1he development of consumer goods industrics
was o follow _L:l.l(llLl”\,

Tlcewere a namber of reasons for which the Soviet
Uinion: chose o give special priority o he, vy industry,
The st was that, in order 10 realize socialism in
state surrounded by capindist countries, the  Soviet
Union found it necessary 1o strengthen its national de-
fences which involved development of heavy industries,




...

The second was tha the Soviet Union had vast un-
cultivated agriculiural regrons that were thinlv: papu-
Led: o increase agricultural production, it was de
aded o resort, on large seale, to tractors, commbimes
and other mechanized miplements, the supplv ol which
dso requred the development of heavy mdus rv. \u
the same time, Libour woas 1 he released from 1he Jar
cultural to the mdustrial sector,

In castern A, where populaticn densiny i agn
cultural arcas i relatively lgho e asidercd 1ar more
Iportant e raise agriculiorl preclacion per unn
Lind than 1o coonanize hauman labour, and Lann
mechiamization docs not Iave the same urgeney, Al
national detence requremaents me Asian ccamtrics 1odas
are certainly not campavable 1o wh they were i the
Soviet Union after the revolution, Vhe difference in
histerical and structural conditions. -in particular, the
relative seardity of capital and Lind and he relative
dbundance of Labour—will normally imvadve 1 the under
developed countries of Asis and the Far Fast o dhtferem
tvpe ot cconomic development.

THE EXPERIENCE OF ].-\I’.-\\'

Lapan provides the example of country - with  higly
population density which. starting as an agriculcural
countryhas rapidly developed into 4 modern industrial
ceonomy. Inothis process. several cconomic SCCLOrs, -
uding thar of agriculiure. have plaved an importan
role,

Agriculture

The eehmqgues applicd 1 developmg agennliral pro
duction i Japan have comsisted of incrcased us ol
tnure, mproved: plang hreeding, weeding and oy
struction, maostly by hand, o dramage and At
werks, These techmques anned Comomizig capal,
mereasing vacld per umt of nd unlizing Libow
extensivelys Large sale use calivarors ar arhe
meedern equipmen hegan anlv reconrhy, when owing
o the increasing s o the Ldour force on 1l
Pt of indhosiy, i hece mperatine bonagnenlon |
CHECTPrIses tor save an Labwony mput aid icrease Laibean
productivity,

In lln(lcr—(lt'\'c](r|n-(| countries where the caamncamy i
based on agrviculiure, surplus should be cregted 1y
agreultwre i capital invesrmens to take place m
dustry, AU the sime nme, 1hie agnadtaral secror shonkd
otler markets for the Prodecs wmed o by he newhy
established mdustrics, Thus, 1l agrrcuhneal secsor
would plav o double rade i e mdnstializaton ot
these caamtries, In 1l cghteen seventies, when Lapan
had s started 1o moderng ze, 90 percent of the cen
tral gevermment revenne s derved tnan Lind v
withim forty vears 1he proporticar had been redinced 1)
10 per cent, .\ Lirge part ot the renal mcome of Lind
owners cme to e invested i mdusiry, hanks, shipping
andk other modern seaor of the ceoncanv, N\t the same
ume agncultural production meveased el the fiving
concitions of  the tarmers wradualhy mproved,

In coumtries where development pedicies LINC prioriny
to industrialization  and neglect aericulire, mtlation

Hefore Lapan's raodenzanon.
resal was prinapally made 10

hunam shoulders |




“The exponsion in shipbuilding involved the developmeny of
the awan and seeel induostry L,

andt dithieultios wothe balanee of payments ny develop,
bvig standinds may remain Tow., and the smooth pro
coss ot cconomie development may he impaired. Pro,
moting the growth and improvement of agricultural
production is thus the most importan prerequsite to
mdustrialization.  The choice of techniques e agri-
culture should, in general, e such as 10 save on captal
resources and make the Tulest possible use of the vl
able Tabour foree,

Transportation

Fhe development of an efhicient transportation system
s another prerequisite to cconomic development. Trans-
port makes it possible for the vitlige cconomy 1o cast
ol s age-old shell of set-suthiciency, enlarge the market
for its products aud increase the gams due to the di-
vision of Labour. In this scctor, oo, the choice of tech-
mques should be made from the viewpoint of saving
capital and forcign - exchange and - emploving Libour
cffectively,

For a long tme i Japan, railroads and maritime
coastal shippiug provided the chict means of trans-
portations at s only recently that construction of
modern road network was begun, I there are good
portfacilities, coastal transportation is an effective
means of saving capital. On the whole, railroads have
been more cconomical than roads in Japan, because of
the topographical configuration of this mountainous
country and s high' population densitv, fn o recent
study, it was found that comstruction of a railroad De-
tween Tokva and Osaka (5354 Kilometres) would cost
about half as much as that of 0 modern high speed
highwayv, The Japaese network includes many single-
track railways: these are now becoming bottlenecks, but
they have plaved their part in cconomizing capital. Full
use should evidemtly be made of the rolling-stock. and
time schedules should be srictly observed if trafic -
pacity is to be masimized. Freight costs are wenerally
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lower for rail than for road trmsport, exeept for short
distanee haulage or canving perishable or - high-value
commadities, for which doorto-door transport s more
ceonomical, Rail tvamsport aine Jupan also has a4 dhs-
ot advantage over road trathe as regards consumption
of cnergyyas at can ise indigenous coal and - hvdro
deanans road tramsport vequires oil products, the
domestic ontput of whidr cansatisty only g sl part
of the denmand. Ranlroads are also more snitable
motor-cars Tor passcnger wathe mea counrey with
high populainon densiny and vl v Tow meonx
level,

Fhere are animber ot reasons, some of thenr his-
torical, tor which roads have not been developed oy
tensively e Japan, One s that, hetore Japan's modern
zation, resort was o prancpallv made o human
shoulders. Draft animals were not much used in viee
culivation and, consegnently, plaved no important role
mtransportation. o Eorope, where animals were
widely nsed i agriculture, they could also be emploved
tor transportation, which, in turn, necessitated the de-
velopment of good roads, A second reason s that the
costs o burlding and mantaming roads are high in
Japan because of its topography; a third s that, paral.
leling the expansion of sea transport, almost all im-
portant industeial cities have developed along the coast.

As it population increases and it advances into higher
stages o industrialization and urbanization, Japan feels
the nead for expanding its road network, the inadequa-
ev of which s hecoming a bottleneck hindering the
couniy’s cconomic activity, In receut veurs, invest-
ment e road construction and improvement has heen
mereasing. Looking back, it can be said that, on the
whole, in- developing its transportation system, Japan
has followed w course that was in line with the need
to save capital and forcign exchange,

Manufacturing

It s penerally recogmzed that industrialization is a
dymamic factor in economic development.  The choice
of industrial techniques should aim at inducing a cum-
ulaive expansion.  Industrialization  policies fulfilling
the hasic criteria of saving capital and foreign exchange
and making effective use of the libour force would
normally give priority, at least in the carly stages, to
producing  substitutes for imported goods, especially
those requiring relatively linle capital and a fair amount
of lubour.  Such import substitution policies will gen-
erally involve adeption of measures to protect  the
market for the new products aganst the competition
of toreign goods.

As mentioned earlicr. there s funcdiimentally dif-
ferent approach in which prionity is given from the
carliest stages of industrialization to the development
of cipital-intensive industries. This course 1s some-
times tollowed for reasons of national defence, or some-
tmes of prestige; in such cases judgement based on
economic criteria would not be relevant.  However, it
would be legitimate to examine from an economic
standpoint the opportunity of following a process of
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e, more capital-itensive idus.
asaresult of the mcrease m num
hers ol aspenenced entreprencars ramed workors,
ad e accumulan el capial Fins iy the cours Hhat
Faropaan countrics have spontancously Tollowed 1 1he
past. I under developed counrics, on the oiher hand
such s process of mdustriahzaton should be plinned
dehberatel so s o, aNnze progress meoas shor o
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“The Warking Party discussed at some lengil 1he
vrious aspects of the question of chop
e idusirig] developmen.
tal wand relaive abundanee of manpowce were fe-
tures common to the cconomies of the countries in
the region, If (he pohicies and programmes of de.
velopment aimed it the hesg utihzation of this factor
combination, the chojee

e ol technigues
Relative SCITCITY of -

of Libour-intensive technigues
appeared o some countries 1o be the preferable course
i several Belds, my rate i the anldv stage of e
velopment,  From the standpoint of rapid economic
JQrowth, howeper, capital-intensive technigques offered
distinet advantages.  The higher levels  of produc-
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the lower piice ol imiported raw cotton led 1o a0 rapud
expansion ot the spmnmg and weanving mdustries,
Mulberny plintanons 1ook the plice of cotton e rhe
frelds md the sencalrare mdusoy developed . Fapore
of raw sk became one ol the most miporant saurces
of the foragn exchange which pand 1o the mpars
needed tor idustniahizauon,

In the nmeteen thivties, the capieal accumulancd by
the cotton and silk industries Tand the groundwaork 1o
the establishment ot the ravon industry, and, ateor 1he
Sceeond Warld Ware muade possible the vapnd dovelop
ment of the svnthene hbre mdusiry, The spimmimg and
hbre-producimg plants are penerally of Tirge size: wean
g and other texnle operanons e predominantls Ca
red out me medinm sized and small scale antaprses.
The laver are stll plaving an important role e pro
vihng emplovment opportuninics,

The Japanese machine buildimg mdustry i ludes
larges medium sized and small establishments. Muans
sl cnterprises have subcontracnug relationships wih
the Birge ones” Repair shops have plaved then pan

“The Fapanese tachine honbdig mdasts
cndes darges acdimn s od and sl

estabhshimone,

Polirce tovndo o func iy tacton s

i the development ol dus seceor. Nor onlv da tha
mprove the vate ol operation ol casting plints
consttute o source ol supphv o tramed rechnicans.
but they also have opportumties of growimy e L
and probtable entarprises. A evample s provided In
the Hhitdn Munutacunng Company, the Targest na
chine building concevn e Japan, which had s ongin
i the repair shop of the Thuch copper miae,

SCALE OF INDESTRY AND CAPUTAL INTENSTY

In 1956, the total nnmber o workers i the Japanos
manutacturing idustey was about 7 nullion, of which
about 4 million were cmploved i medium sized and

* 8 Unned Navonse Clntereelimons Between barge and
Stall Industral Faerprises i fapan™s by Fovaroku A,
Kulletin on baductrialezation and Preductiiy . No. Y (Sales N
S91LBD.

F8ce b Use ot Industmal Eagmpment e Under descloped
Conmiries” i the presem issae,
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siall cmceprises closs thane S00 cmplovees) aid miore
thon s pulhion ve veny sl anerpiises (less than 30
cmplovies),

Generallv spoakmg. the Liger the saale ot the on
terpmse |.||\.|||. 1he Illgh(l the (l(glt'( of (.Ipll.ll (R
rensity - Where mdustrahizanon pohacs emphasize the
ostablsbimenm ot capial it nsive andustries, wide it
ferentals mowages and Tiving standards e hbelv o
develop berwean rthe emplovees ol the Enge soade 1w
taries and the nuorty of the Libenr Torce, the tormen
bocamimy o son ol Labom anstocracy, Inoview of 1he
seany of capiabs the momber ot Capial miensive i
dusines hkelv o be o ostablished e ander developed
countrics will mgeneral he salll and these industries
will ho ble v absorh oy o tracnon of the Libon
populatione In Japanc o Lirge part ol the Libour tovee
omploved o medinm sized and ol cnterprises i
which the degrec ot capreal meensiny s rebainvely low
Secabas al conrse, are he Tevels ol productivies and

Wades osach cnrcrprises

Andhistinon o tas pae
tamn s even e table Bowhidh shows capatal iiensin

and W Jovel momdusiey hosize ol crerprise, Table
Dshows caped itensiy i mdustry and other ceonome
sy,

Where birge wage and ving standard differentials
st s natadvasable, m general, o correet the situation
too hastr Iy by vl meastives which mav involve o risk
ol mercasimg substintally the numbers of unemploved.
s preferable o remedy the discrepanaies gradually.
Reeping pacc widh cconomic growth and captal ac
cumulation, s cmplovment opportunities merease, the
surplus populaion in- farm districts may be absorbed
mto-other occupanons, which would comribute 10 im
proving productiviey and rasing evels e agriculture.
In- Bapans e s anticipared thae the recently observed
slowdonwn i the vate of inerease of pn]»ul.lli(.)n and the
high rare of cconomic prowih will ccntinue i the fore
seeable Tuture, which is likely o bring about, within
some ten o wenty vears, 1 graduad climination of the
dual stracture of the Tibour marker deseribed above and
move Japan's cconomv closer 1o the futl-cnplovment
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Jaran: Caprrag, INTENSITY AND WAGE LEVEL IN INDUSTRY, 1y SIZE OF ENTURPRISE, [YST

Iied caprtal
per worker
feapital

s Y ]
1o ot Rt of miensity

il odnctie Hy

Lahour X Gross profre e
vl of per wonke rer worker

ERETPrice KPose ot put Rroei profit
tnunther of 1o fived tthotsands of vens 1o frved tthousands of veny
eniplovee s caprral X3y caprtal RIS i (6)
(1) (] (3 (4) (5, (n) (7
I3 0,139 93 13 0,043 4 9
4.9 0,186 Uk 1% 0.082 L] 10
1019 1.256 N kR 0.133 12 11
2024 1.269 97 26 0.144 14 12
3049 0.284 102 24 0.167 17 12
50.99 0,258 136 i3 0.162 22 13
100- 194 0,221 186 11 0.145 7 14
200-299 0.202 233 47 0.133 3 16
300-499 0.168 345 58 0119 1l 17
S0 449 0. 146 47 63 0103 16 149
LOGO and aver 0,100 N 7 0.06% 52 25
Towl 0133 324 43 0.083 27 16
Noaces Minitry ol It rnationy| Trak md Industry, Awalvsis of Curvent Lapanese Drduen v kv,

poage N3,

Table 2

FAPas CAammae iNteNsry I Ix

DUNTRY AND OTHER LCONGINIC SUCTORS:

VAL E o nixin camitar, AWSETS PER WORKER, 955

YN

931 prices)

Inductry Thowand e 4 ven

Agriculiure, toresiry and fishenes e
Mining 239
Coal 231
Gras 2676
Coal  products 482
Petroleum products 3459
Foodsiufls 191
Iron and sieel 92
Iron and sicel products 75
Non ferrous metals 546
Machinery 172
Vehicles and shiphuilding 234
Paper and paper products 183
Wood products 134
Leather products 152

Indnstm Thewenis of yon

Rubber products Uh
Corton spitiiug Nl
Tesnle products 171
Baste chemicals S0y
Chemieal products 34
Ceramics 196
Orher manacturing indusirics N
Ilectrie power 3,404
Commeree 121
Communications T30
Coustruction AR
Banking and insurance %2
Services, miseellimeous

unclassiticed NG

Sonrce: Mimistiy of International trade and Industn,  fwadves of Cureent lapanese Industre, 1959 poage 167
Ihe wuble i based on mtormation obiained by the Foononn, Plinbing Apcney i ite “National Wil Strvey”

tor Y85,

conditions now prevailing in Europe. It may he ex-
pected that o vital role will he played in this process by
medium-sized and small-scale enterprises offering num-
eraus employment  opportunities  while requiring re-
Latively smull capital investments,

CONCLUDING REMARKS

The question of choice of techniques has been ex-
amined above with reference to the conditions obtaining

i under-developed countrics of As daracterized o
only by scarcity of capital and forcign exchange, bt
also by high population density. The canditions Lavons
g rapid industrialization  withon cntailing - major
sacrifices in living standards appear to he the lollowing :
techniques maximizing the effectiveness of mvestment
and employment sheuld be preferied; simple 1echniques
shauld be used first, and more complex ones intraduced
gradually; planning and leadership by the government
are necessary if progress is to be aceclerated.
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Countries

PROBLENMS OF MAINTENANCE, REPAIRS. REPLACEMENT AND  OBSOLESCENCE

Prepared by the Division of Industrial Development of the United Nations Department of

Fconomic and Social A ffuirs

INTRODUCTION

'l‘lu-. Diision o Industrial Development of  the
Umted Nations Seeretariat s concentrating a con-
stiderable part of its rescarch activities on problems of
nulizaton  of - capital vesowrees i under-developed
countries where the efficient use of sich searee re-
sonrces  particulacly i the idustral seaor as kev
problem. A number of stuches i provions issues of this
publicanon have been devoted 1o this subject. The
present stidye which deals wath the problems of main
temees repanand replacement of industrial equipment
- under developed countries, forms part of this series,
In the conrse of the next decades the scope and im
portance of these problems are bonnd o increase rapidhy.
At tirsts maintenance and repair requirements will grow
At approximutely the same vate as the stock of
dustral fined assets, I the absence of quantitative
mdiciions as o the magnitnde of this stock in
the imder developed areas, the rate of growth in main
renanee requirements mav beestimated on the basis
of the anmual average increase of production volime,
B the past twenty vears, inspite of war time destruc-
ton i some areas and Lk of investment funds, the
rate of growth of industrial production in those arcas
has been impressive (table 1).

1 the rates of growth in the list reported Rve vear
period continne, by 1975 industrial ontpue will reach
S percent of the 1938 Jevel in Latin America, 600
N

per cent of the 1958 level in East and South-East Asia
and 550 per cent of the 1953 level in Africa and the
Middle Last, I, as a first approximation, the capital-
output ratto is assumed o be constnt and the volume
of maintenance is assumed 1o be a linear function of
the stock of capital, the volume of maintenance by 1975
will be three to six times greater than that in 1958, or.
tor AMfrica and the Middle East, than that in 1953,

At the same time, maintenance will change quahia-
tvely, that is, it will become more intensive: more of-
haent methods are likely 1o be introduced. On the
other hand, investment in modern cquipment requires
more creful upkeep, based upon scientific control of
wear and tear.

The eanal performance of equipment depends on
variety of factors: skill of the operating personnel; ade-
quacy of design and capacity in relation to the required
quality and quantity of production; rate of utilization;
adequate How of raw materials and supplics; uninter-
rupted operation of the entire production line of which
the particular picce of equipment s part, and so forth,
Deficicrcies inany of these links will be reflected in a
drop in the overall performance.  Effective industrial
operation depends on o sustained and integrated effort
m the technological, manaeerial and economic fields.

The present studv is confined to the part played by
cquipment inachicving optimum  performance. It




deals, particular, wirh three fopaes naamtenance aned
repairs, optimum: hifctime, replacement.
AMirhough 1he three topies e clearly interrelated, it
Is convement to make these distinarions Tor 1he PUrPOSes
ol this stuch s For cach topics the discussion consists of

MAINTENANCE

POLICIES AND PRACTICES [N THE INDUSTRIALUZED
COUNTRIES

N ORRCEN T vEakss especally o sinee the Second Workd

Wars the mportance of mamienmee ol mdustrial
cquipment has heen mercasingly vecogmzed i the de
veloped  ceononues, western' centrally - plinmed?
ones alike,
this interes ;

(«) Progressive munagement in 1he medusteialized
countries is mere aware now than in the past ol the
Lact that maintenance must be s closely controlled s
producrion, if maximum chicieney s 1o be achieved.

() There have been considerable changes i the
ture of industrial processes and organization.  Instead
of idividual machines, maodern mdustry increasimgly
tses mtegrated production processes - Tor example, pro-

Two reasons seem 1o he responsible for

PSee among atlierss Anglo Anerican Counal s Prochicnivaty,
Plant Mumtcrance (London, Decanher 1937 and Mt nance
Engineermyg Handbook (McGraw Hifl, New York, 1957,

A Dodonow, Planvoranye, finansiroran e, e het 1 unaliz
Sabraloa remont osnormc kb edste (Plinming, financing, ac.
cotmimg and - cconomig .')).ll_\"\l\ ol fixed JANSCLS ntenange b,
Goshmzdar (Mascon, 1934y, A, P, Whihavshy and AL O,
Yihobsem, O edini sisteme planovo prediprediteloove remont,
tekhmologiclieskos o oborudos ania mashinosiroieinekly predpri
vave™ (On the oniticd swstem of plinned and prevemive main
knance of 1he webnical cqmpment e machine biilding in
dnstries), Vestuk Mashinostrocnia (\Machine building Bulleniny,
Noo 12,1954 (Mosconw ),

Tuble 1

MR v RATE OF CROWTIE OF INDUSTRING o0 Teeey,
BY GLOGRAPIIC A} RIGTON
( l’crc('m.lg;-)

Totd Hewey mamifactu iy,

Kegron and pespod mannfactirmy component

Latin tmeriea

1938— 1058 5.4 7.2
1938-—1048 5.8 7.0
1948-— 10933 3.7 5.9
1953— 1958 6.2 90
Last and South-Eust iy
1938 — 1958 3.9 54
1938— 1948 -7 —4.7
1948—1933 9.6 16.]
1953—1958 115 15.0
Africa and the Middle 1Fast
1938—1958
1938—1948 5.3 6.1
194%—1953 1035 13.1
19331958

Source: United Nations, Parterns of Industrial Growth, 1938 1058
(Sales Noo: 50.XVILe), page T,
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AND REPAIRS

duction lingy, Atomated proccses whidly e planmied
accorchmg 1o the are, lighv ctivaen process
orgamzaton v,y breahdown o, Plece ol
cquipment which s pare o mrezraed production
|im- s hable 1o canse 1o srama distaprion than 1l
ob 0 machime apetatng soparaehy, Convarsely, oy
Creases e maitenanee gl P costs e justilied
lh('_\' obvie or reduce the N IRTINES ol Stoppages ol very
CAPUnSIve cqupment,

The basic objectives of manaenee md o poh
aes i oanodern mdnstry rec

I to Keep plane SO TR

|‘I11(II|\||.|II .||N|
SCPVIee

mproper condition (o pPortarme commmonshy
the functions for which they wore angimally desioned:

2 To Keep costs 1o minmim: . '

s To inercase 1he ('l“(i('ll(‘) ol mamenas ¢ work aed
soncrease the avalability of plant Tor production, "} his
mems natonly rednemg the e 1iken from un,
tenance jobs, hut 1o usmgsimproved methods o vedio
thair frequency ;

1 To improve 1he operation ol the plant while
production;

5 To improve warking conditions m the olant,

Types of mamtenance

A variety of tvpes of maintenance s been developed,
suitable for diverse technical i coonemie condmaons,
A short summuary of these npesewih an evaliation o
their respective advamtagpes and chsadvantages, s i
cluded i appendin oo i e, Uneler the older
plont pracrice, maintenanee is conrolled el Carried om
by the production spervisors shilled caiamen operan
ez machine 1ools or similar cquipment tike Gire of
their own machinery as they indge necessary, Special
naintenance men—cither respousible toa prodiction
foreman or orgamized as o smull group under a special
miintenance forenun responsible 10 the production
nunager of the arca—are catled in Iy OPCIALIVES OF pro
duction supervisors whencver repairs are needed,

Under another, older svstem knewn as the “system
ol breakdown maintenance™, o SCPITAte Uit s organ
ized whose services are called upon by the production
department when mechameal, structural o onher foul
ure reduces the desired rine of production. Mamtenanmee
proper s generally confined 10 periodic Tubricasion
and o such mspections and  mmor adjustments as
are requested Trom time 1o time by 1he production de
partment. Otherwise cquipmen is worked  until
breakdown mukes repair necessary,

TSer Whidievshy and Yoholwon, opeat o Plant Main
tenanee, op. ot page 3,

29




~E

A more modern mcthod 18 1o orgamze nuntenanee
1S PIOCEsS 1o certam extent separate from production.
Under such an arrangement, waintenance includes in-
spections and overhauls at regular, scheduled intervals,
mctuding svstemuatic checks of purts exposed to vear

and rears thus, repairs decrease frequeney and i
portance. This svstem has hecome standard prictice
momany andustries where preventing breakdowns andd
lensthemng the litetime of cquipment is of muajor im-
pertance,

Mantenanee comprises inspections ol varions degrees
ol inransity, from o routine check of parts exposed o
severe wear and tear and particalarly Table o develop
detecs i general overlaal, Normaliv, for givern
tpe of cquipment, the scheme would include several
tpes ol mspeaions which are scheduled acenrding 1o
stated nime periods or hours of operation.' A muin
tenane: plain s estahhished which indicates the periodicity
ol the various tvpes of inspection, 1l parts 1o he i
spected.and the wear tolerance Tor cach purrt, hevond
which tis o be replaced. Such specilications are nor-
nlbe given o the instructions of the praducer of the
cauiptent: they are suhsequently revised in the plani
nethe Tight ol experienee, wiking into account sudh
Lictors s the importanee attached by munagement 1o
the pravention of breakdewns® Al servieeable equip
ment i well orcanmized industrial enterprises is general:
I provided with a minimum iaintenanee programme
hased apon welmical saterv requirements, Regular Tu-
brication, mspection, adjnstments repairs hecome
routine, Speaal maintenance anits are wenerallyin
charge of sach operations.,

Waorkas i industrial countries have been familior
with rechmal eqnipment Tor gencrations and have de
veloped o cataim “feed™ for the care ol such cquipment.
No cnterprise considers iself prasperous enough to ne
glect naintenance and vepair, and cach one will estab.
lish o optimum: programme which zenerally exceeds
the requived sechnical minimum for ensuring safe op
cration during the expected useful life of the equip-

"Fhe Bightest mispecnion, type VY may, for istanee, be
scheduled ar ahree menth mteevals, or alter SO0 hours of
operanion: the schedale wonkd turther indicae thar afier e
wpe AT anspecnans, there s aninspection of medimm vpe
B and e cad TR inspection s folleaved byoaovpe e
mspechian, which melides an ntensane overhaal.

Ay mennoned calier, the Tater factor will be of special im
pratance at the breakdewn of the given piece of cquipment
brmgs an ennre prodaction Tine to o standsull, The nantenance
schedule slumld then indicate o lower wear 1olerance for re.
placement of vl parts and, occasionally, also shorter meryals

bernweon mspeciions,

n the Unued Staresc the formier precedire hos, i some in
stances, been punsded o the porit ol autonmatie replacement
of certea parts under o fised sehedale Based on past experience,
This practce of veplacing parts ca the busis of prababality, tha
150 mvespechve of evidenced need, s bemg adopted wien high
wages make the checking of parts more costlyv 1than aatonatic
replacaiment, ar when paricular importance s attached to nn
micernpted operation between overlaml inspeciions. Faeept for
very spectal cases=tor examples airandt-alns prctice s not
hhelv v be fosttied i nnder developed conntries whers Ve
levels e normllv considerably Tower and the cost of spare
parts comsrdevably higher
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ment and winch s oiten hased upon considerations o
possibleand - ccomomuically justilicd  substitutions o
scarce factors,

In madern practice there s some possibilite of choiee
among scheduled ™ plinned™ and “preventive’™ muain
tenanee schemes. Fach suceessive schieme involves an
mercase e clerical and engmeermg work, bur s mae
ctharent in dengthering the period ol servicealihty of
the cqupment and s reliabitity of performance.

Under the “scheduled™ manmnenance schame, the stail
dravws up o inventory of the major plant tems and
subinis to the production department an estimate of
those Tikely i need repairs during the nest operation
perd.Incgeneraly the productian programme in
ducnces the fining ol the times at which individual
items e niken out ol production: for repuairs,

“Prevenuve™ matntenance atilizes aosvstematic com
paranve alvsis of - pertormance which greatly im
proves the budgeting for inspection, maintenance, e
placement and modification t6 be carricd out during
the Tetime of cach item. Tts purpose is o prevent
exeessive wear and tear and reduce 1o 0 mummum
breahdown repair by substtuting for it upkeep, pre-
planped replicement of parts md their modification

Linportance of maintenance operations in modern
industry

A recent survey ' aonducted inthe United States clearly
indicares the importance of maintenance in modern in-
dustry. beoals reveals the vancety of - maintenance
practices and requirements inindividual - industrial
branches. The following table shows the importance
ol mamienance - various industries hased  upon the
proportior: ol muamienance . workers  to - production

workers cmploved.
Nwumber of maintenance
employees per 100

Dbidustn production ¢ mplovees
Chenneals, oils o, 50
Stone, claye glass e, 16
Fomd i e 14
Primary metals and metal fabricaton......13
TransPOrtation o e 12
Electical machinery o, 10
Machinery (excluding clectrical

MECINETY) i e, 9

Pulp, paper, allied industrics
Ilectronics, instruments . :

Rubher 6

lhe practve of “madernization” of exiIstng cquipment, es-
pectally machine 1ools, has recently been introdaced in many
covaines. The basic idea is o bring old equipment up to the
stndlards ot the Tatest development. A number of different
methods re sed, for example, rebuilding certain parts of the
e daring overlaols, This practice has been particularly
developec e centrally planned cconomies. See |. M. Kucher and
AN Racher, Modernezatsn 1 artomeats zatsia stankov (Modern-
aticn and onunion of nachine loois)  (Mashgiz, Moscow,
43R,

FrMamienance Management Prictices Taday”, Factury Man-
dgement ana Mastenao e (MeGraw-Hill, New York, October
1038y, pagee 134,




()\\mg, among  other Tactors, to mproved man
tenanee, the hictume of mdustrial cquipment i the e
veloped conmtnes s generally Jong,™ much longer than
the so-called “uselul Tire™ employed for purposes of s
sossing deprecation. There s generally - diserepaney
between the “real”™ e of cquipment and s rccouns
mg” hie, Deprecianon policy aims tovmulating
comvenment mcthods of assessig depreciation and
shorienimg, “useful lives™, the Luter Tor two main re.-
sons: the high rate of obsolescence of capital atems
caused I rechnologic.l progress, and the need Tor
bnanaal resources ney only o replace but also 1o en
Lirge mdastrial cipacey. On the other hand, industry
ts obvicusly nerested oxtending the actual Bietime
ob cqmpment Unless cxeesive operating and - repair
costs dearly il for replicement, completely “de
Precated™ and even “ohsolere cqmpment s generally
Keptm use on sccondary hines of productiom along with
modern equipment. Thas, some cqupment—for ex
ampics machine tools—often undergoes o process of
tunctoaal downgrading, t is, it is shifted from jobs
o primary production Tines to jobs of lower mtensity
or quality, i which (he superiority of new and et -
Lrocqumpment s less mportant— An- ohsalescent .-
dine ol may he put on operations where predision
requirements areless cxacing, cither i the same plant
or (‘|S('\\'|l('rt‘."

Policies and measures suggested for the under-
developed countrics

There s hardly need ta stress the importinee of main-
tenance and repaiy in under-developed countries where
scarenty of camital is amajar obstacle 1o industrialization.
Investment i a prece of cquipment—cespecially im-
ported - equipment—represents a considerably grener
soctal cost e terms of resource imput thin s the case
i developed countries. Under these conditions, waste
of cquipment which could be avaded by good main-
tenamee practices ar adequate repair is cxtremely poor
mdustry practice: in fact, even more care s called for
toensure opumum perfarmance of each pece of equip-
ment,

Actual practice in under-developed  countries often
fails, however, to bear out this simple logic. United
Natons technical assistance experts inindustry have

S BSK 60 per cent of the machine wols in 1he United
Stnes were at feast ten years of ages i the United Kingdom
and the Federal Repuhhic of Gerniany 50 and ¥ per cent,
respectively, of all machinery were estimated to he over ten
vears of age. The lower age of equipment in the last (wo
countries is explained by the war-ume destruction and sub.
sequent renewal and replacement policies, That vear, in Poland,
over 47 per cent of machine tools were at least ten vears ok
and about onc fourth were over twenty years old. dmerican
Muachaust, 17 November 1958 (New York), R Krengel, “s
Industricpatential der vier Grossien Industrickinder der Welt®
(The industrial pmentialities of the four largest industrial coun
iries of the world), Koujunkturpolitik, 1958 (Berhin): Roczurk
Sturrstvezny (Stavstical Yearbook), 1959 (Warsaw), page 131,

" See United Nations, “Problemns of Size of Plant in Industry
in Under-deveioped Countries”, Bedletin on Industrialization and
Productiity, Np, 2 (Sales No.: S91LR.1), page 22, footnowe 26,

noted on o numbher oo occastons that, hecnise of e

zlects valuable cquipment eperated ar only g racien

of capaanys was out of production Tor prolonged penods
of tme and, i some aases, had heen damaged  he
vond repairs Lack of skilled operatars s owell as e
adequate care are generally the main canses, In numy
cases howevar, Lick of asrention 1o mamtenanee s due
e mditference cn e P ol wanagemem ™ here
isoolen relucance o engage i avpense which niy
not vidd ommediate rerarns: mamtenance depart.
mem is considered ap anneesssary burden on he en
terprise. Paradgonically cnonghy nmaganen v he
mchicd - cven more o b meomdusivahized  coun.
s 1o consider gl cquiment chsolete and value
less: this aversion 10 old cquipment and techniques
My even sometimes take the formn, espeandly e pab-
heenterprises and services, ol dehberate neglect in
cases where o policy of replacement of old cytipiment s
Lavonred hy the nunagement,!!

Mamtenance i the modern sense reqires e high
level of organization. Tt is o divectly velared 1o the
manutactring procedire and s tming and periadi-
atyare set by predetermined arrangements rather than
by Following “signals™ sent out hy the producion Mo-
coss. "™ Where niodern methads o maintenantee ae
ot spontancousiy mitiated by mdusiry. Goverinments
of under-developed  countries shauld nndertake car-
rective aciam as e essential clement of their pabicy of
mdustrial development, In the public sector, such ¢
ton can be direet; in the other sector, mdinect measures
are called for. Of the wtmast INTPOILINCE 1S - ex-
LENsIve trimng progriamme, cmphasizing methods and
techniques of impraving the ualization of cquipment,
Another measure is the granting of Premmms e pro-
duction workers for proper cire of cquipment. [
nancial and fscal incentives shonld also he provided hy
the Govermment, particularly where nemagement and
engmeers tend 1o undercstimate the unportmee of ex-
tending the life of cquipment by proper muintenance.
The use of Tully-depreciated cquipmient bevond its -
coumting™ life should be encanraged.

" Fhe sertonsness of this facter may be llstrared by 1l
dificnlties caconmtered by - expert mooon Asian conniry  n
ISSng paintenance msienctions hecanse the bocal Langnage <|_i:l
not even have o word for 1he coneept of nainenance, See, 1y
addition, Unined Nations, Management of Industrial Futerpriies
m Underdeveloped Countric: (Sales Nov: SYILBS)Y, pages 22
10 My Some Problems of Indusirial Managemen Reported Iy
Fechnical Assisince Experts”, Bulletin on Indust adization and
Producticaty, No. 2, pages 95 and 56,

AU the same time, purdiase of second hand cquipinent,
particukarly by the smaller enterprises, w done on Lirge «cule
m under developed  conntries,

2 In order W ensiire g Wgh level of numtenance, 0 hus heen
suggested that modern, capital intensive techmology be used
mnder-developed conmries, Capiral miensive processes are usnally
organized in g very srice and rigorous Wway: aware ol the Ingh
value of cquipment, operators, s well as nmanagreinen, are
suppuonsed 10 pav 1he utimose atention 1o cach prrocess requurennent
in the production and mamtenance fields, (Alhen O, Fhrschiom,
The Strategy of Foonomie Development (Yale University Prew,
New Haven, 1958), puges 13% to 143). This measnre, possibly
cificient in theory, s generallv 100 expensive in ternis of capital

and skilled Libour 10 he introdnecd on 4oy saale

31




-~

Spare parts

Anomportant problem me under-daveloped countnes s
that of spare parts. which are often saaree and expen-
ave, hnmany casess management s not asware ot the
NECESSI of carrving .|(|u|ll.‘l(' niventories ol |\.|I'|\:
m othar cases equipiment 1s so heterogencous as regads
ages tpe and coumry ot ongime thar procivameni of
parts e comples ando i the ase al some rapidiy ob
solesang cquipment. o impossible sk These dit
bouitios e olten compounded whon exchange aathor
itres, hecanse of thar Lick ol appreaation ot the sparg
parts problem. are reluctam o allow exchiange Tor ade

Groaang o turret Jathe o a Mickigan ja ton

quate imports.This problem has heen discussed e
carlicr veport.” The alternative of local prodicion ol
spare parts is brethy discussed e appendin 1

In the Tollowing secnion, somue aspects of - possibk
substitution of Tabour Tor spare parts i nunmenang
and repairs will be considered.

In the industrial countries, as g consequence of s
g wage fevels rekative o maerial costs, the trend has
been towards creasing the nse ol ibour e muain
tenance, The auromatic replicement of spare parts, men
tioned above, s an extreme Hustraton of his end
ency. Indess developed countries--where Libour s
cheaper and spare parts are more expensive-=i apprars
questionable whether the same trend should e fol
lawed or whether, on the contrary, greater use should
he made of Libour in order to save on spare parts. The
extent to which the latter substitution s justihed will
be determimed by two factors: the price relationship
between Libour and spare parts and the clasticity of
substitution herween the two' For g given country,

L United Navons, Masagenrent or Industicad Fotcrprises
Under devcloped Countries. pages 22 100 29,

W his clastian av he depned s the pereentage saving on
spare parts vesnlnmgg from aone percent nerease - labow
mput,

M

the tormer is ey constant over relanvely short periods
ol time. Llasticity of substitution, on the other hand.
vories with the tvpe of equipment and the tvpe ol
maintenanee or repair, I given the laters s roughly
the same regardless of location,

While no direa data are availables approximae
values for the clasticity of substitution can be denved
from: relative ourlavs o mantenanee and repairs for
wages and materal costs. Thuse a0 by bty ratio
would indicate o substitnton clasticity valuc ol one.
ratio of 60 per cent Labour cosis and 40 par cent
terial costs an clastiary value of 15"

A ample example will Mastrate the mpacte ot
change i the price relationship of labour and sparc
parts on - the optimum rclative mpur o both com:
ponents. Tewill e assamed that clastiany of subst
tution is cqual 1o umty, This means that the praduct
ot outlavs Tor Tahour and spare parts 18 constant, irres-
pective of the proportions in which they are usedy under
these vondimons the opiimiime proportion would ob
ran when the oathers Tor horh Tactors are cqual. It
is Turther assumed thar for o given volume ol main-
tananee and repairs the ontlay inthe United States
cquals 100 for cach component, or §200 for the total
Froallve noas assumed that the price of Libour 2
civen under dovdoped country, s compared with the
Unitedd States, s i the ratios of 040 to T and the price
ot sparc parts m the ratio of 160 1o 101 the relaive
phvsacal mput of both Lactors s unchanged. the outln
for Labour i cquivalent to 040 SIO0 S40, and tha
for spare parts 1o Lo < SIO0 8160, which gives an
anchanged 1otal ontday of 2000 Hawever, because ot
the low cost of Labour compared o that of spare parts,
nwill he probtable to change the proportions of physt
cal imput i favour of the former. A minimum of ol
costs will he reached when, on the hasis of the assumed
clasticity cocthaent of one, substitution of labaur for
spare parts is pushed up o the point at which the ow-
Lavs Tor both tactors are agaim equal, assuming this o
he technologicalls feasible,™ This will imply doubling
the physical jopue of Libour combined with o saving
of one hall on spare partsy the combined outlay will
then he 22840 - 0328160 S10. An .|(|.||\l.|li(|n of
the relative use of Labour and spare parts 1o the dif-
ferent price relationship woukd thus result in o saving
of 20 per cenmt””

L For the mathenancal deduenon of aliese statements, see
appendix 1L

W See appendix 1T 1s meresting o note that the athrimaion
that ahe opumunm rcknve ontlavs for producton factors wilt
remain constant under Diferent relanive tactor prices (under the
proviso of substitution possibihts and o constant cocthcient of
sabstitntion) s not himited o momtenance operations: but holds
true for all produchon processes.

5 AN interesting oxample of  mternational co-operation in
mamten.anee based upon marked ditfferences in labour costs s
the practie of American, Brinsh and other airlines of sending
their arnlanes to Israel tor mager repairs, heavy  maintenance
overbaals, aash damage repairs and sianbar jobs, The com
petntne advantage of Tarael mothie held stems nmanly from the
low cont of s skalled Labwor. (The New York Tines, T July
19600, ) '




OPTIMUM

'l‘m‘, PRI OF ornnes lifetime has two aspects: ane

relates 1o measures for extending the uscful life
of . given picce of cquipment. This poses, as will be
seen Later, an “optimum™ problem. The second aspiect
relates o the more general question of replacement, in
which physical litetime is only one of the clements 1o

Tuble 2

ANNUITY VALUES 081 INTEREST AND DEPKECIVIION A1 INTIRIN]
RATES OF 6 AND 12 PER CENT, AT LND OF YE \Rs

(Percentage of cost of canipment)

Innnes vatecs at end of Bifcme

foctme of eqmpment
catmiher of yenrv

At 6 pey
cent interest

At 12 per

CORE G s}

b 16.10 20,13

R 14.70 18.77
10 13,59 17.70
I 12,08 16,84
12 11.93 16.14
13 11.30 15.57
14 10,76 15.00
13 10.30 14.08
16 490 14.34
17 9,54 14.03
18 9.24 13.74
to 8.96 13.58
20 8.7 13.39

be considerad, This section s concerned with the firs
aspeat: the tollowing section deals with the second.

RELATION OF MAINTENANCE AND REPAWR TO LIFETIMF

The problem s 10 determine the opumum  physical
hitctime of the cquipment in relation 1o the required
volume of maintenance and repairs. For the sake of
simphay, it will be assumed that obsolescence cn e
left out of account. The usetul lifetime will then be
determined by physical wear and tear and itas s
sumed that it could be extended, through more inten-
sive mamtenance and repair, over the working life of
the cquipment. Thus, moving parts can be kept in
rood working order longer through  more  frequent
lubricanon, inspection, adjustment and replacement of
vorn out parts; unumely deterioration of thie basic
trame can be prevented by periodic derusting, repaint-
g, repairs and the like. The problem referred 1o above
may e formulated as follows: given the inerease in e
amnual volume of maintenance and repair correspond-
g 1o an increase in the lifetime of the cquipment,
what 1s the optimum lifetime and the corresponding an-
nual outlay for maintenance and repair’  The solu-

LIFETIME

tion 1o this problem 1y simple. Sinee the estension of
itetime  will correspond 1o decrease in annual cost
of mterest and Saccountimg™ depreciation, the optimum
litetime will e the pormntat wihieh this decrease cuinals
the inerease i annual cost of mamtenance and e
pairs, '

A nunaerical example mav e given as e allostr
ton. 1o will be assumed tho with am inerease 1 the
annual cost of maintenanee repair equal 1o one
half ol one per cent of the cost of the cquipment,
onevaarextension of hifetime can be obimed. T s
turther assumed that the amual interest Fae s 6 pel
cent. The oy values Tor 1his rate arC given
the appropriate column of 1able 2,

[t can be seen from wable 2 tha the opimum life
tme is about fourteen vears: m extension Hrom thirteen
to fourteen vears will result in saving ol 034 per
cent on the annual cost of interest and depreciation

Flectricnans cvammmy the windings o) a large motor Iy Jare

reparing 1t

which is more than the assumed one hualf of one pur
cent addincanally required for annual maimcnanee
repairs=—and will thus be profitable. An extension from
fourteen to hifteen vaars would result oo an annual
saving in the cost of interest and depreciation of only
046 per cont and, thercfore, would nor e profitable.

The effect on optimum litenime of the differam
Lictor-price relanonships normally obtianming 1 nnder
developed  countries will now be esamined. the s

™ Fhrovghour this seaton a s assuwned 1hn cguIptiear of
congarabie pertormance s oanlable at the tine ol replaceniean
W abe samie cost s e equipmeat mouse,
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Vianteminee cicte checkmg pipedies or DT produton
plant o N Delh

SUIMpPHons made m the preceding SCCtIon 1N Connesion
with the refative use of labour and spare pans heing
retamed. Under these assimptions, the costof Tabour™
in the imder-developed areas s 60 per cent lower than
it in the United States, and - the cost ol imported
spare parts —-which s heing taken to be that ol cquip
ment i general s 60 per cent higher. In mantenanee
ad repairs, Tabour and spare parts mav he substituted
for one another inoinverse ratios, Teowas found thi
inder such conditions the wst of o given volume of
maintenance andrepdirs, asuming that - the phvsical
mpm min ot labour and spare pares s adapted to the
price relanon hetween these Lactors, will e 20 per con
lower in the under developed countries than i the
United States. The ratio of the cost of maimtenance
o he cost of cquipment in the ider developed arca
i thns one half of what itas i the United States™
I olns tieure s applied o the case cited above owill
be found that, for the under developed areas, anex
rension of the lifetome of the cquipment hyone vear
FEQUITES a1 TNCTCIse of ouly ane fourth of one per cent
m the annual costs of maintenance and repairs i

e rae of the oot of Libour should clearly be caleulated
wihe rato of 1he wage fevd multphied Ty the rano ot Liboan
prodnan v,

O Fhe ratro s ndoed SO per cent e pey s cent

3

aerd of onehali of one per cent. This correspends,
according 1o table 2, 10 an oprimum liictime of ap
proximately nincteen: yaars. The decrease in annnty
resulting from anextension of lifetime from cighteen
o mincteen vedars is 028 percent, and from neteen
o twenty vears, 024 per eent

It will he noted that for the calanlations of optimum
lifetime only the corvesponding change in annual cost
of mamtenauce and repairs of the lifetme is rddevant,
and not the actnal level of w0

Relaxation of the simple assumptions discussed abore

Bowas assumed mothe example used above that the
wimne interest rate obtais in the under developed area
nd o the United States. The introducnion ol dit
(orent imerest rates will not raise any additional prob
lems: 1t will involve the use of ditferent annuity tables.
Thise for an interest rate of 12 per cente the annnty
wlies - the appropriate colmn i table 2 indicate
Jightly Tower oprimum lifetime ot aboat cighteen vears,

Ao i the example above the maitenance and e
pairs were assumed 1o he spread evenly over the whole
life of the cqnipment. Howeveroam what we may fabdd
“he first cascL part of the maintenance and repdirs s
normully in the form of penadic mspections and over-
Lanls (sce it 1ographs Lo and Ihy. Moreover, man-
tenance and repairs nuay inerease with the age of the
cquipment (graph 3a) this we call “the second case™.
I the first case. in order o extend the Tie of the
cqripment, more frequent and more intensive mn
spections and overhauls (graph 2a) are requived: the
corresponding increase inannual maintenance and re-
pairs can then e estimated by averaging® the addr-
tional costs (graph M) In the sccond case, extension
of Nifctime requires relatively more mtensive main-
renance and repairs during the “extra™ lifetime which
is retlected in substantially higher averaged cost (graphs
Woand 3. The procedure for determining the op-
nmune hiferime i the first case will not differ basically
from that in the simple example given aboves the pro-
Gabiliy of such an estension in the second case re-
quires Turther investigation,

The following example may be offered as an illus-
rration. Tt will he assumed that, in the United States,
the cost of maintenanee and repairs increases cach vear
ater ahe Birst five vears of operation by onc-halt of

SThe optimnm hbtime e be Jerermined  with greater
secnracy by graphicat procedure.

= e determme 1he ol volume of nuintenance and repanirs
Mat s required for he phvsicat liferime 10 beoptimum, the
Later datnm, of course, hos to be known.

P he averages mothe graphs refer to averages for alternauve
hctines,

Mo e decision regarding actual replacement may, in s
e Beadvanced or deferred depending on wheher or not
4oy o crhanl is impending. This, however, can rarely De
forescen with suficient aceuracy at the nme the Cquipmcﬁt 18
put into operation. Flius, it wilt not influence the decision
regarding 1he appropriate periodicity and intensity of the general
overhanls m view of the mitial estimate of the optimum lifetime.
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one per cent of the cost ol the equipments® and that,
as i the carhier example, by inereasing the annual cost
ol maintenance and repairs over the whole working
lite by one-hualt of one pee cent of the cost ol the equip
mente a - oneverr extension of the Tifetime will he
achieved, The procedure will consist of caleulating the
annial averaze of the variable camponent of the cos
ol maintenance and vepairs for alternative lifetimes, andd
comparing the increase mthis average with cach adds
tonal vear of hfetime against the decrcase i costs ol
mterest and depreciation. The optimum lifenime will
correspond 1athe paine at which the two are cqual.

The calculatiom® shows that for o 6 per cent sate
ol inerest the “aging™ factor in maintenance would re
duce, under assumed conditions, the  optimum: life
tme in the United States Trom Tourteen 1o twelve
vears. and inthe under-developed arcas from nincteen
to sixteen vears: for a 12 per cent interest rate, the car
responding figures for under-developed areas would be
cighteen amd - hifteen vears,

2ePhe absohin Tevel of the cost ol mamtenaree and repairs
i agait, aerelevant 1o s problem,

SNy s given an appendic IV Nancipated obsolescence can
e tahen o acconnt in the same way, by raising the Bgire ol
expeated merense meoannual costs ol maintenanee and - repans
with growing age byoa factor Tor the expeaed disadvantage m
annal opevanig costs (other than maintenanee and - repasis)
ol the existing equiptient s compared wathe the new.

A more aceurate procedure would be o caleulate the

annual equivalents ol the variable maintenance and re-

paiv costs on o annuity basis, s has been done for

mterest and - depreciation® This, however, would m
rroduce o considerable (()Inplin.llinn mto the camputa
tions 1hat does not seem justified 11 the nurgin of un-
certamty in the underlving dana themiselves s taken
mo aecount.””

ST simphy averaging, the mterest adtor s Laken
Jeconnt, whiel means thar ot e towards the end ol 1he
Dietinme s anen the same weght as o cost nem e the begnning,
Cnder the indhcaned adtermanve memoed, nutenance osts lor
cach verr would e discommied at e given mterest raes e
anmnlative disconnred values b each abermnye Tifetme swould
then be converted b the equvalent ammniy,

= nothe given exaniple the opnmme Tlenme salies ail
culired byl twor methods wonld beoas toltosws (rounded

full visarsg:
Uander developed areas

It 4 1 12
United fer e per cont
Nates Hiterest mterest
Fapmaadent constant amnaal con
ol mamenance and o ovepairs:
P the simiple sveraginy
mcthod P 16 15
B the annuny methid 12 16 16

Onlyv o one cse s there a divergences=of one vear—n e
resuli obtamed by the vre relined method,

REPLACEMENT OF EQUIPMENT

POLICIES AND PRACTICES DEVELOPED 1IN INDUSTRIALIZED
COUNTRIES

’I‘III-‘ pecision ra replace an old cauipment item with
2 new and “beter” one is usually hased anaonum-
her af considerations, Feonamic Tactors, impariant s
thev ares will not always be decisive: ald - equipmen
mav be repliced because ol soaal legishiian -lor s
ample, news cquipment ny be sater or more healihtul 1o
aperates replacement nuay also he qnstitied onthe grunds
ol technological improvements ol the production process.,
However, ccanomme view waints, il not deasive, are taken
mto account as subsidiary Lictors whenever o deasion 1o
replice: equipment is bemy considered. The issue -
volves two aspects: bist, the decision whether 1o retam
old equipment or to replace itz and secand. assuming
that a replacement decision is made, the selection: of
the appropriate capacity, tvpe and make of new equip-
ment.

The two aspeats are clearly interrelated the decision
to replace old equipment will be imfluened by a am-
parson of the performance expected from: the replace
ment cquipment with that of the old. For this reason,
4 svstemuatic approach requires ananalvsis ot the two
problems i inverse orders that s to muke, first
comparative study of the prospective pertormance of
the potential “challengers™ in view of the requirements,
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and nent, o compare the mnst suceessiul “challenger™

o

with the “defender™ ™

Performance is tahen nete that is. gross carnings
nunus costs, the difference in performance bemng re-
Lited 10 net investment—-the installed cost ot the new
less the salvage value of the old equpment.™

Fach ol the above factars can be quantified with more
or loss precision: several methods—deseribed below—
have been devised to measure their combined effeat.
Once o methad has been adopted. the computations are
generally: made by the technical department. which in
turn relies on the sales. production and maintenance
depariments for data on such items as the anticipated
develapment of the market, performance, and mam-
tenanee and repair costs.

For the sl deasion, o few more factors will gen-
eradly he tiken into account. s the funds availuble
for invesuneat inoa given company are  necessarily
Iired. a - given replicament proposal - will - be ap-

e ey Cchallenger™ and tdefender™, whieh ropresent
the nev o seamd-hand and the present eqaipiaent, respectively,
are koo from George Ferborghy Dynamec Fgaipment Policy
(MeGras ThIY, New York, I'H8).

P regakimons—tor oxample, lemporary axo exemptions
or aceclerated deprecianon periods for new eqaipment—uwhich
wmchimes play an important role in the catcutations of per-
Iorimance, will pot be considered here,
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prased notexclusively on ats own mern, b e el
non 1o other competing investiment needs, such as
replacement of other cquipment, expansion ol capacin
arostocking up o raw materials or supplies (when

On the other
ey there may he various fimancing considerations.,
such s present and anmapated iquidiny, possibiling ol
loan tmancing or required  return and imterest rates,
Othier Tactors also plav g role,

price mises or shortages are antapated).

such as the expeaation
“hreakihrough™ inthe
tvpe of equpment under consideration wlhich weaald
Favour postponing nnmediate replacement, expeaations
of shifts - demand which would wend 1o make new
cotnpment t'('ullnlllik'.l”_\' obsolare and so Tor,

ot an ||n|xm||n~' luhnuluuu 1l

Information regarding these and similar factors e
provided inwellmanaged enterprises v “imeelligenc
services™ mothe respective departmems, The final de
cision on replacement would be based on a careful con
sideranion of all the factors involved. hut would ke
particularly into account a systematic prafivabiling ap
praisal of 1the replacement on the hasis of a compar
soit of costs and carnings of the
ment with those of the
rigid formula cam he

“challenger™ eqnip
Haowever, no
deviseds the tmal decsion will
mvolve a comparative weighing of @ complex of fac
tors, several of them intangible ones,
important - decisions  on equipment

“defender”

For this reason,
replacement are,
18 general rule, not Teft to one or another department
af the u(luplm, but are made by 1op managemen,
which is 1 a position 1o have an over all view,

In the following  paragraphs,
chscussed which ann
fect of

some procedures are
determining the combined
the “objective™ or meansurable factors on the
prohitability and urgeney of considered replacements,
Firs, a few rule ol -thumb approaches are l)ruﬂ\' eX-
lmlnul Then follows a description of some of the
methods for more svstenatic tv.nlu.nmn which have
been developed in the cconomically advanced countrics,
Finally, an analysis is made of the Later procedures in
ihe light of conditions in industry in under-develaped
countries,

Rule-of-thumb approaches

Rule-of thumb approaches—although  they are rather
crude—are mentioned becanse of their wide-spread use
m-idustry in both developed and  under-developed
countrics,

(«) One such practice is hased on the criterion that
piece of cquipment should not be replaced uniil
has “earned its worth™, or has been “written off”. This
crienion s clearly mcorrect. In dedisions regarding
replicement of cquipment-—as i all economic decisions
—itis only the present and the future that should plav
A role® Thus, replaicement of even a recently pur-
chased machine can be justified if t was bought De-
cause of wrong judgement, or if it became obsolete be-
cause of new developments in technology or market

A Past developments mav plav an indirect role in providing

anomdication of expected fulure developments,

detmand that could non have been Toreseen at the time
ol the purchase: converselys turthor ratennon of equip
ment lhll has been operating Lae i exeess of s anti
apared literme and has camned s worth several fimes
over iy he qusihied,

() Postpanabidiny”™ s 0 somew i mone aceeptable
crinerion for veplicement, Under rlns 1o, propos.ls
fon lnpimlmnl are appravsed accordimg 1o thenr T
senay” akieg mro consideration nn|u|n||n~ nLor e
pars o bre, Iluln\\n of the oldb cquipment, and AT
placements thar i be postponed e deferred .lllnml
autonuticallve Fhe dvawback ol ihis praaiee s ha

is hased on emerganay sittaions and I ils 1o |)|1|\|(|&
<'l|u||nu for deasions on veplicements thar wonld,
themselves, be highlv profiable,

() Pav-back me o somewhar Tess arde crierion,
is the number of vears requived 1o e back the cost
of the equipmentz s obamed by dividing the cost
of the new equipment by mual savings or addinonal
carnings or bothe Fhus, the pav hack nime of o ma
chime costing SEO00 and vielding an amial ramm
of S3000 will be Bive vears, Relinements are o
dnced byadiusting the profits: for tases, depreciation
and simbar nems, by tiking the cost of the new equip
ment net ol ahe sabvage value of the old aquipnien
and by mroducing the ammaiy faaor o the caloals
Hons,

The pavhock time test mav 1o a0 cortm extent
astibied especially when capital for veplacemen s
extremay limiated and will continue 1o be s Tor
number of vears, Under such conditioms, it iy of the
utmost importance thar an mvestment foa replicemen
should be recovered inthe shorres e wsible ime. ther
by releasing tunds Tor other desirable: pirposes, Fhe
weakness of the practice s thar the sitnarion obtainimg
after the pav back period s Tefe our of aceomi: ver, i is
preciscly afier this period thar the investment may st
viclding substantial profis. This mav e allnsirared Iy
2 simple example: two aliernative replicenients wre b
g considered with pavhack periods G three nd Tonr
vears, respectivelv. Nssuming that the Tiferime of 1he
new cquipment is hive vears i the Biest case o ren
vaears i the second, o strict applicaion of the pav
back tme criterion woald give priority 1o the hirst re
plaicement. On the other Temd, assumig suble vearly
profits, the would carn 150 per
against 67 per cent for the

sccond  replacement
cent noexcess of s cost,
ﬁrsl One.

More refined methods

The more rehned methods used in .||)prn\|||~' |(|»| we
maent ])rnp(;slls imvolve o \\'\ItlnlllL unnpnlsnn ol
present outlavs with Tuture outlays nd of the carnings
and savings of the existing equipment witlt those of
the proposed new cquipment. Fhe wecounting method
also called the present worth method is o iaditional™
method hased upon normal accounting prinaples. “The
new  cquipment will require a0 capital ontliy - the
time ol purchase and probablyaddinonal outlays
the course of its hfetime. The Tater are discounted
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S gven nerest ratee and the sunme of the nmmed it
outley and the discommad Tuture expanditures, Tess the
salvage value of e old cquipmceni, constiutes the net
mvestment imvolved oy e replocement. On the aiha
hand, the new CUIPIICHT 00y poinit savings o
operattonal costs and on moimicnoee ol EURRTTETIN
compared with the old Te mas, morcovar, vicld greara
cornmgs as aoresult o pncreased capacny or haer quali
ool product, or hecause the number and dunision of
I!I'('.II\'(I()\\I]\ dre ('\p(\'lul 10 he \ln.t”(l. Al llla\(' ol
ments e estinated onavear to vean hasis andd dLan
discounted ar the same mierest rave. Hothe total o 1he
discounied advantages axeeeds the cost of mvesniont,
the replacement s prolvable, and will e considerad -
mothe reverse case, it will he rejecred,

The cost ol Tuure replaccnment wall be ahen e
Accaunt s an ent imphicd o the altcrmive of o
cophicement now™. O the other hmd, the i
ment teebe acquired sy three or ive vears nnn
be especred 1o e betar than the inicdael vl
able replaccment as far s opcrational  costs, nan
termee and repars and other Tactors fon ovample, qu
hiy e voncerned, A these teme. o thar discountad
values and sl therr appropriare siens, will, of course .
agane be mcluded e conmparison

B tollows that the accountmg merhal, although
stmple i principle. s rather comphicared e pracnce,
This s ane of ns magor weaknesses, ot only he.guse
of the compuranons mvalved, b omelt more heeais
Ioreqires estinenes ol costs and  benelis entending
mto the T Tutures Fliese: Torecasts may castly ke
the Torm of more o Tess educared guesses, thus nak
mg the apparent precision ol the mcthod ather dlusory.

Ancaher drawhback it furnre costs and hene fins
e discounted prodetermined interest ve, This
would be justificd if it were cerrain that 1he required
capial tor the porchase of the replicemant could e
obrimed e that rate, There is an Iplicit assamption
that cither the replicement is the onlv investment under
consideration, or enough capital can be obained a1 1he
same rare for the finaneimg ol this and all other in
vestinents - of - comparable and - greaner profitabiliry,
These conditions may, exeeprionativ, be fultilled in e
case ol some Liger publicly-financed  projects power
plavis. bridges: highways: they will rarels apply in the
case of private or even public industrial CILCTPrIsCS,

The “discounced cash-flow method”

The problem of replicement normually involves the
chowe among o nber ol proposals ompeting for
scaree capitaly consequently, priorities have (o he applied
1o the various proposals, rather than the profitability
of cach proposal being analysed imdividuallv, H these
priorities are set according 1o the excess of disconmted
profins ovar discounted costs, the procedure is not un-
aveepionable, because the caleulations are made o

T he companson, an least intheory, should not be confined
to 1he expected lite of the new equipmient, hecause the decision
o 1o whether or not 1o replace now will, in principle, mtlience
the daves ot alt fnture replacemens.

N

the bas of a0 prcdarammuad nnorad L, swhachr, s
mcntonad abave, s nor alwas applicable,

Vicapproach whiclr amns at avonhng this dras ok
tothe Sdiscaamied cholow methed” 0 ander swhion
the vare o vcnmme on 1 proposcd mvestimen gk
fned o the dhiscoumr o that watl nake the stm oo
the poosaomn vadoe ot the thow of T, SIVISS e
Hic canmgs rosilnme tonn proposed replacomom
cpiat o the cose ot the cephicanont. The diseoun
s s ohinned or ahannne, Feophaiccme s g,
thon ised rocdarermme the order of Prions,

Ao smiple Hlusteancn, consador L aost veduame
prcoment Tor wlneh dare o prosenicd morable s b
s ossamed that the replicameont FCQUINGS 00 e i est
ment ol SINGO0E 1l the new PPN, as coan
poncd wh he old, s avpectad o proding savings nd
oyt camngs over s anncpated lifetme of ton veans,
asndicarcd e ables and e nenher the old e
the now nechime has osalvaee value, As he rable
shovess the e ar retinn onc the imvesimenn in replac
e wandd i dhas G, he 20 percent,

Hhsmerhod hos o decmive advamiee over the
comn method: however arsull rcauns the dras boaclk
ob the Lier o thar the rchiabilitn of the resulis depends
on the accuracy of estimunes for Larofl vears. I n
volves considerable imount of work, notonly i naalk
my e predicnions e connesion with 1 number ol
ey over the lfenmie of e new cquipment. bre also
i the campuianions of the cquity retnen rare,

The MAPH formuda

A method developed i the UCnied States by the M.
Chimerv and Aled Products Tnstnute (MAPD) s
At presenting ashort-cur tormula that wwvoids the drasw
vacks referred 10 e the preceding paragraphs,  17ira
mitroduced e 1948 the formula was substantizally: madh
fed i 19985 Vhe tollowing discussion is based on
the Lier version,

Toderve the "MATI urgeney rating”, which 1s an
ovder ol priorny Tor prospective investiment. @ detailed
comparisan s made of projeacd costs and revenue
under two assamptions: (@) that the present equip
ment s keproand (b)) that it s replaced. Then a el
culation is made ol next-vear capital consumption ol
the replaced nem: this s considered helow in some de-
tail. - Nextvear “advintages” of the new over the old
cquipment will, in general, comprise the following
components, some of which are negative: (7) lower
aperating costs of the new equipment in terms of di-
rect Lahour, mainiznance and repairs, power and the

S metlod s also referred 1o as the el flow: method™,
mvestor's method™ or “profiabitity index method®, See Jocl
Deane “Better Management of Capial Expenditnres Througlh
Rescarel™s The fournal of Fimanee, May 1953 (Chicago), pages
P21 e 240 Rav B Real, “Profiabilite Index for Investments™,
Harvard Business Revien, fuly-Angust 1957 (Cambridge, Mas.
sachuserts),

M Compare Georgre Terborgh, Dvnamic Equipment Policy., op.
<ooand Business Ingestire nt Policy (Muchincr_\' and Allied Prod-
ucts Tnstitnie, Washingion, D.., 1958),
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FLLTSTRATION 08 DISNCOE N TED CASIE FLOW METHOD FOR DETEENTIN AL ION
OF RATE O RETERN ON AN INVISTNIENT TOR 8EPLACTA N
(United Stares dolkars)

Net anvesiment requircd for replacemenr: S0 000
Anncipated lifctime of news cqpupment: 10 years

No seleage valuc of old or noe cquipment

Dhavonnied Gilnes 0 cavii. L 1 e FRTTEN
[ARIRRTIN

Nonitee -0 of nen i I N N .,
Vet corsapes” fer cent fes cent Per ion S e wer
| 1,200 (MR NI 1.00= 1.086 1073
2 1,300 1216 1170 141 NI LTS
3 1.000 1.3400 1,252 1.204 1.150 1.O8s
4 240n 1472 1.345 1.208 1.1u7 1.009
3 3,000 1594 1,424 1.321 1.226 [KISX
6 3,400 1.5706 1.368 1.247 1.134 oy
N 3400 1.371 1159 1034 a34 TuT
5 3400 1.1492 “a83 Shth 0! 13N
] ARl T30 tl2 331 461 75
1] 1.6t 424 332 283 242 10

Torw. 24300 12,063 10.754 A 9313 S

Nz, "Uhe aable husivates ane varnon ot the disconmted cash thav wcthod, Oiher varoimns uneha
npen ditlerent assimpivms, tor exannple, camines goas ol dopreaanon, a0 ditbcrent oy of
i oot Usangs” which wre not e el prereet earmings but oadwer e dilorenee Iewveen

profect d not having .

be hasaod
commes o ke
havine 1he

*Annoal carnmgs arc asumed a0 acerne at wid poinis of vears,

YEarmngs e taken as gross carmngs minus conts and ner of depreciation, Chey are asanned, Ban Lo finor ase
with a growing narka Trean SE200 anmnally o the first ovear 100 53000 a0 the sisth vear, o o .o b tevel
lor three vearss and hnalbe o decrease duiing the Tt iwo seas s conseguence of detenmranon of the cogmpine i,

akey frimge benehitss adverse clements, such as higher
aisurance premiums; (i) additional revenue, i any,
obtained from the new cquipment as o result of bet-
ter quality-~for example, better conformity o specih-
cations—or higher output due to greater capacity and
{ewwer or shorter breakdowns: (nr) savings, in the case
of replaicement, on nestyear capital consumption of
the old equipments this is estimated as the difference
between the salvage value now and what it would be
I oaovear's ume; (1e) next-year capital consuniption
of the replaced tem caleulated on the basis of the
estimated lifenme of the new cquipment, taking into
account several other factors; when any additional capi-
tab outliys are forescen in connexion with the naw
cquipment in the course of its hfetime, an annuwal pro
rata of such outhays will be added o this item: (¢) in
business practice all these factors would, of course, he
adjusted for their tax inadence.

The net vestment involved s caleubated as the in-
statled cost of the new cquipment mimus the amount
of capital recovered or saved through the replicement:
he Tatter may comprise the sabvage vilue of the old
cqupment or cpital outlays in connexion with 1he
old cqumpment required in the shsence of replicement,
or both ™

Most of the items :ibove can be directly estimated by
a technical department in the enterprise on the basis
of available data from the production, maintenance and

3% The procedure is illustrated by an example in appendix TV,
table 4,

sales departments, and those supplicd by 1he prochcer
of the new cquipment™ b ahe cibculation of the
next-year capital consuniption ol the new cquipment
(nem (1M, o number of factors are taken o ac
count, such as the assumed pattern of dechne w carn
mngs of the equipment over its lifctime: the deprecia
tion method appheds the terminal salvage values the
income-tax: ratey the vato between loan capital nd
total investinent: the mterest rate o horrowed capital:
the aftertay return on equuty capnal ™

In evaluating the MAPL formula, the followimg can
siacrations must be taken o acconnt. First, then
15 implicit assumption that nese vear advantiges
representative of all future vears, which is not tonable
in theorv.  In practice, however, cases of  sabstantnl
vartations in these magniudes over the vears of opera
tion are rather exeeptional:s if necessary, such van
tions can be taken into accoint oneane wld hoc husis,
Projections over long periods, such as were deseribed i
connexion with the methods previousty discussed, man
often tend to be subjectively hiased: a defimite advantage
of including only next-vear estinnates is that they are
less Hable to estimating crrars.,

The sceemd consideration relares 1o the nse af

36 Srandard Torms for these calonlations Tove Deeny proquned
by MAPL

BTMAPL s pubilished o set of Charis thar pernun, tor vations
combmations of assumptions wih regard o these foctors the
immediote reading of the percentage ravmg for anyv Difennme
between five and forlv vears and saliage salues of upowe 50
per cent,
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predetermmmed noerest vates s mentioned carher, this
soone ol the reasons why the discounted cash-flow
method s considered more sitable than the Jecount -
mg method: de wall be noted. however, that the in-
raest ate s used here onhy tor the caleulation of o
relatinveh unimportan component relating 1o nestvear
capitd consumption. On-the other hand, the MAPI
rrtng s esentilv o sinbir o the rate o return under
the chscounted cash tlow method,

The thind consideration rebates 1o the cshimate of
nestyen capiaab consumption of the new cgpinent,
The tormula for the calcubition of 1his COmponent 1
vers comphicated and o procuciv cue of the gues
don o apphe e e cach mdividual cise For sone
combiations of factors the capintl consumption ¢m
be raad ol oy perdentagc of the st dbed o of the
cquipment trom the chars reterrdd to carlier, Tlow
averc oven dor the Unitad Stes, 1or which the Jhvares
were calculed. they provide only approsimate values
masmuch s conditions mecach enterprise will diveree
from the stindard assimpiions of the Dremuls s e
cards somc od the determmine oo

THE PRAOBEENT OF REPLACENIENT O FQUIPNIEN T N
FPNOER DEVELOPED QU NTRIES

The pracices used e developed comntres are 1o
cortan ostent appheable also e under e veloped coun
ries,

oy beomoam under developad countries foreign en
terprises comprise o substaimal pare ot the industral
scaror, Phese anrerprises e set up on hnes basicalh
simlar e thase e ther liime countries: their capital]
supphos and evan ther domand tor slalled Libour are
derermimad asentiailv by faor endowments - the
hame country, even it some alowances are made for
possible substation of Tibour for capital,

(2 Dedisions on repbwemaont are normath e In
fop o matagemomn. which s trcquonly wdl vorsed
the practices of dovdlopad countries,

(o) The deasions e aken on the basis of ahie
Bive oy Illl.lllnll reports ]\l'(]\.il'ul .I(url'(hl\y 1o \l.lml
ard procedure, tlomy imto account such faaors s the
prosent hguidioy positien o the cnterprise and s an
napated development i the near Tature, Prospective
onges i echnelogy s the murket situation and so on.

On the othar hand. other considaritions Operaty
agamst the applicarion ot policies aind - methods used
m o the dovelopad comtries. In the developed countries
hasad on private: enterprise, rephicament decisions are
rade csentiallv e werms of marker prices. Inunder
dovddoped  countries - especialiy those with “mived”
coenonnes s wonerallv morc anpropriate 1o hase de
cisons on Ceconenic” prives bled also Cdadow s or

SNGerthelesa viovme the NEAPE Chart Gotors Cdeln v
et et e amd lder L equin return™y within
onstderalde onge abwae and Dol s Ctrosen” vahies o
divvndy canses ol neahalde crtors, (B Toreatnn n:
I A, page M3
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Caccountig” prices =relectimg the prevaling taaor
cndownments, ™

I view ol the scaraity of investment resources,
Governinents e ander developed  coumtries are gen-
cralby waking o more active role in plant unhzation s
well s o mvestment allocation, Optiaam
tenance, mmmum replacement and masiminm cthcieney
ol new nvestment are among the togets of such pohi-
cres. Clearlyy from the pomt ot view o optinmm dis-
tribution of mvestment, replacement may he considered
v one mvestment alternative, 1 this approach is taken,
Apart from comparing the respective merits of the “chal
fengers™ and “defeaders™ as discussed ahove, some 1ew
consideranons should he brovght o the picture.

In the developed countries, trom 20 1, 40 por cent
ob grossanvestment inimdustey s usually for replace
ment purposes. Teis supposed o add linde, if anvthing,
to-plant capaary. s purpose being nuinly i reduction
M openiting casts or - an IProvement in quality ol
ottput,

b the under developed counrries 1 somewhat sinal
ler share in mvestment plans s normalhy dlocaied o
rephicement hecause rares oF new investment generally
avwead thase of replacement needs, Resourees are de.
votad s much s possible to new investment and new
capaaty e order o aceelerate the growth of national
meome. Therefore, Governments should seek 1o re
doce replicement volume oy much s possible and on
courage mstlbinon of new capaan.,

Thos e under developed countries, there v tre-
quanthy e divergence between the private and social
points of view mreplacement policv, From the private
ceonomic pomt of view redoctionm of casts s cqually
sitsbactory whether e apphies te Lihour, naerial - or
caprial costss From the national economic point of
viewo sinee bibonr s generally the abundam Lactor, its
replacemant by capial i order 1o achieve o reduction
e Libonr cost may not e yustitied. Replacement should
take phices on the other hand, it the new cquipment
provides substintal reduction in materials costs, o
poctily those o mported  materials, o investment
contsy chewhere e the production process. To a cer
tieaxtent, the same holds true of depreciation charges,
neso e s these retlea nor phvsieal bu accountig de-
precation. It these considerations are not suthciently
retlected i the replicement policies of the private sector,
which s ofien the cased the government should take
specral measures for cosuring appropriate policies. Such
measures might consist, for - example, of clabor:ting
suitable methods for cconomic justification of replace-
ment i mised L publichy Gnaneed or government-
assisted privite enterprises: these methods could tike

FRefrene o made 100 the scussion of 1his problem in
e D nop D cfopiont iy Ton Tind wen (Babimore, t93s)y,
pocoes N 41,

PUT R diflerence, espeialiv TNPOIEIT N 2rowing cconomics,
s hansedntenal i CDeprecamon, Replicoment i Growth,
b D Donur, Foonomie ournal, vol. TXHI, March 1083
ondony. Seealen “Capinal Incnsity in Heavy Engineering

Constriuctuon” Unised Nations, Beiletin on Dndustrialization and
oodictean . Nod  (Salee N SRILB Yy



Reparrting the scteeen bonds on one of the toue picesi e i ko
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Bringing « dicsel cugme mto the shop of « West Uirginm
COMStIctton company for epati

the form of o detailed cassification and evaluation of
costs (labour, imported and domestic materials, fucl.
depreciation) and the use of o “social™ rate of interest
tor computing capital costs, or a “social™ rate of ex-
chunge of foreign currency. i the case of other private
enterprises, government saction might be taken through
taxlegisiation, import poticy, credit policy, and pro-
vision of training facilities. Where public enterprises
do wor already take social costs into account. some of
the above measures should. of course, also be apphicd.

\lt//-‘}/’[’t",’( et III\/I‘(’/I"\ o ‘/"i;. L P L Y DT
| ! Lot
notin ]’/./H/

Checking burners for aldphite avaste ligron om0 Franeh
s phate it

The problem of choce and appheanion of the “soaal”
rate of mterest i evaluation o investiient projeas s
extremely complexs and many plinning agencies in the
private onterprise and  centrallv plimned  cconomies,
which recognize the importance of its use. are work.
ing on this problem.  For example, the Commissaria
genéral du Plan in France uses 7 10 % per comas the
“eeonomic” rate of interest. b contrally phinned coono
mies these rates recentdy were ranging from 15 10 30
per cent for different branches of indusiey, which cor-
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responed respectively 1o trom seven 1o three vaars for
recoupment ot the invested capital, !

Betailed discussion of how to determane the “proper”
rate ol jmerest while cvaluanng projects v ander de.
veloped conmtries 1y bevond the scope ol this arnicle *?
I uscluly however, to wmention hore one unportan
port, namely, that the same rare should he ased i re
placement caleulations as in- evaluation of projects,

Bothe hight of he alove mentioned  considerations.
the applicalalite of differem techmques of evaluanion
will now he discussed. Among the aruder vardsticks,
the onue hased on past performance of the nld cquip
ment s, as stateds mapnlicable: so also s the simple
“postponabiliey” criterion, which 1ends 1o lead oy de-
asions hased on emergeney sinations, lowever.,
somewhar more vehined “postponahiliey™ merthod con -
nected wath the pav back time eriterion nay sometimes
be constdered, for instance in the following Torm,

the prohlem of replace nent seldmm arises s bong s
awneral overhanl s o required. The cost of new
cquipment s ustally very considerable and savings an
aperating costs should ho very substantal in arder 1o
snfv reticement of serviceable plant. The sitnation
changes completely, however, when an overhan! b
comes necessary inorder thar the cquipment mav con-
tinue to be used.  General averhanls occur at intervals
soverned hy the tedical wature of the equipment and

A Kademia Nank SSSROC A cademy of Saciee of the USSR,
Fipovane mctodiha opredddenia ekanom hekor effektienosti kupr
taluvkh clozheny ¥ worir tekhmke ¢ moodnom khosvarstre SSSR
(Staedard wwethod of evaliation of cconomic eficiency of in
vestients and naosations @ the Soviet mationad  coonomv
(Gosplanizda, Moscos, 1960Y. See ulie Komisia Planowania
pezv Radzie Miniaeow  (Conoal ot Minisiers, Phinding Com
misston) dnstrukcga w0 spratete badannt cfektvienoscr inteeseve i
(Mirecanves concerningg evadiasnm of cconotiic chaeney of in

vestment ) (Warsaw, 1960)

P Stdies on evalmation: of projects i predominantly peaate
enferprae cconotaes ad cemredly plinned econoaties. respee
nvelve widl be published 1 forthcoaag isies of the Befleren.

are ustully very expensive—generally wor jess than 20
per cont and sometimes up o1 70 per cent of the
ongialorreplacement cost. When oue becomes
necessary. the problem s whether to retam the old
cquipment with s high—and somernmes INCTEasg—op-
crating costs and - nndertake amother overhaul, or o
replice - wirth new equipment which, while less ex-
pemsive e operanon. will enal o Larger capinal ex-
penchture,

The basic method of computation 15 10 compaie the
net cost ot new cquipment (that s, gross outlay minus
cost ol overhaul amed possible salvage value v 4 the old)
with the annual saving m operating costs. This is ex-
prossed e the number of vears or months i, which
the additional™ capual cost would be “puid Dack”
throngh savings i opematig costs. It the period s
substantially less than the estimated interval unal the
nevt overhaul the equipment should be replaced.

Hhis methad might he used i variety of ways; for
example, savings in marenal casts—the mportance of
which was noted carlier-~might he compared, a “social”
rate of mterest naght be introduced and so on.

Among the more retmed procedures, the accounting
method appears smiable far appraising the protitahiliey
ot large single projeas i public works and public
utilities, provided that a proper rate of interest is used.
Fhe discounted cash-flow method is more logical for
comparison - purposes,  but  requires—-as - does  the ac-
countmg method—estimates of costs and performances
aver the hetime of the new cquipment, the accuracy of
which will, in general, be questionable: moreaver, this
method necessitates extensive and  intricate camputa-
tons. The MAPI procedure provides a reasonably
sound indicanar, the determination of which  requires
relanvely little work, on condition that the method of
evaluating next-year  capital consumption  relating to
the new equipment is simplified so as to be workable
under conditions in under-developed countries. Ap-
pendix Vocontains a more detailed discussion of this
problem,

SUMMARY AND RECOMMENDATIONS

‘\n'r\muw o the major points raised in this study
<3 and a number of concuding remarks are presented
IK‘]('\\'.

L Industral equipment - developed  countries s
generally well maintained.  “The effective hives of cquip-
ment items are relatively fong—much longer than the
accaucting useful lives allowed Tor depreciation pur-
poses. - Older and sometimes even obsolete cquipment
is atilized along with the most advanced equipment.
Maintenanee of equipment w - industeiaily  under-de-
veloped countries is in many cases far less satisfactory.

2 In arder to meet increasing requirements for main-
tenmee and repairs, Governments of under-developed
conntrics shonld develop, encourage and facilitate the

e

mnplamentation of  maintenance and replacement pro-
grammes.  These would include direct action as well
as ndirect nicasures in the form of financial, fiscal and
other incentives, which would induee o rational main-
tewance policy on the part of the private industrial
sector. A maintenance and  replacement programme
m rapidly developing ccanomies should be closely con-
nected with the national investment programme.

3. More efhaient and madern methods of maintenance
should: e adopred. for - example, by using “sched-
uled”. “planned”, ar “preventive” types of maintenance,
as set out 1 appendix 1. Governments and manage-
ments should, subjecr to point 4 below, adopt succes-
sively improved svstems; they should be aware, how-

[P




ever ol the considerable omount of cngimeenng and
cieriaal work involved, partcularly o the Cpreventive”
Matenanee.

41t appaars certamn that research s needed i this
tcdd i the tollowing arcas.

Cd Inthe abstract—and perhaps also s 4 ool 10
strve tor=—a substantial substitunion ol Tabour tor spaire
pares s possible o mamtenance, Inwerms of pracucal
inpicientation, as a nuber of United Nations ech
maal experts have pomted ont, wide spraad substiu
tHon i often not teasible e under deveoped  countrics
because of a Lack of skilled help, 111t is to he practica
ble, a basic prerequusite would be training of both main-
tanmee workers and operators. Equipment: must be
merc carctully operated and kept up e order o ey
rond the dives ot the parts and thereby use relinvely
fower imported and scarce spare parts.

(/) Fechnical assistance  experts report that some
Lictones have Large numbers of maintenanee helps yei
these plants are poorly: maintained because the workers
are not skilled.  In addition, except for certam o
stindmg exceptions, it would be extremely dithicult
Present 1o implement in under-developed countries the
dvanced maintenance methods discussed above, This
s so ot only because there is a shortage of skilled main-
tenance workers, but .also because there s o scarcity of
welltrained: clerical statf to keep the records, and en-
cineering staff to elaborate the instructions needed [or
the introduction of more advanced methods.  Thus, if
the heavy investment in fixed assets s to be carctully
nuaintamed, trainig of clerical and enginecring person-
nel s essential. Tt would also be necessary to make
1 study of the costs of the more advanced methods of
maintenance as compared with their advantages.

(¢) The most important field of research reiates to
the economic instruments of maintenance and replace-
ment policy. .\ set of economic indicators is required
to guide both management and government agencies
mimproving  maintenance  programmes.  These in
struments should include, for cxample, cconomically
1ustified prices of replacement equipment, reasonable
rates of interest for use in evaluating the alternatives
of replacement or new investment, and various ap-
proaches to different possibilities of reducing operating
costs.  Other areas of research relute to appropriate
government depreciation policies for encouraging en-
terprises to use better maintenance und replacement
prrocedures; the etfectiveness of incentives and bonus
svstems for operators, supervisors and maintenance
stafl, especially in public and mixed enterprises, and the
use of Anancial incentives and import licences to induce
adoption of improved maintenance und replacement
policies.

(d) Research is needed to improve the organization
of maintenance and its implementation. This would
mclude studies of means to improve the supply of im-

portad spaic prirts, then jocal production, cstabinhment
ot centrahzed maanitomnee shops tor mass seale man
tenance processes, il stodandizaton ol Cpnicn
tnported mnto under (IC\L'IHP\'(I COTINTrICS,

5 The maodern Pracice ol usieg conteahzad repan
shops and SPATC Aty invanitonios s recommended.
whenever appropriote, Retarence s made e this con
neston o appendie By wlinch also deads with e (ques
ton ot spare parts.

b ron the discussion ot the optmtan hilcome”,
1 appears that methe case of costly, long bved cqmp
ment, ot asg cqmpment having o Btame of a0 kst
twenny o thirty vears, soch s sted nlls, bl i
naces. hydroclearne plines, ralioads ships, the
actuartal cquivalents minst be tikon o acoount. b
actual practice, actuarnial cquivalents iy olren 1
nored an the case of mexpensive cipuptaent which s
not expected o have a lite longer than trom e 1o
ten yaars. Nevertheless, when Livge amonnis of soch
items are imported, the caquvalents should be apphed.

<. Optimum_fitcumes should be considerabily longer
- under-developed countnes, o part becanse of the
potentially lower maiienance costs and lower operating,
Labour costs and in part hecause of higher replacement
costs. More detailed rescarch, conducted with reterence
to speailic: conditions prevailing i particular connres,
shouid convince both government and management ol
the importanee and consequences of this basic con
sideration,

ScAndeveloped  conntries decisions concernmg re
placement are dependent upon practices which are gen-
crally based on market prices and availability of eqmp-
ment. Inunder-developed  countries, market prices
reflect existing factor endowments L less satstactorily.
Because ol the scaraty of capital resources and i particn
lar of imported cquipment, the replacement pracices
followed i developed countries are only to a crtain
extent applicable in under-developed countrics.

It is important, theretore, for goveriments and emer.
priscs to develop methods on decision models applica-
ble to conditions in the under-developed countries, As
a simple and practicable method of replacement evalua-
ton, the improved method of pay back period s enta-
tively reccommended.

9. Governments should encourage  postponement of
replucement  deeisions, if advisable from the “social”
point of view, by use of both direct mcasurces—in state-
owned and mixed enterprises—und indircct measures
in the private sector. Such mcasures could include ad-
vice on classifying the costs, tax legislation, truining
facilities, and the others mentioned o page 41,

10. In a number of countries there alrcady exist
United Nations technical assistance missions  dealing
with maintenance and repair problems; certain other
countries could usefully request such assistance,

13
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Appendix 11

LOCAL PRODUCTION OF SPARE PARTS

Prodnction of spare parts is occasionally carried out in the
hrm’s own workshop.* In the underdeveloped countries,
this is done with a twofold purpose—to save on forcign ex
change and to reduce delays in obtaining the parts from
abroad. When the hirst purpose is decisive, the practice
constitutes a special type of substitution of Libour for material
costs i maintenance and repairs, the gencral principles of
which have been discnssed elsewhere in the present article.
The second purpose deserves further consideration,”

The problem of availability of essential pans mav be of
particularly eritical importance in underdeveloped  coun-
tries. Equipment of a given type and make is frequently
used i single pieces or insmall series only, which makes
the stocking of adequate inventories of parts an extremely
costly operation. The alternative to keeping such stocks s
the nsk of cven more costly breakdowns and stoppages
due to lengthy delays in - obtaining  government perimits
for the import of parts, in shipping time and clearance
throngh custoins, The problens s aggravated  when  the
cquipment is no longer preduced in the exporting countrics
sothat spare parts are difficult, it not impossible, to obtain.

A wellequipped workshop has a very flexible range of
ontput and makes it possible 1o reduce considerably the
stock of parts 10 be carried, many of which may not, n
fact, ever be needed, Emergency repairs aam be carricd ot
at once withont waiting for long periods for the arrival
of parts. These advantages omweigh in many - cases the
drawback of possibly higher costs of the parts: in the longer
run the cost sitnation is likely to improve,

A goad arrangement seems 1o be to order an il set
of spares when any new equipment is pirchased. These

"Faen nothe United States, wome factories 'vrmlllu' their
own parts, Fhe tirms caim theyv am produce theni for Tess
than the prrchase price, the parts are alo said 10 he hetier
adapred o e firnd’s requirenmients,

"See also United Nanons, Management of ndustsral Fate
proice i Under dercloped Count)ies.,

parts are studied and their reproductnon 1s planned i the
factory’s workshop, the actual production being tied in
with nse so as to keep the stock at the desired level

Where the requirements of an individial firm do not
justity the establishment of an adeguately equipped work.
shnp.l one can e set npoon a co-operative basis or as
separate enterprse, There are a number of interesting
examples of such schemes i nnder-developed  countries
wlich show the benehits obtwinable from such arrangements.
An addiional mmportint advantage of local  production
of parts v that the skills thas acquired will benetit the
maintenance and repairs operations proper, and may even
lay the foundation—as has occurred—for domestic produc
ton of machinery.

Where parts are not produced locally, it scems advisable
tor Governments to provide ethcient arrangements for the
dlocation of impore licences and  foreign exchange, and
tor the rapid clearavice througli customs of such parts; the
same holds trne for the mitial stock of parts when the
cquipnient s bonght. Tt hos heen stressed that Governments
nay well go one step further and insist that a sufficient
stock of parts be maintained by indnstrial entreprencurs,
cquipment dealers, or importers as a condition for obtain-
ing the permit to import the egnipment itself.!

Attention has heen given 1o the possibility of reducing
the level of mventories of imported spare parts tand con
sequently of saving toreign exchange) through the elimina
tian of excessive diversihcation of equipment and com
ponent parts. Avan example, a committee of the Government
of Indic which was concerned with construction of plam
and equipment has made recommendations for action in
this respect” and Tormal arrangements for putting them into
practice are being considered.

“Pue anention wille of course, be given 1o patent righte.

Thise clearly, also facilitates local production of parts.

“See Report of the Garernment of India Construction Vant
cnd Machimery Commttee (New Dellii, 1954), page 67,

Appendix 1]

THE RELATION BETWEEN THE ELASTICITY COEFFICIENT OF SUBSTITUTION OF
LABOUR FOR SPARE PARTS AND THE OPTIMUM RELATIVE USE OF THESE FACTORS
IN MAINTENANCE AND REPAIRS

Lt bet /b the omlay tor labour and ¢ the outlay tor SPUTC TS
for a given volume of myineeninee anl ropurs,
An clasticiey cocthicient of one corresponds wich the con -
dition:

v = €, where Cis 0 constant.
. ) ) [
The mmimum valuc o/ + ¢ =/ / will then occur tor

-
‘

/ C-Vor !N

S~ -

This gives v,
and thas, [ o,

16

2" The general expression of the relation berween 7 and 5 for
constant value a ot the clasticity cocfficient of substitution
of labour for spacc parts. as defined in toornote 71, will be
the power funcrion

¢ =kl * where ks a constant
In chis case. the mimimum value of toral outlay:
P+ = k] e
will eeur when: / — a k) o0 o

* The values of kand a can, cearly, he only positive. A valuc
of @ </ means that the replacement of labour for sparc parts
18 inelastic: chat is. an additional outlav on kabour will encail
a less chan proportional saving on spares, and rvice rersa.



which gives: e

3} Furchermore, lee A and w be the price ratio tor labour and
spare pares for a given under-developed country as compared
with the developed country in which the relation /-y has
been studied The outlayvs will then be for equal quantitatine
inputs:

" = x] and ' - u

" & =/ will thus correspond with 2, = 5., which is in accord
ance with the result obrained in (1),

The clasnaty cocthaent of substitmrion ot i for o will
be the sanie as the clusticres cocthiciont of substituton of
(or i In face, substinution o

7 .
/ and

A n
m: - k- ®
Rives: o) = k%[t e
or: - ke
The minimum agpregace omlay will 1his again ocour
when /' ' = a, that 1s, for the same relation berw cen the

outlays tor labonr and sparc parts s was observed mothe
developed country

Appendix IV

EXAMPLE OF ESTIMATION OF OPTIMUM LIFETIME OF EQUIPMENT

Assumptions:

(«) Maintenance and repairs costs will, in the United
States, increase by 005 per cent o the cost of cquipment
per year after the hrst five years of operation.

() In the United States, lifctime can e extended by
one year with cach ncrcase in the annual cost of nuin
tenance and repairs—calculited over the whole lile period
-—ol 0.5 per cent of the cost of cqpuipment.

(¢) Labour-cost ratio hotween the under developed arca
and the Untted States 18 0,40 to 12 cost ratio of spare parts
and equipment 1.60 w0 1.

The calculation s presented in table 4.

Tuble 4

Fsristvnon or oprianeag EIFETINE

Ticrease i annnl
aterages ol the rarble  Decrcase m anmd oot
part of  mianitnance of amterest cud

and vepors' deprecuation”

{ nder Ir 6 per A 12 pes

nrred :/r/r'/u/‘( d cent cent

Years Nates' ared’ interest INterest
()] (R) (o) ) F,
N9 (16K 0.34 1.4 .36
910 .69 .35 0.12 Loy
10-11 070 0.35 0.91 (.86
11-12 071 0.36 0.75 0.70
1213 072 0.36 (.63 0.5%
13-14 0;2 .36 0.54 ()1.4M
14-18 0.73 0.36 0.4 0.4)
15-16 073 0.37 (.40 .34
16-17 0.73 .37 .35 0.29
17-18 073 0.37 .31 0.25
%19 073 037 0.27 022
1920 0.74 0.37 0,24 0.19

* As percentage of cost of cquipment.

" As pereentage of cost of cquipment; calculated on annuity
basis. '

< Inaccordance with assumption 2, the component ot the
cast ot maineenance and repairs dud to agimg ot the cquipment
will, in the mth vear ot operation. be m S = 0§ as per
centage vt cost ot cpupment Over the Tdeanie » the com
ponent will toeal

P, =035+ 2«05 coon 5 <05

N

5
- y x 11§

The average annaal value ot Poover the Titerime woas thas

P, n 4 n S
Pe R

The increment of p betwcen the vears x ! oad wowall
dAMount to

a4 5 s noS a6 S
Y, N =08 o
P I m Jon |
nt4n 5 -
[N
2n n |

The increase i the annual cose ot the part of mantenance anel
repairs that can influence the litctime has, moaccordance witl
assumption i b a constant vilue ot 05 per cont of the cose of
the equipment for cach extension of the Iitetime by one vear

The total increase in the annaal average cost ot the varable
part of maintenance and repanes between Tderimes w1 and oy
will thus amount to:

M +4/n -3

) )
2nn 05 05

The values in column B are aalculared wath chis toroala

T As was shown carlier, assumprions - correspoid with
reduction of the ratio berween the cost of maiatenance and the
cost of cquipment to one-halt an the under devcloped arca as
compared with the United States assuming thar the relanive
usc of labour and sparc parts s adapred ro the cost relarions,
and under the proviso of a constant clasticiey ot subsitarion
This mean: that in the under developed arca the percenitages
assumptions ‘w0 and A would e 05 205 - 025 iseead of
0.5, and thus the hgures 1 column "€ are one halt of the
corresponding figures in column B



Appendix 'V

NUMERICAL EXAMPLES OF DETERMINATION OF PRIORITY
RATINGS OF REPLACEMENT PROPOSALS

The procedure Tor determining the priority rating ot .
replicement proposal, as discussed in the present article
m connexion with the MADPE formula, is presented in the
Wirme ot a numerical example in table 50 The caleulation
vicdds - priority rating ol 20 per cent.

Table 6 illustrates the transposition to comlitions .
under developed rca. The conversion ratios nsed in the
carlier exaniples are maintained. Twn rephicement pro-
posals are compuared, both ivolving a4 net ivestment, in
the United States, of $H.000. The tirst exiamnple s the
sime as that wsed i table 5, in which the advantage of
the new s compared with the old cquipment resulred
mandy from: savings on labour costs. In the other exinmple,
the enphasis s more on the advantage, in quality and
quantity . to the production. From the table it will e seen
that, v hereas in the United States the tirst case wonld
rte o higher priority than the second (20 per o centas

agamst 1% per cent), e the winlerdeveloped area the order
wonld e resersed (13 per cent as against 19 per cent),
It was mentioned carlier that the ritings obtaned with
this procedure are primarily used for the  allotment ot
prionities; s unphies that their relative values are, ta a
certaite extent, of st unportance. At the snne time, the
ratings ares s was also stated, indicative Tor the rate of
return on the replaceinent investment. In this respect 1t
ivomportnt to mate that the ratings walle in general, in
A under desddaped area be lower—-or ar the most of the
same arder of magnitude—as compared with thise in the
United Stares, Taking mto wecount that capital is normally
searce i under-developed conntries and interest rates high,
this means that replacements will end to e protitable only
Hrer longer use of the ald equipment when the comparative
advantage of new equipment s greater, This contiems the
conclusian reached inthe section on optinom litetime,

Tubic S

D ECERMINATION OF PRIORITY RATING FOR REPLACEN LNT
(United Seates dollars, except where otherwise indicated)

Antapated fetime of new equupment (vears): 15 (hH
Expected salvage valine of new equipment (percentage of et 1 (0
Required investment

Installeil cost of new equipment 10,00%) (3
Salvage value of old equipment 1.3 4
Capual addinions requirell i old cpnpment s imaintained 30 3
Toul ((4 4 (5)) 1,500 ()

Net myestiient regiired R.30%) (o)

Nevtvewr advantage prom seplacement’
Increase e screnue.

From bemner prodiet 400 (%)
Front better producnon 200 ("
Total increase in rexenne O {1
Decrease o cospa:
Ihrect labour 1,20 (11
Indirect Libour 400 (1
Fringe benctis e (13
Mamtenanee and repairs N0 (4
Stpplies and power 6N} (s
Other operaning costs® - (16)
Taral decrease i costs 34K (I
Less ligher property wxes and insuranee 0 (1%
Toul net decrease in operating costs 3,200 (I
Total merease in revenue plis net decrease i operating

Costs 3.8N) (2'“

Incricase m capital consumption
Capiad consumption of new  equipment

10 (3 .
IR (% 60 (hH
Dechine of salvage vatie of old cquipment, i hept 200 M
Netarease in capital consumption 400 (;él
Total nextvear adsvantage before tax 3,400 (;-H
Toral nextvenr advantage after tax I:'m (;5\

Priory rating [(25) (7)) 20 per cent (20)

Notes e prosentation s adapted from MAPL work <he ts,

In e cxmples m accorlane with nornml conebitions in the Unied States, tixes are tihen s 50 per cent
of total advaniage.

For cquipment wali 0 seniticamt break in pertod, use performuance alter beoak in.

"l [
e ey anclude: ool serap and rowork. dow i i
_ o ap . ork, wno e use ol floor space. subcontractine ‘e :
satenv tlesabibin and e like, ' ) Hie aentors,
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TrRANSPOSITION 01

PRIORITY

(United States dallar cquivalents, except where

RATING

Table 6

FOR KEPLACENILENT  TO

CONNITIONS IN A GIVEN UNDFR-DIVELOPED  ARF N\

otherwise  medicated )

United States

Fxample Example

Line® At B

(n IS vears 20 vears

(2 10 per cent 0 per cent

(3) 10,000 10,000
e} 1.200) —

(5) 300 —

6) 1.500) -
() X500 10,000
(%) 400 1,000

9) 2N 1,500

(10) 600 2,500
(11) 1,200 200

(12) 400 —
(13) 40 50
(14) 800 500

1% 600 1,000

(16) — —
{an 3,400 1,750

(1%) 200 230
(19) 3,200 1,520
(20) 3,8%00 4,020
n 600 500
(22) 200 -

(23) 400 500
(24) 3,400 3520
(2% 1,700 1,760
(26) J0 per cent 18 per cent

Under developed  area

Conterson Foimple Frample

ratos A B
21 vears N vears
1.4 1 per cent 0 per cent

16" 16,000 16,001
1.6" 1920 e
16! 480 -
2400 0
] 3.600) 16,000
1.2° 48¢) 1,200
1.2¢ 240 1.800
2 4,000
04" +5%0) hil]
04" 160) —_
! N 12
0N 040 400
1.2¢ 720 . 1,200
M6 1.692
" 320 368
1,776 1,327
4% 4,327
! 686 571
1.67 320 —
366 571
2,130 3,750
) 1,704 3,008
[ 3

13 per cent 19 per cent

* Compare table 8.

*This is the example given in table §.

“ Lifetsmies are supposed 1o be approximately 40 per ant longer
in the under-developed area than in the United States,

"In accordancy with assumptions made carlier in the text.

“Products  of comparable quality  are assumed to sell in the
under-developed area at prices 20 per cent higher than those in the
United States.

' Frimge benchits ace assumed to amount to 15 per cent of Jabour
costs i the under-developed area, as comparel) with the assumed
25 per cent in the United States.

*Assumed 1o be equal to ratios wsed in lines (R) and (Y),

" Assunicd 10 amonnt to approximately the e percentage of
increase in vilne of cquipment as in the United States.

' Calculated on the basis of the winte tormuls as i table 5
100 — (2)

=Ly (3

(1) x 100

Maxes are asumed 1o amount 0 200 por cent of peobts an the
under-developed area, as compared with S0 per arnt in the United
States,

*On the basis of the formula given in wlle 5 [(25) (7)].
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l: s vear ey thousands ol voung engineers grd
4 uate from wmiversities and colleges, At the mo-
ment of embarking upon ther cireers, they ad the
mdustries which thev will serve are confronted with an
mareasingly sernious problem. Tt is the problem of how
to brdge the wap berwean the fundamental knowledge
gamed ar the voiversity and s appheation m adustril
pracriice. b many cases, s gap widcns as knowledace
develops. Many universities endeavour o broaden the
cultaral and eellectual formation of thar students by
mereasinz the number of compulsory courses on gen
cral scicnaic and other topiest at the same time, as in-
dustry dovelops, i calls Tor cadres with inereasingy
specialized technical funcions, In most cases, newly
recruted engmeers spend o Large pare of thar tme not

Mic Yo Kae Vs o Duvcaror of the Research In
stitate for Managemant Sconce ar Delte the Nether
tands. e 15 sereing ae a consuitant 0w rianagement

and traneeg auestions (oo the Divrvon of Industeral

Deeddopment of the United Nations Department of
Foeononue and Socuil Il

In-plant
Training
0
Graduate

Engineers

iy YAP KIE HAN

siply makig themselves fliae with their job, but
actually learning it.

In-plint training is one way of lielping voung engi-
neers bridge this gap. 1t is recognized in many -
dustrial enterprises that the solution of the problem
should not be It o chance, in other words, that it
would nor suthee to artach the graduare as an apprentice
to skilled workers and foremen and hope that he will
obtam the required experience in - reasonable period
of ume. Taomeplant traming, o cose contact is main-
timed between trainees and operators. This, however,
tvoonly anincidentai aspeat of @ programme whose
purpose s to provide svstematic and closely supervised
cuidinee tothe graduates i applving the basic scienti-
fic prinaples learned at the umversity to the many
practical problems arising daily - the factory,

In-plant traming should be of particular interest 1o
newlvindustralizing countries where scientifically
tramed personnel is scarce and where, because of this,
responsible functions have often to he performed by
recenthy ciaduated, newly  recruited engineers, The
contribution which in plant training can make to the
operation of industrics in these countries thus assumes
particular significance.

—



THE GRADUATE TRAINEE

This arude s concerned with engineers wha have
quired at feast a0 bachelor’s degree i ane of the en-
sineering sciences, ustadly men between twenty one and
twentverght vears of ages Two broad groups of on
cimneering saaences may be distinguished tor the pur
poses of this arncle: thase based on mcedhanmies
pliveics and thase based an chennstry. Engineers
tramed e the Jormer acquire an understandimg ol
technological pracesses, many of which are based on
bunmar manipulanve sikills, though mechamzanaon and
automation are mereasigly superseding these. T von
trasty production af chemicals imvalves more “materials
oriented™ pracesses.

A tactar hearing an the type of i plae taming e
quired i the extent o which practical rechnalagieal
cducanon has heen provided 1o the voung engimeer
during Ins sty ar the university, There s erowing
recogmton i many cauntries that theoreneal training
should be combined with the practical during the un
devgraduate vears, and, in leading schoots of enaineer.
g, mdustral practice: has been made part of the
curriculum along with theoretical instruction. Many
nmversities encourage, and some of them require, prac
neal industrial work during summer vacations, Table 1
shaws, as anexample, the duration of the practical
work i industry muade obligatory by the different en-
ameering schools of the Technological University of
Delft, the Netherlinds, The time indicated refers 10
actual work inindustrial establishments, and does not
mclude additional practice in the Taboratories, wark
shops and palot plants of the university st

The main objective ol these periods of practical waork
woo acquaint the student with the working conditions

Tuble 1

Transaroarca, Usiviersny o Dhiaior, vk NEmner) asns:
PYRATION OF PRACTICN WORK IN INDUSTRY, BY ~CHOOL

Dsiationr of proaceaal

Nefrandd work an andoits
Mochamieal engineering 6 monihs
Naval eugineering 6 mo=ths
Acromaatical engrineering 0 moaths
Flearroaechnicnl engincering 16 weoks
Chemicat engineering X weeks
Metallurgical engincering 6 months
Minmg engimeering 5 months
Geodeneal engincering 2 months
PEyvaies Not oblicaary,
hit eneouraaed

% weeks
9 months

Cral engineering
\rchitecture

“Inocach schoal ot the Tedhnal cical Universine ot Diclie, e
Guratien ob stadv s e prmaples trom tee o s vears althongd
audente takes an b average dbont seven vears oo complote e
worho Il scheals, exeept thne of aivaes and Gl cncineconng,
cractcal work o indusery may caond trom tonr o caght months
bovond the perods indicated inthe able, 1 requined for preparation al
gradaation theses, Inthe school of onil encineering, the bl
cerid s from three to four months.

Chay ]

I Ncrtoss OF SCTENTINTS AND ENCINETRS, ACHORD N [ERERYH

IN SV LARGE B ROPIA N G s bR

Psccentage

100 LEAVING THE SCIENTIFIC, ENGINEERING
OR INDUSTRIAL FIELD

60 l PRODUCTION, SALES AND MANAGEMENT

Age
Carcer puattoms:
I, Research only.
o Rescarchy peodoct and procos dove b pancna, doaen om! other

techocal tuncnens.
I Resndn davelapanemy desigan, paeadng mean, sales e i ot
IV Dresddopanern, desien, sacdactann aloe aml o neaneonn i

Voo Producten, sales aad nimaeon ni

Noze o Pradicrnn, des and e v e coaniane 1o Lk e
detled v In some compatinc. b oo -0 d e o
ton e whach sonn ORI cndiiecr vt e okl Nec dbata v
i scone e heaovor vatabde tor vin coangane nder oo andon e

and armesphere of  mdustrial ostablishments and
sive him the opportumiy of abse rving the appheanan
mepractice ob engineermyg theory, The valie of these
periads s generally recogmzed, hur o antiasm
quently levelled by mdistrscnnversines and che sindenis
themiselves s thar they contine the stndent to obisery on
and do not Ta hime plav an acnve roles howaver mode
tmght be,

As o cantrast, neplint g programimes em
phasize the development of abilities, that s the acgn
siion of skills and the exererse of pndgement m canaa
cases, rather than the addition 1o techimeal knowl
cdge. Tnany event, knawladge aad abilny are o
plementary and the farmer may be expeaad a0 do
velop simultancously with the Liver in the course of
the traming, Another pirpose s to make apparent the
suttabihiny of individuai geadiate cogincers for panenl o
ACCUPATIons,

In-plane g will usually direer vonmg giaduares
towards one ol three broad groups of acenpations: de
s and praduct developments pradnction, and sales
engineering,  There s o division of opinion as 16
whether such trammig shonld he o provided 10 fosin
careers i the idd of rescarch, Some compames con
sider rescarch as o particularly suitable form of rram
ing for voung engincers, rather than o career 1o which
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tramng should lead. Passage from one occupation
sroup o aother frequently occurs i the course of
e, Chart 1 shows, as an illustration, the carcer pat-
tern of saenusts and engmeers emploved i g large
Furopean mdustrial company, In lhls company, 40 per
«nt ot the engineers, chemists, physicrsts and - mathe
maticuns begin their carcers i the company’s rescarch
departments. s arale, only a small number will con-
tnue thar careers o this ticld. Most of them will
transter within ten vears or so o product or process
development, design, producnon, sales or manageril
or exccutive functions. Tt wall be seen from chart 1
that development and design s a0 particularly impor
tnt group tor scientists .uid engeers, thirty hve o
hity vears old, coming from rescarch, Very fow per-
sons enter rescarch trom production, even though fune
tional interchange between production and development
s quite usual. In this company, rescarch s primanly
4 preparatory stage for other oceupations,

Ditferent carcer policies are followed in other com-
panies. Inmany ol corporations, for example, voung
engineers begin and end their careers i a panicular
sector--prospecting, - rescarch  or - production  deveitop-
ment--and transfers from one function to another are
exceptional. Tt s true that, in these and certain other
companies where a similar pattern is observed, each sec
tor offers o wide enough spectrum of occupations to
suit the needs of a normal career development.

An in-plant traiming programme will reveal the limi
tations as well as the abilities of the graduate by test-
g these against objective standards of pracncal per-
tormance, and will contribute to developing his talent,

Morcover, 1t will teach him by experience the need and
vilue of wam work in mdustey. T might also enable
traanees trom newly industriabzing countrics o gmin
1 correct appreciation of the worth of direar produc-
tve work as apre-condition to achieving the develop:
ment ol g modern industrial economy.

SOME IN-PLANT TRAINING PROCKANMES
A programme of pracical m-plaint traiming is schema
wally veprosented in chart 20 This programme, which
was recommended by the Committee on Practical Train
g set up by the Council of the Institute of Mechamail
Faugimeers of the United Kingdom, presents analogics
with programmes organized e other countries,

The progrimme  would consist of two  successive
stages,  The hirst, lasting from six to mine months,
would provide basic practical training, and would take
place at the university,  The second would Last fifteen
or cighteen months: training would take place at the
Eictory and would cover research, operation and main-
1enance of equipment, sales, design, product and process
development, and production.

The programme would evidently have to be adapted
to At specfic conditions, in particular  those of the
factory where the training would be provided. Thus,
a two-vear programme carried out in a large metal-
working plant was divided into two equal periods.
During the first vear, theoretical courses were provided
for one weck at the beginning of the training, for an-
other week at the end of three months, and for a fur-
ther two weeks at the end of six months,  About three

Chare 2

A PROGRAMMIE OF PRAMCTICAL TRAINING

UNIVERSITY i FACTORY FIELD OF WORK
Basic training l Offce Preduction and
(to bc ¢¢".|0.d out preferably at werk staff mansgement
sm;cl ”.mmn. werkshep of | -
onginsering college) Experimenteal Office Design, and preduct
. | and precess
Lectures and exercises in: werk werk develepment
Bench-werk and finting EIxperi-
Machine shep operations mom:l Office werk Sales
Metrelogy | hnbad

Operation

Feundry-werk | Plant, shep and office werk and maintenance
Metel joining, ferging, l of equipment
hardeni .
s l | V'Iork ® | Ofice Experimentel Research
Assembly | Tectery work work werk Reseerch
AN | L foer 1 |
¢ L J 12 15 18 y 3] 24 Meonths
Moo histitate o Mochamol Tnginecrs, Kepers o Prgoncad Frarmong (London, April 1958,




months were devoted 1o rnmng e the workshops,
three months to assembly of mechamical cquipmaon, and
sixomonths 1o work i the ool room aond the Labrie
tong nadhimmg and micdnmieal testing deparimens,
Towards the end of the tist vear, nterviews witls
the students ware arranecd morder 1o plan the second
tear programme. Birmg the second vear, spectihized
tranng was providads accordimg o the mirerests of
the students, e design, de velopmaent, rescarch and ather
occupanions. Theorencal courses e these Biclds were
|H‘n\|4h.(| for two weeks ot the end o three months
and tor o timrhar week e the end of the pProgramme.

Some spectalists think that the two vear duration of
these programmes s unnceessanly long for universing
graduates.” In thar view, carcful amalvsis and planning
of the programme might cot the fength of traimng o
between ten and fificen months, while mamtaimm
comparable cdacation standirds,

Not cnough compararive experience has been waed
on such programmes 1o support a4 irm conclusion on
this question. Leaving aside the quality ot the pro
gramme atselt mucy will dependd. in anvoevent, on the
adequacy of 1the educaion received w the University,
the care exerted i selecting the tranees. and the tield
of engmeering in which triiming is provided.

A dew dlustrations may show maore dearly the typu
of work required from the trainees. The following
examples consist of exercises which tramees had to per
form m such ficlds as Lictory floor practice, muachine de
sign and process and product development, sales en
gimcering an b onanagement. They coneern work in
mechanical-physical industries and chemical industrics,
Because of the diversity of sources, there are variations
m the presentation of the instruction briefs.,

Factory-flooy practice

Factory floor practice is usually the first siep of in plant
trainig. It will veveal o the trainee the potentialities
and limitations of hasic technolagical processes, and the
abihities and skills required from the men who carn
them out.

Example 1. Exereise in machine operation and op
eration plunning

Machimes: three lathes, one horizontal nulling ma
chine, one multi-spindle drilling machine.

(1) Set lathe for batch production an the basis of
« drawing (supplicd) and the cutting data below.

(2) Produce six companents in accordance with the
drawing,

(3) Proceed ta milling machine. St machine and
carry aut milling aperations,

(4) Remove sharp corners.

(5) Proceed 1o drilling machine and carry out drill-
ing and reaming operation,

"Institute of Mechanical Engineers, Report on Practical Tram
mg (London, April 1958), uppendix A, “Comments on Fx.
ssting Schemes”,

Use the tollowimg cotomg dan o

-

IO /
Creg, s : I Ciln
Tirimg i 0
\],]|,||:_: 40 LS Par Tt
Druding st 003
Reannmnyg 3 afa

On compiction of componcnts, make o short 1epont
contamge among others, o recerdimg of ihie selecrd
sequence ol operations and e doar o ooy time on
cach machime,

monts,

(:UIIIII](]II O ]Nb\\l]’]( HIII‘IH\\

Example 20 e dlignmen: 1ests on miadhine

Cheeh machine and tind the amount ol crror
abgnments deade wha work shoald e done an
chine betore overhauhing; snggest methads of correcing
crrors i abgnment and see whether correcion of thes
crrors introduces any further errors: 1l this is 1he GO,
mdicare how 1t can be avorded or reaified.

Cheeking will be done winrh 1he follossine restin
cuipment: test barcdock gange and dock s, Carn
out chechmg accordig 1o the Sclfesimeer standand
testing procedure,

Example 3. Excrase i Chenneal plane operation
(mitrre acnd plant)

The tranee is assigned 1o spend o pernod with cad
ol 1he tollowing process personnel: (@) borner lious
operator an charge of five 1o dght mits, for one shilr:
(b) absorption operator in charge ol five o aghr ans,
tor one shift: (c) plant chargchumd, tor two shilis,

(1Y Desenbe bricth the work carvied ont by the
Hrst two. process operators during therr shitts and state
what, i vour opimion, are the nrost IPOrtInt aspects
ol therr work. Amaong the tpes ob operations which
they carry out are: inspection recordings: adjusimens;
changeover of caupmenty saaple aiking: clenng;
CONEFEENey action,

One or perlaps two mstruments msnally need e
consulted 1o (Icu'rmim- whether the operation ol
plant s safe and under control. Such instrnments mu
e deseribed as Kev instruments. Hhey are nsinlly jn
spected by the process operators, a0 fairly fregquent in
tervals, Inconsubation with the operctors, decide
which of the instrumicnts on the hurner ail absarprion
sections are kev instruments,

(2) Record bridly the work and duties of the plan
chargehand. The following Tist, which is by no micans
comprehensive, will provide guidince i considering
the different aspects of his work * inspection; operation;
stock control: consulttions wirth, and receipt of insirue
ttons from, Torenan and plon nagers passicg in
structions on to operators: control of Libour: checking
on plant conditions; cheching on plant tidiness: liaison
with other plints: Tiison with maitenance;  issiing
and signing or cearancesy starting np plant; keeping
plant log, honus sheets, muaterials export and mpon
schedules, and so on: emergency acion,

(3) On the basis of the experience gained. state wha
action would be necessary in the event of 0 (@) alarm
sounds indicating low level in waste heat bailers (4)
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ammonia gas valve trips; (¢) sudden emission of lirge
quantities of brown fume from exhaust stack: (d)
falling pH value of cooling water,

Explain the reasons for these cvents, describe the
checking procedure to identify their causes and outline
the steps taken to correct deviations and return the
plant to normal working conditions.

Design, and process and product development

The purpose of practice in the. ficlds of design and
process and - product development is o acquaint the
traince with the role of techmcal innovation, the po-
tentialities and limitations of the different engineer-
ing sciences and the means of applying them in prac-
tice. The following cxample relates to muchine design.

Example 4. Exercise in machine design

Study the design of two muchine tools similur in
type but differing in detail, and make a report on these
ditferences under the following headings:

(1) Capacity, by tvpe of operation, size of work-
piece. rnge of speed, feed;

(2) Rigidity and strength of the muchine:

(3) Adaptation to operation: design and position of
controls, instrumentation;

() Fase of manufacture with special reference to
the muchining operations required:

(5) Methods of assembly and adjustment;

(6) Special features.

Sales engineering

The purpose of practice in the tield of sales and service
Iy to rrain sales engineers or to acquaint design engi-
neers and - production engineers with sales technigues.

Example 5. Exercise in iles engineering

Record all customer contacts in sales arer No. Y
and muke a0 report on the following aspeas:

(B Amount of orders placed by cach customer;

(2) Service arrangements required:

(3) Calling routes for <alesmen and service  engi-
neers;

() Promotional material;

(5) Practice of competitors,

Manayement

Training in the field of management aims at acquaint-
ing young engineers with the types of problems 1o be
solved by management at various levels, the distnbu-
tion of tasks among exceutives and the practieal appli-
cation of management techniques and procedures.  An-
other purpose 1s to impart elementary supervisory skills,
such as planning of work and job instruction, which
are of importance in any department. whether it be
design, sales or production.  More intensive training
m management techniques will be required for those
specializing in this field.

Example 6. Exercise in cost reduction

Study the machine layout throughout the plant and
the arrangements for storage and tramsportation of ma-
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terials and components, from storage of raw materials
to dispatch of finished products. Draft a report sug-
gesting possible improvements and cleulate the cor-
responding savings in production costs,

Example 7. Exercise 1ri quality control

Select @ major item produced in the factory, and
describe in full detail the quality specifications pre-
scribed to the following departments: (¢) design; ()
work plinmng and production; (c) sales.

Comment on quality control at various stages of the
manutacturing process, from purchise of raw materials
to timal testing before shipment.

In certain cases actual supervisory practice might al-
so be included as part of the graduate engineer's train-
ing programme.  This is, for example, the case in
a chemial factory where the graduate trainee is al-
lowed to assume the responsibilities of a section fore-
min during certain short periods, for instance, when
the foreman is on vacation or on leave of ahsence. For
about twelve weeks, the trainee acquaints himself in
general way with the section’s duties, the layout of in-
stallations, nstrumentation, control-room  procedures.
safety  regulations, and so on, He also works with
the operators of the section. For a time, he serves as
understudy to the foreman in all his duties and writes
up the scition’s log-book s this is followed by the actual
assumption by the trainee of operational responsibility
tor the section as a whole,

THE ROLE OF THE TRAINING SUPERVISOR

The wask of the training supervisor varies with the or-
gamzational structure of  the enterprise. In general,
the duties in the field of training are apportioned as
tollows.,

(1) Sclection of trainces. Selection of graduate en-
gineers s generally the responsibility of the director of
personnel and the final decisions are made with the
agreement of g senior muanager. It would be useful
if the training supervisor were the third member in
the selection panel. The procedures incude examina-
tion of personal and educational records, and inter-
views.

(1) Programming. Establishment of raining sched-
ules is the specific responsihility of the training super-
visor.

(3) Instruction und supervision. General instruction
18 usually the trinning supervisor's responsibility: other
officers of the company are called upon to provide
specialized taining. The  supervision of the trainee
during his assignment is  sometimes regarded as the
responsibility of the officers in charge of the depart-
ments concerned. the training supervisor acting in an
advisory capacity.  Sometimes the training  supervisor
assumes {ull supervisory responsihility, In all cases.
the training supervisor is responsihle for evaluating
periodically the progress made hy the trainee. The
training supervisor provides group instruction and in-
dividual coaching: he maintains liaison with the various
departments in which the trainees are plced.




() Career planning. The training supervisor plays
an important advisory role in placing young engineers
after completion of their training; he may also provide
guidance at further ~ages of their careers. Much of the
success of the training programme will depend upon
the training supervisor’s ability to perceive correctly
the needs—of both student and company—which the
programme is designed to meet.

If the training supervisor is to command respect from
the graduate trainees, he should himself be a university
graduated engineer with a good scholastic record and
should possess the right personality and adequate prae
tical experience in industry. The function of training
supervisor can be an appropriate intermediate step for
an engineer with from five to ten years’ experience who
is being considered for higher managerial responsibi-
lities. On the one hand, such an assignment will pro-
vide him with an insight into the future development
needs of his organization; on the other, it will pre-
pare him for an important but often neglected part of
the responsibilities of a manager—that of developing
the talents of his subordinates.

Experience indicates that the number of triinees per
group assigned to one fulltime training supervisor
should not exceed fifteen to twenty-five. If particularly
intensive work is required on the part of the supervisor,
for example, if the programme includes coaching scs-
sions with a frequency of, say, one session a week per
person, the group should be limited to twelve to fifteen
trainees.

Appointment of a full-time training supervisor will,
as a rule, be feasible only in large enterprises. If grad-
uate training programmes arc to be earried out in
medium-sized and small companies, co-operative action
among these companies will have to be arranged. It
may be noted, in this connexion, that trainees in small
or medium-sized enterprises may benefit from the fact
that the interrelationships between the various man-
agerial functions and activities—production, sales, per-
sonnel, finance, and so on—may be more readily ob-
served in such enterprises than in larger concerns.

A training programme involving the co-operation of
small and medium-sized enterprises has been organized
by the Research Institute for Muanagement Science in
Delft. This programme is at present liniited to in-
struction in management occupations. Training in de-
sign and development is not provided because, under
the Dutch educational system, the trainees have already
had, during their undergraduate years, adequate factory-
floor practice and some experience in design and re-
search.  The programme has a duration of from four
to six months and consists of the following:

(1) A preparatory coursc of approximatcly one
month providing comprehensive instruction in the prin-
ciples and techniques of industrial management, in-
cluding cost accounting. their practicai application in
medium-sized and small-scale industries, and job in-
struction, report writing and other practical skills;

(2) A period of individually supervised practical
work, preferably in the enterprises employing the grad-

uates. The assignments are chosen in consultation with
the firms’ managements and are related to actual prob
lems in the fields of production, sales or otfice munage
ment, a feature which has proved 10 be of some bene
it to the participating enterpriscs;

(3} A series of group discussions to promote the oy
viunge of experience among trainees.

(4) A number of information mectings with  the
managements of the participating companies.

Several groups are set up, each consisting of from
eight to twelve trainees, for instruction in different
branches of industry. A staff member of the Institite
1s attached to each group as training supervisor.  In
dividual coaching is provided. So far, the participating
enterprises have been mostly of medium and smuill sive.
and one to three trainees at most could be placed in
cach factory.

Three broad categories mav be distinguished in the
instruction briefs given to the trinces, by degree of
complexity.

(2) The trainee is required to analvse a very com
plex problem and to present his findings in a rescarch
report (research assignment).

() The trainee is required to analyse a problem
with 4 view to presenting a practical solution und 1o
defend his suggestions before a committee consisting
of managers of the company (consultation assignment).

(¢) The trainee is required to solve a problem and
to implement the solution in practice.  In view of the
relatively short time available, the problem is generally
relatively simple (implementation assignment).

Table 2 shows the distribution of trainces by type of
work, branch of industry and branch of engineering.
The total number of trainces was sixtv-four.

Operating a mudtiple midling machme

55



CO-OPERATION BETWEEN UNIVERSITIES AND INDUSTRY

According to the circumstances, arrangements for co-
operation between universities and industry  will be
made on a local or regional fevel. The in-plant train-
ing programme may be sponsored cither by industry
with university assistance, or zice gerse. Several umi-
versitics may participate m the programme. Expericnce
in the Netherlands since 1950 has heen that, out of
100 to 125 graduate students, fifteen 1o twenty were
found cligible for in-plant training.  Out of 300 small
or mediumssized enterprises in the area adjoining the
university, bty to sixty were willing o participate in
the programme.  On the average, cach firm agreed o
take a student once every three years. As far as possi-
ble, the training courses were devised so that they would
be of use to the participating companies.  Over the
period from 1956 to the end of 1958, thirteen colleges
and mstitutions of higher education had participated
n the programme. .\ total of 120 students had been
assigned 1o an approximately equal number of indus-
trics.  The trainees had the status of salaried emplovees
at ajumor engineer’s levely this stressed the business-
ke character of the assignments and the fact that
practical achievements were expected from the trainces.

IN-PLANT TRAINING PROGRAMMES FOR GRADUATE
ENGINEERS FRON OEVELOPING COUNTRIES

As o whole, the procedures described above are ap-
plicable for organizing in-plant training programmes
cither in industrial or developing countrics for the bene-
it of graduate enginees from the latter countries. Tr-
respective of the type ot country in which training is

provided 10 these engincers, certain subjects should
be emphasized  which, in programmes devised  for
trainees from advanced countries, may be given less
attention, This applies o training in such maiters as
muintamnee aid repairy selection of productive capacity
of cquipment, use of non-mechanized or littke-mechan-
ized techmiques in certain operations—for instance, ma-
tertals handling, packaging and other ancillary activi-
tes—and training of machine operators,  In view of
the lack of industral tradition in many newly indus-
trializing  countries, in-plant  training  programmes
might abso prepare young engineers to play a role in
bringing about the sociat changes which normally ac-
company mdustrialization. This preparation would in-
clude practical instruction in such matters as wage
svstems, productivity incentives, industrial safety, and
honsing and related facilities,

hn view of the limited cducational and industriat re-
sources of many und.r-devetoped  countries, a large
measure of international co-operation will be required
it in-plant training programmes are to be organized,
cither at home or abroad.  Co-operation will be needed
between universities and  between industries in - de-
veloped and developing countries for exchanging in-
formation on curriculums, defining admission criteria
and  procedures, selecting trainees,  securing the co-
operation of industrial - establishments, placing  stu-
dents, and so forth,

In the less developed parts of the world, efforts to
set up regional in-plant training programmes would be
werth while. In muny regions, suitable technical in-
stitutions and groups of advanced industrial establish-
ments exist where training could be provided to grad-
uates from neighbouring countries as well as to na-
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Quality control, measurement
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Materials handling and
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MisceHlancous 3 1 12 16 10 1 15

Toal 53 12 40 105 63 14 10 87

lesi number of trainecs be-

longing to several groups — — — — 23 —_ — 23
Total number of tra nees - — — — 30 14 10 64

Sonrce: Research Inanuie for Management Saence.  Delit.
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tonals ot the host country. The fact that training
would take place i an institutional setting with ad-
vimeed features amidst an - environment presenting
many of the basic cconomic and social charactenstics
of the less developed countries would contribute to its
effectiveness,  Regional  training  programmes might
Also present advantages from the standpoint of costs.

CONCLUDING REMARKS

In this articles m-plint training has been discussed with
reterence to youny graduate engineers.  Yet the appli-
cation of this method is by no means restricted to en-
gineers—voung or graduate. With appropriate modi-
hications, in-ptant training might be usefully provided
to undergraduate students, as is alrcady done in certain
Furopean universities. It may also be devised for in-
dustrial cadres of all Tevels and age groups, incuding
senior management, whenever it is desired o pro-
vide better understanding and more practical experience
m certain helds of industry. Thus, m 1938 39, the Re-
search Institute for Management Science of Delft or-
ganized o triining programme in the vse of clectronic
computers for industrial management; the trainees were
semor otheers of industrial companies with educational
backgrounds in - engineering, cconomics and  mathe-
matics.  Organization of both forms of training may,
however, meet with more  ditheulties in - developing
countries than i advianced ones.

In-plant training of the type deseribed in this arnicle
is a starting step, though a major one, in the broader
task of promoting and assisting the career development
of industrial cadres. ‘There is already an awarencss
of the importance of this problem in some industrial
enterprises—generally in the lurger ones—in certain de-
veloped countries, and some industry-sponsored  test-
ing and training  programmes have been organized.
The question deserves further study on the part of uni-
versities, technical schools of higher  education, and
industry.

The organization of in-plant training programmes
of all types cal's for close co-operation between industry

Yar Kie Han, Student Training in Industry (Delft, Sep-
tember 1957). a report on experimental training projects
for graduate engineering students undertaken in the
period 1953 to 1957 by the Research Institute for Manage-
ment Science (formerly Foundation Training Courses
and Rescarch), Delft, the Netherlands

D. L. Mareres, J. F. AL Rapeors and J. L. Reopaway, “An
Approach to the Techniques of Graduate Training”.
Proceedings of the Institute of Mechanical Engineers
(London, 1956), a paper concerning experiments carried
out by the Engineering Department of the University
of Cambridge and . Napier and Son, Ltd. Acten.
London, England, in 1954 and 1955

and educational institutions, I many countries the
co-operation ot government authorities will also be ro-
quired.  In-plant training programmes, mcluding those
devised for undergraduate students, will provide  ¢x-
perience which will be of value for achieving adjust-
ments of university curriculums and industry reguire-
ments.  The adjustments in the arriculums would
wend to place more emphasis than s asially done on
the practical application of engincering sciences. Divea
contacts with industrial practice wonkd induee the
teaching statf to keep ubreast with, and impart 10 the
students, the Litest scientitic and technological advances.
This aspect of miversitv-industry co-operation would Iwe
of special importance to newly industrializing conntries
desiring to sustain o rapid rate of growth,

International co-operation hetween universities
between industries is needed if in-plant training pro-
grammes are orgamzed tor the benetit of engineers
from the less developed countries. T organize such
programmes in these countries. mformation on the ex-
perience gained i the more advanced countries would
be wusetul. I need be, arrangements for providing
supervisory training personnel from developed nanons
should be made, It training is to take phice i indns
trial countries, information and analytical studies on the
needs of developing countries should be provided o
universities and  participating industrics,

Developing  engineering talent is one of the pre
requisites to the industrialization of the less developcd
countries, It might be advisable for the Governments
of these countries to request technical assistance to or
ganize in-plant training programmes for their cogineers
at home or fellowships or scholarships for training them
in plints in forcign countries.  Since projects in this
field call for internationdl co-operation, assistance by
intermational orgamzations would e particularly  apy-
propriate.  Such assistince would complement the of
forts alrcady made. in partcular by the United Narions
and its specialized agencies, to promote the growth of
industry in the less developed  countries by helping
them to set up educational and training institutions :1nd
hy granting fellowships and scholarships 10 their en-
gineers and technicians.
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Health Problems of Industrialization

sy R. 8. F. SCHILLING

N THE NINETEENTH century, the rapid progress of in-

dustrialization and urhanization in Europe and
America gave rise to new forms of poverty, discase,
squalor and ugliness. While many of thesc evils re-
main, some of their worst forms have been controlled
or eliminated through better cducation and a growing
sense of responsibility for health and welfare on the part
of both public authorities and private social and eco-
nomic groups. Much of the effort went into devising
measures of prevention and control: planning the de-
velopment of new industries and towns, providing for
puhlic health and medical care, and passing appropriate
legislation and providing services to protect the health
and safety of workers.

Industrialization and urbanization are now spreading
all over the world, much of this development taking
place in the economically under-developed countries (1),
If left unplanned and uncontrolled, the growth of in-
dustry and cities may lead to overcrowding and an
increase in communicable diseases, malnutrition and
exposure to new risks of occupational disease and ac-
cident, It is therefore essential that these countrics
avoid the errors of the past and take every possihle
measure to integrate their industrial development with
the relevant action in 1he social and health fields.

TFigures in parentheses relate 10 the refereuces at 1he end
of 1his article,

Prorkssor Scuniwe, Director of the Department
of Occupational Health, London School of Hygicne
and Tropical Medicine, has served as a comsuliant to
the World Health Organization of the United Nations
on health aipects of industrialization.

The scarcity of resources which is characteristic of
these countries may often necessitate a scaling down of
programmes in which economic and social goals are
reconciled, and the establishment of priorities between
such goals. In many cases, the integration of medical
carc and health protection in industrialization projects
can be done with moderate outlays and without experi-
encing critical shortages of skilled personnel. The pur-
pose of this article is to draw the attention of both
national planning  authorities and technical assistance
advicers to the need for, and possihilities of, such integra-
tion and to describe some of its requirements and some
of the results which it may he expected to achieve.

PLANNING OF INDUSTRIAL AREAS

Certain aspects of industrial planning have a direct
bearing upon community health, Among these are the
location of factories, the size and type of industries and
the availability of housing.

New industrial areas should be plinned as zones
with immediate access to, hut separate from. housing
arcas, A well selected location should ensure easy c-
cess to work and lower the risk of road accidents. It
should aim at reducing as much us possihle the long
and tiresome journeys which are so often a feature of
life in the highly developed countries. In London, be-
tween the First and Secornd World Wr, new housing
estotes were built on the east side while most of the
new factesies were erected in still vacan spaces on the
west side. As a result, many workers have had long
and expensive journeys across the whole width of the
metropolitan area (2). Meteorological conditions should
be taken into account in siting both factories and dwell-



mgs so as to avoid exposure to harmful concentrations
of pollutants.

As large u degree of diversification as possible should
be aimed at in planning new industrial areas so as to
increase job opportunities and reduce employment sen-
sitivity to trade depressions, A wide choice of jobs
and  good employment  prospects are themselves im-
portant for maintaining a good social climate and even
for safeguarding community health, Tn the past, some
untortunate conscquences were brought about by the
Lact that nnplinned new towns became cconomically
dependent on one industry. . When that  industry
slumped. the inhubitnts were faced with cconomic and
social  disaster,

There is some evidence that the rate of absence due
to sickness. accidents and voluntary absentecism. and

the frequency of strikes, are ussociated with the size
ot manutacturing establishments. In the following table,
which shows the average number of days lost per em-
ployee, by cause and size of productive unit, in a large
public corporation in the United Kingdom, the co
etheient of concordance between the rankings of the six
groups of works classed by size and the three types of
causes of absence is approximutely 070, which s sta-
tistically sygmificant at the one per cent level (3. The
cvidence suggests that the size to he given 1o industrial
concerns has important social implications, and  thae
special attention has to be paid o heakth protection,
medical care and morale in the Lirger industrics.
Provision of housing is an important element in in-
dustrialization.  The establishment of factorics in in-
dustrial agglomerations entails large immigration of

“Factories and dwellings should be sited so as to avoid exposure to harmful concentrations of pollutants...”

A steel mill in Japan
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AVERAGL NUMBER 0F WORKING DAYS LOST PER EMPLOYEE BY CAUSE AND SIZE OF UNIT AT
SIXTY-SEVEN WORKS OPERATED BY A PUBLIC CORPORATION IN THE UNITED I\IN(;DUM. 1954

Neze of wwt Number

tnumber of of

employees | s Acadents
Above 500 4 1.08
22049y 8 0.72
100-199 o 16 (.88

50-99 12 1.23
25.49 1o (1,80
Below 25 17 —

Average number of working davs lost per empiovee on acconnt of

Swckness Other canses Tead
15.01 443 20.52
12.83 101 17.59
10.03 2.85 13.75
1139 257 15.3%

970 .08 12,25
10.88 0.3% 11.20

Sotrce: Chapter on *Morale and the Size ot the Working Group™ in Modern Trends i Ocenpationad Headth, I

R. Revans (London, 1960),

workers from rural areas. They frequenty leave wives
and children behind and come in vast numbers and
squat in self-made camps or crowd into existing dwell-
ings which rapidly deteriorate and become insanitary.,
This may have far-reaching effects on community
health and coutribute 1o 1aental illness and behaviour
disorders such as delinquency, prostitution and alcohol-
ism.

A investigation of housing and other social con-
ditions and needs should he o prerequisite to planuing
industrial projects.  In large industrial schemes. which
may profoundly modify the cconomic and social en-
vironment of a1 given arca, investment in social facili-
ties should be considered as necessary part of the
cost of the project.

OCCUPATIONAL HFALTH SERVICES

In the nincteenth century, industrialization in Europe
led to the development of Libour laws 1o protect women
and voung persons who were especially vulnerable to
accidents and the fatigue of excessively long and
arduous work,  Liude hy little, broader and more ef-
fective legisluion was introduced to protect the health,
safety and welfare of all industrial workers. Later, in-
dustry recognized that these laws and their enforce-
ment hy goverument authorities were not enough, and
many - enterprises  developed  their own occupational
health services. At first, this was done on a rather nar-
row scale by the larger firms o protect their labour
force against hazards of occupational injury and
discasc.  Some smaller firms gradually followed suit.
Today, occupational health services are considered, in
mdustrial countries, as a necessary part of the operi-
ton of an industry. They aim at placing workers in
jobs for which they are physically and psychologically
suited, providing treastment and controlling health haz-
ards associated with the work. In many of these coun-
tries, however, lack of co-ordination between health
services frequently results in overlapping or in inade-
quate servicing and coverage.

In under-developed countries, health services are of
the utmost importance w new  industrics employing
peasamts who are unfamiliar with the hazards of ma-
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chinery and tosic processes, and who are not used o
the discipline of factory life. The carly planning of
such services would provide unique opportunities for
integrating preventive and curative medicine and avoid-
g the pitfalls found il too frequently in the more
developed countries,

Services provided

Modern occupational health agencies usually  provide
the following services (4).

Medical examinations by plant physicians

These include pre-employment medical examinations,
periodic examinations and special check-ups.

Preemployment  examinations  are the foundation
stone of an occupational health service.  They enahle
physicians to recommend suitahle work for the new
employee, and permit detection and treatment of disease.
They are especially important in placing workers in
hazardous jobs, particularly persons belonging to vul-
nerable groups such as women and young and clderly
people,

Periodic examinations are usually given o workers
exposed tooccupational hizards and to those belong-
ing to the vulnerahle groups. Special check-ups are
given to emplovees returning to work after illness and
those presenting symptoms of disease which may be
associated with their occupation,

First-aid and medical care

First-uid plays & major role in limitng disability re-
sulting from accidents and in hastening recovery. An
ethcient first-nid service may have a profound effect on
the morale of workers, particularly of ¢chose in danger-
ous industries. For these reasons, first-aid is an essen-
tial part of any occupational health programme. In
the factories and mines of many industrial countries.
first-aid is the only service provided and only emergency
and on-the-job treatment is given for occupational and
non-occupational disahilities.  In countries in which in-
dustrialization is developing rapidly, and in some iso-
lated areas, a much hroader programme of treatment

—



“In the factories of many industrial countries, first-aid is the

only service provided. In mdusirializing countries, a much

broader programme of treaunent should be provided for the worker and his family ...

ToP LevtT: First-ad room in a Lowisiana refinery  top
BOTTOM LEFT:  Treating a child in an Iragi health centre
n a Syrian dispensary

should be provided for the worker and his family. The
occupational health service should materially contribute
to the health of the community as a whole, particularly
in countries where community health services are in-
adequately developed,

Control and supervision of the working environment

An occupational health service should advise manage-
ment about potential hazards to health when it is
planned to introduce new materials or processes or to
make mujor alterations in the plint. It should make
periodic inspections and measurements of environ-

wiGnt:  Forst-aid room m u DDT production plant in New Delhi
BOTTOM wiGt:  Mothers and children waiting for cxamination

mental conditions in plants where there are known or
suspected hazards. For example, it s the practice for
well-organized health services in factories or  mines,
where there is a risk of occupational discase from ex-
posure to toxic dusts or gases, to make routine measure-
ments of the concentration of toxic materials in the air
in order to ensure that exposures are kept within safe
limits.

The staff of the health service should co-ordinae
clinical and environmental investigations to evalnate
the influence on health of physical factors, such as
lighting, temperature, humidity, ventilation,  atmos-
pheric pollution, radiation, vibration and noise. Tt
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should study various physiological and psychological
aspects of work, such as fatigue, weight lifting, seating
posture, night work and shift work, and ensure thut
#ood standards of hygicne are maintained in work-
rooms, canteens, lavatories and cloak-rooms.

Health education

Industry physicians and nurses have special opportuni-
ties for providing health education and counselling in
oider to help workers adjust to their new environment.
This function is discussed in more detuil below.

Orgamzation of occupational health services

lutegration with other services

In the developed countries occupational health services
are usually separate from, and not co-ordinated with,
other medical programmes. This situation is principal-
ly explained hy the fuct that occupational health is a
relatively new field which cannot always be readily in-
tegrated with the practice of the older estahlished in-
stitutions.  Sometimes the activities of occupational
health services overlap those of other medical agencies;
in general, however, the scope of the services which
they provide is rather limited. As a rule, they exist
only in the larger industrial firms.

In the industrializing countries unhampered hy set
customs, occupational health  services may have a
broader scope; they may be linked with other services,
particularly with those providing medical care, and
can be organized to serve smiall as well as large con-
cerns.  Reorganization of health services along these
lines, with a view to meeting the needs of industrializ-
ing communities, has taken place in several countries,
for example. the Union of Soviet Socialist Repuhlics.
Czechoslovakia, Yugoslavia and Turkev. In the United
Kingdom, the National Health Service does not pro-

vide for occupational health, and its preventive and
curative branches are functionally separate. Services for
medical care and public and occupationa! health were,
however, integrated when huilding the “New Town*
of Harlow (5).

In large industrial undertakings there are advantages
in having health centres or even hospitals providing
for both occupational health and medical care. Health
centres in industrial areas should also be organized to
provide for the community at large outside the plants
medical care, preventive services such as environmental
hygicne, maternal and child health assistance, control
of communicable disease and occupational  health
services for smaller factories, service industries and
agricultural workers.

Facilities, equipment and staf}

Examples of well-equipped and well-organized occu-
pational health services can be found in countries all
over the world. In industrial countries, many thousands
of physicians and nurses and an increasing but still
small number of occupational hygienists are employed
in factories, mines, docks, farms, shops, offices and
universities. Their work is highly specialized and it
is now widely accepted that they need to be specially
trained for it (6), (7). The following two examples
relate to facilities in two new United Kingdom centres.

A large chemical works with 14,000 employees has
recently set up a medical centre with a staff including
three fulltime industrial medical officers. a dentist, a
radiographer, a physiotherapist, two laboratory techni-
cians and eleven state registered nurses. The service s
¢equipped to deal with every emergency and includes a
recovery ward for serious injuries, chemical burns and
poisonings.  The labour department of the factory,
which is responsihle for recruitment and welfare, works
in co-operation with the medical centre (8).

In the New Town of Harlow, which includes an
important industrial estate, an occupational health ser-
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vice has been established as a co-operative project of
local employers, to serve medium-sized and small fac-
tories, building contractors, shops and offices (9). The
employers subscribe £2 per employee per annum. The
Nuffieid Trust provided the necessary capital to build
and equip the centre and to meet running costs dur-
ing the early stages of development. Now five years
old, this service is nearly self-supporting. It caters for
about 9,500 employees in sixty separate establishments.
Its staff comprises a director, fifteen general medical
practitioners, employed part-time, two full-time and
three part-time state registered nurses.

Organization of co-operative projects of this type is
essential to meet the needs of the smaller factories. It
is often difficult, however, to persuade employers to
associate and provide the initial cost of the schemes.

OTHER SERVICES
Medical care

The aim of medical care is to 1estore health to the sick
through medical treatment and rehabilitation. Medical
care also includes measures to promote health, prevent
discase and discover the earliest stages of discase. Thus,
health counselling, immunizations and prophylactic
health examinations come within its purview.

Large industrialization projects should make provi-
sion for medical care programmes to keep pace with
the requirements of a rapidly expanding population.
These would include construction of health centres,
polyclinics and hospitals (10). As mental illness ap-
pears to become an increasingly serious problem in
growing industrial communities, special provision may
have to be made for mental health clinics in health
centres and psychiatric out-patient departments in poly-
clinics and hospitals (11).

In new communities it may take a longer time to
construct hospitals and polyclinics than to build houses;
temporary buildings for such centres may need to he
provided.
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Environmental hygiene

The control of environmental factors which have 2
deleterious effect on health is a major task for any
community health service. Industrial communitics have
special problems in this field.  Work places involve
risks from exrosure to toxic dusts and gases, radiation,
noise, and intections and infestations such as anthrax
and  hookworm  discase.

Some of the hazards which arise from industrial
processes may constitute a danger to the whole com-
munity.  Atmospheric pollution from factory chim-
neys. disposal of toxic materials, such as bervllium,
cyanides and radioactive substances, and contamina-
tion of the water supply with chemical effluents and
toxic pesticides are common and wide-spread problems.
There is enough evidence to show that people and
farm animals in industrial areas have heen seriously
affected by the discharge of industrial wastes into the
air and rivers or onto the land. These dangers to the
whole community are often ineffectively controlled he-
cause the responsibility for environmental hygicne in-
side and outside industry belongs to differem health
authorities.  Centralization of responsibility or co-or-
dination of activities in this field is clearly needed.

Control of communicable disease

Industrialization has been blamed for many of the
serious cpidemics of the nineteenth century, for example,
the visitations of cholera and typhus in England. Today,
communicable diseases likely to be associated with in-
dustrialization include venereal disease, pulmonary
tuberculosis, pneumonia, which is often a problem among
people from rural communities overcrowded in industrial
lodgings and hostels, virus diseases such as poliomyelitis
and influenza, bilharziasis, which may be a scrious
problem in irrigation schemes, and diarrhoeal diseases
which spread as a result of poor water supplies and
faulty methods of disposing of human excreta.

“An occupational health servie should make periodic
inspections and measurements of envirenmental conditions
in plants ..."

Larr: Check-up 10 detect  comtamination by  guses
caNTRE:  Checking chimmey for proper evacuation  of
vapours  miGHT: Checkinmg noise level of machine
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“The diet of rural workers may be scriously affected by thdr migration 10 urban centres .

LEEr Lunch-ime in workroom of Indian factory

The control of communicable discase is an important
function of eccupational health services, as well as of
public health services, because there are hazards of in-
fection at work and hecause the plice of work provides
opportunities for finding, treating and rchabititating
patients with communicable diseases.

In planning health services for new industrializtion
schemes, there are unique opportunitics for co-ordinating
preventive services inside and outside industry. This
would open prospects of solving common problems of
pollution of air, water and lind and of controlling
communicable disease,

Nutrition

In the economiclly developed countries, industrialization
and urbanization have been accompanied by increasing
productivity in agriculture. This is often not the case
in the less developed countries undergoing a process of
rapid industrialization. Serious problems of urbun food
shortage may arise because of the incapacity of existing
agrarian systems to expand production to meet increasing
needs. Difficulties in transport and storage of foodstuffs
may further aggravate the situation.

The diet of rural workers may be seriously affected
by their migration to urban centres. The change may be
for better or for worse according to the regularity of
their employment, the level of their incomes, and the
number of their dependents. Other relevant factors are
the awailability in towns of foods to which they are
accustomed, their being used or not to purchasing food,
and the responsibility which thar employers may take
for their diet.

There are many indications that 1 rise in national
income frst leads to a general increase in food consump-
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RIGHT:

Indiun woman preparing meal of chuppatt, a bread made
of wheut flour

tion, including that of the more expensive and pro-
tective foodstuffs. This has been the case in India and
other under-developed  countries. In Japan, the most
highly urbanized and industrialized country in eastern
Asia, increases in the per capita consumption of milk,
meat, sugar, fats and tea ranged from 13 per cent to
nearly 40 per cent during the cight-year period from
1930 31 to 1938 39,

However, in spite of the increase in incomes, the diets
of rural people can deteriorate when they move to urban
centres. For example, the Bantus' normal diet, consisting
of whole-grain cereals and milk, was reported to be
replaced by aninadequate one of maize meal, white
bread and mineral water when they moved into the
towns. Jn Malaya, there was an increase of beriberi
when rural people migrated to industrialized areas and
changed their normal diet of home-pounded rice for
one of highly-milled, vitamin-deficient white rice (12).

Providing advice to industry for supplying well-bal-
anced meuls to workers and educating them to improve
the composition of their diet would he important func-
tions of the health services,

Health education

Health cducation has an important role to play in
industrialization programmes. It may help new com-
munities to adapt to new ways of life, induce people
to place a value on health and thereby ensure a proper
development and use of services and other measures 0
promote health. Provision of health education requires
close collaboration between health educators and social
scientists. It is often a difficult undertaking because of
great differences between the ways of life and thinking
of those who provide such educational services and those
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for whom the services ure intended. At the outset,
illiterate peasant communities may have all sorts of
customs and taboos with respect to health and illness.
They may be faced with new ways of life und work
which are potentially dangerous to their health, and have
health services provided for them of u standurd and
type which are completely foreign to their ways of think-
ing. The planners may have a much too limited under-
standing of these factors. “These problems™, as G. M.
Foster said, “cannot be solved by hiring friendly, un-
derstanding, well-meaning persons™ (13).

CONCLUDIN(;, REMARKS

In the future development of industry, if man's social
and economic needs, the hasic necessities for his health,

are considered together and as of equal importance, the
new industrial town can be o place where he can find
happiness, leisure and learning—the influences that civil.
1ze outlook and habit (14).

Industrializing communities are Faced with new prob.
lems of mental health and physical discase, the causes
of which are not Tully understood and therefore not
prevented. I countries which are mdergoing rapid
industrialization and urbanization, n mav he casier tan
clsewhere to study, measure and understand the effects
of these developments on health and social relnonships.
The knowledge gained would be of value to old and
new: communities. In the meantime, intelligem apph
cation in the industrializing countries of the lessons
already Tearned in developed  countries wonld  case
their transformation into better balaneed and healthier
socicl os,
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United Nations Activities

in Industrialization

Developments in the programme of work and establishment

of a committee for industrial development

] VRING THE pAsT five vears, the Sccretary-General of

the United Nations has submitted 0 the Economic
and Social Council, at the request of that organ, a number
of proposals for a programme of work in the field of
industrialization and productivity. In the same period,
proposals were made by members of the Council for
the establishment of a special body o deal with matters
relating o industrialization.

The Council's concern with the work programme and
the creation of o special body reflected its awareness of
the major role played by industrialization in the cco-
nomic development of under-developed countries and of
the increasing responsibilities and duties of the United
Nations in furthering its progress. Both matters were
discussed at several sessions and ar its twenty-ninth
session in April 1960, the Council adopted a resolution
by which it established a standing Commitee for In-
dustrial Development (1).' In December of the <ime
vear, the General Assembly adopted o resolution in
which it took note of the action of the Council and made
further recommendations regarding the activities of this
Committee (2). The texts of both resolutions are re-
produced below,

According to its terms of reference, one of the main
functions of the Committee is to examine for the Coun-
cil the work programme of the United Nations on
industrialization and to make recommendations con-
cerning its further development. The present note gives
some highlights of the development of this work pro-
gramme over the past few vears, particularly as regards
its general orientation. Details of specific projects con-
tained in the programme and the progress in their im-

! Figures in parentheses relate to the references at the end
of this note.

o

plementation may be found in some of the documents
listed below. The note also gives a brief historical ac-
count of the action taken by the Council in the field of
ndustrialization,

I 1955, acits ninetcenth session, the Council adopued
A resolution (3) in which, among other things, it
recognized the need for further and more intensive
studies of the problem of industrialization and in par-
ucular of methods o raise industrial productivity in
under-developed areas. The Council requested the Sec-
retary-General to submit a survey of the work currently
being undertaken in that field under the acgis of the
United Nations, including the specialized agencies, and,
i the light of the conclusions of that survey, to prepare
and submit 1o the Council at its twenty-first session a
programm- of work to be carried out by the Secretariat,
bearing in mind the necessity for accelerating industriali-
zation, raising productivity in under-developed coun-
tries and wilizing available forms of international assist-
ance as fully and efficiently as possible to that end.

In 1956, the Secretary-General submitted to the Coun-
al, atits twenty-first session, two reports in implementa-
tion of this resolution. The first (4) contained a survey
of current work on industrialization and  productivity
by the United Nutions, including that of the regional
economic commissions, and by the specialized agencies,
and discussed the scope of these activities by broad
catcgories of subject. The second (5) contained proposals
for . work programme in the field under consideration,
In drawing up the programme, the Secretary-General
was guided hy the following criteria.

(4) Attention would be siven to problems of planning,
programming and developing the industrial sector as a
whole but, at the same time. the programme would con-

ST



centrate on the area lying between the assessment and
allocation of resources and macro-programming of sector
targets, on the one hand, and the designing of productive
plant and facilities, on the other. In this arca, the studies
would involve a micro-cconomic appraach based upon
actual industry practice, rather than an analysis based
on statistical aggregates.

(4) Individual industries would be studied under the
pragramme with a2 view mainly to developing a meth-
odology for further research. The relevant projects would
be in the nature of case or pratotype studics, the analysis
of the ¢-onomic and engineering data of the selected
dustry leading 10 conclusions of more general ap-
plicability. In this way it is expected to develop basic
criteria to guide the design, operation and development
of plant and productive facilities.

(¢) In general, the problems studied under the pro-
gramme would be dealt with in the cantext of concrete
situations, particularly af those arising in connexjon with
national or regional efferts to accelerate indastrial de-
velopment; the projects wauld seck to meet immediate
needs. In particular, the pragramme would be largely
oriented towards supporting the activities in industry of
the United Nations technical assistance programmes.

(d) Atention would also be given to prohlems uf
smallscale industry which plays an impaitant part in
the development of the industrial sector in many under-
developed countries.

The Council endorsed in principle the proposals of
the Secretary-Genceral as a general framework for ap
propriate activities of the United Natians to be initiated
in the immediate future (6), and at its request, a number
of projects were selected by the Secretary-General for
carly implementation (7). Priority was given to projects
likely to0 be of immediate practical interest to countries
in the early stages of industrialization and to projects
which would make use af the fund of relevant informa.
tion and experience available as a result of the activities
of the various units of the Secretariat, in parucular of
those carried out under the United Natians technical
assistance programmes.

In 1958, at its twenty-6fth sessian. the Council invited
the Secretary-General to estahlish 2 committee of experts
for the purpose of reviewing the programme of wark
on industrialization and making recommendations to
the Secretary-General on its further development and
implementation (8). The Advisory Committee on the
Work Programme on Industrialization met in Frhruary
1959 and suhmitted to the Secretary-General a report (9)
which was transmitted to the Council. On the whole,
the programme recommended hy the Advisory Com-
mittee derived from the existing one and was hased on
proposals of the Secretariat as amended and amplified by
the Committee. Its general orientation was as follows:
studies on industrialization should provide Governments
of under-developed countries with a hasis for practical
action to promote general economic development; an
even closer relationship should be estahlished hetween
projects under the programme and United Nations tech-
nical assistance and Special Fund activities; the research

work of the Secretariat, which had .o Largely con
centrated an the  micro-cconomic aspeets of industry,
should give more emphasis to studies of 4 macro-cco.
nomic nature since systematic work relating to general
development policies and techniques of programiming
would enhance the over-all effectivencss ol the research
activities,

bn 1959, a its twenty-seventh session, the Conneil ook
note of the report of the Advisory Commintee and re
quested the Secretary-General 1o prepare prososals lor
tuture: work with o view to turther discussion by the
Council of prioritics i the programme (10). The Sec
retary-General's proposals (11), submitted to the Coun-
alin 1960 a ies twenty-minth session, were made i the
hght of o general appraisal o United Nations pro
grammes in the cconomic, soctal and related liclds and
followed broadly the lines recommended by the Advisory
Committee, . |

The discussion in the Council, a 1he twenty-minth
session, concentrated on two main subjears: the estab
lishment of 4 subsidiary body of the Council to deal
with problems of industrial development, and the work
programme on industrialization (12). by dhse ussing, the
brst, the Council considered several alternatives- 1o set
up either a standing committee, o functional comnission,
or an advisory group of experts: there was also o feching
among some delegations that the establishiment of 4
speciaiized agency for industrialization was warranted.
Eventually, the issue was narrowed down to a chojce
between a standing committee and hincnonal com
mission. At the conclusion of the debate, the Conncil
decided to set up a standing Committee for Industrial
Development (1) to advise the Council in matters related
to the aceeleration by less industrialized countrics of their
industrial development. To that end, the Committee will
examine for the Counail the wark programme on in
dustrialization and make recommendations concerning
s further develapment; initiae, propase and encoarage
studies and seminars dealing primarily with indnstrial
methods of production and management techniques,
cconamic programming techniques, financial, fiscal and
administrative palicies, and distribution and marketing
techniques, related to the industrializaion of under
developed countries; undertake, propose or encourage the
callection, evaluation and dissemination of informatian
derived from these studies and of other information
relevant to industrializatiun, and perform such other
relevant functions as the Council may assign to it fram
time to time. As already mentioned, the General As
semhly decided, in 1960. (0 expand the terms of reference
of the Commitee (2).2

2The membership of 1the Comminee is currently s follows:
(a) members of the Economic and Sociz) Council: Afghianisian,
Brazil. Bulgaria, Denmark, i Salvador, Eihiopia,  France,
lapan, Jordan, New Zealand, Polond, Span, Union of Sovic
Sacialisi Republics, Uniied Kingdom, United States of America,
Uruguay, Venezuela and v additional member 10 be eleed
by he General Assembly a1 ity resmned ffieenth session in
March 1968, (b)) other Members of the United Nations or the
specialized agencies:  Federal Republic  of Gerimany,  India,
Ivory Coast, Madagascar, Mexico, Pukistan, Pern, Philippines,
Sudan, Tunisia, United Arab Republic and Yugoslavia,

n



As regards the programme of  work, the Council
generally approved  the: Seerctary-General's proposals,
The opinion was expressed that the work programme
o the Seerctary-General had so Tar been, and still was,
characterized hy an etfort o mantain a halance hetween
muacro-cconomic and  micro-cconomic studies and  that
this approach was correet since naither could e dis
regarded. However, suggestions were Lalso e 1o the
effect thar the mam emphasis i 1he programme should
he puron the stdy of problems related 10 cconomic
policies of, and mcasures For, imdvistrl development
which involved 1 macro ccanomic approach, the Coun
ab tmally adopted o resalution (13) e which it e
quested the Secretary General to sulin propasals for
o longar range and expanded work programme for con
sideration by the Committec for tndustriagl Devclopmen
and by the Counail,

The Scaretary General's Proposals. prepared for sub
missiont to- the Commuttee at s fiest sossion in Mo
190l and the Councl s thirty fira session e April
1901, ok nto accotmt the terms of reference of e
Commuttee, the relevant vesolutions of 1the Coundil il
the Assemblv, and the debates in 1hose 1wa holics.
Parsuant w0 the Comnil's request, the PIOZIImme wos
expanded. but s general arientation remamed the same
as that idicated carlier (9,

The broad felds covercd in the progeamme imvlude:
mdustrial programmitg and pohicies: industry studics:
fiscab and fimancal aspectsy tramiig and mumageraent
Problems of small scale industrv: problems in technology
and cngimeering rebired o industrizdiz on of under
developed countries. A nwmber of SPECHIC Projects wer
proposcd under cach ol these itegories (14,

Lcononuc and Social Counail vesolution =51 (XXIVy,
Fstablishment of « Computtee for Industiiai Devclopment

The Fcoromic and Social Connail,

Having  conadered General Asenbly resolnnon 1431
tNIY) ot 3 December 1959,

Conrimced ot the need 1w aceckorate the pracess o in
dustrialization of under-developed countries, by the expan
sion of the means of providing advice, information and
assistance through the United Nations i the planning and
excaution ol their industrial development. and 1o keep the
General: Assembh antormal of the pace of their industrial
growth,

Bearng tn nund the value of developing new approaches
to mdustrial development, by bringing ogether the heads of
mational cconomic develapment agencies or other gualified
experts tromless mdustrialized and from: highly industrial
7ed conntvies 1o discuss problems of common coneern on
the basis of tharr respective views and CXPCTIEnCes,

Fstabirches a standing Committee tor Industrial Bevelop
ment with the following teris ol reterence:

L The Coninittee for Industrigl Development shall ad
vise the Feonomic and Social Counal in the matters related
to the aceeleration by less industrialized countries of their
mdustral development, and to this end it will:

() Examne for the Council the work programme on
mdustrialization and make recommendations concernming s
lurther development:

(P) Initiate, propose and encourage studies and seminars
dealing primarihy with:

ONR

(1) The most etfective application of modern industrial
methods of production and management wchniques to the
establishinent and operation of indnstries in the under
developed countries;

() Feonomic progranmiming techniques as applicable to
mdustrialization:

(i) Fmancal, tiscal and adiministrative policies conducne
to the acceleration of indnstrial development;

tiv) Fdectve techoigues ot dhstribition marketing
ot mdustrial products, taking into accomt the Progressive
mdustralizaton of nnder (Ir\(-lupul conntries;

() Undertke. propose or  encourage  the  collection,
cvahimon and dissemination of mtormaton derived  from
the studhies inder sub paragraph (4) above and ot other
milormation relevant o mdustrialization:

tdy Pertorm snch other relesanr imctions s the Counetl

TN dSsSIgn 1o 1t trom time 1o time,

Yo The Commmntee naay ostabihish or propose ad hoc bodies

to tacthitate ns toska,

3. The Commmtiee shall exeraise its innetions without pre
mdice 1o the aanaties of the regional cconomic conmissions.

4. The Computtee shall consist o Jlt members of the
Econonnc et Socat Counal together with - ackditional
stvmenhars to be clected tor three vear teens Iw the Coundil
from anmongst States: Mambers ot the United Nations or
moembers of the specialized agencies or the International
Vo Energy Ngeney with due consideration 1o the prin
cple ob geagraphical distribition and 1o the adequate re
presentation of under developed conmries 0 view of the
tact that thar industrgl development i the main objective
ot the Commnec. Phe Committee is anthortzed o sit, with
the approval of e Comndil, while the Council s nov i
sesston. o the event thar iy of the sin additional maembers
becomes o mentber of the Council, the Council shadl clect
another Sete 1o the membership ot the Committee for the
renamder of the term of office ol that member,

S Ay Sue Member of the United Nations or member
ot the spectalized agencies or of the hntermational X tomic
Friergy Ageney not represented on the Committec may hring
1o the attention of the Committee anv problem relating to
s andustrial development and ke part, in g consultative
capaony.an the deliberations on the subject,

0. The Sttes members o the Committee should en
devour vy designate representatives who hold key functions
i the plinming or exceution of national cconomic develop-
ment or other experts qualiied to discuss the problems ot
mdustrial developinent,

The Committee shall assist the Feonomic and Social
Comnetl o maintain the necessary haison between the activi-
ties i the held of industrialization of the regianal economic
commissions. the  specialized  agencies,  the International
Atomic Energy Agency and other bodies working in the same
nelde with g view 1o ensuring the mmost cthciency and
co-operation in their work, '

K. The Commitee shall report and make ity recom-
mendations 1o the Feonomic and Socisl Council.

4 The agenda of the Cammittee shall e established
i accordance with paragraph 1 ohove,

[H05th plenary meeting
12 Aprdd 1960,
General Assembly resolution 1525 (X1'). Activities of the

Umitea Nations i the held of mdustrial development

The Generaf Assembly,

Recatling its resolution 1431 (XIV) of § BDecember 1959,
which rccommended that the Economic and Social Council
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give consideration 1o the prompt establishment of 4 com-
mission for industrial development,

Notng Economic and  Social  Council resolution 731
1XXIX) of 12 April 1960 on the establishmem of the Com
mittee for Industrial Development,

Taking mto consideration the substantial mterest of the
cconomically less developed  countries in devdoping their
own industries as one of the nain ways of diversitying their
ceonomie structures and developing vheir national cconomics
generally,

Being convineed that the activities of the United Nations
i the field of industrial development should be widened
and aceclerated,

I Recommends that the Committee for Industrial B
velopment should consider in drawing up its programme
of work, in congunction with the fanctions set lorth in
Fconomic and Social Counil resolution 731 (XX1X). the
Tollowing:

() To review the methods and technignes  of pro
gramming general industrial development which have been
evolved by different countries and regions, and to contribute
to international co-operation in this ficld:

(3) To work out general conclusions on the hasis of the
experience of industrial development in all countries with
d view to promoting the exchange of experience in the field
of industrial  development between countries of differemt
regions and having differing economic systems;

() To encourige the preparation of Jong term economic
progections in the ticld of industrial development, taking
into account social aspects of maustrialization m the cco
nomically fess developed conntries as well s its intlience on
mternational cconomic relations and trade:

(d) To follow developments in the field of the fincing
of new industries in the ceconomically dess developed conn
tries and 1o make dappropriate recontmendations thereon:

2 Recommends thi the Economic and Socral Conngil
at s resimed thirtieth session enlarge the mem! ership of
the Committee for Tndistrial Development o thirty mem.
bers i order o cusure Gomore alineedd representation of
Member States in tha Committee, m accordance with the
principles enunciated in paragraph 4 ol the Conmmtice’s
terms of reference as set forth in Feonontic and Sacul Conn
al resolution 751 (XXIN), and tkivg mio aecomm,
partcular, the countries of Africa;

Lo dppedls 10 the Governments of the Stues members
of the Committee for Industrigl Devclopment 1o desigiate
their representatives to the Committee in the near tuture and
in accorduance with the principle e paragraph 6 of ity terms
ol reference;

4. Deades o include in 1he Gieneral Assembly's pro
visional agenda, beginning with the sixteenth session, .
item entitled “Industrial development aud activities ol the
organs of the United Nations in the ficld of industrialization.

948th plenary mecnng,
IS December 1960,
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ESTABLISHMENT OF INDUSTRIAL ESTATES IN UNDER-DEVELOPED COUNTRIES

INDUSTRIAL ESTATES are tracts of land assembled,
improved und subdivided according to o compre-
hensive plan, in advonce of, or upon, demand, either
for sole or lease 1o prospective industrial occupants;
standard factory buildings erected in advance of
demand are frequently featured.

The publication deals principally with the role of
industrial estates in policies of industrialization with
speciol reference to promotion of small-scale industries.
It gives first a general picture of industrial estates
projects planned and completed in various coun-
tries. It then describes and analyses in detail the
objectives and policies bearing on the estoblishment
of industrial estates in three industrial countries where
the device has been extensively applied: the United
States, the United Kingdom and Itoly. This is followed
by o review of objectives and policies in two under-
developed countries where importont industrial estates
progrommes are being carried out: India and Puerto
Rico. Detailed information is also provided on policies
and achievements in Jomaica, Mexico, Brozil, Nigeria
and Pakistan,

The experience of these countries is assessed in

the next chapter. Four main types aof policies in which
industrial estotes play a role are distinguished: loca-
tion and development policies based, respectively, on
indirect and direct control; industrialization policies
based on inducements 1o investors from abroad; and
industrialization policies based on provision of in-
tegrated meosures of assistonce, a type which is
particularly svitable for the promotian af smoll in-
dustries. The chapter also contains a discussion of the
types of estates suitable for under-developed countries
ot different levels ot industrial development, and of
policies of locotion and admission. It concludes with
an examination of certain secondary effects of in-
dusirial estates, and of the role of the latter in
development schemes of broader scope.

In the last chapter, industriol estates are discussed
as o means of promoting small-scale industry, with
special attention to problems of technical and financiol
assistance. Problems of planning industrial estotes
are examined in two appendices to this chapter: the
first deals with exploratory surveys; the second con-
tains a case study concerning the establishment of an
industrial estate in an under-developed country.

Publiched February 1961, Sales No.: 60.11.B.4, 50 pages, 5 maps, 8 pages of photographs,
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