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ABSTRACT

It is generally recognized today that the impersonal
market forces do not lead an ailling economy along its optimum
path of growth. To overcome well known cbstacles of imper-
fections and indivisibilities, long range technical and
economic programs are necessary.

Converitional economic development programs may be group-
ed in two categories. The first category consists of pro-
grams which aim at ephancing the economic activity of a
nation without attempting to alter the sectoral structure
of the Country's economy. The second category Is composed
of programs based on the recognition of certaln pathoclogical
conditions {e.g., mass unemployment, low productivity, etc.).
The programs attempt to eliminate these conditions by means
of government-sponsored projects and encouragement of private
initiative,

Both types of programs are fundamentally defective: the
first type because it assumes, a priori, an optimum distribu-
tion of the productive forces: the second type because the
choice of the objectivé is axiomatic, and not a result of a
scientific study of the econony.

A third alternative is what the authors call "National,
Technical, and Economic Development Programs®, These pro-
grams have scientific merits as applicationsfof the modern
theory of economic growth to the problems of underdeveloped
countries. The development of such programs involves three
stages of study. : 7

First, a detailed study of the presently existing
economic structure. This indéludes the establishment of a
representative number of production arnd consumption functions,
and the detailed estimation of the available labor force,
the level of the natural resources, ete.

Second, a consideration of all possible combinations
of the economic activities, and mathematical determination



of the optimum. combinations (i.e., determination of the
dynamic Pareto efficiency curve).

Finally, if the existing situation differs from the
optimum, the program should suggest several procedures, each
based on different value judgements, for eliminating the gap.
The final choice of a particular procedure is, of course,
left to the responsible govermnment,

The demands of such studies in technical, mathematical,
and computational skills make a close co-operation between
scientists of a large variety of specialties essential to
the implementation of the program.



1, INTRODUCTION

411 statesmen accept the proposition that the economic
growth of a fountry can be influsnced favorably by a well
conceived plan of production and distribution of commodities.

This is particularly true for the case of new States
or Countries under development where it is generally re-
cognized that the impersonal market forces cannot lead the
economy to its opbtimum path of growth, On the one hand, the
pricing system fails to provide the proper coordination of
investment decisions towards a high economic level (8) and
on the other hand, the existence of strong indivisibilitles
on the production and savings side, technologically extermal
economies and complementarity of Demand render the function-
ing of the Capital Market most difficult (§). The "take off"
of an underdeveloped country is achlieved only through
thorough scientific planning aiming at (&, 5, 10):

a. The elimination of the elements which obstruct the smooth
functioning of a flexible economlic s&stem and

b. The achievement of optimum allocation of rescurces with
full use of the human and material potential of the Country.

These two general zims aré common in most economic pro-
grams. However, in many cases, the specific objectives
are set forth a priori and arbitrarily and there is no
guarantee that they will necessarily lead to an overall
optimum economic structure within the scope of the general
aims.,

The purpose of this communication is to deseribe a
scientific approach to technical and economic development
programs., The great advantage of this approach is that the
optimum combinations of economic activities in g Natlion are
determined analytically, withogt restrictions imposed by
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pre~established value judgements. Furthermore, procedures
for the attainment of each optimum combination are determined
on the basis of technical and economic criteria. Ouce a&ll
the opbimum combinations have been determined, it is then

up to the responsible government to select, by means of value
Judgements, a particular optimum combination and & particular
procedure for atteining it.

Chapter 2 of the paper describes the two conventional
types of economic development programs and discusses thelr
respective merits and defects., The principles of "National,
Techmical, and Economic Planning® sre set forth in Chapter 3.
Fipmally, in Chapter 4, the peper emphasizes the contribution
of the scientist in the implementation of National Plamning.



2, CONVENTIONAL ECONOMIC DEVELOFMENT PROGRAMS

Depending cn the btype of specific objectives and the
manner of application of the theory of economic planning,
development programs which have been put forth in the past
may be grouped in the following two categoriest
al Programs of Sectoral Enhancement

Programs of this category aim at enhancing the economic

activity of a Nation without attempting to zlter the sectoral
structure of the country's economy. The programg which were
recently developed by special teams of the United Nations
Organization, like the Economic Commission for latin Americs,
belong to this category. The essential assumption involved
in Programs of Sectoral Enhancement is that the presently
existing allocation of resources is more or less correct.

The specific chjective is then to adjust the fiscal and
monetary volicies in such a menner that the rate of growth of
the various economic zctivities is proportionately lncreased.
b} Programs of Sectoral Hectification

This category is composed of programs based on the
recognition of certain pathological conditions (e.g,, mass
unemployment, low productivity, etc.) due to sectoral mal-
distribution of the productive forces. The specific objective
of the programs is to eliminate the pathological conditieuns
by means of government-sponsored projects and encouragement
of private initiative, The programs which were recently -
developed ir Southern Italy and in Iudia belong to this
category.

It ig felt that both types of programs are fundamentally
defective. The defects lie not in the methods used in the
formulation of the programs, but in the fact that certain
axiomatic propositions are adopted at the outset of the studies.
Programs of "Sectoral Enhancement® assume, a priori, that
the existing distribution of the productive forces is cptimum,
Such an assumption, often incorrect even in well advanced
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economieg, is certainly not scceptable in underdeveloped
countries, The maldistribution of the resources 1s ususlly
the most important fault in a backwsrd econcomy. Thus, pro-
grams of this type tend to perpetuate the structural weakness
of the econony,

Programs of ®Sectoral Rectificationt are an improvement
over programs of the first category in the sense that the
sectoral maldistribution iz recognized and steps are taken
to rectify the existing allocation of activities. However
these programs are also defective because the choice of the
specific objective 1s axiomatic and not a result of seientific
analysis of the economy. Such pre-established objectives
ares not commendable, Objectives which are set out arbitrarily
may well be incompatible with the genersl sims of economic
planning, For example, elimination of under-employment does
not necessarily conform with maximization of the National _
Froduct; or, rapid industrialization is not always compatible
with absorption of the entire labor potentizl., Consequently,
"Sectoral Rectification® programs do not always lead an
ecouncmy to its optimun condition, nor do they guarant@e'a
full utilization of the wmatural resources,

The preceding arguments indicate that neither type of
program is recommendsble for zpplication to new or developing
States. What is needed is a scientific program which starts
with the general.aimg.defined_previously;namely: a) Elimi-
nation of the elements which obstruct the smooth functioving
of the economy. b) Achlievement of optimum allocation of
resources with full use of the hnuman and material potential
of the Country. No specific objectives (suéh as establish-
ment of particular industries, shift from one activity to
another, etc,) are defined arbitrarily at the beginning.
Instead, the distribution of productive forces which yields
optimun rate of growth while satisfying the constraints of
total employment, maximum utilization of natural resources
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ete,, are first determined analyticslly as explained in the
following chapter., The specific objective is the attainment
of one of the optimum distributlions.

The methodology for developlng programs of this type
i1s described in the next chapter.

3. HATIONAL, TECHNICAL, AND ECONOMIC PLANNING

A, Definitions
Before stating the princlples of Naticnal, Technical,

and Etonomic Planning, certain technical terms are defined.
Since the terms used here are part of the standard terminology
in econcmics, it should be emphasized that the present section
is written primarily in the interest of the non-economist,

In order to study quantitatively the economic condition
of a Country, it ig convenient to divide the overall produc-
tion (of commodities or services) into @ number of sectors.
These divisions are bermped the production gectors. The

chemical industry, the wheat production, the road construc-
tion industry are gll possible production ssctors.

It is also convenient to divide the available resources
(labor, capital, raw materials, ebc.) into a number of groups.
These groups of resources are termed the production factors.

Deposits of a particular ore, capital for building and con-
struction, labor for the steel industry, may be defined as
production factors. ,

It is clear that a particular output quantity of a
production sector may be produced by various combinations of
production factors, If the relationship between the output of
the prioduction sectors and the production factors used up
by each sector 1is expressed in functiomal f{orm, one obtains
the technological functions of production or, simply, the

production functions.




i

Any combination of output of n production sectors may
be described by a point in the n-dimensional space whose
co-ordinate axes are the n-~sectors. The particular polint
which corresponds to the existing combinstion of production
factors is termed the operating point of the economny. A

large number of combinations of production factors in general
forms a volume in the n-dimensional space. The locus of
peints corresponding to maximum total production with full
utilization of resources is a surface which is termed the
optimum production surface (Pareto efficlency locus),

The overall consumer population may be divided into &
number of consumer sectors (high income urban sector, medium

income rural sector, ete, )., The consumption fumctions are

equations relating the consumption (or demand ) of each com-
modity to the corresponding price level and to the income
of the various comsumer sectors. The consumption or demand
surface is a geomsetric representation in the n-dimensional
space of combinations of consumption functions which gatisfy
optimizing constraints anslogous to those specified in
defining the cptimum production surface,

The facility to produce one commodity at the expense
of producing a second commodity, the total avallable resources
being constant, determineg the so called “shadewfprice“ of

the first commodity with respect to the second. In a theore-
tically free economy, that is, an economy which is free of
monopolistic tendencies, fiscal and monetary restrictions,
protected products and professions, etc., the shadow prices

are also the market prices, i.e., the prices of the goods
in the market. "

Having defined these few terms, 1t is possible to proceed
with the statement of the general principles of National
Planning.



B. General Principles
The formulation of National, Technical and Economic

Programs involves trree stages of study.

First, a2 detailed gtudy of the preséntly existing
ecomomic structure. In order to understand fully the inter-
relationship between the varlables which define the economic
system, one must do the following:

(1)} Determine all the productiom factors. In other words,
specif{y in type and quantity the available labor, caplital, and
material resourceg., Analyticelly, if we let Kji repregent

the guantity of rescurce j (labor, capital, raw materials,
etc. ) required to produce commodity i, this part of the study
establishes the total available resource Kja Thias ¢

Ti
g : 1= 1,2 ¥ _
K, = K +Ra , s&ees 1
J i;—:l jj’” j J Iszgw.,_.m ( )

where Kj = unused guantlty of resource Kj.
(11} Sthdy all the combinations of the Hational production

which sre technically possible and determine the production
factors needed for each combination. fpalytically, this
corresponds to the determination of n equationg of the form:

it

Qés) = £3(Kygs Kpyo KggeeensnKpy) i=1le...m (2)
where Qés) represents the quantity of commodity i sSupplied

and f denotes itg functional relationship to the resources.

(1ii) ©Define and evaluate all the consumption functions.

In other words, determine the dependence of the total demand
of each product on the corresponding prices and on the level
and distribution of the National Income. This may be expres-—
sed, for example, as follows:

{8 = F, (p,,¥,D...) (3)

where Qéd) is the quantity of commodity i demanded, F, denotes

a functional relationship, py 1is the price level of 1, Y is



the level of the Natienal Incomes, and D is the distribution
of the Naticonal Income.

The second stage of study imvolves the consideration of
all possible combinations of production factors, and mathe-
maticel determination of the combinations which yield maximum
National output (determination of the Paretc efficiency
locusj. Awnaliytically, this stage of study comsists of
maximizing Bqs, (2), subject to the constraints imposed by
the total available resources, Egs. (1. It is important
at this point to emphasize that for a realistic approach to
the problem one must express Kji as & function of time.

In other words, it must be realized that an economy is a
dynamic systenm,

It can be proved (3) that the solution of the extremum
problem formulated sbove does not yield & unigue optimum
combination but an infinite number of combinations which,
from the point of view of production, are all optimum. _

The selection of one operating point out of the infini-
ty of optimum combinations is determined by the Demand funcw-
tions (Egs. (3)). However this cannot be achieved without
resorting to specific value judgments.

The reascon why value judzments are necessary at this
stage of the study can be justified as follows: Each point
on the Pareto efficiency locus corresponds to a production
level, a set of "shadow prices® (2,3),and a certain National
Income, Given the shadow prices and thé Natiomal Income,
the demand functions clearly indicate that the assumed pro-
duction can be consumed only when the Income Distribution
has a definite value (see Egs. (3)}). Thus, the guestion of
selection of an operating pcint reduces to the selection of
a most desirable Income Distribution. The latter question
cannot be answered scientifically. The choice of the finak
distribution of the National Product depends on the social
philosophy of the political leaders and conseguently 1t is
a problem which ¢an be answered only in terms of specific
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value judgments,

The scientific program should simply determine a large
number of optinum operating points, their associated Income
Distributions and the sconomic growth potentialities tinat
each point presents. Then if the egtablished Income Distri-
butions and growth potentialities are sufficlently diversified
any likely political leadership of the Country in guestion
will be able to sslect the onerating point which is consistent
with its political and gocial orientatlon.

The third and finpal stage of study is composed of a
detsiled comvarison between the opresent state of the economy
and the desired states on the Pareto efficiency locus., If
the existing situation differs from the optimum (as the case
is bound to be in under-developed Natlons! the program should
suggest procedures for arriving at optimum polnts. The final
choice of a particular optimur point is, as mentloned above,

a guegtion of value judgments and must thereiore be left to
the responsible government,

C. Illustrative Example
The principles of the analysis Just described are best

understood by means of a two sctor-two factor example, Cone-
sider an ideally sinple economy which produces two commod i~
ties (X: consumption commodity, ¥: capital commodity)
using two production factors (4: capital stock, B: labor).
The available total amounts of the two {actors are représent<
ed by the perperndicilar sides of a box-diagram (Fig. 1).
Any point within the box, if oriented with respect to the
lower left-hand corner, can be thought of as representing the
amounts of the two factors used in the production of a given
quantity of the first good {commodity X). All points repre-
senting the same quantity of commedity X lie on a curve which
is called the isoquant (dotted curves X;, X, «osw ebco)e

A point referred to the upper right-hand corner repre-
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gents the allocation to the second good (commodity Y). The
isoquants of ¥ are superimposed on Fig. 1 (full lines).

I1f one specifies the amount of one of the goods (quan-
tity X, , for example} thus restricting the combivation of
production factors A and B to lie on the iscquant line X,
the opbimum production of Y is givern by the I-lsoguant which
is tangent to X& (point P) and is ¥ = ¥.. The locus of all
such pointe of tangency represents the infinity of optimun
conditions., In a disgram in which the commoditles are the
axes, this locus 1s the ovtimum production surface, which
in the 2-dimsnsicnal example is, of course, a plane curve.
This is the so called Pareto efficiency locus {(Fig. 2).

£11 peints lying on the Pareto efficiency locus are
overating points representing maximum National production and
full vtilization of resources. The slope of the tangent o
the curve at any point represents, as already mentioned, the
relative prices of commodities X and {.

The next step is the determinaticn of the most desirable
point on the Pareto efficiency curve. Since all pointsz on
the curve ave optimum from the point of view of production,

a cholce cannot be made on the basis of production considera-
tions alone, Actually, arbitrary points (P,R...) should be
selected and the corresponding shadow prices (i.e., slopes

of Pareto curve at the point under comsideration), National
Income, Income Distribution (Egs. (3)), and growbth potentiali-
ties established. Then, by resorting to value judgments

the most desirable Incoume Distribution and growth potential
can be specified and thus in turn the most desirable polint

on the Pareto curve uniguely defined.

In an underdeveloped Country the operating point of the
economy lies below the Pareto efficiency locus (e.g,, point
U in Fig. 2), The last part of the study corsists of an
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investigation of the ressonsg which make the economy operate
80 inefficiently and proposal of methods for moving from
position U to a selected point (P or R) on the optimum pro-
duction curve,

The procedure outlined in terms of the two factor -
tWo commodity example is applicable without modification to
the general i factor - n commodity case. Of course a graphi-
cal representation of the general case 1s 1m§ossihle‘

In what follows, each of the three stages of study
outlined in section B are considered in more detail,

o

D, Methodology
(1) Study of Present Economy

In order to evaluate the total production and the
production functions (Ege. 1 and 2), it is convenient to
divide the overall production into a nuwrber of sectors and
production factors. The process of division into sectors
ig carried out on the basis of the experience of previous
programs and after consideration of the conditions which are
peculiar to the Country in question, The corréct selection
of sectors is an important aspect of the program. The number
of seatoﬁs and production factors must be sufficientlylarge
te be repregentative but at the same time not so large as to
make the manipulation of the data unwieldy. Depending on
the size and diversification of the econcmy, the number of
production sectors mey vary from 50 to 300§§whi1e the number
of" production factors may vary from 20 to 100.

This arbitrary division of the economy lnto production
‘sectors and production factors forms the pattern on which the
collection of dats is based. A field research group collects
the data required to establish the amount of each production
factor which is used by each prodiuction sector. At the same
time the group obtains information on the production factors
which are not presently used (unexploited matural resources,
unemployed labor, etc.). With this information the total



available resources (Eq. 1) and the exlsting relationshlp
between production sectors and factors {Eq. 2) is establlshed.

It was mentioned earlier that due consideration must
be given to the dynamic nature of the economy. In connection
with thisz congideration, studies must be made to predlct the
future capsbility of sach production factor. Expected in-
erease of labor force, increase of resources due to the for-
mation of mew industries suggested by the program, mebility
of resources, facllities in technlcal educatlon, effect of
increase in one sector on the other sectors, expected changes
in foreign trade evolving from the directions of the program
in the Country under consideration and in other trading
countries are a few of the studies which determine the time
dependence of the production factors (L, 2, 8).

The evaluation of the demand equation (3) follows along
similar lines. The consuners and the consumer goods must
each be divided into a number of sectors. The task of the
field ressarch group 18 again to determine the demand ou
ezch commodity by each consumer population sector. of" course
the dynamic aspects of this process must also be taken into
account,

(i1) Determination of the Pareto Efficiency locus

The technological relations of production are determined
from the dats collected by the field research group. Thus,
for each production sector, the various combinations of
production factors which are used in order to produce dif-
ferent quantities of a commodity are determined. The tech-

nological functions are usually expressed as exponential
relations of the Cobb-Douglas type. In most cases the de-
termination of the exponential coefficients requires the use
of electronic computers.

Thé exponential functions obtained are next compared
with analogous relations established in more advanced econo-
mies, The comparison may suggest possible improvements 1in
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the evaluation of the production functions.

Once all equations (1) and (2) have been established,
the combinations which yield a maximum National oubtput sub-
ject to the constraints of full utilization of resources
mey be determined analytically. The theoretical aspects of
extremum problems of this type have long been treated in the
mathematical literature. The dynamic agpects of the economy
are taken into account by expressing the production factors
as time dependent variables. In the actual solution of the
extremum problem electronic machine - alded analysis is
imperative.

A has been mentioned earlier, the solution of the
extremum problem does not yield a unique optimum combination
of factors, but an infinite number of combinations which,
from the point of view of production, are all optimum. This
is the Pareto efficiency locus. The most desirable point of
operation on the Pareto efficiency locus is determined by
considerations of demand as described in the previous sectilon.

(11i)  Procedure for Arriving at Optimum Point

The exisbting structure of an economy may be expressed
as a point in the multi~dimensional space of production sec-
tors. In an underdeveloped Country, this point is bound to
be far from the optimum surface, The remaining task of the
program is to suggest possible methods for "moving" the
operating point of the economy to a position on the optimum
output surface. Of course, the approach is dynamic 1in the
gense that the optimum surface itself is moving with time
(as the production factors change).

In the process of examining the various possible methods
of approaching the optimum point, it is essential that a
study be made of the condltions which lead the economy to
its initial low level. The knowledge of these conditions
enable one to develop methods for eliminating them. The
presence of monopolies causing the market prices to be dif-
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ferent from the shadow prices; an inefficlent technology

with the inevitable waste of production factors; the existence
of an in-appropriate fiscal policy; the lack of an industrial
"ieading sector! are but a few of the factors that may

retard the advancement of a backward Nation.

It is clear that some of the points on the optimum
surface will be more desirable or more accessible than others,
In addltionxto each point on the surface there corresponds
a particular value of the demand function{Eq. 3). These
two considerations, namely the position of the present point
of the economy withrespect to the optimum surface, and the
demand function which is most desirable, ghould influence
the selection of a particular optimum point. Since the
selection of a most desirable demand function involves value
judgements, this last part of the stwdy is not sclentific
in the true sense of the word, Inevitably this part of the
study should be performed in close consultation with the
political lsaders of the Country.

Once the desirable point has been decided upon and
all the corresponding levels of the production and consump-~
tion factors have been noted, it is then possible to define
these as the specific objiectives of the program. For in-
stance, which industries should be encouraged or how capital
should be invested is decided by the comparison of the pre-
sent distribution of the production factors asscciated with
a particular production sector and the desirable optimum -
distribution.

Another factor which should be considered in the selec-
tion of the method of approach of the optimum operating
point is the availability and rate of acquisition of forelgn
capital. This is necessary because foreign capital is es-
gsential to the advancement of under-developed countries and
because it influences the dynamic behavior of the Pareto
efficiency locus.
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E. Scientific Persommel Needed in Implementing the Program

The large variety of specialists needed in the imple-
mentation of WNational Technical and Economic Development
Programs 1s quite evident,

The economist and the soclal scientist play the most
important role in the establishment of sectors and the col-
lection of the field data. Other speclalists such as engin-
eers, geologists, agriculturists, etc. are also needed in
this part of the study. The geologists, for example, will
be called upon in the determination of the productlon factors
related to some natural rescurces, The engineer, on the
other hand, will exzamine, from the technical point of view,
which combinations of production factors dre feasible,

The implementation of the program leans quite heavlly
on the mathematician, His contribution in expressing the
technological relations of production explicitly and in
processing the equations to establish the Pareto efficiency
locus, is clearly indispensible,

Pinally, the sccial and political scientist and the
technologist must cooperate closely when the questions of
"most desired point" and "best procedure® for approaching it
are brought up. The political and sociailscieﬁtist will be
chiefly responsible for the selection of the most desired
point, whereas the technologist must study the techmical
feasibility of any scheme, advise on the most efficient
method of development of new industries, or invent new pro-
cesses which are suited to the particular conditions of the
land. Thus, the technologist will play a prominent role
in the decision on methods of advancement, '
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L, THE SCIENTIST IN THE ADVANCEMENT OF NATIONS

The study of economic programs of the type described
in the present communication reveals a new and ilmportant
role of the scientist in the progress of humanity.

Since the early days of civilization the sclentist has
been a major contributor to the field of progress. His
discoveries and inventions through the ages have glven man
ever greater facilitiss and cowmfort. In this respect the
contribvution of the scientist to the advancement of Cout-
tries 1s as old as clivilization itselfl.

However, in an underdeveloped state, the invention of
new processes and the design of new machines do not contri-
bute immediztely to the advancement of the Nation., In order
that the invented machine may be built and used, the Country
must already have reached a certain level in technology,
education and available income:; that ig, a certain standard
of living. The selection of the factors which may lncrease
the standard of living has in the past been solely the
responsibility of the political leaders of the Country.
Plamning for economic growth was formulated on the basis of
experience and intuition. The role of the scientist in this
field has been a secondary one. He often acted as advisor
to the government in questions pertaining to development of
particular industries but he was not given the opportunity
to contribute his skills in the formulation of the basic
structure of an economic program.

The present times have seen the growth of two great
movements of history: the scientific and technological
revolution on the one hand and the advancement of new and
underdeveloped Nations on the other, The persons associated
with one of the great movements have been different from those
responsible for the other, The connection between their
work has been-only indirect.
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It is believed that the scientist has the responsibility
to link his work more closely with that of the persons con-
cerned with the emancipation of new States or the advancement
of Countries under development, The methodology for economic
programs suggested in this paper aims exactly at this pro-
position., What is referred to as "scientific approach to
technical and economic development programs" constitutes
a unique example in which individuals respounsible for the
two great movements of our times can joln forces for the
benefit of mankind.
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