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T consider myself very fortunate to be given the opportunity
of presenting this work of mine to a group of so eminent eco-
nomists. At the same time, I feel I am at some disadvantage
becanse T am not inserting myself into the prevailing line of
contemporary cconomic thonght. 1 am rather trying a dif-
ferent approach altogether and I may be faced with some
lack of communication,

It may be useful, therefore, before T come to what 1 might
call a multi-sector model of economic growth, to make some
efforts to sketch out a few introductory remarks on the general
line of thought within which I propose to move.
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CuarrEr 1 (*)

INTRODUCTION

1. The historical background of economic analysis

I shall begin with a few historical remarks which might
sound at first rather general and far-fetched but which will
soon furn outl to have a justification.

If we consider the historical context in which economic
analysis has come inte being, we may say that this context is
represented by the modern world; namely by the stage of our
history which is known as the age of experiment and science,
because of the dominating idea that man, by using his own
critical intellect, by observing nature and experimenting, can
learn in a systematic way and can pass on his improved know-
ledge to the following generations.

In economic terms, the direct consequence has been a pro-
cess of unprecedented increase of material wealth. The process
may be distinguished, for analytical purposes, into two rele-
vant phases, which we may call the phase of trade and the
phase of industry. There is no clear-cut distinction between
the two, as they have a common origin and are intermingled,
but they appear nevertheless with very definite characteristics
on the historical scene.

(*) The present work is a summarized version of a Ph. D, dissertation
submitted by the author at the University of Cambridge in September
1962, Chapters II to VI have appeared already, as a publication for limited
circulation, under the {itle A Mulli-sector Model of Economic Growth,
King's College, Cambridge, July 1963. Acknoweledgements for criticism and
Comments are gratefully due to: R.M. Goodwin, N. Kalder, J. Robinson,
R.F, Kahn, J.S, Duesenberry, D.G. Champernowne, I.M.D. Little, Respon-
sibility, of course, is entirely mine.

[10] Pasineiti - pag. 2
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‘The phase of trade is the first to break through. It can be
perceived even as early as at the twrn of the first millennium,
but more clearly later on, after the Renaissance « opening of
the minds » towards the oufside world. A few important im-
provements in the technique of transportation Iecad to disco-
veries of new lands and exlend the horizon of the known
world to include countries with climates and products pre-
viously unknown. New possibilitics of trade open up, with
a striking impact on the economic conditions of the whole
world.  The trading nations are suddenly better off, not
because of a rise in world production, but because of a better
utilisation of the production which already takes place. Each
nation keeps her own institutions and organisational structure
ol production, but now she can advantageously exchange the
products which are proper to her particular climate or localized
resources for products which she could never produce or which
she could produce only at much higher costs. The material
wealth of all peoples is increased just by exchange, by a better
spatial allocation of cxisting resources and products. This is
the merchant era, an cra which represents perhaps the most
oulstanding example of how all people can gain from trade.

Much slower to manifest itself is the phase of industry,
which requires alrcady, and thus presupposes, irade. Indusiry
38 a process of augmenting wealth through a material increase
i the quantity and number of products, to be reached by
the practical application of the advances of science, division
and specialisation of labour, better organisation, invention and
utilization of new sources of energy and new materials.  Unlike
trade, indusiry requires changes in the organisational structure
of society. Therefore, it comes about slowly; but progressively.
In fact, it requires long and painful social changes in the rela-
tions between men and the means of production before it can
tully break out in the English « industrial revolution » of the
eighteenth century. Of course, trade remains the natural and
necessary complement of industry but, as a cause of further

[10] Pasinetii - pag. 3
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increments of wealth, it is bound fo subside. Indusiry, on
the other hand, is bound to remain a permanent cause of
increase of wealth and to become pre-eminent as time goes on,
owing to the very nature of its cumulative process.

These two aspects of the modern world scem to me very
helpful in indicating the directions in which the emergence of
the modern era has stimulated economic analysis.

The concept of trade is, so to speak, a static concept. It s
associated with a situation in which a plurality of economic
systems (or of individuals) are endowed with particular resour-
ces or products and try to gain advantages by exchange. The
interest that such a situation arouses in an economist concerns
the problem of how to reach the best allocation of given resour-
ces, namely of how to make the best use of what one has
already. We may imagine a stationary situation in which a
plurality of economic systems have reached equilibrium in-
ternally, but do not trade among themsclves; and then another
stationary situation in which the same economic systems, be-
sides having reached an internal cquilibrium, also trade with
one another. Is is casy to show that the passage {rom the first
to the second situation — i.e. a once-for-all change from no
trade to a new situation of trade, to be maintained thereafter —
normally brings about a gain for all. The problem invelved
is a problem of vationality, which may be expressed by a
mathematical function to be maximised under certain cons-
traints.

The concept of, and the problems entailed by, industry
are quite different. Industry is, so to speak, a dynamic con-
cept. It means production, i.e. the engagement and the appli-
cation of man’s ingenuity to make and shape the produets he
wants. But since by doing and experiencing man learns, it
is implicd in the very nature of carrying on a production
activity that new and better methods of production will be
discovered. Of course, to find new methods takes time, and
takes time in a persistent way. The economist is faced here

[10] Pasinetti - pag. 4
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no longer with a problem of rationality, but with a process of
learning.  Any mathematical formulation of it cannot but be
in terms of functions of time, since the process malkes short
steps, and may appear quite negligible, in the short run; but
as it goes on incessantly, it is inevitably bound to become the
more pronounced the longer the period which is considered.
The contrast with the simple concept of trade is now evident.
The passage from a position of no trade to a position of trade
means a jump, which may be quite big but which is fem-
porary, as it ends when the new equilibrium situation has been
reached. The process of learning associated with industry, on
the other hand, means a persistent movement, not a once-for-all
change, but a rate of change in time — a movement which is
cumulative and indefinite. In this sense, industry comes to
realise most properly the concept of progress which is inherent
in modern society.

Clearly, these are two distinct series of problems. A part-
icularly important difference between the two, for theoretical
analysis, is that they acquire an opposite practical relevance
in relation lo time, the former being relevant (in the short run)
just when the lalfer is practically irrelevant and the latter be-
coming relevant just when (in the long run) the former becomes
irrelevant. Both series of problems have been of course con-
sidered, in the conrse of development of economic thought. But
according as {o whether the economic theorists have been
mainly impressed by the former or by the latter, the attitude
they have taken to the type of hypotheses to choose has been
diametrically opposite.

2. Scarcily versus learning in economic analysis
There arc clear indications — it scems to me —— that the
Classical cconomists, writing under the strong impact of the

inglish « industrial revolation », were well aware of the two

[10} Pastnelii - pag. 5
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aspects of the modern world mentioned above and had in fact
no hesitation in singling out the industrial aspect as by far
the more important.

At the very beginning of his Wealth of Naiions, ADAM
Swmrrn takes great pain in pointing out that it is « the skill,
dexterity and judgment with which labour is applied » which
is by far the pre-eminent factor accounting for the wealth
of nations, « whatever be the soil, climate or extent of ter-
ritory » (!). Davip Ricarpo in his turn, again on the very
first pages of his Principles, sets out this opposition in terms
of types of commodities. « There are some commodities ~ he
says — the value of which is determined by scarcity alone. »
These are the goods which are given by nature. We may call
them the commodities of the scarcity type. RICARDO says that
they « form a very small part of the mass of commodities daily.
exchanged in the market. » And he continues: « By far the
greatest part of those goods, which are the object of desire,
are produced by labour; and they may be multiplied, not in
one country alone, but in many, almost without any assign-
able limit, if we are disposed {o bestow the labour necessary to
obtain them. » (*) We may call these, the commodities of the
production type. It is on these commodities that RIcsrRDO
concentrated his analysis.

The whole economic theory that followed preferred, on the
other hand, to abandon this approach and to go on to taking
exactly the opposite view. The stream of economic thought
which came to dominate the second part of last century (Mar-
ginalism) and which stilt now-a-days provides the backbone
of most of contemporary economics, appears as a tendency to
concentrate on the other type of commodities: the commodities

(1) Apam Smrrn, An Imguiry into the Natwre and Causes of the Wealth
of Naifions, ed, by E. Cannan, p. 1.

(*y Davip Ricarpo, Ou the Principles of Political Feonomy and Taxalion,
n. 12, The references are to the edition by Pizro SrarFa, with the col-
laboration of M.H. Dons, The Works and Correspondence of David Ricarde,
in ro vils., Cambridge, 1951,

[10] Pasinetii - pag. &
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of the scarcity type. As we know, the typical marginalistic
scheme of general equilibrium is a model of what has been
called a pure exchange economy. (3). The model presupposes
the existence of given natural resources in fixed quantities, and
of a given number of individuals (owning the resources) with
well-defined utility preferences. The cconomic problem these
individuals have is one of rational choice. They have to find
those prices (equilibrium prices) which bring about, through
exchange, an optimum allocation of the given resources rela-
tively to their original ownership-distribution. The problem
can be represented analytically by a mathematical function
which is being maximized, subject to certain constraints fixed
by nature,

Of course, marginalist economists have then gone on to
investigating all other economic problems as well {production
included). The relevant point is, however, that they have
done so by an extension of the theory they had originally
developed for scarce commodities. Professor SAMUELSON, at
the very beginning of what is one of the most rigorous versions
of marginal economic analysis, claims exactly this. He claims
to have been able to isolate a simple theory which can be
applied to every economic investigation: a mathematical func-
tion to be maximized under given constraints (4.

This has been a crucial step. For, in this way, every single
corner of economic theory has come to be permeated by the
character of scarce goods and by the rational problem of
making the best use we can of them, at the expense of the
character of produced goods and of the learning process of
human beings. It has meant that modern economists have

() See, for example: J.L. Mosax, General Equilibrium Theory fn Inter-
national T'rade, Bloomington, Indiana, 1944. The same scheme can be {found
in the very first chaplers of all standard treatises of marginal econcmics.
(See, for example: V. Parwro, Cours d'édconomie politigue. Lausanne, 189s;
J.R. Hicxs, Value end Capital, Oxford, 1939; P.A. SaMUELsox, Foundations
of Econowmic Analysis, Cambridge Mass., 1G47).

(Y P.A. SaMUELSON, op. cit., pp. 1 and fi,

[10] Pasinelti - pag. 7
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been led to look at the whole of economic reality through the
lens of a scarcity scheme, and thus to magnify or shrink the
various aspects of reality according as to whether they do or
do not fit into the pattern of a world of scarce goods.

1 have thought it may not be altogether useless — after a
century of marginal economic analysis - to go back to explore
the possibilities, which may have remained unexpioited, inher-
ent into the other approach to economic reality, which has been
left into oblivion since the time of the Classics.

3. A pure production model

It is my purpose to develop, in the following pages,
a theoretical model of economic growth for an industrial eco-
nomic system. In the whole theory, a central role will be
played by the learning process of human beings, in its twofold
aspects of technical improvements and of consumers’ preference
evolulion. Scarce resources will not be considered, although
of course this does not mean that they do not exist. It only
means that the theory will be developed independently of any
rational problem concerning their best utilization. All com-
modities considered ave produced, and can be made practically
in whatever quantity may be wanted, provided that they axe
devoted to the amount of efforts they technically require. Li-
mitations of course exist, but not in the material world: they
only reside in the knowledge and power of activity of Men.

As will be realised, this means adopling a procedure which
is exactly opposite, though symmetrical, to the one followed
by marginal analysis. The scheme itself might be called a pure
production model, as against the pure exchange model of mar-
ginal cconomics. It will refer to a certain type of commodities
(this time the commodities of the production type), will centre
around a definite problem (the problem of production), and wilk

[z0] Pasinetti - pag. 8
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be dominated by a general principle (represented by the learn-
ing process of human beings) ().

There is one important respect, however, on which the
following analysis will not take a path symmetrical to the one
followed by marginal analysis. The model will be kept at a
sufficiently high level of generality, so as to remain neutral
with respect to the institutional organization of society. The
preoccupation is that of singling out the necessary conditions
for efficiency and equilibrium growth — conditions which will
emerge as independent of any particular institutional set-up
that society might choose to adopt.

() It may be useful to add a warning te the reader at this point. To
take human aclivity, i.e. labour, as the only non-produced factor of pro-
duction must not be interpreted as meaning that « Jabour is the coly
scarce factor », as — 1 have noticed — some of my friends, while discussing
the present work with me, have tended to do, Sueh an interpretation
would Dbe incorrect: scarcity presupposes some aim the attainment of
which is limited by the existing guantity of the factor. But no such aim,
limied by the existing quantity of labour, is present here. As the reader
wilt see presently, the systems of equations which will be considered vield
solutions for velative prices and relafive quantities, To say, in such a
conmtext, that labour is scarce has no sense,

[r0] Pasineili - pag. o
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CuHAPTER 11

THE FROCESS OF PRODUCTION IN THE SHORT RUN

1. A very simple case: production by means of labour alone

We may begin our analysis by considering the process of
production at a given point of time or, to be more realistic,
within a short period of time, defined in such a way that,
within it, changes in population, productive capacity, technical
knowledge and consumers’ preferences are negligible.

The cconomic systemn we are considering is closed and con-
sists of a society of individuals whose purpose 1s to produce
goods in order to derive enjoyment {or refief from pain) by
consuming them. Two types of activities are therefore perfor-
med in the system: a production activity and a consumption
activity. At the beginning of the period, the production pro-
cesses are programmed in the best way that is technically
known and, at the end of the production processes, the com-
modities are consumed. Technical knowledge is supposed to
be quite advanced so that each process of production requires
division of labour and a marked specialisation. Therefore, cach
individual consumes only a very small part of the commodities
he produces (or contributes to produce); and obtains all the
others through exchange. Total production (and therefore con-
surnption) is well diversified: the system produces many types
of commodities, according to the preferences of its individual
members, O CONSUmers.

{10} Pasinetli - pag. 1o
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In order to keep the analysis in as simple terms as possible
only final commodities will be considered. No intermediate
stage will be explicity represented. After all, it is always
possible, when needed, to re-introduce intermediate stages and
intermediate commodities by a simple lincar transformation,
as will be shown and discussed in detail later on, in chapter V1.
For the time being, therefore, all production processes will be
considered as vertically integrated, in the sense that all their
inputs are exclusively represented by services from two types
of factors of production: labour and capital.

To begin with, however, it will be useful, as a purely expo-
sitory device, to take a very simple step and to develop first
a theoretical model (sections 2 and 3) where production is
exclusively carried out by labour. Capital, as a factor comple-
mentary to labour, will then be introduced from section 4 on,

2. The flows of commodities and of labour services, in physical
terms and at curvent prices.

Even in a system as simple as the one now described, there
is a whole series of flows — or rather two different series of
flows - which take place inside the period considered: flows
of labour services from the individuals as labourers to the
production processes, and flows of commodities from the pro-
duction processes to the individuals as consumers. Suppose
that the number of final commodities produced is (n - 1). Then,
since we consider no intermediate stage, there is a production
process, behind each final commodity, which goes right back
to the original factors of production: labour in our case. We
have, therefore, (- 1) production processes or secfors, each
of which consists of one labour input and of one product output.

[10] Pasinetli - pag. 11
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All the individuals may then be considered as grouped in a
final sector, which may be called household — sector # —
which receives all productions for consumption and provides all
labour services for production,

All these flows may be framed in a usual input-output
table, which in our case becomes very simple. As Is well
known, the table can be looked at from two different points of
view, and accordingly represented by two systems of identitics.
From a physical point of view, the production of each com-
modity is identically equal to the sum of all quantities of that
commodity which are delivered as inputs to the other sectors.
(In our simple case this sum is reduced to one term: the amount
delivered to the houschold sector). Moreover, the sum of all
labour services is identically equal to labour employed. Si-
milarly, from a value point of view, the production of each
commodity must be equal in value to the sum of the values of
its total inputs, and the sum of the values of all commaodities
must be equal to the total income which is distributed to the
factors of production (labour in our case).

We have therefore:

' .
}"i At ya —
X? ~Xgy = 0
(IL.1)
e T
R N +Xn - H

[10] Pasinelli - pag. 12
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and

Xl Pl =X Pn == Q

XZ 1)2 =X P’n e o)

{I.2)

)y Pl"xzn ‘PZ . +Xw Pn = 0,
where:
X; = physical quantities produced, j=1, 2, .... (%~ 1);
P, = prices, 1=T, 2, .... o
X, = quantity of labour used in all productive activities;
%; = physical flow from sector 4 to sector j.

It appears now very useful, for reasons of symmetry, to

put a; = %—’ . Then, systems (I1.1)-(11.2) may be expressed in
H

matrix notation (!):

-1 o} 0 Ui X,
c ~To . . o ay, X,
(IL3) ' e
-
o] . . . -1 aﬂ——].,"!i }\"”*1
'
L LTI Ry 1 - hﬂl o

("} Here and in all subsequent analysis, I shall be using matrices to
represent the systems of linear equations {with the advantage of showing
immediately the symmetrical properties), However, any compact notation
will be avoided and matrices will always be written in full. In this way,
the following analysis will reguire from the reader only a few clementary
notions of matrix algebra,

fro] Pasinetti - pag. 13
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-1 0. . . 0 A P, o
o ~10 . . © @y P, o
(T1.4) ' =
0 o. . . =~I sy iy P, Q
By T« o LT, o ~1 Pu 0
The (@, @ ... 4y ,—y) Tepresent technical coefficients
of production and the (a,,, @, .... @, ) represent demand

cocfficients of consumption. An evident property of both these
systems is that they have the same, but transposed, matrix of
coefficients.  As they have been defined, they are nothing but
an algebraic representation of the flows which take place in
the economic system under examination. However, they can
be looked at in a different way. If we consider the a;’s as pa-
rameters, then (I1.3) and {II.4} form two systems of equations,
and we can enguire into the nature of their solutions. These
two systems are of a particular kind — they are linecar and
homogenous, Thercfore, in order that they may have non-
trivial solutions (i.e. solutions which are not all equal to zero),
the coefficient matrix must be singular, namely it must
satisfy the following condition (which is the same for both
systerns) (3):

- 1T T
- I oy
= 0.
-I a’ﬂw]}n
Ty Tz . oo aar,o)ml -1

() For shortness, the zeros will not be explicitly written from now
on; so that all entries of ocur matrices which are left blank should be
interpreted as zeros.

{10] Pasinelti - pag. 14



SEMAINE D'ETUDE SUR LE ROLE DE L ANALYSE ECONOMETRIQUE ETC, 585

By developing this determinant, the condition may be stated
more simply as:

(IIS} a1 ayy + @2 Gy +.... 'HIn, Fie 1 au—-i,n -I=0.

If this condition is satisfied, then each of the two linear homo-
genous systems gives solutions for (» - 1) variables, while the
n'" variable can be fixed arbitrarily. In our case, there evidently
is for system (I1.3) a quantity which is fixed, namely X,: the
total guantity of labour available. On the other hand, no si-
milar quantity can be considered as fixed in (I1.4). This ex-
presses the well-known property that any real system can give
solutions only for relative prices but not for their absolute level.
Therefore, the choice being arbitrary, we may put, for the time

being, P,=D,. Hence:

Xl = 1, Xﬂ,

X2 - a!v j{ 2]
(11.6)

Xa(—-l = Tpoim ﬁq: :

Pl = i;ﬂ,

P2 = Gy Pf;; 3
(IL7)

I')‘M—l - a".‘?,ﬂ—vl ﬁﬂ ;

which represent the solutions of the system for physical quan-
tities and relative prices. The meaning of expressions (I1.6)
and (IL.7) is fairly straightforward. Each of the coefficients
(Bips Bops ovv @y 1 ) EXPIESSCS AVEIAGE per-capita demand for

1o} Pasinelli - pag. 13
. !
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each commodity, so that (I1.6) say that production of each
commodity exclusively depends on demand. If there were no
demand, there would be no production. On the other hand,
each of the coefficients {a,,, a,,, ... @, ,_;) expresses the labour
imput in each physical unit of output, so that (II.7) say that
the price of each commodity is directly proportional to the
quantity of labour required to prodsce it. In other words,
prices, in this simple case, are explained by a pure labour
theory of value.

3. A necessary condilion for full employment

Condition (IL.5) will recur time and again in the subsequent
analysis and we may well investigate its economic meaning
immediately.
From a mathematical point of view, the fulfilment of {II.5)
is a necessary condition for each of the systems (II.3) and
(IL.4} to have positive solutions. However, non-fulfilment does
not imply no solution, The coefficient matrix of (I1.3)-{11.4)
has a particular form (all its entries are zeros, except on the
last row, on the last column, and along the diagonal), which
means that the solutions of the systems can be derived directly,
without substitution, from the first (# ~ 1) equations of (II.3)
and from the first (#-1) cquations of (I1.4) respectively.
Therefore, relative prices and relative quantities are determined
independently of condition (I1.5), whose binding restrictions fall
entirely on the last equation of each of the two systeins. Let us
-

sce what this means. Suppose, for example, that 2 a,, a,,<1.
e

This inequality implies two things. In the context of system

(IT.4) it implies (%) that Ya, P,<P,, namely that average pes-

) Trom now on, for shortness sake, the limits of ihe summations will
De omitted. In other words, all smimations that will appear in our analysis
have to be interpreted as running from 1 to {n—1), unless otherwise specified,

[rvo] Pasineiti - pag. 106
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capita expenditure is less than the income each worker re-
ceives: a situation of under-consumption. In the context of
system (II.3) it implies that Ea.m-X,-<§”, namely that total
labour employed is less than total labour available: a situation
of under-employment, Conversely, the fulfilment of (II.5)
implies both full expenditure of total income and full employ-
ment.

Looking at condition (II.5} more analytically, we may no-
tice that it is a sum of producls a,a,, ((=1, ... n - 1), where
cach of these products has the property of being composed of
one technical coefficient and of one consumption coefficient
both referring to the same commodity. Therefore, each a4,
expresses the proportion of full employment national income
which is spent in that sector (sector §), or -— which is the
same — the proportion of total labour which is employed in
that sector. Evidently, the sum of these proportions must be
equal to one in order to reach full employment. In those cases
in which average per-capita expenditure turns out to be less than
the income each worker receives, prices and quantities are de-
termined all the same, buf total production turns out to be
less than potential production, and there will be unemploy-
ment in the system. The situation is expressed by condition
(I1.5) being under-satisfied, i.e. by the summation of (II.5)
being less than wnity. The gap between a4, and unity ex-
presses the proportion of labour that remains unemployed.

Let me point out immediately the macro-economic nature
of condition (XI.5). It does not depend on the number of sectors
that exist in the economy; it is just one condition referring to
the cconomic system as a whole. We may express it by simply
saying that there must be a total expenditure equal to potential
national income if full employment is to be achieved.

When put in these terms, condition (II.5) sounds familiar,
Tt expresses a conclusion which is very well known. in economic
theory, since J.M. Keynps brought it out explicitly in his
General Theory. The novelty here is that this macro-eco-

(10} Pasineiii - pag. 17
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nomic result emerges immediately {rom a pure production model
of the type we are dealing with; a model, by the way, which
has been developed on a multi-sector basis.

It must be added that, with the particular hypothesis of
the present simple case {where no capital is needed) the con-
dition that all income must be spent also means something
more specific, namely that all income must be consumed, By
adopting a Keynesian definition of savings, i.e. by defining
savings as that part of personal incomes which is not spent,
macro-economic condition (II.5) may also be expressed by
saying that there can be wo net savings in the systems, as a
necessary condition for full employment. Single individuals, of
course, may save, but there must be other individuals who dis-
save by the same amount, so that savings and dissavings, on
the whole, cancel each other out. The only form of savings
which is possible for the system as a whole is in real terms,
i.e. by carrying over durable (produced) commodities from one
period to another. But within each period, total demand must
be such as to induce the full utilization of the production po-
tential, if full employment is to be reached. This is another
tmportant property of a production system. There must be
demand - and in our simple case demand for consumption
goods, whether durable or non-durables — for such an amount
as to generate that quantity of production that requires the full
employment of the existing labour force.

4. Production by means of labour and capital

We may now consider an economic system which has all
the properties of the system analysed in the previous sections
with one difference. The production processes, in order to be
carried on, require another factor of production besides labour:
capital. Each productive process includes, as in the previous
case, a flow-input of labour and a flow-output of final commo-
dity, but now it also requires a stock of capital, on which the
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labour services have to be performed in order to produce the
final output.

Capital itself is a commodity, or rather a series of commo-
dities, which have been produced in the economy, so that the
final outputs of the system are now of two types: consumption
goods, which are consumed as in the previous case, and capital
goods, which are fmwvested in the process of production. Ca-
pital goods are durable and therefore, once produced, they go
to increase the existing stock of capital. However, although
durable, they are not cternal. As a result of being used by
labour they wear out, and must be confinually re-infegrated
if production is to go on. This means that cach productive
process leading to a final commodity needs a further item. Be-
sides a flow-input of labour and a stock of capital, each process
also needs a flow-input of capital goods to keep the initial capital
stock intact. This means that total production of capital goods,
which represents total gross investment of the system, must be
distinguished in two parts. A first part of it (replacement)
simply goes to replace worn-out capital: in fact it is nothing
but a cost of production, since it is needed in order that the
productive processes may end up with the same amount of
capital stock with which they began. The rest of the total
production of capital goods, namely the excess over replace-
ment, represents a net addition (nef investment) to the exist-
ing capital stock.

But how is capital going to be measured? In our analysis,
all commodities have been measured so far in two ways — in
physical terms - whatever the physical wnit may be — and
in current price terms — physical quantities multiplied by
prices. The same procedure will be used for capital goods,
except that a particular physical unit will be adopted, namely
productive capacity. Of course, a unit of productive capacity
is, in an ordinary sense, a very composite physical commodity:
not only does it include both what has been called « circulat-
ing » and what has been called « fixed » capital. It may
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actually be made up of a long series of different physical goods
in different proportions and with different durability. The
reason why such a unit of measure is here used is the same that
prompted the use of the concept of a final commodity (). Both
concepts permit wseful simplifications of exposition and will
become especially helpful in the dynamic analysis which will
foliow in the next chapters.

5. The physical stocks and flows of the system

Let us consider, first of all, the physical aspect of our system
in a given period of time. We are faced with a series of stocks
and a series of fows,

At the beginning of the period, there exists a series of
stocks of capital which have been inherited from previous pe-
riods. We may represent them by a vector

(I1.8) [K; Ky oo, K

where each K}- stands for the stock of capital, measured in terms
of productive capacity, in sector § (j=1, 2, ... n - 1). When
our analysis begins, the K/'s arc obviously given. However
they are not given by « nature ». They are the result of
production activity in earlier periods of time, each K; being
the sum of all net investments made in the past in sector §.

(*} Conceptually, the notion of a unit of productive capacity and the
notien of a final commodity have many similarities. Both a final comme-
dity and a unit of capacily can, af a given poini én iime, be broken down
inte many distinct components: intermediate goods for the former, capital
goods in an cordinary sense for the latter, These break-down relations, how-
ever, are valid only at a given point of time. When a movement through
time is considered, the relations change - intermediate goods on one side
and final goods on the other, capital goods on one side and productive
capacity goods om the other, follow a path of their own. It is in connection
with these time tmovements that final goods and productive capacity goods
will become particularly useful in the suhsequent dynamic analysis,
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We might say that there is also another stock in the system,
at the beginning of the period we are considering, namely po-
pulation. This stock, however, {or economic purposes, is not
relevant as such, i.e. as a stock {except in a slave sociely,
which is outside our interests). Its economic relevance is con-
nected only with the flows it calls into being.

Let us come, therefore, to consider these flows. As in the
previous case, all the members of the community are grouped in
a final sector #. This final sector provides the labour services
to all productive processes and owns the stocks of capital.
Moreover, it exerts the demand for all the final goods, which
are now of two types — consumption goods and investment
goods.

The flows of consumption goods, as before, come from
(n - 1) consumption goods sectors. In addition to these, we
have now a whole series of flows of investment goods, which
will be denoted with the suffix k. As a first step to the more
general formulation of section %, we shall assume that capital
is required only for the production of consumption goods, while
capital goods can be produced exclusively from labour. Since
the unit of measure of capital is different for each consumption
good sector, the process for the production of capital goods
must itself be expanded into (# - 1) sectors. Our system the-
reby acquires (# - 1) new variables: X o Xp o -or) X, cach
of which represents the production of capital for the correspond-
ing consumption goods sector. This production of capital goods
is devoted partly to new investment (expressed by demand
coefficients in the final sector: a, ; o Qg By yn) and partly
to replacement of worn-out capacify‘.(expressed by replacement
coefficients: @ 1, @2 - a, u-i) Hence the whole struc-
ture of physical flows can be represented by the following
system of cquations, which takes the place of (1I.3):
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~1 s Xl 0
-1 ayy X, o
I]' ahl] -1 a{i]-—l,ﬂ Xﬂ.,.l .
.Q -
( )) akzz =I akl'/r X?;]
akﬂu_l Aeer} ~I ak,!_ln z("-'iﬂ_l
Aol Tyg + + Totyn—1 a'uki a’w}cz . 'ﬂ:'akm_l ~I Xca o

A few words may be added about the replacement coeffi-
cients. Each #, (0=1, 2, ..., n-1) represents the amount
of capital, in physical terms, which is required in each period
of time in order to keep productive capacity intact, This is the
general definition of the ay;s. However, it may be useful to
adopt a simplification, because of its immediately apparent
meaning. We may assume that in each period of time and in
cach sector, a comstant proportion of the productive ca-
pacity vanishes owing to wear and tear, so that T:‘ZI/‘gkii
(f=1, 2, ...n~1) represents a quantity which is very near
(though, depending on the rate of growth of the sector, not
exactly coincidental with) the average life-time of physical
capital goods in sector i,

By now following exactly the same steps as in section 2,
the condition that must be satisfied in order that the system
may have non-trivial solutions emerges as

. I
(II-IO) z a:m' iy + 2 Taﬂki aioi + z a’.'!?bi- ahim =1 ]
{
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and the solutions for the physical quantities take the form

>
Xl = a]-u }\n '

Xﬂ-—! =z avz-—-],n 'Xﬂ )
(IL.11)
X i
Xkl = (”hiﬂ + '-I’C aln) Xn '
1

I
X
Xk’nul _ <ak”__ln + }I- \ aag—],n) ‘\w .
e

As can be seen, the first (m - 1) solutions, referring to con-
sumption goods, are again of the simple type of the previous
case: they actually coincide with the (IL.6). But the following
{(n - 1) solutions, referring to investment goods, now contain
two elements, expressing the fact that production of these goods
is generated by two distinct types of demand: demand for new
imvestments, and demmand for replacement of worn-out capacity.

6. The structure of prices

From the physical flows which have just been considered,
another system of equations can be derived in terms of prices.
At first, one might think that one should write the same matrix
of (II.g) (but transposed) and multiply it by prices. This pro-
cedure, however, is no longer sufficient because the production
processes now require capital, besides labour, and therefore
the total income which flows to sector # has two components:
a remuneration for labour (wages) and a remuneration for ca-
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pital (profits). In each sector, the value of total production must
be equal to the amount of wages duc the labourers plus the
amount of profits due the owners of the capital which is used in
the production processes (in terms of productive capacity:
X,, X5 .o, X,_y). By calling W the wage rate and = the rate
of profit, system (11.4) becomes:

(I1.12)
X, P*‘;
-I @ D) P, MT
-1 ai:.22 [
T:Xﬂ-rl Ph”__l
-1 ahﬂ“iﬂ——]an,ﬂwl Pﬂ-—l g .
+ s—1 -
-1 a
nky Ph] 0
-1 a""n—l Pkﬂ -1 o
a ay , @ 1 W T
(ST PR ‘n—3,n Sk Bk Ay, oy ™ — Xi P
1 2 a1 X k
o

Here we are faced with a complication. Comparing (1I.12}
with system (I1.4) we can sce that the variable I, has been
eliminated, but only in order to be replaced by fwo new va-
riables: W and m. This means that, if we want to keep definite
solutions for relative prices, we must assume one of the
variables as given, or alternatively we must introduce a new
relation.
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This is an old dilemma in economic analysis. When the
classical economists (Ricarno in particular) faced it, they
thought they could take the wage rate as given from outside
the sphere of cconomics., Later on, the marginalist economists
chose the other alternative. As is well known, they introduced
a. series of new hypotheses, which amounted to treating capital
goods as if they were natural resources, and built up a whole
theory behind the technical coefficients — the theory of mar-
ginal productivity.

In the present work, I am in a sense going back to the
Classics” approach, but with a reversal of their hypothesis. At
this stage, T shall take as given the rate of profit (@). Tt must
be made clear, however, that this step does not have, here, the
same meaning that taking a given wage rate had for the Clas-
sics. The rate of profit is not an exogenous magnitude in the
present theoretical scheme (as technology and consumers’ pre-
ferences are). What this taking the rate of profit as given here
means is a simple assertion that the rate of profit is not de-
termined by the clements of the model so far considered. Of
course, the rate of profit is determined by elements which come
within the scope of economic investigation and which must
be examined. We shall come back to this problem later on
in chapter V. For the time being, the only anticipation of
that discussion needed here is that the rafe of profit is bound
to remain roughly constant, or rather, to show a roughly cons-
tant trend through time.

This result is relevant here because it allows us to keep
the rate of profit among the constants of our analysis. Thereby
we are in a position to express the new vector appearing in
(IT.12} in terms of prices, and to incorporate its constant ele-
ments into the coefficient matrix. The rate of profit itself need
not necessarily be exactly the same in all sectors. There may
be particular elements of risk and uncertainty in each sector,
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to be added to a basic rate of profit. Thus system {(II.12)
becomes

(11.13)
I
5]
(ﬂl +'rr“") ) P,
1
I
-I (nw—l +T) Bpy—1 P'Hul
. a-1 —
-1 aﬂkl P"]
- Bl
1 aoik,,,_l I LI
""" “ﬂ—-!,n (a)gln =Ty a’ln) i (akﬂ__]n ~Ts—1 am-—l,ﬂ) -1 W

Here again we have obtained a system which is linear and
homogenous. The coefficient matrix looks different from the
matrix of {I1.g). However — interestingly enough - the
determinants of the two matrices are exactly the same, as can
be easily demonstrated (%). The condition for non-trivial so-

)

1
(%) The determinant of the matrix of {(J1.g), after substituting the T8
H
for the ay,'s comes oul as:
1
z Qi @iy + z amh!akin + z Tf’ awf.'-‘. Ty — I,
i
and the determinant of the matrix of (1113} as:
1
zﬂm Ay + E(akin - ﬂiaz’ﬂ) a"ﬂﬁi + z (ﬁi + 'TIT) A aﬂﬁ.i —1I.
i
This second expression clearly reduces to the first by expansion. We oldain:

1
za’!f iy + zaﬂhi a".‘ﬂ + 2 T L a’f.rki - Eﬂ:f Lin aeaki + zni (L a???ﬁ‘- - T,
:

where, as can be seen, the last two summations cancel out.
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lutions of (I1.13) is therefore exactly the same as that which
has been lound already for (Il.g), namely (II.10), and the
solutions for prices (relative prices) come out as:

. ' 1
P, =2 | @y + (7:;4—,———){:,,]\?\%
‘ " . rl lﬂl.
) [ 1
(II.I(].) J-Jw-1 = ‘(59;,.”..]_ + ("‘:'ﬂ“‘l+ T—"w) Lq""”“;z--lJ Vv !
R |
Py, Ay, W,
12> —
G by 5, W

As the reader can sece, the last (» - 1) prices are still of the
simple type of the previous section. However, fhis is only
because of the simplifying assumption that capital goods re-
quire no capital goods to be produced. The formulation for
the (n - 1) prices of consumption goods are more general and
more interesting, Each price is expressed as a sum of two
elements: the prime cost (@, = quantity of labour required
to produce a unit of commodity) and the gross profit mark-up
(7T, 4- %)a”kia which in turn is composed of the rate of profit
in sector ¢ (n;), and of the depreciation allowance (r/T;), both
of them hbeing proportional to the capital intensity of the pro-
ductive process (4, = quantity of fabour required fo produce
one unit of productive capacity).

Already af this stage, a purc labour theory of value is no
longer valid. The only case in which it still stands becormes
a very peculiar one: the case in which either the rate of profit
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is zero or the proportion of replacements (i.e. of indirect la-
bour) to direct labour is exactly the same in all sectors. In
general, thercfore, relative prizes will depend both on the
sum of direct and indirect labour required, and on the pro-
portion between the two, ie. on the capital intensity of the
production processess. However, it is important to notice that
our approach has made it possible — as the (IL.x4) show -
to express the capital components of prices in terms which are
directly and unambiguously comparable to labour. These ca-
pital components may thus be added to direct and indirect
labour. In the (Il.14) they are added, and the total sum is
multiplied by the wage rate. We may, therefore, conclude that
formulae (I1.14) express a theory of value which is indeed no
longer in terms of pure labour but is — as we may put it -—
in terms of labowr equivalents. In the case considered here,
the amount of labour equivalent corresponding to the employ-
ment of capital is a fraction (represented by the rate of profit),
of the amount of labour required to produce capital goods.

7. A more complex case involving capital for the production
of capital

The foregoing analysis has been based on the simplifying
assumption that capital goods are not needed for the production
of capital goods, but the simplification has been made only in
order to keep the formulation as short as possible.

Dropping this assumption does not entail any conceptual
difficulty, it only requires a few more algebraical manipuia-
tions. Assume, for example, in order not to go and infinitum,
that each of the capital goods sectors makes capital goods for
itself and for the corresponding consumption goods sector, and
denote by ¥, in each sector i, {i=%, 2, ..., n—1), the ratio
of one unit of capital goods expressed in terms of capacity for
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the consumption goods sector to one unit of capital goods
expressed in terms of capacity for the capital goods sector.
Then a new series of (#- 1) replacement coefficients for the
capital goods sectors have to be introduced in matrix {IL.g), in
addition to those already considered in the consumption goods
sectors. Similarly a new series of (# ~ 1) profit and depreciation
mark-ups, for the prices of investment goods, has to be intro-
duced in matrix (I1.13) in addition to those already considered
for the prices of consumption goods.

In both matrices the new (# - 1) elements fall along the
second half of the main diagonal (%). The solutions, as can
be easily seen, are again very simple to reach and come out
as follows:

Xi = a1y )(az '
DES | - aax-—l,n Xﬂ,
Th H A
(IL.15) Xy, = LI (a, t—ay, | X,
T’ll _ Ti (17! [‘1 FI) L)
T, 1 N
S S I
-1 T IR, i Tplyn | a s
" i" -1 - YN-—X n=1n Iw—l ’ / *

el

{9 The condition under which the matrices of this more complex model
are singular emerges as follows:
1"*1' —
zamam + E — ’ m.’ ay ﬂ + z T S anhi (Em =1,
?6 - r; 'Ik e rl
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1 == Ty o T Typ +
. 11 ikl"ﬁk} Ihl"Ti k) ‘?r. )
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. #i-1 "‘n—l_'n"'ﬂml kﬂ_l_fﬂ-—l |
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These two new series of solutions are basically similar to
(¥L.11} and (I1.14), although they are a little more complicated.
Each production of capital goods now covers not only replace-
ment and new investment for consumption gocds sectors, but
also replacement and new investment for capital goods sectors.
Similarly each of the prices now covers not only the profit
and depreciation allowance for consumption goods sectors but
also the profit and depreciation alowance for the corresponding
capital goods sector.

Since, in this case, the productive processes of capital re-
quire as Input a part of their own outputs, there is one more
necessary condition for positive solutions — or rather a series
of necessary conditions — explicitly brought out by (IT.15) -
(I1.16). Algebraically, the conditions are

(I1.17) Ty, =% =1, 2, .., BT ;

meaning that the total output from the employment of one
machine, in the whole course of its life, must be more than
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one machine of the same type. If it were not so {i.e. if the
processes to produce capital goods required more as inputs
than what they give as outputs) production would be imposs-
ible. The reader will also notice that the theory of value implied
by (I1.16) is analogous to the theory implied by (IL.14). All
components of prices are expressed in terms of labour and
labour equivalents.

These similarities will be very useful in the subsequent
analysis, where it does not make any difference whether the
(IL.1x), (IL.14) or the (IL.x5), (IL.16) are used, except in
some particular cases. Normally, therefore, we shall be able,
without lack of generality, to carry on our analysis in terms
of the (IL.11), (IL.14), which are much simpler. For analogous
reasons of simplicity, the procedure will normally be followed
of using a single rate of profit (w) and the same replacement

coefficient ( li) for all the sectors.

8. The conditions for equilibrium

We have not yet commented on the new form taken by
the full employment condition. Expression (II.10) represents,
in mathematical terms, the condition that must be satisfied in
order that the linear and homogeneous systems (II.g) and
(I1.13) may have non-trivial solutions. Tt clearly takes the
place of (IL.5) in the previous case and has exactly the same
economic meaning: a necessary condition for reaching full
employment. Unlike (IL.5), expression (II.10) now makes a
distinction among three different types of demand: demand
for consumption goods, demand for new investments and de-
mand for replacing worn-out capital goods. However, the im-
portance of this distinction is only to be seen in the dynamic
analysis which will follow — a different composition of demand
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in a certain period of time evidently has different COnSEqUences
on the stocks of capital goods in the ensuing period. But for the
time being, and as far as a short-run analysis is concerned, the
composition of demand does not matter. To fulfil condition
(IL.10), that is to reach full employment, the only requirement
that is nceded is that the sum of all types of demand be
such as to imply a total expenditure equal to total potential
income,

What must be added, however, is that the fulfilment of
(IL.10) is no longer cnough, because it only refers to the flow
aspect of the system, and thereby implies full employment only
potentially. Some other conditions must be fulfilled with regard
to the stocks. First of all, there must be enough productive
capacity in the system to make it possible to produce what is
required by potential demand, i.e.

(IT.18) K =X, , i1, 2, .. (B 1) .

Yet this could not be defined a satisfactory situation, if the
capacities were far beyond what is required by a full employ-
ment demand.  We have to impose also the conditions of full
capacity utilization, namely:

(11.19) Ki<X,, i=1,2, .. (m-1).

It follows that, for the (II.18) and (I1.1q) to be simultaneousty
satisfied, all the s must be equal to the X/'s.

To sum up, two types of conditions are now necessary for
the systems {IL.g) and (IL.13) to hold, namely

(II.ZO) Eam' Fin + zaﬂki aki” + E% a’oeh Tiy == I,
and
(It.21) K.=X,, =1, 2, ... (n-1).
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We may notice that (IT.20), like (I1.5), is a macro-economic
condition: the whole national income must be spent, if full
employment is to be reached. On the other hand, (II.21) re-
presents a series of sectoral conditions: there is one condition
for each sector. Tach sector ¢ must be endowed with that stock
of productive capacity which is necessary to produce the amount
of commodity ¢ which is demanded.

At this point, one may wonder what would happen if (IT.20)-
(11.21) were not satisfied. Tt clearly depends on how the non-
fulfilment comes about, A few intercsting cases may perhaps
be uscfuily considered. Inequalities of type (11.18) plus the left
hand side of (I1.20) being lower than its right hand side mean
idle capacity and less than full empoyment: a sitnation which
we may call one of Keynesian under-employment (). On the
other hand, incqualities of type (IT.19) again plus the left-
hand side of {TT.20) lower than its right hand side correspond
to a situation in which the capital structure is smaller than the
one which would make full employment possible: a situation
which may be called one of Marxian under-employment. The
two opposite cases as to condition (II.20) represent situations
of inflation of different types, due respectively to lack of labovr
and to lack of capital.

A further question that may arise at this point is the follow-
ing: if any of these cases, or if any other situation takes place,
in which (I1.20) and (I1.21) are not satisfied, how is the system

(" Of course, Kuvans had a behaviowral theory about this situation,
with reference 1o a capitalist economic system. In terms of the present
model, Kivnes' theory was that, for psychological reasons,

Eﬂw’ a‘in < I«

namely that total demand for consumer goods on the whole fends to be
smaller than full employment income, Of course demand for investment
goods might be such a proportion of total income as to make up for the
difference to unity in the inequality stated above. But Xnvnes pointed
out that fhere is no reagon to necessarily expect this, because the two types
of demand depend en different factors.  As is well known, he thought that
in fact the most likely situation to arise is one i which there is lack of
effective demand and excess of productive capacity.
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going to react? The answer depends on the particular institu-
tions that the system has adopted. But, as said already, it
is not the purpose of the present enquiry to introduce any
particular theory corresponding to any specific institutional
set-up. The purpose is simply fo find and to specify the con-
ditions that must be satisfied in any case, if full employment
is to be reached,

To conclude, when both (II.z0) and (II.21) are fulfilled,
then the two systems of equations (I1.g) and (I1.73) entirely
hold.  This means that the economic system they represent is
In a sifuation which we may call one of equilibvium, an ex-
pression simply taken to mean full employment of fabour and
full utilization of productive capacity.

0. Towards a dynamic analysis

The foregoing analysis, after introducing capital, has ac-
quired an important characteristic: although still a short-term
analysis it is not a static analysis. Even if we suppose that the
equilibrium conditions (I1.20) - (I1.21) are satisfied, we cannot
say that we are at the end of our enquiry. These conditions
refer to a certain period of time, but just in order to he fulfilled
in that peried, they may contain some elements (investments)
whose mere existence means modifying in the following period
those magnitudes (stocks of capital) on which the previous
equilibrium was based. In this theoretical framework, there-
fore (unlike what happened in the traditional type of economic
enquiries}, the attainment of the situation of equilibrivm in a
given period of time does not mean at all that all problems
have been solved.

We are inevitably led, by our own analysis, from the in-
vestigation of equilibrium conditions in a given period of time,
to the investigation of equilibzrium conditions over time.
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Cuarter 111

THE SIMPLEST CASE OF ECONOMIC EXPANSION -

PorULATION GROWTH WITH CONSTANT RETURNS TO SCALE

1. A simple dynamic model

Our inquiry will now venture into what happens affer the
single period so far considered has elapsed, and into what
happens in general as time goes by. Krom an analytical point
of view, there are two notions of time which may be adopted.
Time may be conceived of as a succession of finite periods,
with the supposition that changes take place only between one
period and the other. Or, time may be conceived of as bringing
along changes in a continuous way, so that the finite periods
of the previous procedure become so short as to be infinitesimal.
For our purposes, it is irrelevant whether the first or the second
procedure is adopted. But since the second procedure makes
things simpler, from our point of view, it will normally be
followed all through the foliowing dynamic analysis. However,
the arguments will also be re-cast now and then in fterms of
the first procedure, when that appears useful and illuminating.

If we lock beyond the single period of time, all quantities
considered so far must be dated. The previous short-run model
remains valid within each period, but from one period to
another those quantities which have hitherto been taken as
given (population, technical knowledge, consumption patterns,
capital stocks) may undergo important changes.
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We shall consider in this chapter the simplest of all cases
of dynamic change. We shall assume that, as time goes on,
the only « exogenous » factor which is moving is population.
This simple case has been extensively dealt with already in
current economic literature, and the purpose of the present
chapter is not, therefore, to obtain new results. The purpose
is simply to evince the connections with the known growth mo-
dels and at the same time to develop formulations which will
be needed in the following analysis. Our assumptions may be
listed schematically as follows:

a) first of all, the mitial conditions are such that, when our
analysis beging, at a time defined as zero, the system is
operating in equilibrium. There is full employment of la-
bour and full utilization of productive capacity;

b) as time goes on, population increases at a steady percentage
rate g, so that

(TTL.1) X, (8) =X, (0) ¥,

where ¢ denotes fime, and e is the well-known base of the
natural logarithms;

¢} technical conditions remain fixed over time; expansion takes
place at constant returng to scale. In other words, all
technical coetficients (the a,’s, the 4,’s and the T/s,
t=1, 2, ... n—1I) remain unchanged in timec;

d) consumers’ tastes also remain constant, which means that, if
individuals continue to reccive the same income, their con-
sumption — i.e. all the coefficients a;,’s, i==1, 2, .... (1)
— remain constant through time.

These are all the assumptions that are needed, besides of
course the convention (discussed in section 6 of the previous
chapter) of taking the rate of profit as given. The reader may
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have noticed that therc is a series of coefficients which have
not been mentioned: the #.,’s, namely the demand coefficients
for new investments. The reason is that these coefficients can-
not be specified in advance. They are themselves unknowns,
in the present model, as they must be determined in such a
way as to be consistent with the growing productive potential
of the system.

Qur task is, first of all, to find out the conditions under
which equilibrium may be maintained over time; and then to
investigate the time-paths of the variables of the system.

2. The conditions for a dynamic equilibyium

We might begin by saying that, in order to maintain equi-
librium over time, conditions (II.20)} and (Il.2x), which are
satisfied by hypothesis at time zero, must also and constantly
be kept satisfied as time goes on. A statement of this kind,
however, now becomes uninteresting and artificial, because
those two conditions cease to be independent of one another,
when time is allowed to elapse.

If population is growing, both the supply of labour services
and the demand for each product increase, as time goes on.
In order that the new labour force may find employment and
the growing potential demand may become effective, productive
capacity must also increase. Thus, the equilibrium conditions
for productive capacity in time become

d' 4
] SR AOY s o (KO = - .
(IIL.2) dll[K.(f}} %@ i=T 2, (1)
which simply means that there must be an increase in the pro-
ductive capacity of each commodity, parallel to the increase
in its demand.
The formulation may be expressed. in a more helpful way
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by making use of a few definitions. We know from (IL.11)
that cach production of capital goods (X, ) 1'5 composed of two
parts: replacement of worn-out capacity { — 1 a,,X,); and new

investment (a,,X,). Denoting these two parts respectively
by X;, and X}, so that

(I11.3) Xy, @)=X, +XE @,
we have
" a., -
(I1.4) X, 0= K@l =12, (0 1),

By substituting now (III.4) into (II1.2), we obtain

(I11.5) X, 0= [X 0], i=12, ... (n-1),

which amounts to expressing the capacity equilibrium condi-
tions in the form of equilibrium relations between the produc-
tion of capital goods in each period of time and the rate of
change in that period of the corresponding consumption goods.
Using the (T1.11) and (II1.1), the (IT1.5) become

ad . .
o Xn (O)egr = g [airr Xn(o)egz.é s P=I, 2, . (ﬂ’ - I))
or

ijn X"(O)(ﬂu =g 4y ”(0)65,?!
and finally

(I11.6) Y=g a&y, , i=1,2, ... (n-1).
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This is a formulation of real interest. Tt states the series
of sectoral productive capacity conditions in terms of fows
{and no longer in terms of stocks) by specifying a very definite
relation which must hold between each demand coefficient for
new investments and the corresponding demand coefficient for
consumption goods. Tt states that, as a condition to endow the
system with the equilibrium productive capacity, each sectoral
net investment, in physical terms, must be cqual to the cor-
responding sectoral final demand multiplied by the rate of
growth of population. This determines sectoral equilibrinm net
investments in the whole economic system:

(111.%) X,’;{_ B =g a,X, (£ =1, 2, ... (#-1).
These conditions may, therefore, be called the capital ac-
cunulation conditions for keeping full employment over time.
If we like, they may be expressed also in terms of ratios be-
tween quantities evaluated at current prices. After multiplying
both sides of {IT1.7) by Py, and dividing by PX;, we obtain

poX; P, X,
IIIS [ — ke i
(HL.8) DS et

i=1, 2, ... (n-1),

which mean that, in equilibrium, each sectoral ratio of invest-
ment to production, evaluated at current prices, is equal to the
percentage rate of population growth multiplied by the cor-
responding sectoral capital-output ratio. '

When the capital accumulation conditions are kept satisfied,
the system — as time goes on — is being constantly endowed
with exactly those stocks of productive capacity which are ne-
cessary in order to provide full employment for all the workers.
This, however, does not yet necessarily imply full employment
and full utilization of productive capacity. In order that equi-
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librium be reached, the other condition — the macro-economic
relation referring to the system as a whole —— must also be sa-
tishied. This condition, after substituting (IIL.6) into (I1.20),
becomes

(III‘Q) z @i &iy + (g‘-l- 7{':') ..s_-. a?lhi iy = T.

The economic meaning is again that there must be a total
expenditure equal to total potential gross income if full
employment and full capacity utilization are to be reach-
ed. However, (III.g) now also requires a very definite
division of the total expenditure between new investments,
replacements, and consumption. The effect of substituting into
it the capital accumulation conditions has been to specify the
magnitude of the term (g + w,%—) % Gy, 4 which is nothing but
an analytical break-down of the equilibrium ratio of total gross
investments to gross income in the system as a whole. This
equilibrium ratio, as can be seen, is exclusively determined
by the three exogenous factors of our model: population
growth, technology and consumers’ preferences. Therefore, if
(ITl.g) is to be satisfied, it is the total effective demand for
consumption goods that must absorb the whole remaining pro-
portion — represented by the first addendum of (IT1.g) — of
potential gross income. Condition (II1.g), since it thereby de-
termines the size of total effective demand, may be called the
effective demand condilion for keeping full employment.

We may notice that this condition, as it stands, presents
no problem through time. Since all coefficients are constant,
once (IT1.g) is satisfied at time zero, it will remain satisfied all
time.
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We may also look at it in another and more familiaz way,
by re-writing it as

I
(IIIIO) I- ztlm- Qi — 7j? Ea’aahi Ty =8 zanki Qiy

The left hand side expresses the proportion of total gross in-
come which is not spent cither on consumption goods or on
capital replacement (the aggregate ratio of net savings to pross
income), and the right hand side expresses the equilibrium
aggregate ratio of net investments to gross income. Now, the
right hand side, by utilizing conditions (I11.6), expresses the
equilibrium investment-income ratio as a multiplication of the
rate of population growth by what can be shown to be, after
a few algebraical re-arrangements (M), the over-all capital-output

{"} The proof may be given in the following way,
Call ¥ == XX, P, 4 X3 "n; Pa, and multiply both sides of (IIT.g)»

X, W
Y‘ :
X, W 1\ X, W X, W
v Ea‘niain'i'(g +TI"~“) v - Ea»m,- Gy — v "

Add now to Dboth sides the ratio of equilibrium total prefit to national
income:

by

. X, W P\ X, W
Y EWP;,I. X,’+ Y"‘“““ Eani Lyt (f""rf‘) ¥ Eaﬂhi Giy =
W g
== “‘“.”Y""-— + —Y;- ETCP’I;’X" -
We obtain
1 X, W 1\ X, W
'_Y— znaﬂhf aioa“}v Xn + v " zam' %y + (g'"'FI_-) “\T‘ Eaﬂk{ @iy =

X, W+ 3P, X,
R e _Y -

»

Y

I I I
‘7 zainxn Ay T \/TH'TIT) am.,-_ “V+g_\'}" 2 aﬂi:-,-w ainon = “? '
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ratio. This is a well-known relation. As the reader will realize,
condition (III.10) is simply a more analytical formulation (re-
ferred to the case of population growth) of what has become
generally known in macro-economic theory as the Hagron-Do-
MAR equation (%).

To conclude, two types of conditions must necessarily be
satisfied in order to keep equilibrium over time. There is, first
of all, a series of capital accumulation condition (1I1.6), ensur-
ing that cach sector be endowed all the time with the additional
productive capacity required by the expanding demand. These
conditions state that, in each sector, the ratio of new invest-
ments to the level of production must be equal to the techno-
logically determined capital-output ratio multiplied by the rate
of population growth. Secondly, in order to ensure the full
utilization of the productive capacity that thereby comes into
heing and of the available labour {force, the macro-economic
effective demand condition (I11.g) must also be satisfied. This
condition determines the equilibrium division of fotal expen-
diture between consumption, replacements, and new invest-
ments. It states that, given the total amount of equilibrium
investments by the first series of conditions and by the repla-
cement requirements, total demand for consumption goods must
be such as to absorb the whole remaining part of potential
gross income.

T 1
% SK P+ v SX Py =1

And since, in eguilibriom, X, = I, we obtain:

4 KPPy,
2.0 - Q.E.D.
Y’

% See R. F, Hazrop, dn Essay in Dynawmic Theory in « The Eeenomic
Journal » 1939, and Towards a Dynamic Feonomics, Tondon 1948; E. Do-
Man, Capital Expansion, Rale of Growih and Employment, in « Eco-
nometrica », I940.
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3. A more complete formulation of the effective demand con-
dition

It may be useful to take a further step, at this point, to
complete formulation (ITI.g). So far, population has been re-
ferred fo in general terms, both with respect to demand of com-
madities and with respect to supply of labour. This means
assuming implicitly that population and labour force are the
same thing. But in practice, this is not so. All people do con-
tribute to the demand of commodities, but only a fraction of
them (representing the active population) actually take part
in the process of production. Moreover, a further complication
arises in connection with the fact that our coefficients have a
time dimension. The point may be made clearer by supposing
a finite period, for example a year, as the unit of time. In
this case, the consumption coefficients refer to yearly per-capita
consumption; but, as a normal practice, the technical coeffi-
cients are referred to that fraction of the unit of time which
corresponds to actual working time. If this is done, the a,’s
and the a,’s come to be no longer expressed in terms of the
same number of people and not even to refer to the same unit
of time.

To be consistent, a correction must be made on the technic-
al coefficients and the simplest way to do it is to divide each of
tbem by two paramcters, the first of which — let us call it o, —
representing the proportion of active to total population, and
the second — let use call it B -— represenfing the proportion
of, let us say, working hours to the total number of hours form-
ing the unit of time considered. TEvidently:
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These corrections do not affect the expressions we found for
prices — for example the (II.14) — where the technical coef-
ficients appear, provided that the wage rate is also referred to
a unit of actual working time. They do affect, on the other
hand, the expression of the effective demand condition for
equilibrium.  (This is after all infuitive: the conditions for
reaching full employment are evidently different according to
the ratio of active to total population and to the length of
the working week). Hence, after introducing « and 3, (IIL.g)
becomes

I I Y
;{ﬂ z Ty Gin + (g + »_ix—) .Ci—:fi E a!lhi Ay == 1,

(II1.11)
which must be considered as a more complete formulation of

the effective demand condition for a dynamic equilibrium.

4. The dynamic movements of relative prices, physical quan-
tities and other econonyc variables

To find now how prices and physical quantities move as
time goes by is a very casy task. As to prices, it can imme-
diately be seen from the (II.14) or from the (I11.x6) that, under
the present hypotheses, all their components are constant in
time, so that all relative prices remain constant as time goes on.

The expressions found for physical quantities on the other
hand — the (IL.11) or the (II.x5} — all contain one compo-
nenf, namely population, which is increasing at a percentage
rate g. Therefore, each physical quantily tncreases wn lime at
the percentage rale of growth g.

Besides prices and quantities, there are other magnitudes
in the system which are of economic interest and which are
worth considering. The time-paths of two series of them in
particular — the amounts of employment in each of the sectors
and the production of each commodity at current prices — can
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be derived immediately from the movements of prices and quan-
tities. In general, denoting respectively by E; and V; the sec-
toral employments and the productions at current prices, we
may write:

{IIT.x2)  E(f)=a,,0)X,(),

(I1L.13)  V,(O=X,OP;({), i=1,2,....8-1),k,R. 0k, 4.
Again, by substituting from (Il.11), (II.14) or from (II.15),
(11.16), it can be seen that, under the present assumptions, each
of the E;’s and each of the V}'s (taking W as numeraire) increase
in time at the percentage rate of growth of population (g).

There is moreover another series of magnitudes which al-
ways recur in a dynamic analysis and which we may consider
immediately. I am referring to the capital-output ratios in the
various sectors of the economy (which will be denoted by
%, 1=1, 2, ..., #—1); and to the over-all capital-output ratio
(which will be denoted by ¥). Using for simplicity the formu-
lations (IT.11), (I1.14) referring to a system where capital is
required only for the production of consumption goods, each
sectoral capital-output ratio may be expressed as (%)

a’wk,’ (!)

1
T+ T} @y ()

, =1, 2, .. (01,

{IIT.14) ny (£) ==
@y (l’) +

() In each sector, the capital cuiput ratio is
1 Py,
A= b,
Xily
Remembering that K; and X; ceincide, when full employment is kept, and
using the (II.1z) and (IT.14}, we obtain

aoaki \id ‘Inhg
==

{ E == I "
‘f“n’“" <“+ "'r;l[?) aﬂkil W st (ﬁr!"-rl_\) Eoung

(continned on following page)
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and the over-all capital output ratio as {4

z“m(f) afnk (0
z”m(/) f’m(f) <g“ +T+ ) Eam(f) Ton (‘J\

(IT1.15) () =

As can be seen, the components of (III.14) and (IT1.15)
are nothing but coefficients. And since, under the present as-
sumptions, all coefficients are constant through time, it follows
that cach sectoral capital-output ratio and alse the overall
capital-output ratio remain all constant as time goes on.

When the more complex formulations {IL.x5) and (I1.16) are used, the
result is

aﬂ_]uf

= T Tr -1, H ‘
aﬂt 1 - TC+ -;:[:_ 1’1‘ i

(") The over-all capital outputl ratio is, in our neotations,
z IJJ';.,- I{a
L= i
: EPiX-e+z[)?:ix i

Taking the (IL.r3) and (Il.v4) and again remembering that I and X,
coincide when full employment is kept, we obtain

E"m aﬂk \M X

&+ (75'5' .-i) nhy }V\ }\. + Egﬂ a, \v X,”

v
Eain

zai?! aw?:i

za'm @yt ( o+ 0) Zal'ﬂ R}

When the more complex formulations (II.]j) and (I1.16) are used, the

result is
s ' LA
Bing Au; I+ o I
Pk (7 —y\T  1-g

= "
> [‘ TT’ — ( 1
Enﬂfai ’F [T+ l -+ (I—lg’)_(h::[ "")1 E”m wk

X:‘:_:
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It goes without saying that, as a straightforward corollary
of the above results, all aggregate quantitics — like gross and
net national income, consumption, saving, investment, capital
— increase In real terms, as time goes on, af the same percent-
age rate of growth (g} of popuiation.

5. Intevesting features of the present case of growih

The dynamic {features of the system considered here, as
they emerge from the previous sections, are of an cxtreme sim-
plicity. The merits of this simplicity arc entirely attributable
to the assumption of a fixed technology and constant returns
to scale, which confers on this case all the elegant properties it
possesses.  With an invariant technology and constant refurns
to scale, the growth of the system is entirely determined by the
rate of increase of population. This growth does not affect the
position of any single individual: per-capita income remains
constant as time goes on, and economic growth simply means
that the system expands all its sections in the same proportion.,
All products grow, with population, at the same percentage
rate, while the structure of the system (its relative composi-
tion) remains constant as time goes on.

This case of growth is well known, of course, in economic
theory. A clear though rudimentary picture of this case can
alrecady be found in Casser (). Recently, LEONTIEF and
von NEUMANK, although in a different way (%), have based
all their well-known dynamic elaborations exactly on this case.

(%) Gustav Cassur, Theoretische Sozialikonomie, Leiprig, 1018, pp. 27
and ff, English translation: The Theory of Social Economy, London, rgzr,
Pp. 34 and if.

{7 Both vox Nrumanx's and Leoxtmer’s dynamic models will be discus-
sed in more detail in an appendix to chapter VI.
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But, most interesting of all, this is the case to which macro-
economic models of growth can be correctly applied. Since the
systern expands keeping ifs proportions constant, there is in
fact no loss of gencrality in framing the analysis in macro-
economic terms. The usual convention that the variables must
be considered as measured in terms of a composite commodity,
made up of a fixed « basket of goods », is in this case perfectly
legitimate and logically unobjectionable. As all our results
have shown, since all single coefficients remain constant through
time, the composition or structure of the system, once specified
at fime zero, remains the same for all time.
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CHAPTER IV

PrOBLEMS CONNECTED WITH TECHNICAL CHANGE -
SETTING THE BASES FOR A GENERAL DYNAMIC ANALYSIS

1. Technical progress in macvo-economic models

The case of the previous chapter — despite its popularity
among theoretical economists — remains a very particular case
of economic growth. In practice, as soon as we look beyond
a single period of time, there is another series of changes that
take place besides those of population: the changes in the
technical methods of production. These changes are in fact
much more problematical and much more complex than those
concerning population.

Technical change has been the great neglected factor in
economic analysis, Ounly in the last fifteen years have econo-
mists begun to deal with it through the elaboration of models
of economic growth. All these models with technical progress,
however, have been developed i macro-ecconomic ferms, l.e.
with the implicit assumption that one single commodity (or a
composite commodity of invariable composition) is being pro-
duced in the system (!). And technical change has been in-

(") After the path-breaking contribution of Harrop and DoMaxr, already
mentioned, the macro-economic models of growth which have been elaborated
are so many as to be already difficult to count. On the whole, two main
streams of thought have cmerged. The first one has tried to pursue
Marrop-DomMar’'s Keynesian approach in various directions, and the second
has {ried to insert Marron-Tomar’s ideas into the traditional neoclassical
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troduced in the form of a « rate of technical progress », which
has been treated exactly like, and symmetrically to, the rate
of population growth (3).

Unfortunately, this approach has been accepted rather un-
critically so far. Tt is my purpose to criticize and abandon it.
But before doing so, 1 must invite the reader to take a closer
look at all the implications that this approach entails. Our
disaggregated formulations will turn out to be very useful in
this task.

As said above, any macro-economic analysis implies that
all variables considered are measured in terms of a composite
commodity or « basket of goods » of fixed and invariable com-
position through time. Therefore, unless the macro-ecconomic
framework is given up altogether, the introduction of a rate
of technical progress in such an analysis necessarily implies
two further and much more specific assumptions: 1) that techn-
ical progress is going on at the same rate in all sectors of the
economy; and 2) that demand for cach product is expanding
at the same rate.

let us carefully consider a hypothetical case of economic
growth in which these two assumptions are satisfied.

theory. The first type of models is perhaps best represented by: J. Ro-
BINSON, The Accunsdation of Capital, London, 1956, and N. T{ALbogr,
A Model of Economic Growih in « The Feonomic Journal », 1957. The
most representative examples of the neo-classical models are perhaps:
R Sorow, A Contribution lo the Theory of Economic Growth in « The
Quarterly Journal of Economics », February, 1956; and J. Mrabe, 4 Neo-
Classical Theory of Ecomomic Growth, London, 1g61,

") In {he present and following chapters, we shall normally consider
porcentage, e velative rates of change, However, for brevity's sake, and
following what lhas by now become a custom, in economic literature, the
words  percentage or reledive will normaily be omitted, except in those
cases where thelr omission may generate misunderstanding.
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2. A dynamic model with uniform lechnical progress and wuni-
form expansion of demand

After dealing with the case of population increase and cons-
tant returns to scale, the hypothetical case of economic growth
taking place with uniform technical progress and uniform ex-
pansion of demand can be treated more summarily.

The assumptions are now as follows:

«) the initial conditions, as in the previous case, are such that
at time zero there is full employment and full capacity
utilization;

b) as time goes on, population remains constant;

¢) there is the same technical progress in all sectors of the
economy. This means that, as lime goes on, all the technical
coefficients of production decrease at a steady percentage
rate g, i.e.

(V1) a)=a,0) e,

P=1,2, ... (n-1), Ry, By oo By

d) consumers’ tastes are such that the compostiion of con-
sumption is invariant to changes in income. In other words,
when income increases, each individual expands demand of
all the commodities consumed in the same proportion. This
means that, if per-capita income increases at a percentage
rate p through time (as in equilibrium it must do), all coef-
ficients of consumption will also increase at the rate p, i.e.

(T\’T.Z) gin(‘t) :gi”((}) epr, 7;:1! s een (n- I)'

Under these assumptions, the two conditions for a dynamic
equilibrium come out rather straightforwardly. By following
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exactly the same procedure as in section 2 of the previous:
chapter, the capital accuinulation conditions emerge as

(IV.3) gl =pa (), i=1,2, . (2= 1),

which are similar to the (H1.6), the only difference being that
now the rate of technical progress has replaced the rate of
population growth. Of course in the (IV, 3) all coefficients are:
moving, but they are moving at the same rate of change so
that the relation between them remains constant through time.
The effective demand condition also emerges as very simifar
to (IIL.11):

Vg)  t=3 gaad= e+ £ )3 5 an o,
where again the rate of technical progress has taken the place
of the rate of population growth. The interesting property of
this case is that all coefficients of production and all coef-
ficients of consumption, although moving in time, are moving:
in an opposite direction and at exactly the same rate. As a.
result, cach single binary product of coefficients under the
two summations remains constant as time goes on ~— the mo--
vements of the components exactly cancelling each other out.
This means that the contribution to national income of each
single sector remains constant. As in the previous case, con-
dition (IV.4) does not raise any problem through time. Once:
it is. satisfied at time zerc, it will remain satisfied for ever,
because in all sectors productivity and demand are increasing:
at the same rate.

The time paths of all economic magnitudes can be found
immediately by substituting (IV.1) and (IV.z) into (I1.11),
(IT.14} and (III.12)-(IIL.75). As can casily be checked, if the
rate of profit remains constant, the results cmerge as follows:

1) physical production of each commodity increases in time
at the rate p;
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z) all commodity prices — if W is taken as the arbifrarily
fixed price — decrease in time at the rate p. Alternatively
— if the price of any commodity instead of W is taken as.
given — all commodity prices remain constant as time
goes on, while the wage rate increases at the rate g. Another
way of stating this result is to say that the commodity price
structure (relative prices of commodities) remains constant
through time, while the rcal wage rate increases at the rate p;

3) employment in each sector remains invariant as time goes.
on;

4) production of each commodity evaluated at current prices.
remains constant in time (if W is taken as the arbitrarily
fixed price} or increases at the rate p (if any commodity’
price, instcad of W, is taken as given);

5) all sectoral capital-output ratios, as well as the over-all
capital-output ratio, remain constant.

3. Amnalytical properties of the two cases of growth considered
so far

The most attractive property of the case of ecconomic growthy
just examined is that it still retains the constancy of the pro-
portions of the system in time. By the device of uniformity both
in technical change and in expansion of demand, all movements:
of coefficients cancel out inside each sector and moreover the
structure of prices remains unchanged. Thus, again, the system
expands by multiplying all its sections in the same proportion:
so that its relative composition is invariant with respect to
growth and time.

From an analytical point of view, there is a remarkable:
symmetrical correspondence between the two cases of growth
considered so far. In the case of population growth the wage
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rate was constant and the system was growing at the same rate
as population; in the case of uniform technical progress just
exarmined, population remains constant and the wage rate is
growing at the same rate as technical progress. The two cases
may easily be combined, and the results of such a combination
are so straightforward that it is of no use to spell them out in
detail here. We may however explicitly statc at least the con-
ditions of equilibrium, which emerge as follows:

(IVS) ‘zk;n(.t} = (g+ P)ahz(‘t)J R 2, .., (”"I)’
and
(IV6) I z a]; “ari [) am E "{3[ nhi(i) af?I(i) =

= (J?J‘"P " P9 ('!) am(f)

The economic meaning is evident. Each single scctor of the
system and the system as a whole expand at a rate which is
the sum of the rate of population growth and of the rate of
technical progress, a sum which is widely known in economic
literature by Harron’s term of natural rate of growth. This
natura] rate appears explicitly both in (IV.5) and in (IV.6),
the latfer now giving a complete analytical break-down of
Harron's equations. (The aggregate net saving ratio is re-
quired to be equal to the natural rate of growth multiptied by
the over-all capital-output ratio) (%).

At this point, however, after admiring the symmetry and
the analytical beauty of the two cases of growth considered so
far, we must also draw from the results we have obtained at
least two logical and stringent conclusions.

{(*} See the proof in footnote {1} of Chapter IIT.
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The first one refers to methods of analysis, If the assump-
tions embodied in the two cases of economic growth considered
above were acceptable, then there would not really be much
gain of insight into the working of an economic systemm by
using a disaggregated model. The merit of such a model would
only be to show the structure of the system at a given point of
time. But since this structure remains the same for ever, the
dynamics of the system is always uniform, which means that
no extra information can be obtained by disaggregating, In
other words, a macro-economic formulation would be by itself
sufficient and satisfactory.

The second conclusion is of a much more practical relev-
ance. If the assumptions embodied in the two cases of economic
growth considered above were to correspond, even roughly, to
what in the fong run is happening in the real world, then any
preoccupation about problems of economic growth would be
entirely unjustified. The model considered above amounts in
fact to saying that economic growth as swch does not present
any problem at all. The only thing that in any economic
system is to be done is the setting up of that particular struc-
ture which is most desired — the only constraint being that it
must satisfy relations (IV.s) and (IV.6). This is a once-for-all
problem. Once this structure has been set up, no problem exists
any more. Thereafter, the system will expand for ever, keeping
proportions constant.

Attractive though the first conclusions may be, the second
one is so much in a striking contrast with everyday experience
and with the economic policies of all Govermments, that it
should immediately lead one to infer that there must be so-
mething wrong somewhere. And it is my contention that this
something wrong is to be found exactly in the hypethetical
case of economic growth considered in the previous section,

To substantiate this assertion will require all the rest of
the present chapter.
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4. The production aspect of technical change

It will now be useful to consider carefuily the mean-
ing and implications of technical change. When the technical
coefficients of production change as time goes on, there are
two distinctly different series of effects which are called into
being and which may respectively be connected with produc-
tion and demand. On the production side, technical change
means a variation in the technical conditions and therefore a
change in the physical quantities of goods which may be pro-
duced out of a given amount of original factors of production.
On the demand side, it means a change in remuneration of the
factors of production, and therefore a change in the amount
of per-capita real income at the disposal of consumers in ge-
neral.

Let us take the production aspect first. Here the causes of
change may be manifold. For a long time economists have
been impressed by those changes which are connected with
the exhaustion of natural resources. To MarTaUS and RICARDO,
for example, at the beginning of last century, it appeared
as a matter of logical necessity that the continuation and ex-
pansion of the process of production, on natural resources
which are given, should inevitably lead to decreasing returns,
i.c. to an increasing trend in the technical coefficients of pro-
dustion. But the cconomic history of the industrial countries
has by now consistently and persistently brought to the fore
another, more important and widespread process of change,
continuously at work in any modern society: technical pro-
gress.

Technical progress is a very complex movement. In the
sense in which it is relevant for economic analysis, it includes
not only, and not so much, the great scientific discoveries,
which by their own nature come about in a discontinuous and
sometimes accidental way, as their practical application on
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an industrial scale, which takes place through a much longer
and continuous process, Moreover, it includes all the innu-
merable series of expedients and devices, small if considered
individually, but of great relevance if jointly gauged, which
are the daily upshot of experience, experiments, research and
of re-thinking of the productive organization. This is indeed
a very complicated process, emerging from the learning activity
of men and the application of this learning activity to pro-
duction. By its nature this process is, therefore, a slow but
persistent one. Tt consists of long and repeated attempts not
only to reorganize the old methods of production, to utilize
more efficiently the new materials, and to improve the quality
of the products, but alse to invent and apply new methods
of production, produce new products, find new resources, and
discover new sources of energy.

It would certainly be out of place to develop a theory of
technical progress here. If such a theory should ever be
developed, it would pertain to a much wider field than econo-
mics, because it could not avoid some definite conceptions ahout
the aims and ends of human society, Therefore, as far as the
present work is concerned, the usual procedure will be followed
of taking technology as given from outside cconomic analysis.
However, what will be taken as given is not a fixed technology
but the movements of the technical coefficients in general
through time,

In this way, the concept of technical change which is
adopted in the following pages will not be testricted by any
particular assumptions (*). But in order to reach practically

() It will cover the case of technical progress of any type and also
the case of increasing or decreasing returns to scale. On the other hand,
the case on which neo-classical economists focussed all their attention
{a change of production methods owing to changes in the rate of profit}
will automatically not arise because in the present model the rate of profit
remains constant as time goes on,
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relevant conclusions, the analysis will be carried out with refe-
rence to those movements that empirical findings have by now
shown to be everywhere the most typical ones in a modern
society. These movement may be briefly stated in three pro-
positions:

@) in the long run, the cffects of technical progress are, on a
(weighted) average, by far more important and more wide-
spread than the effects of decreasing returns to scale (%).
This means that, as time goes on, the coefficients of pro-
duction decrease (i.e. productivity increases) in most sectors,
although in a few sectors the coefficients might increase {i.e.
productivity decrease);

b) as a net effect of decreasing returns and of technical pro-
gress, each production cocfficient is slowly but persistently
moving through time. However, each coefficient is moving
at a different speed. In other words, there is a wide disper-
sion armongst the rates of change of productivity referring
to the different branches of the economy (%);

¢) technical progress consists not only of increases in produc-
tivity but also of continuous additions of new sectors pro-
ducing new and better goods for the economic system.

5. The demand aspect of techwical change

et us now consider the effects of technical change on de-
mand. If on the whole technical change is in the direction of
a persistently increasing trend of productivity, it means a

5 The simplest empirical confirmation of this proposition is that in all
industrial countries, per-capita income is cnormously higher today than it
was when they began to industrialize.

(¢ Cf. for example the inferesting study by F. L. Hirr, a new Look

at Productivity Growth Rafes, in « Survey of Current Business », 1957.
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higher and higher amount of wages and profits, or, more ge-
nerally, an increasing trend in per-capita incomes at the dispo-
sal of consumers, It follows that, in each period of time,
technical progress compels the members of the community to
make new decisions; they must decide on which commodities
they are going to spend the increments of their incomes. It is
here that their preferences as consumers come to play a cen-
tral réle.

Consumers’ preferences ultimately depend on the character
of human nature, which represents, in the same way as the
technical conditions of production do, a fundamental daftum
for any meaningful economic investigation. No commodity,
whatever ingenious technique it may require, can be sucessfully
produced if its utility for the consumers is not sufficient to
Justify its cost: it would remain unsold. The relevance itsclf of
technical progress depends on demand; an increase in pro-
ductivity, however large it may be, loses much or even all of
its meaning, if it takes place in the productive process of a
commaodity for which demand is small or negligible. This means
that any investigation into technical progress must necessarily
imply some hypotheses (and if not explicitly, it necessarily does
so implicitly) on the character of the evolution of demand as
Income increases. Not to make such hypotheses and to pretend
to discuss technical progress without considering the evolution
of demand would make it impossible to evaluate the very re-
levance of technical progress and would render the investiga-
tion itself meaningless, Increases in productivity and increases
In real income are two facets of the same phenomenon.  Since
the first implies the second, and the composition of the second
determines the relevance of the first, the one cannot be con-
sidered if the other is ignored.

Unfortunately, the economic theory which has so far been
developed is hardly able to give us any help on this problem.
The consumers’ demand theory that we know today is a highly
sophisticated logical framework, built on stafic premises. It
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relies on well-known and consistent preferences defined af a
given level of per-capita income. Such a theory is indeed useful
in showing the consequences of price changes, at a given level
of income, but has nothing to offer us to explain changes fol-
lowing each successive increment of income.

The regrettable consequence has been, that when economists
— by introducing technical progress in their models — have
been compelled to make definite hypotheses about the expan-
sion of demand, in the absence of any guiding principle,
have made those assumptions that best suited the mathematical
properties of their models. As we have seen, they have inva-
riably postulated, cither explicitly or implicitly, a wniform and
proportional expansion of per-capita demand .

Now, if there is something that we do positively know about
expansion of per-capita demand when income increases, it is
that per-capita demand for cach commodity does #not expand
proportionally. All the empirical investigators who, in the last
hundred years, have looked into this matter have invariably
and without exception confirmed this tendency.

As is well known, the first empirical generalizations on the
evolving pattern of demand, in response to increases in income,
come from an old discoverv in economics which goes back to
Ernst EncEL (%) in the 1850’s. ENGEL, after studying the
conditions of consumption of workers in the kingdom of
Saxony, stated what has since become known as Engel’s law.
The law says that the proportion of income spent on food dec-
lines as income increases. A more gencral formulation of this

{"} The effect of this is that all models of cconomic growth now-a-days
share a defect which was characteristic of Classical analysis. They bave
concentrated their emphasis exclusively on the production side of the eco-
nomic process and have entirely forgotten the other half of economic reality,
related to demand,

() Erwst Excui, Die Productions- wnd Consumptionsverkdlinisse des
Kénigreichs Sachsen, in « Zeitschrift der Statistischen Bureaux des Kéniglich
Sichsischen Ministerium des Inneren », Nos. 8§ and g, Nov. 22, 1857; repub-
lished in « Bulletin de Institut Infernational de Statistique », IX (1893).
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empirical law, stating that the proportion of income spent on
any type of goods changes as per-capita incomes increase has
been confirmed ever since, and evinced by all the econometri-
cians who have been concerned with empirical work on de-
mand (7).

These results are in fact no surprise. It should not take
long to realise that what they reveal is a basic tendency inhe-
rent in the human nature of the consumers. We shall go into
this matter in the next section. Meanwhile we may safely
draw the conclusion that all the models of economic growth so
far developed have adopted a set of hypotheses which are
incompatible with one of the most fundamental empirical laws
of economics. Since increases in per-capita incame necessarily
imply non-proportional expansion of demand, and since techn-
ical progress means increases in per-capita incomes, then the
introduction of technical progress in any dynamic model ne-
cessarily implies a non-proportional expansion of demand. The
assumptions adopted in all macro-economic models of growth
are thercfore unacceptable,

0. The evolulion of demand in time

The practical importance of Engrr’s law has always been
recognized by all those who, on any occasion, have been en-
gaged in empirical work on demand. Yet, in spife of the fact
that it was discovered more than a century ago, very little work
has been done to fry to take advantage of the information it
gives and to incorporate it into the theory of consumer’s beha-
viour. (Bits of piece-meal theory can be found only in the
works of the econometricians who — faced with facts — have
always been compelled to make additions and to adapt an in-

() See, for example: R.G.D. Arrex and AL. Bowrey, Family Expen-
diture, London, 1935; and alse: H.S HourtHaxkir, An Internationael Com-
pavison of Household Expenditure Palterns, Commemorating the Cenfenary
of Engel’s Law, in « Kconometrica », 1957.
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sufficient theory to their particular purposes). As a result,
ENnGEL’s discovery has remained until our own day at the
state of an cmpirical law, almost entirely isolated from the
body of demand theory.

It is not my purpose, of course, to engage in a theoretical
investigation on demand here. However, since the tendency
that EngeL discovered plays a central role in the subsequent
analysis, 1 shall discuss at least two theoretical aspects of it,
and malke to current demand theory (otherwise insufficient
for our purposes) a few essential additions.

The first basic point T should like to make refers to the
nature of human prefercnces, This point applies even if we
supposed that individual preferences can be represented by per-
fectly known utility functions. It would be misleading to
ignore, it seems to me, what we do know on the subject, na-
mely that the utility that any commodity can give depends on
the previous consumption of other commaodities. For, the acti-
vity of consumption is a process in which there is a very definite
order of succesive steps to be taken. For example, the decision
to buy a motor-car presupposes that the consumer has already
bought — and is permanently in the condition to buy -— an
adequate quantity of food, clothes, dwelling space, etc. The
motor-car would not have for him the same utility if he were
not well-fed, well-clad, etc. (%). In other words, the utility itself
of the motor car depends on the type and quantity of com-
modities which have been consamed aiready. To talk of these
problems evidently means talking of the shape of consumers’
preferences considered as a whole (i.e. of the whole utility func-
tion); it means talking of absolute levels of utility (and not
only of marginal utilities). Let me point out that there are in
particular some basic human needs (like eating and breathing)
for which the commodities that are necessary may be said to
have an infinite level of utility: without them men would diel

(1% This interdependence was first pointed out to me by Mr. N, Karpor.
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Yet, once these needs are satisfied the marginal utility of suc-
cessive increments of those commodities may fall dramatically
and very quickly even become negative. Obviously, before this.
happens, demand will shift to other commodities. But the pro-
perty that those basic needs saturate rapidly in no way alters
the fact that they must be satisfied first of all.

Now, current demand theory (especially - I must say —
after its recent elegant refinements) has focussed our attention
exclusively on what happens at the margin — on marginal
substitution among commodities if a price change, or on equa-
lisation of wmarginal utilities, Such an approach may have a
justification in a static world, where everything which may hap-
pen cannot but happen at the margin (which always remains
the same). But in a world where per-capita incomes are
moving, there is very little help we can get from marginal
utilities, unless they are specified over the whole range of the
utility functions, i.e. unless we pass from them to absolute
levels of utilities. It is the absolute level of utility of each com-
modity that will tell as which of the various commoditics comes:
next into the range of consumer’s preferences, even if the cor-
responding want will then rapidly saturate.

To conclude, we may say that, owing to a fundamental
property of human nature, there exists a very definite order
of priority in consumers’ wants. The less basic a want is,
the higher will be the number of wants that must he saturated
before it can be afforded consideration. This order of priority
is especially strong at low levels of income, where satisfaction
of some wants is a conditio sine gua non, even to the appear-
ance of all the others. But the order persists at a higher level
as well, where the process of decision becomes more complicated
only because the order itself may no longer be so obvious,
and needs first to be discovered. This takes me to my second
point.

The second addition to demand theory that I should like
to make refers to the nature of the behaviour of human beings..

{10] Pasinetli - pag. 03



634 PONTIFICIAE ACADEMIAE SCIENTIARVM SCRIPTA VARIA - 28

Here, once more, traditional theory has taken up only a limited
case to study. It has always assumed that individuals know
their preferences perfectly and behave rationally. There is of
course a justification for such an approach in a static environ-
ment, but no longer in a dynamic world. We do positively
know that human beings are not omniscient, and that the way
in which they come to know new situations is through expe-
rience. They may know reasonably well the problems faced
already in the past; for they have had. the opportunity of
trying and experimenting with different solutions. But if a
new situation arises, they have first to learn how to deal with
it, and the decisions they make the first time may not be the
best ones — they are tentative decisions in order to learn.
Now, if real per-capita income is continually rising, each con-
sumer enjoys an extra amount of income to gpend in each
successive period, which indeed puts him in a new situation,
Especially when incomes become high, to pretend the con-
sumer makes the best decision — according to his preferences —
about the extra income he has just obtained is unreasonable.
He does not know his preferences at that high level of income,
because he never experienced them before — he has fo learn
them. This is not all. As time goes on, the quality of old
goods may change, and the price structure may also change;
while old necds may be satisfied with better (superior) goods.
This means that the consumers’ learning activity is a process
required over the whole range of his preferences. As a con-
clasion, I should like to propose here to enlarge our views of
consumers’ behaviour and to complete the traditional postulate
« the consumer js a rational being » with the more general one
« the consumer is a learning being ». The latler is more ge-
neral because it can be regarded as including the former as a
particular case: the case of a stationary economic system. (In
such a system technology and income have, by hypothesis,
always been constant through time, which means that all learn-
ing activity has been completed already in the past. Since
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.consumers had infinite opportunities of trial and error, they

must now know their preferences perfectly. The second postul-
ate thereby reduces to the first).

This is enough for our purposes. To synthesize these re-

sults for the following analysis, we may simply state them in

three propositions:

a) at cach level of per-capita income, the proportion of in-

come spent on any commodity is generally very different
from one commodity to another;

as per-capita real income increases, each increment of de-
mand tends to concentrate on a particular group of com-
modities. This group of commodities changes from one level
of income to another (it may be mainly food at very low
levels of income, clothes and again food at slightly higher
levels of income, housges, durables and services of various
kinds at further higher levels, efc.). In other words, as
income increases, the tendency of the consumers is not to
increase proportionally the consumption of already-bought
commodities, but rather to buy new goods and services or
also to satisfy old needs with different (better) goods;

¢) there is no commodity for which any individual’s consump-

tion can be increased indefinitely. An upper saturation level
exists for all types of goods and services, although at dif-
ferent levels of income; it may be reached sharply — in the
case of goods safisfying physiological needs —- or only
through a slow and long process as income increases — in
the case of services yielding very sophisticated types of
satisfaction — but its attainment is eventually inevitable.
Moreover, demand for some particular goods (inferior goods)
may in fact decrease, after reaching saturation, if real in-
come persistently goes on growing.

If we want to represent these results graphically, by plot-

ting the expenditure for each commodity as a function of real
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income, we should obtain familics of curves of the following
shapes:

percapitd Y

expenditure
SHUrelion ——— e e
level /
per-capits
resl income
a}

i 4

Curves of type (a) are likely to fit the cases of goods which
are absolutely necessary for physiological reasons (e.g. food),
and curves of type (b) are likely to fit almost all other cases.
Type {c) finally represents the typical behaviour of inferior
goods ().

Of courss, the relation between expenditure on each single
commodity and real income, represented in fig. 1, is limited
by the two-dimensional character of the diagrams. The actual
time-path of each single expenditure will also depend on the
variation of the structure of prices. It is important to realize,
however, that the shapes of the relations represented in fig. 1
will remain unaffected,

7. The critevion fov the choice of the hypotheses

Before going on to considering the general dynamic mode]
to which the foregoing discussion has gradually paved the way,

(") ]. Arrcmsox and JLA.C. Brown (in The Log-nowmal Distribution,
Cambridge, 1957, c¢hap. 12) suggest a function based on the log-normal
distribution, as a general function capable of fitting almost all the cases
of Excer curves. The shape of the function is of the type (b represented
m fig. 1.
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it may be useful to face explictly a spontaneous question which
might be raised at this point. Why should the subject of eco-
nomic growth be approached in this way? The theoretical
scheme of the previous pages is, after all, full of simplifications
and rough approximations. Now, why should such simplifi-
cations be made in preference to others? And in particular,
why should such simplifications be made in preference fo those
that traditional economics has adopted so far?

This is a relevant question to ask because, as pointed out
already, any mode] does entail a simplification of reality and
it is of paramount importance to be clear about the criterion
according to which assumptions are made. One is bound to
make immediately some simplifications in the choice of the
variables and of the constanis of any economic enquiry. TFor,
in cconomics, there are — rigorousty speaking — no constants.
All quantitics one may be dealing with are, in fact, variable.
But since some quantities are more variable than others, it is
commonly said that one should take as constants those quantities
which vary the least. This clearly is a reasonable criterion to
follow, provided that it is applied consistently. But there has
been difficulties, connected with the development of economic
thought.

In the last hundred years, cconomists have just happened
to be interested in the static characteristics of an cconomic
system, or at most in its short-term behaviour. And since in
the short run hardly any quantity can vary substantially, thev
have tended to make the distinction between variables and
constants coincide with the distinction between unknowns and
data. Those cconomic magnitudes that were to be explained
(unknowns) have also been taken as variables, and those
magnitudes that were to be accepted as given (data) have also
been taken as constants.

Obviously, such an association did not matter very much
as long as it was restricted to a short-run analysis. But
when, recently, the attention of economists has shifted to dy-
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namic problems, some difficulties have began to arise. For,
some data — i.e., factors to be accepted as given from outside
economic analysis — are in fact much more variable in time
than some of the economic magnitudes taken as variables. In
such circumstances, the traditional association has made the
choice between variables and constants slowly underge a serious.
distortion. Some magnitudes have been kept as variables al-
though their variability is not important, and other magnitudes,
whose variability is an essential feature of the long-run growth
pattern, have been left out of the analysis altogether.

It is precisely to avoid this distortion that the theoretical
framework developed in the present work has been laid down,
straight from the beginning, with reference to the requirements
of a long-run dynamic analysis. The criterion for the choice
of the hypotheses is a consequence of this approach. I have
considered as typical variables those quantities which — inde-
pendently of whether they are to be explained or nat — un-
dergo changes of an irreversible character as time goes on,
by Incessantly moving on in the same direction. Although the
changes might be quife negligible within a single short peried
of time, each period marks for these quantities a step forward,
in a slow but cumulative movement. On the other hand, I
have assumed as comnstants those quantities which, in the long-
run, do not present any iendency (or for which there is no-
reason to expect any tendency) fo move in any direction.
These quantities, of course, may change quite a lot from
one period to another, but the point is that their changes are-
temporary and reversible. Even if they do go for some time:
in a particular direction, they cannot go on indefinitely, and
they are bound to come back to where they started.

The difference between these two types of quantities can be-
immediately perceived if we consider a long period of time.
Compare, for example, the American economy in 1860 and
in 1g6o. It is quite possible and easy to claim that, within
this period, magnitudes like the average time-life of the equip--
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ment or the rate of profit have undergone considerable varia-
tions, as shown, for example, by a coefficient of dispersion.
But the important point is that such a dispersion, if it has.
taken place, has done so around a roughly constant trend.
The result is that, after a century of vicissitudes, these magni-
tudes are in 1960 practically at the same level as they were
in 1860. The case of population, per-capila income, or com-
position of demand, is radically different. These quantities may
have changed very little from one year to another but they
have always changed in the same direction. The cumulative
result, after a century, is enormous. Population has increased
five times, per-capita income has also quintupled, and total
consumption is mostly composed in 1960 of goods and services:
that in 1860 did not even exist: in other words, the trends of
these variables have been irreversibly and persistently increas-
ing, and are going fo persistently increase in the future.

To conclude, the distinction between variables and cons-
tants in the preseut analysis has been based on variability
through time. Therefore, it docs not coincide, and must not
be confused with, the distinction between unknowus and data,
namely between quantities which are intended to be explained
and quantities which are accepted as given {rom outside eco-
nomic analysis. Accordiugly, there are magnitudes — such
as population and technical progress — which are here taken
as given from outside economics and nevertheless are essential
variables. And there are other magnitudes, like the rate of
profit, which are to be explained by economic investigation,
and which nevertheless have been taken as constant over time..
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CHAPTER V

A GENERAL MULTI-SECTOR DYNAMIC MODEL

1. The model

We are by now in a position to expound a very general
multi-sector dynamic model. After the foregoing analysis,
the exposition need not be long and we may proceed in a very
scheniatic way. The hypotheses which are made will be listed
here under two headings, referring to initial conditions and
to movements through time.

A. Initial conditions. — At the time when our analysis
begins, which we may denote as time zero, the system is i
equilibrium, i.e. there is full employment and full utilization
of existing productive capacity., The system is defined by:

&) a series of (-~ 1) stocks of capital:
KJ(O)J :KZ(O}r Knﬁl(o} ;

which are the result of past productive activity. TFor simplicity,
the assumption will be kept that capital goods require no capital
to be produced. Since the system is in equilibrium, the stocks
of productive capacity are exactly of the size required by
demand;
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b) a population X, (0), which is taken as an exogenous
magnitude. The flow of labour services which this population
can provide in each unit of time is equal to X, (#) divided by
two coefficients — a(z) and B{¢) — standing for the proportion
of active to total population and the proportion of actual work-
ing time to the fotal time composing the time unit respectively.
"The subscript £ has been added to both coefficients because they
may be undergoing a long-ron trend;

¢) a series of 2{n - 1) technical coefficients:

@, {0}, . a, ., {0), ... aﬁkl(o), s b {0);

expressing the inputs of labour required in the unit of time —
in combination with the appropriate stock of capital — to
produce one physical unit of final commodity. There is also
a series of (n - 1) technical coefficients T,, ..., T,_,, which can
roughly be interpreted as expressing the average life-time of
capital goods in each sector where capital goods are required;

d) a series of (- 1) demand coefficients (1);

G],,(O}, mee an---l,n(o)’

expressing per-capita demand for each consumption good in
the unit of time. There is morcover another series of (n - 1)
demand coefficients for new investments;

ap,, (0); o W #(0).

("} It may perhaps be usefn! to point ont explicitly that although the
technical coefficients and the per-capite demand coelficients OCCuUpy a syim-
metrical place in the system, they are not of the same nature. Technical
coefficients represent secloral concepts.  ITach of them is given by the
state of technology in each particular sector, Per-capila demand coeffi-
cients represent snacro-ceonomic concepts.  Each of them is an average
taleen all over the system.
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These cocfficients, however, cannot be taken as exogenously
given. How they are determined will be discussed in section 4.
At time zero, since the system is in equilibrivm, all demand
coefficients considered together are such as to require the full
utilization both of the labour force and of the existing pro-
ductive capacity.

B. Movements through time. — As time goes on, the fol-
lowing movements take place:

a) population increases al a steady percentage rate g,
so that

(v.7) X, () =X, (0) e

b) productivity changes at a particular percentage rate of
change in each sector, It will be assumed that these rates of
change (g,) are different from one sector to another but that
they are steady through time in each sector. This means that

gt
‘q’uj{t)manj(o} e Y >
(V.2)
g d .
anki(t)::afh"‘j({}) e Qﬁj » =1, 2, ... (?Z - I)’
Most g/'s and g, '8 (j=T, 2, ... % - 1) are positive, but a few
7

of them (referrihg to those sectors where the exhaustion of
natural resources is particularly heavy) might be negative:

¢) per-capita demand changes at a particular percentage
rate of change for each commodity. We shall denote these rates
of changes as #, (i=1, 2, ... n-1). The #/s arc not constant
over time; they change as a result of a very complex process,
as has been explained in the previous chapter. The #'s as such
are not exogenous magnitudes, in our analysis. What has been
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assumed as an exogenous datum is the set of consumers’ pre-
ferences. Thus, as time goes on, the shape of these consumers’
preferences and the movements of technical coefficients postul-
ated by (V.2) determine the time movements of the r/s. We
may write;

(VB) ?i(t):fi Bptr - au,n---l Bpp,# o Lok g ;
1
a \ .
?{? [a’ni’ e By e ts an.’cl.\ aﬂkﬂml]' !

i=1, 2, ... (n-1);

where the f’s depend on the shape of the consumers’ preferen-
ces, which are defined in such a way as to satisfy propositions
a), b), and ¢) of chapter IV section 6, graphically represented
in fig. 1. The technical coefficients that appear in (V.3) in-
fluence the #;’s through the medium of two channels: the level
and the rate of change of real per-capifa incomes, and the
variation of the structure of prices.

Here, for purposes of simplicity and symmetry, the assump-
tion will be made that the movements of per-capita demand
may approximately be broken down (if we represent them on
a logarithmic diagram) into stretches of straight lines. Tn other
words, we assume thaf time can be divided into finite stretches
of length s (larger than the unit of time we are adopting)
within which, for each commodity ¢, the percentage rate of
change of demand #, remains constant. Then passing from
one stretch of time of length s to the next, #; changes, remain-
ing then constant again for another stretch of time s. And
SO on.

Therefore, by defining now a new variable 0 as

B=f-us,
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where | is the greatest integer that multiplied by s and sub-
tracted from ¢ leaves a positive remainder (8), the movements
hrough time of the demand coefficients may be written as *)

(V.4) a()=a,{t-0) e, i=1,2, ... (n- 1},

where each #, is an f; function of the technical coefficients and
now also of {£-0). In order not to complicate the notation
excessively, this functional dependence is not explicitly written
in (V.4), nor will it be written hereafter, but it must always
be taken as understood.

Of course, the same notation in terms of 0 can be used also
in formulations (V.1) and (V.2), and this will be done, in the
following analysis, any time it is required by reasons of sym-
metry.

2. A few vestrictions

First of all, it may be useful to impose a few restrictions on
the coefficients of our system. These restrictions do not imply
anything new and in fact have atways been implicit in our pre-
vious analysis. We only make them explicit now for the sake
of rigour. The reason for these restrictions is that our mathem-
atical terms are very general and their generality needs to be
limited to the range in which it has economic sense.

() As explained in footnote (1), demand coelficients represent average
per-capita consumption.  No diseussion is carried out here about possible
complications arising from a changing distribution of income among indi-
viduals or from a changing composition of the population as regards sex
and age. Evidently, the simplest way of interpreting our analysis is to
suppose that hoth these features remain invariant in time. However, sven
if they sheuld change, their clranges can be neither quick nor big. In any
case, they would not affect the conclusions of the following analysis because
their effect wounld simply be to anticipate or postpone turning points,
without altering the mature of the trends through time.

[10} Pasinetii - pag. 74



BEMAINE D'EFUDE SUR LE ROLE DE L'ANALYSE ECONOMETRIQUE wre, 045

To begin with, all technical coefficients, whether referring
to the production of consumption goods or of investment goods,
and all demand coefficients of comsumption goods can never
be negative. In mathematical terms:

a:nj(é) \’ 0 j::': I, 2, .. (7’& - ]f),
(V.5) ankj(é) 0 =1, 2, ... {(n-1),
a,(t) > o =1, 2, ... (n-1),

which have a quite straightforward meaning. TFor, a negative
amount of labour or a negative amount of consumption makes
no economic sense. '

On the other hand, the coefficients of demand for net invest-
ment car become negative, although only fo a certain extent,
l.e. up to that point at which gross investment is still non-
negative.  The restriction applies with absolute certainty to
total gross investment. It need not necessarily apply to gross
investment in each single sector, if capital is flexible enough
to allow some transfers of capital from one sector to another
when needed. In other words, taking first the most restrictive
of all cases,

v.ey e ay, () + o (D) = o, te= 1,2, . (210,

Should a sitwation arise in which the equilibrium conditions
(which will be discussed in a moment) would require some of
inequalities (V.6) to be reversed, then some more information
about existing capital stocks is needed in order to tell what will
happen. If, in those sectors where inequalities (V.6) arc re-
quired to be reversed, capital is very specialized and cannot
be transferred anywhere clse, then idle capacity (i.e. a discon-
tinuity in the model) will appear. Tf, on the other hand,
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capital is perfectly adaptable and can be transferred to other
processes of production, then even negative gross investments
can take place in those sectors.

In no case, however, as said above, can folal gross nvest-
ment become negative. In other words, the inequality

(V7) 2 ai:,‘n(“} + w%ai,! (."} =0

1

must always and in any case be satislied.

3, The flows of the sysiem

Within cach single period of time (fnite or infinitesimal as
it may be)} there are flows of commodities from the production
processes to the final sector and flows of labour services from
the final sector to the production processes. These flows have
been examined already in the short-run inquiry of chapter II,
and need not be further discussed here. Within each single
period of time, the structure of the system is represented by
systems (I1.g) and (IL.13), and we may consider these two
systems as rewritten here. The only difference is that we must
now add a time subscript to each single coefficient and to each
single variable, so that we obtain a pair of those systems for
each unit of time we are considering. And since a very spe-
cific set of hypotheses has been made about how the coeffi-
cients of production and of demand change as time goes on, we
shall now af last be able to look into the whole dynamics of
the system. In other words, after finding the solutions of the
equations in each particular period of time, we shall be in a
position to look at the wmowvements of these solutions through
time.

As explained in chapter II, the rate of profit (w) which ap-
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pears in system (II.13) will be taken as a constant. This does
not mean that the rate of profit is an cxogenous magnitude. It
only means that it does not depend on the structure of the
economic system, as represented by (Il.g) and (IL.13), and
must be explained with a separate economic theory. Now,
since I have had the opportunity of dealing with such a theory
already in an independent publication of mine (Rate of Profit
and Income Distyibution tn relalion fo the Rate of Economic
Growth in « The Review of Economic Studies », October 1962),
I shall here simply refer the reader to that publication ()). The
results of that analysis which are relevant for our present pur-
poses are thaf in an economic system where the over-all rate
of capital accumulation remains roughly steady over time, the
rate of profit is bound to remain steady as well.

A further point is that the assumptions of section 1 do not
yet provide us with the dynamics of all coefficients that appear
in systems (Il.g) and (II.r3}. The movements through time
of one serics of coefficients — the demand coefficients for new
investments — have not been specified. This series of structural
coefficients is the only one that affects the stocks of the system
(i.e. productive capacity in each sector). It cannot therefore
be taken as fixed from outside the system. These coefficients
must be such as to be compatible with the process of growth
and will come out themselves to be determined as a part of the
equilibrium conditions.

(*) Te those readers who still find it difficull to follow the logic of the
long-run-equilibrium growth models 1 would suggest a device. We have
normally been used to think in terms of a free market economy and then
to extend the results to the case of a centrally planned economy. IHere,
it turns out ot be much more helpful {o reverse the procedure and fo
think first in terms of a centrally planned economy, Tor, in this case, the
relationship {an equilibrium relationship) between the long-run rate of profit
and the natural rate of growth emerges immediately, The corresponding
relationship for a free market cconomy will then appear much easier to
#rasp.
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4. The conditions for a dynamic equilibrium

According to our assumptions, when our analysis begins
{time zero), the cconomic system we are considering is in equi-
librium -— there is full employment and full utilization of pro-
ductive capacity, We know already that, if this equilibriwm
situation is to be kept, two types of conditions must be satisfied.

First of all, since both population and technology are chang-
ing, the system must continually enfarge its productive capa-
city so as to keep up both with the increasing demand and with
the increasing labour force. This means that, in each sector,
a very definite relation must be satisfied between new invest-
ment and the rate of change of the corresponding final demand
for consumption goods. The problem has been discussed al-
ready in section 2 of chapter 111, By following here exactly the
same procedure, the mentioned relations emerge as

(VS) al. n( ) (g+1/) am(t) 1=, 2, ... (’r'l. I),

which represent the capital accumulation condatwn‘; for keep-
ing full employment over time.
After explicitly inserting the dynamic movements of demand
and of population that have been postulated, the (V.8) may also
be written as

(Vg) ay., n{t) g+7’) am( - 8) G(y-i‘?'i)i] '

or, if we refer them to total net investment in cach sector (ins-

tead of referring them to per-capiia investment), they may also
be written as

(V'IO) X;in(t) = (g+7i) Xn (t - ]) m(i a D) (g+Tf)D '

vy
<
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These relations define equilibrium investment in each single
sector, and therefore their sum defines total equilibrium invest-
ments in the system as a whole. As can be clearly seen, equi-
librium investments, in physical terms, are exclusively deter-
mined by the expansion of demand.

Yet, as we know, the actual undertaking of all these invest-
ments only provides the required productive capacity, i.e. po-
tendial full employment, For the system to reach full employ-
ment, a further macro-cconomic condition about total effective
demand must also be satisfied.

In mathematical terms, all this is expressed by the fact
that conditions (V.g) only come to complete the two systems
of equations (1L.g} and (IL.13}, by defining at any point of
time the series of coefficients (demand coefficients for new in-
vestments) which was still missing. But the two systems of
equations, thus completed, are of the linear and homogeneous
type, and their coefficient matrix must be singular if they are
to yield non-trivial solutions. This condition of singularity,
which was expressed by (II.20) with reference to a particular
period of time, must now be kept satisfied over time. After
substituting (V.g) into (Il.20) and after explicitly expressing
the movements of the coefficients, we obtain

(V.II) | I' Znﬂr(t"g) al":l([-e) g("ini)u ==
2
i I 5 o
2§ 2 (T *'£+’f) {0 @, (1-0) e reni®

which finally represents, under our present hypotheses, the
effective demand condition for keeping full employment over
time.

This expression, as pointed out eariicr, refers to the eco-
nomic system as a whole. The effect of substituling into it
expressions (V.g) is that now (V.11), besides stating the general
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condition that fotal expenditure in the system as a whole must
be equal to potential total income, also specities a very definite
division of this total expenditure between new investments,
replacements and total consumption. Replacements are determ-
ined by the rate of wear and tear, and new investments by the
rate of change of demand for consumption goods. The sum
of these three types of demand — as a proportion of total
potential gross income — is required to be equal to unity.

The right hand side of (V.11) represents gross equilibrium
investment expressed as a proportion of gross potential income
and the left hand side the proportion of gross income which is
not spent on consumption goods. Let me point out explicitly
(since a misunderstanding is possible) that the left hand side
of (V.1r) may, therefore, be regarded as expressing the saving
ratio, but nothing more than that. It must not be interpreted,
for example, as a propensity to save. No behavioural relation
about savings has been introduced in the present analysis, We
have simply been looking for the conditions that must be satis-
fied to keep the system in equilibrium, independently of how
individuals behave and of how institutions induce them to
behave. And our results have heen that — whatever individual
behaviour may be — the equilibrium conditions are two. First
of all, enough productive capacity must be provided, in each
sector, to keep up with the expanding demand - condition
(V.10). And secondly, given total equilibrium investment re-
quired by all the (V.10), the system as a whole must spend on
consumption goods the whole remaining part of gross potential
income — condition (V.11).

Total equilibrium investment — i.e. the right hand side
of (V.11) — may of course be given the macro-economic inter-
pretation we have already discussed. We may say that, in
macro-economic terms, (V.11) expresses Harron's equation (%),

) See footnote (1) in chapter III.
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However, we may nolice that we can no longer stop our ana-
lysis at this point in the present model.  The fulfilment of
macro-economic relation {V.11) is now no longer independent
of time and of the structural dyramics which is going on
behind all coefficients.

5. Relevance of a disaggregated formulation

We may now begin to assess the relevance of the disaggreg-
ated type of analysis which has been developed in the previous
pages. Condition (V.11) — as said above — states an important
macro-economic conclusion, which is the same that has emerged
from all macro-dynamic models. But this conclusion now emer-
ges as expressing only what appears on the swface of the whole
problem of a dynamic equilibrium. Relation (V.11) also implies
that — just in order that it may be satisfied as an overall con-
dition -—— a very complex process of structural change maust
go on behind all the macro-economic magnitudes. This strac-
tural process is in fact what technical progress means in a
modern society.

We may note that to have shown the existence, and now
to make possible the analysis, of this process of stractural dy-
namics is one of the main innovations of the model developed
in this chapter. The two simpler models, discussed in chap-
tor TI1 and in the first part of chapter IV, could not deal with
these problems at ail. As the reader will remember, both
the capital accumulation conditions and the effective demand
condition, in those models, have been assumed to be inde-
pendent of time and of the stage of development the system has
reached, so that —— once defined at a certain point of time —
they remained the same for all the time. This meant giving
up the possibility of investigating any type of structural dyna-
mics, and at the same time it meant frustrating the purpose
itself of a disaggregated formulation.
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The whole picture becomes radically different in the pre-
sent model, where the fulfilment of the equilibrinm  condi-
tions at time zero is no longer the end but just the beginning
of the whole story. These conditions cannot remain the same
as time goes on; because technical progress — whether uniform
over the whole economy or not — causes cach single component
of the summations in (V.11) to change. This means that the
way in which each one of conditions (V.8) and (V.11) are ful-
filled must be continually different as time goes on. The size of
the various sectors that may satisfy those conditions in a given
period of time is necessarily different from the size of the same
sectors which ensured their fulfilment in the previous period,
and again is necessarily different from the size of the same sec-
tors which can ensure their fulfilment in the following period.

But the discussion of the previous chapter now allows us
to go far beyond these general remarks. By hypothesis, almost
all technical coefficients are decreasing in time. This means
that, unless the demand cocfficients increase in the same pro-
portion, condition (V.r1) is bound to become under-satisfied
as time goes on. But we know already that no demand coef-
ficient can increase indefinitely, because eventually all demand
coefficients reach saturation level. Therefore we must conclude
that condition (V.11), as it stands, inevitably manifests a ten-
dency to become under-satisfied, i.e. to generate unemploy-
ment, as time goes on.

Fortunately there are two factors, operating in the long
run, which come to counterbalance the above mentioned ten-
dency. These two factors must now be introduced into the
model. One of them is the same one which causes the whole
trovble: technical progress. So far in this chapter technical
progress has been considered in the form of increases of pro-
ductivity. But it has been pointed out carlier that technical
progress also fakes the form of intreducing new goods. OQur
model must therefore be completed now by opening it to the
possibility of the introduction of new sectors. This can be
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done by taking the number of sectors as running no longer
from 1 to a fixed {# - 1), but from 1 to let us say x(#), where
x(#) denotes a number which increases as an effect of techn-
ical progress. Thus condition (V.11) must be written:

x()

(V.12) 2{ 4, (10} a,, (1-0) ¢ Cmed @
=

X{)
v ( = '*g'““) G -0) @, (10 ¢ ) V== a(£) B(0) -

i

All this means that the effects of technical progress on the ef-
fective demand condition are twofold. On the one hand, it
brings about an average decrcase through time of the a,4;'s
referring to the commodities so far produced, and on the other
it keeps on adding new coefficients (referring to new commodi-
ties). The second tendency may succeed in counter-balancing
the first,

However, if this counter-balance still does not come about,
there is a second way in which condition (V.12) may be kept
satisfied in time, That is through a long-run diminishing trend
of the right hand side of the equation; namely of the coefficients
o and B. This means a decreasing trend of the working time
(i.c. an increasing trend of leisure time), to be achieved by a
decrease cither of the proportion of active to total population
or of the length of the working week.

All these conclusions may seem, after all, fo boil down to
he common-sense proposition that technical progress gives so-
ciety a choice between producing more or new goods, and
enjoying more leisure. Our analytical formulation, however,
just becanse of its macro-cconomic implications, reveals so-
mething more than that; it evinces the fixed framework within
which the choice has to be made. Tt shows that there is a third
clement in the problem — the requirement of keeping full
employment — which restricts the choice to those combinations
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of goods and leisure which, in terms of time required, add up to
a fixed amount determined by the existing working population
and technical knowledge. To express the same thing in
another way, we might say that the choice between products
and leisure is not merely a possibility, but a necessity, if full
employment is to be maintained. (There does not exist the
alternative of not choosing), Technical progress, which cha-
racterises our socicties and which brings with it that choice,
does not come — so to speak — under the form of a gift which,
by being always susceptible of being refused, only could add
to, and never diminish, the pre-existing wealth, Tt comes
under the form of a flow, which cannot be stopped and has to
be continually channelled in new dirvections, which themselves
have to be discovered anew because the old ones saturate. This
entails an ever-standing problem of utilization, under a fixed
restriction represented by condition (V.12); a problem for
which the failure to find solutions may cause damage to the
previous situation.

Before closing our comments on condition (V.12), we may
add that there is a third way of keeping equilibrivm over time.
This would be to regard — as indeed we have done - the
variations of the #/s as determined by the evolution of con-
sumers’ preferences, but to have among them at least some #,’s
which are not dependent on such preferences and which are
flexible encugh and capable of being influenced in such a
way as to keep condition (V.12) satisfied. This is not a fanciful
remark; it is in fact an important one, on practical grounds.
It means that, if there is an external Agent or institutional
Organization that is interested in keeping full employment, it
Is possible for this Agent or Organization — when any other
mechanisimn which might have been put into eperation fails — to
act and to attain the aim of full employment simply by inflating
total demand.
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6. The dynamic movements of physical quantilies and of rela-
tive prices

When conditions (V.8), (V.12) are satisfied, each of the
two linear and homogeneous systems of equations representing
the flows of the economy - the (II.g} and (IL.13) — yields
solutions for all its unknowns but one, which can be arbitrarily
fixed. But since, under our present set of hypotheses listed
in section 1, all coefficients and unknowns arc dated, the solu-
tions no longer take the form of single values but that of mo-
vements through time. It is evidently one of these movements
which, in cach of the two systems, can be arbitrarily fixed. In
the case of system (I1.g) there is already one of the X's — na-
mely X,: population — whose movement has been accepted as
given from outside economic analysis. On the other hand, in
the case of system (IL.13), no one of the prices is given so
that the structural dynamics of the system only determines the
movements of relative prices. As a matter of convenience, we

may take the wage rate as given through time (W), so that the
dynamic movements of physical quantities and of relative prices
emerge as follows:

Kie) = A LF0

(V.1 ‘
L 3) X"i(i) = A (I" 'l‘_;T +?'i) e(g-J-Jl.)ﬁ ,

I ~0; 0
£y =Bl — B
(V.14) o =hew +C(T M)‘f l

s
Pu:‘(‘i) =Ce i

1s1, 2, ... %(F),

[ro] Pasinetti - pag. 85



656 PONTIFICIAL ACADEMIAY SCIENTIARVM SCRIPTA VARIA - 28

where A, BB, C are constant which stand for the initial condi-
tions, namefy

A=a (- 0) X, (¢-0),

B am’(t - U) W’
Ce=ay (- 0) W.

The economic meaning of (V.13}, (V.14) at a given point of
time has been discussed already on the occasion of our shori-
run analysis of chapter 1T (sections 5 and 6), and there is no
need for repetition here. But besides the determination of quan-
tities and prices at a given point of time, the (V.13), (V.14)
now bring out their movements through time as well.

As can be seen, each physical quantity follows a time-path
of its own In time, expanding at a particular rate (g-+#,) which
is the sum of two rates of increase: the rate of growth of po-
pulation and the rate of change of per-capita demand. The first
of these two rates is the same for afl poods, but the second is
different from one commodity to another. Therefore, unless
per-capita demand remains constant in time (i.e. unless there
is no technical progress) the whole production structure in phy-
sical terms is changing as time goes on. This means that, while
growing, the system is continually changing the proportions in
which it produces the various commoditics.

The (V.14) show moreover that each relative price is also
changing in lime in its own way. With the convention of adopt-
ing W, the wage rate, as nuwmeraire, cach price is decreasing at
a rate resulting from a weighted average of the pace at which
technical progress is going on in the sector to which it refers,
and in the sector which produces capital goods for it. Since
all these rates are also different from one another, the whole
price struclture is changing as Hme goes on.
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7. The dynamic movemenis of the other variables

Following the procedure which has been used in chapter 111,
the movements through time of other magnitudes of economic
interest (like sectoral production at current prices, sectoral emp-
loyment, capital-output ratios, etc.} can be derived as simple
corollaries from (V.13) and (V.14). These other economic
magnitudes depend both on (V.13) and on (IV.14), i.e. both
on technology and on demand. Therefore their dynamic mo-
vements result from a composition of the movements through
time of physical quantities and of refative prices. Let us con-
sider them in detail.

1. The time-paths of the production of each commocdity
evaluated at current prices [the V.(#) and V()] can evidently
be obtained by multiplying each of the (V.13) by each of the
(V.14). The result is
Vi#) =D elerrradt 4 G <7t-l~'7;f e{-ﬂ’*-rrg@i\‘i)u g

‘ T S
Vhi(o = (;' (“’)4—_'1‘ +7’j) g(E”I L)‘(,)U ,

i=1, 2, ... x(i),

where the constants 1) and G stand for the initial conditions,
namely

Gy, (E-0) a6~ 0) W X, (t-0).
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As can be seen, the V/'s and the V, ’s change in time for two
reasons: because the physical quant'ities are changing and be-
cause prices are changing. Having taken the wage rate as
numeraive, the (V.15) show that each rate of change of these
variables comes out as an algebraic sum of the rate of popula-
tion growth, the rate of change of per-capita demand and the
rate of increase of productivity {the latter with the negative
sign).

2. Similarly, the dynamic movements of employment in the
various sectors emerge as follows:

E{) =M elgrre)0

(V.16)

i=1,2, ... %),

where (%):

M= a(t - 0) 4yl 0) — X, it - 0),

N = Ay i (l G) ain(i - 0) I Xn(t - G)

p

Tn words, employment in each sector ¢ moves through time at
a rate of change equal to the rate of population growth plus the
rate of increase in per-capita demand for commodity ¢, minus
the rate of increase of productivity in the scctor.

() The E;{{) and ]ij(t) lave been expressed here in terms of men per
unit of time., For example, if the unit of time is one year, they wonld
be expressed in terms of man-years; so that:

RED AR = a Kl
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Here we have new problems arising because the s and
Ey; 's although representing flow-variables (services from labour
in the unit of time) come from, and are inseparably linked to,
a stock-variable (the labour force) which may not be perfectly
mobile.  As appears from (V.16), if population is constant
(g=0) employment in each sector { increases or decreases
through time according to whether 7>, or 7;<_g;. This means
that, on the average, half of the sectors are offering jobs and
half of the sectors are dismissing workers, as time goes or.
Clearly, this may be a very serious state of affairs — especially
In a very progressive system, i.c. in a system with very high
p;'s = if labour is highly specialized and is not susceptible of
being transferred from one sector to another except at the ex-
pense of heavy losses in productivity.

Fortunately, the natural movements of population come in
here to help in the right direction and in two senses. First of
all, the natural process of people ageing perinits a redistribution
of cmployment among sectors by addressing young workers
towards expanding sectors and by not replacing retired people
in the contracting sectors. This may be a slow process, but
it is one which is going on even when population is stationary.
secondly, when population is growing, its rate of increase is
a net positive addition to the rate of change of demand {and
therefore of employment) in all sectors. Tt follows that, in
absolute terms, only those sectors will actually lose employment
where the rate of increase in productivity is so high and the
rate of increase in per-capita demand so low that the difference
between the two is not only negative, but negative to such an
extent as to make the sum {g+#, - ¢,) less than zero, or rather
the sum (g+# - ¢/+8) less than zero, where & stands for
the rate of people’s retirement from working activities (®).

() At this peint restrictions (V.6), discussed in seclion 2, may be re-
written with reference both to the stocks of capital and {to employment of
labour in each single sector, in the foliowing way:

1

(V.in) g v+ T =0,
! {continued on following page)
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Agriculture seems to be one of the most typical sectors of this
kind.

To sum up, we may say that, as time goes on, the whole
structure of employment changes, in the sense that the propor-
tiows in which total employment is distributed among the dif-
ferent scctors of the system are changing. However, actual
dismissal of workers from some sectors will take place only in
those cases where the increase in population is not enough to
counter-balance the effect of a decreasing per-capita demand
or of an increasing productivity, or of the algebraic sum of the
two. This means that the higher the rate of population growth
(when the capital accumulation needed to absorb it can casily
be afforded), the easier it is for an cconomic system to adapt
itself to a given structural process of change of employment,

3. The movements through time of the sectoral capital-
output ratios also follow straightforwardly from the previous
analysis, namely from expressions (IT1.14) and from the dy-
namic movements (V.13) and (V.14). Here they can perhaps
be better examined by considering their reciprocals, which
emerge as follows:

I X 7, (0)  to ~apt
(V]’?) s = e TE LN TR L
’x'g' (f) l a';r?ii(o)
i=T1, 2, ... x{l).
{V.2n) g Tt B0, i= 1, 2, ... ¥(1).

We may say that, when all {V.:n)-(V.2n) arc satisfied, the model retains all
its properties. Tt if some of these inequalities should be reversed, then in
order to tell what will happen one needs more information about the degree
of flexibility of capital — in the case of V.in} — and about the degree of
mobility of labour — in the case of (V.2n), Tf ne mobility of capital or
of labour js possible between one sector ard the others, then some idle
capacity — in the case of (V.in) — and some technelogical unemployment
e in the case of {V.a2n) — are bound to appear,
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The first point to make about the (V.17) is that if T and =
remain constant, the sectoral capital-output ratios exclusively
depend on technology, both at a certain point of time and in
their movements through time. As time goes on, each of them
increases, decreases or remains constant according to whether
the rate of increase of productivity in the sector considered is
higher than, lower than, or equal fo, the rate of increase of
productivity in the corresponding capital goods sector. The
reader will recognize in these three possibilities the cases which
in dynamic economics (7} are commonly known as the cases of
labour-saving, capital-saving, and neulral technical progress.
We can only confirm here that, with reference to the sectoral
capital-output ratios, this classification is perfectly justified, be-
causc the variations can indeed be traced back to a particular
type of change in technical knowledge.

4. But let us now consider the aggregate capital-output ratio.
Again, it becomes convenient to look at its reciprocal (the
output-capital ratio). By substituting (V.13)-(V.14) into
(IT1.15) and by calling » the over-all average rate of growth
of per-capita demand (i.c. the weighted average of the rates of
increase of total demand in cach single sector}, the over-all
capital-output ratio emerges as

: e ! SEIPZI e zf’m(/-e) (T,,,'(f*-e) etrel
(V. 18) 'Z("Ej‘ = (WI + g+ > = E}?_.“(z'-ﬂ) aﬂki(g_ﬂ) 2 (;ni...@',‘i)"b" )

Now, the most remarkable difference that x(£) exhibits with
respect fo cach of the %,(¢) is that it depends not only on
technology, but also on demand. As can be seen by a simple

{7} Thesc definitions are due to R.F. Harrop who foreshadowed them
already in his review of Joan Ropinson’s, Essays in the Theory of Employ-
ment, « The Icenomic Journal », 1937, pp. 328-9, and finally formulated
them in Towards a Dynamic Economdcs, London, 1948, pp. z2-23.
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comparison, expressions (V.17) only contain technical coef-
ficients and their rates of change over time; while expression
(V.18) contains, besides these cocfficients and their rates of
change, also the demand coefficients and their rates of change
over time.

There is one immediate conclusion that may be drawn. It
is not permissible to talk of neutral, capital-saving and labour-
saving technical progress mercly on the basis of changes in
the over-all capital-output ratio, because technical progress
is only one of the two factors on which the over-all capilal-
output ratio depends. 1t would be quite possible, for example,
to envisage a case in which technical progress is capital-saving
in cach single scctor of the economy and nevertheless the
aggregate capital-output ratio remains constant or even in-
creases as time goes on, simply because per-capita demand
is expanding in the direction of highly capital-intensive com-
modities; and wice wersa. ‘This also means that all recent
discussions on the factors affecting the aggregate capital-
output ratio, discussions which have stemmed from macro-
economic models and have focussed only on technology,
have in fact missed one half of the problem. As emerges from
the foregoing analysis, any explanation of the movement in
time of the aggregate capital-output ratio cannot be correct,
if it does not consider both sides of the problem: the demand
side as well as the technical side.

5. A few final remarks may be added about the dynamics
of the aggregatc variables normally used in macro-economic
investigations (i.c. national income, total capital, consumption,
investment, etc.). From the (V. 13)-(V-14) it follows that all
these aggregate magnitudes move in time in a very composite
way. Each of them results from a sum of physical quantities,
whose proportions are changing, multiplied by prices which
also change as time goes by. Therefore, all of them have a well
defined meaning at any specific point of time, in relation to the
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technical and demand conditions prevailing at that point. But
owing to the simultaneous change of the two component struc-
tures (physical quantities and relative prices), their comparisons
through time entail the so-called « index-number problem ».
The difficulties arising from this problem may be negligible
when comparisons refer to short periods of time, but they in-
crease more and more as the time elapsing between the aggre-
gate magnitudes to be compared becomes longer and longer.

8. Short-run flexibilities

Before closing the chapter, it may be uscful to hint briefly
at short-run possibilities of adjustments. If displaced from po-
sitions of long-run equilibrivm, the system possesses in the
short tun, some important poessibilities of flexible adjustments,
owing to the paramecters «,  and T.

The values of a, 8, T which enter the model represent the
long-run normal values of these parameters, which may be
constant or showing mild trends in time. But in the short-run
these parameters can be casily and widely influenced, thereby
affecting the size of the stocks that the system can utilize. This
means that productive capacities and labour never represent
absolutely rigid concepts, at least in the same way as the
physical equipment and the population existing at any certain
time do. Between these latter physical concepts and those parts
of them which are relevant to the productive process, the men-
tioned parameters provide a sort of flexible cushion. Tempo-
rary variations of 3 and T mean temporary increases in the
productive capacities of existing physical plants by utilizing
tbem more intensively or by keeping in operation some mach-
ines which were due to be scrapped. Similarly, variations of f§
and « mean incrcases of working-hours out of a given po-
pulation, obtained by lengthening the working week or by
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increasing the proportion of active population (more working
women or later retirement ages).

These flexibilities evidently represent very important factors
in allowing the system the possibility of adjustment and of
keeping stability in the short run, in face of disturbances of
various kinds.
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Cnarrer VI

THE EMPIRICAL SIGNIFICANCE OF THE MODEL

1. The relation of secloral dynamic amalysis fo input-outpul
analysis

The model which has been developed in the previous pages
has far-reaching theoretical implications and also straightfor-
ward empirical applications. Leaving its theoretical implica-
tions aside for the time being, we may concentrate in this chap-
ter on its empirical significance. At the same time, the op-
portunity will be taken of completing the model with reference
to inter-industry relations at a given point of time. It will
be remembered that, in Chapter 11, all inter-industry con-
nections and intermediate commodities at a given point of time
were deliberately left aside, because our aim was to arrive at
a dynamic investigation as soon as possible. We may now go
back for a moment {o that stage. Fortunately, there is no need
to develop here any model with intermediate commodities; for
such models have been cxtensively developed already in the
economic literature, especially during the past twenty years.
Hence our task can be limited to showing how they relate to
the previous analysis.

There are in particular two theoretical schemata, recently
presented, which may be considered as the logical static count-
erpart of the previous dynamic analysis. They are WassiLy
LEoNTIEF'S input-output model, and PPmro SRAFFA’s produc-
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tion system ('), The latter perhaps corresponds better than
the former to the approach taken in the present work, but the
former has had in practice wider empirical applications, There-
fore, it will be convenient here to take LEONTIET's system as
the static term of our comparisons.

First of all, let me point out the similarity of approach,
from an empirical point of view, of the previous dynamic mo-
del and the static input-output model. Both models share the
characteristic of being built on coefficients which represent
actual outcomes and which can, therefore, af least in principle,
be given an empirical content simply by recording the actual
performance of the economic system. Of course, the technical
and the consumption coefficients, by which this actnal perform-
ance is represented, come from a choice, made from among a
larger set of possibilities. But all the alternative possibilities
that might have, but have not, been chosen have become irre-
levant. The cocfficients that appear both in the input-output
and in the present model must, therefore, be interpreted as
simply representing those real quantities which can actually be
observed.

Let us notice, moreover that LEoNTIEF's system and the
present model also coincide in the way they look at the final
sector of the economy -- the last column of the coefficient
matrices arc the same in the two systems (with the only dif-
ference that, in the present model, consumption goods and
investment goods are listed separately). However, they differ
profoundly in the way they consider the production processes.
The same production structure of the economy is looked at
from two different points of view — one is very close to it and
to what is immediately observable; the other is placed much
further away, at the final stage of the consumption and invest-
ment goods. The LrontieF approach can certainly be more

("} Wassiny W, Luonnine, The Struclure of American Economy, 1010-
1930, New York, 1941 and 1951; Plere Srarra, Production of Commodities
by means of Conmmodities, Cambridge, 1960,
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immediately grasped. One of the things by which one is most
impressed, when looking at the real transactions which take
place in an economic system, is the great number of interrela-
tions among productive units, One’s first instinet is, therefore,
to inquire into these inter-industry connections and try to repro-
duce them analytically. This is the idea which already under-
lay QuUESNAY’s fablean economigue and which has been deve-
Joped and given a full empirical content by LEONTIET.

A different approach is taken in the prosent model. Not
« industries », in the input-output sense, put « sectors » are
taken as the basis of the whole investigation. And sectors are
defined in such a wav as to be vertically integrated. All inter-
relations which can be observed in the real world are looked
at as parts of a process which has not yet come to an end.
Any process reaches its completion only when the product
which comes out is a final commodity {consumption or invest-
ment goods). A vertically integrated sector is, therefore, from
an inter-industry point of view, a very complex one as it goes
through and through the whole intricate inter-industry con-
nections. However, from the point of view of the homogeneity
of the inputs, it becomes a very siniple one, as it climinates
all intermediate goods and resolves each final commodity into
its ultimate constituent clements: a (flow) quanlity of labour
and a (stock) quantity of capital. It may be interesting to
recall that the procedure has already been used by Lion WarL-
RAS in his Elements of Pure Economics, although in a more
rudimentary way (3.

At a given point in time, between the two ways of looking
at the economic system there is really no logical difference.
Both models represent the same thing, looked at in a different
way. The difference, in other words, lies only in the classifica-
tion, and we can pass from the one to the other simply by an

() See p. 247 of the English edition of Latox WarLras's Elemiends d'éco-
nomie politigwe pure, translated, collated and edited by W. Jarrk, Home-
wood (11L.), 1953.
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algebraical re-arrangement, corresponding to a process of solv-
ing a system of linear equations: the prodiiction coefficients of
one model turn out to be a linear combination of the produc-
tion cocfficients of the other.

‘This can be shown immediately, if goods are expressed in
physical terms. (A further similar algebraical re-arrangement
would then be needed for the investment goods if they are to
be expressed in terms of physical capacitics). Thus if we take
an input-output system, we must state consumption goods
industries and investment goods industries separately. We can
then isolate the inter-industry transactions by opening the
system with respect to the final scctor. This means that we
take as given the final demands, common to both LEONTIER'S
and the present model, and drop from the system the last row,
representing the inputs of the original factor (labour) into each
industry.

We obtain:

e e S e Z, U,
(V1.1) LT T e 2 Zs _ U;
=E€n-1,1 _Eﬂ-—],j I-¢,._ Ln—1 Zﬂ—-l Un—]

where the ¢;"s stand for the inter-industry technical coefficients,
the Z/s for the productions of intermediate commodities, and
the U/s for the final demands (5,71, 2, ..., n - 1). By solv-
ing (VI.1), we arrive at

7 ~-I

Zy 2 TR S T U,
(VIZ) [:f == ""5“ . I—é'[:j . —Ci,n-—-l Uf

Aﬂ~] ""Cw«l,l “'{:-:a—l,j I_‘Cn—],n--l U?z-—l
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where the superscript - 1 indicates the operation of matrix
inversion. Now each column of the inverted matrix represents
the amounts of all intermediate goods which have gone into
one unit of final commodity. This means that by multiplying
each column of the inverted matrix by the row of the input-
output labour coefficients which has been excluded from (VI.1),
we arrive at the labour coefficients of the vertically integrated
system.
In algebraic terms:

' — —

a1 Twlyy o =fy; -« o -1 Ea1
(VI3) @y s —C51 T-¢;; ==l Cuy

aﬂ,?z—l _Eﬂ“‘l,} =14 L=ty 1,u—1 2

wyite=1

where the mark ’ denotes the operation of matrix transposition.
Equations (V1.3) now give the algebraic relation, existing in a
given period of time, between the Iabour cocfficients of an
input-output model and the labour coefficients of the vertically
integrated sectors used in the present dynamic model. The
ones may be obtained from the others — as the (VI.3) now
directly show — by a straight-forward algebraical operation.

2. Fitting empivical dala into the model

The algebraic relation which has just been obtained and
which links the input-output technical coefficients with the tech-
nical coefficients of our analysis finds an immediate applica-
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tion in the problem of giving the various symbols so far used
an empirical content.  Of course, since each coefficient or va-
riable appearing in our system refers to actually observable
magnitudes, the problem of fitting empirical data into the
model is in principle very straightforward, in the same way as
it is for an input-output model. But the criterion of classifica-
tion is different. In the input-output model, the criterion is the
industry producing a certain commodity, intermediate or final,
and the problem is to reckon where its inputs come from and
where its outputs go to. In the present model, the criterion
is the process of production of a final commodity, and the
problem is to build behind each final commodity a conceptually
integrated sector which, by passing over all the intermediate
commodities, goes right back to the original factors.

The procedures for collecting and ordering data for input-
output analysis purposes arve well known. On the other hand,
collecting data for the purposes of the present model may seem
a rather laborious task, mainly in connection with the pro-
duction sectors, if not in connection with the final sector (the
latter being the samc as the final sector of an inpuf-output
model). But the difficulties are only apparent. Tt is true that
to classily production processes in a vertically integrated way
would be almost an impossible task if attempted directly. But
this task need not be attempted directly. The algebraical pro-
cedure which has just been shown allows us to go over to a
vertically integrated type of classification by starting from a
classification of the input-output type.

All this means that, in order to give the present model an
empirical content, one may first of all collect data and fit them
into an input-output table in the nsual inter-industry way. Mo-
reover, data must be collected about capital at current prices
(or about capital-output ratios, as is more usual) in each single
industry of the input-output classification. Then the resulting
system of input-output linear equations can be open with
respect to the final goods and solved by computing the inverse
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of the coefficient matrix. This inverse matrix, or more precisely
the transpose of this inverse matrix, as shown in the previous
section, provides the link belween the input-output type of
classification and the one which is needed in the present model.
This means that to pass from one classification to the other is
simply a matter of computation. The procedure, which has been
shown by (VI.3) with reference to the labour coefficients, re-
mains exactly the same for the stocks of capital (or for the
series of capital-output ratios). In other words, after multiply-
ing the transposed inverse matrix by the vector of the capital
stocks (or of the capital-output ratios) of each input-output
industry, we obtain the vector of the capital stocks (or of the
capital-output ratios) of each vertically integrated sector. The
transposed inverted matrix appears, therefore, as the linear
operator which may be applied to a classification of labour
and capital according to the inter-industry relations, in order
to reclassify it according to a new type of vertically integrated
sectors.

In this way, each production process is reduced to one flow-
input — labour — and one stock quantity-—capital. The coeffi-
cients representing them do not correspond to labour or capital
employed in any particular firm or industry, since the whole
framework of intermediate relations has been consolidated; Dbut
they do represent all the labour and capital which are neces-
sary to produce the commodity under consideration, in what-
ever remote corner of the economy they have been applied.
Formally, the new coefficients are, therefare, derived coneepts
(derived from the consolidation of the inter-industry coefficients)
but they have a deeper economic meaning and, as will e
stressed in a moment, possess more favourable characteristics
for a dynamic analysis.
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3. The vationale of [raming a dynamic analysis in lerms of
verlically infegraled seclors

At this point, the reader may wonder why, in the previous
dynamic analysis, a classification based on vertically integrated
sectors has been preferred to an input-output type of classifi-
cation. This question can be answered simply by considering
the type of analysis for which each of the two classifications 1s
most suited,

To begin with, T may recall that both the inter-industry and
the vertically infegrated way of looking al the production
processes of an econemic system are by no means new in eco-
nomics; they can be found quite extensively used at different
stages in the history of economic thought. However, it is very
significant that they have normally been used for different pur-
poses and independently of each other: the inter-relation ap-
proach has mostly been associated with analysis at the micro-
level and of a static nature, while the vertically integrated ap-
proach has mostly been asscciated with dynamic and macro-
economic types of investigations. As a resuif, a kind of gap
has gradually appeared between the two approaches. The
foreigong discussion now puts us in a position to investigate
the nature of this gap.

At a given point of time, the two models which we have
been confronting make the connections between the two ap-
proaches quite obvious and well-defined. LEOXTIEF has prov-
ided, for the inter-relation approach, a much more aggregate
framework than the one normally wvsed. The model which has
been discussed here gives, on the other hand, a much more
disaggregated framework for the vertically integrated approach.
Between the two, the inverse matrix menfioned above provides
the analytical bridge. As a matter of fact, once we posses the
inverse matrix, all relations befween the two approaches at a
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given point of time take the form of one-to-one correspondence,
No gap really exists in this case: the two ways of looking at
the production activities meet half-way, through the above
mentioned inverse matrix, which represents the analytical tool
for re-classifying the same transactions according to two dif-
ferent criteria and points of view (3). Of cowrse, the input-
output model gives us more information. If we were simply
interested in whal happens at a specific point of time, the
input-output model wounld be the obvious one to use because
it provides a more complete picture.

But as time goes on, the input-output coelficients change
and the inter-industry system breaks down. The connections
described above begin to vanish. Then it is only the vertically
integrated model that allows us to follow the vicissitudes of
the system through time. Tt may perhaps be useful to point
out explicitly how this happens. The process of technical
change, as has been remarked earlier, manifests itself in a con-
tinuous way at the level of the single units of production, espe-
cially in the form of slow improvements, coming from patiently
trying different raw materials, re-thinking the disposition of the
line of production, eliminating bottle-necks in the production
process, trying new similar products, etc.. Even when new
methods of production or new products are invented, their
introduction into the economic system very rarely takes the
form of a sudden change. Most of the time, the new products
or the new methods are operated uneconomically for a period,
until experience and slow improvements put them on a com-
petitive footing and prepare the ground for further improve-

(%) Professor Leowrizr himself has, on a couple of occasions, adopted the
vertically integrated fype of classification. See especially Domestic Pro-
duction and Foveign Trade: the American Capital Position Re-FExwmined,
« Proceeding of the American I?hilesephical Society », wvol. 97, No. 4,
Sept. 1953, and Faclor Proportions and the Structure of American Trade:
Fuyiler Theovelical and Ewmpirical Aualysis, « Review of leonomics and
Statistics », Nov. 1956.
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ment and development. To an external observer, looking for
the « best-known technique », the methods of production may
sometimes look like being introduced at a certain point and
then remaining stable for long periods of time; but when a
reckoning of the inputs and outputs of an industry is begun,
the most widely warying shifts are found from one moment to
the next. Iiven at a given point of time, there are many direc-
fions from which the inputs may come, and to which the outputs
nay go.

These are well-known problems which have always caused
difficulties to all builders of input-output tables and which some-
times cast serious doubts on the meaning to be atiributed to
the coefficients of very disaggregated input-ontput systems. Of
course these doubts diminish the more the industries are aggre-
gated, but in this direction the meaning of an input-output
framework diminishes too. So that input-output experts have
always tried to find — so 1o speak — a sort of miimax Point
at which to stop the process of aggregation-disaggregation, in
such a way as to keep the uselulness of an Input-output table
without making its coelficients too unstable.

What has not been sufficiently realized is that the property
of eliminating these shortcomings belongs to the completely
aggregated quantitics not because they are aggregated but be-
cause — by being completely aggregated - they are necessarily
vertically integrated. The property extends to all vertically
integrated magnitudes as well. By resolving all products only
into the same constituent original elements —- labounr and capi-
tal — the vertically integrated approach leads to setting up rela-
tions whose permanence over time does not depend on the dif-
forent technical possibilities. For example, two equivalent me-
thods which, at a given point of time, entail the same cost for the
same outpuf, are represented in an inter-relation system by two
different technical functions. But in a vertically integrated
system, they are expressed by exactly the same function. Their
being equivalent means that they require the same arnount of
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inputs, and these are expressed in the same terms independently
of the industry in which they are used. Similarly, a sudden shift
taking place at the level of a particular technical process in
the origin of one of the inputs (for example a shift in the pro-
venance of a fibre from the textile industry to the chemical
industry) means that less labour than before is requited to
produce it through the new channel. A shift of this type changes
an infer-industry relation by causing the disappearance of a
cocfficient (and of the correspondent variable) and the appear-
ance of another, different, one. In the vertically integrated
relation, it only canses a small diminution of the same coeffi-
cient. 1f we imagine many of these shifis taking place while
time goes on and, along with them, corresponding changes
in the consumption coefficients — which 1s, after all, the nor-
mal path that technical progress takes — the input-cutput
table is continuously upset and all functions change from one
moment to the next. On the other hand, the vertically inte-
grated relations remain unaffected. The only consequence for
them is that their coefficients gradually diminish through time
in a movement which, for analytical purposes, has been ap-
proximated in the present model by a smooth trend develop-
ing at a certain rate of change.

Concluding and summarising, we may say that, at any
given point of time, there exists between the static input-
output model and the model presented in the previous pages
a very definife relation through a fully specifiable matrix of
coefficients,  Considered at a given point of time, the input-
output model is more analytical — if has much more to say
about the structure of an economic system. However, as time
goes on, and the conditions of production and of consumpfion
change {owing fo technical progress, economies and disecono-
mies of scale, etc.) the inter-industry relations break down
and become different from one moment fo the next, so that
a particular input-ouiput table is needed for cach stage in
the evolution of the economy under consideration. These
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fables can be compared {(comparative statics analysis), but
they cannot be analytically linked to one another — no theory
of any generality can be provided for passing from the one
to the other (%), The continuity in time is kept, on the other
hand, at the vertically integrated level, where the relations
which can be set up possess — to use IRISCH-HAAVELMO's
terminology (%) — a higher degree of autonomy. This means
that the permanence of these relations in time is independent
of technical change. In this context, the vertically integrated
technical coefficients acguvire a meaning of their own, inde-
pendent of the origin of the single parts which compose them.
The movements of these coefficients through time, and the
various consequences thereof, can be investigated and follow-
ed as such. When more information is needed about the

() A note may be added herc about how this applies to the work which
is being done at present at the Department of Applied Economics of Cam-
bridge, where Professor Sroxk, Mr. l3rows and their colleagues are working
on a model of economic growth for the UK. from x96e to xgyo. They seem
to be trying to make an estimate of the 1970 input-output table by applying
uniform coefficients of reduction to the rows of the table for ryGe. (See:
Ricuarp Srong and ALax Brown, A Computeble Modsl of Economic Growlh,
D.AE. Cambridge 1962, especially pp. 7o-71).

The procedure, as such, hardly has any theoretical justification il
technical progress follows the pattern which has been described in the text,
Vet, since the period considered is not too long and since the table adopted
is rather aggregate (of the order of 1o industries), which means that the
industries considered are not very far from being vertically integrated sectors,
the results obtained thereby may turn out to be not too unsatisfactory
after all,

One should realize, however, that whatever degree of satisfaction there
may be in the results, it cannot be aliributed the procedure, which is
unacceptable in principle. It is to be attributed to (and will be greater,
the greater the degree of) shortness of the period considered, and aggregation,
i.c. vertical integration, of the industries considered.

%) Tevave HasveLso, The Probability Approack in Ecenometrics, Suppl.
10 « Beonometrica », July 1944. The process of passing from inter-industry
to vertically integrated relations for the purpose of dynamic analysis scems
to be a typical example of what Haavirmo describes as a way of passing
fo more fundamental and autosomons relations. « In scientific research,
our search for explanations consists of digging down to more fundamental
relations {han those that appear before us when we merely stand and look.
Tiach of these fundamental relations we conceive of as invariant with respeet
to a much wider class of variations than those particular ones that are dis-
played before us in the natural course of events » (¢bid., p. 38).
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industrial structure at a particular point of time, the vertically
integrated coefficients can be split and analysed into inter-
industry coefficients particular to that point of time.

In this way the static input-output and the dynamic ver-
tically-integrafed systems appear as mutually complementary
and completing each other. Inter-industry relations, referring
to any particular point of time, represent a cross-section of
the vertically integrated variables, whose movements through
time express the structural dynamics of the economic system.
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ArprNDX 10 CHAPTER VI

A CRITICISM OF THE von NrumManN Tyrr or Dynamic MopeLs

The vertically-integrated model developed in the present
work — as the reader has by now realised — has taken so
marked a departure from all the dynamic extensions of the
inter-industry system, which have become so widespread in
current economic Mterature, as to require perhaps some justi-
fication. To this purpose, I may append a critical assessment
of the approach adopted in all the dynamic models which are
currently discussed among mathematical economists.

As is well known, the most outstanding of all of them is
von NEUMARN’s extension over time of the general equilibrium
system ('). Another model of particular interest to vs is,
of course, LroNTIEF's dynamic version of his static input-
output analysis (3). All the other works that have followed ()

() Jomw voxw Nuusanw, A Model of General Equilibiium, « The Review
of Econcmic Studies », 1945-46.

& W.W. Lroxrer, Dynamic Analysis, Chapter 3 of « Stadies in the
Structure of the American Tconomy », hy W.W. Tyowmier and others,
New Vork, 1953, This dynamic analysis of Lroxtmir's has been anticipated
by Davin Hawxrvs, Some Conditions of Macrosconomic Stabilily, « Tco-
nometrica », 1948,

(%) See, for example: Krmeny, MorcrNsTERN and Tuompson, A Generali-
sation of the von Newmann Model of Expanding Economy, in « Econome-
trica », 1056 T. Gare, The Closed Model of Produciion, in « Tinear ITnequa-
lities and Related Systems», Annals of Mathematical Studv, No. 38, ed.
by MW, Kuhn and AW, Tucker, Princeton, 1956: R. Dorrman, PLA. Sa-
MunLsoyN, R.M. Sovrow, Linear Progranmming and Economic Analysis, New
York, 1058, chanters 11 and rz; M. Morwsts, Prices, Taterest aud Profits
in a Dwvnamic Svstem, « Econometrica », 108 Some Properties of a Dy-
namic Leonticf Svstem with o Shecivwm of Techniques, « Reonometrica »,
1959; Fcononris Expansion and the Inlerest Rale in Generalized von New-
mann Models, « Beoonometrica », 1960,
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have infroduced many slight variations in these two models
but have left unchanged their basic features,

Let me begin by considering von NEUMANN's celebrated
model, which is built on a set of basic assumptions that may
be listed as follows: 1) there is a wide, well specified, and
invariable set of technical methods for producing separately
or jointly the various commodities; 2} there are constant re-
turns to scale in the employment of all inputs of production
(labour included, in the sense that labowr is imputed a sub-
sistence wage rate and is treated — like any other commodity —
as an oufput which requires fixed coefficient inpats of subsist-
ence consumption); 3) the excess of the oulput of each com-
modity over the input of the same commodity in the produaction
process is accumulated. Given these assumptions, vor Neu-
MANN shows that there exists a certain set of techniques and
of corresponding prices, and a certain proportion in which the
various commodities may be produced, at which a uniform
rate of growth of all products is maximum. At this rate of
growth, which is considered fo be the optimum one, the system
grows uniformly in all its sectors, i.e., it multiplies all its sec-
tions in the same proportion and therefore keeps constant in
time the slructure of prices and the relative composition of
production.

Professor LEonTIEF arrives at results which are very si-
milar to these, although he does not go into the problem of
choice of techniques and sfarfs instead by immediately assum-
ing given production coefficients for each process. LmowNTIER
beging with his input-output flow maftrix and adds to it a
malrixz of capital coefficients. Then he shows that there is a
well defined proportion among the initial stocks of capital
{determined exclusively by the structural coefficients) which
vields a maximum uniform rate of growth for all sectors.
Even if the system does not start from this particular com-
position of the initial stocks of capital, it will all the same tend
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to produce it eventnally, although in the meantime it may
run inte various difficulties.

These have undoubtedly been important steps in the deve-
lopment of dynamic economic analysis. There is in fact
nothing in them, which is incompatible with the dynamic mo-
del developed in the present work. We may say that they
represent a concentration of powerful analytical tools on one
particular case: the case of constant returns to scale and no
technical progress. Unfortunately, this particular case, elegant
and exciting though it may be from a purely analytical point
of view, has, on empirical ground, wvery little practical re-
levance.

In the foregoing discussion of the relation between the
input-oufput slatic model and ouwr vertically-integrated dyna-
mic model, there ig a point to which all the voy NEUMANN
types of models can be traced back. It has been said in
section 3 that when, from an analysis of a system at a given
point of time, we pass over to considering movements through
time, the inverse matrix of the technical coefficients, which
provides the analytical bridge between the two models, breaks
down, because of technical change. All the von Nrumann
types of models have been an attempt to resist — for analytical
purposes — this hard fact; and to maintain that analytical
bridge through time by assumption, if nothing else. But such
an assumption, convenient though it is mathematically, has
clearly nothing to do with the real world. It means omitting
deliberately what has been singled out, in our previcus ana-
Iysis, as the basic force responsible for the dynamism of a
modern sociely, namely the process of learning which goes
on, both on the technical and the demand side. In point of
fact, one may even question the type of dynamics these models
have adopted, which has meant introeducing time into a static
framework with the careful preoccupation of not affecting the
static Iramework itself. In a sense, time has no importance
in these models, since the features of the economic system
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are described independently of time, once and for all time.
As a result, these models do not say about the structure of
an economic system anything more than what is already said
by the corresponding static model. They add to it a projection
through time, by taking the structure of the system at a given
point of time and crystallising it — so to speak -— for all
eternity. The picture which emerges is that of a hypothetical
economic system growing only in size but with no develop-
ment. Each member of the community goes on indefinitely
producing the same commoditics, quantitatively and quali-
tatively, receiving the same per-capita income and consum-
ing the same consumption goods. We have already discussed
this type of syslem, and acknowledged its logical consistency
and beauty, as a mathematical exercise, in chapter TII, at the
same time pointing out, with reference to any progressive eco-
nomic system, its lack of practical relevance.

I should not, therefore, come back to the subject if
it were not for the fact that once concepts are coined, they
tend to be generally used. And although neither von NEU-
MANN nor LEoNTIEF ever extended their conclusions outside
the fixed framework they adopted, the economists who are
now-a-days using these concepts do not always appear to be
so strict. Tt is indeed not infrequent, among economists, espe-
cially to talk of von NEUMANN's maximum uniform rate of
growth as if it were a concept of general validity; and in
particular as if it were applicable to a growing economic
system in which there is technical progress. Since exten-
sions of this type are unjustified, and since they distort
the very purposes of von NEUMANN's theovefical scheme, it
may be useful fo show explicitely why they nmst be firmly
resisted.

Suppose the simplest type of technical progress, from an
analytical standpoint; i.e. suppose that improvements fake
the form of increases in productivity uniformly spread over
all sectors. In this case, it is only too natural to abandon

(10} Pasinelti - pag. 111



682 PONTIFICIAE ACADEMIAR SCIENTIARVM SCRIPTA VARIA - 28

voN NEUMANN's assumption of a subsistence wage rate, and
therefore of constant coefficients at which workers can reproduce
themselves, and to replace it with the assumption that the
wage rate increases in time pari passu with productivity. Now
we may ask the question: Is it possible to define, at each point
of time, a maximum technically possible and wuniform rate
of growth in the voN NEUMANN sense? The answer is yes. Buf
what is the meaning of this maximum uniform rate of growth?
It means that, of all possible compositions of fotal production
which follow a uniform rate of growth, there is one at which
this uniform rate of growth is maximum. There is something
here to which we do not secemn to have paid enough attention.
The point could have been made earlier with direct reference
to the original voy Nrumany model but it becomes more
striking when technical progress is considered. The vox Nru-
MANN maximum rate of growth entails a very definite com-
position of production, a composition which comes to he de-
termined entirely on fechnical ground. It means, for exampie,
that to achieve that maximum rate total production will have
to be composed by a very high proportion of those commo-
dities which are casier to produce,

Therefore, unless the members of the community are in-
different to the composition of the basket of goods they con-
sume (which would be an absurd assumption to make), i.e.,
unless the members of the community do not care about
whether the national product is mainly compased, let us say,
of bread and butter or of juke-boxes, or of nuclear spear-
head rockets, the pattern of growth defined by von NEUMANK's
maximum can by no means be called an optimum pattern
of growth,

The argument may perhaps be better developed if we
Tollow three successive steps. First of all, let me make the
obvious assertion that the members of any socicty are in-
terested in producing the type of goods they like hest and
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not necessarily the type of goods that are the easiest to pro-
duce. Even if we supposed that consumers’ preferences were
such as to require a uniform expansion of production of all
commodities, there is no reason to expect that the composition
of production preferred by consumers should coincide with
the composition of production which technology would require
in order to achieve the maximum rate of uniform growth. If
these two compositions do not coincide — as would always
be the case, except by a fluke — the composition according
to consumers’ preferences might evidently rank much higher,
in terms of individual utilities and welfare, than the compo-
sition according to the von NeuMann criterion. The latter
would indeed yield a higher rate of overall growth, but many
commmoditics might remain unwanted.

Secondly, as has been argued in Chapter 1V, the consu-
mers who cnjoy an increasing per-capita income do not want
a proportional increase of ali the commodities they consume,
As soon as their demand for cach commodity approaches sa-
turation, they are bound to spend the incrasing income on
different goods. This leads us fo a stronger conclusion than
the one reached above. The von NEUMANN concept of maxi-
mum rate of growth, if applied to a system with technical
progress, not only may not, but actually can never, correspond
— not even by a fluke — to the optimum pattern of growth,
i.e., to the pattern of growth that consumers prefer.

Third]y and finally, there is also the reverse side of the
coin.  The von Nurumank approach imposes on the system
the requirement that all commodifies should grow at the same
rate. This is an upjustified restriction. There might well
be just onc commodity in the system which is very dif-
ficult to produce, in the sense that ifs production can only
grow very slowly through time. Now, in the voN NEUMANN
model, which insists on the requirement that all productions
must expand at the same rate, that commuodity inevitably
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slows down the growth of the whole system (9. Empirically
this is absurd. If that commodity, for example, happens fo
be one that consumers do not wanf to increase, there is no
reason why the growth of the whole system should be Lept
back simply in order to fulfil the unjustified requirement of a
uniform rate of growth. In practice, the production of that
commodity may quite well be kept constant or even decreased
or climinated altogether if better and cheaper substitutes can
be invented. Al this means that, following consumers’ pre-
ferences both with regard to the composition of consumption
and to the rates of expansion of cach single production, it
might quite well he possible to achieve an over-all rate of
growth which might not only be better, on utility or welfare
grounds, but which might also be higher than von NEUMANN’S
maximum uniform rate.

To conclude: there is no ground whatsoever for an exten-
sion of the voN NEUMANN concept of maximum rate of uniform
growth to an ecconomic system in which there is technical
progress. In no case would such a maximum rate of uniform
growth produce an optimum pattern of growth in terms of
utility and welfare.  Moreover it may even turn out to be
numerically lower than the over-all growth rate achievable
by following the sectoral rates of expansion indicated by con-
sumers’ preferences (5).

Now the reader may better understand why the dynamic
analysis of the previous pages has been freed since the begin-

('} This criticism was already raised by D.G. Cmamrerwoww: in his
A Note on J. V. Newmann's Ariicle on « A Model of General Equilibrivan »,
« The Review of Economic Studies », 1945-46. This Note is quite indi-
cative of {he precccupations of economists at that time., Mr. CHAMPERNOWNE
does point out the Hmitations of von Nrumasy’s assumption of constant
returns to scale but mainly with reference to the case of decreasing returns
to scale.

() It may be useful to add here that the oriticism developed in the text
appliss in ils entirety to the so-called turn-pike theorem, which was pro-
posed by DoRFMAN-SAMUELSON-Sorow op. cit., pp. 330-331) and i now
50 widely discussed in the economic literaturs.

10} Pasinetti - pag. 114



SEMAINE D' ETUDE SUR LE ROLE DE L ANALYSE ECONOMETRIQUE EYC. 685

ning from the strait-jacket of a fixed structure of nter-industry
relations, although it has been kept capable of being expanded
in such direction whenever needed, with reference to a spe-
cific point in time. The pattern of development has thercby
appeared in a much simpler and more natural way. The tech-
nical evelution of the system has emerged as determining the
pattern of costs and therefore of long-run prices, and the evo-
Jution of demand, in response to increases in per-capita income,
as determining the proportions in which the single commo-
ditics must be produced. As a result, the solutions of the
system, in the form of time-paths of relative prices and quan-
titics, and the over-all rate of growth have emerged as deter-
mined and unique; not from any complicated particular or
ad hoc requirement, but from the simple, common-sense action
of technology on the cost side and of consumers’ preferences
on the side of demand.
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DISCUSSION

MAHALANOBIS

I am tremendously interested in what T have heard. It is extre-
mely exciting to me, if T have understood the general outiook of the
paper, I am not an economist and have a ‘.'fery superficial knowledge
of marginal analysis and other classical approaches. 1 should like
to check my impressions by asking some questions to see whether I
have understood the paper correctly, 1 am not quite clear about
« equilibrium ». The objective is full employment of labour, capital
and, T take it, also of all natura! resources. How would naturzl
resources come into the picture? I am not quile clear about the
implication of the word « equilibrium » in this connexion. The
underdeveloped countries have a problem of growth; the equilibrium
approach appears to me to be essentially static, because if any func-
tion of time is introduced which in some way can be calculated
or in some way cstimated, that is, of absorbing the time-dimension
so to say, then the approach wounld still remain static. That is, a
mere formal inclusion of time does not make the system dynamic;
many so-called dynamic models seem to me to be essentially static.
The implication of the ward « equilibrium » in this context is not
clear. In any case, Dr. Pasinett] asked whether any one was inte-
rested in such questions; I could very clearly and emphatically do~

clare that there is one person around this table who is.
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PASINETTI

Let me express my thanks, first of all, to Professor MAHALANOBIS
for his kind words of appreciation. I shall @ty to answer briefly
the three main questions he has raised.

The definition of « equilibrium » which 1 have chosen is not a
static one. It is a definition, used in macro-dynamic analysis, which
simply stands for a situation of fuli employment and full wtilization
of capacity through time. As far as natural resources are concerned,
for the reasons which I tried to explain, I found that introducing
them immediately would have put me into those difficulties which
have kept back for so long marginal analysis from tackling the
problems of cconomic growth. T have preferred, therefore, to leave
them aside, for the time being, although it is my intention to intro-
duce them later on. Finally, T must say that I am in full agreement
with Professor MAHALANOBIS on the assertion that simply introducing
time into a static model does not make it necessarily dynamic. This
is a point which T have tried to make myself, when for example 1
have criticized the von Neumann-type of growth models, in which
time is introduced simply in order to bring about an expansion of
the scale of the system, without altering the structure. In such
models, the proportions {or structure) of the cconomic system are
specified at a given point in time, and then kept constant for ever;
in other words the structure of the system is independent of time.
I have always doubted whether we should call such models dynamic.
They appear to me only half-dynamic.

MAHALANOBIS

T think I have understood, and 1 am in complete agreement
about that very important question of stracture, because from the
point of view of underdeveloped countries, the main objective — at
least in the initial stages and for a fairly long time — is to change
the structure of the econmomy. If T have correctly appreciated the
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point mentioned by Dr. Pasinetti, namely, the deliberate inter-
vention of the human mind in the form of learning and technology,
to which I should also like fo add the word « science » and also
the word « research » covering both science and technology. It
will be convenient to define in what way I am using these words,
remembering, that all definitions arc partly arbitrary. The object
of « science research » (including not only the natural sciences but
also the social sciences) is to know nature more adequately; the
object of « technological research » is to use scientific knowledge
to do something more efficiently, that is, to solve practical problems,
or to bring about changes in society in an effective way. Using the
words in this sense, « science », « technology » and « research »
are most important factors, perhaps the most important factors in
economic development. All the natural resources have been avail-
able since the beginning of the human civilisation; iron ore and
other metals and <oal, for millions of years: the significant factor
was the intervention of the human mind, learning about nature
which T am calling science and then trying to utilize such knowledge
for useful purposes which I am cailing technology. To bring science,
technology and research into economics or econometrics seems to
me to be a most exciting way of looking on the modern world.
Natural resources would also come in because the type of technology
to be developed would be determined by the available resources;
s0 Jong as we have national houndaries technology would have to
be oriented towards exploiting given resources. Also, I take it that
the object of science, technology, research and learning would be
aimed at continually changing the structure; this would be, T think,
the truly dynamic part of the work in sharp contrast to the static
approach.

DoRFMAN
Professor PASINETTI is opening the window on a new and very

significant line of investigation. My main reaction is one of hopetul
anticipation, but I guess T have two warnings to utter.

fre] Pasinetli - pag. 121
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In his anxicty to emphasize the dynamic, ever-changing nature
of a production-type economy, Professor PASINETTI does less than
justice to many of his predecessors, particularly the members: of the
neoclassical school ranging fromn WaLras and JuvoNs to SAMUELSON.
They, too, were interested primarily in production rather than
exchange, and it is from the nature of production that they deduced
their theories of distribution and capital. LronTizr, by his own
admission, is a Hneal descendant of WALrAS, and LEONTIEFR is par
excellence a theorist of production. To be sure he is not a theorist
of the aspect of production that intrigues Pasmverri: the process by
which - production engenders technological progress.  PASINETTI's
novelty is not that he is concerned with production, but that he is
concerned with the- evolution of productive technigues.

Tn their effort to understand exchange and production, the older
theorists simplified life by assuming away changes i productive
techniques, In pursuit of his new interest, PASINETTI claims the
same privilege for himself: he wishes fo simplify his life by ignoring
factor scarcities. It is no objection to point out that this is a radical
proposal. “But it may be more of an objection to remember that
PasINETTI wishes to introduce prices into his system and to explain
them, and if is very hard fo say what the social significance of prices
is in the absence of scarcity,

PASINETTI

Plofessoz Dorrman touches upen a really c1u01al point when, at
the very end of his comment, he asks: What is the social significance
of prices in the absence of scarcity?

To answer this question, I tbink we must consider the conclu-
sions of the two types of models which have been confronted. In
the simplest marginal scheme for scarce goods, quantities are ac-
cepted as given by nature and prices emerge as a sort of indexes of
scazmty with regpect to consumers’ prelerences. In the theoretical
scheme I am proposing (a theoretical schemne for the Jong run) re-

[10] Pasinelti - pag. 22
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lative prices are determined by technology. Demand {i.e. consu-
mers’ preferences) then determine the relative quantities to be pro-
duced.  Prices, therefore, emerge as a sort of indexes of relative
efforts that society is obliged to put into each single unit of the
various commodities. The two interpretations of prices are indeed
radically different,

The central part of Professor Dorrman’s comment may now he
looked at from this point of view. I am, of course, aware that neo-
classical economists did deal with problems of praduction. But 1
am raising objections to them when they try fo extend to produced
commodities the interpretation of prices and quantities which has
emerged from a model for scarce goods. Of course, T am not raising
any objection — on the contrary I am approving — when they
come near to the interpretation of prices and quantities for produced
commodities which I have hinted al abave, as for example MARSHALL
himself docs in his analysis of the long ran, and as indeed Leontins
docs as well.

KoorMANS

I agree with Dr. Pasmgertr that the phenomenon of learning in
production has been insufficiently recognized in cconomic theory.
The same applies to leaming in consumers’ choice. As regards
production, I wish to draw aftention to a paper by W. Z. Hirscw,
Firm Progress Ratios, « Economettica », April 1656, in which some
attempts to quantify the Iearning process in production are re-
ported on.

PASINETTI

I thank Professor Koopmans for his kind bibliographical sug-
gestion. I consider in fact Mr. Hirsc’s paper, referring to the air-
frame industry, as one of the-many empirical studies which confirm
the necessity of the type of analysis which T am trying to propose.

[10] Pasinetti - pag. 123



604 PONTIFICIAE ACADEMIAE SCIENTIARVM SCRIPTA VARIA - 28

SCHNEIDER

T can be very brief because much of what I wanted to say has
heen anticipated by Prof. DorrMan or by Prof. KeorMans. I am
convineed that Prof. PAsINETTI is on the road to important and
interesting results; on the other hand I agree with Prof. DORFMAN
that his attack on earlier theories and his survey of historical nature
is not only unnecessary in this connection but also partially unjust,
But I do not want to go into that because I would need an hour
to explain my argument.

You want to construct your model independent from the allo-
cation problem, But growth and allocation belong together; they
are inter-dependent things and I have an uneasy feeling that you
overlook this interdependence.

PASINETTI

Professor SCHNEIDER is right, of course, m saying that optimum
allocation of resources and economic growth may not be independent
of each other. I do not think, however, fhat they are necessarily
dependent on each other. For example, I can weli coneeive of an
economic system where allocation of resources is optimnimn, and yet
there is absolutely no economic growth whatever. At the same time,
I can well imagine an economic system where economic growth is
very fast and yet there is misallocation of existing resources. Ior
myself, I have chosen to investigate economic growth first of all.

ALLAIS
I have not had the time to study the paper sufficiently carcfully
and T have only one question to ask, though there is some discus-

sion of the point on page 47. When considering a system which
is growing with a growing population, it is necessary to take into

[10] Pasinetii - pag. 124
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account the greater scarcity of natural resources to be realistic,. My
question is how can the Prof. PasiNeTTl's model be modified so
as to take into account the limitation of natural resources when
population is growing? From a theoretical point of view such a
question may not be very important but from: a practical point of
view it is very important indeed. Thank you.

PASINETTI

I am not sure whether 1 agree with Professor Arnnais on the
point he has made. My impression is that the problems of scarcity
are theoretically very exciting; and yet in practice have not had
that importance which our theories have tended to give them.

The bulk of confemporary economic theory has started from
the investigation of the optimum allocation of scarce resources in
an absolufely stationary world; and has then tried to extend the
same concepts to @ growing cconomic system. 1 am proposing a
theoretical mode! which starts from the opposite end; namely from
an ¢conomic system in which there is no scarcity but there is learn-
ing and thus economic growth. Later on -— I am hoping — it may
well turn out to be casier to introduce scarce resources into a model
for learning and growth than it has been so far to introduce learning
and growth into a model for scarce resources.

MAHALANOBIS

It is my convicticn that one has to develop a model in which
there is no scarcity to begin with and o go on later to introduce
scarcity. In other words, the first type of model has a kind of
conceptual primacy with respect to the second type of a problem —
it is only a conceptval primacy — the second type of problem may
at each point of time be more important than the other. The first
type of approach may be extremely valnable to developing countries.

f10] Pasinelti - pag. 125
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Professor Friscw’s model is also of great interest to the deve-
loping countries because it takes into consideration, in a very imagin-
ative way, of problems which have not been discussed or do not
require consideration in connection with the more advanced countries.

The point T am making is that model making and a good deal
of cconomctrics, a very large part of it, very naturally and very
properly had started on the basis of the experience of the advanced
countries where already a good deal of structural stability had been
reached. It was natural and alse proper that such developments
should have taken place, because these were useful for the advanced
countries.

On the other hand the approach of Professor Friscr and Dr. Pa-
SINETTL is likely to prove extremely valuable to underdeveloped
countries to supplement the tcols already fashioned, and likely to
be fashioned in future, to suit the requirements of advanced
countries.

[10] Pasinetti - pag. 1206
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ABSTRACT

A general view is given of the results of my work on Capital
theory from 1943, date of publication of my Treatise of Pure
FEconomic Theory, until 1963,

The first part presents a general formulation of Capital
theory, the second a model illustrating the general theory, the
third coufronts the model with the empirical data, and the fourth
presents different applications. In appendix, the model is
studied for a very general case.

The different relations given in Part T between quantities
which are not real quantities express simple accounting identi-
ties valid for any economy. Thus they have a very large range
of applicability. The relations between rcal quantities derive
simply from the hypothesis that there exists, over a wide range,
a valid index Rg of real consumed national income evaluated
at primary factor cost (services of labor and of natural resour-
ces) when the process considered is optimal in the DParetian
sense, From this hypothesis it follows that

R, LysY
R~ 3yY

where Y represents the primary inputs, y their prices and % the
coefficient of homogeneity of the production function. The
different relations in real terms of this paper are derived from
this hypothesis (§ 1rg).

|11} Alleis - pag, 2
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The general modei rests on the stronger hypothesis that the

clasticity
B R /5
R/ v

of real consumed national income with respect to the primary
inputs (the services of labor and natoral resources) which can
be imputed to it according to Paretian optimality theory can
be regarded as practically constant over a wide range (§ 211).
While rather stronger, this is still quite a weak hypothesis.

Thus, the theory enables an expression of the real comsumed
national income to be calculated as a function of the capital
output ratio ¥.

Tt is not possible to summarize this paper in a few pages,
but to case the task of the reader, the main definitions and
the essential results are presented below (7).

(" The numbers of the paragraphs and of the formuiae are indicated
in brackets.

(xr} Allals - pag. 3
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TapLE 1 — Main notations and definitions (§ 110)

Nominal Real
values vaiues
Reproducible capital . . . . . | C C
National income . . , ., . . R jid
Consumed national income . . . . Re Re
wages .
Primary income Ry
rents .
Gross pational produet . . . . . P
Capital-Output ratios . . . . ., v=C/R ve=C{Re
Rate of interest , . . . . . i
Primary income . 5:——Iu dR[—’f
i Ry at
1 dR,
Rates of growth{ Real income . Y= E 7
H L
‘Fechnical progress w T
Variable o=p(t) i=i(t)
Tate i(t)~p() = i = constant (120-1)
of growth @(t, 0)=¢{0) (120-2)
Quasi (§ 120-129)
Processes | stationary |-
processes Constant p = constant
rate i = constant
of growth ot =0l {xz0-2)
(§ r30-133) ot 0=(0)  (130-1)
=0
Stationary Process 6(0):¢(0) (140-5)
(§ 140-142) ﬁ(o “R, (140-4)

[11] Alais - pag. 4
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TapLE II — Characteristic curves (§ 111)

o) ()

Production Amortization
odl =R, @ (0} b
rod =R, (0)d0

o6 ¢ ¢ ry o

:m}ic bl
el

7o d B primary input supplied at time £- @ and emerging in

real national consumed income at time £,

v d 0 = primary input supplied at time £ and emerging in real
national consumed income at time £-40.

R, (#) = primary income emerging at instant £,
R, (f) = primary income supplied at instant i
e N o]
/ p0)dl=1 [ oM db=r1 (111-3 and
Jo Jo

III-4)

A x ~
Average period of production @= [ D040 (112-1)
Jo

[ee]
Average period of amortization @= [ B h)dl  (112-2)
40

fry] Allais - pag. 5
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TasrLe 11 — Main velattons

/R - R, ﬂ;f R, +iC (110-1) (1710-2)
, Rw=Ra+1{?q, R,=iC, (110-3) (1T0-4)
| Cy=CCy (170-5)
/ P=R+R, (116-13)

y
!

\
Production function
By hypothesis, real consamed income is a functional of the
primary inputs
ﬁc(z):a(z)}?[fim(t)c,?(x,o)} (r17-1)

k = coefficient of homogeneity of the production func-
tion (§ 117)

Case of a quasi-stationary process with p=p (2)

/ o (i~p)0
R, (¢)=Rm(i)/ ¢ ©(0)d0 (122-1)
I 4R, I dC
— P el i 1 £ - T22-%
R, dt el C i = ell) (122-3) (123-2)
Clt). R Ry Og—rc __  forimp  (123-4) (123-12)
i-p 1{2-p) T
© {i-p)0
. / Bo(n)e 40
Ol_i Sy ) (127-2)
k== EH )
C /cp(ﬂ)e( p Ua"[]
R, maximum for i(t)-¢(¢)=0 (127-G)
ﬁm{_-ﬁc k (z“PJZ 40 .
B L A i1-6=0 ] -
R, P d%_(z'-p}[ ¢ } (127-10)

i _ : 5]
! R, = maximum value of RC

All these relations except (114-1) are accounting identities
[relations (110), (I¥2), (323)] or simple consequences of a
Parctian optimality (relations 127%).
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TaBLE 1V — General Model (Part. 1)

HyPOTHESES

(a) The process is stationary with a variable rate of growth

(§ 210}

i (£}~ o (#)=1i"=constant.

(b) The production function is logarithmically linear (§ 21IT)

qiéc d7y 3(0)
R,/ 7

Lﬁdquam+[mﬁmﬂ}ww
s 0
[B (V) of any form]

NotaTions (§ 220)

T 2ker )
REsuLts
= e oo Oy [ X1 — Oy 7 — 86, (7 — ¢})]
_ 1@ s
_1_?0 :(I—Tp . (i-p} ,,]A
R.py o
Rew =K (£) e7%% for p==constant

(217-0)

(211-1)

(220-1)

(2¥1-3)
(220-5)

(220-6)

(240-171)

(228-14)

(233-2)

‘11] Alais - pag. 7
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TABLE V — Exponential model (§250-253)

HyroTHESES

{a} and (b) unchanged
(c) constant rate of growth p (§ 230)
(d) exponential decrease of the elasticity (8}  (§ 250)

[

k
B(O)zg e %% A=I  (250-5) and (251-1)

RisuLrrs

V= —g- _6._9 (251-6) and (251-12)

I+0, ¢

C=®0Rm (25]:“())
R . -8, {i~p)) k
. :([h@"(wp”e } (251-15)
CM
k 2. 2

o I—; ®, (i~¢) (251-18)

- ko keye
Royw=2(t) LRé" } € {(251-17)

®, appears as a quantity whose order of magnitude is
practically constant. @ is an index of the intellectual dii-
ficulty of conceiving indirect processes.

[11} Allais - pag. 8
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Tapre VI — The general model and the empirical data
(§ 310-319)
I. ESTIMATES OF THE MODEL PARAMETERS
I. The coefficient of homogeneily k

ke~ (§ 311)
2. The function ¢(u).

The macroeconomic data give one condition only (§ 312)

Y: E}, = ";:"('P_-(L_P—) o3 (;)n I—(ﬂ()f—s@)(?’—p}} (312”1)’ (314-2)
R i-pd(i-p) .
Estimate of @,
8, ~>y/(1-i7) 7=C/R (§ 3r3)
Estimate of ©
V-0
b=d-Ta 0 (314-3)
To{i-p)

It is impossible to estimate & with accuracy.

II. EMPIRICAL JUSTIRICATION OF THE GENERAT MODEL
L. Justification with vespect to the hypotheses
a) Nature of the production process {Hypothesis a)
(§ 315).
b) Constancy of the production clasticities over time
(Hypothesis d) (§ 316).
¢) Constancy of p (Hypothesis ¢) (§ 317).
2. [ustification with the vespect to the consequences

) Small variations of R, with v =C/R at a given time

(§ 318)
PC(t) - I—YP e _OO(i“p) ¢ (318_:[)
R[] |17

b) Small variations of mﬁc with ¥ =C/R in time (§ 319).
{11} Allais -~ pag. o
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Tasre VI - The exponential model and the empirical data
(§ 320 to 325)

1. ESTIMATHES OF THE MODEL'S PARAMATERS

Estimates of ®, (§ 321)

v . C
O, = — = (321-1)
-7 I
) United States - Great liritain - France I )
1913 44
Average 1880-1900 4-34
of United 1006-1GT4 4.17
&, States 1950-1956 3.04
Average  1880-1956 4otz

I1. EMPIRICAL JUSTIFICATION OF THE EXPONENTIAL MODEL
2. Justification with respect to the hypotheses
Hypothesis @) - Exponential decrease of the production
elasticities (§ 322).
2. Justification with vespect o the consequences
) and b) small changes of v at a given time for the
various countries and over time for a given country
(§323 and 324)
(=0,/1+0,
‘ LEstimates of y
|
.
|

(323—1)

Average 3.04

1913 U.8.A. France G.B.
344 3.83 3.67
I, N e
880-1900 1606~1913] 1623-1937] 1950-1950 .
U.S.A. 1 - A > 3,46
3.56 | 3.0 3.56 3:35 Vorage 345

Wox]d {mulmn of 58 estimates by Corin Crawk for 21 countries): 3. 54 i

¢} Approximate constancy of C/R, at a given time as
between countries (§ 325)

Cl) it

= ®, = 224-1) and (325~
R, (1) e (325-1) and (325-3)
d) Exponential amortization of primary income (§ 326)

1 !

{l) = G )

¢) The relation between ¢(8) and the composition of the
labor force (§ 330 to 330).



SEMAINE D'ETUDE SUR LE ROLE DBE L ANALYSE ECONOMETRIQUE ETC 707

TasrLe VIII — Applications of the model

1, POSSIBILITY OF INCREASING REAL NATIONAL INCOME BY IN-
CREASING CAPITAL INTENSITY (§ 410-411)

- B _
g- Rl 0,07 (410-3) (410-4)
RC ®()
@::.::“/ch/:R_c (410'2)
U.S.A. Yo =335 B, =4 g1

2. DIMINUTION OF REAL CONSTMED INCOME AS A CONSEQUENCE
OF THE INCREASE OF PRIMARY INCOME {§ 420-421)

Decrease of real income per capita
pP=1— e ke o k0, 6 (420-4)
U.S.A. k=1 A, =4 g=0.0T7 P=5%
3. COMPARISON OF THE PRODUCTIVITY OF TWO COUNTRIES
(§ 430-433)

Bl ooy gy Ol |
E\_fi/l_\g:c_ e, e, e (430-3)
R,/ R 0,

Comparison of American and French productivity

United Statss/France
Productivity: ratio . . . ., | 2.3 N
Equipment per worker: ratio 2.4
Output per unit of equipment:
ratio . . . . . L L, I
M Capital - Output ratio | U.Ss. France
T=C/R 3.3 3.3
(1956) (1954)

Formula {{30-3) shows that it is impossible to explain the greater Ame-
rican productivity by a greater value of @, characterizing the capitalistic
structure,

4. CAPITALIST DEVELOPMENT POLICY (§ 440).

[z1] Allais - pag. 11
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INTRODIUTCTION

The purpose of this study is to present a general theory of

the role of capital in economic development.

Although there are numerous suggestive practical applica-

tions of this theory, the limited space at my disposition obliges

me

to concentrate mainly on the development of its major

theoretical aspects.

This paper follows a long sequence of earlier publications,

and it tries to give a gencral and rigorous presentation of the
results obtained earlier.

In chronological order these publications are:

my Treatise of Pure Economic Theory (1043) in which I
generalized the theory of optimum aliocation of resources
for the case of an efficient path over time;

my hook Economic ot Intérét (Economy and Interest)
(1947), in which are set forth the general principles of the
theory of capital which have been the hasis of all my sub-
sequent work;

my study of the influence of the capitalistic structure on
the difference between French and United States producti-
vity, published in « Le Monde » in autumn 19438;

my paper for the 1955 Congress of Trench language econo-
mists, in which the exponential model was presented for
the first time;

my paper for the 1960 Congress of the International Insti-
tute of Statistics, held in Tokyo. This study contained an
overall assessment of the exponential model together with
many numerical applications;

(1] AHais - pag. 12
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— the analysis of the influence of the capitalistic structure on
differences in living standards and productivity as be-
tween the French and U.S.A. economies, contained in my
1960 study L'Europe Unie (United Hurope);

— the BowLEY-WALRAS lecture which I delivered to the Con-
gress of the Econometric Society (Dec. 18th. 1961) at New
York, in which I attempted to give an overall view of the
work I had done on the theory of capital between 1940 and
1961 (7);

~—- the monograph which I presented to the Conference of the
International Economic Association at Cambridge in July
1963, in which a full demonstration was given of certain
propositions which had been stated without proof in the
New York lecture (2).

The present study begins with the presentation of a general
and condensed formulation of the theory of capital as T have
developed it over the past twenty years. This is then illustrated
by the discussion of a model of very general application; up to
now I have only given summarised versions of this model, or
demonstrations of particular aspects of it. I will then show
how this model concords with observed data both in respect of
its hypotheses and its consequences. Finally, some remarks
and certain applications will be given.

Tt may be that this study is too long, but the reason for
this is that I have wanted it to be sclf-sufficient, providing a
complete demonstration of the propositions made, and furnish-

{f) This lecture was published in the October 1962 number of « Tcono-
metrica ».  However, it was necessary to condense the exposition to such
an extent that T fear that this paper is practically unintelligible to those
whose who have not bad the occasion to beeome acquainted with my earlier
work,

() The references fo these studies are given in the bibliography.

{1e] Alais - pag. 13
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ing as complete as possible an overall view of the present state
of my worl on the theory of capital.

To the best of my knowledge, there is no comparable equi-
valent in current literature, for the approaches adopted else-
where have been very different indeed.

I would like to take this opportunity to add that the results
of this study, once established, are of great importance from
the standpoint of the orientation of economic development po-
licy. They show that the capilalistic structure as such has much
less importance than is believed by a large segment of opinion.
These results are the culmination of a long sequence of deduct-
ions, and it is correspondingly important that each stage in
the chain of reasoning be solidly established.

Tn order to ease the task of the reader, the main notations
and formulations have been grouped together in a summary
section which precedes this study (!). Some further basic no-
tions which will clarify the approach adopted in the study are
given below.

The object of the theory of the capitalistic optimum which
is given is, on the one hand, o describe the econometric nature
of roundabout methods of production, and also to show that
we cannot expect, from an indefinite increase of available real
capital, an indefinite increase of real national income consumed
per inhabitant. The present study aims to show how the in-
fluence of real capital on real income can be measured on the
basis of a number of fairly weak assumptions.

The gencral model which is presented in part II, and its
exponential variant in particular, is shown to be very well
borne out by all the empirical data which are at present avail-
able — confirmation which relates as much to the assumptions
ag to the results.

() Perhaps the best introduction to this study is my 1962 article in
« Econometrica »: Arrats, The influence of the Capilal-Ouipui Ratio on
Real National I'ncome.

(11} Alleis - pag. 14
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THE ROLE OF CAPITAL IN ECONOMIC DEVELOPMENT

SUMMARY

I. — GENERAL FORMULATION OF THE THEORY OF CAPITAL,

A.  General considerations,

B. A quasi stationary process with variable growth rates.
C. A quasi stationary process with constant growth rates,
D, The case of a stationary process.

II. — A MODEL ILLUSTRATING THE GENERAL THEORY
A. The assumptions of the model,
B. Consequences of the assumptions.
C. The case of a constant rate of growth of primary income.
D. Limited expansion of the main expressions for small values of
the rates p and 4,
E. The case of an exponential decrease of clasticity §(0).
TIT, — CONFRONTATION OF THE MODEL AND CBSERVED DATA
A. The general model and observed data.
B. The exponential model and observed data.
C. General comments,
IV. — APPLICATIONS
A, The pessibility of increasing real per capita national incomne
by increasing capitalistic intensity.
B, Process of maximum growth of production per unit of primary
income for given technical knowledge.
C. Comparison of productivity for twe countries.
1D, TPolicies for capitalistic developmernt.
APPENDIX -~ THE INFLUENCE ON THE RESULTS OF VARIATIONS OF THE FUNC-

Tion §(0)
I.  The case where [3{0) etd can be developed as a Taylor series.
II.  Particular cases.

[11] Alais - pag. 15



Part 1

GENERAL FORMULATION
OF THE THEORY OF CAPITAL

A, — GENERAL CONSIDERATIONS

Definitions

110. The definitions and economic notations to he used are
given below ().

TABLE I

o Yelnes
in wage real
anits (23
National reproducible capital () C C
Capital Non-reproducible capital (*) . . G,
Total national capital . . . . Cqp
National income . . . . . R R
Consumed national income . . Rg Re
Income (%) ¢ Primary income (%) . . . . . R
labour . . . . . . R,
natural resources . . . | Ry

(") See Arrats (1054), The accounting basis of HALIO-eCOROMICS.

%) Nomina! values divided by the nominal price of an hour’s unskilled
laboenr,

() Excluding the capitalised value of natural resourccs.

(9 The capitalised value of matural resources.

(%) Per unit of time.

(%) The value of primary factors of production (wages and rents) (in
TFrench: « revenu originaire »).
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dC
(110-1) R=Ry 457
(rro-2) R=R,+iC
(110-3) Relations Re=Ry+ R,
(110-4) Re=iC,
{110-5) V Co=C+ Gy
AR,
(110-6) o= R @
. i v d R(
(110-7) Growth raies /_-ﬁ; T
(110-8) T
|
i)
(110-9) Capitalistic v=C/R
charactevistics
{(110-10) vom=CIR

{’} See below § 117 and 133, and especially

[1v} Allais - pag. 18

Rate of growth of
primary income at
time ¢

Rate of growth of
real consumed na-
tional income

Rate of growth of
technical progress (%)

Pure rate of interest
expressed in  wage
units

Capital-output ratio
defined in terms of
national income

Capital-output ratio
defined in terms of
constimed national
income.

the relation (133-2).



SEMAINE D'ETUBE SUR LE ROLE RE L'ANALYSE ECONGMETRIGUE E1c. 715

The quantity R, represents the value of primary factors of
production, wages and rents; R stands for National Income,
R consumed national income, and C the value of reproducible
capital. Measurements are made at factor cost. Real values of
these variables are indicated by a bar over the symbol con-
cerned,

The equations (110-g) and (r10-10) define capital-output
as part of reproducible capital and appear in the year’s total
consumption respectively.

For the sake of generality, consumed national income is
defined to include only such consumption as takes place at
the time. TFor example, private motor vehicles are evaluated
as part of reproducible capital and appear in the years total
consumption only in respect of the services they render,

Charactevistic functions

111.  This study is based on the concept of the characteristic
function, which so far as T know was first described by JEvons
in 1871 in the context of a particular model (*). T presented a
systematic analysis of this concept in Economy and Interest
in 1947.

The simplest way of envisaging the curve which is charac-
teristic of a production process (see Figure I below) would ap-
pear to be as follows. Assume that in the present period wages
are paid in respect of the construction of a blast furnace, which
will in due course produce pig-iron. The pig-iron will be used
to produce steel, which will in torn find its way into different
manufacturing industries, to be used, for example, in making

{') Jevons {1&1) in chapter VII. The concept of the characteristic
function was used for the first time fer the case in which @{0)z£o for
a< <) and @l0)==0 for A<0.

The concept was subsequently applied in penetrating studies by I30mm-
Bawrrk (1888) (see especiaily Exlkurs I to VI) and G.I1. Bousquur (1036),
vol, IIE, chapter VI,
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saucepans which will finally be bought by consumers for their
OWn use.

A part of the wage bill generated in the construction of the
blast furnace will finally be incorporated in the price of the
saucepan; it will thus appear, with some time lag, in national
income.

It can be seen that consumed national income will at a given
time include wage outlays which were made at an earlier time,
and, at least in theory, it is possible to consider a curve which
specifies the distance from the present of various earlier outlays
(wages and rents) which appear in the consumed national in-
come of the time £ considered. This curve can be called the
« characteristic curve » of the capitalistic process under study.

If there is a Pavelian optimum, factor income is imputed
proportionally to the marginal productivities comsideved in
terms of physical values (1).

In parallel with the characteristic curve which defines the
origin of the different clements of primary income appearing
in the consumed income of time ¢, an amortisation curve can
be defined which represents the time distribution of the primary
income of time ¢ over the various subsequent periods *).

The term R, (#) will be used to represent the global amount
of primary income per unit of time preceding # which is incor-
porated In fotal consumed national income R (¢) of time £. The
global amount of primary income per unit of time at time ¢

{') This imputation generates a number of very interesting problems
which considerations of space preclude me from discussing, On this gues-
tion, see in particular my veaiise on Pure Economic Theory (1943) and
my Cambridge paper {1963): Some Analylical and Praclical Aspects of the
Thoeory of Capitel, Appendix I. See also ALLAIs {1967 - C}, The Definition
of Characteristic Fonctions and the Problem of Impwiation (La définition
des fonctions caractéristiques et le probléme de limputation).

() In general, the definition of these twe curves results from the way
in which the accounting of imputations is undertaken in practice. If a
Parctian optimum obtains, these inputations salisfy the corresponding
conditions,
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which will be incorporated into national income in periods

subsequent to ¢ will be denoted by Ru{#).

f\’m(t) %(t, 0) 40 is defined as the input primary income
between £-0 and £-0-d 0 which appears in the national
consumed income of time £, and Ro(#) ¢4, 6) d6 as the input
of primary income of time ¢ incorporated in consumed national

income at time £+ 0.

From these definition it follows that:

~ “mA A
(111-1) Rol) = j R o0y dh
J O
(T11-2) Ro() = / R (1) (4,6) @0
40

These definitions are summarised in Table 2 bhelow

TaABLE 2

Time Appearing_in the Corresponding
of input consumc:)(i mneome Primary inputs
‘ Primary Tlements t 0 Rm(i)cp(i-,(])d[)
| 1—0 t R, (@ 6d0
income Global t Ro=Ro [, ¢(8)d0
¢ Ry :[“zmd/';o (4,0)a0
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Naturally we have

(T11-3) /mq)(z’,{J}d(J T
R

(111-4) /w${x, Ndll=1
]

If primary input at instant (#-0) but appearing at time ¢

is denoted by ;:a dl, then

(t11-5) % dO=Ru() 3 (¢, 0) d0=Ry{L - 0) ¢ (£ - 0, 0)d0

whence

(117-6) Rult) @ (£ 0)=Rylt -~ 0) ¢ {0, 0)

By definition we have

H
/ pln)d

(111-7) R, (1) =R, {1-0)e °

{1z] Allais - pag. 22
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The characteristic curve of primary income appearing ai
time ¢ is shown in Iigure {1).

-

) (. 6)

Characteristic ourve
of” /;rr)a’.'m/.fm)

TG, 1

This curve is obviously asymptotic to the 0 axis, for first
there exists no consumable object to day which does not con-
tain some input dating back as far as Julius Caesar (') and
second it is clear that the influence of primary inputs tends to
zero when the distance in time increases indefinitely.

The characteristic curve for amortisation of primary income
furnished at time ¢ but appearing in consumed income at some
future moment is given in Figure (2).

Oharpelemslic curve
Foar ot izt ion

p{T. B

(" Indeed, certain investments made by the Romans are still yielding
revenue. A good example is the Coliseum at Rome,
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The functions ¢ (t, 0) and c?)(t, 0} define the capilalistic
structure of the economy,

Awerage production and amortizalion perviods

112.  Taking info account the relations (1rx-3) and (rri-4),
an average amortization period @ and an average production

period ® can be defined by the following formulae;

[e:4]
(112-1} @) ;:[ Ol 1y ah)
40
A <o ~
(112-2) B() = j 0504, 0)
o]

Income and Capilal

113.  From the definitions which have been given above, con-
sumed nafional income (fofal consumption) at factor cost is
given as

-
(:[13—1_) R(([)/m;;) . /,.,” i (H}r{udﬂ (1)

(*) I the global preduction {unction with respect to primary inputs is
homogeneous of order & and if pricing is proportional to marginal cest

[11] Allais - pag. 24
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whence

[
/fto ifwrd

0

(113-2) R,()-R, (é-)/ “Fl0)e 6
whence again from (111-6)

; R " /_, i{u)du
(II3_3) (:(t) :/ Ruu ((ffﬁ)cp(t_gla)e (] dﬁ

so that it follows from (111-7) that

i R leng L

a

The value C{#) of reproducible capital can be considered
as the total capitalized value of the factor inputs furnished prior
to instant ¢ which will result in final output only doring a
period (¢+7%, £+7-+dr) subsequent to ¢ (1),

(Paretian optimum  situation) it can be shown that total consamption
valued at market prices will be

I e /.t ey de
7[ e -0 6

kg
{See below, equation {117-r2}.
(Y Avrars (1gq7), Feowomy and Inlevest, p. 128,

fry] Allais - pag. 25
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A/o,oea/’ence o
the primary nput
/n consumplion

Supply of the
primarny input

Input: Ry(t+1-0) ¢ (f+7-0,0) 40
= Ru(f+7) @ (41, 0) dD |

G, 3

The value at instant ¢ of the primary input furnished prior
to ¢ appearing in consumed income Re(t+ 1) dt of the period
(F+T, t+T+dr) is

i

do

dt

T

Thus from (111-%)

rt

: e e / i u
(113-5) CUJﬁRw(”/ dt/ ‘P(Ifa-'c—[],ﬂ)g“-v—o( g 20

Yo
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Alternatively, changing the order in which the integrations are
done, which may be more convenient in certain cases,

{i-e)du

- f’
(113-6) C‘(tlﬁRw(-t)f dO/B‘P{tJr'cu-B,B)e fred dr

Clearly, it again follows that

/t ila)du

(113-7) C([EJ :/de/+m.§(u(t+t) @{HI,B)G fex-6 de
0 Je

Again, the same result could be derived by intcgration the
differential equation

Gy 22U e =Rum-R 0

by the wsual methods and taking into account (113-2), (113-4)
and (111-6). In this form, the differential equation is derived
from the relations (110-1) and (110-2).
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The Value of the Capital which corvesponds lo the Share of
Factor Input which will appear in Consumed Income be-
tween Years 0; and 0,:

114.  For certain numerical applications, it is useful to eval-
nate the share C{*(#) of capital which corresponds to factor
inputs which are frozen in the form of capital over an interval
of time included between years 0, and 0,.

We have

ot
8, / Hu)du
“, W“//Rm(t-* T-0)¢ (t7-0,00 " dvdo

where the surface S is represented schematically as below

\ /
7

[v1] Allais « pag. 28
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It is then possible to write

i
é 0 itu)du
(114-.2) Cﬂ: (t)i Zld B/.ORUJ (t"'t"ﬂ)cP(t‘*T-B!O)e/I-‘*t_O dT
0 [

which gives

!
05 ] / {i-e)du

(1143) CZ?(t):Rw(ty o/ glewaole F T o

b

Primary Capital
115. The term « primary capital » C,(£) (!) can be applied

to the global value of the factor inputs incorporated in capital
C(). From this definition we have

(x15-1) Cu ("‘)f/%f/%Rw(t”"@)@(fﬂ'e'”}da

o

() In french: « Capital originaire »,

11 Allais - pag. 29
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and

{115-2) ‘-/ a,’y t+r (ﬁ+r O)d[)

(r15-1) and (115-2) can be obtained by pulting ¢=0 in (113-5)
and (113-7).

Clearly, using the same notation as in § 114

e
o du
(115-3) Cono = Rol0) j rlUj (r+1-0) ‘/"‘“” e

This relation is obtained by putling 4= 0 in equation (114-3).

Macro Iconomic Magnitudes as Usually Defined and in the
Model

116. It secms to me necessary to emphasise the differences
between the definitions adopted in the present study and those
usuaily applied to the various economic magnitudes.

To facilitate the exposition, T wilt denote conecepts based
on the usual definitions by adding a prime superscript to the
appropriate symbols.  This will distinguish them from the
symbols which refer to magnitudes defined as in the present
study, for which the same notation will be used, but without
primes.
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a) National Capilal C

National capital is equal to the global value C of all repro-
ducible goods, whether production goods (factory buildings,
equipment, semi-finished products, stocks), or durable consumer
goods (dwelling housges, durable household goods, motor vehi-
cles, efc.).

This definition is of course the definition which is normally
used by statisticians in work on the estimation of national
wealth, so that

(r16-1) Ce Q)

b) Consumed National Income

In the present theory, consumed national income is equal
to the global value of all final services. If, as is of course
nccessary, consumer durables are included in capital C, the
value of the services rendered by them, #, must be included
in the calculation of Rg.  The income arising from a capital
goods is given by o

(116-2) #(£) = a(t) +(t) v(?)

where g is amortization, v the value of of the good at instant Z,
and ¢ the instantancous rate of interest (?). This relation sig-

('} Subject to a number of secondary differences which will be discussed
later (§ 334, table on page (1:15).

() Avvars, Trailé d'Feonomie Pure (Treatise on pure economics) (1943),
p. 362, relation z, and Economy and Inierest (1947), p. 70, relation z.
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nifies that the value of the services rendered by capital goods
is the total of the amortization of all capital goods and the
interest on their global value.

Thus, in the present theory, the value of a privately owned
and used motor car is not counted in income R at the mo-
ment of sale to its owner. This value appears in the form of
income only in the form of the services rendered by the car
over time. The definitions usually adopted, by contrast, include
the value of an automobile in R’; at the moment of sale.

There is no difficulty in specifying the correction to be made
to R'c to derive Re, at least as a first approximation.

The adjustment consists of subtracting investment in con-
sumer durables I, from consumed income R’ as it is normally
calculated, and adding back the amortisation of consumer
durables Aq and the interest {C; chargeable against the capital
represented by existing consumer durables Ci (1),

Thus

RG:R’C - Ic‘l‘A(}”{“ﬁCo .

Now, from the definition of amortization

d Co
Ao=To-
=Iz- o Co

() Relation {116-2) above,
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where

I dCc

S e e _ H
Po= Cq at ()

oc denotes the rate of increase of the overall value of holdings
of durable consumption goods Cc .
It thus follows that

(116"3) R(} = R’o+ (ft - Pc) C(; .

The adjustment (2 - ¢c) Ce is rather small in practice. For
the United States in 1965, it is possible to derive (%)

i-pe ~0.85%
Cc o T634
Reg =~ 263.1

Hence

with

. Ce
(i~ po) 7 =0.0053 .

("} These formulae shonld be wsed in all cuses Lo estimale amortization
rather thaw divect vecowrse fo the corrssponding statistics in yearbooks which
are quite guestwonable,

(*) Sece § 333-6 below,
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c) Nalional Income

From relation (r10-I), national income is given in the
model as

ZC

(116-4) Rz Rt

and, at least in terms of a first approximation, the concepts
which are normally used satisfy the relation

, ac
- Ri=R' + —
(116-5) U=Riet

It follows immediately from (116-1), (116-3), (116-4) and
(116-5) that, at least as a first approximation,

(116-6) R=R + (i~ po) Co .

d) Gross National Product
Whereas the differences between C, Rg and R on the one
hand, and C’, R’; and R’ on the other, are relatively insignifi-

cant, this is not true for the concepts of Gross National Pro-
duct (G.N.P.) and overall amortization.

Usual Definitions
Under the definitions usually adopted
(116-7) P'=R+4A
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where 1" is written for G.N.P., and A’ represents the amorti-
zation relative to the range of durable goods for the economy
as a whole, per unit of time {).

Further, from (116-5) we have

(116-8) P'=Re+ Ty
with

(116-9) we ATy
(116-10) I’x=f§;g

where 1’y and I’y denote gross and net investment respectively,

Under the existing convention of nalional accounting, cap-
ital is for all practical purposes defined as goods whose life
expectancy exceeds one year, and indeed in practise, as goods
whose life expectancy is at least five years, the shorlest period
over which amortization s calculafed.

As a result of this convention, the lining of a Martin oven,
which normally lasts a few months, is written off as an operat-
ing expense, whereas the structure of the oven is considered
as an inveshinent.

With rules of this type, it is generally found that

(r16-11) A~ KRG

in wich ¥ 1s of the order of 0.1 16 0.2.

() Arrais (x054), Les Fondements complables de la inacroéconomique
{The Accounting Basis of Macroeconomics).
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The Case of the Model

Although it facilitates computation, this convention allocates
a particular vole to a specified tnterval of time, the vear, which
ts both arbitrary from a theoretical standpoint, and involves
running a risk of suggesting ervoncous ideas.

It is for this reason that in the present study, investment
is defined to include any outlay incorporated in a durable good,
whatever its longevity. Under such a definition any output of
primary factors which does not appear tmmediately as con-
sumed wncome is considered as an investment. It is thus a
simple matter to see the conceptual changes in the notions of
G.N.P., gross investment and amortisation when the frame-
work of the present theory is adopted.

If we consider the concept of a continuous characteristic

function c}, depreciation Ad? is equal to the primary income

ﬁmdt which emerges in the national consumed income Redt of
instant ¢ and we have

(116-12) A=TR,

whence

(116-13) P=R+A
=R+ R,

using P to correspond to the equivalent in the present theory
{in which any investment outlay, whatever its durability, is
considercd as an investment) of the conventional notion of
G.N.P. (in which a minimum durability of one, or even of
several years is taken as the boundary between operating ex-
penses and investment outlays).
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Thus, in this study, G.N.P. is equal lo the sum of national

mcome R and of primary income I?le.

These results may seem to be somewhat disconcerting at
first sight, but it will become clear after some reflection that
they are more natural than those which follow from the adop-
tion of the vather arbilvary concepls usually applied in national
accounting.

1f, using the usual conventions, amortisation turns out to
be only of the order of 209, of consumed national income, the
reason is once again that standard systems only allow for the
amortization of goods whose life expectancy exceeds one year,
or even several years, while all the services invested in a short-
period process are not brought into the books as such but are
considered as fungible goods.

The example of the Martin furnace has been given already,
and a multitude of others could be added to it. Thus, outlays
corresponding to certain preparatory work in -mining under-
takings, those corresponding to a wide variety of agricultural
activities, or again a great deal of the maintenance work done
in various sectors, for example lorry repair, are considered as
operating expenses.

Similarly, the work of the grocer’s boy who stocks sardine
cans on a shelf is an investment, but it is not counted as such.
In the same way, a window cleaner’s activity represents an
investment, and the only reason it is brought in as an operating
expense is that this facilitates the accounting.

Under the formulation which I have given, all that which
is not tmmediately consumed is tnvestment,

Thus, the service rendered by a waiter in a restaurant as
he nears the client’s table is incorporated in the capital value
of that semi-finished good, the dish to be served. This incor-
porated capital will have been amortized when the customer
has completed his repast; but in the conventional evaluation
of capital it is not considered as an investment, nor is any
account taken of it in the usual estimation of G.N.P.

[v1] Allais - pag. 37



734 PONTIFICIAE ACADEMIAK SCIENTIARVM SCRIPTA vVarla - 28

The value of reproducible capital is seveval times that of
national tncome, Ewrors avising from the conventional estimai-
ing procedure may noi be very considerable relative to cap-
ital (1), but they will be significant in velation to the ecvaluation
of depreciation and of G.N.P.

The value of the grocer’s boy's or of the waiter’s services
should be counted as a production of capital; it is an clement
of gross investment and therefore of Gross National Product P,

Demonstration of the Igualily A= R,

It is a siniple matter, using the preceding formulation, to
show the passage from A’ to A. Conventional accounting only
considers as capital those goods whose longevity exceeds a
certain duration. Thus with the notation of Table 2 (§ 1171)
the corresponding concept of the general model which is pre-
sented in this paper is

(176-14) A* o ['m ?im(.f) rA(/,fJ) 4l ®

ol

If the wsual convention is modified and 0, made to tend to
zero, then for 0,=o0 rclation {rrr-r) gives

(116-15) A=A*T0 <o) =R, |

("} See below § 334, Table 8 and 9.

(% In faet, under the uswal concept the investment in a tool is con-
sidered as made when this tool is put in service. With such a concept
depreciation A’ includes inferest.

Nevertheless from an economic point ol view, this is only an inter-
mediate stage and the original investinent takes place when fthe primary
output (as defined in § 111) are supplied.

‘1] Alais - pag. 38
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The Camposition of G.N.P.

Denoting by Ry the income given by capital we have

Ry== A 4 iC
{116-10) R
=R, +C
so that
(116-1%7) P=R+A=R+Ru=R,+R, .

G.N.P. is thus equal to the sum of factor income and the

income of capital.

The results of the preceding discussion are summarised in

the following table (1):

TABRLE 3

Global Economic Magnitudes
Concepts Usual Definition Befined in Model as
Reproducible . .
capital C C~(!
Durable consamer | o _
goods ¢ Co= C'
Consumed naticnal
income R’ Re==R'c + (- ¢) Co
aCt T dC
National i 2 s R 4 A
ational income R e R+ ] R == R¢ + Py,

u N R = R 4 (i—p) Ce
\mortizati A= [ Rah) a0y o
Amortization = olf, f

A'~o0.2 R, Jo 79
Az lQm
Gross National o,
Product Fr=R'+A Pe=R 4 A
Gross , ,  dC dC
Investment Ve=A""+ ¢ y== A+
Net I = ac’ Iy ze @
Investment df df
Iy~ T

() A detailed discussion of these notions is given in § 533 and 334 below.
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Depreciation in the Production Process and Financial Amor-

tization

The quantity A=R, represents the depreciation in the pro-
duction process. In a similar way it is possible fo define a
financial amortization. In the present theory any primary
outlay is incorporated in capital. Thus we can consider the
consumed national income as the sum of financial amortization

Ay and of capital interest iC and write

(116-18) R,=Ay+i C .

Then from (110-1) and (110-2) We have

116-1 R,-iC=R_.4C
( 9} o T
and then

(116-20) A= Rw”%%"

and taking account of (116-12)

A - .
(") The value of Re--Ry is given helow for a special case (relation 251-20).
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Case where Consumed Income is equal to Capital Income

In the case where consumed income R is equal to capital
income R we have from (116-16)

(116-22) R,=R_+iC

and from (116-19) we have then

(116-23) —=

Thus in this case the whole increase of capital comes from
primary income. There is no contribution from the capitalisa-
tion of interest on capital.

From (116-21) and (116-23) we have in this case

(110-24) A=Ay,

[llustration by a Simple Example

The significance of the preceding discussion can easily be
understood by examining a simple example.

Consider a stationary process in which the rate of interest
is zero and assume that the lag between use of a factor input
and its appearance in consumed income Re is the same for all

f11] Allais - pag. 41
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inputs and equal to ®. Then we have from (r16-12), (110-1),
{(rro-z} and § rrI1.

(116-25) Re=Re=Ro=Re=A

The sequence of events in this case can be represented by
{he following figure, which is the same as that demonstrating
the movement of a fluid in a conduit.

Entry tnlo Exit Fromthe
the copitalistic capitalistic
process process

Production

period
@
o o
;: Movement of 1npuls /2
-

4 ?

¢ 7
-0 ¢

T !

é‘uppfy o/ Appeararice of
any factor the factor
input input

This shows that all factor income R.dé arising between
£~ ® and £-© 4t appears between ¢ and ¢+4f and that in
the case of this process it is true that

(116-26) Re=Re=Ry=Ru=A =Ty .

[21] Allais - pag. 42
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In this particular example all operating expenses would
clearly be investment outlays, and a clear cold light would be
thrown on the lack of symmetry of the usual definitions.

Real Consumed Income

117.  If it be assumed that real consumed income Re (t)is a
function of factor inputs »d0 i.e. a functional

R, (t)=a(t)F[R,(¢) 7 (£,0)]

(1x%7-1)
=a(t)F[R,,(£:0) ¢ (t-0,0)]

of the function (111-6)

Ro(t)(2,0)=R,(t-0) ¢ (¢-0,0)

and if it is also assumed that this functional is of A-order
homogeneity, then

(rr7-2) Re(t)=o (1) [R,,(4)] G [§(4,0)]

In this discussion, «(f) is used as a coefficient which char-
acterises the rate of technical progress.

[x1] Allais - pag. 43
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Tle characteristic function can in fact be used to derive an
expression for R,. As the reasoning is somewhat difficult it
may be helpful to consider two relatively simple cases before
going on to study the general case.

Case 1.

@) Assume in the first place that

(r17-3) R=R (A, B, ..., O)=RX, Y, .., %)

where R is real national income, A, B,...... ,C represent diff-
erent outputs (including equipment) and X, Y,....... 2 the
factors of production used.

Assuming that R (A, B, ...... ,C) is of first-order homogen-
eity, and that the function R (X, Y, ..o , Z) is of k-order

homogeneity, then
(117-4) R (A, 2B, ..., 2C)= R (A, B, ..., )

(117-5) R (X, 0y, .., W) =R (X, Y, ..., Z) .

Applying the Euler theorem, this gives

(117-7) YYRYy=ER.

[11] Alais - pag. 44
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So that we have

®R_ 3R, 8B , ¥R, 8Y

(r17-8) e Y Pt Sl
R IR, B IR, Y

in which the 8R, B and 3Y correspond to virtual displacements
compatible with the restraints.
Now, the conditions for Paretian optimum can be written

. a b Iy x .v z

where a, b, ..., ¢, %, v, ..., z are the prices of the eoods
A B... C, X, Y ... Z M.

Carrying the values of the derivatives of R given by (117-9)
into (117-8), we have

(r17-10) E_E: %088 =k LysY
R 0B LyY

W AvLas, Treatise on Pure Fconomics 1943}, . 294.
43} |

[xx] Allais - pag. 43
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The fixst of these relations is usually used to calculate 5RR.
In nominal value, the expression for national income is
equal to

Lb B
al market prices, and fo
Xy¥Y

at factor cost. But by (117-0)

1bB _ IBR;

] -11 e =, —
(t17-11) 5yY IYR,

whence it follows from (117-6) and {117-7) that

(v17-12) LoB x_;_ uyY
:

If we consider here only the expression for national income
at factor cost, we have

(rr7-13) R=2XyY

(11} Aflais - pag. 40
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and

(117-14) ER (R
R

where (8 R) is the differential of national income calculated
at conslant frices.

Case 2.

D) We now consider a stationary process (p=0) in which
R, is constant and the functions ¢ and c; do not vary over {ime.

The rclation (111-6) above shows that the functions ¢ and $
are identical (!). Since the process is stationary, national in-
come and consumed national income are equal. The function
©(0) which characterises the time distribution of factor inputs
is also a function of 7, and can be written ¢(8,7).

From (113-4), we have then

(117-15) IQ:RLU/MCP{Or”ede

(1) See also § 140 below,

{xx] Allais - pag. 47
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and, using relation (117-14) we deduce

_ - 00
, BRP_[ S (0,i)e'"d0

(117-16) — -
B R / ¢ (0,1) 40

In fact, in relation (117-15), the prices of the different factor
inputs are equal to the exponentials ¢”. The function ¢(6)
characterises the distribution of factor inputs, But, while ¢(0)
is of course a function of ¢ it has not been differentiated with 1,
since in the expression {117-16) the €¢ play an analogous
role to the &Y in relation (117-10), and since in this relation
the y are regarded as constant (}).

Thus the relation (117-16) also enables the expression for
the differential of real income to be deduced from the differen-
tial of the characteristic function, and we have in particular

<
el

/ @(e,a')c""do
- Yo DZ (2)

1 had
Jt / :{c((],ijdo

0

(x17-17)

| -
o

(") Of course this dees not mean that ¢ is independent of time. In ge-
neral ¢ should be considered as a function of time.

(3 These wvaricus formulae were first given in 1947 in my study Fco-
nowry and Inferest (1047), pp. 186-188.

(11} Allais - pag. 48
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The General Case of a Dynamic Process

The generalization of these different results follows imme-
diately. In the case of a non-stationary process and assaming
k-order homogeneily, we have

iluddu

/ 5¢(t,0)e A0

o

!
flatdu

A /f_o
/ wlin)e an

o

where 8R, represents the change in Re when ¢ changes by &g.
Naturally, taking into account equation {111-6) it is further
possible to write

!
Pfe) du
- [z{l

i} [ a[Rw(t—G)cp(t—f]”@ ‘ an

k R(‘.(” . f!;‘(u)i!n
/ R, (£-0) ¢ li-0)e " dO

This is the fundamental relation from which the different
real values in the present paper are derived.

{11] Alais - pag. 49
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The Inlevest Rate and the Rale of Growth

118. [ have shown clsewhere that subject fo very general
conditions a dynamic growth process is characterised asympto-
tically by the relation

{118-1) HE) =p(£) +1

where 1 is the rate of inferest characterising the stationary
process which can be made correspond to the process under
study ().

The Significance of the Preceding Relations

119. Al the foregoing welations which do not imcorporate
real quantitics basically express simple accounling identifies,
Primary inputs correspond to the accounting imputations which
are made.

The relations between the veal quaniifies arve simply derived
from the assumption of the existence of a satisfactory index
of real national income consumed (calculated at Jactor cost),
when the process consideved is optimal in the Paretian seuse.

When an optimal allocation of resources (%) is realised, the
primary inputs and their marginal equalities take on physical
significance (%).

() ALrats (ro63), Quelques aspects analytiques et appliguds de la théo-
vie du capitel (Some Analytical and Practical Aspects of the Theory of
Capital).

) In French « Maximation du rendement social 2,

() See Arrats (1963) Cambridge Paper: Some Analytical and Applicd
Aspects of the Theory of Capital, Appendix 1.

{1r] Alais - pay. s0
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In the neighborhood of a given situation the Tundamental
relationship (117-19) is derived from the assumption according
to which the relation

(119-1) B*R b Liv Y
R LyY

C
C

is derived from (117-10) in the case of a dynamic process and
applies when the use of primary factors {services rendered by
labour and natural resources) over time is being studied.

Tt can thus be scen that the fundamental relationship
(117-19) of the present study results simply from the assumption
of the existence, over a large range, of a valid index R of real
national income at factor cost when conditions of optimmm
allocation of resources in the Paretian sense are satished.

[x1]) Allais - pag. 33
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B. — A QUASI-STATIONARY PROCESS WITH
VARIABLE GROWTH RATE

Definition

120. T will use the expression « a quasi-stationary process
with variable growth » to denote a process characterised by

@) invariance of the difference i(2) - p{f) over time;

b) invariance of the characteristic function ¢ over time
for a given value of i~ g (1),

We then have

(120-1) i(t) - p(t) =1

(120-2) P{t, By =o(0)

where ¢* is a constant,

The assumption underlying (r20-1) appears to be reason-
ably acceptable at least as a first approximation. The hypo-
thesis (120-2) is equivalent to assuming that the composition
of the labor force is constant over time, This, too, is a quite
natural assumption, at least as a first approximation.

These two relations enable the general relationships which
have alveady been derived to be considerably simplified.

('t The alternative hypothesis in which c;:(.t, 3) is assumed invariant over
time could also usefully be studied,

[11] Allais - pag. 52
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Amortization Period

r21.  We have (relation rrz-2)
o=
(121-1) 6= [ fep (1) 0
S0
so that
b
(121-2) (I’r‘ =0

Thus the average duration of the amorlization period is
mvariant over lime.

Consumed National Income

122.  We deduce from relations (113-4), (120-1) and (120—2).

=]
(122-1) Re(f) = Ryl?) j e (90
[l
whence
{(122-2) LOAR, ! 4R,
R, d¢ R, di

{1t} Allais - pag. 33
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so that
L AR,
(r22-3) — =P {t)
R, 4l

and finally from {120-1) and (122-1)

(122-4) Ro(t) =Ru(t) for i(t)=p(t) .

Reproducible Capital

123.  In the same way from (113-5)

(123-1) C(t)=R,, (t)/wdt/w?z "'“’"’cp(e)de

s0 that

1 dC
123-2 =p(f)
(123-2) C 4¢ (

thus from (r22-3) and (123-2)

(r23-3) — 7=

pre] Allais - pag. 34
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Thus the Capital Output ratio defined in terms of consumed
national income is constant over time and depends only on 7',
It then follows from relations (170-1) and {110-2) that

R, (t)-R, (¢}

o Cll) iz Gt L
(123-4) (£ i(th-p (t)

This expression gives C{¢) without any need for integration
by (123-1).
Then from (122-1) wWe have

(123-5) Cle)= t)/ ey )d o

which relation can also be obtained from (123-1) by reversing
the order in which the integralions are taken (1).

Again, from (110-1) and (123-2) we have
(123-6) —£ =-Tp
R !

(123-7) e = ,
Ry 1-711

{) Arrats (1947}, « Heenomy and Interest », pp. r128-130.

g
o

[v1] Allais - pag.
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From (110-10), (122-1) and (123-5) we have

oo @il g oo N
(r23-8) / R $(0) d0 = v, / e (g} dt

o 0 o 0

Thus developing (123-8) as a Taylor series

oo [” g2 ge ‘oo
U%@)/ hwuﬁ¢2r+u@®@~n/ ~~~~~ Fwﬂw-ﬁ
Jo L2t 3! o L !
3
4 i’“%+ (1) 0

Thus from (112-1)

T 1Y AL

(123-10) _T¢ =041 / m[v"*,@j+z--a Bj _,,___]rpgﬂ) b

and fmally

[24]
(123-11) B LA Y f (€™~ 1 - '8)p(8)a0

T—2 ¥, (AN

Thus necessarily

;
Yo

1= (i-9) 1o

(123-12) 0 <

Whatever the function ¢(0) this inequality is very important
for empirical analysis.

b} Allais - pag. 56
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Again

i’{u-])

(123-13)

7!

flea)
/ 0"p{0)dd ——— 0 for #n=oo
0

Value of the Capital corvesponding to the Shave of Factor In-

come Appearing between Years 0, and 0,

Relation {114-3) can be rewritten

(123-8) C?(t)=Rw(t)f et g lo)a

Clearly, in the light of § 115, and putting =0 in equa-

tion (rz3-8).

e
{123-9) Cgf,m () =R (1) [ et o{6) 40

S e

Primary Capital

From the definition in § 115, we have here

(r23-9) cw(t)=Rw(tJ/mﬂ ¢(0)de

putting ¢=0 and = - o in relation {123-5) (!).

(" § 115

[11] Allais -

pag. 57
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National [ncome

I24.  Since

ac

(124-1} R=R,+
' dt

it follows from (123-2) and (123-4) that

(124-2) R=R,+pC
RG—Rw

=Rc+p -
=P

whence finally

(124-3) e (0]

(124-4) T T A

From § 120 and (r22-1) this expression depends only of ¢,
which is evident from (r1o-z) and {123-5) [or from (125-2)
below].

{11} Allais - pag. 58
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Capital-Outpul Ratios

r25.  We have from (y10-1)

(125-1) R-R,=%C

whence from (110-g), (170-10) and (123-2)

1 1
(125-2) —-— =p(Z)
Y Te
50 that
(125-3) vt
1+p TC
Y
- Vo=
(125-4) =TT
and
(125-5} (T+pvd) (1~pY)=T

where Yo depends only on ¢ (relfation 123.3).

[11] Alais -

pag. 59
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Approximate Expressions for the Principal Magnitudes

126.  For small values of ¢’ it is possible to write from (122-1})
and (123-5)

(126-1) Rc(t)sz(t}f°"(1+re+.5'292 )80,

[+

s i’6+ L'1292 + -
(126-2) c-(t)=Rw(t)[ Z ©(8)d0
A ¢’
thus we have from (1712-1)
(126-3) R, (&) ~ R, (1) [1+¢ ©]
{126-4) C{t)~@R, @)
and according to (170-2)
(126-5) R () ~ R, () [1+: 0]
wheince
C
6-6 Vom e oo ©
(126-6) o= 3
C
C
6- Vo = ®
(126-7) =

ignoring first order terms containing ¢ oand ¢

[1:} Allais - pag. 0o
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For small values of ¢ and ¢ we can write
(126}-8) Re() & R,(t)e®
(126-9) R{#) ~ R,(#)"®

In terms of a first approximation, the process therefore
corresponds to what would happen if consumed national in-
come and national income were equal to their values at the
end of a pe110d o, applymg the respective compounded rates

of interest '=¢- p and i.
Further from (123-9) and (112-1), for small values of 4

(126-10) Co(t) v © R(t)

Real Conswmed National Income

127.  From (117-19) and for rates of growth p(#) considered
as given we have

H
/ / iluydy
1 R L‘ 8 5(@ J -8 a0

{127-1) .. i
/ /! i(uydu
L R, {t-0)¢(0)e ° ao

Le. from (111-7) and (120-1)

a

(127-2) z o=
i R(: / (ﬂ) l“ 10

[11] Allars - pag. 61
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or again

19l0) gy
d RC ko T

(127-3) - =
dz ]
w(hie db

-

Now

g o2
» . 70
e P =144°0,

and from relation (r11-3) We have

(127-4) [ ewindons

Yo

Thus for small values of i and from (112-1)

. 5R é:{ 05 ¢(0)d0
kR, 1+18

(127-5)

(127-6) N oR - T / g 4¢(0) g4
k I, 1+1°Q . (l?

[1r]} Alais - pag. 62
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and finally, from (112-1)

1 dR i de

(127-7) o ‘
B R, di’ 1+i'® de’

When the rates of growth p(£) are considered as given, the
smaller the i(f) the greater ®. As from (121-2), @ is a

function of ¢, we have

a6
{127-8) ~~.(7 <0
d:

It can thus be seen that veal consumed income R 1s a maxi-

mum for i =0 (*). Thus we have

(127-g) R, is maximum for ety - o) =0 .

If we write Rey to represent the maximum value of Re,

we have as a first approximation

RCE—-RC ~ F (?’._p)z a®

(127-10) ,
7 Ry 2 d(i~¢)

Bl

() This result was first stated for the case of a dynamic process by
Drsroussiaux (1961 A), using the formulation I had given in « Economy
and Interest » (r947) for a stationary process (p=o). However, DESRoUS-
sEaUx’'s line of approach is completely different from that adopted in the
present study, for he assumes that the function (f, 0) satisfies a « con-
dition of regularity » over time, but this condition is formulated from a

social, and not an economic, point of view,

{11} Allais - pag. 03
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The Functions I’ém(i') and :}(t, )

“128. Lastly, it is possible to deduce from the invariance
of ¢ and from equations (111-6) and (111-7)

?

—«fe pluydu

(128-1) R, (1) (40)=R,(t)p(0)e "

from which it follows that

R @
(128-3) I AR 1 OF(L0) opp)
R, d¢ o L

Nothing further can be said about the functions ]%m(i') and

~

(L, 0).

Changes tn 1 and ¢ over Time

12g.  Attention is drawn to the fact that the only assumption
implied in the preceding formulas is that the difference i(¢) - p({)
is constant. They therefore hold where ¢ and ¢ are functions
of time.

[11] Alluis - pag. 64
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C. — A QUASI-STATIONARY PROCESS WITH
CONSTANT GROWTH RATES

Hypothesis of Invariance of the Function c?(t, 0)

130.  If in addition to the conditions already discussed, the

condition that the function Icﬁ(t, 0) is tnvariant is postulated, it
can casily be shown that the rates i(t) and ¢(t) must be constant..
For by hypothesis

(130-1) (t, 0)=0(v)

whence, from (128-3)

I dR
_ @ o{i-0
(1302 e (i)

(]

But the left hand member is dependent only on ¢, and the
right hand member only on #-8. It follows that p must be
constant and from (120-T) the same is lruc of the rate of in-
terest 1.

Thus we have

(111 Allais - pag. 63
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A process of this type can be labelled a « quasi stationary
process ». It s chavacterised by the invariance of the vates o

and 1 and of the characteristic functions ¢ and c:;

The fact that ¢ and ¢ are constant and the functions ¢ and c,g
invariant enable the formulas obtained for the case of a quasi-
stationary process with variable growth rates to be still further
simplified.

Characteristic Funciions

131.  From the relation (r1z-2) and the fact that c} Is inva-
riant, we deduce that

(131-1) £Z o

L.e. the production period ® is constant.
Further, from (111-6) we have

20

(131-2) FOIR,(1)=R, (1) (0)¢

and this enables the two conditions below to be deduced from
relations (r11-3) and (111-4)

(r31-3) Ro(1)=R,{t)f &5 (0} a0
(131-4) R, (1)=R, (1)) " & (0) a0

Lav] Allwis - pag. 66
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50 that

Y O VL

Yo @

Equation (131-4) implies that ¢"*z(0) tends to zero when 0
increases indefinitely.
Equations (131-3}, (131-4), {112-1) and (rxz2-2) imply that

{131.6) (1-9 @) R, < R, (0) = Rl g p==0
1+0p

Equations (131-5), (112-1) and {(112-2) imply that
{131-%) (1-2@) (x+p ®) <1 for p=o0.

Thus

‘ 6O for =0

{131-8) STL6 or p=@ .
National Income
132.  Since
(132-1) R=R,+:iC

(1v] Alais - pag. 67
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and since R, and C grow at the rate p while § is constant, it
follows that

1 dR
(132-2) ' R ar |

The relationships derived in part IB naturally remain.
unchanged (§ 120 to 129).

Growth of Real Consumed National Income

133.  From (r1y-2) and (131-3) we deduce

Gt Rl (R )] [ o(0)a0]'G] 2(0)]

In this relation, (¢) represents the impact of technological
progress on productivity and we have

(133-2) w{l)=—

where T (£) is the rate of growth of technological progress.

As the functions ¢ (0) and c}; (8) are invariant over time,.
we have

1 AR, 1 dofi) , 1 dR,(t
(x33-3) R df" = (4 -k )
_ . aft) de R, (1) at

f11] Allais - pag. 68



SEMAINE D'BTUDE SUR LE ROLE DE L ANALYSE ECONOMETRIQUE nrTe, 7053

whence, from the definitions in § 110,

(133-4) ve=n+ k.

Thus, if the production function is of k-order homogencity,
the rate of growth v of real consumed national income is given
by adding the rate of growth = of technological progress to the
product %g of the rate of growth of primary income g and the
coefficient of homogeneity %.

1t follows from the preceding that

(133-5) n=y-p for =

In other words, when the coefficient of homogencily is equal
Lo unity, which is more or less its value in real conditions, the
rate of growth of technical progress is equal to the amount by
whick the rale of growth of veal consumed income exceeds that
of primary income. The rate of growth of lechnical progress
then is equal to the rate of growth of productivity per unit of
primary income.

The growth of real consumed income is independent of the

~

capitalistic structure (1), since the functions ¢{0) and ¢(0) have
been assumed invariant,

() In the sense of § 1r1,

[11] Allais - pag. 060
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D. — THE CASE OF A STATIONARY PROCESS

General Formulation

140.  In the case of a stationary process, we have

i
o

(140-1) 2

and the preceding formulae simplify considerably.
From relation {131-2) we have then

(140-2) $(0)R. = 9(O)R,,
so that
(140-3) / @(U)ﬁmdﬁ:/mqo(ﬂ)Rm a6

whence, from relations (r11-3) and (111-4)

(140-4) R.=R,

f11] Alledis -~ pag. 70
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and therefore
(140-5) $(0)=(0) .

The relations (122-1), {123-5), (124-3) and (127-3} become

® oo
(140-6) ’R:Rc::Rm/ e @(0)ado
(140-7) (-\-“Rm/m————e!_tx v(0)an
z

(140-8)

and we have as first approximations:

C .
(140-9) Y=o =g ®
(140-10) ReoR, (1 +76)
(140-17) 2 RyR 40
F R, 2 di

fix] Allais - pag. 71
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These are the various relations for a stationary process given
in my 1947 book « Economy and Interest » (1) (3).

Primary Capital

141.  In a stationary process, the average amoriization pe-
viod is equal to the quotient devived by dividing capital by
amortization, whatever the amortization rules. Tt follows that
for primary capital C, we have

(141-1) Co=0 R, .

From the earlier expression for C (¥} and for a given func-
tion {0}, C, can be derived by putting i=0. Thus we have

C i Voo io
_ @ .. lim e -1 .
(141-2) R o / : w(8) 40

%/” 0¢(0)do

Yo

and this is effectively relation {141-1), (relation r12-1}.
Thus O can be regarded as the average amortization period
of primary capital (*).

("} « Economy and Interest », pp. 127, 128, 132, 133, 787 and 188

(*} The hypothesis that k=1 is made implicitly in this study; the fune-
tion (0) there considered is the same as Ry {0} in the notaticn of the
present paper.

(3} Relation (140-7).

{} Of course this equality also holds as a first approximation for small
values of p (relation 126-10),

] Allais - pag. 72
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It can further be seen that the interest element incorporated
in capital C is

{141-3) (ZM(T(‘,:;/E(ﬁe_lf'—_I,ﬁHJr,c(ﬂ)dG
4

‘o

or, as a first approximation

. LR
(141-4) C-C, m;—/ 0 9(0)do

o

Gross National Product

142.  In the case of a stationary process, the relations (116-13)
and (xr0-2) can be written from (140-4)

P=R+R,=2R-iC.

Thus, in a stationary process, gross national product is
equal to the sum of national income and primary national
income,

Since here from (r16-12) and {(r40-4)

A =R,

[x1] Allais - pag. 73
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it follows that

Thus, @ appears as the average amortization period for primary
capital C, (§ 141), and since the process considered is a statio-
nary one, this average period @ is independent of the amorti-
zation rule.

For positive rates of interest and from (147-3), C/R. is
always superior to @.

As far as the ratio 1/® is concerned and as will be shown
later, it may be greater than, smaller than or equal to unity ('},
even in the case of a stationary process (%).

(1) § 227, relation {227-6).

) § 240 (relations 240-5 and z40-11, with p=o).

AT flie same time, in the case of the exponential model, ¥ =0 for p=oc
{(§ 251, relation 251-11).

{11] Alials - pag. 74
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Pary I

MODEL ILLUSTRATING THE GENERAL THEORY

200.  The general theory whose main elemenfs have heen set
forth above can be illustrated by a very simple model. This
model has some very suggestive features and appears to be of
very wide generality.

Among others, the model has the essential advantage of
being easily adapted for numerical applications, and in par-
ticular, of facilitating evaluation of the influcnce of the volume
of capital used on real consumed national income.

A. — THE ASSUMPTIONS OF THE MODEL

The model to be examined is based on two hypotheses:

Hypothesis (a): Pavelian Optimum over Time and Invariance

of i{t) - p(t)

210. It is assumed that a Paretian optimum over time is
realised ('), and that the difference between the rate of growth

(") In Trench « maxinalion du rendement social », or in the terminology
of English language literature: « optimum allocation of resources » [see

Arrars (1943)].

[v:] Allais - pag. 73
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and the rate of interest is a constant, 7',

(210-1) i@) - p(t) =7 9

Hypothesis (b): Constant Production Elasticities

21, At any moment t, the elasticities B(0) of real consumed

income with respect to primary inputs 10 can be considered
as being constant over a wide vange and independent of the
moment t considered.

As we have
iR dr,
2II-0 B(B)= " "c 8
(211-0) =/

we sce that, on this hypothesis, real consumed income Ref(#) can
be represented by the function

(211-1) Lﬁc(t)zLa(t)f”ﬁ(e}Lr’; e @

() These assumptions hold in the case where the process considered
respects Liypothesis (¢) in my article in « Econometrica » (ALrars, 1062 A)
i.e. hypotheses 1-7 of the second version of my paper for the Cambridge
Conference (ALLals, 1963) Sowme Anralytical and Practical Aspeclts of the
Theory of Capital,

{*) The operator L. represents the natural logarithin.

[r:] Aflais - pag. 76
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with
(211-2) =R, (1-6)¢ (¢-9,0) ORGNG

We now write

{211-3) k=/mﬁ(9)d9

Thus the production function is assumed to be logarith-
mically linear, and % is assumed to be its degre cof homoge-
neity. a(t) is a coefficient which depends on # and allows for
technical progress, wbich is assumed to operate on a global
basis.

("} Relation (111-5) above.
() We have

— B(l) 22 8

L)

Using discrete notation and applying a pericd analysis of pericd T, the
production function under comsideration can be written

T Do, P Boe
() Ry=aRJe, RM, ..., R,
A ~ A R
where a, b, b, ..., baj . are constant and R, R,, ..., Rﬁ, ..., are the inputs

of primary income of moments ¢, f—1, ..., i-Q, ... contributing to real
income at moment {.

Thus

(2) ER=La+b, LR+ 0, LR, ... 5 LRg+..

frx]) Allais - pag. 77
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B. — CONSEQUENCES OFF THE ASSUMPTIONS
Nolation

220. It will be useful for what follows lo consider the La-
place transform ¢(u) of the function

(220—1) (p(u)‘:‘"%'l/‘wﬁ(ﬁ)ek”edﬂ

with
(3) — =0y —

Tn continuous notation, relation (2) becomes relation (211-1) of the text.
If we put
b, = T B0}

~ "A
Ra = li’o

we have
TR=Ta+T o) L ['I‘?,,j +T R LEY
e {La+3 T 80) LTT+3 T 8(0) L7

1§ we suppose that T tends towards zero and that we have

Lo T B T (To] + oo

=2

limit {La+ 38 T 3(0) L7175 =Lal(t)
and if we put
T=4d0
we finally derive

— ‘1w ~
LRﬁam+/ 80y L7y 0
40
which is the relation (211-1) of the text.
(¥} The meaning of hypothesis (b} is in particular that, at least over
a large range, there exists a valid index of real national consumed in-
come &, . This last property corresponds to the general hypothesis T have
made in the first Part (§ 117 and vig) [in particular relations {117-1),
{z11-1) and 211-2)].

{v1] Alluis - pag. 75
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Considering small values of %, developing ¢(u) as a Taylor
series, and taking only the first few terms we have

{220-2)

G)~1 - O 16+ AG2 42

where @, and A are two constants. We have:

(220-3)

{220-4)

and

(220-5)

{220-6)

Further

{220-7)

{220-8)

(220-9)

Aolu) -0, [1-240,u]
du

2
d Qow) - 2A®f

du®

d(o)=1

uﬂ (M:TLO) = @0
du

fin_(')ﬁ (u -o)-:z A@f
du

(11} Alais - pag. 70
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For a system of points M; of mass m,;, we have
Ced w2
(220-10) m, Ofo OGzzlml.+Em! GM,

where G is the center of gravity. In all cases therefore

(220-11) Zim, 6_1\*112256221%,-

(equality arises only when the entire mass is wholly concen-
trated in the point G).
We then have by simple transposition

(220-12) / 03{0)d0 = m / B(6)do

and from (211-3), {220-5) and {220-6) it follows that of ne-
cessity

(220-13) 4 2%«

A will be equal to 1/2 only if the distvibution of the B(0)d0,
whose overall value is k, is concentrated at a given point, and
of course this cannot happen in reality ().

As will be shown, the value A=1 is a particularly signifi-
cant one (?).

() Taking account of (112-1), the same analysis applied to the {unction
w{fl) shows that

17 00 anzer

(8 § =251, relation (z251-1).

(11] Allais - pag. Bo
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It 1s useful to write

(220-14) E=4 -1

with

(220-15) 5= L
2

Expression for Consumed Income and Real Consumed Income
al Factor Cost

221.  From relation {113-4) and {210-1}) we deduce here
(221.1) Re(t)=Ra (1) "o (t-0.0)¢ "d0

From (2¥1-1) and (211-2), we have

(221-2) Lﬁc(t)zLoc(x}t/mﬁ(e){L[Rw(tﬁa)@(t—e,e)}}de

[11} Alais - pag. 8t
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Now
" auydu
e Rl e
so fhat
(221-4)

!

_/“p(u)d.'.t
LR,(t)=La(t)+2LR /p { cp(zf—ﬁ,ﬂ)]}dﬂ

Paretian Optimwm Condilions

22z.  In conditions of Paretian optimum, the cost of pro-

duction Re(#) of real consumed income Re(f) is minimized.
Subject to the condition of the production function relationship
(221-4) at any time Z; and according to (221-1) and {221-4) and
for values of g() and R,(f) considered as given, we have

(222-1) /Qe "5 (1-0,0)d0=0

“a

[ri} Allgis - pag. 8z
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for any system of values of the e on the condition of restraint

(222-2) oR, / “5(0) 22109) 5420
R, Y, ¢[¢-8,8)

where the Sy represent virtual variations of ¢.
This implies that

6“,0:K(t} 8(0)

(222-3) Pl
from which
(222-4) o(t-8,0)=K ()@ (o) "

The Condition ];C Gdf =1

223.  From (111-3) we have

(223-1) / 0(t,8)do=1

o

[11] Allais - pag. 83
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so that from (222-4)

(223-2) /mK (t+8)B(0)e a0 =1

[}

This condition can hold for all values of t only when K(t + 0)
is independent of t+0, in which case we have

(223-3) K/wﬁ(ﬂ)ehmd{):x

so that, from (220-1)

; K(t)._ T
whence if follows that
8(6)e""
(223-5) o (2-0,0) B :
E tJJ(z’)

As the right hand side is independent of £, it can be scen
that ¢ is independent of ¢ and invariant over time. Thus,

(223-6) $(¢-0, 0)= ¢(0)

[12]) Allais - pag. 84



SEMAINE D'ETUDE SUR LE ROLE DE L'ANALYSE ECONOMEIRIQUE Erc. 781

with

(223-7)

where 1 and ¢ are functions of time (§ 210).

It follows that the expression for amortization of factor
income 1s thvariant over fime and depends only on the diff-
erence 1 - p.

The process considered ts therefore, following the definition
given above, a quasi stationary process with a variable growth
rate, and the relationships derived under this hypothesis are
applicable (1) (*) ().

{*} § x20.
) Where the function § depends on fime, we have

() B =p@10.

Equation (222-3) can then be written

K() 8(£.)

(z) gl — t?(l‘uﬂ,ﬂ)
wlhence
(3} o) =X+ @B+ 0,0 et

and the integral equation (223-2)
(4) [ER @ e 0B+ 0.0 emi1d0 =

must hold for all values of t.
If we write
F(t,0) = e it 0)
then
FLo = K 0 B{+ 00

and
[0°° F (L 0) e—i0dg = 1.

In this case it does not appear that sufficiently simple results can be
obtained for them to be casily apphed,

() It would also be possible to take the invariance of the function @(0)
as a starting point, deriving the invariance of the function §(8) as a con-
clusion. (See ALLAIS, rg6o A, pp. 11 and rz).

[¥r] Alais - pag. 85
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The Expression for R

224.  Trom (122-1), we derive

(224-7) R,(¢)=R, “V e (0) do

s0 that

(224-2) R, (t) - R, (¢)

National [ncome

225, From relation {124-3) we have

3'.52. MP
R R
(225-1) _— e
Rw P
;
e
G{p)

fa1] Allais - pag, 86
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so that

g R()_ ioulie
Rc({") t-p

and from {224-2}

(225,3) R(t) iP(‘p(:’: 10)
Ro(t)  {r-0)o{e¢)

Reproducible Capital and Capital-Outpui Ratios

226.  From {123-4) and (224-2) we have

(_226-2) = ~

and

(226-3) = =

783

(11} Allais - pag. 57
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These relations allow ¢(i - ¢) to be expressed as a function
of ¥, and v, which can be convenient in numerical applications.
Thus

(226-4) b(-g)=1- (E-0) 71,
(226-5) q)(i"P)x 1-1; _1. Y (i-p)
1-Tp 1-Tp

Eliminating ¢(7 - g), we derive

I

- =P
Y

(226-6) -
226-0 —
TC

Naturally we find again the general relation (125-z) above.
It is further possible to deduce

c{t) 1,
(226-7) R{1)  Tie),

C(t) f
(226-8) R (] 1%

R I
226- e e —
(226-9) R, 1T (i-p)
R I
(226-10) e = 1=yi

This last relation can be deduced from (rro-z) and (110-9)
and has general validity (relation 123-7). The same observa-
tion can be made for (226-8) which results from (110-2) and

(110-9).

jac} Allais - pag. 88
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Primary Capital

From (123-9), (220-1) and (223-7) we have here

(226-11)

Awverage Awmortization Period
227.  We have from (223-7)

(227-1) ®=/m9 ¢{0}do.

)—f’e

:fwf'ﬂ(’_f_ o
AT

Now, from (z2z0-1)

(227-2 2ol X [Copiae o
di’ kJ,

so that

(227-3) o.__ L _4¢

(i-p) d{i-p)

[ry} Allais -
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and taking (226-4) into account,

.10 4%
(227-4) o._ T _dli-p) y
I-(7-p)Y,

Noting that, according to (226-6) and for p(¢) considered as
given, we have

a7y W qe) "7 de)

we find

(2276)  Oo___ 1 [ryp, tp_dY
(=Yg} (1-71) T d(i-p)

Real Consumed Income

228.  From (223-6) and (223-7) we have

—/’ pluldu

(228-1) L[e e cp(tmﬁ,ﬁ)J

:,/Ip(u)du—k[,cp([])

vi-0

:/{p (u)dumLk cp(z")—i’@ +L B(0)

{0

[11] Adllais - pag. go
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Thus, trom equation (221-4) we obtain

. LR =La(t)+hL Rolt) ke _p (1) n
(228-2) c (£) Told) 'k @O,k (t)

with

(228-3) h(t):[ “8(0) M’o plijdu] o
(228-4) b= / “B(o)LB(0)do

whenee finally

(228-5) ﬁc(t)xoc(t)e&é"“”[ I;¢((2J) ,;f'eor

Maxtmizaiion of Real Consumed Income for 1'==0

We have

(2286) L0 [LECJ:” LAl g

‘1] Allais - pag. o1
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and

2 142 : 2.4,
2287 L0 [LR |- 1 [M(Z)JW T 49(y)
(228-7) [ (l (I)(i’} T

Talking relations {220-7), (220-8), (220-g) and (220-13) into
consideration, we have

{228-8) —a%- lL-ﬁC } =0 for i=o
L o2
(228-0) 57 [LR<J = {I"Zi\)@o = 0 for i=o0

Thus at any instant, Ry is a maximuom if
{228-10) i =0,
Therefore we have

{228-11) Rc is a maximum for {(f)=e{) .

Wiriting Row for the maximum value of real consumed na-
tional income for =0 we have from (228-5)

o [eP%
(228-12) _RCM :{ ey ]

[1t] Allais - pag. 9z



SEMAINE D'ETUBE SUR LE ROLE DE L ANALYSE ECONOMETRIQUE kre. 780

with

= TR (F -hn
(228-13) Roy=a{t)e [ m(JJ ¢

where A(t) is a functional of p(#) (relation (228-3)) and where
k' is given by relation (228-4).

The results presented here are of course particular forms
of the general results derived in § 127 above.

Further, faking relations (226-4) and (226-5) into consi-
deration, we have

T (i p)8y] ¥
Ro [ L e J
RGM I—fC(z—-pJ

_ { I—Yp (;('l‘p)@njk
=71

(228-14)

Real National Income

229.  From rclations (228-5) and (224-2), it is possible to
deduce

_ , keh(r) i
(229-1) R, . *if)e —c C[Ry(1)]
R

k

It can thus seen that real consumed income is proportional
to [Re(£}]*.

[iv} Allais - pag. 93
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Then, in order to calculate real national income R, it is
quite natural to make, at least as a first approximation, the
assumption that

. K
{220-2) R {E} R
R

which, when k=1, gives

= R 5
(229-3) R- "= Rg
R,

This expression can be considered as valid af least as a first
approximation.
It is then possible to deduce from {124-3} and (22¢-2)

i Ra g
(2294) Re|_ Re
1-p

ps]

Whence, bringing in relations {224-2) and (228-12), we
derive

R(t) [ i-p¢pli-p) G- k
R, (t) [ {i-p)o{i-p)

(229-5)

(13] Allais - pag. g4
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Further, from the relations {226-4) and (226-5) we have

R (¢) 10, 6-@«—9)}’:

(229-6) ! - { .
R(?M[i) I+(?’”P)Ya

{13} Allais - pag. o3
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C. — CASE OF A CONSTANT RATE OF GROWTH
OF PRIMARY INCOME

Hypothesis (c): Constant ¢

230. It is impossible to obtain simple expressions Jor c?}(t, )

A
and R,(t) in the more general case where ¢ s a funclion of t,
and it does not appear that invariance of g, or its equivalent,

invariance of the function (’,\c(t, 0), can be deduced solely from
hypotheses (@) and (D) (1) (3).

Thus we are led to pose the constancy of p and therefore
of 1 as a new hypothesis,

The Funcilions a)(t, 0} and f?w(t)

231. I the supplementary hypothesis is made that the rate
of growth p(¢) is constant, i.e. that the process considered is
a quasi-stationary process with a constant rate of growth of

primary income, the functions E};(i’, ) and ﬁm(t) can be spe-
cified.

("} § 210 and 211.

() Nevertheless it may not be tmpossible to show that a constant value
of o is a necessary consequence of the general hypetheses made in my
Cambridge paper, from which I deduced the asymptotic property of inva-
riance of i{f)—p{f), and hypothesis {b). This point still requires further
alucidation. Up to now, it has not been possible to make this demonstration,

[1v] Alals - pag. g6



SEMAINE B ETUDE SUR LE ROLE DE L ANALYSE ECONOMETRIQUE HTC. 703

.....

From relations (128-1) and (223-7)

(231-1) R (1)3 (o) RultlBlo)”
k(i)

Then from relation {111-4), we have

I

Ru] {tJ ° ﬁl‘ﬁ—_
(231-2) PrTEEy R.,(t)[ ﬁ(‘ﬂ)e =1

from which we deduce according to (220-1)

(231-3) ? Wlii-p)

whence, from (231-1)

(231-4) % (L B)=5 ()

with

(231-5) 7 (8) = B{0 2
¢0)=p )k¢(i)

{ay] Adlats -

Pag. g7
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The charactleristic function i,:J(t 0) is therefore invariant,

Also, we have from (223-7) and (231-5)

(231-6) 7 (0) = q;qu(;)) e ol0)

Since

for

-

Q

Fal
the function ¢/¢ declines from a value of above 1 to o when 0

increases indcfinitely.

Average Production Peviod

232.  We have from (112-2) and (231-5)

(5:/“0 §(0)do

(232-1)

:/ma[s(ﬁ)%% an

Now, from (z2z0-1), we have

(232-2) agle) L[moﬁ(e)e"’“de

D1s] Allals - pag, g8



SEMAINE D'ETUDE SUR LE ROLE DE L ANALYSE ECONOMETRIQUY HTC. 745

so that

& T do (i

(232-3) o @

From (227-3) and (232-3) we derive

{232-4) @ G for p=o

this condition is more restrictive than the condition (131-8)
which is valid in a more general case. It could have been
derived a priori by observing that for invariant values of the

functions ¢{0) and E\p([}) over time the effect of growth of R

is to reduce ® in comparison with @. It thus follows that ®
seems to be a better indicator of the lengthening of the pro-

Lad
duction process than ®,
Tt can thus be seen that while the various formulae giving

R., cT:((]) and ® arc dependent on the hypothesis thal the rate
of growth g of primary national income R, is constant, the
preceding formulae are independent of this assumption.

The Expression for Rom

233. Relation (228-3) becomes here from (211-3)

(233-1) o

[12] Allais - pag. 99
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Thus from (228-13} we have

(233-2) ﬁcM - K[y e—kp@o
with
(233-3) K(t)=a( t)e"'[ R () J“

where a(f) represents the effect of technical progress and %
and %" are constants (). ‘
It can thus be scen that at any time, the maximum value

of Rey which can be attained will be the smaller the greater
the value of p.

Case of a Stationary Process

234.  The formulae corresponding to a stationary process are
derived by putling g=o0 in the preceding relationships. As is
to be expected, the general properties of the process given in
§ 140

(234-1) o=9p, ©=0, R=R, y=1, R=R .

are again found.

('} Relation {2113} and (228-4).

f1e] Ailats - pag. 100
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D, — LIMITED EXPANSION OF THE MAIN EXPRES-
STONS FOR SMALL VALUES OF THE RATES ¢ AND 4

Limited Iixpansions

240.  For numerical applications it is useful to have the
limited expansions for the most important of the preceding
expressions (!). Results only are given below, as the calcula-
tions offer no difficulty.

General Model

(240T)  (i-p} o I-0,(i-p}+ &, (i-p)'+ 30, (1-p)’

(240-2) R\m o~ (I_®o P)Rw

—{i-0)0

(240-3) 90} fIT [I+®° (z'mp)]ﬁ (6)

-i0

(240-4)

-

(8] o _g,_ [I+®0iJB(B)e

(240-5) O  6,[1-0,{1-p}-230,(i-p}]
(240-6) B o O,|1-0,i-286, ‘]

() Relations (220-14), (220-2), (231-3). (223-7), (231-5), (227-3). {232-3),
(224-2), (225-3), (220-1), {220-2), (220-3), {z28-12) and (229-2).
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(240-7)  Ry/R, o 1+6,{i-p)

(2408)  R/R, o 140,

(2400)  C/R,  ©,[1-80, (i-¢)]

(240-10) Y =C/R, o O, [1-0, (i-p)- 50, (i-p)]

(240-1T)  Y=C/R & O, [1-8,7-50, (i-p)]

2
SIS (i-p)- kB ®; (i-p)*
2

(240-12) R

— 2
{240"13) T;{ = 1+k 4 ®o - f'i@L (sz Pz) -k @jl(zup)
2

[4BA]
— —_ 2
(240-14)  RewRo  r(re28) O (i-p) ()
RCM 2

{") This is again the general formula (129-10)

Row— R iy d0
o — i i (§ - p = 0)
Row 2 d(i—p)
since from relation (240-5) we have
a6 . ) o
Fi i e=ol= — {1+ 28)6,

This identity of the results is obvicusly neeessary, but it is nonetheless
remarkable in that it demonsirates the waderlying consistency of two very
different chains of reasoning; the first starting from (rry-rg) and the se-
cond from (zri-1),
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These results can be used in nemerical applications subject
to the assumption that all series expressions converge ra-
pidlty (1.

Expressions for the Main Pavameters when 1==g and 1=0

Casn i=p

241.  From the foregoing (%), we have

(241-1) w(0) - _ﬁ_f(;_) for f=p
. L
IR UP »
(241-3) 0=0, ”
(241-4) R.=R, »
(241-5) Re=[1+8pRqy »
. C
(241-6) (o= T{T =0, =7, , »
(241-7) T % = _I_;Egt’@o =Ty »

(N It is possible o check that this is so in practise in a large number
of causes, and, as fay as can be judged, in al those cases which are of
practical significance (See Appendix).

In any case, it is possible {ov specific cases 1o confront resnis based on
the development of limit values and those derived from rigorons formulag
{in this context, also sce the Appendix, § 538},

(*) Relations {223-7), (231-5), (227-3) and {(240-5), {2z4-2}, (225-3} and
(240-8), (226-2), (2256-3) and {(220-2),
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CASE =0
242.  Few of the formulae take on an interesting form when

t=0 and p£o.
It is only worth noting that

{242-1) G =0 for i=0 0 (Y

a

(") Relations (232-3} and (2z0-2).
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E. - CASE OF AN EXPONENTIAL DECREASE

OF ELASTICITY 8(0)

Hypothesis (d): The ratios of the elasticities of primary inpuls

depends only on their distance in time

250.  If the assumption is made that the ratio of the pro-
ductivities of two inputs supplied at moments 0 pand 8, (0,>0))
depends only on 0, - 0,, then considering three moments 0,, 0,

and (4(0,<6,<20,) we have from (211-0)

(250-1) 8y -0))= B0y~ 04) B0, ~0,) .

From the above it follows that

(250-2) B(B) =g

Then from the relations (211-3) and (220-5)

I
» L=
(250-3) f 8,
k

A
(250-4) o,

[i1} Allais - pag. vos
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whence

a
(250-5) Blo). % ¢ %

Supplementary hypothesis {(d) thus covresponds Lo an expo-
nential decrease in the elasticities 3(0).

Charvacteristics of the Exponential Model

251.  We have here from (220-1), (220-6) and (220-14)

ol
(251_1) I'+G")“‘uo

Using this expression, the formulae applying to the exponen-
tial model are derived directly from those already given (1)
They are presented in the table below (%).

() Relations {223-7), (231-5), {227-3), {232-3), (224-2), (225-3), (220-3),
(226-0), {226-2), (226-3), (228-12), (220-5), (233-2), (233-3), {2571-5) and
(251-6).

(% The notation Ry represents the maximum values of R for i=o.

{rr] Allais - pag. 100



SEMATNE D'ETUDE SUR LE ROLE DE 1. ANALYSE ECONOMETRIGQUE e, 803

Exponential Model

[¢]
(251-2) Bloj. " o o
®,

_o
25T~ ] :mI_ @
(251-3) | (0) ¢

0
(251-4) [g(p).Le™ &
&
(251-5) (’*)—-:@(,/[1+(~)U(i—p”
(251-6) @.=®ﬂ/{x+@oij
(251-7) Rcm[n@o(z'—p)}lim

(251-8)

(251-9)  C.[1+@,7)C,
- e . 2)
{z51-10} C, - R, = o
) ) 1+@p 1+8) 1
(25711} |7,=C/R =0

(25]:“12) YZC/R:@:C@) /120}

iep. L L
® 6,
io L
@ (’9()

10
C=0 R,
o T

1-p7
R
r I/{:

[zx] Allais -
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(251'13) TC,O = T(: (?’.:P) = ®0 Y
G-‘)n =
(251-14) |7, =7 [i=p) =8, /(1+08,) SR
1 @n g "y
e "o _ -0, li-p) 1k
R I
[8315) @ RCM
k
% i
IR o) 5 -0, ik
(251-10) b e © __1_ = {(P@n i)e }
R, 3] "
e R * "k@op ﬁ (t) R k
I- R _=alf © | e = 2
e Reren[ ] Rl

In these formulae, Ra, Re, K, ﬁc, ﬁ, i and p are functions

of time. The quantities (G~ p), Yo 1> @, ©, Ro/Row, R/Rm
are invariant.

Those formulae in which c?o(e) and ® appear involve the
supplesmentary hypothesis that < and p are constants (). In the
same way the expressions (251-17) given for Rew and Ry are
valid only on this hypothesis (*).

It can thus be seen that in the exponential hypothesis, the
significant cxpressions depend on only lwo coefficients: the
coefficient of homogeneity k, and the time constant a,.

Of all these relations, perhaps the most striking is that
which specifies that the ratio C/R, is a constant and equal to

) § 230 o 232.
() Relations {233-2), (233-3), (228-4) and (250-5} for Rey; relations
{z29-5), (251-1) and first relation (25%-17) for Ry .
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the constant ®,. This condition signifies that the value of cap-
ital per unit of primary income is independent of the rates
of interest and growth 7 and ¢ (').

But it will also be remarked that national income R is maxi-
mum for ¢=0 whatever ¢. This latter is not a general finding;
it is true only for the exponential model. The notation Ru

represents the maximum value of R.

It should also be observed that relation {251-12) between v,
Yo and g is independent of the model. It is based only on the
constancy of (1 - ¢) and the invariance of the function (0} over
time [§rzo and relation (125-2)].

Expansions in series form as functions of i and ¢ - ¢ are done
as previously (% by putting

& = 0

which value corresponds to the exponential expression for f.
For small values of (i - 5) we find here

R B2, 2
(251-18) _— o I 8, (zpr
R, 2
and for the small values of ¢
R k.2 .2
(251-10) R kg
R 2

(% 240
() In my Tokyo monograph (ALLars, 1960 A) T derived and made de-
tailed comments on the different relations given above for the case D=0,
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n
Value of R, - R,
In the case of the exponential model, we have, according

to (251-7)

(25T-20) Rm“ﬁm"—"[l_ 1+8, (¢-p) J R,
1+0, ¢
o~ P ®o Rm

for small valpes of ¢ and g. Now, from {110-6) and (251-9),
we have

ac g iR,
(251-21) FTRRAT
=p O,R,
Thus we have
(251-22) R,~R, o —j—}« )

Thus, in the exponential case consumed income Is practically
equal to capital income (see § 116) and we have from (116-22),
(251-20) and (110-2)

(251-23) R, ~ R,+i C

(") ‘We have also this property in the general case, In this case, we have
from (231-3), (£23-2}, (323-4) (z24-2) and (2z0-2}

A 47)
RO)""I\’m: _I_dr‘(i"‘F) R(.)NP('}oRm
dC Re— Ry [I"”‘Sb(é_‘"(’)]
b= S = == T s ;N 18] 1{
G =R T T R T g gy o T Pl e
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Here, from (116-13), (110-1), {251-21), (251-7), gross na-
tional product as understood in this paper is given as

(25I”24) Pe=R - f{u)
- R, + (-{_(“ + R,
[ ) I + (l‘-)o {"_—P)
== Re +re Oo Rm -+ _E_‘F_@T R,
- Qi
—R(:+[1+I+OIJ o
thus
(251-25) P~ Re + R,

disregarding terms beyond the second order in ¢ and p. Tt is
interesting to note that:

~ &
(257-26) 6="1%c0

for s=o

Finally, relations (251-8) and (251-g) show that the share
of interest in national income and in national reproducible
capital is the same.
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Value of the Capital corresponding lo the Share of Primary
Income which subsequently appears tn National Income
beiween years 0, and 0,.

252.  IFrom relation (123-8) and writing ¢-p=u we have

0
,_‘(-.]:__.1!)01 _(.}.,....M)ﬂz ___!__ .,...,:‘2.,
\ : ) - ' B ) 0
(252-1) Cl{t)=R, (6.2 )8 ___@le -e
ol (Jy@ T
0

whence, in particular

(252-2) Cﬂ(t)=Rm(t)i e 7 _li-e

and

or alternatively

(252—4) C:(t)=Rm(t)
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Clearly, in the light of the observations presented above
in § 115, and from relation (123-0), the expressions for C§:, .
Ci, and C3, can be obtained by writing ¢==0 in the preceding
relations i.e. by putling #= -p.

For 0=0, we have (relation 251-5}

@
(252-5) Clt) = — R, (t)=8,R,(¢)

which is relation (251-g) given above.

Case of a Stationary Process

253. The formulae corresponding to a stationary process
can be deduced immediately from those just given by putting
G=0.

In this case, of course, we have

(253-1) ¢=9, ©=0, R=R, =y, R=R, ")

as before. Here the Capital Output Ratio 7 is equal to the
average amortisation period ® of primary capital Cu (3.

=k
Co
=R

() Relations {z51-5), (251-6), (251-3), (251-4). (251-7), {251-8), (25%-17),
{251-12), (251-rs) and (257-16).
(3} Relations (25:-6), {z51-10) and (253-1).
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Parr 111

CONFRONTATION OF THE MODEL
AND OSBERVED DATA

A. — THE GENERAL MODEL AND OBSERVED DATA

310.  In my Tokyo monograph (1960) and my New York
lecture (1961), 1 examined the justifications of the hypotheses
made in, and the conclusions flowing from, the model whose
main properties have been described in the preceding sections,
both for the general case and for the case of exponential decline
of the elasticity 5(0).

In the space at my disposal, it is not possible to cover
these different points in detail, and I will do no more than
recall the main features. The interested reader can find the
details in my carlier publications. The discussion below also
freats of several particularly interesting technical points which
I have not previously had occasion to present.

For clarity’s sake, the general model will be studied first,

1. ESTIMATION OF THE PARAMETERS OF THE GENERAL MODEL
1) The Coefficient of Homogeneily k
3r1. T suggested in my Tokyo monograph (1), and in my
Econometrica article that there are three reasons for belicving
that
(311-1) ket

(") Avrars (1960 A) § 30.
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The evidence for this is derived from study of the RoSTAS ana-
tysis of 31 British and American industries in the 1930’s (1),
of the results derived by Doucras and subsequent researchers
and finally, the stability of economic equilibrium when suitable
monetary conditions obtain,

2) The function $(u)

312.  Unfortunately, in the present state of knowledge, it
appears to be impossible to determine the function ${z) of the
general model with precision. Indeed, the only elements for
which accurate numerical data are available on the basis of
existing statistics are the ratios

., R &
R

Now, it has already been shown (%) that for the model

] 1- ¢ (i-p)
(312-1) P00 [i-¢)
_ R _ipoli-e)
AR e
R i-p
(312-3) | R i-p ¢ {i-p)

("} Rosras (1048},
{} Relations (226-3), (225-3) and (225-2}.
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The expressions for these three ratios contain only the func-
tion ¢(i - ¢), so that for any couniry at a given moment, there
is in fact available one and one only piece of information about
G ().

Eliminating ¢(i - ¢) from these thiee expressions, we find

(312-4) R.I

‘ R,  1-T¢

Ro _ 1o

. = P
(312-5) R

These two relations are in fact relations (123-6) and (123-7)
which were developed in the examination of quasi-stationary
process with a variable rate of growth of primary income,
and fhey are absolutely independent of hypothesis (D) (4.

The first has general validity since it results from (110-2)
and (110-9) (§ 226), the second follows exclusively from the
fact that we have stmultaneously

1 dC
-6 — P
{312-6) T
(312-7) I AR,
R, dt
(") § 211,
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The same is true for all the relations which can be derived
therefrom ('),

Fstimation of @,

313. If the asswmption is made that the function ¢(x) con-
verges rapidly for small values of #, the relation

v — X 2
(313-1) 9 =% ()
which neglects first order terms which include i-p can be
used to derive an estimate of the order of magnitude of ®,.

Estimation of €

314. It would be very useful to have an estimate of 3, since,
under the hypothesis of an exponential decrease of the function
3(8), we have g=0 (3).

However, even if rapid convergence of the function ¢(u)
for small values of u is assumed, and admitting as a conse-
quence that we can write ()

(374°1)  @(i-p) oo 1-0, (i-p)+(x+8) @2 (i-p)”

{1} This is nofably the case for the interesting relation

given above {125-2).
() Relation (226-3) and {240-¥T).
{3 Relation (z5r-1).
{9) Relation (240-1}.
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the Imowledge of ¢(i - p) on ifs own can be used to derive only
a single relation between ®, and &.

Thus, for example, the statistical knowledge of v gives the
relation (1)

C . ,
(314_2) Tm ﬁ oo 60[1—®oz_5 ®n(3_p”

In other words, there is only ome empirical relalionship avail-
able to determine the two parameters ®, and 8.
The condition (%)

— 2 i
(314-3) R [I- O (i-p)-56] (i-p)"]"

CM 2

from which a second expression could be derived, is practically

unusable, for the variation of ﬁc'/ﬁcm with ¢ and ¢ is second-
order and complefely negligible by comparison with the in-
fluence of the other factors determining the level of real con-
sumed Income.

Alternatively, we could think of using one of the two rela-
tions (%) (4

(314-4) 0~ ®O[I—®o(z'~p)—26®o(z—p”
(314-5) O 0,[1-6,i-256,i]

(') Relation {z40-11).
(?) Relation (z40-13).
(] Relation (240-5) and (z240-6).

) We have @8 ~ (-2 8) @ p.
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but recourse to available statistical material to determine the
functions ¢(0) and é(ﬁ) directly, and using them to derive ®
and ® would ivolve such large estimating errors that the cal-
culation of ®, and & from the two preceding relations would
be completely devoid of significance.

It is easy to see this. Tor, from relations (z240-5) and
(240-10} we have

(314-6) Yo- 8 5 6% (i-p)
50 that

Y
. 8o 7
(314-7) o2 i)

or, putting ®, o~ v, as a first approximation

7.-®

" w _Jom¥
(314-8) (i)

It is obwvious that, even where the relative error in ® is
relatively low, the reclative error in the difference yo - © will
be high. The same is true of the difference i - ¢ (!). So much

() An accurate estimate of / poses cbvious difficulties; the same is true
for p. We have

An sstimate of p in which this paramcter is talken as being equal to the
rate of populaticn growth can clearly only be a frst approximation. Tt
follows that for small values of i and quite high values of p, the relative
error in the estimate of -5 can be fairly large.
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so that in the existing state of knowledge, even if the gratuitous
assumption of rapid series convergence is made, the possibility
of making a serious estimate of the constant & appears to be ont
of the question.

At the same lime, 1t should be clearly understood that these
difficulties do not arise from the model itself bui are inherent
i the nature of things,

2. ‘IUS'I‘IFICATION OF THE GENERAL MODEL WITH RESPECT TO ITS
HYPOTHESES

General Model - Hypotheses (a), (b) and {c)

The general model is based on three hypotheses:

(a) Paretian optimum and invariance of the difference
it) - p(%),

{b) unchanging production elasticities and

(c) a steady rate of growth p of primary income R, (§ z1o-
21T and 230).

Hypothesis (a)

315.  The assumption of a Paretian optimum can be accepted
as a first approximation, af least insofar as equivalence over
time of primary inputs and the comparison in time of their
relative productivity is concerned.

The hypothesis that the difference i(£) - o(£) is invariant is
an asymptotic property of capitalistic processes which can be
demonstrated on the basis of very gemeral assumptions ().

() Arrams (1962 A) p. 702, Arniais (1963) § 117 and 127 and ALiais
(1964) § 53.
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Hypothesis (b)

316, The assumption of logarithmic linearity is justified by
the results obtained in the research undertaken elsewhere on
production functions (1),

It is further justified by the fact that a general property of
nature is that the empirically measured regularity of numerous
phenomena can be expressed a wide range by logarithmic-
ally linear formulae. This explains, for example, the relative
stability of demand elasticities, the approximative constancy
of the rates of growth of population and production of dif-
ferent kinds, and the general applicability of the lognormal
statistical distribution.

It is worth stressing at this point that #his hypothesis can
only be considered as valid in the context of a finite vange of
variation of the pavameters (%) (3.

The invariance of 3(0) over time is an assumption which
can have no a priori justification. I can only be justified by
its consequences.

Hypothests (c): Stability of the Rate of Growth p of Primary
Income R,

317.  The hypothesis of a constant value of the rate of growth
g can be justificd by the fact that if economic development is

() Arrats {1660 A), § 37.
( In discrete notation if the production funetion (note 2, p. 45, § 2131)

Rea b, R4, L, Ry, ..
i

were considered valid for any value of primary input, the manifestly unace-
eptable conclusion would follow that R would necessarily be zero if any
one Ry were zero.

{(*) Naturally, bypothesis (b) implies the more general hypothesis accord-
ing to which there exists a valid index Ry of the real national consumed
income (§ ¥15, 119 and =211),
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considered in terms of trends, the rates of growth appear as
approximately constant over large segments of time.

At all events, it must be stressed that the great majority
of the results are obtained independently of this hypothesis ('),
The hypothesis of constancy of ¢ enters into the culculation of

~ -

@, R, 6 and Rey (&) only.

3. JUSTIFICATION OF THE GENERAL MODEL WITHL RESPECT TO
ITS CONSEQUENCES

There are at least two points on which the general model
appears to be justified by the conclusions to which it leads.

a) Weak Relationship between Real Income per Capita and the
Capital-Output Ratio at any Given Moment

318.  We have seen that
(318-1) i AR

where Rem(t) is independent of the capitalistic structure ().
For ko1, @, 4, and ¢ and p of the order of a few per-
cent, this equation shows the relationship between real income

(" § 220 to 220

) § =230 to 233,

() Relation (228-14). R, (1) is given by (228-13) and if p is constant
by (233-2) and (233-3). )
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per head and the capital-output ratio y=C/R to be a very
weak one in different countries over a given lime span, and
this is in conformity with observed facts.

In practise, no statistical inlerdependence can be found De-
tween veal income per capila and the capilal-oulput valio vy,
While this coefficient has real influence, it is insignificant by
comparison with the influence of other factors.

Il can thus be seen that the theovy presenied leads to the
expectation of, and provides an explanation for, a weak ve-
lationship between veal income pey capiia and the capital output
coefficient.

Such a finding demonstrates only the consistency of the
model with observed facts, 17 does not prove that the assump-
tion of logarithwmic linearity of the production funclion ts nec-
essariby corvect. It is evident that there exisls an infinite num-
ber of production functions which imply a low interdependence
of real income and the capital-output ratio.

p) Weak Relationship over Time between Real Income pev
Capita and the Capital-Output Ratio

31g.  As the coefficient ®, is assumed to be consiant over
time, the preceding formula leads to the expectation of a low
relationship over time between veal tncome per capita and the
capital-outpul vatio, and again this corresponds to observation.

But heve again, no conclusion can be drvawn other than that
the model is consistent with reality.
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B. — THE EXPONENTIAL MODEL AND
OBSERVED DATA

1. ESTIMATION OF THE PARAMETERS OF THRE EXPONENTIAL
MODEL

320. The exponential model contains only two parameters,
koand ©,.

The estimate of the value of % is derived in the same way
as in the general model.

Estimation of O

321.  We have found the relation

(321-1) 0, =

with y=C/R (1).

Thus @, depends only in ¥ and ¢ and this relation holds
whatever the value of p.

Methods of estimating ¥ and ¢ are given in my Tokyo
monograph and in my New York lecture (%) (°).

() Relation (251-13).
() Arrais, 1960 A, § 42.
() ALnats, 1962 A, Pp. 714-715.
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Here are the main results (1):

TABLE 4
Estimates of @,
U.S, - G.B, - France - 1913 4.41
United 1880-1900 4.34
Averages States 1900-1913 4.11
T950-19506 3.64
i Average  1880-1g956 I 4.12

The estimates of @, are of the same order of magnitude for
the United States from 1880 to 1956, and for the United States,
France and Great Britain in 1913. 8, is roughly 4.

2. JUSTIFICA’L‘ION OF THE EXPONENTIAL MODET. WITH RESPECT
TO ITS HYPOTHESIS

Hypothesis (d): The Relative Productivity of Primary Inputs

322.  Hypothesis {d) (*) cannot be confirmed directly from
experience, and can only be justified by the concordance of
the conclusions flowing from it with observed data.

However, a priori, it seems intuitively reasonable to as-
sume at least as a first approximation that production clasticities
decrease exponentially with time.

Further, this assumption is closely related to hypothesis (5)
of invariance of the function 3(0) over time. Tn fact, postulat-
ing the invariance of the capitalistic production function of
the productive system over time implies not merely the cons-
tancy of the function p(0), but, also, if we think it over, the fact

("} See § 324 below.
) § =250,
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that the relative productivity of two primary inputs depends
only on their distance from each other in time, and this is
exactly what hypothesis (4} says.

3. JUSTIFICATION OF THE MODEL WITH RESPECT TO ITS CON-
SEQUENCES

The main points or which conclusions derived from the ex-
ponential model are justified ave the following:

a) Small Inter-country Differences in the Value of the Capital-
Output Ratio at the Same Point of Time

323.  The relation

&, 0

(323-1) Vo
1+@ 2

shows that if @, as a technical constant applies to the different
countries considered, the capital-output ratio y should change
but little, for according to the formula such changes cannot be
very great at observed rates of interest and with a value of @,
of about 4.

Thus, for 1913, I have calculated @, as (%):

United States . . . . . . . 3.44
France . . . . . . .« . . 3.83
Great Britain . . . . . . 3.67
Average . . . . . . . . 3.64

(") Relation 251-6.
() ArLais (rg6o A), p. 7¥5; (1962 A), PP. §2-53.
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b) Low Variability over Tume of the Capital-ouiput Ralio v
within the same Country

324.  According to the assumption made, the function 3{0)
is in variant over fime, whence it follows that ®, is a consiant,
independent of time (1). This leads to the conclusion that for
any given country, changes in v are the result solely of changes
in ¢, which means that v should vary but little over time for
any one couniry ().

The record shows that this is indeed the case for the U.S.A.
where, considering years in which comparable levels of full
employnient were attained, the coefficient ¥ takes the values
shown below (3).

TABLE 5
Vear v Period . Period - pone Period
Average
1880 3.13 ‘
1890 3.87 1880-1900 3.50
1600 3.69 i i
21880-1913:
1506 3.37 average: 3.48
1910 3.38 1906G-¥913 3.40
1913 344 :
1923 3.3¢ ;
1929 3.46 1923-1037 3.56 1880-31950
1937 3.88 : | average: 3.46
1950 3.40
1955 3.30 1950-1956 3-35
1956 3.35

(" § zrr, 250 and relation {250-5).
{*) Relation {323-7).
) Arrazs, 1902 A, p. 714,
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The exponential model thus leads to the expectation that
the value of the capital-output ratio will differ little across coun-
tries at different times.

If we use Coriny CLARK's figures, consisting of 58 estimates
for 21 countries for different dates between 1805 and 1953,
we find that they are lognormally distributed with a median
value of 3.54 (1.

The overall results are therefore as follows:

U.S.A., 1880-1056 (median of 12 observations) . . 3.46
U.S.A., France, UK., 1913 (average) . . . . 3.72
World - 1805-1053 (median of §8 observations) . . 3.54

The concordance of these different estimates is absolutely
remarkable. It suggesis a femporal and spatial vegularily
which in any case must be explained.

The explanation given by the model is a simple one.

¢) Constancy of the Ratio C/R,

325.  The exponential model contains a very remarkable re-
lationship:

(325-1) C{t) =0, Ry(?) Q)

According to this expression, stafistical analysis should show
an approximative stability over space and in time of the ratio
of capital to primary income.

Y Arrais (3660 A), pp. 54-57; (1062 A), p. 723.
(3 Relation (z51-9).
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Since for any economy (')

(325-2) R=R,+iC

it Tollows that we have

(325-3) el

for any economy.,

Tn other words, testing that the ratio C/R, remains equal
to a constant @, is eqnivalent to testing that the ratio v/{x - 77
remains equal to this constant.

This is precisely what was done above in estimating e,

(§ 321).

d) Exponential Form of the Amortization Function ¢{0)

326.  The exponential amortization relationship

(326-1) ?(0)= = - ®

() Relation (1ro-2).
() Relation (251-3).
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derived from the exponential model appears to concord very
well with the results obtained from analysis of available data
on durable goods in all cases where a sufficiently large compe-
titive market in these goods exists (1) (2).

An attempt to derive the fonction «{0) directly, at least
approximatively, can be made with the help of statistics of the
distribution of the working population. This analysis involves
major difficulties, but at first sight seems to produce resulfs in
conformity with an exponential form of ¢{0) (3).

‘The length of the production period @zzy is of the order
of 3.5 years for the U.S.A. For the average amortisation period
8 =ve, from (251-0)

(326‘2) (“) = _(-)

I—-@p

Whence, for @:3.5 and p=1.9% {1, & is derived for
the U.S.A. as 3.72, i.e. a value which differs little from that

of @

() Arrats (xoGo A}, p. 22-23.

() It may be ebjected that in a rigorous formulation, the composition
of different exponential amortization functions cannot result in an expo-
nential global amortization function over the whole range of variation (o, o)
of 0. Nevertheless, over the useful variation interval (o, 1oo) of (1, use
of this type of function is certainly possible, as it involves a rather low
relative error,

() arrais (roGo A), § 45,

(') Equal. as a first approximation, to the rate of population growth in
the U.S.A,
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. — GENERAL COMMENTS

Constancy of @,

330.  The observed stability over both time and space of the
coefficient ©, may at first sight seem extraordinary. However,
on [urther reflection, and in the framework of the model, this
stability becomes much less astonighing. It expresses the fact
that whatever the state of knowledge, the decrease in the pro-
ductivity of the factors of production as they become more
distant in time remains constant. In a certain sense, Lhis is
an index of the conceptual difficulty tvolved in thinking about
roundabout processes {*).

Estimalion of © and the Distribution of the dctive Population

231, There is a manifest relation between the value of the
average amortization period @ and the composition of the worl-
ing population, and it would seem reasonable to envisage esti-
mating the value of @ directly in order to compare it with its
theoretical value, which in the case of the exponential model is

{(331-1) @ =y, 9

(") Relation (z11-0) and (251-2).
() Relation (251-11)

f1i] Ablais - pag. 131



828 PONTIFICIAE ACADEMIAE SCIENTIARVM SCRIPLA VARIA - 28

Any hope of doing this is illusory, since it has been shown
that whatever the function B(0), for small values of ¢ and © we
have

(331-2) @~ vy, 9

In practise, the rates 7 and ¢ are quite small and it is there-
fore practically cerfain that the order of magnitude of the
value of @ should be about the same as Yo But if this con-
cordance does occur in fact, it only shows that the Yeasoning
based on the composition of the working population is corvect;
in no way does it demonstrale the validity of the model pro-
posed. This demonstration would only be possible if the deter-
mination of the function ¢(0), and therefore of ®, from the
composition of the working population, could be done accura-
tely enough for the difference vo~ @ itself to be determined
sufficiently precisely. As has already been noted, this is an
undertaking which appears to be impossible, at least in the
present state of knowledge (2).

The Influence of the Function 3(0)

332. It is inferesting {o examine what the vesults which
correspond to the exponential model become when a non-expo-
nential expression is used for (o).

Appendix [ contains a study of the case in which the quite
acceptable hypothesis is postulated that f(8)e*® can be repre-

) Relation (227-6). For s=p=o0, we have

@ = vy
(3 § 312 to 314.
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sented by a convergent Taylor series for any value of 8. It is
worth remarking that in most of the cases which can reasonably
be envisaged, the coefficient 5 remains relatively small, where
upon the properties of the model are quite similar to those of
the exponential model.

Amortization of Primary Income

333.  The relationship between the amortisation function ¢(0}
and the usually accepted notion of amortisation raises a number
of problems to which allusion has already been made ('), It is
of interest to examine these problems in the light of the results
which have been obtained.

1) In the first place, the usual definition considers invest-
ment as occurring when an already completed investment good
begins its productive career. By contrast, the act ol invest-
ment is considered in this paper as taking place when the
primary inputs are furnished. A distinction must thevefore be
made between the amortisation of primary income and the
amortisation of investment. It further follows that under the
usual definition, amortisation contains an element of interest as
well as the depreciation of primary inputs, whereas in the
present paper, amortisation relates only to the primary input
content of the investment,

z) A part of the primary income invested at a given
instant ¢ emerges in the global preducion P* of consumption
and investment gonds at instant (#+0). The primary inputs
which correspond to the latter are thus reintroduced into the
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production process. Some portion of them will reappear at
instant {(#+ 0+ 0} in the global production of that instant. The
primary inputs which correspond to the durable goods element
of this production again enter the production circuit, and so on.

Theve is therefore a close velationship belween the amorli-
sation schedule of primary income @(0) and the amoriisation
schedule for durable goods from the time they emerge from
the production process and are themselves put into. operation
to produce further new production of consumption goods,
Clearly, of course, the amortisation schedule for primary in-
come is not identical to the durable goods schedule,

The supply of reproducible capital at a given moment is
composed of three elements:

a) Inventories (stocks and work in progress);

b) Equipment (machines, lorries, motor cars, washing mach-
ines, elc.);

¢) Structural assets (factories, houses, roads, efc.).

No item of primary income arising at any given moment
can emerge in subsequent consumption unless it has been
incorporated during the interval either in invenfories (stocks
and work In progress) or in equipment or structural invest-
ment. There is thus a close relationship between the amorti-
sation function of primary income ©{0) and the stimcture of
reproducible capital.’

Finally, since inputs of labour constitute a part of primary
income there is also a close link between the amortisation func-
tion of primary income @(0) and the composition of the labor
force which corresponds at any given moment to the allocation
of the amounts of labour available as between the different
phases of the produnction process. In particular, as has been
noted earlier, the invariance of the function ¢(0) over time
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follows from the invariante of the composition of the labor
force (1).

Any assuniption concerning the amortisation function ¢(0)
of primary income can thercfore be tested against observed
reality from three points of view:

&) The composition of global production P* in terms of con-
sumption goods and invesiment goods, and the amortisation
schedule for investment goods and durables;

by The structure of reproducible capital;

¢) The composition of the labor force.

3) The shape of the amortisation schedule ¢,(6) for any
particular economic sector ¢ gencrally bears little relation to
an exponential curve, at least for sufficiently low values of 0.
©,{(0)d0 represents the share of primary income which will
emerge in consumed income during the interval 0 to 0+ 40.
But, taking steel manufacture as an example, the industry’s
output can only enter final consumption after a period of at
least some months; it must first pass through a number of
intermediate stages. Tt follows that primary income absorbed
by the steel industry can only emerge into final consumption
after a certain lapse of time. The function ¢(0) thus starts
with a value of zero, grows, reaches a maximum and then
declines. The same is frue of the majority of economic sec-
tors (3.

Naturally,

(333-1) Ragp(0) =2 R ¢,(0)

where R, is the primary income devoted to sector i.

) § 1zo.

(3 The shape of the majority of ¢{0) functions is therefore sbmilar to
that of the function {0) which corresponds to the para-cxponential modeal
examined {n annex (Scction I A, § 520 to 524).
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In the present state of knowledge, it is difficult, if not im-
possible, ta assign a particular form to the ¢,(0) functions, At
the same time, the analysis in the present study provides nu-
merous reasons for believing that the shape of function ¢(0)
should not differ too greatly from an exponential form.

4) Global production P¥ at any given moment consists
of the total of consumed income Re and investment I:

{333-2) P*=Rs+T.
But on the cost side,

(333-3) P*=R,+a +iC

where primary income R, includes the wage bill and rent from
ownership of property, iC represents the interest charged on
the global value of the existing reproducible capital, and €
represents the effective amortisation of reproducible capital
defined by the relation

) dC
(333-4) & o ]
Thus, we have
(333-5) P*=Re+I=R,+€+iC 0

(') See Avrrars, Les Fondements Complables de la Macrodconomique
(The Accounting Bases of Macroeconomics).
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5) Global production P* corresponds exactly to gross na-
tional product P as conventionally defined if the two follow-
ing adjustments are made:

a) In the first place, the guantity

(t-pe) Co "

should be added to P’, where Cg is the overall value of existing
stocks of durable consumption goods, { the rate of interest,
and pg the rate of growth Ce. Valuation is in terms of the unit
of primary income, i.c. the basic hourly wage-rate (3.

b) The Gross National Product, P/, as usually defined
covers private consumption, private investment and govern-
ment purchases of goods and services. But a part only of
government expenditure should be considered as corresponding
to final collective services rendered directly to the public; the
outlays which correspond to services rendered to the business
sector should be deducted. As a first approximation, this quan-
tity can be taken as taxes paid by business (3).

Thus the relationship between P and P’ is:

(333-6) PreP 4+ (i-0) Co- T

when &y represents the taxes paid by business.

"y § =16,
) § 110,

{*} On this point, see ALLAYs, Les Fondements compiables de la wmacvo-
dconomique (The Accounting Bases of Macroeconomics), op. cit., pp. 48-40
and 54-55, and Iuzwers, Govermmeni Product and National Income, In-
come and Wealth, Serie I, Bowes, Cambridge, pp. 178-194.
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6) The estimates of capital-output ratios 7 and ye given
in § 320 and § 326 have been calculated on the basis of avail-
able figures for national income. In point of fact, the compi-
lation of these figures is subject to many conceptual difficulties,
and the data must be adjusted if they are to be used for even
a midly rigorous application of formulations in the present
study. It may be helpful at this point, to illustrate the problem
by examining data for the U.S.A, economy in 1956.

In that year, it is possible to take as a first approximation:

i=2.55%, "
P=1.7% *)
fe=p=1.7% ()

i-p=1-0:=0.85%

() i here is the pure rate of inlerest in wage wnils, since the unit of
valuation in the presenmt study ig the wnit of primary income i.e. the basic
hourly wage rate {§ 110). In my New York lecture, published in « Econo-
metrica » in 1962, I caleulated

where 4, is8 the pure rate of interest in nominal ferms and ¢ the rate of
growth of howly wage rate (p. 714).
() § 320.
() Since the composition of reproducible capital is fairly stable over
time, as a first approximation, it is possible to take
1 dC, 1 dC
23 —_—

C,dr  C dt
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and, in billions:

P'= 4192 Q!
C=1199.7 )
Co= 163.4 )
Jo= 357 ¥

Then, from (333-6),
P*=419.240.0085 x 163.4 - 35.7=384.q .

Private investment (excluding consumer durables) amount-
ed to $64.4 billion (5). To this figure should be added pur-
chases of consumer durables amounting to $38.5 billion (%),
making a total for private investment outlays of $105.9 bil-
lion. The value of public investment is not specified, but it
may be assumed that both kinds of investment are in propor-
tion to their share of existing non-monetary reproducible ca-
pital. This enables the value of investment fo be estimated as

= 11997 105.9 = 12I.8 ©)

{!) « Economic Almanac », 162, p. 1ar,

(% Excluding monetary  metals {« Economic Ahnange », 1962, B. I40)
valued at $26.5 billion:

1226.2 - 26.5 = 1197.7 .

The figure of 1226.2 corresponds to the global value of reproducible capital,
of which 26.5 represents the walue of Mmonetary stocks of gold and silver.

There is also a question as to whether military assets ($84.3 billion)
should not be included also. These assets contribuie to the supply of the
final collective service « defense ». On balance, it seemed preferable to omit
them, but it is open to discussion whether they should not have been
counted in,

() hid., p. 140.

(") Indirect business Tax, Ibid., p. 1zr.

() « Economic Almanac », 1962, p. 122,

() Thid., p. r40. In hillions of dollars.

Public buildings and equipment =5.6+ 145.7 4 5= 156.3.

The figare of 156.3 corresponds to the overall value of the different clas-
ses of governmental reproducible capital, excluding military assets valued
at 84.3.
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Correspondingly, from (333-5)
Rg=P* - 1=1384.9 - 1217.8=203.1

whence

Again, in Dbillions of dollars:
Valne of inventories =122.3 M
Value of equipment =340.8
Value of structures =736.6

So that the value ¥ of the share of reproducible capital

acoounted for by stocks and goods in course of production
can be calculated as

== 23;1%* - 0.102
1159.7
Since
(333_7) Ry== [I - Tc(I - P)]R(; (2)
(333-8) dC/dt=¢C @)
ac X
(333-9) =T o =T~ pC “
(333-10) R=R;+¢C )

(1} « Economic Almanac », 1662, p. 140

{(*) Relations {1701}, (110-2) and (r23-z). It may be recalled that the
relation (123-2) is based on the two assumptions that {(i—p) is constant and
that the funetion o{0} is invariant over time, i.e. that the composition of
the Inbor force does not change (1zo). Ioih assmmptions are faitly weak.

"} Relations (25:-0) and {110-6}.

() Relations {(333-1) and (333-8).

(Y Relations (110-1) and (333-8).
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il can therefore be deduced that

Ru=(1 - 4.56 X 0.0085) 203.1 =252.9
dC/dt=pC=0.017 X 119Q.7 = 20.4

& =121.8 - 20.4=T0T.4 ")

iC=0.0255 X T1gQ.7 = 30.6

For the U.S.A. in 1056, relation (333-5) above

PE=Re+I1=R,++:1C

can finally be written

384.0=263.1+121.8=252.04+ 10T.4 +30.6 .

() This figure differs greatly from the 34.4 given in the « Econemic
Almanac », 1962, p. 12, which related however only to private investment.
On the assumption that the relative values of amortisation of consumer
durables and government investment are the same the 34.4 becomes

1199.7 — 319.7

The 319.7 is derived as the total of 163.4 (consumer durables) and 156.3
{public investment). The difference between the two figures yor.4 and 46.0
is a reflection of the inadeguacy of the usual methods of estimating amorti-
sation.  Whatever caleulating process is adopted, it should respect the
identity

34-4 == 46.9

daC
it

on which I have based the calculation of €,

I..—;:
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Tt follows from this relation that primary income R, is
allocated both to consumption and investment goods, and as
a first approximation it may be assumed that the share of
amortisation and interest in Re and T is the same ('), On this
basis, the position can be summarised as in the foHowing table:

TagLr 7
V.5 A 1956
R €l iC Total %,
R 172.9 6g.3 20.9 ) 203.1 68.4
I 8o.0 321 9.7 121.8 31.6
Total 252.9 101.4 30.6 384 9 100
% 65.7 26.3 ! 8.0 100

The table shows that under the assumptions made, the share
of primary inputs in investment at any given moment cor-
responds to

only some 32%, of primary income, whereas they represent
T - %=0.898

in the region of go% of reproducible capital. This quite re-
markable circumstance calls for explanation.

() See relations (251-8), (251-9) and § 251 in fine. See also Tables 8
and g below,
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The Case of the Exponential Model

334. In the case of the exponential model, it is possible

fo precise these different indications:

1) Tn the first place,

(334-7) ®=yo=C/Re
(334-2) H=y=C/R
®
(334-3) 0= o6
(334-4) ft,= I{gg; 2
whence
O =vo=4.56

& =y =1100.7/283.5=4.23

® - 4.56
°7 1+ 0.0085 % 4.56

=4.74

B - I4+0.0085 % 4.74 B
® 140.0255 % 4.74 X 25292347

'} Relation {251-11).

{
{*) Relation {251-rz). Also, from [251-6)

8= 0.0+ 8, .
{*) Relation {251-35).
(1 Relation 251-8).
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It can thus be seen that if the adjustment items {7 - p)Co
(upwards) and 9 (downwards) on R are taken into account,

the values of ®, ® and ®, are some 15% higher than when
the calculation is hased on uncorrected figures of national in-

come (1} (3.

2) In the case of the exponential model, it is of interest
to distinguish the contribution of the different primary inputs
to primary income, consumed income, capital and primary
capital, according to the period in which they appear in con-
sumed income. For illustration purpose, three intervals of
time (o0, 0,), (9,, 6,) and (9,, oo} will be considered.

The shares of primary income which correspond to the
intervals (o, 0,), (0,, 8;) and (8,, oo} are respectively (*).

o o Y
(334-5) Rul,w:/icp(o)dO:Ime o
o 1]
ty 0, I
(334-6) 13(,'1.&,:/ $(0)d0=¢ o B
!
o . —..P.E_
(334-7) Ruz,mz/ $(0)do=c O
9

"y § 320 to 326.

(8 1f military assets ($84.3 billion) are included in the evaluation of
reproducible capital (seg note (z) p. 130 above), higher values still are
reached : ~

@ = 514 B = 4.72 B, = 5.37
but the inclusion of these assets when wvaluing capital is open to gquestion.
(M Relation (251-3}. It will be recalled that:

.[;,OOCP(U) o e x
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Clearly, consumed national income can be divided up into
the corresponding shares, for which the expressions are, from

. Uy - 1 . lm
(334-8)  Ree™= Rol?) [ 0 o)l § = ]:j(_)ﬂ LI-—“-BM (@ )0 ]

o B

(334-9)
b "0 T S A TR 2‘
Rije = .lin‘.,(/)'/ e a(0)dh = 1"‘::“(—3}{[3 (6= —¢o )GJ

1

TR R .m 1 u:.-— A s "
(334°10) Moo= 'h'”(i)./ , oA = ‘(:}3?[,(/ ot ]
with {1

. a3 o 2l 5 03 o Rm{t)w
(334-11) Ry = Rowe+ Rape -+ Rige =3 7
and
(334-12) u=i-9.

() Relation (251-7).
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From relation (252-1), the corresponding shares for ca-
pital are

I
: ek
(334-13) CloRoxe o T (I—c @)
% -9 ®
1 1 0 o,
: RIS
- 2 Rm e '@ —e ' 0 [ a @ J
(334 4}(:“1:17 — ., ¢,
- 02 - _6_2
(334-15) C) =R, [ ¢ _I] ¢ ®
Z -Qu u
# s given by (334-16), whence
" -0y ~8y o . I .V R @
{334-10) Cuox Gt o Cgf + Cp, o }}“‘wlgf(?)" _1- B
6
e & - 1
I Ry =0, R, )

Clearly, from the discussion in § 252, the corresponding
shares of primary capital

i ~{, ~C0
CO,(u ('01,(0 (403,03

(") Relations (253-g) and (251-3).
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can be obtained by pulting 7=0 in the expressions for the

breakdown of capital i.e. by putting

(334-17) =~ p

in the three relations (334-13) to (334-15).

Finally, the average amorfisation periods for the three

groups considered are

/02 ! 7
Dp{0)d 0 T e
(33419) O = o _o, he 0 -0he °
()2 Ul “2

A cp(U)dB ¢ @ g ©

The last of these expressions is particularly simple.
nally

(334"2]—} (‘):; s C;i /R:i for #=0

TFi-
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3) As a further illustration, take

0;=1 year B, =5 years

From the estimates presented above

8 =4.56 #=1-p=0.859% =1.7%

and the following table may be constructed from relations
(334-5) to (334-20).

TapLE 8

Characteristics for ®=4.56 Treakdown of Ry, Ry, C and Cg
#=0.85% e=1.9%

0= x 0:=3 )
Iixponelntial hypothesis o< | 1<l 5777 0<LO<5 | 5<B<e0

Share of Consumed Income

. 150 0.46% 0.651 0.349
Ric/ Re
Share of Primary Tncome o
0.197 ©.409 ©.666 0.334.
Rio R, .
Share of Capital
s - 0.020 0.272 0.2G2 0.708
o/ C ’
Share of Primary Capital 5
Ty ©.022 ©.293 0.315 0.685
. (:EEI(II /C(:)
Capital Output Ratio 8
N . o0.480 2,603 2.04 5 9.2573
Cy RE
Average Amortization Period
. 0.48 2.71 2.05 .56
o
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It can be seen that primary inputs emerging in consumed
income before a year has clapsed represent 20% of primary
income, but only 2% of capital. On the other hand, inputs
which appear in consumed income after § years represent 71 %
of capital, but 33% only of primary income.

Tt will also be observed that by reason of the low valucs
of p and (i - p) the difference between the shares corresponding
to consumed income and primary income remains relatively
small; this is also true of capital and primary capital.

For the same rteason, the amortisation periods @7 difler
relatively little from the ratios CJt/RT .

Finally, it can be seen that for small values of 0y, the con-
tribution of primary income to capital is practically negligible.
If (334-13) is developed as a Taylor series, the main compo-
nent of C" /C is seen to be 0; /2 @2

4) These theoretical results help to explain the empirical
figures obtained earlier (!) showing that the primary income
incorporated in investment at any given moment represents
329, of the total primary income of that moment, whereas
the contribution of the different inputs of primary income over
time to reproducible capital is of the order of g0 % (.

5) To make an approximate assessment of the relation-
ship between the empirical results and those in Table 8, we
adopt the following hypothesis (II), bearing in mind that it is
not rigorously verified, and indeed, can at best be only a
rough assumption. The hypothesis is that primary inputs
incorporated in investment can only emerge in consumed in-
come after the expiry of a period 0, whereas the primary
inputs which enter stocks and goods in course of production

{) § 3336
{?} Each contribution rvepresenting 32% of the primary income of that

moment.

[xr] Ablais - pag. 149



846 PONTIFICIAE ACADEMIAR SCYENTIARVM SCRIDTA VARIA - 28

all appear in consumed income bhefore the end of 0. The
approximate nature of this hypothesis is evident from the fact
that certain primary inputs which are incorporated in repro-
ducible capital in the form of maintenance outlays or repairs
appear in consumed income immediately, while at the same
time the primary inputs which correspond to stock formation
may only reach consumed income long after the inputs cor-
responding to certain types of investment.

If hypothesis (H) is taken as correct (which, rigorously, it
is not), the contribution of primary income to investment,
from the figures in table 8 and relation (334-15) should De

gl
RE?(U e @ e P— 0.316

Le., for @=4.56
0"=5.25 )
From the preceding discussion, this cerfainly is an over-
estimate.
Similarly, if hypothesis (H) were true, the contribution of

primary income to fixed investment (i.c. capital immobilised
in the form of equipment and structures) should be

For

(") See Chart IT below,
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the value of 0" is determined as
0" ==2.46 "

The earlier discussion suggests that this estimate is an under-
statement. Thus, if hypothesis (1) were verified, we should
have

2.46 << 0" < 5.25 .

Since the exponential model is assumed to correspond to
reality, the distance between the two values for 0" results from
the incorrectness of hypothesis (H); but the fact that these
two values are of the same order of magnitude does suggest
that hypothesis (H) does not depart too far from reality.

Taking the geometric mean of the two estimates,

0'= 1 2.46%5.25=3.59 .

For this value of 0/, the following theoretical values are
found:

py
Ay == RE'O,,,, ==¢ 9 20455

(Y See Charts 131 A and IIT B Dbelow.
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instead of the observed values p=0.32 and 1 - A=0.g0 respec-
tively.

Here again, i the exponential model is assumed to Dbe
correct, the divergences are the result of the incorrectness of
hypothesis (H), but the concordance of orders of magnitude
shows that the interpretation of reality corresponding to hypo-
thesis (H) is acceptable as a first approximation.

As might have been expected, the values of 0”=3.5¢9 which
has been derived is of the same order of magnitude as the

average production period, @:4..23. In point of fact, if the
supplementary hypothesis (H’) that all investmenfs involve
a production period equal inn length to the average production
period is made in addition to hypothesis (H), it follows neces-
sarily that

0 =0 =4.23

It may Dbe concluded from this that if the formulation of
the exponential moedel can be considered as conforming with
reality, approximate assessment of the real sitmation can be
made by considering the hypotheses (H) and (H) as valid.

Taking 0,=23.59, and using for illustrative purposes the
value of 0, =0.25 (3 months) the following table can be derived.
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TanLE g

Characteristics for Breakdown of Re, Ry, €. and C,
O=q4.56 i-g=085%

0=1.7% 0= 0.25
0,=3.50 0<2020.25 | 0.25<003.59 | 0<003.30 | 3.5000 <00
Exponential Hypotbesis |+
Share of consumed in-
come
0.051 0-479 0,531 0.470
T
Rie/Re 7 0 T
Share of Primary income
©.053 ©.492 U.545 0.455
T -
RT[.(:)/R ) B
Share of Capital 3 g
0.007T4 0.179 0. 180 0.8z0
To -
L GEesC — -~
Share of Primary capital .
- 0.0014 0.190 0.1G7 0.803
o (‘T:,h) /C(f) _
Capital Output Ratio
~Ty 312 0.125 T.704 1-.554 7.956
(’Tl/]\ |
Average amortisation pe-
riod
- 0.124 1,718 | 1.562 8.15
O i

6) Whatever the amoriisalion schedule ©(0), for low va-
lues of ¢~ p

(334-22) OF o CB RE M

It follows that if any two of the three quantities C7: , RY
and @7 are known, the third can be estimated approximately.

(Y Relations (112-1) and (723-8).
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If it is now assumed that the amortisation periods for equip-
ment and structures are respectively 5 and 2o years (1), and if
it is further assumed that the average production period for
equipment goods is (Hypothesis H)

e

® = 4.23

this leads to assessing at 10 and 25 years respectively the ap-
proximate length of the amortisation period of the primary
inputs incorporated in equipment and structural assefs.

If it is assumed that all investment consists of duvable
goods, and wmainicnance and vepatr outlays are abstracted,
the position can be summarised as in Table 10 below (in § bil-
lion} on the basis of the estimates in § 333-6 (3.

TaBLE 10
c Re
c Re C/Re | 4n o | in %
Inventories . . . 122.3 190.5 0.61 10.2 75.9
Equipment . . 310.8 34.1 1o 28.4 13.0
Structuwres . . . 736.G 29.5 25 G1.4 T1.T
Total . .| 1190.7 2063.1 4.56 100 100

LEquipment and

Structures . . .| 1077.4 63.0 16.94 89.8 24X

() These are the figures used by various fiscal adiministrative agencics.

(!} The values of R, for equipment and structural assets are cbtained
by dividing the figures in the fst column inte those in the third. The
R, figures for inventories are then obtained by difference:

203.1 — 34.1 — 20.5 = 109.5 .

[r1} Aflais - pag. 1354



SEMAINE D'BTUDE SUR LE RCLE DE L ANALYSE ECONOMEIRIQUE Erc. 851

It can thus be seen that the figure of 10% of capital cor-
responds to 6% of consumed income for inventories, while
for structural assets the corresponding figures are 619% for
capital and 11% for consumed income. For equipment and
structures as a whole 24% of consumed income corresponds to
0% of capital.

This table has an evident relationship with tables 7, 8 and g.

The divergence between the amortisation period of some
17 years, found for equipment and structures considered as a
whole, compared with values of some 8 and 10 years in tables 8
and g is due to the fact that the assumption has been made in
the calculations in Table 1o that investment is constituted solely
of durable goods, and that (given the non-availabilty of valu-
able data) repair and maintenance outlays included in the
value of cquipment and structures have not been taken into
account, [But the average amortisation period of repair and
maintenance outlays is probably of the order of two to three
years, and since their value is relatively high by comparison
with total investment in new goods, it is probable that in
a full calculation the gap would be considerably reduced, or
might even disappear (V).

() et C and R be the capital and consumed income corresponding
to investment, C; and R, the share of that investment represented by new
goods, and C, and R, the shares represented by repair and maintenance
outlays (these symbols are valid only for the present note), Then

C R, C R,G
RT™RR YRR,
If the assumption is made that

then

R =184

Thus, if annual repair and maintenance ouflays account for 1/4 of the
total annual rescurces devoted to investment, the average amortisation
period falls from 17 to about 13 years. If it were assumed that repair and
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Assuming that the expenditures required fo maintain exist-
ing reproducible capital in a usable state amont to one-third
of total annuel investment, and that the average amortisation
period for these outlays is 2% years, it is casy fo armrive at
the following table (*).

TABLE T1

: C Re

C R C/Re m °© n 9

Invenfories . . .| 122.3 174.0 0.0 10.2 66.4
Repair and mainte-

nance . . - .« 730 5 2.2 2.5 6.1 1.1

Eguipment () . .| 317.6 3158 10 26.5 121

Structures {1 . ] 686 8 27.5 25 5.2 10.4

Total . .|1igy.7 263.1 £.55 100 100

Equipment and
Structures . . 10774 88.4 12.18 3g 8 33.6

Eguipment and
Structures (1) . .f1004.4 50.2 16,505 83.7 22.5

() Non-amortised wvalue of initial instaliations, excluding the wvalue of
any repair and maintenancy charges incorporated,

maintenance outlays represent 1/3 of total annual investment, the amorti-
sation period would decline from 17 to 12 years approximately.

Tt can be seen from this calculation how much interest would aftach io
availability of cstimates of the swms reguired to maintain reproduction
capital in functioning order.

() In allowing for repair and maintenance outlays, the clements of R
which correspond to equipment and structural assets respectively in Table 10
hecome 34.1 (1--#) and 29.5 (¥--x}, so that the shave of the value of fixed
capital accounted for by repair and maintenance ouflays becomes

frox34.14+25%20.51 ¥ =31077.4 & .

The corresponding share of Ry is 1077.4 /07, where @ is average amor-
tisation period for repair and maintenance outlays. H I is the percentage

[11] Alais - pag. 156



SEMAINE D'ETUDE SUR LE ROLE DX L'ANALYSE ECONOMETRIQUE nrc, 853

Obviously, given the non availability of valuable data,
this can be no more than an indicative calculation. Neverthe-
less its resulis are quife suggestive if they are compared with
the different items in Tables %, 8 and ¢ which relate to the
percentage contribution of primary income to capital and con-
sumed income.

Thus, the perceniage 66.4 appearing in Table rx in the
breakdown of R differs refatively little from the 068.4 in
Table 7, the 66.6 in Table 8 or the 54.5 in Table . Similarly,
the overall percentage of 83.7 corresponding in the breakdown
of capital to equipment and structures after exclusion of repair
and maintenance expenditures is directly comparable to the
figures of 70.8 and 8z2.0 in Table 8 and . Finally, the amor-
tisation periods of 12.18 years for equipment and structural
assets in Table 11 is directly comparable to the corresponding
periods shown in Tables 8 and ¢ as ¢.56 and 8.15 respecti-
vely (V).

7} Inn usual practise, only those outlays whose amortisa-
tion period is one year or longer are in principle considered ag
investment,

However, in the first place, this limit is no more than a

which repair and maintenance outlays represent in annual mvestment, then
we shounld have

T T
5= 7o 41 x20.5) (1-9)

TORIOYTA X G
whence
I
HTTTOCR
T4 16.94 % 5
LFor 6 =25 and Ke=1/1,

& =0.069
from which the various figures in Table 11 follow.

('} If it is assumed that the cost of maintaining reproduction capital in
operating condition represents one hall of the sums devoted to investment,
the brealdown percentages for C and R(, are [ound respectively as 10.2 -
11.5 - 24.8 and 53.6 for C and 50.0 - 20.0 - 171.3 and o.7 for Re.
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principle.  Often enough, an outlay which will to amortised
over 18 months will still be charged against operating expen-
ses. Let 1, denote the practical limit.

Secondly, investments whose amortisation period is below
7; and which are accounted as operating expenses contain
both primary inputs and earlier inpuis incorporated in the
existing supplies and equipment. Thus, minor maintenance
charges include at the same time wages, supplies produced
some time earlicr and the reward for the use of equipment.
Thus the maintenance outlays which emerge into consumed
income before t, include not only the primary inputs supplied
at moment 7 but also primary inputs corresponding to goods
produced earlier. The primary inputs of moment ¢ enter con-
sumed income before T, and at least as a first approximation,
the second group of inputs can be considered as entering con-

sumed income before (t, 4+ @)) where © is the average length
of the production period with the year as time unit ().

It may be assumed, at least as a first approximation that
the shares of the two categories of input are respectively pro-
portional to

. }{ 0] r I{ W
(334-23) A = P Lo hmm X )

If we consider the weighted average

(334-24) =Nt +(1-X) (3, + @) =1+ (1-2)0

" ® is defined by relation {1:12-2).
) Relation (3313-5).
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it appears possible to consider as a first approximation that
investment goods, understood in the usual meaning of the
term, include all primary inputs which emerge in consumed
income after 6",

Since
4 =3.59 @)24.23 A =0.654 @]
we find
1,=3.59 - (I - 0.657) X 4.23=2.14

a value which appears to be quite reasonable in the light of
the discussion above.,

8) It is also possible to derive an approximate represen-
tation of reality by substituting the following hypothesis (H”)
for the two hypotheses (H) and (H'): the amortisation schedule
for the primary income embodied in stocks and goods in course
of production follows an exponential law:

(334“25) ‘Pi(ﬁ) [

{1} Table 7.
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Thus, the share of primary inputs which have been incor-
porated in stocks and goods in course of production and emerge
in consumed income between 0 and 94 40 is

_b
e o

(334-26) (1) Ry 5 0

while the share of primary inputs which have been incorporated
in equipment and structures and emerge in consumed income
between 0 and 0440 is

o G .

) e o
(334”27) R ["“é‘— —-(Ik)\} Em_ i

For the first of these two shares (stocks and goods in course
of production), the general formulac of the exponential model
may be applied by substituting © hy @, so that the capital
corresponding to expression (334-25) is (1)

B,
(339-28) C = TG Re; (1~ MR,
and, in the notation of § 333
) C, ) I-A 8,
(334-29) A== - G-0®, 6,

() Relations (251-5) and {251-9).
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so that

o 0,
(334-30) . TN G e,

X

The following values have been found earlier:

A=0.316  Y=o0.10 i-02=0.85% 0,=4.74

whence

@, =0.69

Thus the value of ®, found here is fully comparable with
the values of 0.61 and 0.71 in tables 10 and 11,
For the value of 0"=3.59 found earlier.

indicating that for 0==0’, the primary income corresponding
to stocks and goods in course of production is almost completely
amortised .

This calcnlation shows that the hypothesis (") does not
differ greatly from the hypothesis (H).
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If @, is put equal to 0.69, the average amortisation period
for investment, @,, is

(334-31) B, =2

__ 4-56 - 0.684 % 0.69
0.316

whence

®,=12.9

This value must be compared with the values shown in tables 8,
g and 11 of .56, 8.15, and 12.18.

g) Taking hypothesis (H) in conjunction with table g,
the average amortisation period of the primary inputs cor-
responding to investment I is 8.15, whereas it is 12.9 in the
calculation immediately above. At first sight, these figures
appear to be rather low for the entire range of equipment and
structure {1).

(" At all events, it should be borne in mind that, independently of the
basic assumptions of the exponential model, we should have (condition
123-72)

Tc
@ T
Sioye 69
a relation which holds for primary inputs taken as a whole whatever the
function ¢(0).
This condition depénds only on the assumption of invariance over time

for i—-p>o
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It is quite easy to make a direct estimate of a reasonable
order of magnitude. From § 333, the value of equipment and
structures (in $ billion) is

Cy={1-y) C=1199.7 - 122.3=1077.4 .
The annual amortisation of this capital is
ac
ai::[”" (I - X)Rf
=I-(1-xpC
i.e. from the estimate derived carlier

€, =121.8 - 0.9 X 0,017 X 1077.4
=121.3 - 16,5=2105.3

Thus, a first approximation to the length of the amortisation
period for investments is derived as

®,=1077.4/105.3=10.23 ()

of the function {0} i.e. the invariance over time of the composition of
the labor force. Thus, for the U.S.A. in 19506, we should have

4.56
160085 % 4.56 T4
Thus there are struciuval reasons for the average amortisation period for the
whole range of primary inputs to remain relatively low.

(") It will be recalled that for fairly low values of p and i-p, the
average amortisation period of an element of capital is approximately equal
to the ratio of its value to the annual amount of amortisation, whatever
the amortisation schedule.
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However, to obtain the average amortisation period for
the corresponding primary inputs, this figure must be increased
by the average length of the production period for investment
goods, whose order of magnitude is 0°=3.59 {'). The average
duration of the amortisation period for the primary inputs cor-
responding to investment is then

which may be compared with the estimates of 8.15 in Table g
and 12.9 in § 334-8. TFrom this point of view, the approxim-
ative hypothesis (H”), which leads to a value of 12.0 {3) is
to be preferred to the interprefation underlying hypothesis (H),
which leads to a value of 8.15.

Clearly, if it is assumed that the gencral formulation of
the exponential model is valid, the difference between the
theoretical value of 12.9 calculated under hypothesis (H”) and
the observed value of 13.8 may be explained by the inaccuracy
of the assumption in {H”). But in the light of the appealing
nature of this assumption, at least as a first approximation,
the concordance of the orders of magnitude of the two estim-
ates can be considered as underscoring the validily of the
exponential model. At the same time, the results derived using
interpretation (H) show that this hypothesis offers only a
roughest resemblance to reality.

ro} Since the average production period for consumed
A

income is @, it may be assumed as a first approximation that
the average production period for investment goods is also ®.

It is then also possible to represent as a first approximation
the reality by the following model (Hypothesis ). In each

(") § 334-5.
& § 334

§
§ 434-8.
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period of time equal to ®, total production is cqual to con-
sumed income plus invested income, and the corresponding
investment is completely used up during the following period.
In the first period, the share of R,(¢) which appears in con-
sumed income is (1 -A), while % is invested. In the second
period, the share of primary income R,(f) which appears in
consumed income is A(1 ~ %) while 22 is invested. In the »'
period, the fraction of primary income R, () which appears
in consumed income R* of that period is given by ()

Ay =) .

Thus, as a resuit of this process, the amortisation schedule
of primary income is of exponential form, and that over a

period of length 8, the amount of non-amortised primary in-
come is reduced in the ratio of 1 to A. It follows that if the
formulation of the exponential model is faken as exact, the
share A of primary income incorporated in investment is

since © is the lengh of the amortisation period.

For

@)::4.23 O =4.50

(" Naturally we have
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the value of % is found as
A=0.40 .

This figure is of the same order of magnitude as the 0.316
found in § 333-6. Here again, the divergence can he atiributed
to the approximative nature of the hypothesis (H’”), on the
assumption that the exponential model is valid. But if this
approximation is admitted, the concordance of orders of magni-
tude indicates that, if hypothesis (H”') is taken to be approxim-
ately true, the exponential model can be considered as not
departing very far from reality.

This reasoning shows, at least intuitively, how the assump-
tion of exponential amortization of primary income is justified.
If the general formulation of the exponential model is taken
as exact, it also supplies an estimate of the order of magnitude
of the proportion A of primary income incorporated in invest-
ment, which agrees with observed data (%).

() Of course it would be of the greatest possible interest to gencralise
the above reasoning to the case in which the lengths of the production
and amortisation periods of different types of investment are no longer
considered as uniform, bu{ the frequency of a production period extending

from § to (440 would be c;(O)d[], and the [requency of an amortisation
period for primary inputs extending from ( fo 0+ d0 would be ¢{0)40,
with the diserete model becoming continuous (See § 333-2 above), Up to
new, I have been unsuccessful in making a calculation of this kind. If it
conld be done, it would deubtless enable the wvalidity of the expenential
model to be verified efficiently, by determining the relations between the
quantities X, y and @ and the data Ry, C et p, using this moedel,

In present circumstances, and in the absence of a calculation of this
kind progress can only be made on the basis of rough estimates.
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Turning now to the overall amortization period for primary
income, here this period, given the assumptions made, is
equal to

b
(334-32) O=(1-2)—

+A(1-2) <@ + g) T

+ A1 - ) [(” -0)8 + g}

n| @

M- W[4z kb (a1 R L]0

I d ~
m[—é—+l(x—)\) ﬁ(r _I l)]@

whence
o 2
(334-33) g zr—A
For B =4.23, 2=20.316, (1) we find
®=4.05 .

This value is of the same order of magnitude as the values of

® and 8, 4.56 and 4.23 respectively, found earlier (%).

11) Of course, the concordance of the orders of magwni-
tude of the diffevent values of the quantities studied in the
preceding calculations cannot be considered as proof of the
validity of the exponential model. The successive hypotheses

333-6 and 334-1.
3341,
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(H), (), (H”) and (H"") cannot be considered as vigourously
valid, and the computations have involued a cevtain number
of further approximations. At the same lime, the non vigo-
rous validily of hypotheses (H) to (H'") may account for the
drvergences noted belween the various eslimales that have been
devived.

Be this as i may, the vather striking coherence in the whole
set of rvesulls derived wusing these different asswmptions and
applying quite vough calculaling techniques, does seem Lo
show, given the appavently reasonable nature of the inlerpre-
tattons (H), (H'), (H”) and (H"") which have been succesively
considered, that the exponeniial hvpothesis can be considered
as a fairly close reflection of vealily.

12} Finally, the resulty of the analysis described above
are not out of line with data hased on the composition of the
labor force.

@) Given the composition of the labor force, the estimate
derived from the above analysis that the share of primary
incone devoted to investment is of the order of 30% to 35%
seems quite reasonable. Thus, in 1955, the composition by
sector of the working population in the U.S.A. was (1):

Agriculture . . . . . 11.8%
Industry . . . . . . 29.2%
Mining . . . . . . T.4%
Consfruction . . . . . 4.9%
Transport . . . . . 7.2%
Trade . . . . . . 23.0%,
Services . . . . . . 10.4%
Government . . . . . 12.1%

Total . . . 100 %

(1) Statistical Abstract, 1959, pp. 206 and zio” A detailed discussion
of these figures is beyond the scope of this paper.

(11} Allaris - pag. 108
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About one-half of industrial production consists of durable
goods (1), and it can be taken that about % of the output of
non-durables is reinvested. Thus, it can be considered that
18.5% of the labor produces primary inputs for durable goods,
It may also be considered that the construction sector’s activity
results for the greatest part in the production of durable goods,
while the corresponding figure for mining may be of the order
of 50%, so that the corresponding percentage of the labor force
for the two sectors is about 5%. The contribution of inputs
from the trade sector to the production of durable goods can
be estimated at some 20% of its output, accounting for a
further 4% 9%, of the labor force. In total, the share of primary
inputs in durables production arising in the industry, mines,
construction and trade sectors adds up to a total of some 289%,
of primary income.

It may not be unreasonable to assume that activity in the
transport and governmental sectors ( 19.3%) is distributed be-
tween durables and non-durables in line with the average for
other sectors, so that the total contribution to production of
non-durables of scctors other than transport and government is

100 - 28 ~ 19.3=252.7%, .

It follows from this set of estimates taken as a whole that
the share of primary income going to nen durables and invest-
ment may he respectively of the order of

100

e 5 2. 7 = 65 9 O
100 ~ 1.3
29 . 28=359, .
100 - 10.3

(") ALrais, Tokyo Memovandum (1060 A), p. 32.

Cir] Alleds - pag. 169
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Thus, we find for the percentage of the primary income
which is embodied in investment a figure which is of the same
order of magnitude as the figure which is given by the pre-
ceding analysis.

b} From Tables 8 and g, some 5% and 20%, of primary
income emerge in consumed income during the following quar-
ter and year. These estimates seem also perfectly compalible
with the figures for the composition of the labor force given
above.

But it should be stressed that analyses based on considera-
fion of the breakdown of the labour force, given the present
state of the analysis must be considered as very rough, and
of indicative value only.

Delermination of the Function ¢(0)

335. It does not appear to be absotutely impossible to deter-
mine the function @(0) from an analysis of the composition of
the working population and available data on the structore
of production, at least on an approximative basis.

Unfortunately, this calculation involves a great deal of
worlk, and up to now I have not been able to find the time to
do it, even though the results of such an analysis would clearly
be of the greatest interest.

Tt may well be, and in the author’s view it 1s quite likely,
that over the useful range of variation of 0 i.e. from o to 100
years, the exponential form

(335-1) « (9)

[1:] Allais - pag. 170
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provides a good representation of the function which would be
derived empirically, at least as a first approximation.

Were it to appear that an exponentia] expression cannot
represent the function adequately, the assumption could be
made that the function e**p(8), where v is an appropriate
constant, could be developed as a Taylor series and quite well
represented by its first terms. This is a relatively weak hypo-
thesis, and one which does not appear to be inacceptable, The
general properties arising when this hypothesis is postulated
are treated in the appendix (1).

As an illustration, values of

a8
(335-2) ( Blo) . © %
®,
_ e
. gl _ ¢ ©
(335-3) ¢(8) ——
L
(335-4) (e ®
Lo
(335-5) 1-¢ ©
( () C: [I I—eﬂu g“’ei
35-0 —— | L
335 C on J

('} The stady contained in the appendix considers the function B(0)
from zero to infinity; but the characteristics at infinity of the functions f3{0)
and () need not be {aken into azccount in numerical applications. It is
therelore possible to consider only a finite range of variation of @, for
example the interval (o, 100).

[1x]} Allads - pag. 171



868 PONTIFICIAE ACADEMIAR SCIENTIARVM SCRIPTA VARIA - 28

for

0

(335-7) ®,=4 years ®= 3.5 years = 4%

are given in the following table (') ().

The last three expressions listed represent respectively the
amortized and non-amortized components of primary income
and the share of capital corresponding to primary inputs which
are amortized after an interval of at least 0 (%).

%

TABLE 12
|
g L i 0
years e PO e @ i~ © Cy/C
0 0.250 0.285 1. 0 1
/12 0.244 0.279 0.976 0.023 0.999
/4 0.234 0.260 0,031 0.068 0.997
1/2 0.220 0.247 0.866 0.133 0.991
1 0.194 0.214 ¢. 751 0.248 0.9%70
2 0.151 0.161 ©.564 0.425 0.G00
3 0.718 0.121 0,424 0.575 0.870
4 0.002 0.091 .318 0.681 0714
5 0,071 0.068 3.23G 0.760 0.618
10 0,020 0.016 0,057 0.942 0.259
i3 0,005 0,003 0,073 0.686 0.004
20 0.001 0.0009 0,003 0.906 0.032
25 0.z x107? 0.2 x 1073 0.8 x107? 0.000 0.010
50 0.1x 1078 .2 %1078 0.6% 107" ¥ 0.3 x 10"
100 o0.2x 107! 0.1 % 107" 0.4 x 10712 T 0. 1% 1077

() The relations (335-2) to (335-0) are deduced from {250-5) (k=71),
(334-1), {334-3), (334-3) and {334-8). The relation (335-0) is deduced from
(334-8), (257-5) and (251-9}.

() From ({251-5) we have

. i 1
Womm e S e —
g 3] 22
for 6,24, @=3.5 we derive s 3.53%, .

The values of @, and ® considered here correspond to the average
estimates therc of {§ 321 and 326), and differ from those considered in

§ 334
() Three significant places have been kepl,

Fir] Alais - pag. 172
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The various results corresponding to different values of
®, O, and u=p are given in charts I, 1T, IIT A and III B.

The Exponential Hypothesis and Reality

336.  The exponential hypothesis appears to be a very restric-
tive one, at least at first sight.

However, it is possible to verify that it may in fact provide
a quite fair approximation to real conditions.

From this point of view, there are three particularly im-
portant coefficients to be considered. These are %, ®, and A
defined by the relations ()

(336-1) e=/"(o)do
,6_ R T «
(336-2) O”‘F[ 08(0)de
6 a. .t “o’B(8)do
(336-3) pres / B(s)

As it has already been noted, % should be taken as nof
greatly differing from unity ().

() Relations (211-3), (220-5) and {220-0).
) § 31z

f11] Allais - pag. 173
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Since we have
(336"4) Vo= ®0 for ¢ - £=0 (I)

and 7 -p is in general small, it follows that when an estimate
of v, is available, it is possible to derive an order of magni-
tude of @,

Then if we consider all those models for which

(336-5) LR 8, ~ 7,

they differ from each other by the ovder of magnitude of the
parameter A, which is equal to unity in the exponential model.
Since we have

6-6 ) V" 2
(336-6) ‘P( J ktp(i—p) (%)
and

it follows that as a first approximation, «(0) differs relatively
[ittle from B(9) for k=1.

It then follows that, af least as a first approximation, A s
greater thawn or smaller than wunity according (o whether the
amortization is more ov less rapid than that corresponding to

() Relation {zq40-10).
() Relation (223-7).
() Relation (220-2).

[11] Alais - pag, 178
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the exponential amorlization which s a characteristic of the
exponential model ().

Tt is shown in the Appendix to the present study that under
the very general hypothesis that the function B(B)e* can he
developed as a Taylor series, at least for a certain value of p,
the coefficient A (which is equal to 1 in the exponential model)
will not differ generally from unity by more than :to.5, for
hypotheses which can reasonably be accepted.

1t follows from this that while the exponential model clearly
may not offer a perfect portrayal of real conditions, it doubtless
does not differ thevefrom all that mach, so that, at least in
tevms of a first approximation, i is capable of depiching the
essential features of veality quite correctly.

If this approximation is deemed insufficient, the develop-
ment of the function 3(0)e* as a Taylor series of which the very
first terms only are retained, provides as far as can be judged
a reasonable representation of actual conditions (*).

The Value of the Model

337. It follows from the preceding dimission that:
a) the model is consistent with the information which can be
obtained from available statistical data;

b) it cannot be proved that the assumptions made are the only
ones which would give results consistent with available data.

("} From relation (220-6],

1 oo
PR 24 (B
= 240, ,/n b Q(j)da

0
Thus if (0) declines more rapidly than ¢ 0/ we have A<r since A=1
]

for qo(O):eM"@—/@.
{(*) See Appendix.

{12] Allais - pag. 179
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Clearly, there exists an infinity of different mathematical
tunctions which in a restricted field give analogous resulfs,
and this characteristic simply derives from the nature of things.

The point is that everything takes place as if the theory
presented and the model which illustrates that theory were cor-
rect. As far as T know no other theory, no ather model], have
ever been put forward in order to explain the same facts.

It may therefore reasonably be suggested that the theory
and the mode] presented here can be accepted and used, at Jeast
as working tools, so long as no alternative theory or model is
advanced which leads to results which concord still better with
the real sitwation,

In any event, the theory and the model which have been
discussed here have the advantages that they represent ana-
Iytical tools and that they oblige the economist to reflect on a
large numher of issues which hitherto have been insufficiently
studied, not to say completely neglected (Y).

Finally, it may be observed that every theory has a twin
aim; on the one hand to describe and explain reality (3), but
al the same time to constitute a guide to efficient action. For
a given degree of approximation, the best theory at any given
moment is the one which fulfils the condition of being the most
convenient, or in other words, the simplest of all those which
represent reality with that degree of approximation. Tf this
criterion be admitted, and personally T know of no other (3),
the theory given here has the double advantage of being on
the one hand very simple, but also of describing and explain-
ing reality, so far as it can be comprehended with the infor-
mation presently available to us, i.c. of being compatible with
observed facts and simultancously establishing coherent and
simple links between these facts.

(1) Doubtless precisely because they were too difficult,

() In other words, to find relationships between the different aspects
of reality, expressing the most complex in terms of the most simple.

(%) See for instance Munpr Poincart, The Value of Science {Flammarion),

(11} Alais - pag. 180
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Part IV

APPLICATIONS

400. The preceding theory admits of several particularly

suggestive applications,

For simplicity’s sake, the following exposition will be de-
veloped in terms of the exponential model with first ovder ho-

mOgeneity.

A. — THE POSSIBILITY OF INCREASING REAL PLER
CAPITA NATIONAL INCOME BY INCREASING CAPITAL

INTENSITY

410.  From relation (251-15) we have for k=1

PR
B -

e . ~ @ {i-0
(4‘10"1) Rc Oo ¢ e :[I«-@,,(z‘—p)]e g l-r

RO

M

and from (251-11) and {210-10)

(410-2} O =yc=C/Re
®o =Yeog

[13} Alais - pag. 81
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All the statistical data analysed lead to the conclusion that
in present conditions ®, is of the order of magnitude

0,=4
the time unit wsed being the year, and we have probably (1)

3.8< @< 4.6,

The increase in real consumable income Re which can be
had by moving from a value © to the value 8, corresponding

fo the maximum value of R is equal to

(410-3) g e R
R
c
or, from relation (410-1)
G 1
(410-4) g ,éo_ e® 1

In cach situation, the value of the difference ¢ - ¢ is given
by the relation (251-5)

(410-5) t-p=

('} This question cannot be taken up here,

[11] Allais - pag. r8z
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From the foregoing we derive the following fable of values
of g and i (in %)

TABLE 13

Values of g in /%

O, 3.8 1 B 4.2 4

B=v.1 & i g i g i—p g '
4.4 1.0} 3.0 0.4 2.3 a.x —1.T 0 0
4.2 0.5 | —~2.5 0.1 - T.2 o o] 0.1 1.
4 0.1 1.3 0 0 0.¥ - 0.5 2.3
3.8 0 o 0.1 1.3 0.5 2.5 7.1 3.6
3.0 0.2 £.5 0.6 2.8 1.3 4.0 2.2 5.1
34 0.0 3.7 1.4 Eet 2.4 5.6 3.7 6.7
3.2 1.6 4.9 2.7 6.3 4.2 7.4 5.8 8.5
3.0 3.0 7.0 4.7 8.3 6.6 0.5 8.7 10.6
2.5 10.7) 13.7 13.G 15.0 17.5 16.2 21.5 7.3
2.0 20.5 1 23.7 35.9 25.0 43.T 20.2 50.9 27.3
1.5 82.g 1 40.4 68.6 4127 118.0 47-9 135.8 43.9
1.0 {33281 73.71 4qo2.1 75:0 4841 76.2 5811 77-3
0.5 | 957.4 | 173.7 ] 1360.8 r75.0 | 1938.5 {176.2 ;) 2702.5 177.3

The two charts TV and V which follow give the values of
ﬁc/ Rey as functions of ¢~ p and 7.

Real consumable national income is a maximum for @ =@ .

We see that in an initial situation such as that of the United
States in 1956, in which the capital-output ratio v, is of the
order of 3.5, the maximum is very nearly aftained, and that
for a corresponding value of ®, of 4, the possible increase is
only of the order of 1%,

The same is true for most western economies. The levels
of the capital-output ratio are such that they can be considered
as corresponding to a situation which is very near fo the capi-
talistic optimum.

Even in the case of economies in which the capital-ountput
ratio is only of the arder of 2 (if there are any such), the
increase in real income to be derived from a lengthening of

far} Allwis - pag. 183
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Cuarr V
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the period of production, in the case where ®,=4, is only of
the order of 36%, the difference i ~ p being some 25%,.

It is only for capital-output ratios below 1.5, i.e. very low
ones indeed, that gains of real income could be very appre-
ciable: but in any case for which estimates has been avail-
able no such low values of ye have been met.

Clearly it follows that:

1) developed economies have velatively little to gain from an
mcrease in savings;

2) that less developed counivies, on the comfrary, can realise
subsiantial gains from greafer savings efforls when the mar-
ginal productivity of capital is very high, buf that these
gains are however not as lavge as is generally believed.

Significance of the Resulfs Qblained

411, Tt can thus be seen that the real income gains which
can be had by lengthening the average duration of the capita-
listic process are in general overestimated, not to say consider-
ably overestimated.

But a basic assumplion of the model should be borne in
mind when making this inferpretation. This is that there is
optimum management in all the situations considered, implying
that existing savings ave utilised in the best possible way.
(Paretian optimum  hypothesis) (V).

This being so, although the results derived above show
that greater savings would not be very advantageous in an
economy in which there is optimum management, they in
no way imply that increased savings would not be very pro-
ductive if savings already accumulated had in the past been
invested in mistaken directions.

[xz] Allais - pag. 186
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In this latter case, a growth in new savings could have
major bencficial effects. They would however be due not to
the inadequate volume of savings which had been accumudated
in the past, bul to their defective utilisation in the form of
economically erroneous imvestments.

In a siluation of this kind, it is not the global volume of
accumulated savings which is at issue, bul its use in the form
of non-productive investments. Thus inefficient management
vather than insufficient capital intensity must be considered
as providing the explanation of unduly low average producti-
vity (4.

It is thus clear that the important factor is not so much
the volume of accumulated savings evaluated in terms of the
number of years national income it represents — which does
not vary greatly from one country to another, even including
underdeveloped countries — but the wuse that lhese savings
are pul fo.

("} See my book: A Uniled Ewrope, ithe Road to Prosperily (CALMARN-
Livy, 1960), Chap. IL, pp. 28 to 38 and 42 to 51 and Appendix C (295
to 2g7).

[xx} Aliais - pag. 187



884 PONTIFICTAE ACADEMIAL SCIENTIARVM SCRIPTA VARIA - 28

B. — PROCESS OF MAXIMUM GROWTH OF PRODUC-
TION PER UNIT OF PRIMARY INCOME FOR GIVEN
TECHNICAL KNOWLEDGE

Decrease tn Real Consumed Income due to Growth in Primary
Income

420.  We have seen [relation (233-2)] that in the case of the
general model we have

(420-1) R =Klt]e

where Rey is the maxinmum value of the real national consumed

income Re (1), K(£) is a certain function of ¢ independent of p, k&
is the cocfficient of homogeneity, and @ represents the average

{) § 228 and 233 above. For a constant value of p we have

where Ry, represents the national primary income {§ 110), a(t) the effecl
of technical progress (§ =211), * the homogeneity coclficient (§ 2x1) and »
has the value indicated in § 228. TFor the expenential model we have [rela-
tion (251-17}]}

’ Rm Nle

R( = al) 7@9}
and for k=1 )

K() = “("ﬂ)gw(_’)

[ra] Allais - pag. 188
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amortisation period for ¢==p. In other words, if we take the
condition

o
W
o]

{420-2)

Thus Ry is maximised for g =0,

This means that of all growth processes, the most advan-
tageous ts that for which the rale of increase of primary incomes
15 zZero.

This apparently paradoxical result is casily explained when
it is remembered that if population is increasing (and even sup-
posing that natural resources increase at the same rate, which
they dow’t), this growth implies that every year some propor-
tion of gross national product must be allocated to maintain the
volume per capita of equipment and durable consumption goods
at the same level.

From the preceding relation, this diminution of consumable
production is equal in relative terms to

wk@cp

(420-3) p=1-¢

and we have for small values of ¢

{420-4) p=kO 0.

Tt further follows from relation (4z0-1) that a negative rate
of growth (population decline} would be advantageous. This
finding is valid so long as the assumptions, the consequence of
which is the constancy of (i - g}, remain valid. But these ass-

[11] Alais - pag. 180
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umptions would no longer be acceptable if the population
declined fo a point where sectors experiencing increasing re-
turns became dominant (1).

The General Case

421, These resulls are completely independent of the hypo-
theses concerming the fumction 3(0) providing that the assump-
tion be made that y is constant, at least as a first approxima-
tion.

In fact, it has been shown that for any quasi-stationary
process with steady growth, we have

r dR 1 dC_ )
(421-1) R °Car )

so that from relation (110-1) we have

(421-2) Re=(r-¢ )R

whence for k=1 and at least as a first approximation (¥}

(421-3) R,=(t-¢g ¥R

(") Avvats (rg63): Some Analytic and Applicd Aspects of the Theory
of Capital.

(* Relations (123-2) and (132-2).

(*) Relation (zzg-2).

[xx] Allais - pag, 190
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and since from relations (251-12) and (251-6) we have

(421-4) v~ 0,

the preceding result relation (420-4) is found again.

Estimate of p for the United States

422.  TFor the United States p and ®, may be taken as:

k=1 g ™ 0.017 8, ~ 4 Q]

and according to (420-4)
P 7% -

The diminution of real consumed income is thus of the
order of 6%,

(" § 321 and 326.

(1] Adlais - pag. rou
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C. — COMPARISON OF PRODUCTIVITY FOR TWO
COUNTRILES

The Role of the Capitalistic Structure in the Relative Producti-
vity of Two Countries

430.  The theory presented enables the influence of the capi-
talistic structure of two countries on their relative productivity
to be evaluated. For, from (410-1)

(430-3) o= 2e
RC RCM ®,

where RY and R? are the real national consumed incomes of
the two countries considered.
According to (251-17) and for k=1 (§ 311) we have

ItS RL (l) = (e)-e))

e —am o el e
(450 2) RiM I?\i (t)

where p! and ¢? represent the rates of growth of primary in-
come R, for the two countries.

[x1] Allais - pag. rg2
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TFinally we have

sl

ulig Lt

R, % (2172,) @, @o[@_“-@‘*]
(430-3) e © 2 e 2 9

IR, G

R,

The first factor represents the relative influence of the growth
of primary national income in the two countries (%),
The second factor

(430-4)

represents the relative influence of the capitalistic structures of
the two countries on the real consumed income per unit of
primary income.

If ®, and @, are of about the same values, it can be con-
cluded that this influence is negligible,

This will be so if y; and v, have similar values, since

b
(430-5) s —o ®

and since g, and p, are generally small.

() See § 420 to 422 above.
(3 Relation (2s51-11),

{11] Allais - pag. 193
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Comparalive Productivity of the United Staies and French
Economies

431.  The comparison between the productivity of the French
and American economies in 1957 can be summarized in the
following figures:

U.5.A. { TRANCE

Productivity: vatio . . . ., 2.3
Equipment per worker: ratio ., ., . 2.4
OQutput per unit of equipment: ratio 1
U.S.A. Ifrance
Capital-Output Ratio
¢=C/R 3.3 >33 (0
{1936) (1954)

From these figures @ appears that output per working hour
in the Unifed States is approximately twice as high as in
France, whereas the productivity of a unit of equipment is
aboul the same (%).

Certain analyst have scught to attribute greater American
productivity per man-hour to the larger volume of equipment
used there. However, it has been seen that

C 5
(431-1) V= ®= @ *)

() As far as can be judged, v is of the same order of magnitude in
France as in the U.S A, [Avrais (zg6c 13}, p. 29].

() Acrais (1960 B), pp. 28-32 and 195-297; ALLais (1662 A}, p. 721

(*} Relation {z51-12}.
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Since the French and American economies are characterized
by values of y of the same order of magpitude, it may be
concluded that the capitalistic structures of the two countries
are similar (!); they can thercfore not play any role in account-
ing for the average difference in productivity observed.

This average difference of productivity, of the order of 2.3
to 1, should be attributed to other causes (). It follows then
that with the same capital-output ratio y=C/R, the amount
of equipment per worker is approximately double.

In conclusion, the fact that the ratio between the physical
volume of industrial equipment per worker is 2.4 to 1 whereas
the value of capital relative to the national income is little dif-
ferent, should not be considered as a cause in itself, but as an
effect of greater American efficiency. The fact that in physical
quantity American equipment per head is at present 2.4 times
as high as in France corresponds simply to the fact that, for
veasons other than the capilalistic structure, U.S.A. producti-
vity is about 2.3 times as high. It follows from this that for
the same value of capital per head measured in terms of hours
of work, the amount of equipment is about 2.3 times as high.
From this point of view, the concordance of the order of magni-
tude of the two values 2.3 and 2.4, which were found as the
ratios of productivity and of the volume of output respectively,
ig particularly striking.

Thus, if an explanation of greater American efficiency is
sought using the greater value of equipment per worker meas-
ured in physical unils rather then by considering the capital-
output ratio as a means of estimating the influence of accum-
ulated capital, this is to freat as a cause a phenomenon which
in reality is only an effect (3).

('} Since they are characterised by the same function ¢(0) and C?J(O),
at least as a first approximation (§ 111},

() Arvrais (1960 B}, Part 1.

(®y Arrais (1048} and (196o B), pp. 28-32.
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Analysis of a Simple Model

432.  These considerations can he illustrated by a simple
model which shows that the conventional explanation of greater
U.5. productivity as being due to the larger volume of equip-
ment per worker may be completely erroncous.

Consider an economy in stationary equilibrium character-
ised by the three following relationships:

(432-1) E=g [‘9 Ly ]

A is the quantity of consumption good (A) produced during
each period, E the output of an eguipment good (E), X total
labour input of which a part X, is absorbed by industry (A)
while X represents the labour input of industry E.

The quantity T of equipment goods produced during a pre-
ceding period is assumed fo be used completely during the next
period.

Finally, q is a parameter indicating quality.

The functions f and g are increasing functions of each of
the variables and are assumed fo be of first order homogencity.

We now consider two situations T and II characterised res-
pectively by two valucs ¢, and ¢, of ¢ with

(432-2) g = 2 4,

the values of X, and X remaining unchanged.

[17] Allais - pag. 106
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Since the functions are assumed to be of first-order homo-
geneity, we have

A, K, 4y
2.0 —_— - — 2
(4‘5 .)) Al El gl
In sitwmation Il
(432-4) By A,

because of two eflects, one direct, since
(432-5) 4 Xa=2 gy Ko
the other indirect, due to

{432-6) Ly=2 K, .

The following table smnmarises the comparison between the
two situations

Situation Il / Sitwation T
Preductivity: ratlo . . . . . MfAy = qfq = 2
Fquipment per worker: ratic . . . L {1, = gofqy = 2
Qutput per unit of equipment: ratio AE/IIEI/A,/EE, =1
Capital-Output Ratio v=C[R Y=

[x1]} Alais - pag. 197
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The case described here is completely analogous to the
American | French case examined above, and the fact that the
similarity is formalistic does not render it any less striking.

If he had no other facts than these, an economist from ano-
ther planet with no knowledge of the internal structure of the
model {!) would be tempted to aver that the higher productivity
in situation IT resulted from the larger volume of equipment
in use.

But, by hypothesis, we know that such an explanation
woud be fofally misleading, since the higher productivity in
sitnation II is enfirely due to the greater value g,=2g, of
the parameter g.

If, in this model, productivity is twice as high in situa-
tion 11, this is not because theve is fwice as much equipment
available, but because of a faclor other than the capitalistic
structure.  The fact that the volume of equipment per worker
is fwice as high follows from the fact that productivity is twice
as high while the capital-output ratio is the same,

In reality, it can be verified from the model that the volume
of equipment plays an infermediate role, and to clarify the
issuc it should be left out of account. From relations (432-71)
we then get

(432-7) A={gXas, £(gXs)]

whence, because of the first-order homogeneity

A X X
-8 — F[WA —EJ
(4328) x-UIX X

() Characterised in particular by equation (g32-2).

f11] Allais - pag. 168
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Thus we sce that in the model considered, productivity de-
pends only on ¢ and on the coefficients X,/X and Xi/E which
are moreover related to each other by

. X X
2-G S S T |
(432-9) T

As far as capital is concerned, productivity in the model
is proportional to g and from the capitalistic point of view
depends only on the allocation of labour between direct (X,)
and indirect (Xg) activity. This allocation is represented by
the « characteristic diagram »

X 1
X

e

0

This diagram, and not the volume of equipment, characlerises
the capilalistic structure {1).

As between the two situations I and II above, the capi-
talistic structure is the same.

it would, of course, be inaccurate to claim that the volume
of equipment is irrelevant to the higher productivity of situa-
tion 11, since it enters as an essential intermediary; but it would
be no less inaccurate to claim that the twofold productivity was
due to the usc of a doubled volume of equipment.

() § 112,

[x1] Alais - pag. igo
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Naturally, this model proves nothing so far as the analysis
of the comparative productivity of the American and French
economies is concerned (). It shows merely that a type of
reasoning which is generally considered as very attractive may
be completely false.

Analysis of the Difference in Productivily belween the French
and American Iconomies

433.  Equipment, as we have just scen, plays only an inter-
mediate role in the analysis of productivity differences between
the American and French economies. [t is the capitalistic
structure which i is tmporiant to study.

The capitalistic structure is represented by ifs characteristic
function

{0

$(,0)0

which describes the time distribution of the inputs of primary
income used in the past emerging in the consumed national
income of instant . There is every reason to believe that this

(9 I should particulaily stress that in my opinion greater American
productivity cannot be explained by e higher quality of the labowr force
there.  (See ArLais, 1gS0 B, p. 33).

[vs] Alluis -~ pag. 200
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curve is of exponential form (!). TIf so, it can be characterised
by a single coefficient, the average distance in iime of the
primary inputs

(433-1) @=/°°8$(9Jd9 ?)

whence it follows that if the values of ® =~ (%} are approxima-
tely the same for the two countries, their capitalistic sfructures
are roughly similar and therefore cannot represent an expla-
nafory factor of greater American productivity.

(1) Relation 251-4) and § 336,
(*) Relation (112-2).
() Relation {z51-12).
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D. — POLICIES FOR CAPITALISTIC DEVELOPMENT

440.  Productivity growth is an essential component of any
development programme. This growth may result from varions
factors, such as an improvement of technical knowledge, better
training of executives and workers, etc. The purpose of the
present analysis is to estimate the influence on productivity of
the more or less capitalistic economic structure, tn other words,
variations in the extent to which more or less use is made of
wmdirect production processes.

Evaluated in terms of years of national income, the capital-
output ratio in Africa or Asia is probably not of a very diff-
erent order of magnitude fro mits value in the United States.
Even assuming a value of only 2 (which seems very unh-
kely) (1) against 3.5 for the U.S.A., this could not explain
more than a productivity difference of the order of 1 to 2,
whereas the difference is at least of 1 to 20. Thus, if American
production techniques were abruptly trausplanted in Africa
{which would require enormous investment) without at the
same time remedying the existing causes of low productivity,
the African economy would not be able to replace completely
the investments which had been made in parallel with their
depreciation and obsolescence.

In fact, it has already been noted that the model implies
the apparently paradoxical relation

C= ®0 R(o (2)

() Arnars, 1060 A*, § 25,
) Relation ({251-g),
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which nevertheless on the basis of the information available at
the present time appears to be verified by the available statis-
tical data (%).

Ag we have seen the economic significance of this relation
is that the value in wage units of reproducible capital does not
depend on the more or less capitalistic (i.e. more or less round-
about) structure of the production process, as described by the
cocfficient @. The value in wage units of available capital is
independent of the rate of interest ¢ and of the rate of growth 4.

This means thal, evaluated in hours of work, the figures
for capital available per worker in so-called under-developed
economies should be comparable Lo the figures of the advanced
economies (1.

The implication of this is thal the accumulated capital of
the advanced economies does not have any greater weight for
them than that represented for under-developed economies by
the capital they have available.

This finding shows that in formulating development policy,
it may be advantageous to adopt the most efficient production
techniques as quickly as possible.  In this case, an aftempt
should be made to keep interest rates so low that more round-
about techniques can be applied.

However, it follows clearly from the preceding that the
more ar Jess capitalistic structure of the production process
(® smaller or greater) does not suffice to explain recorded
differences in productivity levels.

In reality, the explanation of the enormoug differences in
productivity observed as between the west and underdeveloped
countries Lhalf of the world’s population has an income less
than 1/20th that the average American (3} has much less to
do with helow standard values of the capital-output ratio
than with:
ay differences in per capita availability of natural resources,

(1Y See Arrats (1960 A}, § 235.
() Arrats (1961 B) vol. I (n. 8), pp. 22-z4 and vol. 1T (n. 7), pp. 39-80.
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b) differences in the level of technical education,

¢) differences in economic management in general.

If follows immediately that the installation in Africa and
Asia of equipment analogous to that of the U.5.A. would not
be sofficient unless ways were found to deal with the other
factors which make for these countries’ lower productivity ().

And this leads in turn to the conclusion that the general
emphasis placed in recent years on savings and investinent as
the key to speedy development, a view held in respect of
Europe as much as for third countries, is based on an erro-
neous position. The factors essential to development are com-
pletely different.

Fortunately, it appears that this point of view, which the
author has propounded continuously since 1947, is now shaved
more or less explicity, by an ever growing number of eco-
nomists. The present study basically constitutes its theoretical
justification. '

(") Arvrars {1961 B} and (1962 A).
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APPENDIX

THE INFUENCE ON THE RESULTS OF A VARIATION
OF THE FUNCTION §(0)

It is very interesting to study what happens to the various
results when the function 3(8) is no longer of exponential form,
the aim being to see to what extent they are modified when
that function changes.

I will study first the general case in which, . being constant,
B(0)e* can be expanded as a Taylor series and second two
particular cases for which the calculations can be carried all
the way through.

It may perhaps be thought that the calculations of this
appendix are no more than an intellectual game. Yef they
are very important in the sense that they allow the demonstra-
tion of the fact that under very gemeral hypotheses, the para-
meter A (1) does not differ very greatly from wunity, whence
it follows that the properties of the general model remain very
similar to those of the exponential model.

'y Relations (220-6), (220-14), {25%-17) and § 314 and 335.
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I. — THE GENERAIL CASE
B(8)e** CAN BE DEVELOPED AS A TAYLOR SERIES

Hypothesis: The Development of B(B)e** as a Taylor Sevies

510.  Assume that the function (8)e"’, in which w is a cer-
tain constant, can be developed as a Taylor series (1), This is
a very general hypothesis. Then

(510-1} B(B)z[bo+bi0+----+—b'—lilgm-—-o----}e—ue

Since

(510-2} kz/‘”p(g)d(} ¢(u):}_ /mﬁ(e)e_mdﬂ *

A
we have
b
(510-3) k:_szi.+ﬂ+....+ neloyo,
by o
¢ b b
(5I0-4) (.P(ﬂ) T o g ! > Feeeg ——nl 4L,

(rn]”

:—k— L+ % (1L+M)

("} Tt goes without saying that for praciical purposes it is only of use
to consider an interval for 0 of ¢ to 25 years, or at most of o to 100 years,
(}) Relations (z11-3) and (z20-1).
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This expression for ¢ enables all the relations found in
the case of the general model to be applied.
We have in particular ()

- _(;L+!'-P)9
b (]l1 e
10~ B)b+b 840y ] e
(570-5) CP{ ) O+ + = + k(b(z—p)

The Meaning of the b,_; -

The hypothesis made is equivalent to assuming that

(510-6) B(0)=u, B, (0)+ v, B (0)aeverd W ﬁn_1(9)+ cees

with
_
-1 T
(510-7) B, = (i) ¢
a-xl \T T
1
- |, — e
(510-8) b=
(5700 ppam X Bt B 7"
LT R T k

(") Relation (223-7).

frr]} Abllais - pag. 207



a0t PONTIFICIAE ACADEMIAY SCIENTIARVM SCRIPTA VARIA - 28

(510“10) Wod Wigvenn + wn-]‘i"":Z

{510-11) /

The function B(0) then appears as the weighted average of
the functions $,_, (0), each saiisfying the condition that its
integral over the vange zevo to infinity is equal to k, and that
the sum of the weights 1s unity.

Naturally we have

L]
T

(510-12) 8=k

T

Thus, the larger w,, the more closely B(0) approximates to
an exponential form.

Convergence of the Series Expansions

It can be seen directly from the expression for the func-
tions §3, |(0) that the convergence of their series expansions
depends essentially on the order of magnitude of T. The small-
er T, the more rapidly the exponentials converge.

From this point of view, the order of magnitude of the
w,_y Is of secondary importance,

[11] Allais - pag. 208
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The Sign of the v,

The w,_, may be positive or negative. However, fo sim-
plify the exposition, the following discussion will be limited to-
the case in which they are positive. It will be seen, however,
that the majority of the resulls which will be derived, in par-
ticular those concerning the order of magnitude of the para-
meters T, ®, and A, hold in the general case where some w,_,
coefficient have a negative value.

Expression for v(u) and ¢{0)
srr.  In the same way we have from (510-2) and (510-6)

(511-1)  ${n)=w, ¢, (w)rw O (u)e g v, byl ()4

with

(511-2) Dy (%) = -

(511-3}
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Thus if we put
_(x'~p)0

_ Bui(6)e
(511-9) e T

then

UJD (1)0 (z_p)fpo(ﬁ)+ ek mn—l q'):»z—-l (i—P) q')ra—l(e)"" '
b(i-¢)

(511-5) @(0)=

i.e.

W, (Po(?:—P) s (B)"' st Wy r‘pn—l (i_p)cpnml (B)"' i
UJn q')n (Z"'P).+- LRI wﬂ—lq')n—_[ (E‘P} +ree

The function ¢(8) thus appears as a weighted average of the
function ¢, ,(0) with weights w,_, %, _;.

We have
T (p??-— i""P :-—.I——-_
(511-7) 1(i-p) o

Thus providing (¢-¢) is small and # not too large, the
weighting of the functions ¢,_; (8) will differ little from the
weighting of the functions ¢, , (6).

{11] Allais - pag. z10
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Representation of an Amortization Law ¢(0) by a Taylor Sevies
Expansion

It is clear that for a given interval of variation of 9, for
example

-

0 < 0 < 100 years

it is always possible to vepresent any function ¢(0) given by
the statistical analysis with a sufficient degree of approximation
by taking a limited number p of the terms of the Taylor ex-
pansion of B(0)e"*. Thus 1t is essential to study the properiies
of this expansion.

Expressions for © and A

512,  Developing the different terms of ¢(u) in series (Y, we
have

(512_1) brz—l - bn-! T
(!.L+'H»)u P’u (I+..E’.)u

() This is legitimate if u/p<r, a conditien which is usvally met by
observed values of {-—p. According to (510-8) we have p=1/T and T
is given below by (512-8). We will see that in any case we have T<@,
[relation {513-2}].
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whence
b T
. Ia¢u=~g(1_m __)
(512-2) ( ) I»'* " + pz
2
_,EL(I, A 3w )
2 n i
" ,?Jﬂ (I—nﬁ + %___ﬂ(w'l) E +)
w” n 2 pl
Since
(512-3) O (u) =1-0, ur A @0’
we have
(512-4) O {ﬁ R ”b”;’ }
Blp M v
{“Izg . ;3_3% n(n—I] By . ]
i A=p Ll B 2w
(512-5) b o -
{———— 3 —-—-i-+ R ~
i B L

{) Main fext, relation (zzo-2).

[v1] Alais - pag. 212
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50 that
0, 2 T, A
‘{512-6) .:fq = Wk 2 W+ e+ -
# (12+1
Wy 3 Wy 4 eeeek ( ) Wiy ens

(wo+2m1+ R AU )

or again
) S
{512-8) T - ”{"i L
" n(n+1)
A nE=1 Wriot 2
‘(SIZ'Q) H=rt 2
[ n§£ W, n}

{512-10) f=|

Further, taking the values of the global quantities R, R,,
C, Y. etc., as they are given by the statistical analysis is
equivalent to fixing the value of (i -p) for a given value of

f11] Allais - pag. 213
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i-o (1. Thus, from (511-1) and (511-2) the values of T and
of the w must satisfy the condition

w &) w -
(512-11) ° . "1 +,..+m—_"‘1_.._n,,+...=¢(a-p
1+1{i-p) [I+T(z—p)J2 [I+T(z-p)] )

where the value of ¢(i - ¢) is given,

Thus, the weights w, , are subject to the two conditions
(510-10) and (512-11). For given weights w, , satisfying the
condition (512-10), the relation {512-11) determines T and the
relation (512-0) determines A. Relation (512-8) determines @,
once T is known.

As the oxpression for A as a function of the w, , Is inde-
pendent of T, discussion of the valuc of A can be carried on
independently of the conditions (512-8) and (512-11), taking
account only of the condition (512-g).

Equation (512-9) can be rewritten as follows (for simpli-
city the subscripts of the X have been omitted)

Suniw A
(512-12) Am T el T for w1
[Zn wml]z
with
I I I
Bl PR b TR B
(512__13) p <8y 2 ( +n )

where A, | denotes the value of A for the function B, (3.

{) § 372,
For example, we have
- I—o(i—g)

& -
i -

{relation 226-2).
() Relations (220-6) and (570-7).
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Again, we have

I T T 2 w 112
J s
(512-14) Ae oo™l 5
) 2 o R 2 [E w n]
n—1 n-]

Asg the first ferm is positive and the sccond is necessarity
greater than 1/2 ('), we again find the general condition

(512-15) Az1/f2 Q)

5
¥

The Order of Magnitude of T

513. It may Dbe remarked that in general, and if the dif-
ference (i - @) is sufficiently small, if y¢ is given (%), this is
equivalent, as a first approximation, to the @, being given ().
It follows that the order of magnitude of T is determined, as a

first approximation, by the relation

v
B ¢
2 nuw
-1

(513-1)

-1

Consequently the less rapid the decline of the coefficients ©,_j,
the lower the value of T, and the more rapid the convergence
of the series expansions (512-1).

(Y Frem the Busiakowsky-Scrwary Inequality (Broxsruay and SymeEn-
pyarew, Faschenbuch der Mathematik, p. 135).

This inequality, moreover, follows immediately {rom the interpretation
given in § 517 below (velation 517-2).

(") Main text, condition (z2z0-13}.

(*) Which, it may again be recalled, is equivalent to ¢{i—p) being given
{(relation 2206-z2}.

(*) We have according to relation (240-10).

@) 7o @, [1-A 8, p)] .
(%) Relation (512-8).
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In any case, we have according to (512-8) and (512-10)

(513-2) T<6,.

Order of Magnitude of A

1} Case in which the w,_, decline suffictently quickly

1 i

514. In the first place, it can easily be seen that if the w,_,
decline sufficiently rapidly, A will have a value not very dif-
ferent from unity.

a) Decrease of the w,_; as 1/n% (q==g)

Assume first that the w,_,; decline as with 1/#¢ so that for
example

A
'(514'1) Wy = hz“q—
From (512-14) we will have
I
7-2
e A=hg. I 1 T Tn
(5%4-2) TN E L)
291 i1
with
I
(574-3) BT
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We will then have

(514-4) =Ty

As ¢(p) is finite for pi=2, Ag is finite for g==4.
For g =4, we have

A, > 1.06

Ag is a decreasing function of ¢ and we have

so that for the particular hypothesis envisaged,
(514-0) 1< A< 1.06
These results are of course valid when the A, _;=nfw, ,

corresponding to equation (514-1), although unequal, are nev-
ertheless of the same order of magnitude.

b) Exponential Decrease of the w,

5r5. Now assume instead that w,_, diminishes as ¢ X¢1),

so that for example
(515-1) g

[xx} Alais - pag. 217
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Then we will have

(515-2) <

f11] Allais - pag,

( I=2w n_l:}\[I+6_K+6

Znw,_

2
Intw, =

~ 2K

o]

K - 2K ]

1=>\[I.+Zew 436 4ees

_ _}\_ [6_K+ 2 6—21{4.36_3[{4. . .l

_
(x-e7)

MA[I+46”K+96_2K+ ]

:e_i‘ﬁ[c_x+4e"m+ge_m+ ]
A dPoox

6—1{ dKZ I~6mK

~-K
I+e
T
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2

so that according to (512-14)

—&

AnXfee™, e
(515-3) - 2 [I ¢+ (Iwe”*{)z (I ¢ )

i.e. ,

(515-4) A=r

whatever the value of K. This result is a very remarkable
one; i is due fo the fact that in this case the model rveduces

to the exponential model.
For, from (511-1) we have

which gives finally

{515-0) "1, Tu

f11} Allais - pag. 21



(515-7) Oy = oy ()

i7 -~ - B"
(515-8) {3(0):fe(I—c’-"K)[I-me_(l s 1) (E 1=l L] b
T -1/ T T
i.e.
L_KB L
(515-0) Bloj=h{r-e™)e T L 9

(315-10) Bo)="k

which is effectively the function B8(8) of the exponcntial
model (3).

Naturally, these results will hold approximately if the A, _,
of the equation (515-1), although not equal, are nevertheless
of the same order of magnitude.

(") Relation (251-1).
(*) Since
e¥mm 1+ X 4oy e

() Relation (351-2).
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¢) Decline of the v, , as n%% K &-1

Again, it could be assumed that

(515-11) Lu,l_lzkﬂ'chwx(nml)

For ¢ =1 and using the same methods as above, we find for
example

(515-12) =80, o "

(515-13) Zn U)Mz)\[m- ge ¥ rge™N, . ]

I+ S
T re®
(515-14) Znt U)“_lx7\[I+86_K+276w21{+...}
PN AR

1< 215

I+4e +e

so that, according to (512-14)

K

et AL 26
{515-15) (I+eﬁ]{)2

[11] AMNais - pag. 221
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When K grows from zero to infinity, A grows from 3/4 to 1,
so that

(515-16) 3/4<CA <1,

In all cases it can be seen that a sufficiently rapid decline
in the w,_, will result in a value of A relatively near to 1.

From this, it may be deduced that in this case the proper-
ties of the model will not differ greatly from those of the expo-
nential maodel.

Case in which the v, | vanish bevond a Ceriain Rank

516.  Now examine the casc in which the w, ; vanish beyond
a certain rank and assume that

)
\\\

(516-1) W, ;=0 for np+I.

a) Case in which all w,_, are of the same order of magnitude

Assume firstly that all w, , are of the same order of ma-
gnitude, for example, that they are all equal.
Then from relation (512-14)

I plpraep)
(516-2) A-L f + P 6
211 f)(fJ+I) (j)+1)2
p 2 2

f1r] Allais - pag. 222
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i.e.

. - AL 2,1
(516-3} 3 ( *p...l)
we have thus

(5764) e

A being equal to 1 for p=1 {(exponential model}.
An analogons result holds of course if the w, ;, although
nol equal, are nevertheless of the same order of magnitude.

b) Case in which the v, | do not decline rapidly

517. It is again easy to see that if the quantities w,_, do not
decrease too rapidly, A is below unity or very near lo it

For, in this hypothesis and from (512-14), {1/[2Znw,_;])
which is in any case below 1/2, will generally be small.

As to the second term of (512-14), if the w, ,, are cons-
idered as masses and the % as distances, it can be written

( T Xm, OM]
‘517‘1) 2 [ZmnOMn]z
so that
(517-2) 1 OG Tm, +Em GM?
3T 2 0G'Sm,
r 1 Zm GM:
"2 2 0OGZm,

[1x] Allais - pag. 223



920 PONTIFICIAL ACADEMIAY SCIENTIARVM SCRIPTA VARLA - 28

in which G is the centre of gravity of the points M, assumed
to be of mass m,,.

But the points M, can be classified in two categories M,
and M; according to whether they lie between O and G or
between G and P of the abcissa p

For the M, points
(51%-3) GM; < 0G .

dgain, tf the ©, | do not decline too rapidly, G will be to
the right of the centre of the segment OP, and the image (
of O with respect to G will be to the right of P. Then we will
have

$0 that
(517-9) 1 Zm, GM; 1
1775 2 0GZm, 2

Thus under the assumptions made, that is to say if

H=p
w 12
= =1 . ]5
(517"6) tizp > -
Lo, 2

=l

[11] Allals - pag. 224
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we have certainly from (512-14}

] H

I

(517"7) — :3 < Iy
2

and since =4 -1 (1)

(517-8) Los o
2

In an apparently paradoxical fashion we see that for this
condition to hold, the coefficients of high powers of 0 in the
expansion of B({8) and §(0)e"® must be sufficiently large.

Naturally, it follows from the foregoing that in the general
case, wn which the w, | vanish only at infinity, the conditions
(517-8) will again be verified if

H=wo

2
}EI w,.  GM;,

(517-9) e
0G ”%‘,1 w,

which is a relatively weak condition.
Finally, we see that in the case of hypothesis (517-6), as
i the case of the weaker hypothesis (517-0), the inequalitics

('Y Relation (22¢-14).
() In the light of ithe indications given above § will probably he neg-
ative, S '
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(517-8) are verified, whence it follows that the limited expan-
stons derived in the case of the general model for the different
quantities, and given tn § 240, may be wused.

518.  Secondly, since # > 1, it follows from (512-12),
(512-13) and (5T2-14) that

1 Zhlo,, 4 Zele,
{518-1) 2 [En wn_i]z o [En w”ml}z
Assume that
(518-2) W, =0 for n-12=p

so that the sums only cover p terms. Assuming further that the
7w, | aré never-increasing, then applying the Tchebicheff ine-
-quality (Y

(518-3) Eﬂzwh-1<£ I 21 nw,
P H= H=
whence
2n
AL _2n
(518'4) < f) En w”—{
e,
PR b
(518-5) R =
H§1 By,

(') DRONSTLIN-SEMENDRIAJEW, of. cit., p. r3j.
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This condition shows that if the w,_, do not decline too
rapidly, the upper limit of A will remain relatively low.

If, for example, we assume that
{518-6) nw, _y=K(1 - w, for w= 2

then we will have from (512-10)

{518-7) Zw, = u)0+K{I—wO)G PR %)zr
whernce
K_ I
{518-8) T I
'E~+ + -.—P-‘
and
_ I~w, ) p-X
(518_9) Zn W, 1= Y + g_ )( I)
"?: +orer ES-

We will have therefore for any values of v, and #.

I I
(518-10) At pexzT TP
2 (p-1) I-u

i}

o that for instance in the case of hypothesis (518-2)

{518-11) A<

lor] Allats -
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Thus we see that if w, is not too large, A will not differ
greatly from 1.

On the contrary, if w, is near unity the superior limit of
A given by (518-10) becomes very large. For the values of w,
near unity the inequality (518-5) becomes

pex

2,

(518-12) Ao

It may at first sight appear to be a rather surprising
result that if w, is near unity, that is, if the relative weight
given to the term § (0) corresponding to the exponential
model (') is relatively large, A can reach very high wvalues
whereas in the case of the exponential mode!, A = 1 (3,

() Relation (510-13).
{*) From (518-6) and (518-2)
) w0,k R (p1) (1)

(p--1) (p+2)

(2) I 00, =tk T o ()
Thus {rom {512-74)
o, Bt .,
& A S e
and
» L AWtk (p1) (Bt g) (3-w)
i T e F ) Ty i

For smail values of o,

(5) Awvir,
For small valves of ¢,
F R I !
A e —
6) Rr=lE ?

U pe=5, A w oy

{17 Allais - pag. 228
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This finding will be verified later for a particular case (').

These results can be sumwmarised in the following table.
On the whole, we sec that in the majority of cases which can
reasonably be envisaged, A does not depart greatly from unity.
Since in all cases the integrals

kz/mﬁ(ﬂ)dﬂ

@ozi/'“’aﬁ(o)da

kJ

have values which are near 1 and v respectively (%), and since

AL T /mnzﬁ(a)dn NG

2.’e®§ A

it follows that in the majority of cases which can reasonably
be considered, the first three moments of the function (3(8)
are near to the corresponding moments of the exponential
model. It then follows that the related properties differ little
from those of the exponential model.

If p is very large

1 (r I\ I
. A o (o —
(7 T \3 P T
Lp 1
~
4 1 — wo
Thus if p increases indefinitely and if v--w, tends to unity, A increases
indefnitely. However, for w,=1 the model reduces to the exponential

madel and A=1 (see below Chart IV which corresponds to a particular casc}.
() § 528 to 532 and § s54q0.
() § 311 and 313,
() Relation (220-0},

[1e] Allais - pag. 229
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TaBLE 14
Luﬂ'm] A
A
(un_}w——(f— I<A<I’O6
Infinite K (n-1)
W, = Ae A=1
series
._1-{{12—])
w, =rn'e
- S A1
4 . e
g=1
T
‘:Uq:—:— i e A =TI
, . ?b 3 e ==
Finiie
series
of p T, p 1 cAer, L
—— — < + —
terms f‘_,w”_l 2 2 b
Wy, Oy, 0
nw, never A<i P+I
Cery Wy increasing 2 Dnw,_
nw,_ =K{-w,) R §
A<L p+1 2 f)
R 2 2 p-1 I-to

[11] Allais - pag. 230
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It may be recalled that according as A is below or above
unity, amortisation is more or less rapid than in the exponen-
tial model ().

Value of ®
51g.  From the limited expansion (314-6) we have
(519-1) ® - yo~ - BYL{i - p)

If it be assumed that
{(519-2) | 3] < x/2

a. condition which is met in the majority of cases, then

(519-3) TC[IML—(ﬂ‘-?}]<®<70[l+-}(f-9)]

To see this more specifically, consider the case of the United
States for which

{519-4) T=3-4 1=4% e=1.7%

{11] Allais - pag, 231
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Now
A= Y_m
(519-5) o=
so that
(519-6) Ye=23061 Y; (i —g) =o0.04

Thus we see that under the assumptions made, & differs

little from 7e.
In any case we have from {123-12)

whatever the function (),

The above results are illustrated in the following study of

two particular cases,.

('} Main text, relation (125-4).

[r1] Allais - pag. 232
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IT. — PARTICULAR CASES

A, Tue peveLoeMmENT oF S(R)e*’ rEDUCES O THE n' TERM
(n7>2) (PARA-EXPONENTIAL MODEL)

Hypotheses

520.  With the exception of the exponential model (7= 1)

the simplest variant of the general case which has just been
studied corresponds to the equalities

n—1
(520-1) o). 00 oM aae

T
(520-2) L
For want of a belter term, {his will he denoted as the para-

exponential model (1.

xpressions for the main guantities
521, We have

(521-1) b=

(') For m=1 these formulae correspond, of course, to the exponential
model (§ 250).

{13} AHais - pag. 233
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whence according to (220-5) and (220-6)

(521-2) @ -
[+
(521-3) Al i(r +i)
2 ¥

Consequently, applying the general formulac ('), we find

n-L
(52I‘4) G ~ n” (_[—].)”—1 e @(J
B( )mi—I! Q, e,
(521-5) *P[%):—%
{1+__ﬂu.}
7
0 1 ..??i
(521-0) ¢(0 zi"_(_)”" €%
( ) #-I' \ @ ®
(521-7) @m_m_@ﬁo_
1. e (i-p)
R @ . 1t
21-8 e Lz, e e ]
(5 ) R, [ ) 7 ( P)
(521-9) Yy {I_ ! ]
’ a"P @0 - "
)| [re 2 P)]
ﬁ (N) . " —@(} {‘.”P}
I- g e Ty e (- e
(521-10) R [ ﬁ( P)}

) Main text, relations (2zo-1), (220-5), {223-7), (227-3), (224-2). (226-2)
and (z28-12}.

fri] Allais - pag. 234



SEMAINE D'ETUDE SUR LE ROLE DE L ANALYSE ECONOMETRIQUE k1. 03]

All these expressions remain wnchanged if, with » being
any positive number whatever (not necessarily an integer),
we have

(521-11) Blo)=b___ ¢

where T'(n) is the function Gamma (1} (3.

The Value of the Functions B(9) and ¢(0)

522.  For given ® and small ¢-p, ® differs little from e,
and from relation (521-z) we see that p is greater for farger
values of n. It follows that at infinity, for given 0, [0y and
¢(0) take smaller values as # becomes larger. The effect of
increasing # is therefore fo concentrate the masses w(0}do
around the average values 0.

() For we have
o 1/
B = [ fﬂ (8) 46 = [”

Ty 7 ™t T

1‘(n+t) b wmb n
{

[r3] Alais - pag. 235
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The function @(0) is zero for =0 and 0=o0¢, and its
maximum is reached for

0""—'8.‘71_ s ®n = -t @

{522-1) =
nor, 8 (v-g} "
i

I {n-1)T

L+t T+Tu

Tor infinite » we have

(522-2) B, =0,
and

1
(522_3} ¢ = ®o A= -2—

The whole mass of the §{0)d0 is concentrated on the point
of the abscissa @, (7).

The influence of n

523.  Assuming that, in conformity with the statistical data,

(523-1) Ye=3.5 i p=4%

(1) Since A=1tf2 (see main text, § 220).

[ar} Allais - pag, 236



SEMAINE D'ETUBE SUR LE ROLE DE L. ANALYSE ECONCGMETRIQU), Tre. 033

the comparative values of the most interesting quantities are
summarised in the following table for =1, 2, 3 and oo RG]

|
i Ye=3.5 f-pwq% 7 i
! . |
Magnitudes T 2 3 o x
@, .06 3.92 3-87 377
A ¥ 0.75 .07 0.5 i
5 3.50 3.63 3.68 3-77
8 —
B 4 a 0.04 0.05 .08

/{1, ‘F(U) dl ©.23 0.1 .05 0
f,? (?’(G) dl .51 0,03 072 1
/fo .«P({)) 0 0.2 .24 023

Re/R, ) 1163 1163 1.103

Rey—He ‘
e 1.29% 0.6%, 0.4%,

('} For the expression (52:-6) of {0} we have
b Le b
[ CP(O) d {J = 9. 4 @ for # =1
o

: ‘O Ya h
j (?(B) dir=e¢ @ ( I 2(*_;)%(’ i ( 1 - %f) for we==-2

b . 2 1 o i 2 36
. 9a® 34 _ e obf  3b6 ] LB
/ o) d b = [ i d-Ije @ - 2@_2 + 0 4«1‘ ¢ B for memg

20 0
() lfor s 00 the methed of obtaining the limits is given later (relations
523-2 to 523-g).
() Variations in this quantity corresponding to variations in # are
completely negligible,

(73
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This table shows clearly the influence of # on the results.

It can be seen that the average amortization period ® is in
all cases very near to the value of vc. The value of ®; remains
practically unchanged as is also the case for Rg/R,. The loss
of real income (Rem - Re)/Row is very low in all cases, and
furthermore the value of this expression declines as # increases.

The only quantities to vary appreciably correspond to the
amortisation schedule, as can be seen from the values of the
integral [;, [1’ and [C:O of o(0).

Charts I, I and 11T represent the variations of the functions

for # equal to 1, 2, 3 and 5. It will be seen that the clasticity
B3(0) declines more rapidly for higher values of #. Similarly,
amortisation is the more rapid for high #», but while the diff-
erences are real ones, they are not substantial,

Very High Value of n

We can have a good idea of what happens when # takes on
high values by considering what the formulae already given
become when # is infinitely large. We have then (')

O, b

- = A
(523-2) o (u) =

(523-3) 0 =0,

() From § 3521.
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R, (i)
23~ - -
{523-4) R e
(523-5) VI e
“ li-p) [ ]
(523-6) s & (i
523 T, o oo[x_ Zo (i p)]
2
R._-R
{523-7) FE—£=0
RCM

Further, from {521-4), {521-6) and Stirling’s formula

(523-8) 5(9) N\/g(_(g-)”_le_”(%o 1)

(523'9) f-P([}J oo i ( 0 ”-—]e "”(“g'; - l)() (613"0){5“9)
2T _(:)m) ’

[

It can be verified without difficulty that for # infinite, p(0)
and @(0) are infinite for 0=, and zero for any other value
of 6. The whole mass of the (0)d8 is concentrated on the
point 8=0, When v and ¢-¢ are given by observation,
®, is determined from equation (523-5).
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Determination of ©, and n

524.  In the present case, to determine the constants @, and
n, we have the two relations

@ Q}
{524-1) T 8,
I*“ﬁ“{z“P)
I I
4 =
ip [I+%g(z—p)]
whence
Q I
(524-3) J S
& on
I
(524-4) ] To o= e |- -

and therefore

(524-5) [1_ (_9, (z’—p)}”:-:ImYC(i—p}

i

an implicit equation which determines = as a function of ¢
and @.

It can easily be verified thal even in the very simple case
where B(0) is assumed to be of the form (520-1), the delermina-
tion of ©, and n is subject to @ very large marpin of ervov if the
value of Yo is near that of @ and © itself is not very accurately
known.
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Fhe following table gives the values of ® as a function of #
for ye=3.5 and i-p=4% ().

The relation hetween n and © for Yo 3.5 and d—p= g9

1
1

|
|
J 3.03

.68

E
|
J

This table shows that the slightest variation in © involyes
a very large change in n.

The fact that © be given is thus an insufficient basis for det-
ermining the constants of the model. The function @(0) must
be considered as a whole.

("} Tor n infinite, relaticn {523-5) mives

@) i
¢ e = Iy (p)

[i1] Allais - pag, 2.4
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B. Tur sxpansioN or S(0)e"® REDUCES 10 THE FIRST AND a*t
TERMS {MIXED MODEL)

Hypotheses

525.  Assume now that

b 1] —p o
0 e

(525-1) i’ﬂ(O):[a .

-1

(525"2) K=T

Since B(0) must be positive whatever 0, and is zero at infi-
nity, we can write

(525-3) az0 b=o T

Lxpressions for the Main Quantilies

526. Pat

’ a
() S

I

(1) =

6-1) i
{(526-1 o

(1] Allais - pag. 245
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Then, from (510-3) and (525-2)
(526-2) W+ =71
and from {510-6)
(526-3) P(0) = (1 - ) B,(0) + 0w, (0) 9

According to (512-6), (5127}, (510-6), (510~7), (5711-1),
(511-3), {227-3), (224-2), (226-2) and (228-12), we have then

(526-4) G} ={I-—w + 0 n] T
Tt + 0 #{n+I)
(526-5) As
T-w+wn)?
L
(526-0) B(U)r-(lwuum * (_OM)PHJ ¢’
m-1\T T
- OR o w
(526-7) T 1+ Tu)

Twew L [0V fiez(i-ef) &
oo Za ()] T
Tty 03 T

1) [Ed(i-p)"

{520-8) (0]~

(') The present notation thus corresponds to that used in the previous
section [relation (5T0-g)] as foliows
(L
o= T =y, .
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Iy W
(526-0) 0. [TT(-)™ 1
- . w I+T(i—p)

(520-10) RS Io =

N I T- w
(526-11) o= [L - }
Pl T i)
ﬁ(. I - O li-e)
(526-12) T ) . w ¢

D)cm{fnp)ﬂ
o (0] . P
L
I L wn
(526-14) o. Ei-p) [1+T{i-p}}" |
1%, (-} 1+T(i-p)
» ( R(} » 1
(:)2 j“IS) 1{0] } IM‘YC(?: P)

() Naturally we [ind the general relation (226-9).

(11 Allais -
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jé . 8--®() (L’p} (1)
AT

Gl

{5206-16)

These relations are more convenient for use where ve is
given.

When w=o0, this model reduces to the exponential model
of the main text and when w =1, it reduces to the para-exponen-
tial model examined in the preceding section (wilh n2).

The case #=2 is particularly important. In this rase, the
Taylor expansion of [§(8)¢*® can be limited to the first two
terms.

The Form of 9(0)

527.  ¢(0) is maximum for 6 =0, such that

o oA

m

In all cases we have

0, 7T
27-2 — —_—
(5272 T i)

() Apain we find the general refation (228-14) for k=1,
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and there is no longer a maximum value for

(527-3) (i%)””</ 73 | I”“’[I+Tfi—9ﬂ

h w

0,,, decreases when o decreases, i.e. as the exponential mod-
el is approached.

Values of A

528.  Although the model reduces to the exponential model
[b=0, A=1] for w=0 (1), and to the para-exponential model
[a=0] with

for w=1, @ would be incorrect to deduce that in all cases the
properties of this model always lie somewhere between those
of the exponential and para-exponential models, and in par-
ticular that we would always have

(528-1) Teaar,

2

For, from (526-5), however small w, there exist values of #
which are sufficiently large for aw greatly to exceed I -w.,

("} Or for b:ofo with n=1.
[yr} Allats - pag. 240
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For these values, we have
(528-2) b oo

and 1/2w can of course be very large when w is very small (¥).

Iivst Limitation of the Value of A

529. DProviding v is not too small, A will remain at a relat-
ively low level. Indeed, it may Le noted in the first place that

() We have

n (74 1)©

el

20 20

Thus A will differ from its limit value by less than s, ie. we will have

e 1 4 B
I
o
if
3
ie, if
3(r—w)

W
e

Thus, if for example w=1/100, A will differ {rom iis limit value 50 by
less than 1/ro for « > 3000. Tt can thus be seen that A can only have
very high values if # is very large, and such values are incompatible with
observed reality, at least as far as can be judged.

fir] Allais - pag. 250
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from condition {519-7) we have ()

I I I n

AT for w~T
20-1 — BTl ey
(529-1}) P " P

Second Limitation on the value of A

530,  Moreover, since we have according to (526-5)

dd 1 W [(2—3 m)n-3(1—m')]
(530-1) an 2 [reren]

we see that there are then three cases:

I; o< w<1/3

here we have

(530-2) Ig«( Aloe for o<w< i

() For here condition (5r7-6) can he written

2%
I —w+ 0> —
2

fr1] Allwis - pag. 2571
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Il: 1/3<w<2/3

n 2 7 oo
T+2W
(I+m \ /_
So that
I 3 . I 2
- oo~ A 2 for B
(530-3) PR 3 <3
ImI: 2/3 <<w<1
% 2 00
Af TH20 I
(I+w)2 \ 2w
Thus we have
(s30-4) = <A <-~ for —§~ CW T

I
?<U) <I

[11] Allais - pag. 252
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whence
I I I
(530-6) -— <% < for T <0<t
Third Limitalion of the Value of A
531. Irom (526-4) we have
(531-1) 0o #OT
#n-I
and we can write
A T n{ n—I) w
(531-2) TR ) * 2 [I~w+n sz
so that we have
I
o
(531-3) A=v, 2 (x_ v )vz
2 -1

(') These results show that » has to be large enough for A to remain
sufficiently small. This is the general result given in § 518 of the App-
endix. It may be recalled that in all cases

1f2<A m <X
conditions (220-13) and (526-2).
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i.e.
(531-4) A_BFE 2
2 2
putting
I
1- V.-
(531-5) )

The discussion can be swminarised in the following table

vlo Y ’;;2 v, ”;2 00
AH.!
TN T
A 0/2 2\0
~
-0

where v; and v, are the values of » for which A =1/2 and where

2
(531-6) A, = 17+2)
&n

We verify A, >1/2 whatever the value of » (1),
Thus in every case we have

2
(531-) A o [m2)
8n

(") Condition (220-13).

[12] Allais - pag. 254
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For sclected values of =, the values of A, are as follows

Thus we see that when the value of % is not too Jarge, A remains
fairly near I.

In any case

(531-8) A< gfz for n=7
50 that
(531-9) &< 1/2 for n=y

whatever the value of 0.

Recapitulation

532,  The foregoing results are summarised in the following
table

I 1 ' 1 %
B\ WP, G for w T -
‘z< <4n -~ 2 n-I
_I_<A<_3_ for i<w<1
2 2 3
i<é\<_3_ for T # o 7
2 2

11} Allads - pag. 255
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Finally, it should be remarked that even for w<_r/3 A diff-
ers significantly from unity only for very small values of w
and very large values of #. In fact, we have the following
table (1) (3):

Values ot A

n \ o 0.05 0.10 0.25 0.50 0.75 1

X I 1 I b 1 T T
2 1 T.00 0.99 0.90 0.89 0.82 0.75
3 1 1.03 7,04 1.00 0.87 0,76 0.67
5 b .18 I.22 I.12 0.89 0.72 .60
10 1 176 .97 1.37 0.03 0.064 0.55
oo I X0 5 2 3 .67 0.5

For the particularly important case, n=2, we have

A _ I+2 0}
B (I-hw)2
whence
3/4 <A<

It will be recalled that

Ae for m=oo e

() Relation (526-5).

(®) The values of A for nw=ec are given only for indicative purposes.
It goes without saying that very large values of = are completely unreal-
istic.

(*) Relation (528-2).
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Cuart 1V

ke v ]

{11] Allais - pag. =257



054 PONTIFICIAE ACADEMIAL SCIENTIARVI SCRIPTA VARIA - 28

Chart IV represents the variation of A with » for different
values of w. The reader is reminded at this peint that it follows
from the discussion in § 336 that amortization will be more
or less rapid than in the exponential model according as A is
less than or greater than unity.

Thus we sce that over a wide range of variation of w, the
properties of the model considered ave near those of the exp-
onential model.

Analogous calculations could of course be undertaken for
the general case discussed in § 510, They would show that in
the majovity of cases which can reasonably be envisaged, the
value of A remains falvly near unity.

Determination of

533. In any case, it should be clearly understood that when
the value of y¢ is given, the range of variation of p=1/T is
Himited,

For we have (1)

Y I [I It w ]
(533-1) i) LTI e
To simplily the discussion, take

(533-2) i-p=0

which can be considered as a wvalid first approximation since
i~p ts small, Then

(533"3) Y('-‘(-i - P) = ®o

(" Relation {526-11).
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and since necessarily

I

(533-4) A Q

2

it follows from the discussion in § 537 that we should have

(533-5) vy vy
i.e.

(533-6} 0,8, < T<wy,0,
with

(53%_7) Ui—_—,i.'..l__i\/ljiz 'UZ:_I_+1+£ I+.i
FH 2 n 2z n 2 n 2 n?

When = is large enough, it is possible to write as a first ap-
proximation:

(358 [er]e<T<[ni]n g

# H

It can be scen that for sufficiently small values of i-p,
the coefficient T can vary only within determined limits once
the value of v is given.

{9 Condition {220-13).
() From (533-3), {533-6) and (533-7).
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Values of the Various Magnitudes for Given Values of v and
i-p

534. It is interesting to examine how the various parameters
vary with changes in o and » when v and i~ p are given b
]
observation.
For example, suppose that we have

’\(023_5 ?:“P:'-'::t?.%) .

To calculate T and ©, we have the two reclations (M

I-Ww L0} .
(534"1) I+T(?:—P) + [I+T(i—-p)]” "_“I~YC (1_PJ
(534-2) ®0=[I~w+wn]T

Values of 1" and ©,

535.- The two following tables give the values of T and ®
for selected values of w and # (2).

&)

('} Relations (526-4) and (526-11).
() When n increases indefinitely (a sitvation which is clearly of theo-
retical interest only), three cases are possible:
a) T does not tend to zero.
Then we have
L I—
(1) I+T({—p) = e for n=oo
I—vyelr—p)
This relation defines the limit of T and it implies

{z) o<y, li-p) .

In this case 1y is fairly small,

[1a] Aliais - pag. 260
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Q

Values of T for Yo=3-5 and  i—-p=4%
e 0 0.05 {010 [0.I4 |0.25 0.5 0.75 X
» \ I
I q.7 4.1 4.1 4.1 4.1 4.1 4.1 1.1
2 q-1 3.9 3.7 3.0 3.2 2.7 2.3 2.0
3 4.1 3.7 3.4 3.2 2.7 2.0 1.6 1.3
5 4.1 3.5 3.0 2.7 2.1 1.3 1.0 0.8
o N | 3.7 2.4 2.0 1.3 0.7 0.5 0.4
oo 4.1 2.6 1.2 0 [ o 0 [4]
Values of @, for Ys=35 and  i-p=4%
— w
~ o 0.05 |o.10 [o0.14 j0.25 |05 |0.75 1
u \ i )
- — e |
T q-1 4.1 4.1 4.1 4.X 4.1 14T 4.1
z 4.1 4.1 4.1 4.1 4.0 4.0 |4 3.0
3 4.1 {41 4.7 q.1 4.1 4.0 3.9 3.9
5 1.1 |42 |42 |42 4.2 1.0 |39 3.8
10 4.1 4.5 4.0 4.6 4.4 4.0 3.9 3.8
o [F) 4.1 o0 o0 e |51 4.1 |39 3.8
by ¥ tends lo zero with w4y, ()
Then we have
w
3) (14 @) oy
0 —ve (/)
which implies
(4} WP vl
ch o=y, (o)
In this case, we (nd
Nt e
8 T+ T{ =g —
I—ye{i ¢

Thus T lends fo zero, so that relation (5) is vcnﬁed asymptotically.
Yo f—p) is thus a critical value, and for ¥ 35 i—p=4%, we have
7( 6} =0.14.
(1) For infinite =, and from the preceding note, there are three cases:
a) o < w <y, li-ph
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These results are plotted in charts V and VI.

We see that if we consider only the values of # below 10,
the only values which it is realistic fo consider, then, although
the auxiliary parameter T has a wide range of variation when
w and # change, the values of the parameter ®_ (which are of
economic significance since @, is the length of the amortisation
period for i - p=0) vary but litile.

Here, T tends to a limit, Consequently @, increases indefinitely and
we have

wa
(i —p)

(0 0 NP’C ot i}

L=y {i —p)

b) yoli-p) <w <7,
Here, T tends to zero, and

(2) o wn T,

Now in this case,

g W
2 HTUE-0) S
(3) P (z _ F’)
so that
» B, — — 1. {I _teli— o)
i—p [0)]

In this case it is clear that according to the value taken by w, the corr-
esponding value of @, can tale any value greater than .
For =1, we have
1 . ;
[ JUN (I E NPV ¢ R
(5} 0 P— l e ( P)}
For small (i—p) this limit differs little from Yo
€) w = yo{i—p)
In this case we have
T{i-e)
(6) 2 WTE-0) .;,,‘,M_T("e—“
Pl —yelE—e}i
and since T tends to zero
O] -
7) 8, ~— ——LT
i p

so that @, increases indefinitely,
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Caarr V

Eo M/XEQ /‘5’0&?&’.
VBLUES  OF THE PARAMETER T ..
L. FOR. H=dE -4(1.474 :

Ef+7‘{¢ ‘a) /1,7‘(_& ‘o/n"f 3::'(“ f) [Ri!-"a ”or,i' (‘334;2(]
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CHarr VI

XED MODEL.- :
LR TTHE PARANETER ez.. :
a;_'-.i 5 -c—f'-—é” RS

450

425

&

37

450
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Furthermore, we find that T(i - ¢} remains effectively in-
ferior to unity, a necessary condition for the validity of the
expansion as a Taylor series of &(i-p) ().

Once the values of w and » become fairly large, T(i - p) is
relatively small and the expanded series converge rapidly.

Values of ®

536.  From (526-g) and (526-11),

e aley (i-p)- I-w
(536-1) g 2P ) 1'*'T(2'“P}J T
Imu'YC I+’1‘(z'_p)
or, again
i - (n-1){1-0) T 2
(5362)  ©=[n- [I+T(t’—p)][b(i—p]‘fo]}I+T(z'~p) O

Whence the followiug table for @ can be constructed (%)

() § 5r2, we have p=1/T [relation (510-8)].

(3 The values of T are derived from {534-1) and (534-2).

(®} When # increases indefnitely, three cases are possible in line with
the preceding notes

a) o < w < yeli--ph
In this case T tends to a limit defined by the relation

I—
I 1+ T ({{~p) = —r——
(1) ===
and from this and (536-2) we deduce
A = T
“ TIETE-4)

[1x] Allais - pag. 2065
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Values of @ for y,=3.5 and i—p=4%

w
\ ) 0.05 |0.T0 |{0.14 |[0.25 |0.5 0.95 i1
n e
1 3.5 |35 3.5 3.5 3.5 35 |35 3.5
2 35 {350 (350 (351 |352 350 |3.59 |3.63
3 35 1348 1348 |348 3350 356 [3.62 |3.68
5 3.5 342 [3.39 1339 [342 |3.54 |3.64 |3.72
10 3.5 3.22 {313 [3.13 |325 [3.5T 13.66 |3.74
00 3.5 2.37 Iz (o 2.63 |3.44 |3.66 |3.77
j.e.
o (F — ) — w
(3) 6= :
I—w)(i—g)
. e w
TIe—t (1) {i—g)
whence
e
(@ 0 <8 < i
1—ys(f{—g)
b) peli—p) < w < 1.
T tends to zere and from {536-1), we have
w—ve (F —
(5) 0 e _—I‘—L——ﬁ) N
I—yeli —¢)
s0 that
T | ) O -
(5) O— — - - - ]L[Iw« —Ei»L»«—)
(i—~0)} 1T — ¥ (f—p) w

Iere, ® can tend to any value according to the value of ().
For w=1 we have
I
(7) &— — o L1 — Yo (F — )]
(f—¢)

This is the same limit as for ©,.
€) w = v li—p)-
Here T again tends to zero and relation (536-2) gives

(8) B w T,
Thus @, tends to zero.
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CHarr VII

/‘7/)(&"0 ‘MODEL '

\ W 0 ar. 723 ?‘ fx,aanenf.ra/ /"?adf_.f :
L mato : S wsa n}z Mmrd.f“foa’zl '
\ﬂm T

7i:oa .o T n;;d qua~exponwrm/ Fladel g
; {f)lé‘gsz 2}/0.’0: e.r‘ }‘ Tl 0] are _gr’w,n by (534 fand i

305 bt
[\

"

0.2% 0.50 075
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These results are plotted in Chart VII. It will be noted
that for »<ro, the value of ® is between 3.10 and 3.80 whai-
ever the value of w. Thus in all cases which are of practical
interest, ® does not vary greatly from its value in the expon-
ential model, ie. 3.5.

Values of (Rowm - Re)/Rom

537.  From relation {410-3) and (526-16) we have (%)

P —-@ (i-0
R, i 1 . ), (i-0)
oM

=I._¢C R
(537-1) § R I_Tc(z'_P)

Then, for given values of y¢ and (i -p) and the values of 8,
calculated in § 535, we can derive the following table.

Values of (RGM""RC)/RGM in percent for Y™ 3-5 i—p=4%
N
[ 0.05] o0.10] 0.,14{0.25 | 0.5 1075 I
n —
T 1.2 1.2 1.2 1.2 [ 1.2 1.2 |12 1.2
2 .2 1.2 1.2 1.2 | 1.X 0.9 0.7 0.0
3 1.2 1.3 1.3 1.3 | 1.2 0.9 0.6 0.4
5 1.2 1.7 1.7 1.8 | 1.5 1.0 0.5 0.2
10 1.2 3.3 3.3 3.7 [ 2.3 .1 0.5 o.x
oo .2 }I00 100 100 5.3 1.3 |04 o.

These results are plotted in Chart VIII. It will be noted
that in all cases which are of practical interest, the loss is less

() See § 410 above,
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004

CHart VIII

M/Xfa MODEL . T

: ::vnzufs org By -B Rm S

‘ Fo;? (H-35  £-ps f\% :
LAl

A .

I Retation (8304) 4 -

_LEGENH__.

el or et Expoﬂznho/ /‘?odc/
:‘w O, mp2 Mixed Model.

- il = 1, mpt Pora- Exponur:m/ Madel

ff}@o /s given [35534:} br

@, sft-arwnfr /534,2) ‘
il - 534,71
Feriee ey -8 g / f
- - 025 ........................... . 050
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than that given by the combination %=1, w=0 which corres-
ponds to the exponential model,

Use of the Taylor Sevies Expansions

538. It is inferesting to confront the values which have just
been calculated, and those which would be derived using the
limited expansions obtained in the main body of the text (1)

(538-1) Lo 8 [1-4.0,(i-p)]
(538-2) o R @ (A TV
R, ( 2)(3 °)

taking the exact value

T-t+w n{n+1}

(538-3) Ao

(I-w+nw)2

From (538-1) we deduce

(538-4) 0, (i-p) o LY A;’c(iﬁP)
2

(") Relation (z40-10) and (240-13).
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whence

R MMRC 2 - ; o
(538-5) Wkt o ey [I Zﬁﬁh(ﬁ"P)-\/I-4ﬂiTa(z%Pﬂ

It is interesting to note that for

Ye=3.5 i-p=4%, B=5

the value obtained from this approximative formulation does
not differ from the exact value by more than 18%,.

Study of a Particular Case

539. It is interesting to examine the variations of the cssen-
tial functions in the particular case in which

{539-1) ne=2 w=1/3
with
(539-2) Ye=3.5 for wu=i-p=4% .

fxi] Addeis - pag. 27t
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Then, from the results of § 526, we have

T. 3 9,

(539-3) p

(530-4) A_TD

16
- A0
8 2 0 e 39,
(539-5) B{0)- 2 fx %_)
e
e
(539-6) [0 5(‘3) ¢
I—un’c
I-p%®uu
(539-7)  O< 8 0,
FEef e
2 4
(5308)  Re_ 1
R, I1-uY
(539-9)  7v,- L1 2 _ 1
" 3(14_ 38, u) 3(14_ 30, u)z
4 4
e} —@014
(530-10) 1. e _1 ¢
R, -V u

T is determined by (534-1).
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The following table summarises the values of the principal
quantities for the exponential, mixed and para-exponential

models (!) for

w=4% Te=3-5
Y™ 3-5 w=4% Model
I I
Exponential Mixed Para-exponential
Parameter
H==1 =2 =2
w=0 w=1/3 =T
p 4.07 3.02 1.96
@U 4.07 4.03 3.92
A I 0.94 .75
0 3.5 3.53 3-63
R/ R .16 1.16 1.16
9:3;" 0 0.000 0.04
'\i.’c
/: {0 0 0.25 0.23 011
13
[I (0) 0.5% 0.52 0.65
/f” o(f) dh 0.24 0.25 0.24
IEL‘LMJL 1.2% 1% 0.6%
'I{().\i
() We have

i

1}
f (A -+ BO) &0 76 == .%..[wm e 4 % [(14+C0, o0 —(1-CB, )]
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G70 PONTIFICIAE ACADEMIAE SCIENTIARVM SCRIPTA VARIA - 28

In addition, three charts IX, X and XTI are presented show-

ing the functions f§ (8), ¢ (9) and [ G°° @ {0) d0 in the three cases.
The expressions for these functions are the following (%).

Model
I 1 IIX
Functions Exponential Mixed Para-exponential
w=0 w=1/3 =1 B
. Lo-b 8f 26\e s 0 -2l
2(0) w—e @ ( 1 u,,ﬁﬁ..)_____..}.‘..fln 4 e B,
E 0, 9 30, 0, 0,*
| S 6 2L
a(0) B @ (A4 Bl ero 4 ge ¢ @
- -2 B e—t0 20] -2-L
Ji 90) a6 ¢ 0 [A*' ¢t B@}“c— {1 ) J )
with
A 8
798, (T-u Y,
6
B. 2.
(539-11) 27 6’ (I—uTc)
Cot [t 300)
30, 4

(') Relations (251-2) for k=1, (2513}, (539-5). (530-6), (521-4) and
(521-6).
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It is veally vemarkable that the TI curves, which relate to
the mixed model, stay very near to the I curves of the expo-
nential model, even though the weight attributed to the expo-
nential element is but 2/3. This is due to the fact that the
coefficient A in the mixed model has a value very near that
which it takes in the exponential model, so that the ${6} funct-
ions of model I and II have approximately the same three first
moments (1),

General Comments

540. It is certainly very surprising at first sight to find that
for small values of w and for large values of #, the model
considered has very different properties from those of the
exponential and para-exponential models, though for w=o it
is identical to the exponential model and for w=1 identical to
the para-exponential model.

For the first and second, for example,

I
;<A<I

0, &7 for i-p=4%

whereas for w=o0.10 and » sufficiently great, A has a value
very near 5, and @, can even become greater than any value (2).

It may first be noted that no illusions should be had about
small values of w, since large values of # can have a greater
influence, with correspondingly greater deviation of the model
from the exponential.

() § 336
(*} § 532 and 535.
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Turther, while 3(0) and ®(u) appear as weighted averages
of the corresponding expressions for the exponential and para-
exponential models, this is not the case for ¢(0) and the other
parameters (7).

Finally, and most important, even if 3(0} and ¢(), both
formally and effectively appear as weighted averages of their
expressions

14+Tu ° (1+ Tu)"

for the exponential and para-exponential models (%), the val-
ues of the parameter T, and therefore of the corresponding
functions B and ¢ are ceriainly not the same, since in each of
these cases, T is determined by the equation

(540-1) +T(i-p) ’ {I+T(z’-~f3)]” =eli-e) )

{*} Relations (5r0-6), (511-1) and (511-G).
{*) Relations (526-6) and (526-7).
{*) Relation (534-1).
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which expresses the fact that theoretical value of y¢ is equal
to its observed value, which is the same in all three cases (1),
argl it is this which generates the large differences noted,

Nevertheless, very large values of # are of no more than
speculative interest, and from the foregoing discussion, it may
be considered that for #=07, the properties of the model studied
are extremely close to those of the exponential model, whatever
the value of w.

It follows from this that if we can consider only the first
few ferms of the expansion of 3(0)e*® as a Taylor series, the
general properties of the model will be very close to those of
the exponential model.

(") For the exponential medel, we must put w=o in relation (540-1);
for the para-exponential model, w=71, and for the mixed model =m,.
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DISCUSSION

F1sHER

Professor ALLAIS® interesting paper makes essentially one empi-
rical test. The model predicts two items to be fairly constant. One
of these is y, the capital output ratio, which the theory predicts
should vary rather weakly, and the other is g, which the theory
predicts to be a constant. Indeed y is supposed to vary weakly
because it is essentially a function of 9, and some things that don't
move very much. Professoy ALLAIS secures numbers on these two
magnitudes,

Now, when a theory predicts semething to be constant it is hard
to know how to evaluate the test that is used, One has to be able
to say how constant is constant and there is no standard for this.
The only possible comparison that can be made, I should think,
is a relative one. Professor Arrais’ theory predicts that g should
be constant and vy should vary slightly; in fact, 9, varies substan-
tially more than does y. 8, moves by something of the order of
17.5 per cent as compared with 5.8 per cent for the figures for v
tor the United States. This takes the ratio of the range to the mid
peint of the range as the basis for the caleulations which are im-
precise. Tf the theory were right, it should be the other way around.

Now this is rather serious since it is almost the only cmpirical
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test performed by Arrars. I can well understand that one cannot
rest much on an argument such as this one, since these numbers
are very rough and are subject to substantial errors of measure-
ment, Indeed, as Arrais has sbown, even plausible errors of
measurcirient can lead te this result. On the other hand, T am
unable to understand why these numbers are appropriate for ArrLars
fo use and not appropriate for me to criticize. Professor ALLais
insists upon saying that everything goes according to his model.
In fact, this does not go according to his model, and while that
may be the result of measurement error, it may equally not be. It
is, of course, all too common for an investigator to claim that num-
bers which apparently point opposite fo his theory are subject to
measurement error. Professor ALLazs, however, is managing to do
more than that, First he puts forth these numbers as supporting his
theory; then, when I point out that in fact they do not suppert it,
he claims that is dve to measurement ervor; finally, he claims that
in fact they do support it. Professor ArLars is working both sides
of the street here and I am afraid T cannot understand his somewhat
lengthy argument on this peint.

ALLAIS

First, in my opinion it is {mpossible to attach any importance
to these slight differences because the precision of the different
estimates is quite small and it is difficult to derive any conciusion
from smali deviations which are probably of a random character.

For instance, if you consider the 58 Cormv Crarrk figures for
21 countries cited by me in Table V, p. 54 of my Tokyo paper
{Arras, rgbo A}, the range for y is quite large, from 0.83 to 8.48.
The median is 3.54 and the coefficient of variation ahout it is 22%.

If you consider each of the 58 figures, this is certainly wrong
and only the median of the lognormal distribution has any real
meaning.
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2. My second point is that the difference you underlined is not
as great as you say.

I gave the defailed figures in my « Iiconometrica » paper of
October 1962, pages 714 and 715. They are as follows:

TapLr 1

TTUniled States
o Years 4 i (')n
1880 G P K 6.7
1800 3.87 5.08
1900 3.69 5.8
1006 3-37 5-36
1910 3.38 5.8
1913 3.4 600
1923 334 6.57
14720 3,40 6.48
1937 3.88 5.15
1G50 3.40 3.80
1935 3-30 225
1650 3-35 4.57
Average 3.46 5.07
Average relative  devia-
tion (1) . . . . . 5% 39 5 2%

(1} For a guantity y, the average relative deviation is (y-y) ,f_4) where y is
the average of the y,.

Tapre 11

Uhnited Slz\lcs, Great Britain, Prance - 143

e ) - By

. i
United States P I 6,66 4.60
France . . . . . . . 3.83 4.84 .21
Greal: Britain I 11 ¢ 3.6G0 4.30
Average Lo ... 3.0y 5.30
Average relative deviation 4 % vz

fyrd Allais - pag. 283



082 PONTIFICIAR ACADEMIAE SCIENTIARVM SCRIPTA VARIA - 28

Thus, the average relative deviation is respectively 5% and 89,
for y and @  and for the United States only and 4% and 3% for
the United States, Great Britain and France in 1913. I fact, in
the first case, the range of @_ is slightly greater than the range of Y
for the first table. This order is reversed for the figures of the
second table.

I repeat that in my opinion we cannot attach any importance to
the decimals. Perhaps some years from now it will be possible to
have exact figares for the decimals but my conviction is that this is
impossible at the moment, And so far as the figures for the United
States ave concerned, I must stress that there is some hias associated
with the estimate of the rate of interest. It is very difficnlt indeed
to estimate the pure rate of interest {. Tor example, after the war,
American monetary policy was such that the rate of interest was
maintained at artificially low levels and in this way the rate of
interest did not reach the value which it would have had it there
had been free play of the market mechanism. This explains the
slight tendency mentioned by Fisuzr.

3. But that is not the real point. The real point is that the
results which are found show a striking agreement as far as orders
of magnitude are concerned; and at all events these results must
be explained. The proposed theory can predict small variations of
8, and v and in fact we verify that the estimates do not vary very
much,

4. My fourth point is the following. T am completely aware
that it is impossible for me to say that this model is the only one
which can explain the facts, because the empirical data we have are
insufficient for any final and definite conclusion to be derived.
I say only that the course of events is what it would be if this theory
were correct, and no more than this. This theory and the model
which illustrates it are compatible with ali the known facts,

I don't say that this theory wili continue to hold. Nobody
knows this, T simply suggest that this theory can explain the fea-

[11] Alais - pag. 280



SEMAINE D'BTUDRE SUR LE ROLE DE L'ANALYSE HCONOMETRIQUE rIc. 983

tures that we find in the empirical data in a simple way. This sta-
tement is valid for any theory whatever. It is impossible to declare
for any theory « that is the right and definitive theory ».

We do not know if the Newton Theory of gravitation or the
Einstein Theory of gravitation is correct or not - we don’t know
that — what we can say is that the course of events is consistent
with their correctness, at least as first approximations, and I don't
say anything more,

I would add that this theory and its associated may not be
right, but at least, as far as I have been able to judge, they have
the merit of having been able o force people to think about many
interesting features of reality (see my paper § 337).

Worp

I am extremely impressed by the whole of Professor ALLAIS®
presentation, I have received many hooks and papers by ALLAIS,
but I have never had the opportunity to listen to an exposition like
this, Maybe this is the first time that Professor ALLAIS gives such
an integrated exposition, and if so I am very happy to be one of the
first listeners, It adds to my admiration that his material, from
the criterfa of the Study Week, is very important, It is a question
of course to what degree his views will be accepted, buf there is no
doubt that this is the f{ype of material which we are supposed to
present and discuss.

My own comments and remarks are very small. My first que-
stion mark in the margin refers to your notations for the capital.
If the total is divided in parts, then the usual notation is that the
parts have indexes, and the total has no index. In your system I
find that the total has one index, and one of the parts has no index,
and this is a little confusing.
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ALYAIS

It was, T think, Jevons who used this characteristic curve for
the first time, but for the case of a stationary equilibrium and in
triangular form. At the end of the last century, BormM-BAWERK
again used sach a curve but in rectangular form. Subsequently a
German, STACKELBERG, and a Frenchman, Bousquer, again used
the concept of the characteristic curve for stationary process with
rectangular and triangular form, If they did not go fariher, the
explanation is, I think, that they were unable to treat this quite
difficult question mathematically. I have given the references to
their works in the bibliography of my « Econometrica » paper with
some comment.

The concept of the characteristic curve is thus quite classic.
What 1 have done is first to calculate the different macrocconomic
quantities R, C, etc. and secondly to generalize this concept for
the dynamic case.

What is completely new is the calenlation of the real consumed
national income, the principles of which I gave in my book « Eco-
nomie et Intérét » in 1947. T stress that the hypotheses underlying
this calculation are quite natural and not very strong (sce § 115 for
the general theory and § 221 for the general model).

1 can underline one point more. In the present paper, because
the value of reproducible capital appeared so often, it seemed
better to me fo use the letter C without a subscript to represent re-
producible capital and to use C, to represent the total value of
reproducible capital and land,  (On the contrary, in my bank
« Economie et Intérét », T have followed the ordinary way},

WorLp

Thank you for that cxplanation. Then I wonder whether it is
correct to understand from your analysis that thanks to the free
working of the forees in the capitalistic system, we are rather near
the optimum of maximal possibilities?
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ALLAIS

A complete explanation would be too long. My point is anly
that if we assume that the total real value of capital is at a certain
level so the surface of maximal possibilities has a certain position,
as indicated on the following chart

@ capitalistic oplimum
< e maximal possibiiities
surface
d=14,
¢

Q, and Q. are the productions of two consumption goods, for
instance, butfer, shoes, anything. If capital is varying, this frontier
is varying also and my point is that a maximum frontier does exist,
and that it characterizes an opfimum capitalistic structure. This
question was studied quite extensively in my 1663 Cambridge paper.

In fact, the conclusion can effectively be that we are very near
the optimal situation as far as capital is concerned; that is, so far
as the capital distribution over time is concerned (see my paper
§ 410-411). Butl so far as other factors are concerned, this is not
so and specifically, the difference between TFrench and American
productivity can be explained only if the other factors axe taken
into account (see my paper § 430-433).

LEONTIEY
In applying his analytical approach to interpretation of differen-

ces and similarities in the relative magnitnde of the labor and capital
inpuls in several countrics, Professor ALLAIS apparently assumes
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direct comparability of the units in terms of which the labor inputs
are measured in different areas, Does this imply that a man year of
labor in the United States translated info relevant efficiency units
is equivalent to a man year of labor in Canada, in France or in
Indiaz  If it does not, how would a correction for differences in
labor efficiency affect his comparisons?

ALLAIS

I don’t suppose anything. The only relevant point is the fact
that there exist great productivity differencies. To explain them,
different factors must be examined: labor, natural resources and
capital. The present paper is limited to the study of the possible
influence of capital. In my book « I.’Europe Unie », published by
Calmann Levy in 1960, 1 have presented for the United States and
France a general analysis taking into account the different factors,
the discussion of which is not possible in the limited framework of
this discussion,

Nevertheless as far as I can judge, my personal position differs
slightly from yours. T think you agree that capital is not playing
as great a role as many people believe and I am happy that you
have arrived at the same conclusion as I. But so far as labour is
concerned, it scems to me that may be we should be quite cautious
because there are two things to consider. The first one is the level
of the productivity of persons and the second is the efficiency of
the economic systein. My own view on this questions, so far as
the United States and France are concerned, is that it is impos-
sible to' conclude that American workers are superior to French.
Perhaps the best example I can give is that when I deliver z lecture
in France, people say « Oh, French workers are superior to the
American workers without any doubt » and in the United States
they say exactly the contrary., That American workers are better,
In my opinion there is no difference at all. What is different is
the economic system, the pressure of competition, the price mecha-
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nism and so on. And my conclasion is that the main reason for the
difference in productivity between the United States and France, so
far as I can judge, is the play of the economic system.

In any case I want also to answer some questions you raised
and you did not mention just now,

First I cannot affirm that therc is only one cxplanation why
the capital output ratio is practically constant, In my book « Iico-
nomie et Intérét » {Chapter IX), I presented some other arguments
relating to the CasseL theory and taking into account the length of
life, and T think these arguments are quite appealing. 1 would not
say that there is only one explanation. I would suggest only that
the stability, for practical purposes, of the capital ontput ratio can
be explained by the constancy of @  which represents the intel-
lectual difficulty of conceiving roundabout production processes.
My present theory is thus at least compatible with the facts.

Second, the coefficient ®0 is, as I have already said, an index
of the intellectual difficulty of conceiving roundabout production
processes and psychologically, the thought that the coefficient @,
is constant over time because cver time people have the same in-
tellectual capacity to conceive roundabout processes, is appealing
to me. Of course, T am suggesting an explanation, not offering a
proof.

Thirdly, LzonTiEr spoke about a possible cumulative effect.
T would say that I have done some quite interesting statistical
research on the question of the intellectual capacity of people over
time. More specifically, T have tried to assess the rate of growth or
scientific and technological progress over time since the xath century,
I have considered the number of major scientific and technological
discoveries per century and the result of this statistical analysis,
which I cannot develop here, is that we can conclude thit people’s
intellectual capacity has remained exactly the same since the 12th
century. But, if one consider real wages, there have been tremendous
fluctuations. Thus the commonly held view: that the extraordinary
development of the West in the last century is due to new inventions
is very questionable indeed. My opinion is that in fact the economic
system has played a very great role.
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Thus, if T could briefly answer to the Lronrier point, I would
say that there is no reason to believe that people are more intelligent
now than they have been yesterday,

In addition, as far as a cumulative effect is concerned I have
shown in my 1963 Cambridge paper that, subject to very genecral
and appealing conditions, it is impossible to expect an indefinite
increase of real national income to vesult from an indefinite inerease
of real capital.

Tuem.

Regarding the problem of the accuracy of statistical data, there
is a difficulty which econometricians have to face and which is due
to the considerable margin of uncertainty that economic statisticians
have to face. For example, it may happen that the « best » estimate,
given the statistical evidence, which an economic statistician can pro-
duce implies a capital-output ratio which is excessively large com-
pared with most published capital-output ratios., We shounld not
be surprised when in such cases the statistician decides to replace
his « best » capital by a lower figure and thus contributes to a too
homogencous picture of the stock of published capital-output ratios.
In the same way, if the economic statistician knows or feels that
he knows that the marginal propensity to consume is about ¢.8, and
I he finds for a particular year that the consumption change is very
far from 8o per cent of the income change, he may decide to adjust
his figures. This is in my view one of the reasons why our picture
of published correlation coefficients tends to be too optimistic.

ALLAIS
These different observations are very interesting and I think
they sheuld be discussed in the general meefing.

First, as far as the estimales of capital are concerned, it is cer-

o
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tain that the estimates we have now are very questionable. Tut 20
or 30 years ago the same was true for national income figures and
many people were saying at that time that this sort of calculation
was useless and had no meaning at all, and so on.

My sccond point. What Professor THEIL has said is very interest-
ing indeed, as far as the proposal for some general statement con-
clnding this colloquinm is concerned. I have read in the introduction
to the Study Weel that econometrics has made much progress and
so on, and to-day we hear from a very competent colleague that
the work of every statistician in the world may after all be very
questionable, not only from the scientific point of view but from
the point of view of honesty. What you have said is terrible indeed.
Terrible. For if you were right, this would mean thal statisticians
are dishonest. Personally I do not accept this point. I believe that
statisticians do not revise their estimates when they differ from
other estimates, and I can supply very good proof of it. For exam-
pie, there are differences between the various estimates Cormv CLARK
has given for the capital output ratios of different countries at
different times, These estimates are indeed very different from one
country to another and [rom one time to another. As you know,
Corin CLARK has not made any personal calculations on this. The
figures published by him are estimates made by different statisticians
around the world, using very different methods and taking into
account statistical materials which are absolutely not comparable.
Not only are these figures not the same, but their order of magnitude
is absolutely different, We therefore cannot suspect the statisticlans
of having modified their estimates in order to be in agreement with
the other evaluations. The contrary is the case.

But if these figures are absolutely different, they are distributed
lognormally and their median is practically the same as median for
the United States from 1880 to 1936. Thus we can conclude that
there is an unquestionable reality behing these very different esti-
mates and we can conclude that the differences are due to some
random influences.
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If T can answer to the Frsuer point, I would say that the
agreement between the averages for the United States, for the world
and for 1913 (§ 321 and 323 of my paper) is in any case really
striking.  Of course there are some differences but many other
factors are operating and what is astonishing is not that some small
differences exists, but that these differences arc in relative terms
so small,

And finally T would add that some of the arguments T have
heard are very strange indeed. 1f the statistical data and my theory
were in tofal disagreement, nobody would have said, « Oh, it is
clear: if there is disagreement, the data are wrong ».  They would
have said, and in my opinion rightly, « The theory is wrong because
it does not agree at all with the facte ». So, if there is concordance
here between the theory and the facts, we 1nust recognise that there
is an agreement, and this is certainly a point in favour of any theory
at all times. Perhaps it could be argued that this agreement is due
to chance. T am very doubtful about such a proposition. It is
quite unbelievable that such coberence between figures for the United
States between 1880 and 1956 and for Great Britain or France in
1913 and for 58 values for 21 countries conld arise by chance.

TiEIL

T'am afraid that I did not succeed in making my point sufficiently
clear.  What T was trying to say is that in a great many cases
economic statisticians have fo face the problem that the data which
they collect imply sizeable uncertainties. The uncertainty may either
be due to the inferior quality of the data themselves, or to their
imperfect relevance with respect to the variables for which they are
used, or to their sample character. When there is a large range of
uncertainty it is evidently rather arbitrary which particular point
estimate will be published. Under such circumstances it is not at all
nnreasonable that other considerations are taken into account ({be-
sides the uncertain numerical data) when a decision has to be made
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as to which figure will be published. If these considerations are
based on economic analysis we obtain the picture which I tried to
sketch,

ALLAIS

I agree with what Prof. THEL has said., That is my own
position, But I am doubtful that there is any real tendency for
statisticlan to adjust their estimates by taking other people's results
into account.

*)
ALLAIS

In presenting my paper as briefly as possible 1 wish to stress
only some very important points on which remarks were formu-
lated in the LrontiEr Group’s discussion (1).

1) The main definitions are given on Table 1.

2) The theory I present uses the concept of characteristic
curves (Table II} which was first developed by Jevons. There are
two curves, the first for the production process and the second for

the amortization process. The first represents the inputs ;Ed{) of
primary income (the services of Labour and land) supplied at time
-0 and emerging in consumed national inceme R at time ¢ The
second represents the inputs #,d0 supplied at time ¢ and emerging
in consumed income at time £4- 0.

In a stationary precess the two curves are simmetrical but in

(*) Discussion in plenary session.

() During this discussion, large sheets were put on the Dlackboard. The
main definition and eguation were presented on these sheets.

‘The contents of these sheels is indicatéd in the tables in the abstract of
Professor ALLais’s paper, and the following discussion refers to these fables.
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a dynamic process they are different and the analysis is much more
complicated,

In the first part of the paper T calenlate different macroeconomic
quantities, R vational income, C reproducible capitai, v and Yo
capital outpat ratios, as functicnals of the two functions

~ 7 7
PO =—t  glle=
R @

The relations obtained (Table III) are simply accounting
identities.

It is assumed that there exists a valid index R, of real consumed
national income such that

OE{ s zy

R 25* Y

where the Y represent the primary inputs, the v their prices and
& the homogeneity coefficient of the production function,
From this hypothesis it is possible to derive the general formula

o

(rx7-18) of the paper expressing 5R as a function of the § B

@O A
[l

{114-18) — ER‘({) N
7~ R(j(!) /'OD :{; (,{, U) . /iiﬁ a2y 0
40
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a

From this relation it is possible to demonstrate that real consum-
ed national income is maximised when the rate of interest { ig
equal to the rate of growth g of primary income (Table IIT),

4) It is possible to illustrate the theory by a very general model
(Table TV), T assume only that the production {unction is logarithm-
ically linear and that the clasticities

B(0) = R / ]
R, A

7y

can be considered over very large range as constant overfime (l.e.
independent of ¢ but dependent on §),
Thus we derive the expression for real consumed naftional in-

come as

LR (f) = La(s) 4 / ” B (0Y1.%, 40

J 0

and we can calculate the different macroeconomic quantities in
function of the Laplace transform &(x) of the elasticity (). In
particular we finally reach the expression

E{J; _f{1-ve, ~{i-0) @] &
ﬁ{f‘)l

where y is the capital output ratio C/R, ¢ the rate of inferest, o the
rate of growth of primary income R, (the Services of Labor and
national resources), % the coefficient of homogenecity of the produc-
tion function and @, a constant equal to the value of @ for i=o.

[11] Alais - pag. 297

03



094 PONTIFICIAE ACADEMIAE SCIENTIARVM SCRIPTA VARIA - 28

For the maximum value R, of the real national income con-
sumed we find

k —kBye

(ZSI"I'?) Ry == 5'-(’) Rm(l)

O, |

where e is Narir's constant, and f) and R (¢) are given. This
formula enables the influence of 5 on the maximum value Ry, to
be studied (§ 420-421).

The expression obtained for R /Ry, is very interesting since it
depends only on two unknown quantities & and @ . DBut it is easy
to show that the order of magnitude of & and @, arc respectively 1
and v, which is a statistical datum.

The expression for R, shows that of all the processes of
growth (gz-0} the most advantageous one is that for which the rate
of growth of primary income is zero,

For small values of the rates i and ¢ it is possible to expand the
different macrocconomic quantities as TAYLOR series as functions of
three constants k, @, and A if the first terms of the Tavror expan-
slons only are considered (§ 220, 240 and 241).

In particular

(251-18) b 3§ e @ (F— o®
R L3514 2

5) If we assume, as is quite natural, that the clasticity §(0} is
decreasing exponentially i.e,

(2505 B =

{11] Alais - pag. 208
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{exponential model, Table V) we find that every macroeconomic
quantity can be expressed as a function of R {#), (1), () and of
two constants only: % and @_. In particular we have

C ~ &)
1-6) and (251- v e e T
(251-6) and (251-12) ¥ R S 0
R, . “ (i) )
(251-15) = =)}1+0,({—p)le
GM
In this case we have
A=1

and in the appendix T have shown that under very general hypo-
theses A remains in the neighbourheod of 1. Thus there is reason
to believe that, at least as a first approximation, reality can be re-
presented by the exponential model,

I we consider the meaning of relation {250-5), @, appears as an
index of the intellectual difficulty of conceiving roundabout produc-
tion processes. Thus we can consider it as being practically canstant,
and this hypothesis seems to be confirmed by the statistical
dafa (§ 321).

6) With the formulae obtained it iz possible to estimate
(Table VI and VII) the parameter @ since

: o _
(321-1) o=ty y=

C
R
We find that the order of magnitude of @ is 4.
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For k there arc many reasons for believing that its value does
not differ very much {rom unity,

A precise cstimate of A appears to be particularly difficuit to
make, but as 1 have already said, the analysis in the appendix
shows that under very general conditions, we can consider that

Aol

73 The general model and ils expenential varfant appear to be
justified by the facts both as te their hypotheses and their consc-
GuUences.

The third part of my paper shows that the course of event to
what one would expect if the general model were be correct, and as
far as can be judged, reality does not differ very much from the
exponential variant of the general model.

I must particularly stress the striking agreement between the
conclusions of the theory and the practical constancy of the estimates
of the capital output ratios v and of the estimates of the coefficient

®, (§ 321, 323 and 324) (Table VII).

8) Finally four different applications arc given in the fourth
part of my paper (Table VIII). These are the following:

First, it is possible to estimate what could be obtained from an
increase in the capital output ratio yo=C/R,. It is shown that
developed countries are in the neighbourhood of an optimom capi-
talistic structure {§ 410-417).

Secondly, the diminution of the real national income as a con-
sequence of population increase is estimated o be of the order of
magnitude of 2@ ¢. For the United States, this higure is of the order
ol magnitude of 7% (§ 420-421).

Thirdly, the model is used to study the problem of estimating
the influence of the capifalistic structure on differences in produc-
tivity between France and the United States, As far as can be
judged, existing differences must be explamed by other factors
(§ 430-433).
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[fourthly, it is possible to show the orientation which is required
in the development policy of underdeveloped couniries,

g) 1 have finished my own cxposition, but there is just one
more point, I would like to discuss, This point is related to some
of the other papers presented here, namely MHaaviiMo’s paper,
Leontier’'s and Taemw’s. These three papers accepting as a wvalid
hypothesis that if real capital is increased there is a proportionate
increase in real national income.

This means that they assume the relation

{a) R o= C

as a production function, where R, C and v are respectively real
national income, real capital and the capital output ratio. This
relation is apparently derived from the practical constancy of the
capital output ratio

but the deduction is in fact a very questionable one, empirically
and theoretically.

First, as I saild in the discussion on LEoNTIEF's and HaaveLmo's
papers, from an empirical point of view this hypothesis is com-
pietely unacceptalle,

The only data we have, al least to my knowledge, are the resuits
obtamed by DoucrLas and his follewers. According to them, the
clasticity of real income with respect to real capital is of the ovder
of magnitude of 0.2 to o0.25. If we use these wvalues in the
HaaveLato, Leontier and THEIL models we will find very very
different results. In particular LeEontier’s results ate not as optim-
istic as they appear in Iis paper.

[11] Alais - pag. 3or1
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From a theoretical point of view it is possible to show that the
proposition: « real income is proportional to real capital » cannot
be derived from the proposition: « the capital output ratio is prac-
tically constant ».

I can iflustrate this proposition in using my own model which in
any event is mathematically consistent. In the exponential case of
this model we obtain two results simultancously

a) the capital output ratio

C 0
(323-1) Y= F=TTeT

changes little if we consider the usual range of variation of i;

b} real national income

(251-16) R=Ry|—¢

has a maximum value R, whatever the value of real capiial C.

Thus, it is impossible to admit the derivation of relation (a) from
the observed constancy of the capifal output ratio as a valid and
general proposition.

10) Finally, two main cbjections were raised in the Lzonrier
group’s discussion.

The first was that one cannot have great confidence in the statis-
tical data so that the agreement befween my theory and the facts
should be questioned, This argument is quite singular. In fact,
there is a striking agreement between three sorts of data,

{xx] Allais - pag. 302
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For France, Great Brifain and the United States in 1913 we
find an average value of v of 3.64, For the U.S.A. from 1880 to
1956, we find 3.46 and the mediar of 58 values given for 21 coun-
tries by Cormv CLARK i$ 3.54 {§ 323-1). Such agreement cannot
he due to chance.

Ordinarily if we have a theory and the facts are in disagreement
with this theory, the theory is rejected. But here the objection is
quite different, Tt is that if there is agreement we cannot infer
anything becausc the data are questionable. Perhaps we ought to
reject the facts because they are in striking agreement with the
model? .

The second objection was rather more justified. Professor Fisugr
noticed that the range of variation of @, was a little greater than
the rate of variation of +. And, in the light of this theory, we
should have smaller variations for @0 because we have

T I .
(323-T) —}7: ot
]

®, being a constant and v a function of 1.

In fact, I have given the relative deviation of Y and ®0 from
their averages for the United States in my Econometrica paper
(rg62). 1 found 5%, and 8%, the difference is not so great. For
United States, Great Britain and France in 1913 we have 4% and
3%, Here it is true that the first figure is greater than the second.

But in any case the extent of the range of @ can be explained
by the difficuily of estimating the rate of interest correctly. In fact
we have

R
8, ¥ ta Y

Y

. Ay +ytAd
B
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Thus, an error Aé has the same effect as Av/v?, that is we must
compare v2Ai with Ay, Thus the error in v can be o.1 and the
error in ¢ can be 0.015 but

urzd;l:::n:(],]'S .

It can thus be seen that the influence of an error in i can be great
and as you know it is very difficult ot estimate the pure rate of
interest.

We con derive the same conclusion in another way. Ior the
United States, we can calculate the theoretical value of i

where @, is the average value 4.12 found for 0, Thus we fiud
the following table

United States

Estimated value | theoretical vatue difference
Periods i, iy P e
ino/, it %/ Ab= iyl
1880-1900 . . . . ., 5.03 3.82 121
goG-1913 . . . ., 5.00 5.14 - 0,08
Ry AR 537 382 1.55
950-1956 . . . ., . 2.25 5.58 3,32

Thus, for the period 1880-1956, the differences Af are quite
small and do not exceed 1.5%. But for 1650-1950, the difference
is very great. The reason is, in my opinion, the fact that American
monetary policy has maintained the rate of interest on bonds at an
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artificially low level which did not correspond to the general eco-
nomic situation. Thus, the rate of interest on investment was cer-
tainly much higher than the rate of interest on bonds which T have
considered (Fconometrica’s paper, p. 714). The conclusion is
that the bond rate is not a good indicator of the pure rate of
interest.

Thus, Tismer’s objection might be valid if, and only if, we
know the right valae of i, But we den't know the right value of ¢
and the errors on ¢ can explain the greater range of variation of @,

In response to Professor Fismer, I must again stress that 1 did
not say that the facts prove the validity of my model, but only
that my model is in agreement with every known fact (§ 337 of my
paper), and nothing else.

HAAVELMO

I think we ought to distinguish clearly between what you say
about the shape of the production function and what you say about
the capital-output ratio, because the latter does not depend on the
production function alone. Tt depends on the whole pattern of
economic behaviour, that is, on many other things besides the pro-
duction function,

MALINVAUD

In his very stimulating contribution, Professor ALLAIS uses a
model of capital theory in which primary inputs are mtroduced
continuously and « mature » in final outputs after some time, the
delay, between input and output heing subject to a fixed or varying
distribution.  Such a model, that may be traced back to Jevows,
is rather neglected today. I am glad to take this opportunity to
express the view that we should probably use that model more
than we in fact do. It has rendered great services to capital theory
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in the past, and T am sure it can still render great services in the
future. This is weil illustrated by Professor AnLals’ resulfs.

ALLAIS

As far as the HAAVELMO objection is concerned, 1 would say
that naturally every model involves certain simpiifications, I do
not say that this model can represent absolutely the whole of reality.
But the hypotheses of the model seem to be quite appealing and
they are justified by the empirical research undertaken. Now the
conclusions of the model are in complete agreement with facts
Thas, perhaps we can accept this theory at least as a provisional
conclusion,
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SPATIAL ORGANIZATION AND REGIONAL
PLANNING: SOME HYPOTHESES FOR
ECONOMETRIC ANALYSIS

WALTER ISARD

Department of Regional Science - Univarsity of Pennsylvania
Philadelphia, Pean. - U.S.A,

1. INTRODUCTION

The objective of this paper is to raise certain fundamental
questions regarding the application of existing econometric and
regional science techniques to the problems of regional plan-
ning. It is my hope that by raising these questions, T will be
able to stimulate the formulation of hypotheses which can be
tested with new kinds of data. Perhaps these hypotheses may
then lead to more effective theories and techniques with refe-
rence to comprehensive planning for economic development.

The basic issue which T wish to confront is one which has
been avoided by econometricians and regional scientists. It 1s:
what are the properties of an optimal spatial allocation of de-
cision-making authority, planning functions, and other selected
governmental functions (inclusive of certain aspects of admi-
nistration)?  Alternatively, for an hierarchical system of re-
gions, what should be the locational distribution of such authe-
rity and functions? Furthermore, to what extent will the above
spatial allocation affect and be affected by the spatial distri-
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bution of industrial production, population, investment, con-
sumption and other economic magnitudes? The latter question
suggests the need to develop a more adequate gencral inter-
regional theory which encompasses the spatial distribulions of
both economic activities and political-administrative-planning
functions and decision-making authority; and that these spa-
tial distributions be simultancously determined (V).

In what follows, 1 can only make a small beginning at the
formidable task which confronts us. 1 shall suggest hvpotheses
which relate to;

1) the advantage (positive or negativej of increased participa-
tion potential with increase in the degree of spatial decen-
tralization of decision-making authority (utilizing concepts
based upon the gravily model as developed in the field of
regional science);

2) the advantage (positive or negative) of increase in the degree

of spatial decentralization with respect to:

a) cost of collecting information

b) cost of processing information

¢} cost of transmitting information

d) time-cost of executives, representatives and officials spent
in reaching a decision based upon the processed informa-
tion made available:

3) the overview advantage (positive or negative) of increase in
the degree of spatial decentralization {where overview
advantage is defined in terms of the wisdom-full information-
coordination factor in decision making as reflected in the
writings of Professor J. Marscar and his associates).

(') For further elaboration of these question and for detailed exposition
ol certzin concepts utilized in this paper, the reader is veferred to W, lsaxp
and T. Tuna: Some Concepts for the Awnalysis of Spatiad Ovrganization,
« Papers and Procesdings of the Regional Scienee Association w, Part. T,
Vol. 1y, and Part, TI, Vol, 13, Permission to reproduce withont change
many of the statements of these two manuseripts is hereby acknowledged.
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2. PARTICIPATION POTENTIAL AND DEGREE OF SPATTAL DECEN-
TRALIZATION

Elsewhere T have proposed to measure participation poten-
tial for a system of » nodes (points, central places, regions) as
foliows:

LW Mf
Vo= 3 V=3 Gy—yp
F] J ij

LY

where d; = distance between nodes ¢ and j, however defined,

A E=D SRN

M, = mass at j, however defined;
b and 8 = adjustment factors, whether constant or vari-
able, applying to d;; and M, respectively;

w; = a weight, however constructed, to be applied to M,

(x;; = an appropriate constant applicable to potential inter-
action between nodes ¢ and j;

;V; = parlicipation potential of individuals (mass) at j per
unit decision to be reached at ¢; and

per unit decision to be reached at <.

Now consider a hierarchy which may be defined by several
levels or orders of nodes. (Assume h orders of nodes, an order
being indicated by { or g; f, g=1, ..., ). In a simple hierar-
chy, the single first-order node may be represented by the peak
of the pyramid or the top of the tree. An A" order node 15 one
of the many at the base of the pyramid or tree. Intermediate
nodes may exist at one or more intermediate levels or orders.
The hierarchy may be regularly or irregularly structured, and
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may be symmetrical or asymmetrical. The flow of participation
or the exercise of influence may be upward throughout, down-
ward throughout, or both ways throughout: or it may be cha-
racterized by any one of the many possible combinations of
upward and downward movements.

Take the symmetrical tree-like hierarchy of Figure 1. Each
node, starting from the peak, leads to four subordinate nodes.
The tree consists of four orders, the number of nodes of the

g, 7 V8 N 9 R . A L, 18/ 19 V20 N\ 2t

“r &b Nedes o a/es] \se\es

16, 1 - A vegular Hierarchy of Nodes

first, second, third and fourth-orders being 1, 4, 16 and 64,
respectively,  Their numbers run from 2 to 5 in the second-
order, 6 fo 21 in the third, and 2z to 85 in the fourth. At the
start, let there be one person at each node, each person having

the same weight of unity. We also set d;=¢e= ?I(—)— and let

Gy B, b=1. When dz, represents the distance between two
nodes of orders f and g along any given branch from the peak
(the bar being placed over the subscript to indicate that we are
speaking about the order of node), dz=1 when f>g; and
dgy =0 when f<g. The sense of the last assumption is that

3
only upward flow of participation is permitted. A person can-
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not participate in decisions at any node of higher order than
the one at which he is located.

Participation Potential may be computed for various spatial
patterns of decision-making authority {with reference to a de-
fined set of decisions). If we normalize these patterns, so that
in each case the total authority is represented by unity, we are
in a better position to carry through the calculations (?). In
iable 1 different degrees of spatial decentralization are indicated
by the several rows, row A representing roo%, centralization
and row Z representing a very high degree of, if not 100%,
decentralization. Here, we do not attempt to measure in
absolute terms the degree of spatial decentralization correspond-
ing to any allocation among nodes of decision-making authority.
Rather, we can state that according to certain readily accepted
criteria, some patterns arc more spatially decentralized than
others. Tor example, A, B, C, D, E, I, P, Q, 5, X and Z
is ‘an ordering of patterns corresponding to increasingly higher
degrees of spatial decentralization (*). On the other hand, there
are no readily accepted criteria by which one can state that of
paiterns H or G (or patterns S or T}, one or the other involves
greater decentralization, Row A represents the highest degree
of centralization of decision-making authority, all decisions
being made at the single first-order node. Zero amount of de-
cisions are made at cach 2nd-order, 3rd-order and 4th-order
node. Row B represents a somewhat less centralized situa-

(% This step precludes any effect of the variable, the spatial pattern of
decision-making authority, upon the total amount of authority that may
exist. (We may implicitly assume that the optimal total amount for any
given organization bas already Dbeen determined, or that the total amount
is prescribed beforchand). In a more general statement this effect should
be encompassed.

" (3 The readily accepfed criteria are: 1) if there are two patterns dJif-
ferent with respect to the amount of decision-making aunthority at two orders
of nodes only, then the one having the larger amount of decision-maling
authority at the higher order node is the more decentralized of the two;
2) if there are two patterns different witl: respect to three or more orders
of nodes, and if there is still another pattern which according to criterion (1)
is more decentralized than one of the two pativrns but less than the other,
then the latter is the more decentralized of the two; and so forth.
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Participation Potential for Patterns of Spatial Decentralization
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Node af Nodes of Nades of Nodes of Total
Pattern of First Order | Second Qrder Thirg Order Fourth Order Participation
Spatial " Potential
Decestralization NODE NUMBER "
69 (2) (5} (6) (21) (223 (85) P
A 1 4] .0 0 .0 0 .. 0 43.33
B 9 1 10 .. 0 0 ] 47,83
C .8 .2 2 10 .0 0 .0 52.27
D i) .25 .25 |0 .0 0 .0 54,50
E .1 20 20 | .06 05 {0 .0 61.30
r .G .2 2 2 2 0 0 88.40
G R .2 2 .1 .1 1 1 130.00
H i) il 5 {0 0 0 0 65.67
I ] .25 25 .25 .0 2500 0 99.67
J 5 .25 25 | 125 ... .125{ .125 125 151.67
X Ni] 125 .., .195) .26 ... .25 | 125 ... .125 168.67
L .5 L1250 .. .188) 125 ... .125) .25 . .25 220.67
M 4 .0 § |0 .. B 0 R 70.13
N A4 4 4 2 2 0 .0 97.33
o} .4 3 3 .2 .2 1 1 152.53
P 4 .2 2 .2 2 .2 2 207.73
Q@ 4 .2 2 1 1 .3 3 249,33
R 4 B! 1 .2 2 .3 3 262,93
s .4 .1 1 1 1 A .4 304.53
T .3 4 4 .3 3 |0 .0 115.40
U .3 3 .3 3 3 1 1 170.60
v .3 3 .3 .2 .2 2 d 212.20
W 3 2 .2 2 .2 .3 .3 267.40
X .3 1 a1 {1 1 b 5 364.20
zZ 0 0 .0 0 .0 1.0 . 1.0 G40.00
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tion. For every branch, the fraction of all decisions made at
the single first-order node is 0.9. Each 2nd-order node makes
0.1 of all decisions on any branch on which it is located. Each
3rd-order and 4th-order node makes zcro fraction of all deci-
sions. In the situation represented by (), 0.4 of all decision-
making authority resides at the top; 0.2 of all decision-making
authority along any branch resides in the 2nd order node of
that branch; o.r of all decision-making authority aleng any
branch resides in the 3rd-order node of that branch; and 0.3
of all decision-making authority along any branch resides in
the 4th-order node of that branch. At the boitom of table 1,
row Z represents the case where all decisions for any branch
arc made at the g4th-order node of that branch, none being
made at any node of any other order. Note that, because the
flow of participation and exercise of influence can only proceed
upward, no node can influence decisions at any other node of
the same or higher order.

Given our assumptions and this framework we compute
total participation potential, P, of all individuals over all de-
cisions for each of the situations of table 1. By definition, in

I3
our normalized cases, I =2Z7,-,V, where #; is the fraction of all
i1
decisions to be made at node ¢, this fraction being the same for
all nodes of the same order as ¢ {*). The values for P are re-

("} If there are s spatial patterns of decision-making authority to be
considered, ecach corresponding to a degree of spatial decentralization, then
for our set of assumptions the participation potential corresponding to each
degree is given by the single yow vector [P,]:

TS B g1y, 8
()= 1= | b iz
where: % is the constant defining the number of nodes in the next higher

order directly linked to any given node; [kY), g=1, ..., } 15 a single row
vector rxh, k being the number of orders in the hierarchy; df_g is the

distance between a node of order f and the node of order g to which it is

. T
most directly connected; s is an Axk matrix (f, g=1, ..., k); and

[72q] i & Bxs matrix, each column of which describes a spatial pattern
{x2]} Isard - pag. 7
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corded in the last column of table 1. As can be expected to
some extent at least, participation potential increases with in-
crease in degree of spatial decentralization. This is the case
for rows A to G where each row involves greater spatial decen-
tralization than the preceding row. When we come to row H
it is no longer clear, as indicated, whether G or H involves
a higher degree of spatial decentralization. Note that P falls
from 130.00 for G to 65.67 for H. From row H to and includ-
ing row L, there is once again a succession of patterns, each
one invelving a higher degree of spatial decentralization than
the preceding one. The value of P also rises, without exception,
from one pattern to the next. At row M, once again it is not
possible to state that the pattern has a higher degree of spatial
decentralization than the preceding one (row L). We also note
that P at M is lower than P at L,

(To illustrate the dependence of P on the choice of values
for the basic parameters, we carry through several more com-
putations. The results are given in table 2. In column 1 of

or allocation of decision-malking avthority among the modes in the k order
hierarchy. In the calenlation of the participation potentials of the last
column of table 1, dy; =0, whenever f < g since a downward flow of par-

ticipation or exertion of influence has been precluded by assumption, and
di=g which we set equal to 1/1¢. The value of * is 4 so that the [k}

vector is {7, 4, 16, 64)]. The |---] matrix becomes:

dk,,
|
H 1 ¥ 1
L L) )
/1o o] o [o5)
1 T ] H
y
1 1/to + @ @w
I H H !
L] * L]

2 1 t/10 o
¥ 1 1 !
1 ’ T
3 2 1 i/io

The product of [k} and -H,It is the row wvector {43 1/3, 88, 224, G40].

‘ 4 7
This row vector, when multiplied by the matrix (1] vields a row vector
which is the transpose of the last colummn of table 1.
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table 2 are reproduced the figures of the last column of table 1.
In column 2 are recorded the figures for the case as character-
ized at the top of column 2 (which case is the same as that of
column I except that ds is taken to be equal to 2 instead ot
unity). In columns 3 to % are recorded the figures for several
other cases, each case being characterized at the top of the
respective column.

The computations for many other cases might be made, for
example cases involving different values for e, 5, b, G,-,., and
different assumptions on the number of individuals at each
node (all the cases of table 2 assume only one individual at
each node). These the reader may do for himself (%)

We now wish to proceed to the next step, namely, the trans-
formation of values for participation potential into values for
average productivity, i.e. the mapping of a participation po-
tential space onto an average productivity space.

Since we are unaware of any comprehensive empirical work
on this problem, we can only pose the question of the validity
of certain hypotheses which seem reasonable in the light of
social science knowledge. Can we state a cerfain functional
relationship between average productivity (dependent variable)
and P (independent variable) which can be represented by a
curve such as one of the curves on Figure 2 (¥)? Starting with
the extreme at which P is at a minimum (which tends to cor-
respond to the pattern of 1009, spatial centralization), can

(*} He may also perform calculations for irregular free structures as weil
as for regular tree structures where the number of nodes at any given order
{except the first) is other than a % multiple of the number of nodes at the
next lower order.

() As previously noted, we do not treat explicitly the effect ¢f P upon
the total amount of decision-making authority (which may he viewed as
conirol), and vice-versa. In a more general framework, this effect would
be recognized; and the influence of the variable, total amount of decision-
making authority, upon productivity would be recognized. In this con-
nection, see AwrNorp S, TanwensauM, Control and Effectiveness tn a Vo-
luntary Organization, « American Journal of Sociolegy », Vol. 67, July
166, pp. 33-46, and Control in Organizations: Individual Adjustment and
Organizational Performance, « Administrative Science Quarterly », Vol 7,
September 1962, pp. 236-257.
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TABLE 2
Total Participation Potentinl for Different Values of Basic Parameters
) (4, @, B
o -1 ) )
Spatial m & (&) ) same as
Decentralic| oo e o | 0 jsame as col. wy w3 i ) cal. ((’l)
sation 203 Gy | S LD except | s as el otherwise wr e excep!
@3 G5 3R ) exepd dz] = 2 (1) except same as ‘;?:;’L“’H'ze 45 434
dig = 10 dgp =2 | dpg o | AB G ol gy | oieol (@) iy == o
A 43,33 33.33 35.61 43.33 63.33 56.67 56.617
B 47,83 38.80 41.92 47.90 66.10 62.50 62.50
C 52.27 44,27 48.22 52.46 68.86 68.33 68.33
D 54.50 47.00 51.39 54,75 70.25 T1.25 71.24
E 61,30 53.80 G0.83 61.73 77.18 75.58 75.49
F 88.40 §2.40 $8.70 89.50 102,10 97.30 97,00
G 130.00 124.00 133.90 132.48 145.05 111.25 110.60
H 65.67 G0.87 67.15 66.16 .17 85.83 85.83
T 99.67 04,67 114.48 101.04 111.80 107.46 107.08
J 151.67 4G.G7 158.48 154,77 165.49 124.89 124.08
K 1G8.67 163.67 182.14 172,22 182.81 135.72 134.71
L 220.67 216.87 226.14 225,93 236.49 153.15 151.71
M 70.13 G6.13 73.4G 70.73 719.93 91.66 91.66
N 97.33 93.33 111.30 98.63 107.63 108.96 108.66
O 152.53 148.53 165.44 155.56 164.43 131.66 130.76
P 207,73 203.73 219.57 212.50 221.23 154.16 152.86
Q 249,33 245.33 254.717 255.48 264.18 168.11 166.46
R 262.93 258.93 273.71 269.43 278.03 176.76 174.96
5] 304,53 300.53 308.91 312.42 320.98 190.71 188.56
T 115.40 112,40 136.54 117,15 124,24 123.45 123.00
10) 170.G0 167.60 180.68 174.08 181.05 146.05 145.10
v 212.20 209.20 225.88 217.07 224.00 160.00 158,90
w 267.40 264.40 280.01 274.00 280.80 182.60 180.80
X 364.20 361,20 365.35 373.92 380.55 219.15 216.50
Z (40.00 (640,00 640.00 658.33 659.00 341.00 336.00
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we hypothesize that average productivity increases with -
creases in P (and presumably increase in spatial decentraliza-
tion)? Would this increase of average productivity in the early
stage be at an increasing rate {curve BB) or decreasing rate
(curve AA)? If it is at an increasing rate, can 1t be presumed
to rcach a point where it is al a constant rate (point X,
curve BB) and then a decreasing rate with still greater valaes
for P (and presumably still higher degrees of spatial decentral-
ization)?  Further, at some later point, at a relatively high
value for P’ (and presumably a relatively high degree of spatial
decentralization), can average productivity be posited to fall off
{as in curve AAY? (7).

() For some relevant empirical findings, See T. Tomuxovic, Level of
Knowledge of Requivemenls as a Molivational Fuctor in the Work Sitwation,
« Human Relations », Vol. 15, No. 3, 196z, pp. r1o7-2:6; J.R.P. Frexcu,
Tr., J. Tswanr and Dacwinn As, An Experiment on Pavticipation in a Noy-
wegien Factory, « Hluman Relations », Vol. 13, No. 1, Febrnary 1960,
pp. 3-70. It is recognized of course that other variables ave relevant. Tor
example, on the effect of personality upon the refation between participation
in decision malking and productivity, see Vicror 11. Vwoonr, Some Perso-
nality Determinants of the Effects of Participation, « The Journal of Ab-
normal and Seocial Psychiology, Vol. 59, November, 1¢59, pp. 322-327.
Also see Ranru B, Daxrin, Veriations in Power Strwclwres aid Ovganizing
Effiziency: A Comparative Siudy of Four Areas, « The Sociological Quar-
terly », Vol, 3, July 196z, pp. zz28-250; and Ruxsis Iaxerr, A Moiivation
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Just as in demand curve estimation, there are many com-
plex problems in the estimation of an average productivity-
participation potential curve. We cannot discuss these problems
here. Once an average productivity-participation potential
curve is estimated, for certain economic-type organizations, can
such a curve be converted into an « extra-returns » curve? Can
a total output curve be constructed where total output of the
organization is in part a function of P? When price of the
output is unaffected by changes in total output associated with
variation in P, can such changes be multiplied by the constant
price to determine the extra-returns (positive or negative) cor-
responding to each value of P (relative to some base value
of )2 When price of the output falls with increase in total
output ,then, given a price-output function, can change in total
revenue and thus extra-returns for any increase in P be de-
termined? With reference to a defined set of decisions or to
decisions on a concrete issue or set of concrete issues, can the
extra-returns curve be represented, for example, by a curve
such as curve CC in Figure 37 ().

Approach to a Modified Theory of Organization and Management, and
Currs ARGYRIS, Understanding Human Behavier in Organisations: One
Viewpoint, both in Mason Haire (ed), « Modern Organization Theory »,
John Wiley, New York, 1059,

As Vroom states, alter reviewing the literature:

« When the entire pattern of resuits is considered, we find substantial
basis for the belief that participation in decision-making increases producti-
vity. ‘There is both experimental and correlational evidence indicating that
high levels of influeace by workers in maling decisions that they are to
carry cut result in higher productivity than lower levels of influence. Tt
should be noted, however, that not all the findings are consistent with thig
generalization. The resulis of both Lewmn, Lverrr and Wiire (1939} and
Morse and REimer (1956) suggest thal, under some conditions higher pro-
ductivity way be achieved with use of more autocratic methods ».

Vroom urges careful investigation of the relationships between changes
in average participation in decision making and resulting changes in the
quality of decisions made, the strength of group standards regarding execu-
tion of the decisions and the worker's « ego involvement » in the decisions.
(See Vicror R. Vweoom, Work and Moiivation, John Wiley, New York
{forthcoming).

(®) Note that in the hierarchical tree-structure which has been assumed,
lateral communication js precluded. lowever, it may be hypothesized thaf
at least up fo a peint lateral communication is highly desirable and has a

(i} dsard - pag. 12
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For non-economic or hybrid organizations, the question of
the conversion of an average productivity-participation poten-
tial curve into an extra-returns curve is still more difficult. Iox
a system planning burcau, having jurisdiction over all local,
regional and national planning, change in average productivity
may be associated with change in the quality of the service
it provides (as measured by the cffectiveness of its planning for

Dotlars

Fxtrs /-—‘__\f
Rolurns

4

¢ e . 100
P (Particination Polential)

Fic. 3

social welfare). But, as we all know, and as is the case for
many cconomic, non-economic and hybrid organizations, it is
exceedingly difficult to measure changes in quality, to price

positive eflect upon organization maintenance. (Seo James E. McNuLty,

Some Economic Aspects of Business Bureaucracy, Wharton School, Univer-

sity of Pennsylvania, 1962, mimeographed, pp. 43-53.) In this connection,

AcNuLry and others have suggested the following relationships:

1) when there is a highly centralized decision-making structure and ali flows
are vertical, lateral communication {and thus morale and average pro-
ductivity) is relatively low; ’

2) with decreases in centralization there tends to be increase in lateral com-
munication (and thug morale and average productivity);

3) however, when the decision-making structure tends to be highly decen-
tralized (approaches local autonomy) lateral communication (and hence
morale and average productivity) may tend to decline.

Consequently, the « extra-returns » function associated with participation
potential is to be adjusted for the lateral communications factor when this
factor is a variable for a set of possible decision-making structures,

{2} fsard - pag. 13
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different qualities of a service, and thus to estimate an extra-
returns curve (7).

Where an organization is conceived to be society itself, can
change in average productivity of its labor force be translated
info changes in Gross System Product (inclusive of non-econo-
mic type commodities appropriately priced)? Can an extra-
returns curve be constructed to relate changes in Gross System
Product to changes in participation potential?

3. INFORMATIONJ COMMUNICATION AND OTHER DECISION-MAKING
COSTS

In the consideration of the spatial decentralization of deci-
sion-making authority for an organization, it is important to
identify the differences among patterns in cost of information
collection, processing, and transmission, and of executive tme
and other items. Unfortunately, this is another arca in which
the accumulation of empirical materials and empirically-based
hypotheses is inadequate ('9). Nonetheless, it is essential to
treat explicity these costs, In suggesting hypotheses, we shall
draw heavily upon seme of the pioncering thinking of
J. Marscuax and T. Marscuax (1),

( Alternatively, extra-returns may be conceived as psychic income, or
good will, or pelitical income based upon power, prestige, respect, affection
and other Lasswell-type commodities.

(") There are, however, interesting and somewhat, related materials on
administrative costs, such as in James McNuLry, Administrative Costs and
Seale of Operations in the V.S, Electrie Power Industry - A Siatistical
Study, « The Journal of Industrial Lconomics, Vol. 5, November 1956,
PP. 30-43: P.G. Hewnsr, Measwroment of Rehavior Struciures by Means
of Inpul-Ouipnt Dala, « Human Relations », Vol. ro, No. 4, 1957, pp. 335-
346; and Trronore R. ANDERSON and SEymMoun Warxow, Orgamizaiional Size
ard  Functional Complexity: A Study of Administration in Hospitals,
« American Sociclogical Review », Vol. 20, February 1961, pp. 23-28. Also
see WiLniam R. Hucurs, Shori-Run Bfficiency and the Orgamization of
the Eleciric Power Indusivy, « Quarterly Journal of Economics », Vol. 76,
November 1962, pp. 592-612,

(") See the works of Jacon Marscuax already cited and TmomAs Mar-
SCHAK, Cenltralization and Decentralization in Economié Organizations,
« Econometrica », Vol. 27, July 1956, pp. 309-430.
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For the purposes of this paper we shall consider four basic
cost components. The reader, of course, may wish to hypothes-
ize a smaller or greater number of cost components, and employ
a different set of definitions, Our four basic cost components
are:

a) cost of collecting information, where each node collects in-
formation on conditions in its own tributary (jurisdictional)
area (*%);

b) cost of processing and bencficiating information (inclusive
of computation costs and all research costs not elsewhere
covered);

¢) cost of transmifting {transporting) information from one node
to another;

d) cost of the time of the executive, local representative and
other officials in reaching decisions individually or in con-
ference ().

We now set forth, in the form of questions, some reason-
able hypotheses concerning each of these components .

Cost component a): Can it be presumed that: 1) most of
the information needed for decision-making is on local condi-

{(*) Thus an B order node collects information on its local area, whereas
the single xst-order node collects information that pertains to the system
of nodes (regions) as a sysiem.

() At times, several or all of these cost items may be considered as
administrative cost, and less frequently as cost of « routine » administration.
We prefér to consider any administrative cost not covered by our classifi-
cation as belonging to the broad category of production costs,

Differences in costs which may arise from different degrees of articulation
and coordination of activities associated with different patterns of spatial
decentralization will be treated later as diflerences in « overview advantage. »

(") Tt should be kept in mind that cach of these components may be
directly related to various explicit rules that may be used in determining
the volume and nature of information tec be collected, the ways in which
information is to be processed, the type and volume of information to be
communicated, the media by which communications arc effected, the kind
of information to be considered by decision makers, the form: of its pre-
sentation and so forth. Clearly, these rules will be related to attitudes and
other wariables which are to be considered in a later section,
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tions and must be obtained at local nodes; 2) a large fraction
of such information is visible to local people; and 3) the visi-
bility to non-local people of such information en a local node
rapidly falls off with distance from that node? If 50, CAD We
conclude that the greater the distance a decision-making point
s from a given local node, the greater the volume of informa-
tion on that node and its tributary arca which must be formally
collected and put in explicit form, ceteris paribus?  Can we
hypothesize that for decisions on a representative conerete issue
or set of concrete issues cost component ) is some monotonic-
ally increasing function of the degree of spatial centralization
as suggested by the curve of Figure 47 (5.

Dollars

Cost
Lomponent

3/

oo
Degree of Sostizl Centraliration

Fia, 4

Cost component b): When no slack facilities, labor and
other resources exist, and when inpuis are costed in full at
prevailing rents and wage rates, do major scale economies
obtain in processing and beneficiating information? For pro-
cessing a given volume of information associated with decisions
on a concrete issue or set of concrete issues, can we hypothesize
that cost component b} is some monofonically decreasing func-

("*) In this function, should allowance be made for the likelihood that
mmportant information pertaining to any forder node and its tributary
area may be more visible to a person at the frorder node than to a person
at an (f+ 1)* or higher order node?

Note that the functions underlying the curve of Figure 4 and the curves
of subsequent figures are taken to be continuous. In practice, they are
likely to involve steps and other discontinuitics. ‘The argument, however,
remains unaffected,
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tion of the degree of spatial centralization-as suggested by
curve M in Figure 57 (). However, if one postulates that at
each local and regional node there exists at least some supply
of zero-cost decision-making labor, as is frequently the case
in the literature on socialist economics and centralized plan-
ning, might the relevant function be represented by cur-
ve N? () Can the spread between curves M and N at any
point along the horizontal axis be taken fo represent the cost
savings from zero-priced computing and beneliciating resources
for the corresponding degree of spatial centralization? Yurther,
if it is accepted that local decision makers have greater local
visibility, and therefore need to collect less information, can
we hypothesize that their need for computation and data pro-
cessing is accordingly smaller? Would the dotted curve Q be
relevant rather than curve N?

Cost component ¢): In analyzing the costs of transmitting
information, is it valid to consider only two clements: terminal
costs (inclusive of coding and decoding costs} and operating or
« line-haul » costs which are usually a direct function of inter-
vening distance? Of course, both these costs shouid be taken
to cover maintenance cxpenses and fixed charges on invest-
ment in communication (transportation) channels ('f).  When
operating costs rise less than proportionately with distance,
can the function relating transmission cost per standard unit

(*) Aflter a paint, it may also be hypothesized that scale diseconomies
arise because of congestion, overload of facilities, etc.

() An advantage typically claimed for decentralized planning of the
economy is a personnel saving because the managers at each local node are
« a ready-made computational staff and ali of them are required in any
case to he employed for the tasks of managerial sapervision. In their
remaining time they simultanecusly perform all the tasks of computing
cach revised set of production decisions except for the computation of
prices {which ig performed by the central agency). In the centralized so-
Inticn, on the other hand, the entire burden of these computaticnal tasks
falls ‘on the central agency, and the agency must hire a staff especiallv
for this purpose... » (T. Marscuax, op. cit., p. 400}

(*#¥) Parallels to these cost elements may be taken to exist when inform-
ation is transported by individuals. :
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Dollars M

Cost
Component

5

o F1G. 5

, oo
Degree of Spatial Centralization

Dollar

Cost
Component
fe}
per
Standard a
tnidt of Fs. 6
Informetion /

: oo
Degree of Spatia/ Centratizalion

of information to degree of spatial centralization Dbe depicted
by a curve such as that of Figure 6 {where the y intercept is
taken to be terminal costs per standard wnit of informa-
tionj? (") Can the product of (1) the function underlying the
curve of Figure 6 and (2) the function relating the total volume
of information collected to degree of spatial decentralization

{*} Can it be posited that on the average the higher the degree of spa-
tial centralization, the longer the distance of transmission of a standard unit
of information? We should recognize of course that certain units of in-
formation, for example, that generaied at the single, rst-order node, need
to be transmitted less with increase in degree ot spatial centralization.
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{which is fundamental to the construction of the curve of Ii-
gure 4) vield the relevant (total) function for cost component €)
as suggested by the curve of Figure 77

Cost component d): Although the cost of the time spent by
decision makers in reaching decisions might be aggregated with
cost component d), for analytical purposes we prefer to keep
these two cost items separate. As with cost compenent b), if
such time is fully costed, may we presume that significant scale
cconomies exist? Would the number of times at which a deci-
sion on a concrete issue (or set of concrete issues) is to be taken

Dollars

Total,
Transmission
Cost

Fra, 7

Degree of Spatial Centra/fzatfo.v’roo

Dollars $

Total Cost
of £xeculive
Tiume Spent

El
Decisron-Making
on @
Concrele

issue

Ters. 8

Degree of Spatial centralization
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be the greater, the smaller the degree of spatial centralization?
Thus, would tofal time spent in reaching decisions on a con-
crete issue be the greater, the smaller the degree of spatial
centralization? Could the relevant cost function of executive
time be depicted by a curve such as curve S of Figure 8 after
adjustment for different levels of efficiency and prices of execu-
tives at different order nodes? On the other hand, if a supply
of slack executive (decision-making) labor is assumed to exist
at each node and if this labor is assigned a zero cost, then might
curve T of Figure 8 be considered relecvant?

It is clear from the preceding discussion that a significant
amount of empirical research must be conducted to permit the
development of firm hypotheses on information and commu-
nication costs within an organization. Pending such research
we may, for pedagogical purposes alone, set down a total cost
curve with reference to decisions on a representative concrete
issue {or set of concrete issues). If we postulate that no slack
resources exist and that all labor and facilities are properly
priced, we may let the curve in Figure g depict the relevant
total cost function. Other curves of different slope and also
of positive slope may of course be considered equally valid.

4. OVERVIEW ADVANTAGE (AND DISADVANTAGE)

We now turn to another set of significant factors which
vary with the degree of spatial decentralization. These factors
relate to the ability to make wise or good decisions. It has
generally been claimed that the decision-maker (the individual,
planning bureau, or government agency) at the rst-order node
is able to make better decisions than others, ceteris pavibus.
However, does the empirical evidence support this claim?
Within the tree-like organization of the preceding paragraphs,
does the decision maker at the 1st-order node have available
a much greater amount of relevant information than decision

[vz] Tsard - pag. =0
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makers at local nodes? (*) Is he in a better position to reach
a more consistent, or coordinated, or articulated set of decisions
pertaining to a representative concrete issue (or set of concrete
issues) than are the decision makers at higher-order nodes, who
at least to some extent act independently of each other? Can
he be said to have an overview advantage in decision making?
Thus, can we hypothesize that the more an organization’s de-
cisions are made by the decision maker at the first-order node

Dollars

Total

informalion

and, |

Decigion-
Mahing
Costs:
fa) + (b)

o le) + )

O pegree of Spatial Centralzation 07

T, ¢

(or by decision makers at lower-order nodes), in general the
better the resulting set of decisions, ceteris paribus? In short,
can an overview advantage be said to exist, which varies di-
rectly with the degree of spatial centralization in the decision-
making structure of an organization? (*')

There have been several hypothetical, highly simplified
examples presented to illustrate the nature of this overview
advantage. MarscHAR has developed the case of a ship-build-

(" In raising this question ome must also keep in mind the extent 1o
which information may flow from lower-order nodes to higher-order nodes,
and from one node along one branch to ancther node of the same order
along a different branch via a lower-order node.

{(*) For some relevant discussion see J. Marscuax in Haire, op. cit.]
Brav and Scorr, op. cit., pp. 121-128; Marci and SIMON, op. cit., pp. 201-
210; C. B. McGuire, Sowme Team Models of a Sules Organization, « Mana-
gement Science », Vol. 7, January 1g6r, pp. 10I-13o; Rov Rapnor, Fhe
Application of Linear Programming to Team Decision Problems, « Manage-
ment Science », Vol. §, January rg59, pp. T43-150.
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ing firm acting as a team and confronted with the possibilities
of either a centralized system of decision-making, or a decen-
tralized system. (*) His resulting figures would not be in-
consistent with the hypothesis which states that an overview
advantage does exist, and with the more concrete hypothesis
that states that this advantage can be roughly depicted by
curve CC of Figure 1o. [In Figure 1o, curve CC indicates a
disadvantage (a negative Figure) for any degree of spatial
ceptralization less than 1009%]. The present author together
with Tung has developed another example involving the invest-
ment by a large merchandising firm of $1 million at each of
several h™ order nodes (**). The resulting figures are also not
inconsistent with the hypotheses underlying curve CC of Fi-
gure 10.

Clearly, neither of these two examples can be said to sup-
port in any way whatsoever any hypothesis on overview
advantage. A considerable amount of spade work has vet to
be done in defining concepts and terms before any empirical

Dollars
z'
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|
I
+10,000 + T \
¢ 6,665 ,: -
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+ 3,333 ';P(\,\-\‘H"i fog . \\‘\\
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et
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- 3338 Al - o CENTRALIZATION
L~ z4
- 8,666 4 o
e

~10,000 ] e

(¥) MARSCHAK, op, cif.
(*) Ysarp and Tuxe, op. c¢it., Part, 1T,
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test can be underfaken. Nonetheless, for pedagogical purposes
we shall utilize curve CC of Figure 10 to illustrate overview
advantages for different degrees of spatial decentralization.

5. THE NET EFFECT OF PARTICIPATION POTENTIAL, INFORMATION-
COMMUNICATION-DECISION COSTS AND OVERVIEW ADVANTAGE

We now examine the interplay of the several factors exam-
incd, where only one state of the environment can occur. Such
examination immediately implies the hypothesis that the factors
examined are in effect the relevant factors. This hypothesis is
to be seriously questioned. However, if one does accept it, and
if one accepts the hypotheses implied by the extra-returns curve
of Figure 3, then in Figure 10 curve AA may be taken to
represent extra-returns with respect to decisions on a represen-
tative concrete issue; however, the horizontal axis is taken to
measure degree of spatial centralization (rather than participa-
tion potential). Also the pattern of Too percent spatial central-
ization is taken to be a point of rcference for purposes of com-
parison; its extra-returns is set at zero.

TFurther, if one were to accept the hypotheses underlying
the curve of Figure g, then in Figure 10 curve BB depicts
variation in fotal information, communication and decision-
making costs, again where this cost at 100 percent spatial cen-
tralization is taken to be zero. Curve CC, as already indicated,
may be taken to portray overview advantage (disadvantage)
where such advantage is set at zero at 100 percent central-
ization.

Since all advantages, disadvantages, and cxtra-returns for
the pattern of 100 percent spatial centralization are set at zero,
may it be hypothesized that the construction of a fourth curve
is meaningful? This curve, curve DD of Tigure 10, at each
point of the horizontal axis indicates for the corresponding
pattern of spatial centralization the net advantage (disadvant-
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age) of this pattern relative to the pattern of 100 percent spatial
centralization, Where curve DD lies below the horizontal axis,
there is a net disadvaniage for the corresponding  pattern,
Where DD lies above the horizontal, there is a not advantage,
Obviously, where the entire set of hypotheses underlying he
curves of Figure 10 is accepted, the optimal degree of spafial
centralization would correspond to that point at which curve DD
reaches a maximum,

The curves of Figure 10, and the discussion thus far, relate
to decision making on a representative concrete issue {or set
of concrete issues) when it is hypothesized that only one, well-
defined state of the environment can occur. It is now appro-
priate to relax this restriction and permit the occurrence of
several states of the environment.

Elsewhere, Isarp and Tunc have extended the simple
example cited above so that the occurrence of each of three
states of the environment is possible (¥). These states have
reference to the international situation and were designated:
1) good will, 2) usual, and 3} extremely tense, as indicated at
the head of the columns of table 3. In this cxample, only
overview advantage was permiited to vary with the state of
environment for the specific set of assumptions which was
adopted. The resulting figures for the case examined are re-
corded in table 3. In net form, these figures constitute the
clements of the payoff matrix of table 4. It is immediately seen
that there is no one pattern of spatial decentralization which
can be designated optimal. In the light of modern decision-
making theory it becomes necessary to introduce stilf another
assumption which pertains to the attitude of the decision-
making individual or group {%).

(*) Tsamp and Tuxne, op. cit., Part. II.

() Ser W. Isarp and M. Dacey, Gn the Projection of Individual Be-
havior in Regional Analysis, Parts T and IT, « Journal of Regional Science »,
Vol. 4, Nos. 1 and 2, respectively, and articles cited therein.
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5. CONCLUDING REMARKS

The purpose of this paper was simply to confront squarely
a basic problem in economic planning for regional development
— the problem of an appropriate spatial organization of plan-
ning -~ and other governmental functions, and of the appro-
priate spatial allocation of decision-making authority. Because
this fundamental question has been avoided by econometricians
and regional scientists in the past we have been able to present
only simple « reasonable » hypotheses. Admittedly, these hy-
pothese are weak, and their empirical testing will lead quickly
to new, superior hypotheses. Yet, these hypotheses represent
the best that can be culled from the existing voluminous, but
rigorless, literature. It is hoped that their presentation will
provoke major research effort and contributions to this area.

In closing, it may be mentioned that once empirical testing
has been conducted and a number of hypotheses established as
valid, it should be possible to estimate decision-making cost
differentials for each type of organization, firm, or industry.
With such cost differentials on hand, it would then be possible
to broaden location analysis in order to embrace the decision-
making function. Such broadening would involve essentially
the comparison of the decision-making cost differential with the
transport cost differential, labor cost differential, and other
cost differentials considered as relevant in a location investiga-
tion of an organization. The necessary extension of location
theory based upon substitution points can easily be achieved.
Finally, with a superior classification of organizations, firmms or
industries as national, regional and focal, it would become pos-
sible to introduce the decision-making function, at least in part,
into one or more of the channels of synthesis of regional techni-
ques which have been described elsewhere (%). For example,

%6 S W, Isarp, et al., Methods of Regional Aunalysis, M.1.T. Dress.
Cambridge, Massachusetfs, 1960, Chapter xz,
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it would be possible to develop a channel using comparative
cost, interregional linear programming, industrial complex
techniques centered around a balanced regional input-output
model for three or more orders of regions or nodes. Such a
channel could be utilized to project not only output, employ-
ment, population, income, consumption and investment by
region, but also the spatial allocation of decision-making
authority and the spatial patterns of decisions, information
collection, processing and transmission. However, all this
devclopment is for the future. The immediate task ahead is the
statement of relatively simple hypotheses in ways that can
be rigorously tested against empirical materials.

{r2] Isard - pag. 20
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IFrsner

I have only a minor comment on Professor Isarp’s paper, it is
in connection with his use of weights, He uses an expression in
which W, and W}. appear as weights; however, there is nothing about
W, which is specific to ¢ or W}. which is specific to 7 in that ex-
pression, since the form of the expression in fact allows these to
be interchanged and the wrong weights applied to the two items.
The W, and W}. therefore ought not to be referred to as weights in
the strict sense. On the other hand, Isarp uses these in obtaining
a weighted sum of items, the sum being taken over all pairs §
and j. When that is done it is the case that W, appears in every
pair invelving CD, and W;’ appears in every pair involving CDJ..
Thus each pair receives a weight equal to the product of W, and W,
and it is these products which should be considered as weights, Tt is
thus true that W, is specific to { and Wi to § although only the
pairs are used,

Isarp
Professor Fisuer is correct in the context in which he speaks.
However, in much of the literature using gravity models, the weights

W, and W are used singly, and not in product form. This is the
reasen I do so throughout my manuscript.

f12] Tsard - pag. 27
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HaavELMO

I would first like to say that I am sure Prof. Isarp is right in
underlining the importance of the kind of problem here mentioned
and that also very little has been done about it. Now, the remark
I have refers to Prof. Isarp’s special model of interaction, and is
based on a recent experience I have had. One of my students came
to me because he was engaged in some study of retail trade m a
regional network of shopping cenfers. Seme of these centers were
small and some larger, and the problem was how to locate stores,
parking space etc. We got into discussion about the following pro-
blem, Consider the interaction formula that you have. In my case
it can be regarded as representing how many customers are drawn
from ¢ to 7 and vice versa, We found that the symmetry of this
interaction formula was not adequate. We have a passive element,
so to speak, and have to distinguish befween the active pull and
the response. We did not find the final answer, but I think it is
a gereral problem relevant also to your model,

Isarn

I agree that many, i not most situations in the real world involve
asymmetry. Many suggestions have been made about what the
measure could be in such cases, For any originating node (region)
the measure will differ according o type of receiving or terminating
point (node). Also, I have presented in my paper a regular hierarchy,
Actually, we know that nodes are differently distributed, and that
population is of different density in different regions and ai different
nodes. But to introduce an irregular hierarchy causes all kinds of
problems. I do not have the time now to spell out some of the
interesting thinking on these problems,
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WoLD

When reading this paper in advance, I was quite fascinated by the
new vistas it opens up on the analysis of organization problems. At
the same time I was puzzled by some of the implications, and T am
not quite sure I have grasped the underlying basic hypotheses. This
is in particular so with your statement that neither zero mnor
100%, spatial decentralization work at a disadvantage or at an ad-
vantage. Am T right to understand that this resuit is based on an
assumption of complete insight info the future?

To emphasize this question I should like to tell what T once heard
from a friend of mine in the foreign service. We had talked about
the possibility of predicting developments abont war and peace at the
upper decision levels of the great powers, and in particular T had
asked whether diplomats find it more difficult to predict such develop-
ment for the Soviet Union than for the United States, My friend
said that the developments are quite unpredictable in both countries,
but for entirely different reasons. In the Soviet Union the decisions
of the inner circle are watertight secrets, and no outsider can get the
smallest clue to predicting what will happen. In the States, he
continued, every senator is an open beok on his political views, and
his opinions can be read in any newspaper; different senators however
have different views, and the political decisions are made by com-
mittees; what will happen in the future thus is a question of which
senators will be members of the commitfee at issue, and this depends
on so many infangible factors that no specialist in the world is able
to make valid predictions. Thus although ihe two systems differ very
much with regard to infarmation about the inner eircles, the situation
with regard to prediclion is in reality very much the same, because
in the open system the complete insight is only apparent. What is
needed for genuine prediction is much more. The point I wish to
make is that the assumption of complete insight which is customary
in many scientific approaches is indeed very stringent.
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FriscH

I have three suggestions to make, First, we must distinguish
between different things we may think of when we subdivide ac-
cording to regions or spatial distzibution. For instance we may think
of regional flows of goods and services, from one region to another, or
from one centre to another, inc’nding in this fiow of goods and ser-
vices also the flow of information Jeading to such concepts as noise
1 information channels and the like. Second, we may think of the
pyramidation, or the regional distribution of decisional power.

Third, we must lock a bit closer into the question of what we
really mean by a region or a center.

I think that when we speak of the first point of view, i. e. the
tlow of goods and services between regions and centers even including
the flow of information, the viewpoint is not fundamentally new. In
a sense it does mot introduce too much innovation in our way of
thinking, But, when it comes to distributiﬁg, decisional power, tha
problem becomes extremely complex. We are facing the difficulty of
programming a decisional machinery at the top, and at the same time
elaberating rules and regulation for the working of the decisional ma-
chinery in the individual regions and centres, which is such that the
intentions of the centre are realized when certain decisions and a
certain amoant of programming analysis is left to be done in the
regions and centres. Mathematically speaking, I have found it next
to impossible to attack this problem in a straightforward program-
ming way (1) and at the moment I can see no better way out than
to build up some kind of simulation or artificially constructed games
of decision at various centres. Then, third with regard to the defi-
nitien — what we mean by a region or a centre. 1 think it will be
a fallacy to concentrate too much on the traditional geographical
subdivisions, for instance administrative subdivisions in regions or
in states within a union or local administrations within a state and

('} Note added July 1964: in the spring of this vear T made an
attempt in a University of Pittshurgh memorandum, building on my non
complex method for solving non Hnear programming problems,
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so on. From the viewpoint of a complete programming problem
T think we must look first into what T have called the Problem of
Patterns of Centres, We may {ind a certain patlern of centres,
which is entirely different from the traditional administrative lines
of demarcation. It must be based on an entirely different complex
of relations that goes deeper down into the basic problems of eco-
nomic relations, transportations and so on. This problem of the
pattern of centres may be approached somewhat in the same way as
the construction of investment projects. In a complete development
and investment programming work, there are two stages. In the
first place, you must have a large list of investment projects to
choose from. The list must be as diversified.as possible, each
project in the list being characterised by objective data of various
sorts: What the inerease in capacily will be if and when we have
carried through the investments, what in put effects will be ma-
nifest if and when you decide to go through with a specific group
of projects and so forth. 1 have said connection about this in my
paper. The essential point to refain in this comment is that when
you make this list of projects you must not think that the mere
entering of a project in the list is equivalent to saying « I am going
to carry this project out ». It is simply putting np an alternative
that may or may not be accepted and it is from this big list of
investments projects that we have to choose: the list is the basis of
the scientific programming of decisions on investments. Similarly
we shouid handle a Hst of Patterns of Centres.

ALLAIS

I do not see at all what procedure professor FRISCI recommends.
If we have to choose investments or to decide what policy must
be followed for different regions, the problems to be solved are
absolutely different. A planning burean can choose between dif-
ferent investment projects according to different criteria — that is
very simple and clear in principle, but if we have to decide what
policy to apply for different regions, the nature of the problem is

[12] Fsard - pag. 3



1034 PONTFIFICIAK ACADEMIAE SCIENTIARVM SCRIPTA VARIA - 28

completely different. In fact, who will decide? The Central Plan-
ning Bureau? But if the people of the different regions are not
represented in this Central Planning Bureaw, what will happen? [
will give only one example, In the different Western countries, we
have a taiiff policy, and the effect of this tariff policy is thal in
these countries the peripheral regions alone support the hurden of
this policy. Lor instance in my own country, Brittany is bearing
the cost of protecting the french coal mines, and in Canada, it is in
the main the Province of Quebec which supports the Canadian
tarilf policy of Canada and so on. So, in my opinion, it is im-
possible to treat these two problems, investment on the one hand
and policy for each region on the other in the same way.

Friscy

I am sorry that my explanation must have been too brief, be-
cause Prof. ALLals has completely misundertood what I meant to
say. When I spoke about analogy with investments selection in a
big list of projects, I was only referring to the formal construction
of what we are going to take as a pattern of centres, There may
be many alternative patterns of centres, or there may be many
investment projects in cur list of projects,

I did not speak at all about how the decision of powers is to
he distributed. We have to use this hig list of alternatives of cen-
tres, and ont of those make a choice. The choice is to be studied by
mathematical programming.

ALLAIS

Again there is a great difference but I do not think we can
discuss the question now,
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IsARD

I think this discussion which has been going on is a part of the
general problem of deciding upon the criteria to be used in making
decisions. The criteria can be expected to, and should differ, from
one pattern of decision-making anthority to another, from one re-
gional planning group to another, ete. Thus the question of how to
make decisions, how to conduct research, what techniques to use
must be related to the question of who is to make decisions. They
must be related to some system of regional planning authorities, to
some spatial pattern of decentralization in decision-making autho-
rity. The question of the appropriate spatial pattern of decision-
making authority is the concern of my paper. It is a question which
must be answered if we are to resolve the issues raised by Irisci
and ALLAIS.

1 agree with Professor WoLn that rigorously speaking, complete
information is implicitly assumed at certain points in my paper.
This is indeed a very stringent assumption. but is required it we
are to make any headway on our basic problem.

DORFMAN

Prof. Isarp hroaches some really frightening questions, and I
am forced to drop from view all but one of them. Ie mentions that
it would be very cconomical to have & compietely decentralized
system in which decisions could be made at each point in the light
of local conditions. But this is not necessarily so. Tt is not so if
the decision unit in each locality has to base its decision on imperfect
guiesses about the decisions being made in other localities, which is
the normal case if the localities are hound together into a commu-
nity. An example is the difficulties faced by the independent high-
way commissions of the United States in trying to establish an intel-
legible system of highway codes that will not nterfere with the flow
of traffic.
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Some of the experimental results of smail group dynamics are
pertinent to this jssue, If you decentralize the decisions in a group
too far, so that each member of a feam is required to obtain a lot
of information from all the others in arder to make his decisions,
the efficiency of the whole team is diminished. TIf is pretty clear that
the relationship between cfficiency and ceatralization is not maono-
tonic; you run info serious inefficiencies at hoth extremes,

Haavevuo

It scems to me that part of Prof. Isagp's argument has to do
with the old question of whether errors commitied by centralized
decisions will be bigger than the crrors of decentralized decisions
pecause, allegedly, the errors in the latter case may tend to cancel
cach other. But the answer is noat so simple. It will depend essen-
tially on the kind of correlations that exist between the errors, and
this again depends on the network of relations in the economic
systenm.

IsARD

[ am glad to have Professor DorrMan’s comments. They in-
dicate to me that T have not been as clear as 1 should have heen
on & number of points, First, I meant fo suggest that only in some
sitvations and with - respect to only some specific functions (c. E.
planning on local education) would a highly decentralized system
be desirable.  In many other cases, such as in transportation plan-
ning, a high degree of spatial decentralization of decision-making
authority is highly undesirable.

I also wounld subscribe to the view that in the operation of many
groups the relationship between efficiency and centralization is not
monotonic.  Actaally, 1 use a number of graphs to indicate the non-
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monoticity of this relationship; and most empirical investigation
would bear out this hypothesis, Again, I want to emphasize the
highly exploratory character of my paper, which represents only
an initial attempt to dig away at a problem which constantly plagues
every regianal-national planner — and a problem which has been
by and large ignored by social scientists in their analytic frame-
works,

[12] fsard - pag. 33



THE RATES OF LONG-RUN ECONOMIC
GROWTH AND CAPITALL TRANSFER FROM
DEVELOPED TO UNDERDEVELOPED AREAS

WASSILY LEONTIEF

Harvard University - Cambridge, Mass. - U.5.A.

1. The Underdeveloped Areas, which hold at least two-
thirds of the entire population of the world, produce now only
about one-seventh of the world’s gross output of gooeds and
services; moreover, their rate of economic growth is at the
present time much lower — possibly only hall as high — as
that of the advanced industrialized countries, That means that
the contrast between the richer and the poorer arveas tends to
increase rather than diminish,

A 1ise in the rate of growth of the Underdeveloped Arcas
would demand an increased velume of productive investment.
The additional capital couid be created through stepped up
internal savings, or it might be obfained from abroad, that
is, transferred in the form of aid, foreign loans, or direct pri-
vate Investment from the Developed countries.

How much additicnal investment would the Underdevelop-
ed parts of the world have to absorb if they were to raise their
average growth rate, over the next ten year period, up to the
average growth rate of the economically advanced industrial
countries? If capital {ransferred from Developed to Under-
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developed Areas were to constitute the principal source of such
additional investment, how large would this transfer have
to be?

The simple dynamic system presented below describes in
crude aggregative terms the relationships of the magnitude of
the capifal transfer from Developed to Underdeveloped Areas,
and of the levels of saving and investment in both groups of
countries to their respective rates of growth., It was designed
so as to require not more factval statistical information than
is actually available. The over all capital-output and saving
ratios of the more and the less advanced countries as well as
the proportion (but not of course the absolute amount) of the
Gross National Product of the Developed Areas transferred to
the Underdeveloped countries are assumed to be constant over
the ten year period over which we project their future growth.

Since aggregative capital-output ratios (capital coefficients)
and saving ratios can be estimated — particolarly for the
Underdeveloped Areas — only within a rather wide margin
of error and because our expressed purpose is to assess the
possible effect of changes in the amount of oufside capital re-
ceived by Underdeveloped Arcas on their rate of growth, not
one, but many alternative projections were made, all com-
puted from the same general formula, but each based on dif-
ferent hypothetical combinations of the magnitudes of the
structural parameters enumerated above.

2. The following set of aggregative variables is used to

describe the state of the two groups of economics — Developed
and Underdeveloped — at any particular point of time, ¢:
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VARIAELES l)ci\\::(::émd le(icr;l:g;zlo;)ecl

Gross National Product (do-

mestically produced) . . Y, {¥) Y, (8)
Productive investment (fofal}  1,(2) L,{t)
Capital transfer from Deve-

loped to Underdeveloped

Areas . . . . . . . H(#)
Growth rate of the domestic-

ally produced Gross Na-

tional Product, Y 7 (&) 73(¢)

0

The value of these seven variables given (that is, observed
or assigned) for the year 1959 constitutes the empirical basis of
a series of alternafive projections of the economic growth of
both groups of countries over the fen year period ending at
1960,

DEVELOPED AREAS

The following theoretical relationships are used to derive,
and to solve, the equations describing the growth of the De-
veloped Areas:

Saving Function:

(1) Li{ty=2Y,(®)

1 represents the fraction of the GNP allocated to invest-
ment,

{¥3] Leontief - pag. 3
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Accelerafion Relationships:

. I1
o 1) =

by is the capital coefficient (capital-output ratio) describing
the amount of capital required per additional unit of annual
GNP.

Growth Rate equation, obtained from (1} and (2):

;

(3) Vi) = - Vil =o

Exponential Growth Function, obtained by solving (3):
(4) V() = V(o) b, =

where Y, (o) represents the level of the GNP in the base
year o and A, its growth rafe, which remains constant as
long as ¢, and b, are fixed.

The amount transferred from the Developed to the Under-
developed Areas is assumed to constitute a fixed fraction, %,
of the GNP of the capital-exporting countries. Thus, the fol-
lowing Transfer relationship, which is derived from equa-
tions {4} above, implies that H({{), the amount transferred, will
grow exponentially at the same rate as the Developed Arcas’
GNP:

Transfer relationship:
(5) H{)=hY,(5) = kY, (0)e™

{13] FLeontief - pag.
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UNDERDEVELOPED AREAS

The productive investment in the Underdeveloped Areas is
being supported from two sources: The saved fraction, 4,, of
their own Gross National Product, Y,(#), and the capital-im-
ports, H(2):

Investment Function:

(6) L) =5Y,(6) + H{t) = §,Y,(8) + Y, {0)e ™

Acceleration Relationship:

. I,

b, is the capital cocfficient describing the amount of capital
required per additional unit of annual GNP.

Growth rate cquation derived from (6) and {7):

. 7 F i ;
Vo — 2B V() — 2V (o) e o i 12y e L
(8) 0 = V) — Vo) o1 A=

Growth Function, obtained by solving the differential equa-
tion (8):

(9) Vi) ={Vyfo) + = RO N VN W 1
‘2

— g mY s ——
bo{d) — Rg) by {Ay —Ag)
To wverily the last equation one can substitute it and its
derivative in (8); the expression on the left hand side will

identically equal zero.
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The growth of the Underdeveloped Areas turns out to be
described by a combination of twe exponential terms. The
first reflects the effects of internal savings, the second the con-
tribution of investrent financed through capital imperts.  Ac-
cordingly the growth rate, A,, of the first component depends
on the magnitude of the domestic savings and capital-output
ratios while the second term grown at the same rate as the
GNP of the Developed Areas ().

Equations {4) and (g) permit us to project forward the
growth of both groups of countries provided their base year
levels of their respective GNI*’s, Savings, Growth Rates, as
well as the initial magnitude of the inferregional capital transfer
is given. The corresponding values of the constants entering
into the two growth functions can be computed from the follow-
ing formulae:

b L) o, L) L)
' Yi(0) Yi(o) #i(0) * Vi) Ya{0)7:(0)
(10)
2= =100 _ _ [13(0) — H{o)] Vyfo) __
T TV T T e
_|; B,
“{I h(o)] +(€)

These relations are obtained by inserting the given base
year values of the variables in the appropriate Investment
Functions, Accelerations Relationships and Growth Functions.

() If the ratip of the saving to the capital ceelficient in the Developed
and TInderdeveloped regions bappens o be equal, the solution of the
differential equation (8) is reduced to:

0)

H( 7\ i
—V oAE . TTNTL g M L
{g-a) Y,y {f) = Yy{0) e i+ s e e 7 =0

that is, the growth rates of both groups of countries would in this case
be equal.
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3. The base year values of the variables used for projec-
tion, presented in the following tables, are summarized below,
The base year is 1950.

Neveloped Ateas Underdevelnped Areas
Gross  National Product
(domestic) . . . . . $=z,105 billion $ 195 Dillien

Productive Tnvestment (to-
tal) . . . . . . . §228 billion $r15~ $22 billion

Capital Transfer from De-
veloped to Underdeve-
loped Areas . . . . $4 Dbillion

Growlh rate of the do-
mestically produced
Gross National Product £%-6% 2% - 3%

The Developed Areas comprises Western Europe {exclud-
ing Spain, Portugal, Greece and Turkey) Uniled States, Ca-
nada, Japan, Soviet Russia and other socialist countries; the
Underdeveloped Areas comprises all other countries. Since
these estimates, compiled from United Nations and other sta-
tistical sources, are supposed to cover all countries, they ob-
viously are subject to a very substantial margin of error. The
estimates of the annual rate of gross productive investment in
the Underdeveloped Areas, which is particularly uncertain, is
presented not as a single figure but in terms of two figures -
a high and a low — which does not mean of course that the
{rue magnitude still might not lie outside of that range.

For similar reasons the base year estimate of the long-run
growth rates of the GNP’s is also presenfed for each area in
the form of two percentage figures — a higher and a lower one.

5. The calcufations, the results of which are summarized
in Tables 1 to VI, show how the future economic growth of
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the Developed and Underdeveloped Areas might be affected
by changes in the fraction of the Gross National Product of the
first transferred for investment purposes into the second arca
and also changes in the distribution of the GNP — in both
groups of countries - between current consumption and pro-
ductive investment,

The growth functions (4) and (g) are used to project the
NP of the Developed and the Underdeveloped Areas over a
ten year period, 1459-19600. i

The stroctural cocfficients entering into these equations
depend -— see (10) — on the base year magnitude of the GNP’s,
of the productive investments in both Areas and also on their
respective long-run growth rates in the base year.

Each table is based on a different combination of the estim-
ated 1959 growth rates of both countries and of the estimated
amount of domestically financed investment absorbed by the
Underdeveloped Areas in that year. The estimates of the 1959
GNP’s of both Areas and of the amount of gross investment
absorbed in that year by the Developed countries remain the
same through all the computation.

The first column of figures in each table presents one par-
ticular estimate of the base year state of botb groups of coun-
tries and also the Ievels of their respective GNP’s « ten years
later », projected from 1959 to 196g. This projection is made
on the assumption that the domestic saving ratios in both Arcas
retain their base year magnitudes and that the economically
more advanced countries continue, throughout the ten year
period in question, to transfer to the less advanced the same
percentage (k) of their annual GNP as they did in 195¢.

The three other columns show how hypothetically postulated
changes in original allocation of the GNP’s of both areas — if
introduced in the base year and then maintained over the ten
years covered by our projections — would have affected the
levels of their respective GNP’s « ten years later », i.e., in
1969. The corresponding average annual growth rates over
the peried 1959-1969 are entered below.
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The allocations of the GNP of the Developed Arcas is des-
cribed by the constants ¢, and &, i.c., the percentage of the
GNP invested domestically and the fraction of that Product
transferred to the Underdeveloped Areas and invested there.
In the Underdeveloped Areas it is described simply by i, — the
proportion of it saved and invested; the rest of the investment
being equal to the amount received from the Developed
countries.

In the second column of Table I, the proportion of the
GNP of the Developed Areas transferred to the Underdeveloped
Areas is assumed o remain — over the ten year period covered
by the projection — the same (0.3%) as it was in 1959. How-
ever, the domestic investment ratio is assumed to have been
raised in the Devcloped countries from 18.9% to 19.9% and
in the Underdeveloped countries from 9.2% to 10.8%. As a
result of that the average growth rate of the two Areas — over
the ten year period, 195¢0-196g — would go up, respectively
from 5% to 5.3% and from 3.2% to 3.5%.

In the third column the transfer cocthicient, %, is stepped
up to 1.2% and in the fourth column to 2.1%. That implies
a transfer of $15 billion and respectively $25 billion in 19509,
and of correspondingly larger amounts with the growth of
the GNP of the Developed Areas in subsequent years.

Comparing the projected average annual growth rates shown
in columns 3 and 4 we find that even with the capital transfer
stepped up to $15 billion already in 1959, the Underdeveloped
countries would still continue to grow slower than the Develop-
ed; with $25 billion they would begin to catch up.  The
« break even point » at which the two growth rates become
equal would be reached with a base year capital transfer of
somewhere between $15 and $25 — probably around §20 —
billion.

The other five tables are organized on the same pattern as
the first. The difference between any two tables lies in the
assessment of the actual position of the fwo areas in the base

year 1950,

[13] Leontief - pag. g
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Thus, so far as the original 1959 growth rates are concerned
the projections shown on Table IT are based on the same 5%
and respectively 3% figure as the projections presented on
Table I.  The actual domestically financed 195¢ investment
of the Underdeveloped countries is estimated in Table T at
$18 billion, while in Table 11 at only $11 billion. Accordingly,
the implicit estimate of the capital-ontput ratio, b,, falls from
3.76 on Table I to 2.56 on Table II.

With any given absolute amount of investment, the lower
is the capital-output ratio, the higher must be the rate of
growth. This explains why in the third projection on Table 11
with a basc year transfer of $15 billion, the Underdeveloped
countries attained — over the ten year period, 1950-19609 —
an average annual growth rate of 5.4%, which is higher than
the corresponding growth rate of the Developed Arcas, shown
to be 5.29%,.

A comparison of the implicit capital-output ratios of the
two areas throws light on the plausibility of some of the base
year estimates from which the different sets of projections have
been derived. For cxample, in Table VI, b,=3.15 and
by =5.64. It seems to be quite unlikely that the average capital
intensity of production would be so much higher in the less
advanced than in the more advanced areas. A combination
of a high growth rate for the Developed, with a low growth
rate and a high investment figure for the less developed Areas
must be rejected as implausible. This throws considerable
doubt also on the validity of all the four alternative projections
of future economic growth presented on Table VI.

For reasons similar to those described above, or for some
other reasons, a critical examination of the alfernative factual
assessments of the state in which both groups of countries
actually found themselves in 1959 might lead some experts to
reject, out-of-hand, some other of the 24 different projections
presented in these tahles.

The examination of all the alternative projections of the
prospective growth of the two groups of countries over the

(131 Leontief - pag. ro
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ten year period, 1050-196g, enables us in any case to answer
the two guestions posed in the opening paragraph of this
paper. Whichever sct of factual assumptions concerning the
base year situation one chooses fo accept, one reaches the same
conclusion that the « break even point » between the rates
of the economic expansion of the two groups of countries could
not be reached before the Underdeveloped Areas would raise
their average annual growth rate to about five percent. To
accelerate their present much slower pace, they would have to
double the actual 1959 rate of investment in the very first
year and then raise it progressively from year to year,

To make this possible the annual transfer of (productively
invested) capital from Developed to Underdeveloped Areas
would have to increase from $4 to around $15 or even $z20
billion in the first year and then go up annually reaching the
level of between $28 and $35 billion in the tenth year.

An assessment of the feasibility of such an ambitious invest-
ment program for the Underdeveloped countries supported by
a massive capital inflow from the Developed countries lies out-
side the scope of this paper.

The factua! conclusion drawn from the numerical results
of our computations has to be accepted, or rejected, in the light
of the plausibility of the analytical approach and the reliability
of the factual information on which they are based. Being
fully conscious of the uncertain and even controversial nature
of the statistical estimates, which have to be used in such
aggregative analysis, I purposefully presented not one or two
but a very large number of alternative projections reflecting a
wide range of possible initial conditions. The simple analytical
system developed for that purpose is constructed in such a
way that with a minimum of computational efforts the spectrum
of alternative projections can be expanded furtber through
insertion in the appropriate computational formula of still other,
different figures purporting fo give a more correct assessment
of the base year situation. Thus, for example, the estimate

f13] Leonitef - pag. 11
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of the amount of capital transferred in the year 1959 from the
Developed to Underdeveloped Areas might possibly be in-
creased from $4 to, say, $5 or even $6 billion. Projections
based on such revised descriptions of the base year situation
would incidentally show that a larger amount of additional
investment in Underdeveloped Areas and a correspondingly
greater increase in the level of capital imports from the Deve-
loped Areas, than those that were mentioned above, would be
required to bring about an equilization in the growth rates of
these two groups of countries.

[13]} Leontief - pag. iz
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DISCUSSION

ALLAIS

Prof. LeonTiéy's paper is very interesting and the ideas he
expressed and his conclusions are very important and stimulating
from two poinls of view: first, theoretical and secondly political,
And in view of this importance I find myself obliged fo express my
disagreement, in a very friendly, but very firm way. This disagree-
ment refales to equation 2, which is feunded on the same hypothe-
sis as Prof, Haavermo's paper yesterday.  This cquation 2 has
practically underpinned Western policy over the last 15 years. In
every meeting of the United Nations, equation 2 has been implicitly
accepted and has thus had great importance, T think it is werth
while to discuss this equation 2 and the hypothesis on which it is
founded in detail. The hypothesis is that the real national income of
any one couniry is proportional to its real capital.

1 think this proposition can be accepted neither from a theoretical
nor an empirical point of view. We have to distinguish two difierent
points carrefully. The first is: we observe that the capital output
ratio is practically constant for a number of countries at different
times. That muclh is certain and I have persenally given some daia
to support this conclusion in my 1g61 Econometrica paper. But it is
a completely different thing to accept that in every situation there
is proportionality between real income and real capital, Perhaps my
point of view is quile difficult to understand because it is not very
common.

[13] Leontief - pag. 19
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I believe this point is absolutely independent of the model given
by my paper, but it is in the framework of this model that my view
can be put most clearly. In the model, the conclusion is reached that
the capital-output ratio must be practically constant. Nevertheless,
the conclusion is reached in the same model that there is a maximum
value for real national income, whatever the level of real capital.

May [ recall that in my model, in the exponential case,

== —I% =l {reiation 251-0)

where y is the capital output ratio, C the nominal value of capital,
R the nominal value of the national income, ¢ the rate of interest
and @, a constant whose order of magnitude is 4. For small valaes
of i, v is practically a constant.

But we also have in the exponential case

= |2, T {relation 251-15)

where R is the real value of the national income, and & the coeffi-
cient of homogeneily of the production function. R, is the maxi-
mum value of R for y=@,

R has a maximuwm whatever the value of C. Nevertheless '
varies little over the usual range of variation of 4.

Here, therefore, is at least one system of consistent hypotheses
and mathematical deductions in which there are at the same time
two valid propesitions. The first is that when the rate of interest
is small, the capital oultput ratio is practically constant.

[13] Leontief - pag. 20




SEMAINE D'BTUDE SUR LE ROLE DE L'ANALYSE BCONOMETRIQUE mTc. 1050

At the same time there is a second proposition according fo which
real nafional income has a maximum, whatever the level of real
capital,

Of course, this model in no way constitutes a proof, but at least it
supports the fact that the two propositions are absolutely different.
It also shows that it is impossible to derive a general property of the
production fanction, from the fact that the capital output ratio is
practically constant, according to which real national income would
be proportional to real capital, Thus from a theoretical point of view
it is impossible to deduce proportionality between real national in-
come and real capital from the fact thal in certain circumstances we
can observe an apparent constancy of the capital output ratio,

From an empirical point of view the empirical researches of Dou-
glas and lis followers have shown that we can write atl least as a
first approximation

R =KLeC#

where R is real national income, L. labor, C real capital, and K,
s {3 conslants,

The Douglas results have been very much discussed buf there
is one point which has never been contested, Thig is that the order
of magnitude of the elasticity
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is 0.2 instead of 1 as is implicitly assumed in equation 2 of Lzon-
TIEF's paper. In no case it is possible to conclade that there is
some proportionality between R and ¢ which would mean B equal
to unity,

Now, in the Leontief caleutations the hypothesis that real national
income tends to be proportional to real national capital plays a fun-
damental role, If this hypothesis were abandoned, the results would
be completely different.

My argument is absolutely the same as yesterday. A given pro-
perty can appear to be reasonable without being right. I repeat
again.  From an cconomic point of view, my model may be right
or wrong, this is as may be, but it is mathematically coherent. And
while if shows an approximate proportionality between income and
capital, nevertheless there is at the same time a maxinuon for real
national income whatever the value of real capital.

The political impact of the LzoNtizr paper, were its results
correct, would be of very great importance. The conclusion would he
that the West should very substantially increase its ald in capital
My convinection is that this increase would have a much lesser effect
than that predicted by the Lronring paper because the more im-
portant factor is not capital bul, in my opinion, technological
education.

Certainly, if we accepted a production function such as the Dou-
glas producticn function, which it seems very reasonable to accept,
at least as a first approximation, the result would be that the paper
would predict a much lesser effect. Thank you.

LeonTir

I think I fully understand Prof. Arvais' objection. To meet it
let me restate my position in respect to the point raised by him in
the following way:

The stock of capital employed in productive process represents a
necessary but not a sufficient condition for attaining the level of
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outpul corresponding to the fixed capital/output ratio entering in my
equation 2.

Accordingly, my computations show essentially the upper limits
of the future growth in national income that can be expected to be
Lrought about by various combinations of domestic savings and in-
ternational capital transfer. [f the supply of other factor —. such as
skilled labor, efficient management and natural resources — could
not expand proportionately the actual increase in income would in
cach case fall short of that, in a certain sense, maximal rate.

I used the capital/output ratio essentially as a limiting factor.
Not saying that this amount of capital transfer is sufficient o produce
that output, T on the other hand imply that without the indicated
rate of capital transfer the corresponding rate of income growth —
computed on the basis of my formulac — could hardly be attained.
Professor ArLais does not scem to disagree with this. So far as the
political conclusions — which he expects to be drawn from the results
of my analysis — are concerned, he might be right or he might be
wrong; it all depends on the additional — political — premises which
will have to be introduced before one wonld be justified to draw
them,

ALLAIS

I agree completely with what Professor LronTigs has said but I
wish to stress two points. First, precisely in this particular line, an
attempt is made to calealate some limits of the capital cffect, and
this attempt is very interesting indeed. But if this is done, b should
be replaced in equation 2 by b/} where 3 is equal to 0.z and not 1,
if we accept the results of the Douglas researches and those of his
followers. My sccond point is that, so far as underdeveloped coun-
tries are concerned, we must be very cautious in extrapolating data
which are valid for the West. This, I think, is the error that Douglas
himself has committed in assuming that his relation could represent
the production function over a very large range. What he has shown
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15 that there is a correlation over time and in space belween three
quantities: production, labor and capital. But it is impossible to
derive the conclusion that this function is valid over the whole range
of variation: it holds for the very restricted domain of data relating
to some Western developed countries.  Thus, I could accept the
Leontief caleulation, but only on two conditions, The first one would
be the replacement of & by b/f with § equal to 0.2 in equation 2,
The second would be to say that this is a very tentative calculation
and that it is by no means certain that the results would remain as
valid as they may be for the West,

HaaviLmo

This exposé was very clear, there is little possibility of misunder-
standing. I am actwally asking a question about an alternative hy-
pothesis, and whether the author has considered it If yon would
kindly tumn {o page 5, equation (6), T just wonder whether LeonTInr
has considered the possibilities that equation {6) might have the alter-
native form L{#)=i,[Y,(#)+H(#)]. That is to say, that investiment
in the region is a fraction of regional income including what they get
from abroad. T think we sce the possible implications. It means, for
example, that domestic savings could be negative if H is very large.

LronTIer

I have not tried to perform an alternative set of computations
based on Professor HaavELMO's suggestion that the capital inflow into
a developing country be treated as a part of ifs total current income
of wiaich a fixed [raction be allocated to productive investment. On
this assumption a still Jarger capital transfer from developed into the
less developed countries would be required to narrow down the gap
between the growth rates in their respective national incomes.

If 1 may return with just one more remark to Prof. Arrals’

[13] Leonlief - pag. 24



SEMAINE D'ETUDE SUR LE ROLE DE L ANALYSE ECONOMETRIQUE ETC. 1063

comments : | did not make only cne computation, 1 made very many
of them covering a wide range of different factual assumptions.
ixamining the implicit magnitudes of capital coefficients reflecting
various estimates of the present rate of income growth and of produc-
tive investment in underdevcloped countries, we find them to be in
some cases considerably higher, and in others much lower than could
he realistically expected. In most instances they appear to he quite
plausible, 1 am inclined to interpret such consistency as representing
indirect evidence in support of my conclasions.

FISHER

Professor LEONTIEF has presented a highly interesting paper. 1
find most atiractive the idea of watching economic history with ac-
companying iliustrations. LEonting has in fact produced interesting
pictures of what happens when the economy is open to foreign trade
and foreign trade cither outgoing or ingoing is cut off. One might
alsa consider applying the same technique to the study of the depen-
dence of the economy on particular industries, Tor example, one
might open the system to the stecl industry and sce what would
happen if deliveries from or to that industry were cut off. The
pictures one would get from applying LEONITEE’S technique to such
analyses would provide inferesting insights into dependence of the
economy on particular industries or sectors,

ALLAIS

Prof. Leontier has very rightly stressed that he lkas made calcu-
lations with different values of the cocfficients b, and &, But my
point is that it is not sufficient to consider values of the capital output
ratios b, and b,. Tt is also necessary fo take into account the coef-
ficient § which is of the order of 0.2. Then the b would be replaced
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by values five times greater, and the range which has been consi-
dered is not sufficient. With correct values of the & the results would
be much lower,

MaHALANOBIS

I think this is a very important question and 1 should like to
congratulate Professor Lrontisg for the presentation of his paper.
But T find some difficulty because he has not stated explicitly the
population figures as my observations would depend possibly on the
factual basis of the partition into the developed and the underdeve-
loped.  Using a notional figure of three thousand million as the total
population of the world, 1 am asking whether China has been in-
cluded with six hundred million, again as a notional figure?

Secondly, assuming that some rates of growth of population have
been used, whether such growth was taken into account in estimating
the effect on income?

The conclusion is that the rate will he such and such, and 2o
or 25 billien (2?) dollars of aid would be required per year. What
is the implication? Does the aid have to continue almost indetinitely?
What T am really trying to do is to bring in the well-known coneepi
of assisted take-off. Now supposing that there would be an assisted
take-off in 15 or 2o years, what would be the total effort required?
This seems to me to be a realistic and important question,

Turi

I am much interested in Professor LEoNTIER'S paper, partly be-
cause it is so close to an analysis which 1 carried out myself a num-
ber of years ago (published in English in the [nternational Economic
Review). 1 was much impressed by the large differences in the per
capita incomes of the various countries, Accordingly, my criterion
was to reduce the variance of the logarithmic per capita income
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distribution by a certain amount, year after year. The criterion was
pursued by means of a system of aid fron: developed countries to
nnderdeveloped countries along the lines of a model which is close
to that of Professor Lrontier’s. The result was embarrassing. The
criterion implied that one country had to pay, viz., the United States,
and all others {including Canada, Switzerland, Sweden and Australia)
received aid,  This unpractical resuit induced me to change the
criterion to that of aid to countries whose present per capita incomes
are below a certain level in such a way that they will reach a given
« marginal » level within a given period of time, This marginal
Jevel was not considered to be constant over time. An exponentially
increasing function was preferred in view of the consideration that
our present standards for what is marginally acceptabie will probably
e below the standards that will prevail after 25 years,

Arvams (1)

If we take as a provisional hypothesis that according to the Cobb
Douglas formulation

dy  dC
—
I s 'LJ i
Y Cc
(1) Comments presented in plenary session. The preceeding comments

were presented in the separate group.
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and
aYy B
S o |
Y 1/
where
e S
Y

according to Professor LEoNTIEF's definition of page 3.

Then equation (2} must be written

’ LI i,
instead of
2Y, I
(2) o= '51"11 0

Now there is no doubt that the order of magnitude of B is 0.2 and
not ¥ as in equation 2 of the paper. If 0.2 instead of 1 is taken for
§ the final results of the paper change very greatly.

In facl the range which Prof. Leonrize has considered for b is
as follows: For b, 3.15 to 4.73 and b, 2.5 to 5.64, the range is about
1 to 2. But if we take the coefficient B equal to 0.2 into account the
range which should be considered is five times greater since we must
consider b/ that is 5 & instead of b.

We must thus replace the coefficient b by the product bi=5b
in the calculations whick follow, and this changes the final results
completely,
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I think this is very important because, since, especially for India
in the last 25 years, western aid policy for underdeveloped countries
has been based on the hypothesis that real national income is pro-
portional to real capital, Nobody has questioned this and we have
spent many billions of dollars in a way which may have been less
efficient than for examples, educating the people. In my opinion, if
we consider all the variables which significantly influence develop-
ment, T would say that capital is less important than other factors,
and if +his thesis were to be accepted, we should spend the greatest
part of our help in other directions.

Leonricy

As author of a paper I would like to comment at length on the
interesting questions raised in the course of the subsequent discussion;
as Chairman, I have the responsibiiity for adjourning this meeting
within a few minutes. Thus, I will make these closing remarks very
brief.

In answering Professor MaHaLANOBIS™ query, 1 must explain that’
the United Nations figurcs which T used as a basis for my calenla-
tions include Continental China as they do Soviet Russia among the
so-called centrally planned economies which T had to treat as belon-
ging to the group of industrialized countries.

All my computations were condacted on a total not-per capita
hasis. Translated into per capita terms, the discrepancy hetween the
present growth rates of the underdeveloped and the industrialized
parts of the world would of course appear (o e still ‘greater and the
volume of the capital transfer required to eliminate, or at least to
reduce this difference within the next ten years — still larger.

So far as the concepl of a take-off period is concerned, 1 suppose
it might he applied to the entire ten-year time span covered by my
hypothetical computation.

1 fully agree with Professor ALLAIS' emphasis on (he importance
of educationa! expenditure as a means of accelerating £CONOMmic
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growth. It has often been suggested thal such expenditure should
be regarded as a parl of productive investment. As a quantitative
measure of the total stock of such investment at any given point of
time one should possibly use the integral, i.¢., the cumulated amount
of educational expenditure incurred annually over the preceeding say

thirty or fifly years.
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THE SOCIAL TRANSFORMATION
FOR NATIONAL DEVELOPMENT

P. C. MAHALANORIS

Indian Stalistical Tnstitule - Caleutta - India

1. INTRODUCTION

1.1. The problem of improving the material and cultural
conditions of the poorer countrics of the world bas been engag-
ing serious attention during the post-war period. The desire for
political independence is rapidly increasing and will continue
to grow in the countries still under colqnial rule. Also, more
and more countries are becoming and will become polifically
independent,  With the gaining of independence, it is being in-
creasingly realized that political freedom is necessary, but is
not enough. In most of the underdevcloped areas, attention
is being given increasingly to cconomic development to im-
prove the level of living, by increasing the flow of goods and
services and by expanding facilities for qultural amenities. It is
also being increasingly appreciated that rapid economic growth
can be brought about only by an increasing accumulation of
capital to supply modern tools and machinery for new and
expanding productive activities which would, in time, solve
problems of unemployment or under-employment, and would
also continually improve the level of living. Such accumulation
of capital would call for increasing domestic savings, and the
utilization of such savings for productive purposes. The choice
of productive activities (that is, of investments) must also be
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such as to secure the best possible rate of economic growth over
a time horizon of a generation or more.

1.2. How to bring this about? This is where the question
of social transformation becomes relevant. Some broad general
principles may perhaps be stated with confidence.

2, THE STRUCTURAL TRANSFORMATION

2.1, It is necessary to give opportunities for participation
in productive activitics to the largest number of people, and as
soon as possible, to all such people as are capable of under-
taking such work, and also to utilize available resources in the
most effective -way for the benefit of the nation as a wholc.
To create fullest opportunities for rapid growth, it is necessary
to remove all barriers to the effective utilization of productive
forces, by the people, for the benefit of all the people of the
country.

2.2. There are many facets to the problem, some of which
are general and some peculiar to particular countries. It is not
possible to arrange them in any clear order of priority. In fact
the heart of the problem is to make changes in all necessary
directions at the same time, in a bhalanced way, so as to bring
about the structural transformation as quickly as possible.

2.3. The transformation of the social structure cannot be
an entirely internal process. Outside influences have been and
will continue to be at work. Colonial rule and economic exploit-
ation of the underdeveloped countries have themselves given
rise to reactions promoting the desire for political independence
and for improvement in the level of living in the underdeve-
loped areas.

2.4. A new factor, of conscious international cooperation
in improving the social, political, and economic conditions of
the underdeveloped countries, has also emerged during the last
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ten or fifteen years through a quickening of the world con-
science on humanitarian grounds and also in the enlightened
self-interest of the more advanced countries. Iselation is no
longer possible, physically, psychologically or organizationally.
The influence of information, ideas, advice and aid from out-
side would be an increasingly important factor.

2.5. A structural transformation of the whole society is,
however, indispensable to make conditions fit for rapid eco-
nomic growth. Without such transformation, any amount of
help from outside would be ineffective, The experience of many
countries during the post-war period would corroborate this.

3. THE SCIENTIFIC REVOLUTION

3.1. It is also necessary to develop the outlook of science
and the experimental attitude of mind in order to acquire
knowledge of natural and social forces and to invent new tech-
niques for initiating material and social changes. This is the
only way in which decisions can be made increasingly in a
rational manner, in accordance with principles of objective or
scientific validity based on relevant data and correct reasoning,
instead of on the sanction of authority based on status and
power or custom and conventional or revealed rule and laws.
This may be called the scientific revolution.

3.2. The need of what T have called « the scientific revo-
lution » is recognized, but has not received sufficient attention.
I have considered some aspects of this problem in an attached
note on « The Scientific Base of Economic Development ».

4. MODERNIZATION OF SOCIETY

4.1. The social transformation and the scientific revolution
are both necessary. These are but two aspects of modernization
which can be distinguished but not separated. The social tran-
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sformation and the scientific revolution in combination leads
to modernization. The task of international cooperation is to
promote and help, i every possible way and in a peaceful man-
ner, the modernization of the underdeveloped countries.

4.2. Urgency of the task: The scientific and industrial revo-
lution took place in West Furope and North America roughly
over a period of three or four hundred years. Tt is not possible
to wait for such a long time for the underdeveloped countries
to attain a reasonable level of living. The historical process of
transformation must proceed five or ten times faster. Such
speeding up of the process of transformation has always been
a characteristic feature of biological evolation, and can be
achieved.

4.3. Different phases of the transformation: Some of the
newly independent countries are large, some are of medium
size, and some are extremely small in area, or in natural re-
sources or i population. They would have widely differing
needs. The particular form and contents and components of
each step of modernization would depend on the special condi-
tions of each country and the stage of development reached by
it, and would thercfore, vary from one country to another or
from one region to another of the same counfry and also, over
a period of time, in the same country or in the same region.

4.4. International cooperation: The most significant fact
of the present age is the rapidly expanding contacts hetween
different countries of the world. This fendency is bound to
become stronger in future, increasing the scope of international
affairs in every direction. Af the same time, what George
Waghington had said about « no country being able to go
beyond its own self-interest in international affairs », would
continue to remain valid. The real need is, therefore, to disco-
ver new arcas of mutual self-interest, and to expand spheres
of common inferest on both bi-lateral and multi-lateral basis
to the fullest extent,
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4.5. 1t is also clear that even the most advanced countries
still have unlimited scope for both social and scientific pro-
gress. For all countries, large or small, advanced or under-
developed, international cooperation is necessary and beneficial.
The smaller and the less-developed a country, the greater how-
ever will be the need and importance of such cooperation.

5. PROBLEMS OF INTERNAL IREFORMS

5.1. There is general agreement about some of the most
important contents or elements or aspects of the social transfor-
mation, such as: — land reform; removal of social, economic
and political barriers; mass education and fechnical training;
increasing equality of opportunities; the possibility of a la-
bourer or an initiator securing the fruits of his Iabour; or the
need of medical and health services and cultural amenities etc,
There is much in common in respect of such components or
aspects of social transformation in the case of all under-deve-
loped countries, with, however, the need of adaptations to suit
the special conditions of each individual country. Some of
these components or aspects are briefly considered below.

s.2. Land veform: Historically, land reform has been a
most important factor in the ecconomic development of all
advanced or rapidly devcloping countries. Agriculture and
industry must advance at the same time. It is, however, ge-
nerally agreed that an agricultural surplus (or, the surplus
from extractives) is essential for industrial development. Chan-
ges in land tenure and legislation would, therefore, be one of
the requirements of the highest priority in most, if not all,
underdeveloped regions.

5.3. The aim must be to secure the fruits of his labour to
the cultivator so that he has the incentive to improve the land
and to introduce more advanced technological methods. Te-
nancy law should protect the tenant against eviction so long as
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he is using the land efficiently, and to secure to him the right
of fair compensation upon termination of the lease for all unex-
hausted improvements made by him, It is also necessary to
eliminate the unproductive consumption of the surplus from
land by intermediaries and landlords, who have no productive
functions, by abolishing their rights.

5.4. The question of economy of scale of production may,
admittedly, introduce difficulties. The breaking up of large
farms may lead to a reduction of the surplus; howcver, the
beneficial effects of greater equality of income and wealth may
compensate for the other loss. Also, in countries where there
arc too many cultivators, often with scattered plots, further
breaking up of the holdings may easily have adverse effects
on the efficiency of production. In such a sitwation it may be
necessary to promote consolidation of holdings either volun-
tarily through cooperalive, or by legislation, or both. Redi-
stribution of land has limits and is a complicated question. It
is wise to recognize that steps taken at one stage may have to
be reversed at a later stage. Appropriate nmeasures must be
devised to suit the needs of each country at any particular stage
of development. The basic aim would always remain the same,
namely, to increase the agricultural surplus, and fo use if for
productive purposes, as effectively as possible, in speeding up
the growth of the economy as a whole.

5.5 Removal of social, economic, legal and political bar-
rievs:  The underdeveloped countries have the very difficult
task of achieving a far faster rate of growth than had been
achieved by the most advanced countries during and after the
industrial revolulion. It is indispensable that every one in the
working age-group should be fully utilized to increase the na-
tional product. It is necessary, therefore, to remove all social,
economic, legal and political barriers which prevent individuals,
or groups and sections of iudividuals, to become fully produc-
tive. Conditions arc worst in a country stratified by caste,
colour, creed or language, and where whole sections of people
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are sometimes deprived of opportunities by custom, law, or
social and political pressures by ruling groups. Removing all
such barriers is an essential condition for rapid growth.

5.6. Equality of opportunities and vertical mobility: Re-
moval of social and other barriers, in principle, is necessary
but not sufficient. It is essential to help every one to make
himself fit for the highest type of productive work of which
he is capable. Opportunities for education and training and
for productive work niust be made as widely available as pos-
sible. Great inequalities of wealth and income often lead to
denial of opportunities to the poorer people, and, unless remov-
ed, give rise to a sense of frustration among the under-privileged
and hamper the growth of national solidarity. Sufficiently
rapid economic progress would be difficult or impossible in
societies in which there is lack of vertical mobility and where
small sections try o preserve their privileges based on heredity,
custom or law without any relation to their productive con-
tributions.

5.7, Horizontal mobility: The social system may also ham-
per the utilization of resources because customs or caste re-
strictions prevent labour from moving into new occupations, or
labour is tied to the soil, or land may be concentrated in the
hands of small sections of the people who are unwilling to divert
it for more productive use for reasons of social or political pre-
stige. A small number of producers even in underdeveloped
countries may somectimes band together to prevent the free
entry of others or the introduction of new techniques. All such
restrictions must be removed to increase the horizontal mobility
of resources,

5.8, Possibility of securing fruits of labour and enterpyise:
The elimination of concentration of social, economic or poli-
tical privileges in the hands of small sections of the people
would promote both vertical and horizontal mobility, and make
it possible for every one to secure a fair share of the fruits of
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his labour and enterprise. ‘This is one of the most important
consequences of the social transformation and is particularly
helpful in promoting rapid economic growth. Appropriate legal
and institutional changes must be made to achicve this.

6. NATIONAL INTEGRATION

6.1. Sectional interests and barviers: A characteristic fea-
ture of underdevelopment is the segmentation of the country
into innumerable regions, castes, tribes, languages, religious
communitics, occupational and other groups which focus atten-
tion on the welfare of small sections of the people without any
awareness of the best interests of the country as a whole, It
has to be recognized that rapid progress is impossible without
painful adjustments and damage to sections of the people whose
interests are based on special privileges or old techniques; and
that old Deliefs, customs, and social institutions have to be
discarded, and all barriers of caste, customs, creed, colour,
language and sectional interests must be ruthlessly eliminated.
The greater the prevalence of such social barriers in the coun-
try, the greater are the sectional rigidities within government
administration, and the fiercer are the inter-agency jealousies
and fights which continually delay decisions and hamper speedy
action.

6. . Integration: The removal of social and economic bar-
riers is an indispensable condition for the emergence of the
sense of national sofidarity without which national develop-
ment is impossible. It is not possible to isolate the scientific, or
the social, or the industrial aspects of the transformafion from
one another. Advance must be made at the same time on all
fronts, This creafes difficnlties but also has its advantages.
Progress in one direction stimulates and promotes progress in
another direction. It is the lask of leadership to maintain a
proper balance between the different aspects and phases of the
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process of modernization in its full sense. The aim continually
must be to create a society from which social, economic and
political privileges have been completely eliminated. To bring
about such a transformation would call for wise leadership
with a clear appreciation of aims and objective, a rational and
experimental attitude of mind with confidence in the outlook
of science, and willing to pay the price of much painful
adjustments.

7. DANGER OF SUPERFICIAL IMITATION OF ADVANCED COUNTRIES

7.1. Because of the sense of urgency for economic growth
which is strengthening everywhere, there is a peculiar danger
of adopting, in a superficial way or at too early a stage,
methods, and forms and institutions, which are working suc-
cessfully in the advanced countries. It has to be kept in mind
that existing social and political institutions, or high levels and
standards of quality or performance, were established in the
advanced countries only with the gradual growth of the eco-
nomy. Such institutions may not be useful at an earlier stage
of development, and may even hamper progress. For example,
in underdeveloped countries, there is sometimes a tendency to
adopt too expensive or too sophisticated schemes of education,
care of health, public buildings and construction, wages or
salaries of government employecs or labour legislation.

7.2, Education and training: Mass education to spread
literacy both among children and adults has special urgency;
here all possible help should be utilised, for example, by vsing
the services, for a small part of the day or the week, of those
who are already literate. Because the number involved are
very large, the adoption of too high a standard for teacher
qualifications, school buildings etc., at the primary level, would
make the cost prohibitive. At the secondary stage, more attent-
ion would have to be given to the qualification of teachers and
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other educational aids; but scales of pay or cost of buildings
should still be kept in balance with the general level of living
of the students and the parents themselves. At the tertiary
level, still higher standards would have to be adopted for staff
qualifications and there would be need of more expensive
teaching aids; but the expenditure must be kept within the
Iimits of what the country can afford. It is at the stage of
advanced studies and research thaf standards should be really
high and comparable with the advanced countries; however, as
the number of advanced and research workers would be very
small in the beginning, this would not involve any large total
expenditure.

7.3. The educational system should be viewed as a pyramid;
the lower the stage the wider should be the base (that is, the
number of persons under instruction) and the lower the scales
of expenditure compared to advanced countries, while at the
highest stage of advanced studies and research the number in-
volved would be extremely small but scales of expenditure may
approximate to those of advanced countries. Adoption, at too
carly a stage, of standards and scales of expenditure of
advanced countries at lower levels would lead to severe restrict-
lons in numbers usually coupled with admission of students on
the basis of family income; this must have most undesirable
social and psychological consequences. When resources in men,
materials and money are inadequate, to increase the number
of students in accordance with the pressure on admissions, would
necessarily lead to window dressing and a dilution of standards
in practice. This can seriously hamper progress; the only re-
medy is to adopt a system which would be in keeping with basic
aims and yet within the means of the country.

7.4. Medical care and technical services: A similar situaf-
ion can arise even more casily in the field of medical care.
Adoption of the high level of university education for physicians
in the advanced countries as the only standard at an early stage
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would necessarily mean that most of the people will be deprived
of medical services in underdeveloped countries for a very long
time. A two-tier approach with a junior cadre of medical per-
sonnel with, say, three or four years’ training, together with a
much smaller number of physicians with university training,
would make it possible to spread medical services much wider
and much faster. This would be equally true in many other
lines of technical work. A two or even a three-tier approach
with a higher, a medium, and even a third level of workers
who have had a very guick and specialized training, would be
not only within the means of the underdeveloped countries but
may be even more effective, because, in the still backward
conditions of the country, the lower level workers would be
much nearer to the general population and would be able to
work in closer touch with them. This would be particularly
true in agricultural extension and other services which would
bring the technical workers into contact with large sections of
the population.

7.5. Governmenl expenditure: Government expenditure
often tends to become unduly large in underdeveloped countries
owing to the adoption of the much higher standards of advanced
countries. This leads to unnecessarily high scales of wages and
salaries for government employees or costly public buildings;
which, in its turn, would increase the feeling of separation
between government and the people, and hamper national in-
tegration.

7,6, Labowr legislation:  As production becomes modern-
ized and factories and enterprises grow in numbers and in size,
it would be necessary to develop labour legislation and regulat-
ions to ensure that labour secures a fair share of the surplus,
and also to ensure working conditions being maintained reaso-
nably safe and healthy. ILegislation in imitation of the more
advanced countries. at too early a stage, may, however, lead
to increasing inefficiency of performance, especially, in coun-
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tries with surplus labour, and may increase costs of production
so much as to have serious adverse effects on exports. The
most important thing is to establish’ a definite link between
remuneration and output in the case of all types of work of
which the volume and quality can be estimated even roughly.
It is necessary to recognise that frade union movements can
gain in real strength only on the basis of increasing pro-
ductivity.

8. NATIONAL LEADERSHIP

8.x. The transfer of modern technology from the advanced
countries also calls for much adaptation to suit the needs and
local conditions of underdeveloped regions. To profit by the
experience of the advanced countries and vet to introduce
modern technology and modern social and political institutions
in a way suitable to the particular stage of development of the
country is a matter of crucial importance in the process of
modernisation. Ultimately, success would depend on the growth
of a rational ouflook and the experimental attitude of mind,
first, among the leadership at all levels and then gradually
among the general mass of the people.

8.2. Tt is extremely important that advanced counfries
should help and encourage in every way all progressive groups
within the country in promoting the process of modernization
and refrain from offering technical or economic aid in any way
which would hamper the social and scientific transformation.
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THE SCIENTIFIC BASE
OF ECONOMIC DEVELOPMENT

1. Puases oF EcoNeMIC DEVELOPMENT

1.1. The essential characteristic of an underdeveloped
country is an extremely low level of living, that is, inadequate
supply of food, clothes, housing, drugs and other consumer
goods, and also lack of facilities for education, care of health,
social security, cultural amenitics, ctc., for the nation as a
whole. It is possible to make available small quantities of
consumer goods by direct imports or by domestic production,
on a small scale, with the help of imported machinery. In most
of the underdeveloped countries it is, however, not possible, for
lack of necessary foreign exchange, to import or to produce,
with imported machinery, enough consumer goods for the
people as a whole. In India, the first textile mill was established
in 181%; and India gradually became the sccond biggest
producer of textiles, next only to America. One hundred and
fifty years later, India would sfill remain underdeveloped. The
production of textiles or small quantities of other consumer
goods for a small part of the nation cannot, by itself, lead to
industrialisation and economic development.

T.2. Economic development can occur only by increasing
the per capita production of the nation as a whole, through an
increasing use of machinery driven by steam or electricity as
a substitute for human and animal labour. In countries with
appreciable nafural resources, it is necessary fo establish the
basic engineering and power industries to enable the manu-
facture of both consumer and capital goods within the country.
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Lstablishing a minimum complex of such basic industries would
take at least ten o fifteen years, for which planning must start
ten or fiffeen years in advance.

1.3. To increase modern industrial production would call
for an increasing supply of engineers, technologists, and
technical personnel. The only way to ensure this would be to
establish and increase the number of schools, training colleges
and universities, and also to train teachers for such institutions,
This would take at least fifteen or twenty years; so that plann-
ing for this purpose must start fifteen or twenty years in
advance,

1.4. The best way of utilising the raw materials and natural
resources available within the country, for both domestic con-
sumption and for exports, can be found out only through
applied scientific research (*). Applied research, in its turn,
must be based on advances in fundamental research. Alsg, to
establish an adequate base for applied research it is necessary
to promote the spirit of pure research and supply the stimulus
of scientific criticism. This would be possible only when at
least a certain minimum number of scientists are engaged in
fundamental research, and opportunities for pure research are
becoming increasingly available. Tt is therefore necessary to
promote the advancement of both applied and fundamental
research. To establish a minimum base for scientific research
would take more than a generation of twenty-five or thirty
years; this, being the most glowly maturing sector, must be
given the highest priority.

() Even the most advanced countries are” obliged to devote large
resources  to research for the improvement of products already being
manufactured and also to develop new products in order to hold their
positien in the world export market. It is not possible for the under-
developed countries to start or expand the export of f{ully or partly
mapufactured products by simply borrowing the current fechinology from
advanced countries; it is essential also to develop applied research for a
continuing improvement of technological methods.
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2.1. The scientific base of the modern age can be appre-
ciated by even a Dbrief review of the recent history of fhe
advanced countries. Tour hundred years ago the gencrally
accepted view was that the carth was at the centre of the
universe; the position of human beings was unique and
supreme; and the highest sanction of truth was either divine
revelation or abstract logical reasoning in the mind of man. In
the sixteenth and the seventeenth centuries, there was a com-
plete revolution in the picture of the physical world; the ecarth
was seen as a small planet moving round the sun; and the
method of empirical observations and experimentation was
gradnally established in both physical and life sciences.

2.2. Progress was at first slow in the sixteenth century. A
few selected names may be recalled to indicate the gradual
transformation of ideas. In astronomy, Nicholas Copernicus
(1473-1543) supporied the view that the planets including the
carth itself were revolving in orbits round the sun; Tycho Brahe
(1546-160T) supplied astronomical observations of unpreced-
ented accuracy to make the next steps possible; Jormany KEPLER
(1571-1630) formulated the descriptive laws of planetary
motion; and GALILEG GALILET (15064-1642) made conscious
propaganda in favour of the new philosophy of the universe.
In anatomy, ANDREAS VESALIUS (1514-1564) published hig
observations on the human body in 1543; in physics, WILLTAM
GILBERT (1544-1603) gave an account of magnetism based on
trustworthy experiments in 1600; in physiology, WILLIAM
Harvey (1578-1657) described the circulation of the blood in
1628; Jonn NAPIER (1550-1617) supplied a convenient tool for
computation by the use of logarithms; and ReNg DESCARIES
(1596-1650), a philosopher, contributed the powerful concepts
of coordinates for geometrical representation and of mathemat-
ical functions. Francrs Bacon (1561-1626), firmly stated that
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the only frue method in science was to proceed from particular
sense observations to wider generalizations (Novum Organum,
Book 1, xix), and clearly recognised that ’the true and lawiunl
goal of the sciences is . .. that human life be endowed with
new discoveries and power.”’

2.3. The concept of an objective world of physical reality
gradually took firm shape in the sevenfeenth century in the
hands of gifted astronomers, mathematicians and scientists. A
few names may be mentioned from among those who were born
in the first half of the cenfury: Prerrr FERMAT (1601-1665),
CHRISTIAN HUYGENS (1620-1695), Brarise PascAL (1623-1662),
RopErT Bovre (z627-1601), Jomn Ray (1627-1705), ROBERT
Hooxe (1635-1703), Isaac NEwToN (1642-1727), and GoT1-
FRIED WILHELM LEmsniz (1646-1716). The rate of advancement
of science increased progressively in the eighfeenth and the
nineteenth centuries, and during the last few decades has opened
new frontiers with almost unimaginable possibilities.

2.4. The advancement of science prepared the ground for
the industrial revolution in Europe in the eighteenth century,
first In spinning and weaving, next in the use of iron and steel,
and then of electricity in the nineteenth century, which stimul-
ated the growth of the capitalist economies in West Europe and
North America. The spread of the scientific outlook also prep-
ared the ground for the age of reason and the TFrench revolut-
ion, which occurred at the end of the cighteenth century, and
promoted the growth of nationalism in Europe, in its modern
sense, in the nineteenth cenfury.

2.5. The industrial revolution increasingly replaced human
and animal power by steam or electricity to drive machinery
for the increasing production of both consumer and capital
goods.  The development of engineering techniques led to a
close linkage between science and technology; and during the
last hundred and fifty years, industrial development is being
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stimulated by a scientific discovery or a scientific discovery is
being stimulated by industrial needs.

2.6. For the last five or six thousand years, or more, the
average per capita production remained more or less constant
or fluctvated within narrow limits, The industrial revolution
changed all this, and led to a spectacular increase in the variety
and volume of goods produced. As a consequence of such
increasing production, the standard of living of the advanced
countries of West Europe and North America reached a level
far higher than the rest of the world. Also, the advancement
of science, technology and industry, made it possible for the
western countries fo become strong military powers; and,
because of such military supremacy, the west was able fo bring
a large part of the world either into direct colonial rule or into
conditions of cconomic or political subjugation.

2.7. The last forty years have also scen the rise of U.5.5.R.,
as another world power, rapidly growing, through the promot-
ion of science and technology, in economic, industrial and
military strength together with a continuing increase in the
level of living. The monopoly of scientific and technological
knowledge and the unchallengeable military supremacy of the
western countries have now gone. The increasing parity
between the 'western’’ and the eastern’’ countries in science,
technology, industry, and military power is a most significant
fact of the present time. Because of the unprecedented
destructive power of atomic and nuclear weapons, it has become
absolutely nccessary to avoid a nuclear war which would be
catastrophic for both sides and the whole world. Coexistence
of both the western’’ and the eastern’’ powers has become
indispensable.

2.8. There is no intention on either side to make a direct
attack. The advanced countries pose no special problems
because it is not possible to hold such countrics indefinitely in
subjugation. However, so long as there are underdeveloped
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areas, both power groups are likely to try to extend their
influence over the less advanced countries; and this would
remain a continuing source of potential conflicts, The very
existence of underdeveloped countries should, therefore, be seen
as a threat to peace. Rapid transformation of all the underde-
veloped countries into modern viable sociefies is an essential
condition for peaceful coexistence. Such a transformation wounld
promote the enlightened self-interest of both power groups, and
would also create conditions favourable for the advancement of
human and cultural values on a world-wide basis.

3. Tar RoLE oF SCIENCE 1N THE MODERNISATION OF THE LESS
AnvanceED COUNTRIES

3.1. Modernisation of the less advanced countries through
rapid industrialisation is thus an urgent need of the whole
world. TIs such modernisation possible or can a modern society
with a viable economy, with expanding social and political
freedom, and cultural amenities, be sustained without
establishing a sound scientific base? This is a question of
crucial importance for the present age.

3.2. In order to answer this question, it is necessary to
appreciate the deeper changes in human thinking which were
brought about by the emergence of science. In every sphere
or organised activity in human society, authority has always
been associated, and must always be associated with a system
of hierarchical levels. This applies to primitive societies, ma-
triarchal, patriarchal, or tribal; successive levels of feudal
lords; organised churches and religions; military, police and
administrative systems; enterprises, business and commerce;
and law. A law court of appeal may reverse the decision of a
lower court; but the decision of the court of appeal is itself
subject to change by a still higher court. The decision of the
highest court, to which a case has been actually referred, has
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to be accepted not because such a decision is necessarily right,
but becanse it is the decision of a superior authority (*). Society
must accept this authority principle for stability and orderly
progress, even in organised revolutionary activities.

3.3. This very autherity principle must, however, be absol-
utely and completely rejected in the field of science. Modern
science is based on a patient accumuiation of facts, on the study
of processes and their interrclations or interactions and a
stability or uniformity of nature (*) which can be discovered by
the human mind. The findings of the most eminent scientists
are subject to critical check by their professional colleagues and
by the youngest scientific workers, and must be rejected if there
is no satisfactory corroboration. Science can advance only
through free criticism on a completely democratic basis, with
every research worker of competence enjoying equal status.
The theorctical or conceptual framework of science must be

() 1t is possible, indeed, that this decision itseli would have been
reversed if there had been a still higher court to which the case could be
referred, I a decision of a higher court of appeal is considered to be like
the turning up « heads » (in tossing an unbiased coin) when the decision
upholds the wverdict of the lower court, and is considered to be like the
turning up of «tails » when the verdict of the lower court i reversed,
then the successive decision of the higher court would look like the
resuits of the tossing of a coin, This would be the real guarantee that the
system of law is functicning properly.

(% The phrase « uniformity of nature » must be, of course, inter-
preted 1o inciude chance events and random. processes. Although games of
chance were known and were widely prevalent in ancient times in China,
India and other countries, it is important to note that the concept of
probability did not arise untii the 16th and the 17th centuries, that is,
not until the emergence of modern science. This in easy to understand.
Before the emergence of the modern scientific view of an obiective wosld
of physical reality, all chance events would have to be necessarily aseribed
to the whims of gods, demons, or supernatural forees.  Alter the emergence
of the scientific view of an objective world of physical reality, it became
necessary, both logically and psychelogically, for the human mind to aceo-
mmodate the cccwrence of chance svent as an integral part of the unil-
ormity of nature. This could be accomplished only on the basis of the
theory of probability, or rather, as 1 should prefer to put i, only through
a statistical view of the world. It seems to me, therefore, that the con-
cept of probability, of the statistical view of the world did arise at the
same time as the emergence of modern science only because it could not
possibly have arisen earlier.
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continually revised {o find a proper place for all known facts.
A single new observation may call for a more comprehensive
theory. The older accumulated knowledge continues to remain
valid; later discoveries must, however, be integrated with the
earlier knowledge. The accumulation of scientific knowledge is
inscreasing through the efforts of all the scientific workers of the
world. A new fact may be observed or a new theory formulated
by any worker, however young, and in any country where
research has been established. International collaboration is,
therefore, an indispensable condition for the progress of science.

3.4. Authority derived from status is irrelevant to science.
Science has introduced a new concept of ’’scientific’’, or
“objective validity’’ which has its foundation in nature itself,
and which carnnot be upset by any authority based on status
or by supernatural powers, The transformation of all the
advanced or rapidly advancing couniries has been based on
accepting, in an increasing measure, a scientific or rational view
of life. This is the foundation of the modern age.

3.5. It is cssential in every couniry to establish and
strengthen the outlook of science, a way of thinking which
becomes more and more powerful as it is more widely adopted,
and which replaces dogma, superstition, and outdated customs.
This scientific outlook cannot be established by force. It must
depend on acceptance through proper understanding. In prac-
tical affairs, the important peint is that a wise policy and
programme of action should be increasingly adopted on the
basis of rational argument, supported by relevant factual evi-
dence, and should not be rejected because of emotional bias or
formal dogmas or conventional rules of procedures. Tt is,
therefore, necessary continually to encourage and promote the
advancement of science in every country, large or small. Be-
cause science is indivisible, and also because science must be
established in every country, it is also necessary, continually, to
promote scientific collaboration between all countries of the
world, large and small, and advanced or developing.
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3.6. It is scarcely necessary to point out that there is no
conflict between the scientific and rational view of life, on one
hand, and aims and objectives based on moral or cultural
values, on the other hand. On the contrary, moral and cultural
values which are fruly universal, and are or narrowly sectarian
or nationalistic in a restricted sense, must have an objective and
rational basis.

3.7. The advancement of science and the growth of the
scientific outlook must be recognised as an essential condition
for the modernisation of the less advanced countries. Tt is neces-
sary for each country to have, as quickly as possible, a sufficient
number of men with a scientific outlook to influence the think-
ing of the nation. How to attract and hold a sufficient number
of able persons fo science is thus the crucial problem of national
and world development. This can be achieved only through a
proper and adequate social appreciation of science and
scientists, The actual transformation must be brought about
from within each country. Scientific aid from the advanced
countries can, however, be of great help in this process.

4. PRESENT PROGRAMMES OF TECHNICAL AID

4.7. The need of technical aid has been recognized for some
considerable time. Bi-lateral or multi-lateral and international
technical aid has often taken the form of either offering educa-
tional and training facilities to young workers from the less
advanced countries or sending technical or scientific experts
to such countries. Considerable benefit has no doubt accrued
through such aid but it is necessary to recognise that much effort
has also been wasted.

4.2. Scholars from the less advanced countries are usually
selected on the basis of results of examinations; success in
examinations not being a necessarily reliable indicator of scien-
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tific or technical ability, the very process of seleclion is inef-
ficient. Some of the young scholars have difficuity in adjusting
themselves to the pattern of living in the advanced countries.
Some of them do not do well in their studies. Some pass the
examinations successfully but have no aptitude for scientific
work. Some of the more able scholars prefer to live and settle
down in the advanced countries, especially in the U.S.A., be-
cause of the higher level of living or greater opportunities for
scientific work. Some scholars of ability, when they return
to their own countries, are unable to find suitable openings for
a scientific career; and some of them go back to the couniry
where they were trained. In applied science and technology,
and especially in social sciences, many young scholars, who
had often studied problems or learnt methods which are ap-
propriate for advanced countries but totally irrelevant to their
own native countries, are unable to adapt or develop methods
to suit local conditions. Out of the large number of scholars
who go to advanced countries for training, only a very small
number of really able scientific workers ultimately become
available for fruitful work in their own country. The cost of
giving scientific or technological training in an advanced coun-
fry is also very high. Giving training to individual scholars
in advanced countries (whether the expenses are provided in
the form of foreign aid or met by the scholars themselves or by
the country of origin) have been, therefore, extremely wasteful
in terms of both men and money.

4.3. There has been also continuing difficulties in finding
suitable individual experts for the less advanced countries.
Competent scientific workers are reluctant to accept such assign-
ments partly because of the lack of facilities for their own work
in the less advanced countries and partly because their scientific
or academic carcer is likely to be adversely affected through
their absence abroad. In consequence, assignments sometimes
have to be given to persons who are not fully qualified for the
job, with unsatisfactory results. To create suitable conditions
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for scientific work in the less advanced countries is an indispens-
able condition for attracting competent scientists to go out to
such countries.

4.4. Programmed technical aid on a group basis has been
more effective. A team of young engineers from a less advanc-
ed country can receive most valuable {raining in an advanced
country when such training is oriented to specific technological
projects. Teams of experts from advanced couniries have also
been of very great help in establishing factories or in starting
new projects in the less advanced countries. Such fechnical
aid, especially in engineering, technology and applied sciences,
should be continued and expanded. Special projects for estab-
lishing technological and research centres in the less advanced
countries have also been taken up by some of the international
agencies. This type of aid can be of great value provided a
sufficient number of scientific workers in the less advanced
countries can be trained to work in such centres, and also
provided necessary conditions are established to cnable them
to do their work properly.

5. SCIENTIFIC EDUCATION AND RESEARCH

5.1, It has been argued in the earlier sections that for mo-
dernisation it is necessary to cstablish a foundation for scientific
research and the social appreciation of science in the developing
and less advanced countries. Every path-finder in a new
field of research must work in the first instance by himself; if
he is successful, other persons gradually get interested in the
subject. Such path-finders always had, and will always have
to overcome much opposition, and even hostility, until the new
subject becomes a recognised part of the « established » field
of science. But it is only a few scientists of outstanding ability
who can work in isolation. Most research workers require the
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stimulus of free interchange of views and ideas and of appre-
ciation among professional colleagues.

5.2. The community of scientists has a structure of a series
of widening circles similar to the structure of scientific subjects
or of science as a whole. When a top scientists speaks appre-
ciately of some work in his special field, other scientists or
lay men accept his evaluation and pass on the information to
others. The social appreciation of science gradually emerges
as a result of the diffusion, in widening circles, of the views
of scientists, who are experts in specialised fields of research,
to scientists in related and associated fields, then to scientific
workers generally, and finally, through persons of position and
standing who have contacts with scientists, to the general
public. The speed with which such appreciation can spread
increases rapidly with the increase in the number of scientific
workers and improvements in the channels of communication.
In the advanced countries, the awareness of the importance of
science is increasing rapidly which, in its turn, is raising the
social status of scientists and is promoting an increasing flow
of resources for research.

5.3. The whole process is extremely slow in tnderdeveloped
countries. The number of research scientists is very small, and
channels of scientific communication are non-existent or
meagre, Scientific workers usually receive lower pay and have
a lower status than the administrative staff in government or
in business concerns; and have to work in a rigid system of
hierarchical authorities. Promotion may depend, not so much
on the high quality of the scientific work done, but on success
in pleasing those who are higher up in the official hierarchy.
Even permission to apply for posts elsewhere is subject to
the discretion of superior officers. There is a continuing ten-
dency to bring scientists and scientific work under stricter con-
trol of the administrators, partly, perhaps. from an uncon-
scious fear of rivalry of power. Even if the right of criticism
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is accepted in principle, it is restricted in practice because scien-
tific workers are often afraid, rightly or wrongly, of giving
offence to persons holding higher posts. In consequence, many
scientists in underdeveloped countries suffer from a lack of
self-confidence, and are afraid to take up original lines of in-
vestigation, There is little possibility of a proper evaluation
or appreciation of scientific work within the country. This
leads fo an exaggerated dependence on the opinion of foreign
scientists and gives rise to much imitative work, Also, when
there is lack of appreciation or criticism from the advanced
countries, there is sometimes a tendency to ascribe the un-
favourable view to racial or national prejudices, and there is
resistance against collaboration with forcign scientists.

5.4. In underdeveloped countries there are very few, some-
times only one or two, individuals of outstanding ability in
scientific research or in any other scientific field. As leadership
can be supplied only by individuals of high ability, and as
such persons are few in number, it is much more difficult in
underdeveloped countries to utilise the services of individuals
of average ability and qualification. The advanced and advanc-
ing countries have a double advantage. They have a large
number of persons with qualities of leadership and can, there-
fore, utilise in a fruitful way larger numbers of persons of
average ability. This is why many scientific workers from
underdeveloped countries, who are unable to do much useful
work in their own native country, can often do very good
work in the environment of a higher state of organisation of
research in an advanced country.

5.5. The aim of scientific aid must be to create in every
underdeveloped country, as quickly as possible, a sufficient
number of rescarch scientists to form a community of profes-
sional workers which would be sufficiently large to facilitate
an independent evaluation of scientific work through free cri-
ticism and frank exchange of views. Tt is, therefore, necessary
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to focus attention on identifying and giving support to persons
who have the ability to undertake research work of high qua-
lity, and to try to increase their number as quickly as pos-
sible, and at the same time to offer opportunities for training
to persons of average ability whose services would be equally
essential in supplying a wide basc for the pyramid of scientific
work,

5.6, There is urgent need of fostering the spirit of ohjective
scientific criticism through free expression and exchange of
views and opinions. One effective way of promoting this would
be to make it easy for scientific workers to migrate from one
post to another and give an absolute guarantee of such free-
dom to migrate. Any scientific worker who feels, rightly or
wrongly, that he has not enocugh opportunities for fruitful
work in one institution would be free to migrate to some other
institution. Such migrations or the possibility of such migra
tions would have an indirect but most important selective effect
on scientist at all levels.

5.7. It is necessary fo recognise that the social value of an
individual scientist of high ability is far greater in a developing
country because of the leadership he may be able to supply.
It is only scientists engaged in fundamental research who can
function as the eyes and ears of the nation in making the nation
appreciate and identify urgent needs of applied research. The
emergence of even one or two oufstanding research scientists
can enhance the prestige of the nation in a most significant way
af the international level and promote the growth of self respect
and self confidence of the nation. This is why it is particularly
important in developing countries fo identify such individuals,
at first very few in number, and give them all possible facilities
and encouragement to continuc their work in their own country.

5.8. In the highly developed countries science advanced
both from progress at the highest levels of research, at the top,
and from the wide diffusion of education, at the bottem. The
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same strategy may be adopted with advaniage in the less ad-
vanced countries. What is urgently needed is to lay the found-
ations, with as wide a basc as possible, for a country-wide
system of school education oriented to science and, at the
same time, to develop advanced studies of science and tech-
nology and research at the highest level. The school system
must fit into the economic life of the general mass of the people
and have its grass roots in the villages. Tt must offer facilities
for training technicians and technical personnel for science and
technology and also supply candidates of oulstanding merit for
admission to higher scientific and technological institutions.

6. NEED oF DIRECT AID FOR SCIENCE

6.1. I shall offer, briefly, a few suggestions for giving direct
aid for the development of science in the less advanced coun-
tries. T have stressed the need of building up a system of school
education with a definite orientation to science. It would be,
however, a fatal mistake to eslablish an expensive system of
education on the model of the advanced countries which would
have liftle relevance to local needs and would be beyond the
means of the national economy. It is necessary to evolve a
system, through experimentation and trial and success, which
would be within the means of the national economy. The ap-
proach must be therefore to use feaching aids which are casily
available or can be made available on a large scale and at a
low cost. As most of the pupils will be living in villages, it
would be of great advantage if agriculiure and some of the rural
industries can be adopted as a base for the teaching of science.
The programme may consist largely of nature studies, observ-
ations, and ecxperiments which can be done with the help of
simple articles, specimens, etc., likely to be locally available
or which can be constructed with local materials.
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6.2. There would be still some need of supplying teaching
aids and materials from outside which would have to be spe-
cially designed to reduce costs. Tt is essential also to prepare
books of instructions and text books to suit a fairly wide range
of needs. These are difficult tasks which would call for extended
study and rescarch by scientists of high calibre with a serious
interest in problems of science education. As basic conditions
in underdeveloped countries are likely to be similar to a large
extent, it may be possible to evolve broad general methods for
science education which would be capable of being adapted
without much difficulty to suit differing local conditions.

6.3. A great deal of pioneering research would be necessary
for this purpose for which the help of advanced countries is
indispensable. A good deal of experimental studies will have
to be undertaken under conditions actually prevailing in under-
developed regions. In the beginning, the studies wonld have
to be organised on a small scale with the help and support
of the local authorities and of such teachers and scientists as
may be available to cooperate of the local authorities and of
such teachers and scientists as mav be available to cooperate
in the venture in the underdeveloped country ifself. The project
can be gradually extended, in the light of experience, to cover
different subject fields at different educational levels, and also
from one underdeveloped country to another. Fortunately,
even one or two scientists can start the work in one single
country. The important point is to make a beginning at the
earliest opportunity.

6.4. T may now mention a second type of programme. Cer-
tain facilities for scientific research are alrcady available in
India and other developing countries. In most of these coun-
tries, scientific work is being hampered for lack of small repla-
cement parts, additional accessories and instruments, and sup-
ply of essential consumable stores which have to be imported
from the advanced countries. It is offen difficult to secure
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import licences on account of shortage of foreign curvency. This
difficnlty can be overcome through a simple plan of gifts in
kind of replacement parts, instruments and equipment, stores,
books and journals and reprints or microfilms of scientific pa-
ners efc., to be arranged through non-governmental committees
of scientists. Such committees, which can be sef up in the
advanced countries through or in cooperation with appropriate
scientific organizations or societies, would try to secure suit-
able grants from Government and other sources. In developing
countries where scientific research has already started, the
counterpart committees of scientists would also be set up, pre-
ferably, at a non-governmental level and with a majority of
members from universities and non-governmental scientific
institutions.  All arrangements would be made with the con-
currence of the government of the less advanced country con-
cerned, but decisions relating to gifts for scientific work must
he made by direct consultations between the scientific com-
mittees themselves. A scheme of this type can be usefully
started, on an experimental basis, for a few selected countries,
at a low cost, with gifts to the total value of perhaps one or two
hundred thousand dollars per year. The amount can be in-
creased if the experiment proves successful.

6.5. Another important form of scientific aid would be to
arrange for competent research scientists from the advanced
countries to work for a year or two in existing research units
in the less advanced countrics or fo help in establishing high
level research units in such countries. The less advanced coun-
tries can offer challenging problems and opportunities for re-
search in many fields of science, which cannot be duplicated
in the advanced countries, for example, in geology meteorology
and geography; biology, botany, and zcology; agriculture;
medical science and public health; economics of development;
linguistics, archacology; and historical and cultural studies of
various kinds. In some of the developing countries there would
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be also increasing opportunities for active participation in re-
search in mathematics and statistics, and physico-chemical and
technological sciences. In establishing research unifs in under-
developed countries it would be desirable to keep one broad
alm in view, namely, to encourage joint studies by active col-
laboration between different rescarch wnits. This would h(*lp
i developing a community of research cells or units which,

its turn, would foster the growth of the spirit of scientific (:1111—
cism and appraisal among wider circles of scientific workers.

0.6. To attract competent visiting scientists it is necessary
to offer them facilities to pursue or start fruitful research in the
less advanced counfries; sometimes special equipment may
have to be provided for this purpose. Secondly, the assignment
in a less advanced country, would have to he treated as de-
putation in the same way as participation in scientific expedi-
tions, and which wonld be recognised as a part of normal
duties and also as a possible qualification for promotion. The
visiting scientist must receive sufficient compensation in his
home currency to meet his continuing home commitments
during his absence abroad. Living and other Tocal expenses
should be normally met by the institution or by the govern-
ment of the country in which he would work. Such sharing
of costs would promote effective cooperation in the less advane-
ed country, and would also reduce the total cost appreciably.,

6.7. An important part of the responsibilities of a visiting
scientist would be to give training to the sclentific workers of
the underdevcloped countrics. When necessary, the visiting
scientists would be able to select, for further training in an
advanced country, the right type of persons who can be depend-
ed upon to go back to their own country after the completion
of the training abroad. It would be also possible to give aid
in the form of equipment and instruments in an effective way
on the basis of objective appraisals of needs and possibilities
by the visiting scientists.
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6.8. A tourth programme could be to send from advanced
countries young scholars, who have just finished their educa-
Hon in universities or higher educational institutions or have
already done some research, to start or continue suitable lines
of research for about two years or so in existing institutions
or in research units to be established for this purpose in under-
developed countries. The common participation in research
projects of young scholars from the advanced and the under-
developed countries would be of great help in establishing
scientific traditions and an atmosphere of scientific criticism.
It would promote self-confidence among the scientific workers
of the nnderdeveloped country, especially, if the visiting scho-
lars from advanced countries take higher degrees from insti-
tutions in the less advanced countries.

6.g. All the above forms of scientific aid can be started, on
a small scale and at low cost, and, if successful, can be expand-
ed in the light of experience. Also, these forms of scientific aid
would not in any way overlap or hamper bigger programmes
for gifts of expensive equipment or large projects for the setting
up of national or regional centres and institutes for scientific
research in the less advanced countries. On the contrary, the
modest programme described in this note would prepare the
ground for bigger projects.

7. CONCLUSION

#.1. In conclusion I may refer, very briefly, to some recent
developments, After the second world war the movement for
terminating colonial rule gained rapidly in strength, and one
country after another in Asia and Africa has won political inde-
pendence. It is being increasingly realised, however, that
independence is not enough for economic development. The
need of economic and technical aid is also being increasingly
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appreciated. Both the « western » and the « eastern » powers
have started helping in the economic development of the less
advanced countries in Asia, Africa and TLatin America, but
still without an adequate impact. The time has come to re-
cognise that economic aid is essential but is also not sufficient.

7.2. Revolutions to capture political power have been oc-
curring throughout human history and are even now occurzing
in many of the politically independent countries in Tatin Ame-
rica or in most of the newly independent countries in Asia and
Africa.  Such revolutions do not automatically promote rapid
cconomic development, because purely political revolutions do
not lead to any fundamental transformation of {he old soclety
based on the principle of authority associated with levels of
status. It is becoming increasingly clear that rapid economic
development cannot be achieved without developing a structure
of society in which decisions would tend to be made more and
more on grounds of reason, that is, in accordance with the
principle of objective validity instead of authority. 1t is rele-
vant to note that the French Revolution was preceded by the
age of reason; the American War of Independence had the
support of influential leaders inspired by the spirit of science;
and the socialist government, which was established after the
October Revolution in 1917 in Russia, made great efforts to
build up a conntrywide system of science-oriented education
and to promove scientific research and, in this way, succeeded
in modernising the whole soclety leading to rapid economic
development.

7-3. One thing is clear. In the absence of rapid economic
development, political conditions in the less advanced countries
would remain unstable. In many or most conntries there would
be one revolution after another tending to get the two power
groups involved directly or indirectly in the struggle. The
world must get out of this vicious circle. There are only {wo
possibilities.  One is for a violent type of revolution to occur
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which would suddenly change the whole structure of society
to make it fit for rapid development of scicnce and economic
progress. The other alternative is deliberately to build up the
foundation of science-oriented education and research to pro-
mote the modernisation of society in a peaceful way, and make
conditions favourable for economic development.

#.4. Aid for scientific and economic development from either
the western or the eastern countries, even when given in a spirit
of competition, would be cooperative in effect. In any cvent,
competition in constructive tasks of building up scientific foun-
dations in developing countries is less dangerous and is likely
to be far more useful than competition in the methodologies
of warfare. Also, collaboration in promoting education and
research in pure science can be pursucd without any threat
fo national security or national interests, and would be of greaf
help in promoting a rapid advance of the underdeveloped coun-
tries and in fostering better understanding among the nations
of the world, The advanced countrics have a great opportunity
for peaceful cooperation in giving aid for science.

This pamphlet has not yet been published in any journal and is being
printed for privatc circulation. Certain aspects of these problems were
discussed by me in articles and addresses between 1655 and 1059 which
were reprinted in Yalks on Plenning (161}, and in other articles such as
A Note on Problems of Scientific Personnel (1959), Recent Developments
in Lhe Organisation of Sciewce in India {1g59), and & lecture at Sofia
Universily in December 196x. Some of the ideas given in the present
pamphlet were presented by me Dbefore a Conference on  International
Cooperation in Salzburg-Vienna in July 190z.

Professor 1. M. S. Blackett in his presidential address to the British
Association for the Advancement of Science in 1957 and in other articles
in Nalure, (3 February, 1962; May 1902 elc.) has considered various pro-
blems from the peint of view of the advanced countries, Professor Stevan
Dedijer made a penetrating analysis in article in Nature (6 Aungust, 1060)
and iu another article published recently in Stockloln, TVE, 33, (1962)
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STATISTICAL TOOLS AND TECHNIQUES
IN PERSPECTIVE PLANNING IN INDIA

P, C. MAHALANORIS
Indian Statisticel Institute - Caleutta - India

INTRODUCTION

The phrase ‘perspective planning’ is being used in India
since about 1954 or 1g55 in the field of National Planning in
which long range largets have to be set up 10 or 15 or 20 years
in advance. The object of the present paper is to explain why
perspective planning is essential in the case of under-developed
_countries and give some illustrative examples of the statistical
information and methods which have been found useful for
this purpose in India, This is not the occasion to attempt a
comprehensive discussion of techniques of perspective planning.

Tt is useful to make a distinction between projections and
targets. The word ‘projection’ is used in the same way as
in advanced countries to refer to the value of production, or
of consumption or of other variates, at a specified date in
future, estimated on the basis of historical records. Projections
arc essentially estimates obtained on the basis of analysis of
time series or some kind of extrapolation in time. It is con-
venient to use the word ‘target’ as the value of production, of
consumption, or of other variates of interest which is desired
to be aftained on a specified date in future, through the pro-
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cess of implementation of an economic plan. The word ‘tar-
get” would be used consistently in this sense.

Objects of planwning in India: The ultimate objecis of
planning are to improve the level of living, and expand faci-
lities for education, care of health, cultural amenities pte.
for all the people of the country. A spectacular improvement
in the level of living of the advanced countries has been pas-
sible in the past, and a similar improvement would be possible
in the less advanced areas in future, only through a continuing
increase in the per capita production of all the people of the
couniry. Such increase in per capita production can be aftained
only through a continuing substitution of human and animal
power by machines, driven by steam or by electricity, for
productive purpose of all kinds including industry, agriculture,
transport and distribution.

Changes in the level of living: As our chief concern is
with the improvement of the level of living, a continuing Na-
tional Sample Survey was started in India in 1950 which is
collecting comprehensive information on various aspects of
the level of living in rural and urban areas with a view to
assessing the change over time. The total per capita expen-
diture per month on all consumer goods and services of each
houschold has been used as a rough indicator of the level of
living of the household. The method of fractile graphical
analysis (') has been used to study the distribution by size of
total per capita expenditure per month of houscholds. Studies
are also being made of the refationship between the total per
capita consumer expenditure and the per capita consumption of
individual items in terms of money and also in physical quan-
fities where possible.

A study of the distribution of per capita total consumption
expenditure by decile groups of households (arranged in ascend-

(3 Sce A method of fractile graphical analysis, « Reonometrica », vol. 28,
PP 325-35%, 1900; also A prelminary note on the comswmption of ceveals in
Tndia, « Bulletin of the International Statistical Institute », vol. 38, pp. 53-
76, 1902.
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ing order of the total per capita consumer expenditure in each
houschold), shows that for the data collected in the National
Sample Survey Round 8 (covering the period July 1g54-March
1955), the percentage share of the lowest decile group was 3.01
in rural arcas and 2.65 in urban areas, and of the second
lowest decile group (between the tenth and the twentieth per-
centiles of households ranked by per capita expenditure} was
4.09 and 3.90 for rural and urban areas respectively. For
purposes of perspective planning, four per cent may be used
as the share of the second lowest decile group of households (%),

Targets of planning: The average per capita expenditure
in the second lowest decile group was a little over Rs. 10 per
month (*) in 1060-61. Yor purposes of illustration, it is pos-
sible to adopt a target of raising, over a period of 15 years,
the average per capita consumption expenditure in the second
lowest dectle group of households from Rs. 10 to Rs. 20
per month (or fifty dollars per capita per year). This amount,
at 1960-61 prices, would provide only a very modest level of
living in terms of food, clothing and other essential goods or
services and amenities,

Doubling the per capita expenditure in fiffcen years implies
a rate of growth of nearly five per cent per capita per year.
Tt is of interest to note in the present connexion that the per
capita income in USA has increased sevenfold in the cours of
120 years or at a rate a little over 1.69%, per capita per year.
A reasonable target of planning in India would thus call for
a rate of increase of income at a rate nearly three times greater
than the actual rate of increase attained in the USA during
the last 120 years. The above comparison would supply a
rough idea of the dimension of the efforts required for economic
development in India.

(® The lowest decile group has not been used because it may be a so-
mewhat heterogencous category comprising vagrants, persons living in isola-
tion, tribal people, households in a transient income group etc. many of
whom would require special ameliorative measures,

>} One rupee = 1 shilling 6 pence = o.zr U. S. cent approximately.
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For purposes of planning it is necessary to deal with actual
figures and not merely in percentages. The population of India
is expected to increage to about 650 million compared with
about 430 million in 1960. (This, of course, is the population
projection for 1¢75 on plausible assumptions, and not a target;
in fact, if it were possible to bring about a reduction in the
rate of growth of population, Indian planners would no doubt
adopt a much lower figure as a target). The number of second
lowest decile group of households in 1975 would be about
12.5 million on the basis of about five persons per household.
To attain a target of Rs. 1,200 (or $ 240} per year per house-
held, the aggregate income of the second lowest decile group
of households would have to be Rs. 15,000 million. If it is
assumed that this group would still continue to have a four
per cent share of the total expenditure of the houscholds (%)
then the aggregate national consumption expenditure of honse-
holds would be 25 times greater or Rs. 375,000 million. The
aggregate national income of India in 1975 would have to
be somewhat larger to allow for investments and certain other
items. The level of national income to be attained in 1975
would have to be somewhat more than double the target of
income at the end of Third Five Year Plan in 1966. The rate
of growth would have to be about seven per cent per year,

Need of vapid industrializalion: Such a rapid change (at
a rate three times greater than that of TJSA) would call for
rapid industrial expansion over a period of 15 years.

The ultimate aim is expanding continually the production
of consumer goods and services. It is necessary to increase
the supply of machinery and energy for this purpose. In

() In India the distribution of consumption expenditure of houscholds
by size of expenditure has been found to be steady (with some small flue-
tuations probably due to the effect of changes in prices} over the last ten
years, The paltern of distribution of income of househeolds by size of
income has also been found generally {o change ouly very slowly over time
in most countries of the world, The assumption that the share of the
second decile group {or of other fractile groups) of heuseholds would re-
main practically the same in India in 1675 is plausible.
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India, and in most of the other underdeveloped countries, it
is not possible continually to import machinery for preduction
of goods or of fuel on account of shortage of foreign currency.
It is essential to establish and expand industries to manufac-
ture machinery, electricals, transport and construction equip-
ment. To increase the capacity for the production of capital
goods and energy would be thus the only sound foundation for
the expansion of consumer goods and services in future.

At the same time, in all wnderdeveloped countries it is
possible to increase the production of consumer goods with
small tools by using traditional methoeds. This type of pro-
duction is labour intensive and would give gainful employ-
ment to a large nmumber of people who would otherwise remain
idle for a good part of their time,

In India a duval strategy was adopted from 1956 in the
Second Plan to expand, on one side, the strategic heavy in-
dustries for steel, metals, machinery, electricals and chemic-
als, ectc. to build up the foundations of industrial progress,
and at the same time also to expand the traditional cottage
industries and small scale production.

Targets of capital goods: It is thercfore necessary to ex-
pand and set up not only targets of income or of consumer
goods but also of machinery, steel and other metals, electricity,
transport, etc. which would be used for the production of the
desired volume of consurmer goods and services.

Targets of scientific and fechnical personnel: To achieve
the targets of production, it would be necessary rapidly to
increase the technical stafl to prepare and implement an in-
creasing number of projects. Training facilities must be
expanded sufficiently guickly to turn out technical and scien-
tific personnel in adequate numbers at all levels. Scientific
and technological research would have to be expanded and
oriented fo serve the needs of national development in an effec-
tive manner. Fuondamental research as well as training in
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research must also be encouraged and developed at the same
time to foster the accumulation of basic knowledge and to
supply a sound foundation for national decisions being made
increasingly on rational grounds.

Balances at the stage of production and wutilizalion: An
essential condition for successful planning is to estimate in real
terms the requirements of each project to ensure that right
quantities of materials, machinery and men are available at
the right time at every stage of the implementation of the
project. Also, products and services resulting from the com-
pletion of each project must be promptly and effectively utilised
to promote the execution of other projects and for the progress
of the plan as a whole,

The physical targets of production must be balanced in
terms of physical quantities of raw materials, machinery,
encrgy, fransport ctc., and also in terms of man power and
of the flow of money. Incomes are gencrated in the very pro-
cess of production; and supplies are utilised through market
operafions. Planning requires that aggregate incomes shouid
be balanced with expenditure, savings should match invest-
ments, and the supply and demand of individual goods and
services should be balanced in real terms so as to avoid any
inflationary rise of prices or undesirable shifts in prices. Phy-
sical and financial planning are different aspects of the same
reality.

In India a perspective view of development over a long
period of years began to be taken from the end of 1954. It was
recognised that the targets and the balances of materials and
of man power would be only approximate partly for lack of
information and partly for defects in organisation and imple-
mentation. It was therefore recognised that planning would
have to remain flexible and to enable necessary adjustments
being madc almost continucusty. At the same time il was
essential to keep in view a wide time horizon of 15 or 20 years
or more.
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The use of simple models: In 1954-55, some simple models
were used to work out the basic strategy of the Second Five
Year Plan. The total investment was divided into two parts,
one X, as the fraction used for investments for the production
of capital goods, and the other %, as the fraction used for
investments for the production of consumer goods (A;+A,=1).
If the corresponding net output-investment ratios for the pro-
duction of investment goods and for the production of consu-
mer goods respectively are f§; and §, then the total net output-
investment ratio is B=»; f;+7%, 8, By using the following
two sector model, and wusing numerical values for the total
investment, and estimated values of f; and §,, suitable values
of 7; and X, were selected so as to enable the economy to grow
al the target rate of five per cent per year or so. In order
to estimate the volume of employment, the capital investment
required per worker, say 0, was also used.

The growth of national income (Y) in the two sector model
is given by the following formula:

5 4 0B
‘H“')—.‘B“Li Hr + %8 — o

e

Yfmyﬁ I+4 %

in which Y, is the national income in the base year, Y, the
national income in the é-th year, and «, the rate of investment
in the base year,

On this basis, a Draft Plan-frame for the Second Plan was
prepared in March 1g55 (*). Values of the different parameters
as used in the Draft Plan-frame, the Second Plan (1956-61)
as actually realised, and the Third Plan (1961-66) as estim-
ated, are shown in the Table given below.

{%) The methods used have been described in The approach of operational
research 1o plawning n India, « Sankhyg », vel. 16, pp. 3-130, 1955.
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TABLE 1

Investment allocation, capital per worker and
el owlpul-investmend ratio

percentage altocation

of investment for  capital net onlput-investment ratio
DR
plan invest- consamer worker  invest-  consumer tatal
ment goads (Rs.) ment goods (hiBishefic)
goods goods
23] €] (3 (C)] (5) (6} €3]
L he i i fe f
Second Plan:
Draf plan-frame
{ross) . . . . 13 67 5,100 0.20 .67 0.51
Second plan: actual
(1956-61)y . . . 36 64 5,400 0.11 0.53 ©.38
Third pian: estimate

(1961-66) .. .39 61 6,500 0.21 0.03 0.47

Many changes were made in the targets and allocations
of the Draft Plan-frame at the stage of the preparation of the
Second Plan; the values of the parameters of the Second Plan
as actually realized and the values given in the Draft Plan-
frame are therefore not strictly comparable. The interesting
point to note is that the estimated parameters for the Third
Plan are fairly close to the parameters used in the Draft Plan-
frame.

The rate of investment () in the first year of the Second
Five Year Plan was 9.8 per cent, the initial national income (Y.
was Rs. 108.0 billion and the values of the other parameters
were A, =36%, A,=064%, f;=0.11, 8,=0.53, as given in the
second row of the above table. Using these values in the ahove
expression, the estimated national income comes out as
Rs. 129.7 Dbillion for 1g60-61 against an actual figure of
Rs. 130.1 billion both expressed at 1952-53 prices. In the case
of the Third Five Year Plan, using the paramecters given in
the third row of the table, an initial income of Rs. 145.0 billion
{at 1960-61 prices) and an initial rate of investment of 1T per
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cent, the estimated income for 1965-66 on the basis of the two-
sector model is Rs. 188.¢ billion against an estimate of
Rs. 190.0 billion given in the Third Five Year Plan on the
basis of detailed sector-wise calculations.

It may be concluded, therefore, that the two-sector model
can supply a fairly reliable method for estimating future in-
come. Values of the parameters used for the base period are
no doubt subject to errors of estimation; but this would be
true in the case of other methods also. The two sector model
gives realistic estimates presumably because it has reasonably
correct structural relations between relevant variables.

Values of outpul-investment ratios: Qutput-investment ra-
tios B; and B, determine, together with the chosen values of %,
and X, and the total amount of investment, the rate of increase
of income and have an important role in planning. These
two coetficients of net output-investment ratios were calculated
from technological and statistical information in respect of
hundreds of enterprises combined with appropriate weights.
The calculated values for manufacturing industries are given
in Table A 1.

Need of perspective planming: Steel: The need of looking
a long way ahead was learnt in India through experience.
T shall give one example. In 194¢ when preparatory work had
just started for the First Five Year Plan, a decision was prac-
tically reached to increase the capacity for the production of
stecl from a little less than oue million ton per year to two mil-
Hon tons per year in the course of five years. However, a care-
ful survey was made of the current demand as in 1949. It was
found that the maximum demand would be about 1.5 million
ton per year. With marginal expansion of existing steel plants,
it was possible to produce about a million fon per year within
the country. Owing to the wide prevalence of the views of
short-range economic theory, it was therefore decided that it
would be inadvisable to include a new million ton stecl plant
in the First Five Year Plan of India.
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In consequence, great difficulties began to be experienced
from the early years of the First Plan. Practically all the estin-
ates for investments had been made in purely financial terms
and a sizable increase in investments had been approved purely
on a financial basis. As soon as the investment projects began
to be implemented, there was a sharp and continuing increase
in the requirements of steel and other goods and services.
Very soon the demand for cement increased to nearly three
times the domestic supply. There was also a continuing and
large expenditure of foreign currency for the import of steel,
which added up to something like 2,000 million dollars in
the next ten years or so. In 1950 it would have been possible
to establish a new million ton steel plant with perhaps about
150 million dollars of imported machinery. Had this project
been started at that time an additional supply of one million
ton of steel (worth more than one hundred million dollars per
year) would have been available from the early years of the
Second Fide Year Plan, and would have resulted in a very
large and continuing saving of foreign exchange. The deci-
sion to drop the million ton steel project from the First Plan
was due to attention being focussed only on the current demand
in 1949, that is, due to a complete failure to appreciate the
need of looking ahead to get ready to meet the demand for
steel which was cerfain to increase rapidly in future.

Targets of steel in 1970: At heavy cost we had learnt the
lesson of not proceeding with the building up of capacity for
steel production 12 or 15 years ago. Much attention is now
being given to advance planning for steel. A detailed analysis
of the requirements of stee! is made, where possible, by indi-
vidual items of production. With a given set of production
targets for, say, Igyo, it is possible in this way to prepare
useful estimates of the requirements of steel. Some illustrative
figures for the transport equipment industry is given in the
following table.

[13] Mahalanobis 1T - pag. 10
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TABLE 2

Steel requivements for lranspori equipment industry in 170

tons of rolled steel require-

\ \ praduction steel required ment in 1970

industries target in 1070 per unit of (in thonsand
output tons)
(i) (2 3 €3]
1. Steam locomotives . . . 300 150 45.0
2. Electric locomotives . . 150 55 8.3
3. Diesel locomotives . . . 200 55 I1.0
4. Wagons . . . . . . 40,000 12 480.0
5. Passenger coaches . . . 2,500 30 75.0
6. Automobiles . . . . . 180,000 2.9 522.0
7, Motor cycles, scooters . . 150,000 0.1 15.0
8. Bicycless . . . . . . 4,000,000 0.02 80.0
¢. Ships (GRT) . . . . . 180,000 0.65 104.0

Sonree: Demand for steel, special steel and pig ivon. India: 196o-1970:
Perspective Planning Division, Planning Commission.

The transport equipment industry wouid thus require about
1.34 million ton of steel per year. Requirements of other in-
dustries were estimated in the same way; the grand total for
industries came to about 8 million tons of relled metal.

In other cases a different approach is necessary. The steel
requirement per rupee of net investment has been estimated
for different types of activities. For example, the consumption
of steel is 40 tons per investment of Rs. 100,000 in railways;
the corresponding figure is so low as only 5 tons in large and
medium scale irrigation, The total steel requirement for a
target of investment in the Tourth Plan amounting to
Rs. 170,000 million can be estimated at 20 or 21 million tons.

Also, on the basis of the investment outlay for the last
year of the Fourth Plan, one can estimate the stecl require-
ment at about 5 million tons at the end of the Fourth Plan.

{15] Mahalanobis 11 - pag. 11
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Adding to this the current regnirement of 8 million tons for
industries, the total demand would be about 13 million tons
of steel in 1g70-71. In the same way it has been estimated
that the requirement of steel wonld reach 18 or 1g million
tons in 1975,

Balance of electricity: 1t is possible in the same way to
estimate the requirements of electricity from the physical tar-
gets of production for any given year. For example, the pro-
duction of ferro-manganese in 1060-61 was 100,000 tons for
which the electricity consumed was 500 miilion kwh. For a
target production of 385,000 tons for ferro-manganese in 1g70-
1971, the requirements of electricity would be 71,952 mil-
lion kwh. A similar method of calculation was used for diffe-
rent types of industrics. Table A-3 in the Appendix gives the
details.  Steel and clectricity are typical illustrations of the
material balances which have been prepared in India for im-
portant commodities and energy for perspective planning of
the economy 15 or 20 years ahead.

Perspective planning of fertiisers: The population of India
Is growing roughly at the rate of perhaps g million per year.
The additional quantity of food grains required for these o)
million people would be about 1.5 million tons a year. This
woutd add up to 22.5 million tons in the first five year period
{not to speak of 6o million tons in the second five year period).
At an average price of go dollars per ton, the cost of importing
22.5 million tons in a five year period would come to about
2,000 million dollars.

On the other hand, if imported ammonium sulphate is used,
each ton on an average should increase the yield of food grains
by about 2.2 tons. On this basis, roughly 10 million tons of
imported ammonium sulphate would enable the domestic pro-
duction of food grains being increased by about 22 million tons
in a five year period. At an average price of 70 dollars per
ton of fertilisers, the cost in foreign currency would be only
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about 700 million dollars or a third of the cost of imported
food grains.

Fmported foodgrains can be quickly distributed and it is
possible to make necessary arrangements for such imports at
short notice in the course of a year or so under normal con-
ditions of easy availability of foodgrains in the world market,
(The lack of foreign currency is the only limitation in a country
like India). The import of fertilisers, however, require placing
of orders a year or two or even more years in advance because
the supply position is not so easy as in the case of foodgrains.
Such a plan would, therefore, require taking a view of future
needs two or three years ahead.

A third possibility would be to set up a new factory every
year for the production of 750,000 tons of ammonium sulphate
per year. At the cost of about go million dollars for each
factory, the total expenditure would come to 450 million dol-
lars of which, however, only 250 mitlion dollars would be the
foreign exchange requirement. The sefting up of a new fertili-
ser factory would require at least five or six years; the process
of planning must therefore start something like 10 years in
advance.

Finally, it is also possible to manufacture in India ma-
chinery for the installation every year of a new fertilizer factory
with capacity to produce 750,000 tons of ammonium suiphate
per year. The foreign exchange requirernent for this purpose
would be less than 1oo million dollars, to be spent once and for
all, However, the installation of a plant to manufacture mach-
inery for the production of fertilisers would take at least five or
six vears, When the first batch of machinery is produced, it
would take another five years or so to complete the construction
of a fertiliser factory. Such a plan would require a view being
taken of future requirements at least 12 or 15 years in advance.

Consumer goods: In the case of consumer goods the in-
crease in demand is cstimated on the basis of the increase of
income accepted as a target. Standard methods are used to

[15] Mahalanobis I - pag. 13
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calculate the clasticty of demand from information regarding
expenditure (and consumption in physical terms, where pos-
sible) of a large number of commodities and services which is
being collected every year by the National Sample Survey
(NSS) of India. Tn the NSS, the design of interpenetrating
net-work of sub-samples (IPNS) is always used providing at
least two independent estimates of each variate. It is, there-
fore, possible to estimate the elasticity of demand on the basis
of each sub-sample and also on the basis of the combined
sample of the twe sub-samples pooled together. Table A-2 in
the Appendix gives estimates of percentage increases in de-
mand over the five-year period of the Third Plan. The two
independent sub-saniple estimates supply useful information
on the margin of uncertainty of the estimates.

In a planned economy it is not possible to allow the supply
to increase with the demand without any restriction. It is
necessary to increase domestic savings by restricting the con-
sumption of non-essential or fuxury goods. It is thercfore ne-
cessary to impose excise and saiss tax or controls on imports
or on production fo bring about a balance between the planned
supply and the estimated demand.

Recently the method of fractile graphical analysis is being
used for estimating elasticities of demand for households having
different values of total per capita consumer expenditare (which
is a rough indicator of the level of Hiving). This approach has
the great advantage of showing, in a very simple way, the
pattern of change of the clasticity of demand with a change
in the level of living. Analysis by fractile groups is particularly
useful in studying the effect of excise and sales tax in balancing
supply and demand.

Perspective planning of man-power: 1t is only with the
help of skilled workers, technicians, technologists and engineers
that raw materials can be converted into machinery, electricity
and power which can then be used for the production of both
capital and consumer goods. A rapidly increasing supply of
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engineers and technical personnel is essential for economic
development. Tt is necessary to establish and broaden the base
of primary and secondary education and to establish technical
and scientific institutions and increase their number rapidly.
The most serious difficulty is the lack of trained and ex-
perienced teachers at all levels, To build up a sound founda-
tion for the outturn of technical personnel would take a great
deal of time; it is a much more slowly maturing process than
establishing heavy machine building, steel, heavy electrical or
heavy chemical industries. Pexspective planning is indispens-
able, and it is nccessary to have targets twenty years or more
in advance.

Scientific and techwical manpower: From about 1955 a
great deal of attention is being given in India to the question
of technical manpower. The method used for estimating the
requircments of technical personnel is simple and straightfor-
ward. Information relating to manufacturing industries for the
reference period 1956 was collected as a part of the National
Sample Surveys and was analysed in detail to ascertain the
number of professional and technical workers {including engi-
neers and scientists) employed in manufacturing industries.
[stimates for a number of selected industries are given in
Table 3 in the form of percentages of total employment (that is,
number of engaged persons) in different industries. Separate
figures are given in col. (2) for the proportion of professional,
technical and associated workers taken together, in col. (3) for
the proportion of engineers, architects and surveyors, and in
col. (4) for the proportion of scientists including chemists, phy-
sicists, geologists and other physical scientists.

There are wide variations in requirements of professional
and technical personnel or of engineers or scientists from one
industry to another. In chemicals, and aircraft assembling
and repair, the proportion of professional and technical staff
is about 10 per cent. The chemical industries, naturally, re-
quire 5 per cent of scientists (no doubt, mostly chemists) and
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only 0.6 per cent of engineers. In contrast, aircraft assembling
and repair requires a high proportion of about 5.5 per cent of
engineers but practically no scientists.

TaBir 3

Technical personnel in selected industries: sample survey of ma-
nufacturing tndusivies, 1956

peicentage of total emplovment

industrics

professional engineers scientists
! @ ] O]

. Rice milling . . . . . | 08 0.08 0.00

2, Cotton textiles . . . . . . . .90, Q.12 0.51

3. Glass and glassware . . . | | 0.99 0.19 0.18

4. Tea manufacturing . . . . | 2.39 0.31 0.03
5. Alominium, copper, brass; secon-

dary products . . . . . . | 2.40 1.58 0.05

6. Sugar . . . . . . . 2.05 0.57 0.7T
7. General engineering and electrical

engineering . - 4.27 2.02 0.01

8. Paints and varnishes . 5.44 0.31 3.47

g. Cement .o 5.53 0.8g I.12

10. Petroleum refining 5.56 1.55 2.40
I1. Electricity generation and trans-

mission . . . . . . 6.50 4.79 0.04

12. Iron and steel: primary products 6.90 2.86 0.58

13. Railway wagon nanufacturing . 8.46 3.02 0.21

14. Aircraft assembling and repair . Q.03 5.47 0.00

15. Chemicals (including drugs) . . 9.99 0.62 5.06

Source: Ocewpational Pallern in Mannfactwring Industries, India 1956 by
Prrampar Paxr and M. Vasupsvay with a foreword by P. C. Mamara-
sonis.  Planning Commission, Government of India, 1059,

In col. {2z} ‘professional stands for all professional, technical and
related workers.  In col. (3) ‘engineers’ cover architects and BUTVEYOrS.
In col. {4) ‘scientists’ stand for chemists, physicists, geologists and
other physical scientists.
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With any assumed target of production for any particular
industry in any given year, it is possible to estimate the total
number of engaged persons and hence the number of profes-
sional staff, engineers and scientists. Requirements of engi-
neers and technical personnel were estimated in this way for
purposes of perspective planning.

Expansion of technical staff: Appropriate action was taken
to expand the capacity of existing scientific and technological
institutions and to establish new institutions all over the country
to ensure a sufficiently rapid expansion of scienfific and tech-
nical personnel. The following table shows the new admis-
sions into universities and higher educational institutions of the
university standard in science and technology.

TaBLE 4

Admissions info higher degree level institutions in science and
technology

subject 105051 1960-63 1965-06 1975.70 1950-51 1960-61 196566 1973.76
] 2 N C SR ) w O ) ®

i thousands as percentage of 1930-51 figires

1. Science 51 1t 19y 204 10O 227 300 518
2, Engilneering 4 14 25 70 T00 350 025 1,750
2. Medicine 2.5 5 8§ 20 100 240 320 800
4. Agriculture 2.0 5 g I 100 2350 4350 750
5. Total . . . 565 141 241 300 100 237 405 620

On the whole the planning for scientific and technical man-
power, particularly for engineering, has been quite satisfactory
in India. For example, the new admissions in engineering
increased -from 4,000 a year in 1950-5T to 14,000 a year in
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1960-61. Also, the target is about 25,000 new admissions in
1905-66, and #0,000 in 1G475-76.

Outturn of engineers: The Appendix Table A-4 gives the
outturn of scientists and engineers in India from 1915 to 1960.
It would be seen from Table A-4, line 8 and col. (4), that
the number of degree level engineers turned out between
1915 and 1947 was 14,984 in 33 years before independence.
This was practically matched by a turnout of 14,385 in five
vears during the period of the First Plan (1951-56). The out-
turn increased much further to 24,166 during the five-year
period of the Second Plan.

The outturn for individual years between 1951 and 1960
also shows a very rapid increase. The outfurn of degree level
engineers was 1,700 in 1951 which was nearly doubled in
three or four years. Perspective planning of technical person-
nel was seriously started from 1955; the effect became visible
after four years in rg59 when the outturn rose to 6,779 against
3,689 in the previous year, that is, an increase of more than
three thousand in one year.

Sctenttfic Researck: Although the intake and outturn of
scientists also has been increasing fairly rapidly, T am SOITY
to say that perspective planning ‘of scientific research has not
yet started seriously. The emergence into the modern age of
any underdeveloped country would be possible only with the
building of the base of science education and scientific researcl.
Certain compelling reasons can be appreciated very easily.
Natural resources are not identical everywhere; there are wide
variations from one country to another. Resources available
within any country can be used most effectively only through
continuing applied scientific and technologiral rescarch in
which use is made of basic sclentific knowledge to solve prac-
tical problems. Tt is also necessary to provide facilities for
fundamental research not only for the accumulation of scien-
tific knowledge but also to supply scientists who would be
able to diagnose problems properly and identify how such
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problems should be handled or what kind of help should be
obtained from abroad, There is also a deeper need of replacing
the traditional pattern of making decisions on the basis of
authority by decisions to be made increasingly on objective
grounds based on scientific and rational thinking.

Perspective planning is indispensable. The need of pers-
pective planning, especially in underdeveloped countries, may
be stated very briefly in conclusion. It is necessary to increase
the supply of consumer goods. To do this if is necessary to
expand continually the production of capital goods. Both
would require an increasing supply of engineers and techni-
cians. Industrial and technological developments would call
for a rapid expansion of applied research which, in its turn,
would require a sound foundation of basic research.

The factor of Hime may be next considered. Factories for
the production of practically any kind of consumer goods
can be established in a year or two with the help of imported
machinery or fuel. To develop the production of capital goods
and energy would take it at least 10 or 15 years. To secure
an adequate supply of engineering and technical personnel
would require 2o or 25 years. To have enough scientists of
ability for both applied and basic research would take af least
a gencration or even more. It is clear that perspective plan-
ning, looking 15 or 20 or 30 years ahead, is indispensable for
all underdeveloped counfries.

[15] Mahalanobis IT'- pag. 10
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APPENDIX

TABLE A-1

Estimates of § and 0 for major groups of manufacturing indusiries

with 1957 and 1960-01 weights

6 {thousand Rs.)

1957 1960-61 1957 1950-6
weights  weights weights weights
i) 2 3 (4 (s)

I. Metaliurgical industries 0.19 0.20 178.9 172.3

2. » serni manf, 0.47  0.45 17.1 19.0
3. Mechanical and general en-

gineering . 0.606 0.65 I1.4 10.9

4. Transport equzpmcnt 0.45 0.45 15.4 15.3

5. Electrical equipment . 0.50 0.49 16.6 18.5

6, Industrial machinery (I} 0.62 0.01 24.9 22.4

9, » » {IT) 0.47 0.43 17.4 20.1

8. Chemicals 0.35 0.32 20.1 30.3

9. Textiles 0.38  0.38 10.0 10.5

10. Rubber and lcathcz productq .02 0.61 14.5 14.8

11. Food industries 0.30 0.30 13.0 12.§

12. Mining industries . . 0.33 0.35 17.6 20.5
13. Timber and cellulose in-

dustries 0.33 0.31 11.2 12.3

14. Mining and ol 1ndu=;t1y 0.43 0.39 6.5 IT.T

15. All industries 0.30 0.35 13.2 15.3

Note: The coefficients are obtained from detailed industry-wise informa-

tion complled by the Perspective Planning Division of the Planning
Commission in collaboration with the Planning Unit of the Indian

Statistical Institute.
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TaprLe A-z2

Estimnates of percenlage increases in demand over the third flve
year plan period 19HI-190O

percentage increase in demand

name of itent 111'1).*;-1.;"&11(11':( rural India all-india

ss. 1 88,2 conl- ss 1 882 com- s 1 852 com-

bined bined bined

! (e IO B ) B YRR () B O B R ) B L)1

1. Pulses . 3z 32 32 I9 21 20 21 23 22

2. Vegetables 35 28 36 22 23 =22 206 27 20

3. Spices . . 30 31 30 18 17 I7 19 20 Ig

4. Edible cil | 35 35 35 23 20 22 26 24 23

5. Sugar ... 38 30 38 =29 28 29 31 31 31
6. Milk and milk

products . 46 43 44 33 40 3¢ 37 40 38

#. Meat, fish, eggs . 38 40 39 =21 21 21 206 28 27

§. Fruits and nuts . 40 45 45 23 25 24 32 33 32
9. Beverage and re-

freshments 42 41 41 28 27 27 34 34 24

10. Tabacco 36 35 36 22 19 21 25 23 24

171. Kerosene . .32 33 32 19 18 19 22 22 22

12. Fuel and light . 33 33 33 19 17 18 22 2r 2I
13. Cotton clothing

(mill-made) 49 43 48 30 33 34 390 35 37

14. Washing soap 38 30 30 30 27 30 33 32 33

15. Toilets . 45 41 41 22 22 22 32 30 30

16. Railway 53 49 53 46 33 35 49 40 43

17. Conveyance 53 355 53 38 28 35 44 39 43

18. Cinema .45 33 49 32 30 31 4T 44 42

1g. Domestic utensils 31 46 37 37 23 30 37 206 36

Note: Based on elasticitics calenlated in the Indian Statistical Tnstifute,
Caleutta from 1oth round NSS data relating to December 1g5g3-

May 1956.
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TaBLE A-4

Qutturn of scientists and engineers in India

nittmber of persons graduating

master's degree
in natural science

year

engineering

total average degree diploma fotal average
per year per year
) o)) (@) {3 ) ) ) o
1. 1915-1Ig 832 106 508 1,703 2,251 454
2. 1920-24 giy 183 771 1,502 2,073 535
3. 1025-29 1,923 385 1,01 4,322 5,041 1,188
4. 1030-34 2,784 557 2,390 5397 7,587 1,517
5. 193539 2,038 588 2,901 5331 8232 1,046
0. I940-44 3,378 676 3,765 0,280 10,045 2,009
7. 1945-47 2,511 837 3170 4,538 7,708 2,560
8. 191547 15,283 403 14,084 20,473 44,457 1,347
9. 104850 2,047 982 4,60r 4623 0,314 3,105
10, IQ3I-55 0,00z 1,812 14,385 11,629 20,014 5,203
{1st Plan)
IT. 1050-0r 15,799 3,160 24,166 27,037 51,203 10,241
{2nd Plan)
12. 1051 1,400 T,400 2,301 1,700 4,001 4,001
13. 10952 1.680 1,680 2,550 2,049 4,008 4,608
14. 1953 1,604 1,004 2,920 1,093  4,6rg 4,619
15. 1054 2,008 2,008 3,238 2,833 6,071 6,071
0. 1653 2,217 2,211 3,301 3,354 6,715 6,715
7. 1650 2,456 2456 3450 4131 7,387 7,587
18. 1959 2,832 2,832 3,507 4,413 7,020 7,420
19. 1958 2682 2,082 3,080 5944  0.033 9,633
20. 105G 32,558 3,558 6,779 0,182 12,061 12,6671
21. 1660 3,971 3,971 6,735 6,307 13,102 13,102
Note: Tigures are taken from Receni developments in the orgenization of

selence i India by P, C, Mawuavanoprs, Ewngincers in India by Scien-
tific and Technical Manpower Division, Planning Commission; Xdu-
cafion i Tidie by Ministry of Edueation, and also direct information
from the Resources and Scientific Research Division of the Planning

Commission,

[15] Meahalangbis T - pag. 28
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DISCUSSION

SCHNEIDER

T quite agree that, as you say, planning is necessary for under-
developed countries. But: is it necessary because you want to have
a developmént in a very short fime, OT because you believe that a
market system would not functicn in India, or is it botl?

ot
il

MAHALANOBIS

I think that the answer is that a market system has not been
found sufficient even in the U.S.A. where the largest volume of
production is of free enterprise. The Anti-Trust Law was introduced
about 60 years ago. The Agricultural Adjustment Act came, I be-
lieve, about 30 years ago. In the underdeveloped countries it is not
possible to rely on the market system alone for improving the con-
ditions of those who are now underfed. Also, disparities between
countries are increasing because of the faster progress of industriali-
sation which has taken place and is continuing to take place in the
advanced countrics. We can not waif for another hundred years
for economic development through the market system alone; we must
try to introduce other methods.

Also, there is increasing interlocking of international affairs with
domestic affairs. I was happy this time during my visit fo the U.5.A.,

{131 Mahalanobis I - pag. 3v
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to see that the desegregation movement is gathering strength. The
tragedy of the civil war had occurred hundred years ago; it has taken
hundred years for this to happen. I see one factor in the increasing
appreciation in America of the fact that the foreign policy of U.S.A.,
will collapse, so far as Africa or Asia is concerned, unless something
is done to remove the colour bar within the U.S.A, The coloured
people in the U.S.A., knowing what is happening in Africa, is also
no longer content to put up with segregation. 1 shall go a step
further; 1 am eager, inteflectually and emotionally, that there should
be increasing relaxation of the tension between U.S.A, and U.S.S.R.
1 am happy about the Test Ban; I do hope that it will make further
progress, But I am aware that economic aid on both sides had
started in the spirit of cold war. In 1946 when the Atlantic Charter
was extended in the United Nations to cover the whole world, there
was hope of multi-lateral or, rather, international aid, for the under-
developed countries. This was turned into bi-lateral aid after the
Marshal Plan. Then the Cold War started; first the military phase,
and then economic aid much of which has been given as a kind of
political bribery, or in political rivalry. Some decper thought has
to be given to this. T believe that world peace requires, and rela-
xation of tension requires, rapid transformation of the underdeveloped
world,  Economic cooperation would be of great help in bringing
this about. Such cooperation does not in any way jeopardise the mi-
litary security of the great powers. Also steel produced in India in
factories set up with the help of the West German, or the British or
the Russian Governments, find their way into the same piece of
machinery; all aid would be necessarily cooperative in physical fact.

I have spoken of the social and political aspects of the problem of
cconomic development because it is only through cooperative efforts
of all the advanced countrics that a solution can be found. The use
of econometric methods must also suit the needs of the underdeve-
loped countries.

L15] Mahalanobis 11 - pag. 32
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KoorMANs

We have covered a great deal of ground in the last ten minutes.
Rut my comments really go back to our earlier discussions on the use
of techniques and planning, I have the impression that Professor
MauaLanNoBls is using the termq « sophisticated » with disapproval,
and « mathematical » with approval, I would like to express my
own belief that if you look at planning from the time at which it
starts off, the greatest retnrn on cconomic analysis is af the carly
« arithmetical » stage when small comparisons and computations of
the kind that have been illustrated are made; and that the time for
sophisticated analysis comes later whereas the payoll to it is probably
substantially smaller; 1 think T understand the sense in which the
terms « sophisticated » and « mathematical » are used in this way
and take that sense over for these comments, But I do not see this
as a reason to refrain from working on sophisticated methods — De-
sides having a certain direct payoff the sophisticated methods also
have the advantage of introducing rationality and objectivity in the
decision process, an advantage distinct from the direct payoiff itself.

I also have a more detailed comment about the fertilizer calcula-
tion, which may illustrate this general comment. There is a compa-
rison here between different ways of supplying fertilizers. These
ways differ in three respects. One is timing of availahility of the
fertilizer, another is rupee cost, and the third is dollar cost, or foreign
exchange cost, and the timing of these, Now 1 would submit that to
make the comparison one needs not only the dollar figures that are
stated here, one also needs a shadow price on foreign exchange, and
a {shadow) social rate of discount, in order to make the comparison
hetween these three alternatives. The shadow price of foreign
exchange would itself have to be determined in a wider calculation,
which includes not only fertilizers but many other instances of deci-
sions where foreign sources and domestic sources are considered as
alternatives,  In CHENERY's work on Southern Italy {1) the shadow
interest rate came out at something like 35% per year. 'This is to

() Cugxery and KRETSCHMER, « Lconomeirica », 1950, pp. 305-06.

(157 Mahalanobis 11 - pag. 33
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be interpreted as the real rate of inferest, on loans from outside
Southern Italy, that applied to the planning of the Southern Italian
economy as of that time, calculated on the assumption that the
production relations and planning objectives are adequately estimated
in the study,

MAHALANOBIS

To reply briefly, the fertilizer question has been studicd by com-
petent foreign economists and it has been found that it would be a
good choice in India to build machinery for the manufacture of
fertilizers. My own position is simple. When a better solution is
available I shall adopt it. Bul I shall not wait to find the best so-
lution. In India, we can use 30 million tons of ammonium sulphate
every year, at a very low rafe of dressing and without any fear of
decreasing return,  We should start increasing the capacity to pro-
duce. fertilizers, and not wait until an optimum solution has been
established. ‘

However, at a higher ievel, T completely share your views on the
value of sophisticated analysis. 1t is my firm belief that as the
structure of an economy becomes mature and stable, sophisticated
analysis would become more and more capable of being used effecti-
vely. T can give one example; one of the dramatic successes of linear
programming was in oil refinery because organic chemistry has stable
structural relations.  Sophisticated analysis would be increasingly
used in the advanced countries. Also, T should think that such
methods would be used more effectively in a planned cconomy like
U.5.5.R. because factors there are more under control, On the other
hand, sophisticated analysis, if it loses a sense of realism and is
primarily imitative, as is likely to happen in a country like India,
then it is not only useless but a nicnace.

I am not against sophisticated analysis in its proper setting. Even
at a low level of economic development, T am in favour of introducing
automatized production at the earliest opportunity and to the largest

[15] Mehalanabis 11 - pag. 34
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extent possible in a country like India, and at the same time to go
on with traditional methods of production, The danger lies in sophi-
sticated analysis which are unsuited to the underdeveloped countries.
But we have to take the risk, In India we are going on with inpnt/
output analysis and all that kind of work in the hope that gradually
this approach will become useful, In applied science the important
point is to know what factors are relevant and what are their prio-
rities. Such understanding of relative priorities exists in the more
advanced couniries but js difficult to acquire in an underdeveloped
environment. The methods have to be suited to the stage of deve-
lopment.

DorrMan

The conclusion of Professor MaHALANOBIS® fertilizer example was
that the best solution for India would be to use the most indirect
method of production, that is, to import the machinery for setting
up a plant to manufacture machinery for fertilizer plants. This policy
would require deferring the output of the different fertilizers for
some fen or twelve years. If that be so, it would seem to me that
the cost of importing food during this long interval to meet the annnal
population increase of some 5 million people should be counted as
part of the cost of this roundabout method of production, because
those food imports could be avoided by using some of the quicker
methods, for example, by importing fertilizers or importing fertilizer
plants directly.

MAHALANOBIS
I apologize. 1 should have stated that for 15 years our people will
not be starving. In the meantime we are importing foodgrains for

current consumption as necessary; we are importing fertilizers; and
we are importing machinery to set up new fertilizer factories. But

{157 Mahalanobis IT - pag. 35
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we are also now establishing a factory to produce machinery which,
after four or five years, would enable us to set up a new ammonium
sulphate factory every year. I hope the position is clear. This policy
may not be suitable for a small country. T am not generalizing,
But in India as [ have already mentioned we have 50 million hectares
of land which is sure of having enough water; we can use 25 or 30
million tons of ammonium sulphate per year at a very low rate of
dressing of 25 kilos per hectare; we may he able to use much bigger
quantities with advantage by increasing the dressing, To set up one
heavy machine building factory at a cost of foreign exchange of not
more than 100 million dollars once and for all is not taking a very
hig risk.

Isarn

I just have a brief question. Do the materials that you have pre-
sented have reference to a large population spread over a large area?
I amn sure you are aware of the thinking which emphasizes that indu-
strialization proceeds from relatively conceatrated cores of activity.
To achieve major industrialization you must select 2 relatively small
number of points at which to start, I was wondering to what extent
this consideration enters into all the estimates and plans upon which
you report,

Frsuer

In the discussion of Professor Mamarawosis’ paper Professor
DorrmaN raised a point which I would like to emphasize and to
which T do not think I really understand Professor MaAHALANOBIS®
BISWET.

Professor DorymaN’s point was that a proper analysis of the cost
of the programn which imporis machinery to make machinery to make
fertilizer must take into account the cost in foreign exchange of im-

1151 Mahalanobis 1T - pag. 36
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porting fertilizer and possibly of importing grain to feed the popu-
lation during the period before the constructed fertilizer plant comes
into production. This is an appropriatc cost of the program; it is
an opportunity cost and must be added to the cost of the program
in analyzing what constitutes an optimal policy. It is not clear that
Professor ManaLaNopIs has in fact donge this,

MAFALANOBIS

I have only five minotes. 1 should again stress that it is not
logical to wait an indefinite time for a true optimum solution. As the
people of my country are hungry we have to import food stuff, We
have been doing this for some time. As a matter of fact we have
a Jong history of not producing a single kilo of fertilizer; we have
the experience of a million and a quarter of our countrymen dying
of famine in 1942-43. We are of course importing foodgrains and
fertilizers for current needs. But we have to take a long view and
we are also setting up fertilizer factories with imported machinery.
We have spent during the last fifteen years perhaps two thousand
million dellars to import foodgrains, fertiizers, and machinery to set
up fertilizer factories. Looking 15 years ahead, we think it is worth
spending one hundred million dollars to establish a factory to produce
machinery for new fertilizer factories. This 1 think is the real
argument,

ALLAIS

I have only two points. The first one has been already stressed
by Prof. Dorrman. [ am not convinced by Prof. MAHALANOBIS'S
answer but I think we have not enough time to discuss this very
interesting problem. My second question relates to how the equation
of page 7 was derived? Did you assume that real national income is
proportional to real capital for this derivation or not?

[15] Mahalanobis 11 - pag. 37
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MAHALANOBIS

Please I do not quite understand. There is a footnote on page 7
which perhaps could give you the right answer.

ALLAIS

Yes, but if you could give this explanation in a few words. This
point is quite important because for reasons I have already explained,
it is not possible to admit that real national income is proportional
to real capital.

MAHALANOBIS

The equation of the model? How we derive it? (1)

(") The two-sector model is discussed in a paper entitled Some obser
valion on the process of growth of national income in « Sankhya, the
Indian Jeurnal of Statistics », vol. 12z, Parts 4, 1953.

[15] Mahalanobis 11 - pag. 38



ECONOMETRIC ANALYSIS
AND
AGRICULTURAL AND DEVELOPMENT PILANS

D. GALE JOHNSON
University of Chicego - Chicago - U.S.A.

In this paper I use the term agricultural development plan
as though it were synonymous with agricultural policy. I be-
lieve that this is in keeping with the usage that prevails in the
world today. If one defines a plan as a statement of achiev-
able objectives, an indication of the means or resources that
will be available to achieve the objectives, and the institutional
arrangements that will be used to relate the means or resour-
ces to the objectives, one can find few examples of agricultural
plans. Though the details have never been published, T am
reasonably confident that a plan approximately fulfilling the
conditions of the above definition existed for the virgin and
idle land program of the Soviet Union. In the same sense, it
can be said that plans have been evolved for the development
of new lands through irrigation or drainage in the United States
and in many other parts of the world.

But at national levels there have probably been no deve-
lopment plans for agriculture that would satisfy the above de-
finition (!). There is, of course, no denying that governments

(" T do not believe that the agriculfural components of the Soviet
Unjon's econcmic plans, either the five-year plans or the current seven-
year plan, meet the criteria of a plan specified in the text. In general, the

[36} Johnson - pag. I
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have aftempted to intervene in a wide variety of ways to
affect agricultural development. In the United States there has
been systematic intervention in agricultural development
through policies for the settlement of the frontier, the establish-
ment of the land grant colleges and the associated experiment
stations and extension services. The British Corn TLaws, which
have recently been reincarnated across the English Channel as
the Common Agricultural Policy, could be described as an
agricultural development plan in the loose sense in which the
term is often used today,

The past three decades has witnessed a significant change
in the scope and content of agricultural plans or policies. All
of the major industrial nations have evolved numerous measu-
res and programs in an effort to achieve a variety of objectives
in agriculture and for the farm population. Many of the less
developed countries have enunciated far reaching agricultural
development plans. One thing that is clear from the events of
the last {hree decades, at least to me, is that there is no magic
that follows from a development plan or policy. Order and
progress have not been created out of chaos. Tt cannot be said
that today the agricultural problems confrenting the world or
any large part of it are any nearer solution than was true three
decades ago. In fact, I believe that in most of the industrial
countries the magnitude of the very difficult adjustment pro-
blems now facing agriculture is to a considerable degree the
consequence of the agricultural plans and policies that have
been followed.

The preliminary oufline of the Study Week included the
following sentence: « The development of economic theory and
recent experience of various cconomic systems have by now

objectives have not been achievable given the quantities of resources implied
in the plans. In addition, past performance has indicated that goals for
certain kev input quantities, such as fertilizers, would net be achieved.

[16] Jolmsown - pay. 2
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given sufficient proof that modern economies cannot be left
to the free play of market forces, but must be controlled and
directed both to anticipate undesirable economic situations and
repercussions and to achieve certain of the community’s objec-
tives. » While I hope that 1 will learn what developments in
cconomic theory and what recent experiences of various eco-
nomic systems result in so striking a conclusion, for the mo-
ment T would only like to suggest the following paraphrasc:
« The application of economic analysis and recent experiences
of various economic systems have by now given sufficient proof
that modern or underdeveloped agricultures can not be subject-
ed to agricultural development plans that impede necessary
adjustments, result in exploitation of the farm population, fail
to recognize the potential high returns to certain investments
in agriculture, or restrict the potential gains from international
specialization in production, but development plans must be
consistent, efficient in the use of scarce resources, and not
result in undesirable economic situations. »

Tn this paper L shall try to do four things. TFirst, T shall
present a simplified skeleton of some of the interrelationships
that exist between agriculture and the rest of the economy as
economic development ocenrs.  Second, some of the major dif-
ferences, as well as the similarities, in the agricultural problems
of selected important areas of the world will be indicated.,
Third, a review of plans or projections that have been made
in two countries — the Soviet Union and the United States —
will be presented to indicate some of the major sources of errors
in projections and goals. Tinally, T will emphasize some of
the major analytical and statistical problems that arise in ma-
king projections or creating development plans.

Li6] Johmson - pag. 3
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—_

L. AGRICULTURE AND ECONOMIC DEVELOPMENT *

A, General Framework

One of the important interrelationships between agriculture
and the rest of the economy during the process of economic
development has been called the law of declining importance
of agriculture. This « Jaw » has both very strong empirical
support and a firm analytical base (2. The major industrial
countries of the world, with the exception of the United King-
dom, had at the beginning of the 1gth century approximately
the same percentage of the labor force engaged in agricalture
as is now frue in the low income countries of the world. Except
for the Soviet Union, all of the major industrial nations now
have 20%or less of their labor force engaged in agriculture,
with the United Kingdom at about 5% and the United States
at 89%,.

The theoretical analysis that explains the empirical decline
in the relative importance of agriculture as a source of employ-
ment as economic growth occurs is relatively simple. The
analysis depends upon well substantiated effects of per capita
income changes upon the allocation of consumer expenditures

(') This section and certain other parts of my paper are based in part
upon my paper, The Role of Agriculiuve in Economic Development,
which was presented at the 1963 Resources for the Yuture Forum on the
Role of Natural Resources in Economic Development, in Washington, D.C.
on January 28 and 29, 1963.

{%) The empirical support can be found in Corn Crawx, The Conditions
of Economic Progress, 3rd ed., 1957, Ch. 10 and SiMon Kuzwers, Quan-
titative Aspeots of the Bconomic Growih of Nations: 1. Industrigql Distri-
bution of National Product and FLabor Force, « Economic Development and
Cultural Change », supplement to vol. V, No. 4, July, 957,

[16] Joknson - pag. 4
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and upon changes in the real factor costs of agricultural pro-
ducts that are required if economic growth is to occur (1).
When the level of per capita income exceeds some very low
level, perhaps $50, the income elasticity of demand for food
is less than unity. Since the income elasticity of demand for
all goods and services is unity, the income clasticity of demand
for nonfarm goods and services exceeds unity. An increase in
real per capita income, ignoring for the moment the source
of the increase, will result in a larger increase in the demand
for nonfarm than for farm products. Thus the relative output
of farm products will decline as a share of the total output.
However, the assumptions made are not sufficient to show
that the share of the labor force engaged in agriculture will
decline. If the growth in the net marginal product of labor
engaged in nonagriculturc is enough greater than the increase
in the net marginal product of labor engaged in agriculture,
the proportion of the labor force engaged in agriculture could
remain unchanged. As a rough approximation, if there is no
change in population, if the ratio of the change in the mar-
ginal product of labor in agriculture to the change in marginal
product of nonfarm labor is equal to the ratio of the income
elasticies of demand for food and nonfood products, the secto-
rial distribution of employment will remain unchanged. How-
ever, this rough approximation will hold only if there are bar-
riers to the movement of labor from agriculture into nonagricul-
tural pursuits. The larger increase in the marginal product
of labor in the nonagricultural sector than in the farm sector
means that the return to labor in agriculture will fall in a re-
lative sense. Thus labor will move from agriculture into the
nonagricultural sector in response to a change in the carnings

(Y MurnErt Smon, Effects of Increased Productivity wpon the Retio
of Urban to Rural Population, « Econometrica », XV, No. 1 (Janvary,
1947}, 31-42.

F.H. Grusx, Agriceliure and Technical Change, « Journal of Tarm
Economics », XLIII, No. 4 (November 1963}

[16] Johnson - pag. 3
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differential and the percentage of the labor force engaged in
agriculture will decline.  Obviously,” if the relative increase
in the marginal product in the nonfarm sector is large enough,
a rise in the relative price of farm products could offset the
decline in the earnings to farm labor and maintain the same
distribution of employment. However, this consequence will
almost certainly place a severe restraint upon the rate of growth
of per capita income. It means that virtually all of the in-
creased productivity must come in a sector of the economy that
employs & very small fraction of total labor.

If population increase is introduced into the picture, the
relative growth of demand will not be a direct function of
relative income eclasticitics. The relative growth will depend
upon the annual population growth plus the change in per
capita income weighted by the income elasticities. But the
growth "of population means that a significant part of the
increase in agricultural output is required to maintain per ca-
pita consumption of food. Unless additional land of quality
equal fo that already under cultivation is available, a change
in methods of production will be required to offset the effect
of diminishing returns as the amount of labor applied to each
unit of land increases. Unless such a change in methods of
production occurs, the real cost of food will increase and re-
sources that couid be used to increase nonfarm output will be
shifted to agriculture dnd the rate of growth of total dgutput
will decline.

Significant rates of economic growth can occur only if there
are increases in productivity in a scctor that employs the major
fraction of all of the labor of an cconomy, Fortunately, in-
creases in resource productivity in agriculture are possible and
the same set of forces that resuit in higher productivity in
nonfarm sectors appears to have been roughly as important in
agriculture as in the rest of the economy.

The factors that make it possible to increase agricultural
output per capita in the face of increased population, which

|10} Johmsor - pag. 6
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will be discussed in some detail below, are the factors that con-
tribute to the decline in the relative importance of agriculture.
These factors result in an increase in output per unit of input
in agriculture; combined with the lower income elasticity of
demand, subject to the conditions noted above, relative labor
employment in agriculture will decline.

As real per capita income increases, the rate of the transfer
of labour out of agriculture required to maintain an equilibrium
in returns to farm and ponfarm labor will almost certainly
increase. One reason is that the disparity between the income
clasticities of demand for farm and nonfarm goods increases.
A second reason is that the change in ratio of output per unit
of input in agriculture is more likely to approach the chanege
in the ratio in the nonfarm sector as agriculture becomes more
commercialized and the quantity and variety of producer goods
available to agricullure increase.

There is no reason to believe that there are any forces to
hait the decline in the share of labor employed in agriculture.
There is only one industrial country, the United Kingdom, for
which there is any evidence that the percentage of total employ-
ment in agriculture has been approximately stabilized for any
period of time. Since the mid-thirties approximately 5% of
the fotal labor force has been engaged in agriculture. But
during that period, the government has followed a COnsciovs
policy of inducing an increase in agricultural output. Tt is
almost certain that in the absence of that policy relative farm
employment would have declined.

B. Economic Development and the Demand for Agricultural
Producls -

It is unfortunate but app'arently true that the growth of

demand for agricultural products is likely to be greater during
the carly stages of economic development than during the later

{16] Johnsen - pag. 7
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stages. Two factors that affect the demand for agricultural
products are responsible for this ~— population growth and the
income clasticity of demand. One of the well known effects
of the early stage of economic growth is a decline in mortal-
ity. The improvement of sanitation, the availability of medi-
cines and medical facilities, the improvement of the quantity
and quality of the food supply, the reduction in famines due
to improved transportation, and the control of certain endemic
diseases have a significant and short run effoct upon death rates,
especially of infants and children. There is almost nothing that
occurs during the carly stages of economic development that
has an effect on fertility. Thus there is a very strong proba-
bility that the rate of population growth will be higher during
the early stages than in the later stages of economic develop-
ment and that at a given time higher for low income countries
than for high income countries {!).

It has been noted above that the income elasticity of de-
mand for food is higher at low than at high income levels. Thus
if a high and low income country have the same growth rafe
of per capita income, the income effect on demand will be sub-
stantially greater for the latter than for the former. The two
effects are illustrated by Table 1, which presents certain projec-
tions made by FAO for a period of roughly a decade.

The estimates of population increase are relevant fo the
comments made above. The three low income areas have

(") This statement is based on the assumption that the growth in food
output is enough to sustain the growth in population. Tf the conditions
implied by a Malthusian model of economic growth apply, the growth of
population will depend upon the growth of food output.

The statements in the text about the relationship between population
growth and income levels are admittedly very crude and approximate gene-
ralizations.  Obviously there are many factors that influence population
growth. The difference in population growth rates in Western Europe
and the United States can not be explained by the difference in the level
of per capita income. An interesting article by IrRMa ADELMAN {(dn Econo-
metric Analysis of Population Growth, « American Eeonomic Review »,
vol. LIII, No. 3, June 1963, 314-39) provides some support for the wview
expressed in the text.

[16] Johnson - pag. §
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projected annual rates of population growth ranging from 2.3
to 2.7%. The two high income areas have lower rates, namely
0.7 and 1.8%. The difference in estimated income elasticities
are of the general order that would be expected, except that
the elasticity for the EEC appears to be somewhat high, but is
apparently explained by the high income elasticity of demand
for meat.

TABLE T

Projected Annual Growth of the Polential Demand for Food Se-
lected Aveas, 1957-59 through 1969-71 (1)

Near East
Asiaand and L.atin ELECMH Nort
Far Bast(®y  Africa(® America(t) America(®)
Basic assumptions
Population {*) . . 2.3 2.5 2.9 0.4 1.8
GNP/capita {7) . 1.3 1.5 2.0 3.9 1.3
Income elasticity . 0.9 ¢.7 0.6 0.5 0.16
Potential increase (7) in
Total demand . . 34 3.5 3.4 2.1 1.9
Per capita demand 1.0 1.0 1.0 1.4 0,16
GNP/capita (8) . . $165 $260  $491 $1285  $a2100
(1957-59)

{"} Tood and Agriculture Organization, Agricultural Commodities - Projec-
tions for 1970, p. A-2,

{2} Excludes Japan and Mainland China.

(3 Excludes South Africa.

() Excludes Argentina and Uruguay; includes Mexico and Central America,

(%) Enropean Economic Community.

() Canada and the United States.

() Per cent increase per year; compound rate. TLow income growth assump-
tion used.

(%) Converted into U.3, § at 1955 prices.

The increases in total demand for food are projecied at
annual rates ranging from 3.4 to 3.7% for the low income
countries and 1.9 to 2.1% for the high income areas. Thus
the expected growth of demand for food in the low mcome

[16] johnson - pag. o
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areas is approximately 75%, greater than for the industrial
areas. In the low income areas, despite the high income elasti-
cities and modest increases in per capita income, most of the
increase in demand results from population growth. If Latin
America were to have a 3% annual increase in GNP per ca-
pita, the demand growth for food would be in excess of 4%
annually.  This would require a doubling of food output in
about 18 years.

C. Ecomomic Development and the Supply of Agricultural
Products

In the discussion of the general frame-work of the relation-
ship between agriculture and economic development the discus-
sion of changes in supply were largely in terms of output chan-
ges that had to occur if economic development were to occur.
It is time now to turn to a discussion of the major factors that
lead to output increases. The following classification includes
nothing that is new, but is useful for organizing our discus-
sion. Increased agricultural output occurs as a result of one
or more of the following: 1) increased wse of inputs; 2) im-
proving the quality of inputs; 3) increased knowledge or a
change in the production function, and 4} a change in incentives
for farm operators and their families.

If all of the increased output must come as a. result of
increased labor and land, it is unlikely that agriculture will
be able to make any significant contribution to economic de-
velopment (1), If this is the case, the growth of the agricul-

{'} This observation may well have been correct for the United States
in the period before r860. Given the large quantity of land that was avail-
able for settlement, it was possible to expand output of farm products
without changing the relative combination eof land to labor. Admittedly
scanty evidence for the period from 1820 through 1860 indicates ihe follow-

(r6] Johnson - pag. 1o
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tural population in a low income or underdeveloped economy
will have to occur at approximately the same rate as the growth
of total population unless per capita food consumption is to
decline. Labor cannot be released to other sectors of the eco-
nomy for their development and real factor costs of food would
not decrease. In fact, unless additional land can be brought
under cultivation or land developed through irrigation ot recla-
mation at the same rate as the population grows, average output
per worker in agriculture may decline and real factor costs of
food may increase.

There are circumstances in which an unchanged production
function is consistent with increased output and lower marginal
costs of production. 1f the marginal product of labor is sub-
stantially higher in certain nonfarm pursuits than on the farm,
the availability of certain manufactured inputs that may be
used in agriculture may permit an increase in output per unit
of farm labor and a transfer of labor from agriculture to the
nonagricultural sector. This is a possible explanation of the
impact of a new and cheaper source of fertilizer (the partial
replacement of manure, fish, fish meal, and cottonseed meal
by chemical fertilizers in Japan), the replacement of feed by
petroleum products to produce power, or the transfer of certain
functions performed on farms to firms that can specialize to
a greater extent (churning butter, tanning hides, retting flax,
or butchering livestock).

There is evidence that for the half century from 1880 to
rg30 in the United States the ratio of total output to input did
uot change significantly, while there was an increase in the
output per unit of labor and per unit of land (real estate).

ing: Farm employment increased from 2.2 to 6.6 milion; farm employment
as a percentage of total population changed only from 21.5 to 79.7%,.
Estimated gross output per farm worker increased by only 11% in the
qo-year period. There are some indications, admittedly crude, that national
per capita income increased only moderately during the four decades,

frol fohnson - pag. 0
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The increases in the two average products were apparently
due to increased purchases of nonfarm products, which were
apparently cheaper than the farm inputs they replaced. While
farm labor increased absolutely over the period, farm labor
declined as a percentage of the total labor force from 49 to 21%,.

The United States situation as of 1880 is one that is not
likely to be duplicated in any of the current low income areas
of the world. U.S. per capita income was already at a relati-
vely high level (about $400 in 1929 prices) and the income
clasticity of demand for farm products was probably 0.5 or
lower. About a fifth of farm output was exported, thus do-
mestic consumption could increase more than domestic output.

TABLE 2

Indexes of Outpul, Inputs, and Productivity, United States Agri-
culture, 1880-1930 (1)
(1847-49= 100}

Indexes 1880 1890 1900 1910 1920 1930
Farm Output . . . 37 43 56 61 20 72
Production Inputs . | 53 63 23 82 g3 o7
Farm Labor . . 100 116 127 135 143 137
Farm real estate . 56 66 78 03 g7 96
All other . . . 18 24 31 39 53 62
Productivity . . | 70 68 77 74 75 4
Output/labor . . | 37 37 44 45 48 52
Output/real estate . . 66 63 71 06 72 75

(") Source: Raree A. Loomis and GreEn T. BarToN, Productivity of Agri-
ciellure, United Stales, 1870-1958, USDA, Tech., Bul. No. 1238 (April.
1961), pp. 57, 58, and Go-61.

But when per capita incomes are low and the income elasti-
city of demand for food is almost unity, agricultural employ-
ment must increase absolutely and remain a relatively stable
percentage of total employment unless technological change
occurs,

[16] Jolmson - pag. 12
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It is quite likely that improved quality of inpuis and a
change in the production function (technological change)
usually occur together. In an underdeveloped economy the
most important input — as measured by the share of the total
product paid to it — is labor. Fortunately, labor is an input
whose quality can be changed by well known procedures. Un-
fortunately, these procedures involve the expenditure of signi-
ficant amounts of scarce resources. But the history of jJapan
from 1870 through 1910 indicates that a poor country, with
very limited natural resources, can organize its resources to
provide for nearly universal education for the farm population,
for agricultural research, and for education of the adult farm
population in new and improved methods of production.

There is now rather general agreement among competent
scientists that the technological possibilities for increasing food
output in the low income areas are very substantial. Many
of the low income areas — Africa, Latin America, and South-
east Asia — have room for substantial expansion of the cul-
tivated arveas. But some of the most densely populated areas
- India and China, for example — are not in this fortunate
position. Again reference may be had to the Japanese expe-
rience. Japan at the time substantial economic progress began
had little possibility of increasing the sown area. In the half
century from 1881-g0 to 1931-40 the cultivated area of six
major crops in Japan increased by ouly 18% (}). However,
yields increased by 66%, and production by 95%.

The excellent Report on India’s Food Crisis and Siteps to
Meet It prepared by the Ford Foundation leam clearly indi-
cates that it is technically possible to substantially increase food
production in India (?). Once of the major conclusions of the

{1 Bruen T, Jouwnsow, Agriculiwral Development and Feonomic Trans-
Jormation: Japan, Taiwan and Dewmark Mimeo., 1960, p. 28,

{3} Published by the Government of India, Mipistry of Food and Agri-
culture and Ministry of Community Development and Cooperation, April
1950, The chairman of the team was Mr, Sherman Jolnson of the United
States Department of Agricuitore.

[16] Johnson - pag. z3
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study should be noted, however. In the opinion of the team,
miajor increascs in output can be achieved only as a result of
the simultaneous introduction of a variety of improvements (%).
For example, a substantially higher vield for a crop would
require new varieties, more fertilizer, heavier rates of seeding
or planting, measures for controlling insects and diseases, and
changed methods of cullivation. Any one of these changes
may be largely ineffective or may even have a negative in-
fluence in specific cases,

That it is technologically possible to increase food output is,
of course, only a necessary condition for a solution of the
agricultural problems of the low income areas. Much must be
done before the technological possibilities can be {ranslated into
food available for an increasing population with a rising per
capita level of consumption. One of the maior problems in
making the projections necessary for a development plan is
that of estimating when and to what degree the political and
economic circumstances will result in the realization of the
technelogical possibilities.

The last of the four factors that influence the level of agri-
cultural output is the nature of the incentives available to farm
families. The incentive structure has two major elements -
the terms of trade between agriculture and the rest of the eco-
nomy and the relationship between effort and reward as affected
by institutional factors as codified in the tenure system and the
structure of the farm organization, such as individual proprie-
torship, collective or cooperative farms.

In a growing economy, starting from a low income level,
savings in or from agriculture are an important source of invest-
ment funds for the entire economy. The extent, and the method

(3} Ibid., p. 18. « A few improved practices can be effective if adopted
singly, but the full benefit from. most improvements can be obtained only
if they are adopted in combinations suitable for specific soil and climatic
conditions. »

[16]) Johnson - pag. 14
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of exiracting such savings from agriculture, through taxes,
rents, low prices or forced deliveries at nominal prices, is
clearly a factor in the incentives available to farm workers, In
my opinion, the relatively poor output performance of agri-
culture in the Soviet Union from rg28 through 1953 was due
to ineffective and insufficient incentives imposed by a combina-
tion of the price structure, forced deliveries and institutional
arrangements.  On the other hand, during the late nineteenth
century Japan apparently transferred significant amounts of
savings from agriculture to the rest of the economy and still
achieved rapid modernization of agriculture and output growth.
Thus it is probable that not only the total amount of savings
extracted from agriculture, but the method of extraction is im-
portant in determining output responses.

A part of the support for land reform in underdeveloped
areas is the hope that reform will lead to an improvement in
the incentive structure and thus to increased investment in
agriculture and greater interest by the farm operator in in-
creasing output. Some land reforms seem to have achieved
this result (the short lived reform in the Soviet Union after
World War I and the post World War II reforms in Japan and
Taiwan), but many others appear to have failed to have any
significant cffect.

The increase in the ratio of output to input, which is a
measure of the effect of the change in quality of inputs as well
as of technological change, makes it possible to transfer labor
from the farm to the nonfarm sector. Rapid economic growth
requires such a f{ransfer. However, rapid cconomic growth
does not require an absolute decline in farm population or farm
employment, If farm employment is to be stable in an absolute
sense, the annual change in the ratio of output to input in
agriculture in low income countries must be a very large
change if population and income growth per capita are of the
order of 2% per annum, In this situafion the increase in

[16} Johuson - pag. 15
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demand for farm products (assuming little international trade)
will be about 3.5%, per annum. Even if half of the increased
output is due to increased quantities of nonlabor inpufs, the
ratio of output to input must increase by about 1.5% each year.
This implies a doubling of the output-input ratio in about 45
years; in the last 50 years the output-input ratio has increased
by about 759% in the United States.

I shouid hasten to add that it is not essential for the absolute
level of farm employment to remain stable during the early
period of industrialization. The usual pattern has been for the
farm labor force fo increase absolutely for several decades
after per capita incomes have started to increase. In fact, if
an economy starts from a position of, say, 809 of its labor
force engaged in agriculture and if total population is increas-
ing by 2% per annum, it would be nearly impossible for non-
farm employment to absorb all of the increase in labor force.
Under these assumptions, the nonfarm labor force would have
to grow at a 10%, annual rate or double about every 7 years ().

In this section T have tried to indicate briefly some of the
interrelationships between the supply of agricultural products
and the process of economic development. It has been indicat-
ed that an improvement in the output-input ratio is required
before rising per capita incomes can be achieved in a low
income area. It has also been indicated that if population
growth is moderate or high and the income elasticity of de-
mand is high that the increase in the outpuf-input ratio must
be a significant one if agriculture is not to act as a restraint
on economic growth. It also was indicated that while farm
employment must decline as a share of total employment, it
may increase absolutely during the early period of industrial-
ization.

(') Such a growth cannct be said to be impossible; belween 1926 and
1534 the annual increase in nonfarm employment was about 9% in the
Soviet Union.

[16] Johnson - pag. 16
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II. MAJOR AGRICULTURAL DPROBLEMS

Governments have various types of concern about the agri-
culture of their respective nations. In many of the low income
countries there is a concern about the level of agricultural
output relative to what would be required to achieve satisfactory
nutritional levels for the present population and to meet the
demands that will come from a growing populationr. In most
of the high income countries this concern arises with respect
to the level of returns to resources engaged in agriculture. In
the Soviet Union and other bloc countries in Eastern Europe
the basic agricultural problem is to achieve a rapid increase
in agricultural output, especially marketed output, to provide
a growing urban population with a diet that compares more
favorably with that available in the Western countries and
to do this without requiring a significant diversion from the
industrial and military sectors.

Table 3, prepared by the U.S. Department of Agriculture,
summarizes the available data on changes in total and per ca-
pita production of agricultural products for the past quarter
century. In general, the Southern Area includes most of the
underdeveloped areas of the world, while the Northern Area
includes the medium and high income countries. With respect
to total production, the increases are of the same gencral order
of magnitude, Tn fact, if adjustment were made for the very
unsatisfactory weather conditions in North America during
1g35-39 and the very good weather conditions from 1g58
through rg6o in the same avea, total output probably increased
more in the underdeveloped areas. Tt is true, of course, that
within each of the two areas and within each of the regions
there were significant differences from country to country in
the growth of output. However, the point that I wish to make
here is that the types of agricultural problems faced by the

(6] Jolmson - pag. 17
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three major areas do not scem to be a function of differences
in output growth, but in the differences in demand changes
compared to chapges in output. On a per capita basis, the
Southern Area has apparently had a much slower output growth
than the rest of the world.

The remarkable similarity in the growth of output in the
various areas of the world means that the underlying causes
of their quite different problems must be somewhere else. In
the case of the low income countries, the source of the problem
is not difficult to detect. If there is rapid economic growth,
the demand for farm products will increase af an annual rate
of 3.5 to 4%. This increase may be compared to an estimated
annual growth rate of outpul of about 1.5 to 3.0% for the
past quarter century and 2.7 to 3.4% for the past decade.

The nature of the problem in Eastern Europe is similar to
areas with rapidly growing demand for food, though there is
an important distinguishing element. In Eastern Furope the
growth in the demand for food will be substantially greater
than in Western Europe or the United States. While the growth
of population may be expected to he somewhat less than in
the United States, it will probably be much more rapid than in
Western Europe (1). The income clasticity of demand for
food in Eastern Europe — based on scanty information from
the Soviet Union —- is relatively high; the income elasticity is
probably about 0.75 and almost certainly greater than o.5.
Thus rising consumer incomes, pethaps at an annual per capita
rate of about 3%, combined with an annual population growth
rate of 1.4% would result in a growth of demand for food of
3 to 3.59%, annually.

But the growth in demand is here estimated on the assamp-
tion that there now exists an equilibriam between the demand

{) U.S. Department of Agriculture, The World Food Budgel, 1962 and
1966, Foreign Agricultural Economic Report No. 4, Revised, January 1962,
P 72
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and supply for food. In the Soviet Union, for most food pro-
ducts there is excess demand at the fixed prices in the state
store. Generally the prices in the free marlet are substantially
higher than those in the state stores, for several important pro-
ducts 50 to 100% more. The increase in the retail price of
meat by 30% and of butter by 25% on June 1, 1962 without
eliminating all of the exeess demand (reports of queues and bare
shelves persist) indicates that some of the food markets are
substantially out of equilibrium. While it is true that state food
store prices are generally substantially below prices in the free
market, the state food store prices are not low by comparison
with Western Europe and the United States nor arc they low
compared to the income of the population. Approximately
50% of consumer income is expended for food, of which about
§0% is purchased in state stores at controlled prices.

In Western Europe and the United States the « agricultural
problem », as viewed by most governments, is to maintain a
satisfactory level of farm incomes. Generally speaking, the
growth of demand is less than the potential inerease in pro-
duction, Rapid adoption of new methods of production by
farmers means that the demand for farm labor at current ve-
turns to labor is declining absolutely. When one adds to this
the fact that alternative earnings in the rest of the economy
are increasing, substantial reductions in labor inputs are re-
quired in most of the countries, While some of the countries
have had programs designed to facilitate the transfer of labor
out of agriculture, most have tried to solve the problem of
declining demand for farm labor by various forms of subsidics
and price maintenance or increasing measures.

The agricultural programs of the higher income countries
have certain direct implications to the agricultural development
plans or policies of the low income countries. Most of the low
income countries depend upon a limited number of agricultural
products for the bulk of their export earnings. If the major
industrial countries follow policies that result in expanding

[16] Jolhnson - pag. 20
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agricultural output, the export carnings of the low income coun-
tries are adversely affected. It is sometimes argued that the
agricultural policies and the related impoxt and export policies
of the industrial nations have little effect on tropical products
and, since most underdeveloped areas are tropical, very little
effect on the exports of underdeveloped areas. It is frue that
most of the restrictive measures undertaken by industrial coun-
tries affect cercals, which are grown mainly in temperate zones
and in developed nations. But sugar is heavily protected in
most industrial countries and cane sugar is a tropical product.
And the grain policies of industrial countries do have an im-
pact upon the market for rice, which is primarily a tropical
product.  Underdeveloped areas are a major source of wve-
getable fats and oils, which are subject to import duties in
some industrial countries. Sugar, rice, fats and oils are major
sources of foreign exchange for many underdeveloped areas;
the ability of such countries to import capital equipment and
other requirements for economic growth are affected directly
by the agricultural and trade policies of the industrial nations.

In summary and stated in broad terms, development plans
or policies for agriculture are primarily concerned with achiev-
ing a rate of growth of output that is approximately the same
as the rate of growth of demand. In the underdeveloped areas
of the world and in Eastern Europe, the plans or policies must
concentrate upon measures that will increase the agricultural
output growth rate. Obviously this must be achieved with an
expenditure of resources that permits attaining other important
objectives. In the United States the policies should create a
situation in which output growth is no greater than the growth
of demand and at the same time achicve a level of return to
resources engaged in agriculture approximately equal to the
teturns received by comparable resources engaged elsewhere.
In Western Europe the substantial imports of food give the
region the choice of expanding food output to supply the re-

[16} Johnson - pag. 21
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gional demand or of continaing to import substantial quantities
of food. The first alternative appears to imply a substantial
increase in the cost of food, while the second alternative has
important implications to a number of exporters of farm pro-
ducts. The first alternafive implies a protectionist policy while
the second alternative would permit the region fo realize signifi-
cant gains from international trade and specialization.

III. A Review orF SoME AGRICULTURAL PROJECTIONS

A governmental plan or policy depends upon projections
of future events. Plans by private firms and individuals ob-
viously require projections of the same general kind, though
the degree of detail required may be substantially less. There
are, of course, significant differences in some of the effects of
errors in projections or forecasts when made by governments
and private individuals. For one thing, errors made by private
individuals may be offsetting. TFor another thing, errors made
by private individuals may bring into play forces to correct
the error, such as a decline or increase in market price, while
a government price policy, subject to rather more slowly func-
tioning political processes, may compound the consequences of
projection errors. This will happen (and has) if a farm product
price is established at a high level which resnlts in atfracting
additional resources into the production of the product and
the bidding up of the price of certain resources. Tn order to
avoid economic distress o resources engaged in the production
of the product, prices may not only be maintained at the pre-
vious level but may be increased in order to provide a satisfac-
tory income to the overexpanded sector of the cconomy.

In this part of my paper T shall review agricultural projec-
tions for the United States and agricultural goals for the Soviet

[16] Johnson - pag. 22
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Union (Y). For the United States we have projections made
for both consumption and production. Only one aspect of the
production projections will be reviewed, namely crop yields.
Tt is assamed fhat the goals for the Soviet Union represent
projections of attainable output. For both the United States
and the Soviet Union the projections will be related fo actual
experience.

A. Projections for the Uniled States

1. Conswmption of agricultural products

I shall describe and comment upon only two of the nume-
rous projections of consumption of agricultural projects. One
projection was made in 1948 by the U.S. Departiment of Agri-
culture and was for the average of the period 1955-65. 1 have
assumed that the data for the year 1g6o represent the average
for that period. The other projection was made by Rex F. Dary
of the U.S. Department of Agriculture and was published in
1056 and the projections were for 1960; this study also included
projections for 1975 but these are not considered here.

Basically the two studies projected the consumption of agri-
cultural products on the basis of a model in which population
and per capita income were projected for the specified period.
Then the consumption of agricultural commodities was estim-
ated from studies of income elasticitics of demand and other
information concerning trends in relative demands. In order
to eliminate the effects of errors in population projections, all
data on consumption are here presented on a per capita basis.

In Table 4 I present certain of the underlying data on po-

0) I wish to acknowledge my obligation to Professor Jamis Bowwex
of Michigan State University who brought together much of the material
on the U.S. projections.
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pulation, employment, GNP, and per capita income for the
projections with comparisons with actual data for 1960,

The 1948 study underestimated 1960 population by 22 mil-
lion or 12%,. The relative error in the estimate of the labor
force was much smaller, though still very substantial since
all persons in the labor force in 1960 were alive in 1947 (the
Tast year of available data for the 1948 study). Gross national
product was underestimated by about 20%, though GNI> per
capita was in error by only 8%,

The 1956 study projections for 1960 were remarkably ac-
curate for the underlying data on population, labor force, total
and per capita gross mational product. This study covered a
period of approximately seven years since few, il any, data
were used for any year after 1953.

Projections of per capita consumption of a number of agri-
cultural commodities are compared with the actual consumption
in 1960 in Table 5. The 1948 study had quite accurate projec-
tions for total meats, potatoes, and sweetpotatoes, and fats and
oils. The difference between projection and actual was substan-
tial for lard, poultry, eggs, total milk, wheat, and cotton. The
ditferences between the 1956 study projections and actuals were
not as great as in the former study, but were still substantial
for certain individual commodities — beef, veal, turkeys, eggs,
milk, and cotion.

Table 6 presents comparisons between projections and
actual vields. The 1948 study projects yields for 1q65; the
1956 study was only for demand. In Table 6 1 have included
projections from several other studies in addition to the 1048
study. These include projections for 1950 which were pub-
liched in 1945, a U.S. Department of Agriculture projection
for 1965 published in 1961, the Paley Commission projections
for 1g75, and U.S. Department of Agriculture projections for
1975, Actual yields are given in the table for two three-yeax
periods - 1954-56 and 1960-62.

The 1965 vield projections from the 1948 study were ex-

(L6} Johnson - pag. 2§
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TABLE 5

Projected and actual per capila food consumption, United States,
1600

Projections for 1960

1048 Sludy(*) 1956 Study(?) Actual
(pounds) 1960
Meats
Beef e 4.0 85.0
Veal e 9.5 6.2
Lamb and mutton . . 4.5 4.8
Paric (exel. lard) . . . 68.0 65.2
Total . . . . 158160 150 161.4
I 12 7.4
Poultry
Chicken . . . . . . 24.0 28.2
Turkey . . . . . . 4.5 6.2
Total . . . . 22 (%) 28.5 34.4
Eggs (mumbery . . . . . 360 380 324
Total Milk Equivalent . . . 885 608 653
Fluid milk and cream . . 463 305 35T
Condensed and evaporated
Cheese . . . . . 8 7.5 8.4
Batter . . . . . . 15 7.5
Potatoes and Sweetpotatoes . . 105-110 o7 108.3
Fats and Qils . . . . . 46 44.7 45.4

) See footnote 1, Table 4, p. 32.
(*} See fotnote 2, Table 4, pp. 10 and za.
(*} Adjnsted from dressed weight t{o ready to cook.
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ceeded by 1960-62 yields in every case where comparison is
possibic; the percentage excess ranged from 19 to 68 M. 1t
may be noted that the 1965 projections from a study published
in 1961 were equalled or excceded in six out of seven cases
by 1960-62 yiclds.

At the time they were made, the projections of the Paley
Comumission were criticized for being unrealistically optimistic.
It may be noted that the lower of the two estimates (the « B »
projections), except for soybeans, have already been exceeded
by the 1660-62 yields. The last set of projections included in
the table were published in 1961, Most of the « attainable »
projections have been exceeded or equalled.

It should be noted that the yield projections have repre-
sented what might be called judgment estimates, In some
instances past trends have been ecxtrapolated, but often the
prospective yields have been estimated by agronomists and
other agricultural scientists who are well acquainted with a
specific crop and area. The projections have been the work
of competent scientists. It is clear that the yield projections
have missed or will miss the mark by a substantial margin.
It is also fairly clear that if development plans had been based
upon these projections, serious shortcomings would have
emerged in the prosecution of the plans or certain objectives
would not have been fulfilled. For example, the number of
farm families that could earn a given level of net income in
agriculture would have been much greater than the number
that can now earn that amount if the actual yields of crops
had been at levels consistent with either of the two sets of yield
projections for 1965. Prices received by farmers would have
been substantially higher than at present. Had farmers been
induced to make their plans in terms of anticipated prices
substantially above realized prices, a large economic loss would
have been realized.

{"} The 1965 wyield projections from the 1948 study were excesded in
1954-56 in five out of seven cases and almost equalled in another.

{10] Johnson - pag. 28
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B. Projections for the Soviet Union

In the Soviet Union the announced goals for agriculture
represent goals both for production and for consumption, after
adjustment for exports or imports and changes in stocks. TFood
consumption will also differ from production because some
part of certain products is used for industrial purposes or part
of the output is used as an intermediate product (feed or seed}.
For this brief discussion, the goals will be considered solely
as production projections, The goals for the Sixth Five Year
Plan (rg56-60) and for the 1958-65 plan will be presented and
compared with actual performance for the 1956-6o period and
the first four years of the present plan.

Table % presents information for each of ten agricultural
commodities - output in 1955 and rgbo, the goal for 1gbo,
the actual increase and the planned increase, and the actual
increase as a percentage of the planned increase. Of the ten
goals, only one was fulfilled, This was the goal for sugar beets
and it was overfulfilled by a substantial margin; in fact, by
such a wide margin relative to the fulfillment of the other goals
that it might be said that there was an exror in the execution
of the plan (). Of the other nine goals, the actual increase in
output as a percentage of the planned increase in output ranged
from 17% for cotton to 48% for wool. Instead of gross agri-
cultural output increasing by 70%, the increase was only 32%
or 46%, of the planned goal.

The above comparison of goals and performance may be
considered by some to be irrelevant since the Sixth Five Year
Plan was abandoned in midstream. The Sixth Plan was repla-
ced by the Seven Year Plan for the period 10959-65. While the
Seven Year Plan is not yet completed - it is now in its fifth

() It should be noted that the procurements in 1g96o were 5.2 million
tons less than ontput. In rgss the difference was only 0.4 million tons.
The difference probably consists of both waste and feed. In addition, 5.9
million tons of sugar beets were produced for feed in 1g6e.

[16] Johnson - pag. =29
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TaprLy 7

Qutpul of agricultural products, 1955 and 960, goals for 1960, and
increases in output and planned increase, Soviet Union

Actual incre
ase as per-

cent of
Producet 1085 (}utpuli%o l(';gal actui;mmasglan ﬁi::lélatéé
(million: metric tons)
Meat . . . 6.3 8.7 12.7 2.4 6.4 38
Millk . . . 430 617 84.2 18.7  41.0 46
Grain . . . 107.0 1344 180.0 27.4  73.0 38
Cotton . . | 3.9 4.2 6.2 0.4 2.9 17
Potatoes . . #1.8 84.4 12065 2.6 54.7 23
Sugar beels . 3r.0 57.57 47.2 267 162 105
Vegetables . 141 16.6 283 2.5  I4.2 18
Wool . . . 0.26 0.30 0.4% 0.10  0.2T 48
Flax-fiber . . 0.38 042 o057 0.04 0,13 31
{(billion unifs)
Eggs . . . 185 27.4 467 8.9 264 33
Index nambers (1955 = T60)
GGross agr,.
output . . 100 132 170 32 70 40

Seurces:  « Pravda », Lebroary 26, 1056, « TSU, Narodnoe khoziaistvo
SSSR v 1960 godu » (Moscow, 1961} pp. 362, 374-75 and 378.

Li6] fohmson - pag. 30
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year -— the performance for the first four years can be com-
pared with what would have been required if the goals were
to be achieved. This is done in Table § by assuming that the
output path between 1958 and 1965 was to have been linear M.

For the four years ending in 196z the annual increase in
gross agricultural output was only 18% as large as that re-
quired to achieve the 1965 goal. Of the ten commodity groups,
there were two with output declines. For the other eight, the
ratio of the actual to the planned increase ranged from 21 to
03%, with only one of the rafios being in excess of 50%,.
For the commodity with the highest ratio of actual to planned
increase — sunflowers ~- the planned increase for the period
was only seven per.cent,

The record of oufput performance of Soviet agriculture is
somewhat better than that indicated by the estimated seven
per cent increase in output between 1958 and 1g62. In 1958
climatic conditions were very favorable and agricultural output
was probably five per cent greater than it would have been
under average climatic conditions. However, in the published
discussions of the Seven Year Plan I have seen no evidence
that the effect of the favorable conditions in 1958 was taken
into account in establishing the 1965 goals. T suspect that the
modest increase in planned output for sunflowers and other
oil-bearing sceds reflected the high 1958 yields, but I have seen
no place where this was recognized.

A brief comment concerning the decline in sugar beet output
between 1958 and 1962 may be in order. There is little doubt
that the output of sugar beets for refining could have been
larger in 1962 than it was. The sugar beet goal for 1965 ap-
pears to be an instance where the goal was set too high in terms

('} According to data presented in a speechk by N.S. Krushchey
(« Pravda », March 35, 1962) it appears that the annual goals for agricultural
products for 1958-65 are approximately linear interpolations of the 195§
output and the 1665 goal. Tor two examples given —— grain and milk —
almost exact linear interpolation was involved; for the third example -
meat — output was supposed to bave increased at a greater absolute
amount{ in earlier than in later years.

(16] Johusou - pag. 3
D Pag



1172

PONTIFICTAR ACADEMIAE SCIENTIARYM SCRIPTA VaRIA - 28

TasrLe 8

Output of agricultural products, 1958 and 1962, goals for 1963,
and average annual increase 1958-62 and Pplanned increase,

1958-05

Actual increase

Average as percent of
Quipul Cioal increase Annual planned
1938 1662 1965 aclual plan incredse
(million metric tons)
Meat 7.9 0.4 16.0 0.42 0.7 43
Milk . 58.7 04.2  100.0 () .37 5.34 26
Grain i41.2  147.5  1064.0 (3) 1.50 3.26 46
Cotton 4.34 4.50 5.7 (%) 0.04 0.I9 21
Potatoes 86.5 68.6 (9 147 ~4.48  8.64 - (8
Sugar beets  54.4 47.2 (5) 76 (% ~1.80 3.04 — {8
Waool 0.32 0.37 0.55 0.0I  0.03 33
Iflax fiber | 0.44 - 0.58 e -
Sunflowers 4.63 4.8 4.95 ()  0.04 c.0§ 03
{billion units)
Eggs 23.0 30.2 61 1.80 5.4z 33
Index numbers (1958 = roo)
(iross agr.
output 100 o7 (1Y 170 1.75 10.00 18

Sonrces: « TSU, Sel'skoe khoziaistvo SSSR » (Moscow, vg60o), pp. 27,
31, zoz-03, 332-33 and « Pravda », January 20, 10063.

in terms of seed cotton.

(9 Minimum goal; maximum goal is 105 million tons.
(» Minimum goal; maximum goal is 180 million tons.
() Minimum goal; mamixum goal is 6.1 million tons.

} OQutput in both rg6o and 196: was 8¢ milion tons.
(%) 22.9 million tons of sugar beets were used for feed; these amounts pro-
bably could have Dbeen processed for sugar.

(8 Minimum goal; maximum goal is 84 million tons.

() Tstimated from official data on cutput by commeodity groups;
by 1958 prices paid to collective farmers.
) Output declined between 1958 and 1962,

{*} The plan specified a goal for oil-hearing seeds; ¥ have assumed the goal

Goal and output

weighted

for sunflowers was go%, of the goal for all oil-bearing seeds on the
basis of rgs8 output of sunflowers and other oil-bearing seeds.

i
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of consumption requirements or demand when account is taken
of the quantitics of other foods available. T his probably ex-
plains why there was a substantial diversion of resources from
producing sugar beets for refining to sugar beets for feed. The
large imports of sugar from Cuba have probably had a signifi-
cant influence on the decision to reduce the refining of sugar
beets.

In 1961 the Soviet Union imported 3.34 million tons of
sugar (refined basis). Total granulated sugar production in
1962 was 7.8 million tons, of which 6.0 million tons was from
sugar beets. Total sugar refining in 1962 was 29, below 190I.
The decline in refined sugar from 1961 {0 1962 is consistent
with the view that the 1965 sugar goal was set at too high a
level relative to other farm products.

One of the factors responsible for the modest increase in
Soviet agricuitural output since 1958 has been the failure of
industry to deliver the inputs for agriculture that were implied
in the plan. In March, 1g62 Krushchev remarked as fol-
lows (1)

« The seven-year plan called for increasing the output of
mineral fertilizers from 12,000,000 to 35,000,000 tons, an in-
crease of 23,000,000 tons. T hree vears have passed, and the
production of fertilizers has increased by only 2,500,000 tons.
Tn the first three years of the seven-year period the plan for
new capacity fulfilled only 44%. The same thing is happening
with the organization of herbicide production. Two years ago
the Central Cornmittee and the government adopted a decision
on this question. Time is passing but there are no herbicides. »

The 1962 fertilizer output was 17.3 million tons or 13%
greater than in 1gé1. Fertilizer output in 1058 was 12.4 mil-
Jion tons, instead of the 12 million tons implied by the above
quotation. Thus in four years the increase in output was only
4.9 million fons.

(1) « Pravda », March 6, 1906z2.
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In his March, 162 speech Krusncurv also noted that the
deliveries of certain farm machines declined substantially be-
tween 1957 and 1g6o. However, there appears to have becn
a substantial increase in farm machinery production since

1g6o - perhaps by 50%,.

C. General Comment

It is fairly obvious from the above brief discussion of
projections, goals, and performance that much remains to be
achieved before specific projections of output and consumption
are to provide an adequate base for development plans. It can
be argued, of course, that either inadequate analytical and
statistical methods were used or that the goals were politically
motivated. Such an argument could be correct, but it implies
that more adequate methods are available and could be applied
in specific cases and that the political elements can be cli-
minated.

IV. SOME ANALYTICAL AND STATISTICAL PROBLEMS

For short periods of time, say three to five years, it ap-
pears that fairly accurate projections of changes in the demand
for agricultural products are possible. However, even this
statement must be qualified to exclude such effects as the Ko-
rean War or a significant change in the policies of other im-
porters or exporters where international trade is involved.

Projections of changes in output or of the effect of specific
policy measures upon output are subject to much greater uncer-
tainty. ILven if we exclude the problems that may arise le-
cause of climatic variations, other determinants of output do
not appear as yet to be subject to reasonably adequate projec-
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tion. This is true both of aggregate agricultural output and
of the oufput of individual farm products,

The factors that affect changes in output are often extre-
mely complex and not too well understood. In fact, some
are of a sort that are virtually unknowable. How do we know
when a new variety of seed is to be available? How do we
know how rapidly it will be adopted by farmers? How do
we know how quickly it will be improved by more adequate
adaptation to local conditions? In the United States we have
learned a substantial amount about the answers fo the last
two questions from studies that have been made of the adoption
of hybrid corn ('), While we knew that a new hybrid for
another crop would probably be adopted much more quickly
than the 13 years it took before corn hybrids changed from
1 to 80%, of the seed nsed, we were not able to predict that
the same change would occur in grain sorghums in about 3
years. Nor did we predict that the yield advantage would be
as great as it was. Our original expectation was that the yield
differential between hybrid and ordinary grain sorghums
would be about 25%; the actval yield differential appears fo
exceed 50% and may be as much as 75%.

The use of trends to project output appears to be of little
value. Starting with the second decade of this century, the
decade increases in U.S. farm output have been as follows
{in percent):

Qro-1g . . ... 8
grg-29 . . . . . I3
T929-39 . . . . . 10
1939-49 . . . . . 28
1949-5¢ . . . . . 18

() Zvr Grivemes, Hybrid Corn: An Exploration in the Economics of
Technological Change, « Econometrica », 25 (4), October 1957.
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The thirties was a period of adversity on agriculture -
drought, low prices, low incomes — yet output increased
more than during the 1910-1¢ period and almost as much as
during the twenties. Then during the fortics output increased
almost as much as during the two previous decades. While
the growth of output was smaller during the fifties than during
the forties, the growth was greater than in any of the first
three decades included in the tabulation and despite certain
efforts to restrict production.

The same kind of seeming discontinuity in output growth
can be illustrated by changes in output in the Soviet Union.
Between 1953 and 1958 the official index of gross agricultural
output increased by 49% (). This was an annual compound
rate of growth slightly larger than 8%. Between 1958 and
1962 gross output increased by approximately 7% or at a
rate of less than 2% annually. While most Western observers
did not expect the growth rate achieved between 1953 and
1958 to be maintained, T do not believe that there was any
one who predicted a growth rate as low as the actual one.
Mr. Arcanius Kaman and I predicted that output might in-
crease by about 249%, between 1958 and 1965 or at an annual
rafe of about 3%. Our projection should be compared with
the increase of 709%, indicated hy the Seven Year Plan.

IEx post we can say a great deal, both for the Unifed States
and the Soviet Union, as to why there have been such changoes
in the rate of growth. But in making projections we are still
not in a position fo do very much in the way of predicting
changes in methods of production or the effects of changes in
meentives,  For example, not all of the differences in views
concerning the effects of the output price level on production
n the Common Market or in the United States are due to self
interest or political views; a large part of the differences exist

{1 T de not believe that the official output data for 1958 and 1953 are
strictly comparable, but the relative overestimation of output in 1G58 is
not so great as {o negate the point made in the text.
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because we do not yet have an adequate analytical or statistical
framework for estimating ageregate supply response of agricul-
tural products.

In many of the underdeveloped areas of the world, data are
sither lacking or of unknown reliability. 1f it has so fay proved
difficult to make reasonably accurate projections for the United
Gtates or the Soviet Union, one can hardly be sanguine about
the possibilities for Africa, Asia, or South America.

T do not want my remarks to be interpreted as implying
that all efforts at projections are futile nor that projections even
though subject to substantial error are without value. It is
certainly important for a nation that it be aware that if pre-
sent policies continue then it is quite likely that farm output
will grow no more rapidly than population, for example. Such
a projection should not be interpreted that food outpul wilt
not grow more rapidly than population, but that to assume
otherwise may well result in an undesirable consequence in
the future and that alternative policies should be considered
and evaluated.

But T do not believe that projections that can now be made
possess the necessary degree of accuracy to make it feasible
to rely upon detailed planning procedures which largely sap-
plant the operation of the market. There are many limitations
in the way the market functions, but there is abundant evi-
dence that there are also many limitations involved in the
execution of detailed and centralized plans.

There is a sfrong and convincing case for many types of
sovernmental action that will make economic growth more
rapid and less costly in terms of current consumption. In-
cluded in such actions are certain obvious candidates — pri-
mary and secondary education for the rural population, re-
soarch and adult education, improved market information,
sanitation and health measures. These are measures that im-
prove the quality of the human agent and provide the rural
population with the means for rational decisions. In particular
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situations, land reforms, governmental measures to improve
and expand credit facilities, subsidization of specific production
practices as a means of speeding their adoplion (including the
creation of the capacity to produce such items as fertilizer),
special measures to bring new lands into cultivation through
irrigation, drainage, clearing or through provision of roads and
other facilities that would make it possible to settle new areas
or price supports at moderate levels as a means of encouraging
the expansion of commercial production merit appraisal and
consideration.

The underdeveloped areas are primarily concerned with
achieving an increase in the rafe of growth of agricultural
output. This must be accomplished in a setting in which the
resources under the control of the government are relatively
limited. The funds that can be invested and the trained per-
sonnel available for carrying out a plan or policy are clearly
very limited. In many countries there are not enough trained
economists and other specialists to develop the analyses and
estimates required for the formulation of 2 detailed develop-
ment plan or policy. In some cases, foreign specialists can
assist in such formulations, but the value of foreign experts can
be easily overestimated.

One of the most important contributions that econometric
analysis can make fo the underdeveloped economies might well
be a series of studies that will aid in the decisions involved in
the allocation of trained personnel. Will such personnel have
a higher marginal product in establishing a rescarch and exten-
sion program or in organizing an irrigation project? Will the
marginal product be greater in developing a series of invest-
ment priorities in the agricultural sector or in analysis of the
tenare system and other factors affecting incentives? These,
and similar questions are extremely difficult to answer and
are generally not the type of problems tackled by econometric
methods.  But such questions may be more important than
some of the questions that we are ordinarily interested in.

[16] Johnson - pag. 38
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In the United States and Western Furope the major policy
objective concerns the level of farm incomes. The major ana-
lytical questions are not the same as the ones discussed above.
The questions relate to the social costs of alternative policies
and the effects of alternative policies upon the Ievel and distri-
bution of farm income and the size of the farm population.
There does not now exist, for example, a convincing analysis
of the effects of reducing the wheat price paid to German far-
mers by 150 Dm per metric ton upon the average level of
return to labor and capital engaged in agriculture. Nor does
there exist an adequate analysis of the effect of the .5, farm
programs upon the level and distribution of farm incomes or
of the effects of substantially reducing that level of expenditure.

Basically, our difficulty is that we have not as yet heen
able to satisfactorily estimate the aggregate supply function for
agriculture. Given the many variables that affect the aggregate
supply function, when input prices must he allowed to change
as output prices change, when factor supply functions arc shift-
ing over time and adjustments fo changing factor and output
prices do not occur instantaneously, it is perhaps understand-
able that we have thus far made so little progress.

16 Johnson - pag. 39
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DISCUSSION

MAHALAROBIS

I am practically in agreement with ali the points made in this
paper. I should just stress two or three points which seem to me to
be of particular importance. Tirstly, industrialisation as an esscntial
condifion for improvement of agricultural production, There has
been a lot of unnecessary controversy in a country like India by
raising the question whick must you emphasise more, industry or
agricnlture? Both of cowrse; there is no conflict between industry
and agriculture. It is a simple but an extremely important point.

Secondly, I was very much interested fo see, on page I9. the
estimate of rate of growth of 3.5 per cent to 4 per cent in agriculture;
such a rate of growth is absclutely necessary for economic develop-
ment. In India it is necessary to have a rate of growth of the order
of 7 per cent per year for the economy as a whole. With population
increasing more than two per cent per year, the per capita income
would increase at the rate of 5 per cent per year and would double
roughly in 15 years which would give some cause for hope. To
achieve this it is necessary to have a rate of growth of the order of
4 per cent per year for agriculture.

1 should also entirely agree that demand estimates can be extre-
mely useful; we have found this in India. In caleulating income
statistics, we have used a special method of arranging the sample

[16] Johnson - pag. {1



houscholds in ascending order of level of living, as measured, roughiy,
by per capita consumption expenditure, and dividing the sample (or
the estimated population) into a suitable number (say, 100, 50, 25,
20, 10 ele.) of groups, called « fractile groups » each consisting of
the same number of percentiles (1%, 29, . 5%, 10% ete.) of the
sample, and then finding elasticities in terms of the fractile groups.
These elasticities (or their ratio) scem to be fairly steady; by putting
In current prices one can then immediately get income-clasticitics in
money term at any point of the range.

Some interesting points have come out in India about the paitern
of change of consumption {in physical or money terms) of certain
commodities with increasing levels of iiving as measured by the per
capita consumption expenditure, For certain commoditios this pat-
tern Is guite different in wrban and raral areas: for example, for
foodgrains, The interesling point is that, aver a pezried of 10 years,
the pattern of consumption of foodgrains in urban areas and the
patternr in rural arcas have been entirely different, but both have
remained practically steady. With the increase of income (in the
sense of national fncome or of households) in a country like Tndia
which is very poor, or with an improvement in the supply position
of foodgrains, the per capita average consumption of foodgrains of
the whole population may go up or some times, with increasing prices,
may go down, but the pattern remains the same. OFf course we are
interested in this, particularly from the point of view of inequalities.
The National Sample Survey of India, which covers the whole of
India, has at least two inter-penetrating sub-samples giving twa in-
dependent estimates: and also, of course, a combined estimate by
pooling the sub-samples. Using a graphical representation {in the
form of distribution of per capita consumption, or concentration cur-
ves or in other ways) the difference between the curves based on the
two sub-samples gives a non-parametric and completely invariant
error area with which the analysis can be carried very far; T discussed
it in another paper. From our own experience I fully agree with the
points made by Prof. Jouxsow in his paper,

As regards the supply position, T think in an underdeveloped
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country like India, the official figures are often unreliable for food-
grains. There is no concept of checks and cross-checks. It is due to
{reating statistics as legal evidence, that is, to consider that its sanc-
tion depends on the level of authority which gives administrative
approval, The Food and Agriculture Ministry in India gives some
estimates of foodgrains; as this Miristry is in administrative charge of
matters relating to foodgrains, its estimate is the only one which must
be accepted (in the sense of a law court accepting legal evidence).
Even if another Ministry or Department of Government indepen-
dently make some other estimate (say, from consumption side) then
that estimate is not «official » in the legal sense and cannot be
used, In fact, in India, it has been urged that only one agency
should collect each type of statistics hecause multiplicity of agencies
might lead to differing cstimates which would be confusing; in other
words, the very possibility of having checks and cross-checks must
be eliminated. Tt is a somewhat paradoxical situation. India has
some kind of reputation outside India for its statistics; but Indian
statistics remains weak because statistics is treated as a matfer of
legal evidence and not of scientific validity. The official figures of
foodgrains in India (based on so-called complete enumeration of all
agricultural holdings), in my personal judgement, may be unde-
restimates by some thing of the order of 20 or 25 per cent. The
production of wheat and rice and other foodgraing can be estimated
through samples on the basis of the area sown together with the
yield per hectare ascertained by crep-catting experiments. The con-
sumplion of foodgrains can also be ascerfained through a sample
of ail houscholds in the country. A direct comparison is then pos-
sible between such estimates of consnmption with the independent
estimafes of production after allowing for seeds, inventory, loss in
storage efc. As there would be at least two sub-samples and two
independent estimates of hoth consumption and production, such
comparisons can be carried out in an entirely scieniific way. In
the case of a cash crop like jute, during the war, the production
estimates given in Oclober of one year could be verified about 15
months later from the utilization estimates based on figures for
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shipping of both raw jute and manufacture and changes in stock
in the hands of jute mills; the production and wutilization figures
were in agreement within a margin of about 2 per cent.  Although
such an objective method can be used, the so-called « official »
estimates of foodgrains in Tndia are based on the perfectionist theory
of figures being oblained for every field in the village; because this
is a so-called complete enumeration, and becanse such a system
has been in use for centuries, therefore it has high legal status like
custom immemorial; and also no independent check should be per-
mitted, becaunse it would be confusing if the results of such a check
differed from the official cstimate. So the point stated by Mr.
Jonnson is well taken and extremely imperiant, Tt also raises the
question whether a lot of sophisticated acrobatics on econometrics
on the basis of such unreliable statistics in the underdeveloped coun-
tries would not be a complete waste of scarce rescurces.

I entirely agree that without progress of agricultural output no
rapid economic development is possible. I do not clearly understand
the last paragraph at the end of page 37 « 1 do not believe that
projections that can now be made possess the necessary degree of
accuracy to make it feasible to rely upon detailed planning procedures
which largely supplant the operation of the market ». I understand
what this sentence means, but on the other hand, I take it that the
next paragraph is making out a case for State intervention. I find
a little gap here. Can you always leave it to market cperation as
such in an underdeveloped couniry? 1 should strongly differ. In
my own country in 1943, during the war, because of that particular
docirine {I may mention that the Iconomic Adviser of Government
at that fime was Pr. GreEcory, the author of a standard book on the
Gold Standard} there was no attempt at any control or rationing of
foodgrains with the result that a famine broke ouf in Bengal. An
official commission appointed by the British Government found that
one and a quarter million people had dicd directly from famine,
which is about twice the total casuallies of the U.S.A. and UK.
taken together during the Seeond World War.  This happened.
Therefore, 1 do believe that government intervention is essential but
should be a minimum.
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With the points made in pp. 37-38, I am in complete agreement
We are rapidly promoting the use of fertilizers in India; we are also
starting the manufacture of machinery to set up new fertilizer plants.
But there is one point which has not been brought out, namely,
the need of price support, or more precisely, having both fleor and
ceiling prices because consumers must also be protected.  There
should be buffer stocks and open market operations to the largest
extent possible. In India, Government could hold 5 or 6 million
tong of foodgrains in suitably located warehouses. There would be
pre-determined floor prices which may vary for different crops in
different arcas; when the price touches the pre-determined low point
in any area, Governmenl would start purchasing immediately with
a guarantee to continue without limit; this would give necessary
price support to growers, On the other hand, once the ceiling price
is touched, Government would start selling and this would protect
the consumers. Such a gystem, 1 think is necessary in countries
where there is a scarcity of food but not in countries like Thailand
or Burma where there is a surplus. [ think it would be of great
help if the advanced countries would try to persuade an onderde-
veloped country {o adopt the above policy (using if necessary United
States PIL. 480 arrangements) to build up buffer stocks and have
open-market operations with not too large a gap between the floor
and ceiling prices so that speculators would not come in.  This
should be adequate; other methods of physical control may have to
be used if the scarcity becomes very acute, 1 am amplifying the
reredies but not really differing from Mr. Jonwson.

I could not agree more with the statement on page 38, that there
are many questions which are not now within the range of ccono-
metricians, or may be they can never be — T am leaving that
question open; I am simply agreeing that they are now beyond the
technigues which have been so far developed and which may be
entirely suited to the needs of the advanced countries. There is a
great danger of highly trained econometricians in my country going
on solving problems which may be entirely valid in respect of ad-
vanced countries but which have no relevance te the problems of
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-
o



1186 PONTIFICIAE ACADEMIAL SCIENTIARVM SCRIPTA VARIA - 28

an underdeveloped country, I see a great danger here. On the
other hand, there are very important questions, some of which have
been raised by Mr. Jomwsow, about how the cconometricians in
advanced countries can help the underdeveloped countries, This is
a question of wvital importance, not only for the underdeveloped
countries, but aise in the enlightened self-interest of the advanced
countries,

Koormans

A briel question — in these elasticity estimates, does food include
the tin can and the #p to the waiter, or not?

Jonunson

What 1 talked about was food at the farm-gate level,

Koormans

The other question is about the need for these projections — so
to say the marginal productivity of improvements in the accuracy
of the projection. What decisions do depend very much on having
accurate prejections and what harm is done if projections are inac-
curate? If no great harm is done it is a nice purpose just the same
to improve accuracy, but it wouldn't rank with as high a priority
in econometric work,

Jounson
I think this is a very pertinent and relevant question and 1

would try to answer it in terms of the difference in plans in the
planned and the essentially free-market countries. I think that in-
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correct projections, if they affect policy decisions, can somefimes
have serious consequences. 1 would ke to give two examples, one
drawn from the U.S. and the other from the U.S.5.R. In the early
part of the last decade, aboul rgs0, a series of projections about
future demand/supply in agriculture were made for the U.S. The
projections implied that the growth of demand over the next decade
was going to be very rapid and that there seemed fo be little pos-
sibility of rapidly expanding production beyond what had been
achieved during World War II. Tt is impossible to say the exact
connection between that series of projections and what was actually
done in the policy field; it at least was used as an excuse in the
discussion for increasing the support prices in the carly 1950s; this
action had very serious cconomic consequences, later, in inducing
too many resources {o remain in agriculture. Obviously if nobody
had paid any attention te these projections, they would have done
no harm, but in this casc attention was given to them and we arri-
ved at the wrong decision.

In the USSR, the Seven Year Plan for 1958-05 invelved
projections for agriculture. These projections or plans were made
with great enthusiasm, but I assume were believed to be realistic.
A large increase in output was to be achieved by 1605, largely
through capluring what Soviet officials call « reserves » which didn’t
require additional resources; thus it wasn’t really necessary to push
the fertilizer plan or other plans to increase the resources nsed in
agriculture. The errorg in the prejections have had a serions im-
pact. Had the official projections for the U.5.8.R. been similar to
those made by Kaban and me which indicated that output would
increase by less than 25 percent instead of 70 percent in 7 years, 1
suspect that several very different policy decisions would have been
made during the past few years, Some of the ditficulties that have
resulied from a reduction of the grain crop by perhaps a quarter
in 1963 compared to 1962 would not have occurred. The US.S.R.
would not now be using perhaps a billion dollars in foreign exchange
to purchase grain during the coming year (1963-64); they would
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have taken policy measures that would have prevented these expen-
ditures,

MALINVAUD

Professor Jounson has shown us that long-term forecasts in
agriculture were often very poor. 1 should submit that this is not
surprising.  The future is difficult to predict anyway; and quanti-
tative economics is not an old science. IEconomist, who only re-
cently started to work with real data, have still much to learn in
order to predict better.

Even considering the present achievements, 1 would not accept
the conclusion that we should no longer try to make long-term
projections, Whoever has to decide for the future, must have some
idea of the future, Thus, the real alternative is hetween individual
long-term projections and what I would call centralized long-term
projections.  Professor Jomnson has not convinced me that we
should only rely on individual projections,

One of his claims is that individual errors are offsetting. DBut,
in the first place, I doubt whether they really are. Great mistakes
have heen made during the past 15 years in various industries, My
feeling is that, in most cases, the centralized projections were less
wrong than the average individual projection. The centralized pro-
jection had to fight against the common belief that was generally
much too extreme. Such was the case for fuel during the Furopean
coal shartage, and again shortly after at the time of the Suez crisis.
According to me, econometric studies are usually bringing inte the
discussion about the future some rational elements which are not
taken into account Ly individuals who have no time to go into a
serious analysis.

In the second place, even if the errors were offsetting, we shonld
not necessarily be satisfied with the situation. Offsetling errors do
not imply good decisions.  Each individual decides on the basis of
his own mistakes. Decisions will then be inconsistent with one
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another to the extent that they are based on different assumptions
about the future. To convince me, cne ought to prove that such
inconsistencies have no detrimental consequences.

In line with Professor Mauaravopis, 1 should add that I do not
like much the expression « to supplant the operation of the mar-
ket » becanse it implies more than it really says. Most people would
agree that we have not to supplant the operation of the market if
the market operates well. The only question is to know whether it
does operate for the long-term allocation of resources. Are long-
term decisions in agriculture enlightened by the operation of the
market? So far as | know, they are nol. Nowhere in the market
process will an individual banker who considers making a loan to
a farmer, find when the hybrid corn will reach the 80% level of
diffusion, or what the price of corn will be in five years from now,

Joumson

There is no question that some of the remarks in the last three
or four pages are quite cryptic and perbaps warranted more detailed
exposition. My excuse is that 1 thought the paper was already too
long. T would like to explain amd — in some degree — defend the
position that I took with respect to the usefulness of agricultural
projections and that such projections do net now « possess the ne-
cessary degree of accuracy o make it feasible to rely upon detailed
planning procedures which largely supplant the operation of the
market »,  Both Prof. Manavanonis and Prof. MarLmNvaun were
somewhat concerned about that statement,

What T meant by « detailed planning procedures » were quan-
tity allocations, of inpuls or oulputs, or price determinations by
governments that effectively determine the prices that affect pro-
ducer and consumer decisions.  Obviously, there are a varicty of
interventions — planning — where I feel that we know enough to
rely on governmental actions; these are listed in the paragraph
following the sentence that has elicited these reactions, 1 there refer
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to education, research, land reform, huilding roads. These are
actions that supplant the market; when a government builds a road,
this supplants the private market for the road.

With respect to Prof. Marmwvaun’s other points, their basis may
be in the brevify of my presentaiion but I am not sure. On page 37
I state specifically, « I do not want my remarks to be interpreted
as implying that all efforts at projections are futile nor that projec-
tions even though subject to substantial errer are without value ».
This is rather different than what it has been implied that I said.
In the paragraph from which the above sentence was taken, T noted
that if projections indicated that food outpui was likely to grow
less rapidly than popnlation, governmenis should clearly act in
response to such a projection if it is believed to have a sound basis,
In the United States, all projections indicate that if present policics
are confinued, output is going te grow more rapidly than con-
sumption. Such a forecast has significant policy implications.

I did not say that « individual crrors are offsetting ». What I
did say (on page 22) was the following: « For one thing, errors
made by private individuals may be offsetting, For another thing,
errors made by private individuals may hring into play forces to
correct the error, such as a decline or increase in market price,
while a government price policy, subject to rather more slowly func-
tioning political processes, may compound the consequences of
projection errors. »

I am particularly concerned that Prof. Marinvaup has inter-
preted me as saying that simply because private forecast errors may
be offsetting, the resulting resource allocation is an efficlent one.
I did not say this; in fact, T once wrote a book (Forward Prices for
Agriculture) about the preblem and concluded that a type of go-
vernmenial price forecasting for a production period could lead to an
improvement in resource efficiency,

But the point I have tried to make was that where errors are
made by private individuals, and this is parlicalarly true in agri-
culture, the market does bring into play forces that correct the
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errors, whereas, in most cases where government policy is involved
the impact may well compound the effects of the previous error.
German agricultural policy today is an example of such a re-
sponse. Farm prices have been too high in the past and are too
high now. The high prices are impeding certain adjustments that
could well occur within the German economy in transferring labour
out of agriculture, However, since income growth in agriculture
was not quite as rapid as in the rest of the economy, the solution
adopted two or three years ago was to increase farm prices even
further. The basic problem is that there are too many people
engaged in German agriculture. So the error that was made by not
{rying to make the adjustment through helping to transfer resources
out of agriculture has resulted in a compounding of the difficulties.

MALINVAUD

As I see it, that example does not show the government should
not interfere. It ilfustrates a rather different point, namely that it
is sometimes a difficult affair to determine first what a wise policy
should be, then to enforce it consistently, and also to know how to
revise {t when necessary.

ALLAIS

I have only iwo very brief points, The first one is that I would
like to stress the interest of the work done by Professor JoHNSON
in recent years about agriculture in Soviet Russia. This work is
very useful and I had in the past the occasion to usc it and 1 think
that is a type of study which should be multiplied. My second point
is, I think, quite important, in view of the discussion we must have
for the final statement. I must say that I agree completely with
what Prof. Jounsow said on page 3 of his paper, namely, that it
appeared to him that it was necessary fo paraphrase the intro-
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duction to this colloquy and 1 feel great sympathy with what he
says. To quote him: « The application of cconomic analysis and
recent experiences of various economic systems have by now given
sufficient proof that modern or underdeveloped agricultures cannot
be subjected {o agricultural development plans that impede neces-
sary adjustments, result in exploitation of the farm popufation, fail
to recognize the potential high returns to certain investments in agri-
culture, or restrict the potential gains from international speciali-
zation in production, but development plans must be consistent
and efficient in the use of scarce resources and not result in un-
desirable economic sitnations. » I would say this judgment is valid
not only for agriculture but also for industry and for the whole
econemy, and 1 hope that we could stress this in our final statement,

HaaviLmo

I would like to ask Prof. Jomnson if the need for the kind of
research (lhiat he has suggested, might not be somewhat different in
arcas with a low density of population and in areas with a high
density of population? It seems to me that the kind of production
policy needed may be different in the two cases.

WoLp

What I wanl to say has parily been said by Prof. AuLais, st
of all 1 wish to compiiment Prof. Jomnson for his superb paper,
and to emphasize that his general conclusions make important ma-
terial for our final statement.

The eminent qualities of Prof. JoHNsoN’s paper invite to general
comments on the position of present day econemetrics. Econome-
trics is still a young science. Speaking broadly, there has been a
gradual evolution and expansion from micro to macro approaches,
Demand analysis and the assessmeni of cost functions and pro-
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duction functions are key areas of theoretical and applied work
where ecconometric methods have been well established for a long
time and where they are in every day use both at micro and macro
level. Macro problems, again speaking broadly, are on the whole
more complex and difficult, and the econometric methods are here
far fron: having the firm grasp on the problems as at the micro
level, The theme of our Study Week is an inspiring challenge to
report on the present status of econometrics in the ireatment of
ceonomic growth and business cycles, the two major areas of macro
analysis. It is safe to say that as the avenues of quantitative ana-
lysis and econometric techniques have broadened in these areas, it
has gradually become more and more clear that the two groups
of problems involve a highly complicated network of interrelated
phenomena, the conclusion being that the problems are not ame-
nable to simple and easy solutions. The spearheads of research and
applied work have moved forward in significant steps, marked by
successful attacks on a number of partial problems, but I think
everybody will agree that the successes have as yet only been
partial. More specifically, no integrated model of business cycles or
economic growth has as yet been reported which has been successful
in the qualified sense of passing the purgatory of a strict predictive
test (see the third section in my report « Toward a verdict on ma-
erocconomic simultancous equations » to the Study Week), Well 1o
note, the emphasis of this statement is not on the shorlcomings of
existing models — personally I am convinced that the road is well
paved for contimued progress, and the goal of reliable predictions
will be reached in due coursc — on the conirary, the emphasis is
on the partial results thus far established. It seems to me that eco-
nometrics by now has reached an intermediate stage between micro
and macro. Micro analysis is well consolidated with regard to pro-
lems, methods and results; Professor Jouwson’s brilliant report
is ample evidence that cconometrics is now mastering macto ana-
lysis in the sense of economy-wide approaches, and it is appro-
priaie to see this ag an inlermediate level of macro analysis since
he is dealing with the agricultural sector, thus making a partial and
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not a total analysis of the economic systeni. In the programme of
the Study Week there are several other important contribntions at
an intermediate level between micro and macro analysis.  Specific
reference is made to reports that focus on methods and technigues
of general scope, a typical case in point is the device of shadow
prices dealt with by Professor Dorrman,

Koormans

I have a question to Prof. Jomnsown in response o his comment
on investment in research. Rescarch and devclopment in industry
is often exportable to underdeveloped countries. My question to him
is whether this is also true in agriculiure, or whether because of the
specificity of climate, soil and varieties, agricultural research has to
be essentially done over for each agricultural area.

LionTing

Professor JoUNSON’s penetraling observalions on the role which
econometric models might play in advancing the growth of under-
developed areas and possibly even of developed countries naturally
lead to the question of choice between special and general purpose
models. Throughout cur present discussion much stress was put on
the necessity of building special models for special purposes on the
one hand, and on the other hand it was emphasized that the same
model can serve several different purposes,

Most of the difficult econemic problems are those which involve
discovery and tracing through unsuspected secondary relationships
between the different parts of the cconomic system. A policy maker,
as a rule, is able fo assess correctly — even without any help from the
econometrician — the obvious dircet effect of measures which he is
about to recommend. Quite offen he does neglect or disregard, ho-
wever, the indirect effects which might be unimportant from the point
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of view of his immediate objectives, but which might be in conflict
with different but possibly equally important objectives pursued si-
multancously by other policy makers.

The principal advantage of general planning and overall projec-
tions, as compared with haphazard promulgation of special purpose
policy measures, is that it permits us to avoid such conflicts.

Specia! purpose models which permit us to estimate the principal,
or should I say, most desired effects of one particalar policy measure,
but shars over its sccondary repercussions is too blunt an instrament.
Consistent policy formulation requires genera! purpose, which is ecs-
sentially general cquilibrium models.

JoHNnsON

I think therc are only three of the statements that necessitate a
response from me. The first was Prof. HaavELMO's question, asking
whether the rescarch needed would be somewhat different for areas
of tow density than high density populations. I would argue the
difference would be fairly small and the reason is the following: n
the low density areas, which include large paxts of South America
and Africa, an expansion of output which is based upon using addi-
tional Tand which can be brought into caltivation without any change
in technology will not lead to any significant increase in per capita
levels of income. In my paper I described what happened in the
United States from 1820 to 1860, when the U.S. clearly had low-
density of population; agricultural output grew rapidly but as near as
we can tell output per worker changed very little in agriculture; and
also, although this does not necessarily follow, this was a period when
per capita income in the United States did not increase to any signi-
ficant degree. But to repeat, T would say that in the low population
density countries they also need substantial increases in productivity
per man and per acre and that many of the factors that are crucial to
prevent a decline per capita incomne in the high density countries also
apply there.
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Mr. Koormans’ question is a very pertinent one and that is,
whether research in agriculture is exportable; can the research done
in the United States or Western Turope be exported {o India? 1
would say the fundamental scientific research such as the theory
that has led to hybridization is clearly exportable, but 1 fear we
cannot go very far beyond that, It is necessary to adapt varieties,
different fypes of plants and even the methods of fertilization fo
focal conditions, There is also one other factor that is important
nere and this is that in agriculture there is a continual fight between
man and nature. I would say that upwards of 3/4 of all the research
on the small grain in the United States done today is purely an
action required by man’s fight against natare. The resistance of
various plants to insccts, disease, and viruses disappears over time
and there is a continual fight just fo maintain yields; in wheat, for
example, in the United States, almost all research over the last thirty
years has been to fight against nature. A wheat variety that is very
popular in the United States and very high yiclding might give a
zero yicld after two or three years in India because it hecame subject
to an insect or to a discase.

1 am not quite sure how 1 should respond to Mr. LEONTIEF; per-
haps no response is required other than thar T agree with his view
that a general purpose or general equilibrizm model that would do
all that special purpese models do — and much more besides —
would constitutc a major contribution to both analysis and policy.
But after saying this, T must note that 1 do not believe that as a
profession we have progressed so far in the empirical application of
general purpose models fo permit us to abandon the generation of
special purpose models.

Obviously special purpose models must be used with care if im-
portant policy conflicts are to he avoided, However, two decades of
observation of agricultural policy in the industrial countries does not
convince me that the present unsatisfactory state of agricultural policy
has been due to a failure to understand the « indirect effects » of the
measures adopted,
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What 1 am going to present to you today is in all humility
a frontal aitack on a ghost that has been haunting all of us for
the last generations, whether we want to be classified as be-
longing to the West or to the East or to the uncommitted coun-
{ries, which, with a few exceptions, ave the countries in Afro-
Asia and partly in Latin-America that are now striving towards
rapid economic and social development.

I can do nothing better than to begin by quoling the intro-
ductory part of the program of this Study Week. And, inci-
dentally, this introduction is a significant indication of the pro-
found understanding of the basic problem of our times which
the organizers of this Study Week, with the blessing of His
Holiness the Pope, have had. The introduction begins with
these words, and I quote:

« Modern economies are extremely complex and both theory
and practice show that the free play of individual choice does
not guarantee, as used to be thought, favourable results for the
community.

Onee this is admitted it is obviously necessary to provide
suitable informative and control instrument and fix the targets
which the economy is aiming af ».
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I think it is fair to say that the free market system has two
advantages: (1) its simplicity and (2) its effort-releasing effect.
But it has one fundamental shortcoming: it does not assure the
realization of specific preferences, such as a high rate of eco-
nomic growth, a distribution of income and wealth based on
social justice, aid to special social groups, economic develop-
ment of lagging regions within the country, development of
special agricultural and industiial sectors (for defense, health
or humanitarian reasons) etc. The purpose of wise planning is
to realize many such special goals, while retaining as many as
possible of the advantages of the competitive system.

We wish to scarch for some better economic system to
replace the time-honored system of the free market economy.,
But in that search, we encounter a ghost that has been haunt-
ing all of us for the last generations. It has been the same
ghost we have encountered regardless of the direction we have
chosen in our search for a better economic system.

This ghost is human nature itself. Some people are alert,
full of initiative and driving force, full of the active and unsel-
fish desire to apply all their abilities to the economic and social
betterment of their country and to that of mankind as a whole.
But, alas, the percentage of people possessing these virtues is
small, very small indeed. Many people are, more or lfess, dull
and selfish and can be induced to make a personal effort only
if thereby they can obtain some tangible advantage for them-
selves or to the people close to themi. 1n this connection, the
economic advantage will often stand in the foreground.

Therefore, the historical challenge, facing us as economists
and social engineers, is to help the politicians work out an
economic system built upon a set of incentives, under the im-
pact of which the economic activity will be satisfactory from
the viewpoint of the economy as a whole, even if the behaviour
of many individuals is essentially selfish. We must find a means
of circumventing the human obstacle to human progress.
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It is this means about which T am going to speak today.

To size up the nature of the problem, let us review briefly
the directions that have been explored in the scarch for a better
economic system. Ronghiy speaking they may be classified
into three groups.

The first direction, one characterized by a very mild devia-
tion from the traditional market type of economy, consists of
admitting only monetary and fiscal instraments in the attempt
at steering the cconomy. The human behaviour patterns at the
various levels of sociely are such that, in this mildest form of
attempt to steer the economy in a desirable direction, one faces
a fundamental choice between inflation accompanied by fairly
full employment or a reasonably stable price level accompanied
by less than full employment of labour and other resources.
A precise description of the situation would, of course, neces-
sitate specifications of a number of details, but the choice T
have mentioned indicates the essence of the matter. This
choice is strikingly illustrafed in the famous Samuelson-Solow
menu. This menu consists, as you know, of a curve applicable
to the United States’ economy and showing how rapid an in-
crease in the price level we must be willing to accept in order
to reduce the unemployment percentage to a given level. An
even more important fact is that monetary and fiscal instru-
ments alone are not sufficient to assure the fulfillment of the
highly specialized preferences we may have regarding the re-
sults to be obtained from the community’s economic activity.
The mild form of steering about which T am now speaking
might perhaps be described by saying that it is a timid attempt
to introduce a small amount of enlighfenment into that which
I have called, on several previous occasions, the unenlightened
financialism.

The second direction in the search for an improved eco-
nomic system deviates a little more from the traditional market
economy. It consists of admitting state intervention of various
sorts, aiming af influencing directly the quantities of goods
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and services produced or consumed. Among the attempts in
this direction fall numerous sorts of quantity regulations - in
particular, state control of investment in physical capital, Tn
some cases, this has been combined with nationalization of
existing big enterprises and/or with the establishment of new
state-owned or state-controlled enterprises which are to operate
alongside the still remaining private enterprises. A common
characteristic of all these arrangements has been their opera-
tion under a monetary and financial machinery which, in all
essentials, was to remain of the traditional type, meaning that
we are still confronted with the Samuelson-Solow menu and
facing tremendous administrative problems, including problems
of loyalty and morale. These, I think, are in a nutshell the
characteristics of the mixed economies seen emerging in many
countries today.

The ghost has performed in his typical manner in all these
pursuits. Quantitative regulations of the prescriptive type have
a tendency to kill initiative and make the activity inflexible,
inefficient and stationary. And state administration, because
it takes away both the stick and the carrot which function
under a hard competitive system, has a tendency to climinate
a large part of the driving force for personal effort.

Finally, the third direction, in search of a better economic
system, is represented by the more spectacular deviation from
the traditional market cconomy which is found in the centrally
steered cconomies of the East.

This more radical departure from the traditional market
economy has produced signal resulls in economic development
that cannot be explained away by any amount of ingenuity
and mental effort on the part of conservative economists and
statisticians. But the same ghost has acted in his typical man-
ner also in these more determined altempts to escape the short-
comings of the free market system. There exists, indeed, an
overwhelming amount of evidence from centrally planned eco-
nomies showing that the active and positive participation of
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individeal enterpriscs is not released through a system of quan-
tity targets (gross output measured in volume indices) estab-
lished from above. Nor, is it possible to achieve the desired
results by such a simple system of incentives as that of paying
a premium to an enterprise according to its overfulfillment of
the centrally established quantily targets or according to its
ability to increase its volume index of actwal gross outpnt over
that of the preceding year.

There are several reasons for the failure of such incentive
systems. One is that quantity targefs, established from above,
may induce the enterprise directors to conceal their true pro-
duction potential. Another is that they do not encourage di-
rectors to use imagination and effort in economizing of input
clements. A third reason is that these systems do not induce
these directors to heip rationalize production and realize desir-
able investment within their specific fields, And fourth, they
do not offer the inducement to improve the quality of the pro-
ducts, because the establishing of quantitative targets of goods
and services can only, to a small degree, cover the infinite
variety of improvements in quality that constitutes a basic ele-
ment of economic progress.

A few examples will suffice to indicate the nature of the
experiences one has had. In the Soviet Union, in the period
before 1957, one worked according to what may be called the
ministerial system. There was one all-Union cenfral ministry
for each group of goods. Because of frequent uncertainties of
supply from other ministries, each minister was tempted to set
up his own ministerial factory for the component parts he
needed. This led, of course, to inefficiencies of various sorts.
There were also bureaucratic delays in settling questions due
to the scattered locations of enterprises over the whole country.
This motivated the abolition in 1g57 of the central ministerial
systemn and the introduction of a territorial system. However,
this reform only replaced one type of difficulty by another. The
wishes and plans of the different regions were difficult to recon-
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cife and make consistent from an ali-Union viewpoint. These
difficulties encountered in the regional compartmentalization
have recently relecased a desire to revert, at least in part, to
principles of a more all-Union character.

As a final example, we may mention the Soviet attempt
at circemventing human shortcomings by separating the in-
dustrial steering problem from the agriculiural steering problem.
This attempt, as could have been safely predicted, has been a
failure. It constitutes a flagrant violation of the basic condition
that a steering system must be comprehensive, i.e. that it must
embrace simultaneously all faceis of the economy. It is obvious,
for instance, that agricultural production depends essentially
on agricultural machinery and fertilizers, and both these means
of production are industrial products.

The suggestion T have to make regarding ways and means
of finally killing the ghost, or at least subduing him to some
extent, is not presented, of course, in a naive belief that here
is an « open sesame » that will, in one stroke, solve all dif-
ficulties. Rather, it is a suggestion as to a way of thinking
which I believe is a conditio sine gua non for real progress in
our search for a solution.

We must begin by making a clear-cut and precise distinclion
between two phases of the steering work: the selection and the
implementation,

The selection analysis is a study of what can be obtained
or ought to be obtained if only one considers the following:
first, such basic conditions for the economic activity as the
technological relations and the most deep-rooted relations go-
verning human behaviour, e.g. utility and its effects on de-
mand; and second, the preferences regarding the results to
be obtained in the nation as a whole, or in the world. In the
selection analysis we pay little or no attention to the system of
economic institutions under which the economic activity of
the nation or that of the world takes place or ought to take
place.
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The implementation analysis is a study of the kinds of
national or international institutions most helpful in bringing
about that paviicular constellation of the national or world
cconomy which has emerged as the optimal one in the selection
analysis, or at least to bring about a close approximation to
that constellation.

The selection analysis must precede the implementation
analysis. If we go about it the other way, we would be putting
the cart before the horse. The selection analysis must be built
on a quantitative decision model, as distinct from an explana-
tory model or a forecasting model. This will, T believe, be a
distinctive feature of the econometric planning work of the
future, since our main concern will be research work on how
the economy can best be steered.

In the technical part — which T shall not discuss in detail
here — a serious warning regarding a very popular « planning
procedure » is in order. It is a procedure that owes ifs popu-
larity more fo its simplicity than to its real relevance for true
planning.

I am referring to the popular procedure of initially guessing
at a « reasonable » national growth rate that « could probably
be obtained », and from this assumption drawing conclusions
regarding the production needed in special sectors of the eco-
nomy, the size of needed investiments, etc. The reason why
this method has become so widely used is to be found, 1 think,
in its simplicity rather than in the fact that it is realistic and
rational.

The special aspects of the economy, such as production in
the various sectors, the size of investments, etc. are, in fact,
not determined even if the national rate of economic growth is
given. There may be many different development patterns that
all give the same rate of growth of GNP (The Gross National
Product} or of some other statistical measure of which one
may think.
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Nor have we any assurance that the growth rate guessed
at is the optimal one, i.e. the best growth rate obtainable when
the structure of the economy, as well as the special preferences
which have been put up for the course of the economy, are
given. The optimal growth-rate will only emerge as a con-
sequence of a rational decision analysis which takes as its start-
ing point the preferences and the fundamental data describing
the structure of the economy. To start by target setling, whe-
ther it be a specific figure for the growth rate of GNP or some
other specific target, is again to put the cart before the horse.

Certainly, we must end wup by formulating targets; but
before this, there is a long way to go — namely through the
entire selection analysis.

Novg. — The verbatim record of the technical parts of Professor Friscr’s
presentation is not given here. Nor are the several mimeographed docu-
ments  distributed by IProfessor I'miscwr reproduced,  This material will
subsequently be cocrdinated by Professor I'riscu and published by Lim
separately,

[17) Frisch - pag. 8



DISCUSSION

ALLAIS (%)

T said we must be very grateful to Prof. Friscu for his very clear,
and, I would say, provocative exposition of the future of econo-
metrics. I would also say that I have had much occasion to admire
Prof. Frisci’s work, From a technical point of view, I completely
agree in general with his position, but his paper also expresses many
views which rest on value judgments and have evidently many po-
litical implications, Professor Friscx has given his point of view in
a very excellent way as far as clarity is concerned, but I cannot follow
him insofar as fandamental questions of applied political economy
are at issue. His paper raises many questions which are connected
with the ordinary work of the cconometrician, but which, it must be
recognised, have a high content of a political nature,

T am sorry that my knowledge of English is not such as to permit
me to express myself with all the nuance of meaning which is desirable
and this makes it difficult for me to specify my personal views clearly
to you. But I think the purpose of this meeting is to bring ouf
divergences of opinion very clearly and it may perhaps not be without
utility to pur forward a different view from that of Prof, Friscm.

(*) Comments on the Frisci’s paper presented to the Study-Week,
Only a small part ol this paper has been mainfained and Professor Ariais
has not had the possibility of reading the revised and reduced paper
printed on the preceding pages.
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1) First, as 1 already stressed on the first day of this meeting,
I think econometrics should remain neutral, i.e, we must avoid intro-
ducing political views into our discussions, Personally, T wounld say
that I am a neeliberal, but I think political views sheuld remain
outside the technical discussion of econometric problems. T do not
accept at all that Prof. Friscz's paper can be regarded in any way
as specifying the main lines of the future of econometrics. Feono-
metrics is a very powerful tool of analysis but nothing more. In
itself, it cannot determine what economic policy should be, but only
analyze observations and derive, in a rigorous way, the consequences
of specified hypotheses, Had Professor FriscH said in his paper:
« I admit as hypotheses, first, that a competitive system cannot rea-
lize the « high goals of rapid expansion, growth, and social justice,
and second that these goals can be effectively realized in a central
planned cconomy », T would not have said anything because from a
scientific point of view, it is always possible and legitimate to make
hypotheses and to discuss the results. But instead Professor FrISci
has spaken of these two hypotheses as if they were well established
facts.

Econometrics must remain Hmited to the discussion of technical
guestions. Certainly it is possible and admissible to discuss scienti-
fically the consequences of hypothesis of a political nature, but it is
necessary to avoid connecting them with political and ethical views
and with value judgements.

2} Professor Friscu spoke of the « simplicity » of the competitive
systein buf, I think, the same judgment can also be made on
Frisca’s proposals for realizing justice and rapid growth, looking
for example at the first lines of § 5.1 (page 3).

Taking Frisc’s paper as a whole, T would say that things are
much more complex than his paper makes them out to he, and I
think we must be very cautious ahout all the statements made, As
an illustration of this complexity I will put forward for discussion
some very important questions on which it is evident that it is
impossible to follow the Friscu conclusions,

I do notl say that Friscu's ideals should be criticised. On the
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contrary, I have the same social ideals as Professor Frisch, but I
don’t think that his practical proposals would in any way forward
their realisation. My pwpose is to comment on some postulates
which arc generally accepted by those favour central planning, but
which are really very questionable.

3) First question: what exactly are the social preferences Pro-
fessor Frescu spoke about? Should there be a steering committee
to decide what they must be? But we must be very cautious here.
I think the proposition that some political steering committee shounld
have power to decide the aims to be or pursued by society is in fact
a very questionable one, Prof. FriscH felt that it was necessary to
correct this position, and he says in his paper (page 2) that plebisci-
tes could be used,

But, from a democratic point of view, the use of plebiscites is
itself very questionable. There are many difficulties which I cannot
discuss here in detail., But, for instance, who will have the right to
write the text of the referendum? This is very important because
the answers can evidently be biased. Many Frenchmen are very
sceptical about plebiscites to-day. Personally I consider them
a very dangerous procedure and in any case I think it is impossible
using plebiscites to decide what national preferences are in fact. The
definition of social preferences is a very difficult and complex problem
and T think the purposes of the society cannot be decided in a definite
way from a national point of view. There are millions of people who
have their personal and very legitimate preferences. Certainly, there
are many decisions which only a government can take, but these
decisions are only one element of what Professor FriscH calls « s0-
cial preferences »,

And we must consider not only the central government but public
agencics of any kind. It is imposible to reduce the problem of social
preferences to the problem of defining one preference function and
one preference function only. The problem is much more complex
indeed and from this point of view the procedure which Prof. FriscH
has proposed is not at ail satistactory.
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4) The interest of the community is referred to in the introductory
text of this study weck. But what is the interest of the community?
Who will decide what the real interest of the community is?  Pro-
fessor IFriscu would answer: the majority. But in a real democracy
there are many questions which cannot be decided by majority voles.

Minorities have rights which must be respected. So this question
Is again very complex, and personally, T cannot sec in any comn-
munity anything other than the superposition of individual interests.
And if this position is corrcct, it would appear to be impossible to
replace individual preferences by a single preference function for a
whole sociely.

5) Prof. Frisci has formulated excellently the stress he puts
on the relations which must obtain in all cases between the political
authorities and the people responsible for planning and he has said
that the political authorities can correct the plan or use it in some
way. But I would say that, from a practical point of view, this in
quite impossible, because politicians are incompetent in econometrics.
Who is to decide what the fundamental variables of the model are?
Who will decide if the calculations have been made in the right way
or not? All these questions are very difficult indeed, What the poli-
tical authoritics can validly decide is the general rles governing the
decisions to be taken, But to the extent that millions of decisions
are in question, they cannot be taken by any central agency, And
the specific value of a market cconomy is that it provides a very
valuable tool for the organisation of decentralised decisions.

At any event, a political assembly can only discuss qaestions of
principle, and decide the general rules governing the decisions to
be taken. 1t can discuss technical plans and cconomic caleulations
neither validiy nor efficiently,

6) Professor Frisci’s starting point is that the overall purpose
of social policy should be the human personality, I agree completely
with this principle, but the question is: what are the different aspects
of respect for the person? Again, who will decide what exactly is
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respect for the persen, the rights of the majority, or the rights of the
minority? Whatever the solution to this fundamental problem may
be, I do not see it in Frisci's paper. In any case, majority rule
cannet give a valid and acceptable answer to every question.

Whai exactly is social justice? To speak about social justice is
quite appealing in public discussion. Everyone is for social justice.
But my own experience has convinced me that social justice is
accepted by different people in very different ways, and as far as
I can judge, evoryone accepts what is in his inferest as just, but
considers anything contrary to his interest as unjust. Reality, unfor-
tunately, is such we must appreciate that there is no objective con-
cept of « social justice » at all, but only the conflicting interests of
millions of people.

My convinction is that Frisci’s paper oversimplifics very com-
piicated and complex questions and that it is only in this way that
he can justify the central planning procedure proposed by him. But
as he said himself at the beginning of his paper, simplicity can be
cuestioned, and to simplify problems is not to solve them.

7) In Friscw’s paper, everything is derived from the consider-
ation of a single preference function only, Bul as I have already
said, we cannot consider only one preference function. And if we
agree that in parallel with the social preference function we must
take individual preferences into account in some way, then there is
no longer a single preference function, but ten million, a hundred
million, and, for the world, three billion preference functions, and
from this point of view I cannof see at all how FFriscu’s paper could
work in reality. The question is much more complex, much more
difficult. We econometricians must recognize that it is Impossible to
reduce the whole problem of social organization fo a problem of
central planning.

In fact and in my opinion, only a decenitralized organisation in
an appropriate framework taking paralicl account of a market econo-
my and some central decision making by the goverament in its own
sphere can provide a correct solufion to this very complex problem,
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Only in totalitarian socicties can the problem of social and eco-
nomic organisation be reduced to the foxmulation of a preference
function,

8) Professor Friscu has said that there are two things which are
different, and which require to be treated separately. The first is
what he called the selection problem, and the second the implemen-
tation problem. In miy opinicn, this is absolutely impossible. I am
an engineer, and I can give you a very geod example of such an
impossibility. In coal mines we don’t know at all what the product-
jon functions are exactly, No engineer exists who can specify what
the production function is in a concrete situation. What engineers
do is to choose between different projects in comparing their
discounted net present value (in french: leur valeur nette actualisée).
And for this purpose they use a system of prices which only a market
economy functioning in an appropriate framework can provide, Thus
it 15 impossible to separaie selection and implementation. TFrom this
point of view, 1 cannot see at all how the Friscu system could work,
We don’t know the preduction functions, and correct decisions can-
not only be taken in a decenfralised system with the help of an ap-
propriate price system,

g) And again, what should be considered as desirable growth?
Growth of population, growth of efficlency — is growth really de-
sirable? Some people prefer stability to growth. Personally, I am for
efficiency, but that is a personal and subjective view. Other people
may prefer the stability of their jobs; they can definitely prefer sta-
bility to efficiency. In fact, growih is not such an unguestionable
goal as Professor Friscr was snggesting at the beginning of his
exposé.

For me what seems in fact desirable is not growth but simply
people’s happiness.

10} Professor FrisceE has suggested thai the centralized econo-
mies have grown faster than the market economies. In fact, at the
least this statement is open to question and personally I think that
it does not conform to the real facts,
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1t} Professor Friscr has made some very strong criticisms of the
market economy, and I agree completely with him, At least in some
aspects, I recognize that the market economy has many, many draw-
backs. But such crilicism should not remain limited only to some
points, Tt should be extensive,

Rightly, Professor Frrsci has critised private monopolies, but
he did not say anything about public monopolies. He did not say
anything about trade wnion monopolies, the impact of which may
be much greater, Personally, I think that the unions play a very
useful role but it scems impossible to me to eriticise only those
deviations which relate to the market economy, without simuitane-
ously analyzing the other deviations.

If we want fo be objective, we must compare the drawbacks of
the market cconomies with the drawhacks of the politically and eco-
nomically ceniralised systems. One needs only to look at the histery
of the collectivist society in the U.S.8.R. to be convinced that central
planning has some drawbacks which can do more damage to social
justice than can those of the market economy. The millions of unem-
ployed in the United States in the thirties can be compared with
the millions of dead in the U.S.S.R. during the same period.

Ts it scientific to give an idealistic view of the planned economy
by comparing it with the reality of the market economy? If we want
to compare, we must eompare things which are comparable. In other
words, if we look at the reality of market economies, we must at the
same time look at the reality of the collective and centralised econo-
mics. And if we discuss what a collectivist and centralised economy
would be ideally, we should discuss what a market economy working
in an appropriate institutional framework could be, not what it is.
But it is not fair to compare the real aspects of a free economy with
the ideal aspects of a collective and centralised economy.

It is absolutely scientific fo stress the aspects of the market cco-
nomy, but if so one is faced with the necessity of stressing at the
same time what happened in U.S.S.R. in the thirtics and in the
forties and what has happened in communist China in recent years.

[¥7] Frisch - pag. 15



12i2 PONTIFICTALE ACADEMIALE SCIENTIARVM SCRIPTA VARIA - 28

12) If I can add one word about the market economy, I wonld
say onc thing, namely that the people I know who are in favour of
the market economy are not at all in favour of the market economy
as such, as it is. They are in favour of a market cconomy cperating
in an appropriate institutional framework, and i we want to do
justice to the market economy, I think it is necessary to study the
institutions of the framework of the marlket economy very carefully,
before coming to any cenclusions.

As T have read in the Friscir paper, we should not rely on the
market economy at all, but my conviction is, on the contrary, that
it is impossible to solve the very difficult and complex problems we
have to face without some reliance on the market economy,

It is my convinction that with appropriate rules and in an appro-
priate framework, a market cconomy can give reasonable partici-
pation in the decision-making process to cverybody, and to gvery
minority.

13) In conclusion, I greatly admire the scientific work of Pro-
fessor Friscu, but I cammot follow him so far ag the main themes
of his paper are concerned.

For me, I'risci’s paper appears as a long and convincing de-
monstration of the practical impossibility of planning in Frisci’s
sense.  Nevertheless, T recognize that this is a very personal and
subjective view.

But what appears to me as indisputable is the neeessity for the
econometricians to remain neutral,

From an objective point of view, it is absolately impossible to
define the econometrics of the future by reference to Professor
I'risci’s paper,

In Friscir’s sense there are in reajity at least two, three or may
be ten econometrics of the future: the SToNE fature, the Worn fature,
the Arrats fature, and so on.

Thus, in my opinion, it is not desirable to connect econometrics
with a social philosophy of any kind whatever respectable it may
be, We LEconometricians must, as such, remain neutral, we must
Hmit ourselves to the study of econometrics in itself,

rl'?] Frisch - pag. 16



SEMAINE D' ETUDE SUR LE ROLE DE L’ANALYSE HBCONOMETRIQUE Ere. 1213

This does not mean that political science is without inferest but
it does mean that we cconomists must remain very cautious about
what the interest of the community, social justice and so on really
are. Excuse me for having been so long and thank you.

DorrManN

1 do not wish to enfer into the important and heated discussion
between Professor Friscu and Professor ALrals on the role and
propriety of social planning, but merely to point out the relationship
between Professor IFriscr’s paper and my own in two respects.

However one feels about social planning, one must concede that
political decisions that influence the development of an economy have
to be made, For this purpose one needs some criterion for judging
whether social effects are good, or moderately good, or bad and this
is what Professor Friscu's capital I function does, One must have
something of -this sort or no social decisions can be made on any
rational basis.

1 do not believe that this social preference function can be ascer-
tained, however, by the method that Professor FriscH proposes,
namely by artfully constructed interviews designed to disclose how
people evaluate various possible states of their societies. In general,
people do not know how they wili make an important decision uniil
they are confronted with it, and they cannot tell you. Therefore I
proposed that we attempt to determine social welfare functions by
inspecting how people have decided in the past rather than by asking
then how they would decide in the future. My purpose, however,
was the same as Trisci’s: to determine a scale of social values.

There is another sighificant divergence between us. Professor
Friscy distinguishes sharply between the problems of sclection and
implementation.  But I do not feel that this distinction can be
maintained. The preference ordering of {wo econocmic policies de-
pends not only on their consequences in terms of rate of economic
growth, per capita income, level of employment, and so on, but also
on the implementation side of the policies themselves, for exampie
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on the extent to which they restrict economic freedom. Thus one can
compare enly states of the cconomy that can be attained by instru-
ments that are similar in their social impacts and this implies that
constraints have to be brought into the picture from the ountset for
they describe the states that can be atfained by means of a limited set
of economic instrumends.

Koormans

I am approaching my comment here in the same vein as Prof.
Dorraan. I am not addressing myself to the question whether so-
ciety is or should be moving in the direction that Prof. Friscm’s
paper indicates. Rather, for the purposes of the discussion, I am
accepting his assumption that this is the direction, and speaking
more technically to the point whether the particular layout and
scheme of Prof. Frisci’s ideas is efficiently designed to achieve the
purpose that he has in mind. I have really only two points that I
would like to raise in this connection. One concerns the very strict
separation of the determination of structure from the determination of
preference. On this point I find my thinking to be somewhat related
to that of Prof. Arrais. It would seem to me that the policy maker
who is being interviewed in order to obtain a representation of his
preferences will be neither able nor willing to be too specific about
these preferences as long as he does not know what the implications
of his indications are. He is likely to be pragmatic — not only a
man who thinks abstractly about his own preferences. To stay in
his position he must respond to pressures and perhaps even threats
in order to be effective over a period of time. Even a man of great
wisdom would still have to be aware of what he is expected to do
by a number of groups who have ways of making their desires elfec-
tive. Therefore if he is presented by an econometrician with
questions « what are your preferences » or « what is the form in
which you would mould what you regard to be the preferences that
should guide this planning », he may fee? that he is being tricked
even though without such intent. He is not an econometrician, and
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in fact in order to feel comfortable in the situation in which he is
placed, he would have to be not only an econometrician but an
electronic computer as well, He would want to know what guanti-
tative consequences his indications of preferences would have in
order to feel comfortable about the answers he is giving, T wonder
whether a better and a more cffective procedure, which would get
more effective cooperation, would not be an iterative one. While the
policy-maker is being asked to state his preferences, he would be
assuzed that this is for a trial yun only and that the outcome of the
computation is to be presented only to him or to his associates before
these preferences wouid be considered firm.

My second point has to do with the question of preferences being
necessarily temporary and having to evolve by experience. It is
stated that the broad purpose of planning is, among other things,
to rezlise the high goals of rapid economic growth and social justice.
Of these if would seem to me that social justice is the more permanent
one whereas rapid economic growth is a more temporary one.

Finally 1 have a poini which is put more in the nature of a
question: to Prof. Friscu. This has to do with the way in which
the steering prices would be used in order to steer the economy. If
the production systern lras constant retums to scale it would seem
that prices are a poor instrument by which to bring about moderate
changes in quantities. The production sel is, in a two-dimensional
case, the set of all points that are on or below a way out of the
origin, Them for certain price ratios profif maximizing quantities
are found in the origin, For other slightly different price ratios,
profit is the higher the larger the output. So in a strictly linear
technology, the response to prices is likely to have a flip-flap cha-
racter.

Now, one would ask, if the competitive market system that is
prevalent in many countries is, in a way, a model for the steering of
the ecomomy by prices, why does that flip-flap behaviour not ma-
nifest itself so clearly in the competitive market as 1 am concerned
that it might manifest itself in the steering mechanism thal we are
discussing, I believe that in the competitive market system prices
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are very effective in the long run as conveyors of information and of
incentives, but that in the short run a good deal of quantity infor-
mation goes back and forth between suppliers and demanders in all
markets, My question to Professor Friscy is whether in his bleupring
for the operation of a planning systems he does aot need also fo
provide for circulation of quantity information at all levels, or
whether he thinks prices alone will be sufficient.

MAHALANOBIS

I should like to make a few observations at twe levels from the
point of view of a country like India. First, I share the doubt
expressed by Dr. Koormaws whether a political leader or an admi-
nistrator or someone who is responsible for decision-making would be
able to understand the implications of econometric choices. Secondly,
even il he does anderstand some thing at a technical level, whether
he would be able to influence the political or social decisions in
accordance with econometric consideration, And thirdly, whether
such a leader would not make mistakes which would have their own
consequences,

I believe there is a good deal of validity in the doubt to which
Professor I{oormans has given expression. 1 have myself continually
faced the type of question asked not only by Professor Frisca when
he was in India several years ago, but also continually since then
in connexion with planning. Even when somebody would like, would
have felt it advisable, to make a decision one way, he might have
to remain silent because of uncertainties of the political consequences.
This is a serious difficulty, I am speaking from experience. This is,
however, only one level.

At another level, I should very warmly welcome the outlook of
Professor Friscu because I believe this would be of great educative
value, I welcome this imaginative appreach, not because I think a
push-button type of deision can be achieved immediately or even in
a few years but because | believe his ouflock and his approach can
be very important factors in an educative process, at the decision-
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making level and at the level of paticnal planning. I myself have
scen during the last ten years in India the beneficial effects which
are coming out of such efforts, not only on the part of Professor
Frisc and other specialists like him, but alse on the part of those
who are working on such methods in India. I sec a beneficial effect
- not directly, Dut in influencing the thinking of individuals and
groups and making them more sophisticated in their nutlock.

I also sec a danger if such studies are taken superficially or are
imitated, as snch things are apt to he very often in the underdeve-
loped countries, due to fashion or because of the high prestige and
authority of the advanced countries, A superficial imitation of
advanced countries at too early a stage may and have often become
the most serious obstacle to progress in the under-developed

countries.

ALLAIS

Can 1 slress some technical points? In a mixed economy there
are two sectors: the privafe sector and the public sector. So, the
first question I would raise is: could the state formulate a preference
function for the private sector? And if o what would this preference
function be?  So far as the public sector is concerned, we mect the
same difficalty. We must consider not only the state but also regions,
cities, public and semi public agencies and so on. Is it possible to
take account of these different operators in one single preference
function?

T have many doubts about this possibility.

I do not see ai all how it conld be possible or desirable to repre-
sent finally different and probably conflciing views by one and only
one preference function.

Would it not be better to allow every operator some purchasing

power and lo Jeave him free fo nse it as he sees fit?
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FISHER

I have one or two points to make. Both of these are on issues
brought up duoring the discussion, the one by Professor KoorMans
and the other by Professor DorrMan.

Professor Koormans raised the point that small changes in prices
might induce large changes in action. This is, of course, a possibility,
but it is less serious the more different ways there are of doing things.
For exampie, cven if the fechnology is a linear programming one, the
production possibility frentier wilt approach a continuous surface if
there are many different activities which cover the entire nonnegative
orthant.

Now the guestion of discontinuities of this type is also relevant to
Professor DorrMaN’s remarks and indeed my comment here should
be taken as a comment on his paper rather than on Frisci’s. Pro-
fessor Dorrman wants to present policy makers with shadow prices
when they are at a particular vertex and see what they will do. The
disconfinuity problem arises in this connection because there will ge-
nerally be more than one set of shadow prices at a verfex. Each sct
will be associated with movement {from the vertex one is at to another
particular ane. The alternatives must be presented to the policy
maker therefore in a form which insures that once he has said he
will move to another vertex he will not then also want to move back
at a different but still appropriate set of shadow prices. One must
therefore ask questions which bracket the range of admissible shadow
prices. Once again, if there are numerous activities, this is not a
serious problem because the sets of shadow prices associated with a
given vertex will not be very wide.

Worn
It seems to me that Professor ALrals is dramatizing the argument
a little. It has not occurred to me that Professor FriscH nor anybody

else believes that it is possible to arrive at something like the actual
truth when setting up a utility function for a political decision at the
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mactocconomic level. The purpese of the device is much more prag-
matic, in the direction of clarifying the problem, articulating different
political views by specifying alternative targets and alternative instra-
ments, targets and instruments that can be modified from time to
time, the limited aim not being solutions of absolute optimality, but
rather solutions that make workable compromises, If T understand
correctly, Professors Dorrman and TFriscy both adopt this prag-
matic view. Thus it is seen that the pragmatic approach is far from
uniform, and that it leaves room for widely divergent views about
fundamental problems.

Coming to my sccond point, 1 am not altogether happy about
the points in Professor Frisci's papers and his presentation where
he limits himself to deterministic approaches, It is always necessary
to simplify in model building, and it is also granted that deterministic
assumptioﬁs are sometimes adequate; however, I feel uncomfortable
when Professor FRIsCH says that deterministic assumptions are a dash
forward — I think it is a dash backward. It is an illusion if you
believe that you can get rid of difficuities in economy-wide models by
supposing that you are so precise that there are no unexplained
residuals in your approach. To reduce the residuals you must stratify
in great detail so as to obtain homogencous cells in your statistical
tables; when the cells become small, however, the law of large num-
bers ceases to work and instead of more deterministic regularity you
will run into more randomness and irregularity. The problem of the
model builder is to strike a sound balance between the gain in infor-
mation given by a finer stratification, and the Joss in information
when the law of large numbers is weakened. In a sense the residuals
are the back side of the medal of large numbers; they will however
do no harm if they are treated as stochastic variables, and if the
model takes them into account in such manner tbat the operative use
of the model is in accordance with the mathematical rules for operat-
ing with random variables. This last principle takes carc of the
pitfalls when a deterministic mnodel is stochasticized. Now as far as
can see the deterministic models considered by Professor I'riscy are
not in the danger zone in this respect. At least for ordinary input-

{17] Frisch - pag. 23



1220 PONTIFICIAE ACADEMIAE SCIENTIARVM SCRIPTA VARIA - 28

output models it is known that they can be stochasticized in accor-
dance with this principle {see my report to the Tokyo session Ig6o
of the International Statistical Institute).

LroNTIRy

In order to understand somewhat better the implications of Pro-
fessor IFrisci’s practical proposals, 1 would like to ask whether there
would be an objection against allowing pecple to trade goods and
services among themselves at what one might call black market pri-
ces.  In principle at ieast, the difference between these and the
official shadow prices would reflect the discrepancy between the
actuaal shapes of preference function of conswmers and their official
estimates prepared by the planning authority.

FrIscH

T have about ten pages of notes that I have taken during the
discussion, T will try my best to do justice to everybody, but you
will understand that this is a very difficult task in view of the long
discussion and the complicated points at issue.

One of the Prol. ALrals points was that we are discussing the
econlomeltics of the future and in this connection he said that econo-
metrics should be meutral. Iverything, of course, hinges upon what
is meant by neutral. You know that for centuries there has been a
tendency to define ncutrality in economics by saying that any ana-
lysis which takes the free market system as an axiom, is « neutral »,
but any analysis that has the audacity of questioning the free market
system is not « neutral », but « political » and should therefore not be
allowed to enter into the ivory tower of the scientist. This has been
the situation in economics for a couple of hundred years but this is
not the situation any more, Today we have to recoginise the fact that
there are also other ecomomic system that are « in the air » and must
be discussed by us as social engineers. 1 must add that not only
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are these systems “in the air” today, but 1 think they will continue
to be so, I even think they will constitute the main object of our
discussion in the future. 1f we are discussing the cconometrics of the
future we have to recognise this, and T will state a personal belief
that 100 years from now our grand-children will devote practically
all their efforts to the study of those models that deviate from the
frec market system. They will use only an infinitesimal amount of
their energy discussing such things as, say, the stability of the
equilibrium in a free market system, This is my conception of the
econometrics of the future, A second point that was raised by Prof.
ALLAIS was regarding social preferences. IHe objected to these prefe-
rences being decided by the responsable political authority. To this
T can simply answer that so {ar there has not been invented any other
machinery than the political one, for steering an economy. We have
to accept this as a basic datum in our scientific researches,

The purpose of this conference is not to go inte a complete
discussion of political theory and describe the whole list of political
system that are conceivable. Bul some political system there must
be and some authority kas o decide i the end. This T take as my
starting point. | simply accept the existence of a political autherity,
whatever its nature may be.

A third point mentioned by Prof. Arrals: Who can decide on
what magniludes ought to be attributed fo the variables? The
pbliticia,n cannot do it because he does not know econometrics. The
answer to this question hinges upon the distinction belween the gross
and the net form of the preference function. Of course the politician
does not know the depth of cconometrics, This is precisely why the
scientific analyst in his inferview with the policy maker has to con-
centrate on the gross form of the preference function, on the « Santa
Claus » form of the preference function. TFrom the purely
psychological point of view you may, of course, interpret the word
gross as anything under the sun. But this is not what 1 have done.
I have put up a well-defined model, I have defined my concept of
gross and net. So therefore T must say that T find Prof. Arrars’
remark in this particular connection absolutely irrelevant to the di-
scussion of my paper. '

[x7} F¥risch - pag. 25



1222 PONTIFICIAE ACADEMIAE SCIENTIARVM SCRIPTA VARIA - 28

With regard to Prof. DorrmMan’s intervention I believe I got the
sense of what he said when he compared my approach with his own.
He wonld rather prefer to take as a starbing poinlt some sort of
optimal golution, and then subsequently proceed to a discussion with
the politicians perhaps using a sort of iterative procedare in this
discussion. On this score there is, I think, a very little difference
between Prof. DorFman’s point of view and mine. It is simply a
question of how best to shape the interviewing technique.

Prol. DorrMAN also mentioned the possibility of presenting dil-
ferent descrihed alternatives to the politician and letting him
choose between them. DPossihly, that is not precisely Professor
DorrmaN’s point of view, but it is certainly the point of view of
somebody else around this table. So 1 think it merits being drawn
into our discussion. This is a very natural view point, a very simple
one. The idea is that the experts should work out different alterna-
tives. These alternatives should be fisted on a hig sheet of paper or
perhaps each alternative on its own sheet of paper. And then all
these sheets of paper should be put on the politicians table and the
scientific expert should say: « Now, please, out of these alternatives
choose the one you like. »

To me, this is an absolutely impossible procedure and I will
explain why.  You can use this method if you have a very very
small model with two, threec or four variables, hecause then the
number of possible alternatives is se small that the situation can be
grasped. But if you have a real progranmming problem with hundreds
of variables and thousands of possible alternatives, as you will have
for instance in an under-developed country that strives towards in-
dustrialization with a long list of investment projects, you will find
that the method of listing alternatives can produce nothing but com-
plete confusion. You would simply he facing what an expez{ mathe-
matical programmer would call information death. You would be
killed by the amount of information,

You must proceed in another way, you must proceed in such
a way that the computing machine takes over the task of keeping
trace of all the alternatives, If you are going to do that, there is
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absoiutely no other way to proceed than by starting to define a gross
preference function, a preference function in the « Santa Claus »
sense.  That is the only way to proceed.

This is of course not saying that any solution that comes out of
the compating machine is going to be presented to the politician as
the sole and final solution. It will certainly be necessary to proceed
through a number of iferative steps, with contact between the poli-
tician and the scientific expert. 1 have frequently spoken and written
about the need for a continuous cooperation between the politician
and the scientific expert. The jterative steps must be in the following
sense. You start with a first and tentative formulation of the policy
maker’s gross preference function. You run the solution and you
come back to him and say « Now, this is what 1 found — is this
what you want? — Then the politician will scratch his head and say:
« Oh, no this is not really what ! had intended. » Then you will
have to start a conversation with him trying to find out more pre-
cisely what he actually desires. You proceed to a second approxi-
mation to his preference function. And so on until you finally arrive
al a preference function and the corresponding solution both of which
the policy maker can accept.

Prof. KoorMans had an important point when he said that the
policy maker is not willing fo give up his own ideas regarding the
structure of the economy. This is — as I said very explicity in my
first presentation — precisely the point on which you must concen-
trate most of your attention in the discussion with the politician. You
must make him give up his own ideas, about the structure, Why?
Because if he does not do that, you will not be able to help him, It is
like a patient coming to a docter. The patient has some preconceived
ideas about how to solve the problan of his sickness, The first thing
the doctor must do is to try to get these ideas out of his head. 1f
somebody is suffering from a psychiatric discase and he wants to
jump out of the window and kill himself, what am I going to do?
I drag him by the neck and give him an injection. That is the first
part of the treatment. 1 am not starting to argue with him at that
moment. But when he is quietened down, I start to talk kindly fo
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him and try to explain to him that his own way of solving his pro-
blems, namely to jump out of the window, is not a good solution.
The solution that is really good for him is of an entirely ditferent
nature. And T will try to help him find ihat solution.

Koormans

There has been a misunderstanding, and 1 must express myself
sufficiently clearly, I was not picading that a policy maker’s own
idea of the structure be respected. I was pleading that when a policy
maker is asked for his preferences, that he be given a chance to see
the implications of confronting those preferences with the econome-
trician’s model of the structure, so that he knows what i implied
in the first indication of his preferences — and I think that in your
answer to Prof. Dorrman you have already dealt with my point.

Friscy

I think this has cleared the question up perfectly. What Prof.
KoorMans says right now is just what I said a litile while ago about
the iferative process in discussion with the policy maker. But it is
essential that the process be iterative in terms of complete optimal
solutions.  And if you are going to have any complete sohution, you
must start by a preference function, trying to lead the politician’s
mind completely away from his preconceived ideas of the structure.

Prof. Koormans had a second point which is really covered, I
think, by what we have already discussed. « The whole thing must
evolve by experiments ». 1 think that those were the words used
by Prof. Keormans, and of course my answer is absolately « yes ».

A third point raised by Prof. Koormans was about prices, how
they can be used as means of implementations, He draws particular
attention to the fact that you may have an economy with flip-flap
effects of price changes. This is completely correct, And, as a matter
of fact, I think that T have myself in some econometric papers poin-
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ted out this fact. In linear models the problems may look very dif-
ferent from what they Jook in classical production theory. So there
is absolutely no difference of opinion on that. DBut in my system
the optimal prices have to be applied to specific enterprises and, of
course, in any given enterprise you certainly have very definitely an
economy of scale, hence a non linear effect.

You have to a large extent a continuous and non linear process.
You do not have a constant return to scale ad éefinlum.

There are quite 2 number of pages of the paper I cireulated,
where I spealk about non linearity, but anfortunately there was no
time to go into it in my oral presentation.

Let me now say a few words about an aspect of non lincarity.
Suppose you consider a plant that uses either one of two factors of
production. You want to influence the director of the plant by
formulating incentives in' such a way that: 1) The plant produces a
certain amount of product; 2) It uses one of the two alternative
factors of production rather than the other. Then you may consider
using two non-tinear incentives. You may define a premium as 4 non-
lincar function of the amount produced, and with a sharply-defined
maximum at the point corresponding to the quantity which you wan{
to see produced. At the same time you may use an other premium
regarding the choice of factors of production, Now this is, of course,
a very simple example, but something gimilar can be used in other
and more complex cases, You will readily recognize, however, that
to work with a non-linear premium is a rather complex af fair. You
might perhaps do it in certain cases of very great importance but it
is absolutely impossible to do it in all the micro-economic details
which you have to face when you want to steer an actual economy.
That is why 1 put so much emphasis on this specific accounting me-
diam which is derived from the system of optimal prices. Such a
system of incentive is, of course, linear but it may to a large extent
be protected against flip-flap effects for the reasons I mentioned,

Prof. Isarp at this conference always reminded us that we
had to think in terms of regional problems, and T am glad that he
has always insisted on that. For my own sake I have not disregarded
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this problem entirely in my previously writings. 1 have here for
distribution some big mimeographed sheets which show a work we
have been doing at the Oslo Institute of conomics, on the principles
of how to study the interrelations between three countries. This job
was done primarily by a Swedish economist, Mr. Tom Kronsjo, who
has been working with us for quite some time. Ie uses my system
of notation.

If any of you are particularly interested, T have a few more copies
for distribution,

Prof. Mauaranosis, I must excuse myself if 1 have not got your
point quite straight. There is quite a distance along this table and
misunderstandings may arise. As I understood it your first point
was this: the politician will not be able to understand a scientific
question. My answer is: of course he will not, If you put up to him
a description of some 450 dependent variables and 31 degrees of
freedom he will be entirely lost. But T don’t suggest that you are
to put up to him such a system. You sheuld ealy put up to him
very simple questions, one at a time. That is the basis of the inter-
viewing technique. I am absolutely certzin that if you can have a
quite and not too rushed conversation with the policy maker, being
careful that he understands your questions correctly then very
meaningful results will emerge. T am not stating a theoretical
hypothesis, but basing my opinion on actnal conversations with
leading politicians including the Chief of Prof. MaBaLsNOBIS
country,

Prof. ALrais spoke about the difficuities of constructing a pre-
ference function.

His main point here was that we have many different preference
functions, the preference function of different groups, of different
persons and so on. Of course we have, I have, for instance, found
in my interviewing of high-ranking officials that the Minister of Agri-
culture will have different preferences from the Minister of Education
or the Minister of Industry. Simnilarly there will be differences bef-
ween regions of the country and, perhaps even more important, dif-
ferences of opinion of what should be done in a group of countries
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that are entering into some from of co-operation. Should some in-
dustry be located in country No. 1 in this group; or in couniry No. 2?
Which one of the countries should concentrate on agriculture, etc.
There may certainly be differences of opinion in these questions and
I think, T have fully realized this problem and I have made at least
one attempt to overcome it. This is presented in pages 28 to 37 in
the blue pamphlet. T kave written nine pages about this particular
problem but you will forgive me for not having been able to squeeze
this into my oral presentation. I am referring to the section on the
construction of the coalition preference function. So my feeling is
that T have not neglected the question of differences of desires, But
somehow such differences must be ironed out if the economy of the
country is to be steered and not be left to drifé whither the wind
blows. It is the task of the political machinery to solve the problem
of differences of opinien, We as economists have to accept that
solution.

Prof. ALLAis said he had the fecling that this decision problem
is solved in the free market system, My answer is that the optimal
solution corresponding to the desires of the political authority can
never be realized by the free market system, or more precisely there
is a probability of measurc o that it wili be. Why is it so? Because
the free market system does not open any possibility of expressing
political preferences or preferences of a very special sort. There is a
great number of special political preferences, I have mentioned
some, I could have mentioned many more. The problems are specific
and they are great in number. 1 would like to see somebody sit down
and list a number of these specific preferences and then set out to
prove that the free market system will realize all of them simul-
taneously.

Prof. FisuErR when he went to the blackboard referred to some
specific vertex of the admissible region, and he suggested that we
may take this vertex as the starting point for a marginal analysis
and discuss the matter of optimality with the policy-maker by start-
ing from this vertex. At least that is what I got out of Prof, FISHER's
intervention. This is very much against what T have tried to say.
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The politician will not even understand what is an admissible region.
You must put up to him some questions that are much simpler,
‘These simpler things are precisely what is included in the intervicew
technique 1 have suggested.

Prof. Wowp, in ihe first part of his intervention, was so much
in line with my own thinking that there is no need for me to go
into that question at all,

Subsequently Prof. WoLp mentioned {he deterministic approach
as compared to the stochastic approach. As I have said, I am abso-
lately in agreement with him on the uHimate need for introducing
the stochastic viewpoint. WoLp rather had the fecling that we had
to introduce the stochastic viewpoint already from the beginning.

Then he said that if we don’t do that our analysis won’t be a
dash forward but rather a dash backwards. My answer is: if we try
to introduce the stochastic viewpoint from the beginning in these
immense models we are facing an impossible task, There will be no
dash at ail, whether forward or hackward. The minimum factor at
this stage is a technique of handling a great number of variabies. Re-
garding the ultimaie goal there is complele agreement hetween Prof.
Worp and mysell. Ultimately we will need muitivariables techniques
combined with probability theory.

Lreonrier mentioned a very important point.  He spoke about
biack markets. There is always a danger of developing black-mar-
kets or grey markets. Particuiarly so if you stick to the traditional
money ecenomy with prices that move according to where the wind
blows, If there is an excess supply, the prices decline, and if there
is an excess demand the prices rise. And that is that. If you use
some sorl of price regulations, you are hound to encounter a ten-
dency forward grey markets and black markets, My answer then
will be this:  In the first place, you must remember that I am not
speaking about trading prices in the ordinary monetary sense. Cer-
tainly you must have money to buy the small everyday things, but
this after 2ll is a minor problem. I am speaking about the accounting
medium derived from the sclectionally optimal prices to be applied
to the big questions of influencing the policy of individual plants, and
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in this context, the questions of black markets and grey markets
emerges in a different setting. 1t is not saying that you will not have
some form of tensions. This is implicite in the concept of « steering »
as distinct from « letting it drift ». Certainly you must try fo consti-
tute your system of incentives in such a way that there is as hittle
tension as possible. But it is impossible to avoid tension all together.

ALLAIS

I apologise for taking the floor again, but it is only for a few
minutes, for clarity. In Prof. Frisci’s paper, there were in fact two
sort of things, firstly political views and value judgements relating
in particular to the market economy.and, secondly, technical analysis
of certain points, 1 would not have raised any questions about the
first part if Prof. Friscu had said the view he expressed were
personal views, But they were presented in such a way that the
uninformed reader might think that these views are indispﬁtahle and
correspond to well established facts.

I appreciate that Professor Friscir can give a personal definition
of growth, but in fact he says that a free market system cannot
ensure the realization of rapid economic growth. In this context
the word growth is clearly used in the usual sense and not by
reference to another particular definition,

As far as the future of economic planning is concerned, Dperso-
nally T am not against any study of the theory of planning. On the
contrary, I am very much interested. T think this type of work can
he very useful, but on one very definite condition, that is that this
theory be expressed in a very neutral form, without expressing defi-
nitive and dogmatic value judgments about what a market economy
really is or what a central planned cconomy really is. These questions
are details and 1 don’t wish fo make too much of them.

But y put four fundamental questions which are very technical
and T apologize if I was not able to express my thinking sufficiently
clearly, T think Professor Frisch has not answered these four
fundamental questions in a satisfactory way.
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First question: when Prof. Friscn spoke a few minutes ago of
the question of preference functions, he said that he had dealt spoken
with it in his paper and menticned especially pages 36 and 37, 1 have
read them again. 1f I understand Prof. Frisciu's point of view
correctly, what he is proposing in fact is to construct a preference
function (page 37) but, again, he esteems it desirable to have only one
preference function and T personaily consider that this redaction is
not possible and not even desirable. 1f we consider different prefe-
rence functions, for instance two or three only, although the number
has no impertance, the nature of the optimum problem does change.
In any case, from an ethical point of view, this point is also quite
important, because if there is but one preference function, this means
that some people will have power to define this preference function
according to their own preferences, Many criticisms can then be
raised. Thus my first question is: Does Professor Frisca propose
consideration of only one preference function or is he ready to con-
sider a plurality of preference functions without attempting to reduce
this plurality to one oniy?

The fact is that he seems to imply that it is possible to reduce
a plurality of preference functions to one only which would be
maximised. If this possibility does nol exist the paper’s entire rea-
soning is deprived of its foundations.

My sccond point was that — and perhaps I was not suificiently
clear this moring — in general we don't know the production
functions at all and if we don’t know them, [ cannot see how
Friscu's system can work,

My third point is that it is not possible to separate selection and
implementation, because in general we don’t know the production
functions,

And fourthly, it appears to me that it is impossible to reduce the
whole process of decision-faking to a dialogie between politiclans
and planners. Thus, my question is: Does Professor Friscat intend
to plan the whole economy or only one part of it in the manner
he described? In the first case, decentralisation would be impossible
and the economic system would be very inefficient,
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FrISCH

Tiirst point raised by Prof. Arrais: It is obvious that my paper
presents what I personally think is the most appropriate procedure
for constructing a national economic decision medel. 1t represents
my personal creed at this stage. I thought that this was so obvious
that there was no need for making it more explicit at this confe-
rence.  Second point, Prof. ALLais objected against my use of the
term « gross » in connection with the preference functions. I cannot
accept this criticism hecause the sense in which I used the world was
precisely defined in mathematical terms, and I always used the term
consistently in that sense,

Third Point. Prof. ALLa)s mentioned that different people may
have different preference functions (and he might have added that
one person may have different preference functicns at different points
of time), All this is, of course, quite true. This problem is essentially
a political issue, and must be handled as such, We have no other
way of finally deciding about political issues than fo use the political
machinery existing in the counfry in question.

It is not our task at this conference to discuss various political
theories and types of political machinery, We as economists simply
have to take for granted that somchow the nature of what we de-
signate as the national preference function, is arrived at. 1 have been
discussing this before in several connections and this is the last time
T shall repeat it at this conference.

THEIL

Several discussants have argued that it is not easy to construct
social preference functions and I can agree with this. Nevertheless,
1 would like to suggest that the exercise he carried out. The reason
is not that T believe that within a few years this kind of decision-
making will be put into practice. It is that the procedure provides
us with a method which enables us to find out which parts of the
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model have to be improved first and which are of less importance
This method proceeds in principle as follows. When we mis-specify
the model which underlies the contiaints and when the decision
maker maximizes the preference function subiect o these constraints,
his decision will in general deviate from the optimal decision and
thus depress the utility level below the attainable maximum, This
utility reduction is an appropriate measure for the seriouéness of
specification errors.  For the special case of guadratic preference
functions and linear constraints this idea was appiied on a fairly large
scale in my recent Oplimal Decision Rules for Governmeni and
Tndusiry,

Friscx

Regarding the peint raised by Prof. Tusin, I think there is no
sericus or fundamental difference of opinion between us. Let me only
remind you that I have not described the desires of the politicians,
solely by means of the preference function. There are also political
bounds coming into the picture. I have explained this rather fully in
the paper, but unfortunately 1 did not have time fo insist very much
on this in my oral presentation,
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1. Development planming has become an established acti-
vity in many countries after World War II and both a practice
and a theory have emerged. It is only natural that practical
devices were in use before a somewhat integrated theory was
available and it also stands to reason that both practice and
theory are still changing. Most of the common body of theory
which is nowadays accepted by a majority of development
planners deals with an economy subdivided into sectors, that
is industries or activities - depending on the type of analysis
used. One of the main reasons for working with such models
is no doubt that the proper choice of sectors promising « com-
parative advantages » in international competition is of para-
mount importance for the success of any development policy.

LEven so, however, another « dimension » in economic de-
velopment is increasingly requiring attention, namely the spa-
tial or regional aspect. Many governments, especially those

(¥) Professor Jan TiNpercEx was unable to attend aHhough he had
hoped to be one of the participants in the Study-Week up fo the Iast
minute. We are happy to include in the present volmme his communication
which he sent in advance.
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of large countries, feel they must pay some attention to the
regional distribution of well-being and hence of new invest-
ments and a large number of studies and activities are in opera-
tion for the preparation of regional development. Since this
dimension brings into the realm of planning some other aspects
known as physical planning and more heavily depends on some
social issues, these studies and activities are carried through
by a variety of different experts among which the general eco-
nomist plays a minor role. Together with the need for very
detailed decisions involved all this has led to a situation in
which the main economnic interdependencies are not as much
observed as in macro or sectorial planning. There is a clear
need for an cconomic framework for regional planning, that is
for models, methods and procedures of such planning. Tt is
the purpose of this paper to draw a few lines along which it is
hoped practical work can be done.

2. The addition of the dimension of space or distance to
economic analysis signifies a considerable increase in the num-
ber of variables and of equations to be included in the models
of economic behaviour. Moreover their practical use requires
the knowledge of a large number of new « data », that is,
coefficients occurring in such models. Many of these data are
not readily available. In order nevertheless to arrive at work-
able models, we must simplify as many less relevant elementfs
as possible: the old art of science building. It goes without
saying that various iypes of simplifications will have to be
tried out and compared before some standard approach can
be attained. It also stands to reason that one concrete situation
will not necessarily require the same type of simplification as
another concrete case. We propose to make a number of
suggestions meant as challenges for further discussion. These
suggestions may be scen as a further elaboration of previous
suggestions by the author [4].
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3. The first possibility for simplification consists, of course,
of a limitation of the numbey of sectors and of regions. This
means that the model we are going to discuss must be seen
as one indicating the main links only; one, therefore, of a
first orientation and a stage only in the complete process of
planning. From what follows it will be seen that we will
distinguish nevertheless between a few categories of sectors,
meaning that we have in mind a number of around ten sectors
still, maybe a few more even. As for the number of regions
anything between two and five may do. This implies that we
do not propose to deal with the micro-economics of regional
policy. It remains conceivable, however, that once models
will be manageable consisting of much larger numbers of sectors
and regions. For the time being the precise delimitation of the
regions will not constitute too much of a problem; it is self-
evident that as much homogeneity in well-being and sectoral
composition or demographic characteristics as possible ninst
be striven for; a further criferion will be that within a region
transportation costs must be clearly lower than between regions.
Important natural barriers to transportation therefore represent
natural frontiers between regions. Even with the small number
of regions proposed meaningful problems may be approached;
well-known examples of two-region problems are those of Ttaly
or of Belgium; examples of three-region countries are Peru
and Ecuador; problems of urbanization can be dealt with by
the assumption of « regions » consisting of gronps of cities of
various size classes and a rural region and so on. We must,
however, reserve one region of our model to represent « foreign
countries » or the « rest of the world » in order to deal with
the phenomena. of imports and exports. That then means that
in the case of Italy or Belgium, just quoted, we have three
« regions » and in those of Peru and Ecuador four. We need
not emphasize that for problems concerning individual giant
projects a subdivision «ad hoc» of the economy can be
chosen,
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4. Important simplifications can be obtained by a type of
approximation well known from the theory of international
trade: the assumption that for some sectors transportation costs
can be neglected within a certain area and considered prohibi-
tive outside such an areca. This is what the theory of interna-
tional trade does with regard to the factors of production. We
propose to do this for some products. In this train of thought
we will speak of a regional sector whenever its product cannot
be transported from one region to another. We think building,
the operation of buildings, retail trade and some more services
(education, for instance) are good examples. We may occa-
sionally lump these sectors together or only distinguish two
of them, a labour-intensive and a capital-intensive one. The
consequence of our assumption is that any increase in the pro-
duction of other sectors in a given region will imply an increase
in production in the regional sectors in the same region.

5. A similar assumption will be made with regard to some
other sectors, to be called wational sectors. Their products
cannot be moved between nations, that is, cannot be imporied
or exported. Txamples are government services, energy and
inland transporfation, the latter by definition. As a first ap-
proximaltion often building materials preduction may be added.
Energy will not be an example wherever interconnected electri-
city networks exist, as in Europe.

For several of the regional and national sectors we may
neglect transportation costs if no transportation actually
takes place; for some others it will be very essential to take
into account transportation costs. This applies fo building ma-
terials and probably to some agricultural and mining products.

6. The remaining sectors will be called infernational sec~
tors. All commodities appearing in the balance of payments
are necessarily of this category; the inverse is not true, na-
mely, that they must appear in the balance of payments. It is

[x8] Tinbergen - pag. 4



SEMAINE D'ATUDE SUR LI ROLE DE L' ANALYSE ECONOMETKRIQUE Etc, 1237

characteristic for these sectors that their production need not
he equal to their disappearance into national final demand and
inter-sectoral deliveries. Tt is by manoeuvring with fhe pro-
ductive capacities of these sectors that the economy must fry
to attain the highest comparative advantages, that is, to maxim-
ize national product — maybe within limits set by regional
policy. As another simplification the transportation costs of the
products of these sectors may be neglected.

7. Tt seems proper to use the method of input-output analy-
sis for the description of the necessary inter-sectoral deliveries.
Occasionally choices between alternative production- processes
may have to precede and for some particularly important cases
even to be built in into the model making it a linear program-
ming model. It is characteristic for the subdivision of an eco-
nomy into regions that there may be relevant differences in
production costs of the same commeodity between regions. This
will fransiate ifself into differences between one or mare of the
input coefficients for the corresponding sector. This may sim-
plify itself up fo the point where production in some sectors is
only possible in a limited number of regions, a good example
being mining or energy. We do not call such a sector a regional
sector, as the reader might suppose; its product will serve many
regions.

In some sectors indivisibilities may play a relevant role:
this is true for irrigation, energy and heavy industries. It
may be important for some services including university edu-
cation. We may follow one of two ways of representing this
feature: either we may assume a minimum value for invest-
ments to be made in such a sector, or we may assume curvi-
linear relations such as the well-known .6™ power of production
determining investment inputs. The latter approach cannot
be chosen foo often if we do not want to make the system of
equations unmanageable.
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8. Transporiation problems may play a crucial role for
some national (and some international) products of a relatively
heavy nature (agricultural and mining products). Here the
interplay Dbelween location and costs at other locations may
have to be brought in. For these products the sub-division
of the economy into regions implies that we introduce prices
for the same product in different regions or even fthat we distin-
guish between alternative regions of origin for one product.
The latter assumption may mean that we have, in each region,
a set of price notations for the same good with different origin
and at the same time implies the assumption of quality differen-
ces and imperfect markets. The latter approach, though seem-
ingly more complicated, may actually be simpler since it per-
mits us to assume a finite elasticity of subslituticn between
products of different origin. It also permits the assumption
that the price of a good outside its region of production equals
its production cost in its region pius transportation costs to the
region of destination.

The alternative assumption of a uniform price in each re-
gion for each product implies the use of inequalities among the
rvestrictions, wusuvally mathematically more cumbersome to
handle.

9. For the type of commodities just discussed a key must
be used for the distribuiion, by the buyers, of total needs over
the conceivable regions of origin. These needs, to be indicated
asg disappearance, equal the sum total of final demand in the
region (consumption plus investment), possible exports to fo-
reign countries and inputs used in the region by other sectors.
This disappearance itself originates from prodaction within the
region and imports from other regions (including, possibly, fo-
reign countries). In loose terms, it will be bought wherever it
is cheapest, taking into account transportation. More accura-
tely the key of distribution must be formalized and two altern-
ative keys have been discussed elsewhere {1]. The remarks
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made in the previous sector may be considered preparatory
remarks to the application of one or the other of these keys.
Clearly there are more possibilities [3]. Mathematically the
simpler key is the one where we assume an imperfect market
and finite clasticities of substitution between the imports from
alternative regions.

10. The preceding sections are a sketch only of a type of
model which may be used as a framework for regional deve-
Jopment planning. The vague way in which it has been descxib-
ed illustrates the large number of possibilitics of adapting any
concrete model to the particular structure of the country it has
to serve. Thus, the number of regions and their frontiers, the
number and nature of sectors and their distribution over re-
gional, national and international sectors may be so chosen as
to approach reality as much as possible. Even so hardly all
the cocfficients it confains will be available from statistical
measurement and some of them will have to be chosen rather
arbitrarily. This applies especially to the substitution elastici-
ties for the products whose transportation costs cannot be ne-
glected. Probably it also applies to whatever cases of indivisi-
bilities will be introduced.,

Even when the model has been established another choice
has to be made: the one of the type of development policy one
wants to analyse. It is necessary to follow the habits developed
in the theory of cconomic policy and to define the aims and
means of such a policy. The afms may ecither be chosen as a
set of numerically given targets or as the maximization of some
social welfare function. For regional policy the welfare function
will depend also on regional variables such as éncome per head
of the various regions and the most common policies usually
imply a reduction of the income differences. Many specifica-
{ions arc possible, To laymen such criteria as first raising the
income per head of the poorest region and after a certain pro-
portion to the next poorest region has been reached raising the

(18] Tinbergen - pag. 7
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income per head of the two poorest, and so on, has a certain
appeal. To the mathematician other formulations may be more
attractive, such as a welfare function depending on national
income and (negatively) on the standard deviafion between
regional incomes per head; or a weighted average of the per
capita tncomes of regions as a welfare criterion, where the
weights may be indicative of the importance attached to raising
the particular region’s income they refer to. Of course there
must also be a dynamic aspect to the welfare function, that is
that future incomes also influence it. We may take care of that
aspect in the macro phase of planning, however, and use re-
gional welfare distribution in the annual plans only.

As for the means of development policy we may think of
a wide variety again, from very few up to a large number of
them. We may also think of intermediary targets temporarily
considered as means. It is customary to think of fnvestments
in a number of sectors as means in this sense; the main problem
being in which sectors and in which regions to take them so
as to serve the aims of the policy chosen in the best way.

11. Tor practical purposes development policy planning
will often have to be undertaken in successive steps (stages) [5].
We assume that in a macro stage the rate of development
and the corresponding volumes of total investment have
already been chosen for a series of years. We now con-
centrate, in another step, on the distribution of this investment
volume over sectors and regions. We assume that the welfare
criterion is a weighted sum of regional incomes. Tor the time
being we disregard economies of scale. Tach infernational scc-
tor is eligible for an additional investment of standard size (say
one million currency units). Moreover, such investment can be
made in any of the R regions. After it has been chosen in re-
gion 7, it will require additional investments in regional and
national sectors. The former must take place in the same re-
gion #. The latter may again be undertaken in any of the R

[18] Tinbergen - pag. 8
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regions. This means that cach project can be presented in
R? allernative versions. With the aid of our model we can
determine the additional incomes it creates in the R regions
and hence also the weighted sum of regional incomes represent-
ing the increase in welfare. We can also determine the total
capital to be invested in the bunch of projects consisting of the
investment of one million in the international sector plus the
investments in the regional and national sectors. The method
to be used is that we put equal to zero the investment in all
other international sectors. I have proposed to speak of the
semi~input-output method [1]. Thus the income-capital ratio
for all R? versions of the project can be found. The version
with the highest ratio is the « best version ». We may now
make a list of the ratios obtainable for the best version of invest-
ment in each of the infernational sectors.

The use we can make of this list is that we select the inter-
national sector with the highest ratio and invest all available
capital in this sector, With regard to international sectors this
will mean complete specialization. To be sure there will be
also additions to production in regional! and national sectors
involved,

This complete specialization will be avoided whenever we
add restrictions to the additional quantities that can be exported
in any one international sectors. Whenever such a bound has
been reached, the second-best international sector gets its turn.
Complete specialization may also be avoided if we introduce
an element of decreasing returns, not yet discussed, bnt realistic
in agriculture and mining. It is not to be expected that it will
be avoided by the introduction of indivisibilities, or increasging
returns. But it may be avoided also if instead of restrictions
to exportable quantitics we introduce a price level of export
goods negatively depending on quantities produced [1].

The introduction of non-linear inputs brings in the pos-
sibility that the effects on regional income of two projects are not

[18] Tinbergen - pag. o
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additive. This calls for much more complicated methods of
selection of the best set of projects.

The problem of distributing a given volume of investment
over a number of sectors and of regions also takes a different
mathematical shape when we adhere to the policy criterion
called the layman’s (cf. section 10). In the beginning of our
selection process we are now only inferested in the poorest
region’s income; that is, our weighted sum takes an extreme
form, where all other regions have zero weights. After the
poorest region’s income has reached a certain level we change
the weights, Mecanwhile we have already added fo other re-
gions’ incomes, since as a rule cach project bunch will add to
the incomes of several regions. With the changed weights our
preference for the projects not yet chosen may change, This
may malke for diversification (that is, non-specialization in the
international sectors). We may have to stop our selection of
projects at the moment that alf available capital has been used.
Up to that moment we have not only added, by our choice, to
the income of the preferred regions, the poorest, bnt also to
other regions” incomes. It is not excluded that this « loss »
could have been less if we had chosen another order of selec-
tion. We only want to mention this point, but we are not going
to freat if.

Finally there are problems created by the #ime structure
of the investment program. The selection rules we have discus-
sed will not, as a rule, simultaneously exhaust the capital avail-
able in consecufive years. If this phenomenon assumes dange-
rous dimensions we are confronted with the problem of a va-
riety of scarce factors — not so far discussed in this paper —
requiring the introduction of shadow prices for these factors
or equivalent methods. It is beyond the scope of this paper
to deal with this aspect.

12. A few concluding remarks will be made on the organiza-
tion and procedure of regional development policy. These

[18] Tinbergen - pag. 10
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have to be more sketchy even than the preceding sections. We
will concentrate on two aspecis, namely the possibilities of
decentralization of policy decisions and the question of the #ime
order in which decisions must be made. Both depend on the
mathematical structure of the model describing the relationships
between the unknowns, that is, the policy parameters or instri-
ment variables [6]. Decentralization, cither with regard to
sectors or with regard to regions, will be possible whenever a
number of scctoral or regional parameters appear in a sef of
equations not containing paramcters of other sectors and re-
gions and sufficient in number to solve for the unknowns con-
cerned. If it so happens that after a decision on some instru-
ments further instrurments occur in the same position, decisions
on the latter must be taken after decisions on the former. Since
the structure of the equations (or, if we like, the matrix of their
coefficients) does not only depend on the relationships between
the variables but also on the role given to some of them, it
depends on the target and instrument variables, that is, on the
iype of policy, what possibilities for decentralization and what
necessities as for time order there are. A simple example may
illustrate our point. If targets are set for regional incomes ~
a case different from the ones so far discussed — the production
volume of regional industries may be derived at once, provided
we can assume a direct relation between regional income and
production of regional industries.

Among the most fascinating and pressing problems of
sectoral-cum-regional planning is the one which forms of
decentralization — whether sectoral or regional — and what
order of decisions is optimal [2]. Models of the class discussed
in this paper may teach us about these questions.

[18] Tinbergen - pag. 1x
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FINAL STATEMENT

At the conclusion of this Study Week, we should like fo
thank the President, Members and Chancellor of the Pontifical
Acadeny of Sciences for their initiative in arranging an inter-
national discussion of the problems of Econometrics and for
their generosity and hospitality in putting at our disposal their
exquisite and unique Casina di Pio IV.

In the course of this Study Week, we have had the op-
portunity to review and discuss many recent developments in
the following branches of our subject: macro-economic decision
models and devclopment planning; optimal growth models;
the problem of uncertainty in development programming; the
influence of real capital on the growth of the real mnational
income; fiscal policy and economic growth; regional planning;
cost-benefit analysis; statistical tools useful in econometric
planning; the foundations of dynamic econometric models in
probability theory, and estimation procedures for econometric
models.

In addition to discussing the prepared papers, we also
considered the paths that future research inight profitably
follow. Throughout our meetings, many different points of view
were expressed and opinions varied considerably on a number
of subjects; but general agreement was reached on the follow-
ing statement and proposals.

Although, as an organised science, Economelrics is barely
a generation old, it has already made substantial progress and
is attracting more and more attention and interest throughout
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the world. In the last analysis, this achievement is probably
due to the effective learning process which results from com-
bining theories developed by means of mathematics, and thus
sharing in the clarity, rigour and power of that subject, with
observations of the real world, reduced as far as possible to
quantitative ferms. Iteration between theory and observation
is leading in Econometrics, as in other branches of science,
to a systematic body of verifiable knowledge about the real
world.

Since the Study Week was concerned with applications of
econometric analysis, our thoughts on the desirable directions
of future research necessarily ranged over a wide area. They
can conveniently be summarised under three heads: the ana-
lysis of the economy; economic obiectives; and instruments
of control,

A number of important areas of analysis were mentioned
as particularly deserving of further study; the role of capital
accumulation in economic development; the relationships of
education and of scientific rescarch to economic growth; the
desirability of introducing to a greater extent than hitherto a
regional dimension into cconometric models so as to connect
the economic structure of a nation with that of its constituent
regions; and the urgency of developing fechniques of quan-
titative analysis suited to the less advanced areas of the world.
Emphasis was also placed on the need for the systematic testing
of theory against facts in the construction of explanatory,
forecasting and planning models, and on the importance of
publishing the results of such tests. (Only in this way can
the experience of one country serve as a guide fo further studies
in other countries.)

Our discussion brought forcefully to our attention the need
for both empirical and theoretical analysis of the social object-
ives of economic development, comparable in purpose and
quality with current rescarch into technological conditions and
economic relationships.  Social objectives cannot be deduced
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scientifically, but they are data that science must take into
account in fostering cconomic development. We still have
unduly primitive tools and methods for ascertaining and
describing even approximately the objectives of any counfry
or any group within it. For example, we have no effective
way of determining how a community acts when it tries to
reconcile two such competing goals as a high rate of future
economic growth and a high level of present consumption.
Progress in this direction would not only be conducive to
better planning for given goals, but would also contribute to
a clearer formulation of these goals and to an improved level
of political discussion of them. This in turn would lead to a
more intelligent and satisfactory selection of such goals.

Our discussions also made clear the need for a better under-
standing of the capabilities as well as the limifations of various
instruments of economic pelicies which governments can use
in the pursuit of their short and long-run goals. Research on
the nature of the instruments available has been neglected in
favour of research on more narrowly economic problems, such
as production functions and market behavior in the private
sector. This neglect has led to the adoption of goals that could
not be attained by means of the available instruments and to
overestimating the effectiveness of some instruments. In short,
more research is needed into what governments can and cannot
do n trying to foster economic development and stahility,

A side of cconomic development which we feel cannot be
overemphasised is the race between increasing productivity and
increasing population. Most of the rescarch discussed at the
Study Week was concerned with one aspect or another of
productivity; yet measures for influencing the rate of popul-
ation growth may contribute at times even more to human
welfare than measures for influencing productivity. Much
work, theoretical and empirical, sociological, physiological and
economic, is needed on the population problem. Econometri-
clans can contribute especially through theoretical studies on
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the relationships between economic development and population
growth and empirical studies on the effectiveness of various
measures for influencing population growth. They can also
contribute by assisting in the improvement of vital statistics
and other demographic data under the difficult conditions pre-
valent in ‘under-developed countries.

iconometrics is a powerful tool of scientific analysis. It
cannot in itsclf determine what economic policy should Dbe,
but it can work out in a rigorous way the consequences of
specific hypotheses and observations.  Thus it can help con-
siderably in the successful functioning of an economic system
by bringing about a better understanding of the system and
an increase in the flow of information available to those who
operate it. This is true whatever the political environment in
which that system functions and whatever degree of develop-
ment it has reached. Naturally, continued improvement de-
pends on the general recognition of the new science by society
at large and on the additional resources, both moral and
material, that may be expected to accompany this recognition.

Arrazs, Borprmni, Dorrmas, Fismer, Frisch,
HAAVELMO, ISarD, JOHNSON, KOOPMANS, LEONTIEF,
MAHALANOBIS, MALINVAUD, MORISHIMA, PASINETTI,
SCHNEIDER, StoNg, Trem, Worn.



NOTE COLLECTIVE FINALE

A la fin de cette Semaine d’Etudes, nous tenons & remercier
le Président, les Membres et le Chancelier de I’ Académie Pon-
tificale des Sciences d’avoir pris linitiative d’organiser une
discussion internationale sur les problemes de 1’économétrie et
d'avoir mis & notre disposition, avec une généreuse hospitalité,
leur exquise et unique Casina di Pio 1V.

Au cours de cette Semaine d'Etudes, nous avons eu I'oc-
casion d’examiner et de discuter de nombreux développements
apportés récemment dans les branches suivantes de notre dis-
cipline: modéles macroéconomiques de décision et planifica-
tion du développement; modeles pour une croissance optimale;
probléme de I'incertitude dans la programmation du dévelop-
perment; influence du volume du capital sur la croissance du
revenu national; politique fiscale et croissance économique;
planification régionale; calculs de rentabilité; instruments sta-
tistiques utiles pour la planification économétrique; fonde-
ments probabilistes des modtles dynamiques et procédures
d’estimation dans les modéles économétrigues.

Alors que nous discutions les mémoires présentés, nous
avons aussi considéré les voies que la recherche future pour-
rait suivre avec profit. Tout au long de nos séances, des points
de vue différents furent exprimés et les opinions variaient
considérablement sur de nombreux sujets; mais la déclaration
et les propositions suivantes firent I’ unanimité.
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Bien qu’elle soit tout juste Agée d'une génération en tant
que science organisée, ’économétrie a déja fait des progrés
substantiels; elle suscite de plus en plus d’attention et d’inté-
vét A travers le monde. En derniére analyse, ce succes est pro-
bablement di & l'efficacité du processus de découverte qui con-
siste & combiner des théories, développées au moyen des ma-
thématiques et partageant la clarté, la rigueur et la puissance
de cette science, avec des observations sur le monde réel, tra-
duites autant que possible en termes quantitatifs. Le dialogue
entre la théorie et Pobservation conduit en économétrie, com-
me dang les autres disciplines scientifiques, & un cnsemble
systématiquement organisé de connaissances vérifiables sur les
phénoménes réels.

Puisque la Semaine d’Etudes concernait les applications de
I’analyse économétrique, nos pensées sur les directions souhai-
tables des recherches futures ont nécessairement couvert un
vaste domaine. Elles peuvent étre commodément résumées sous
trois grands thémes: I'analyse de I'économie; les objectifs éco-
nomiques; les instruments.

Nombre de sujets importants d’analyse ont été mentionnés
comme méritant particulidrement des études plus poussées: le
réle de I'accumulation du capital dans le développement éco-
nomique; les relations de l'enseignement et de la recherche
scientifique avec la croissance économique; 'avantage que pré-
senterait I'introduction plus systématique dans les modéles éco-
nométriques d’une dimension régionale grice a laquelle fa
structure économique d'une nation serait refiée a cclle de ses
- régions constituantes; l'urgence de la mise an point de techni-
ques d’analyse quantitative adaptées aux pays les moins dé-
veloppés du monde. L’accent fut mis également sur 1'impor-
tance qu’ont des tests systématiques de la théorie par les faits
dans la construction de modeles explicatifs, prévisionnels et
décisionnels, comme aussi sur la nécessité d'une publication
des résultats de ces tests. (De cette manitre seulement I'expé-
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rience d’un pays peut servir de guide 4 des études ultéricures
menées dans d’autres pays}.

La discussion a imposé énergiquement 4 notre attention le
besoin d’une analyse 4 la fois empirique et théorigue des objec-
{ifs sociaux du développement économique, analyse compa-
rable dans ses intentions et dans sa qualité aux recherches ac-
tuelles concernant les conditions technologigues et les relations
économiques. Les objectifs sociaux ne peuvent pas étre déduits
scientifiqguement, mais ils constituent des données que la science
doit prendre en compte quand elle veut favoriser le dévelop-
pement économique. Nous avons encore des outils et des mé-
thodes indiiment primitifs pour constater et décrire, méme de
maniére approchée, les objectifs de n’importe quel pays ou de
n’importe quel groupe a Uintéricur d’un pays. Par exemple,
nous n’avons pas de moyen cfficace de déterminer comment
une communauté agit guand elle essaie de réconcilier deux buts
aussi concurrents qu'un rythme élevé de croissance écono-
mique future et un haut nivean de consommation présente.
Tout progrés dans cette direction non senlement permetirait
une meilleure planification & buts donnés, mais encore contri-
buerait &4 une formulation plus claire de ces buts et & une amé-
lioration dans la qualité de la discussion politique les concer-
nant. Ceci conduirait alors & wn choix plus intelligent et plus
satisfaisant des objectifs.

Nos débats ont aussi rendu clair le besoin d’une meilleure
compréhension des possibilités comme des limitations des di-
vers instruments de politique économique que les gouverne-
ments peuvent employer dans la poursuite de leurs objectifs
a court et a long termes. La recherche sur la nature des ins-
truments disponibles a été négligée au profit de la recherche
sur des problemes plus éfroitement économiques tels que les
fonctions de production et les caractéristiques des marchés
dans le secteur privé. Cette attitude explique & la fois I"adop-
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tion de buts qui ne pouvaient pas étre atteints au moyen des
instruments disponibles et le fait que Vefficacité de certains
instruments ait été surestimée, IEn bref, il convient de consa-
crer davantage la recherche i 1'étude de ce que les gouverne-
ments peavent et ne peuvent pas faire pour favoriser le déve-
loppement et la stabilité économiques.

Un aspect du développement économique qu’i notre avis
on ne¢ saurait surestimer est la course entre la croissance de la
productivité ct la croissance de la population. La plupart des
recherches examinées & la Semaine d’Etudes traitaient de la
productivité sous un aspect ou sous un autre; cependant les
mesures destinées 4 influencer le rythme de craissance de la
population peuvent & certains moments contribuer au bien-étre
de Phumanité plus méme que les mesures visant & relever la
productivité. Il faut consacrer au probléme de la population
de nombreux travaux, théoriques et empiriques, sociclogiques,
physiologiques et économiques. Les économétres peuvent ap-
porter leur contribution en particulier par des études théorignes
sur les relations qui lient le développement économique 4 la
croissance de la population et par des études empiriques sur
I'efficacité de diverses mesures visant 4 influencer 1accroisse-
ment de la population. Ils peuvent aussi aider & I'amélioration
des statistiques de 1'état civil et des autres données démogra-
phiques sous les conditions difficiles qui prédominent dans les
pays sous-développés.

L'économétrie est un outil puissant d’analyse scientifique.
Elle ne peut pas d’elle-méme déterminer ce que la politique
économique devrait étre, mais elle peut établir d’une maniere
rigourcuse les conséquences d’hypothéses et d’observations
spécifiques. Ainsi, elle peut aider considérablement a 1’heureux
fonctionnement d'un systéme économique en apportant une
meilleure compréhension de ce systéme et en accroissant le flux
des informations parvenant & ceux qui le conduisent. Ceci est
vrai quels que soient l'environnement politique dans lequel le
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systéme fonctionne et le degré de développement qu'il a at-
teint. Naturellement, des progrés continus supposent que la
nouvelle science soit reconnue du grand public; ils dépendent
des ressources additionnelles, 4 la fois morales ot matérielles,
qui devraient normalement accompagner cette reconnaissance.

ArLars, Borprini, DorrmaN, Fisurr, Frischo,
HaaveELMO, ISaRrD, JOHNSON, KOOPMANS, LEONTIEY,
MAHALANOBIS, MarLinvauD, MoRISHIMA, PASINETII,
SCHNEIDER, Stong, ThHrmw, Worn.
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