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1. The paper ofs wvhich this is a Summary presents an argument in favour of ar

irdustrial location policy that is based on regional sclf-financing and joint

planning of the industrial development of advanced and backward reswons within

an interregional system. Such a policy is the interre;ional counierpart of ihe ‘
well-rnown “trade-not-aid” policy that has been extencavely dgscussodliﬁ Lhe‘
international context but that is equally applicable, and in fact consideratly

casier to apply, at the level of regions within a single country,

2. This policy recommendation is contrary both to established free-trade

policies and to policies of giobal product maximization. It is shown to flow {rom :
a shift in the point of view adopted towards the basic motive forges of econoric
development, replacing the stress on material factors, stock nccumalation, ard |
resource allocation by an emphasis on economic development az a process of cultural
transformation in which orientation to gruwth plays a crucial role., Conventionz)
mathematical programming models which upderlic the more sophisticazled versicns of

projeot evaluation and industrial location criteria have a series of major

deficiencies in coping with the kind of information thai assumes key importance *

under the changed point of view towards development. TIn their cuglonary versicns,

such models can be expected to yield.fﬁndamentally biased and nislcading rosulis,

3. Some of the modifications that these models require are sketciwed out at a
highly aggregated level, by means of three simple interregional groith models,

These models cmbody systematic shifts in the savings behaviour, capital abcorition
capacity, and productivity characteristics of each region. The shifts are in pa=rt
autonomous, representing what is regarded as the normal coursec of developmznt, wnd
in part induced. 1In particular, interference with dovelormen* ir the form cf
syphoning off the savings of backward regions is assumed %0 stifle ~utorcs 3. R ettaAl
‘endencies, The inability of converting savings into investmany, due to 2 ghoring
¢l capital goods, is likewise assured to result in an induced rotnndaiicn of 4

nsrmal autonomous course of development.

-
P

A An interregional “trade-not-aid® policy is shomm tr be generally banclic.:

€
“rly %o tho backward region, but io the system as a whole, cfion includin-. tic
1

3
hae

»Iranced region as well. Tho conclusions anply with partica cree Ao Ane oo
“:2% the social and political preconditions for an ori mtation to rrarh are aloe i

it unt,
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A. INTRODUCTION

1. General framework of the inquiry

The main policy issue in regard to industrial location and
regional development is often posed as the choice between geograph-
ical centralization or decentralization. While strong arguments have
been put forward for either alternative, the = of professional
opinion, under the infiuence of an increasingly :lear recognition of
the technological advantages of large-scale production and industrial
concentration, has recently swung towards favouring centralization.

The importance of growth poles, following the work of Francois Perrouxl/,
is widely recognized. Developing countries and regions are thus strongly
cautioned against spreading their scarce investment resources too thin
by attempting to follow a policy of geographically balanced growth. It
is argued that such a policy would, among other things, drastically
impeir their capital/output ratios and thereby directly reduce their
growth rates, while the resulting increased production costs would

also damage their bulance-of-payments positions with the outside world,
with obvious further i1l effects.

There can be no question concerning the validity of the technical/
economic phenomena underlying this point of view. 7he existence of
economies of scale and the closely related economies connected with the
sharing of pooled productive facilities and resourczs (processes, machines,
inventories, skilled work-force, technical services, organizational know-
how, social-overhead facilities and services) is established beyond doubt,
and 1s in many instances quantified or on the point of quantification.
Elaborate economic models can be and in some instances have been defined
for the detailed numerical exploration of these phenomena; this line of

inquiry will undoubtedly be pursued with increasing vigour in the near

1/

For a brief exposition, see 7, Perroux, "Economic Space: ‘Theory and
Applicatioms," Quarterly Jownal of Economics, February 1950; "Note
sur la notion de 'Pole de Citissance' ", Economie Appliguée, Institute
de Science Economique Appliquée, Paris, January-June 1955; and "la

firme motrice dans la région et la région motrice,” in Théorie et
u 'Exjansjon Régionale, Transactions of the International

Colloquium of the Institute of Economic Science, Lidge, Bruxelles, 1961,
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future, particularly with the coming of age of analytical tech-

niques that can explicitly deal with indivisibilities and increasing
returns to scale (integer programming, sinulation).g/ Yet something
essential is missing from these models as currently formulated, not-
withstanding their broad coverage and greet sophistication. These
nodels are based on a conceptual framework of reswrce allocation,
emphasizing the accumulation of capital stocks and the productivity of
these stocks under a given technology, taking into account alternative
production processes, alternative geographical locations, and (in so
far as data permit) alternative time phasings. What is underplayed or
missing is content having to do with motivaiion, social interactiom,
institutionaligation, and political action. These elements, it is
often asserted, should properly be introduced at the level of political
decisjonmaking, based upon the backdrop provided by the models that ’
admittedly cover only some aspects of reality. But what if the

g/ Some basic texts on mathematical programming are: Koopmans, T.J.
ed., Activity Analysis in Production and Allocetion, New York,

Wiley, 1951; Dantzlig, G.B., Wmm
Princeton University Press, 1963; Hadley, G., Linear Progremming,

Reading, Mauss., Addison-Wesley, 1961; Graves, R.L., and Wolfe, P,

eds., R t Ad M i ng, New York,
McGraw-Hi11l, 1963, For applications to economic and planning

problems, see R, Dorfman, P. A. Samuelson, and R, Solow,

Ec c is, New York, McGraw-Hill, 1958;
H. B. Chenery and P, G. Clark, Interindustry Bconomics, w11cy,
New York, 1959; and A, S. bhnne and H, M Markowitz, eds,, St
in eo i -Wid Capabi 8, New York,

Wiley, 1963. Mathematical programming nodels encommsing entire
economies have been published in: Chenery, H.B., "The Role of
Industrialization in Develomment Programs”, American Economic Review
May 1955; Frisch, R., Main Features of thg Oslo Median Model,

Social Economic Inltitute University of Oslo, Norway, 1956;

J. Sandee, A amspttig Planning Model for India, New York, Asia
Publishing House, 1960; Manne, A.S., "Key Sectors of the Mexican

Economy”, in Manne and Markowitz, eds., m&w.
op.git.; R. S, Eckaus

, "Planning in India™, in M, F, Millikan, E4.

M_Eg%ﬂi_g_ms National Bureau of Economic Reao&rch

New York, 1967; and J. B, Nugent, Zrem ment
M@mﬂﬁl Center of lening md Econonic
Regsearch, Athens, Creece, 1 . For intsger programaing techniquee, see
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orientation provided by such one-sided models 1s inherently and greatly
misleading?

The point of departure of the present paper is that economic
develcpment must be viewed first and foremost as a process of qual-
jtative cultural transformation involving human beings and sccieties,
rather than primarily as a process of capital accumulation. The post-
war experience of rapid physical reconstruction in var-damaged coun-
tries, reflected by phencmenal measured growth rates over linited
periods of time and typically terminated by a petering out of the so-
called economic miracle, has already cast serious doubt upon the
primacy of physical stock accumulation as the nucleus of the economic
development process. This impreseion is reinforced vhen refiecting
upon the tremendous and discontinuous expansion of the economic capa-
bilities of a society under the impect of outside threat or radical
structural transformation, well documented by the descriptions of a
number of war economies, or of the eccromic feats of revolutionary
societies that have utterly dumbfounded conservative observers. While
the economic processes in countries or regions that are successfully
undergoing economic development may on many occasions and over relatively
long historical periods be less dramatic than the phenomena Jjust men-
tioned, we cannot prejudge that they are utterly devoid of the salient
qualitative features of cultural transformation that characterise these
more dramatic instances vhich cannot be interpreted primarily in terms
of capital accumulation,

The fundamental objection to geographically centralised economic
development, if pursued vithout a proper recognition of the fact that
economic development means primarily a change in people rather than in

(footnote continued)

Mloy, ., W Resding, Mass,, Addison-Wesley,
1966; M. L. Balinski, "Integer Progremming: Methods, Uses, Com-

putation, wm vol. 12, 1965, 255—513, and Chapter
26 in Dantsig, op.git. On simulation methods applied to economy-
vidc wobl.u, see L‘. P. Hollmd ard R, w Ginuyu, m

B L i iciss, W.1.T. Fress, Cambridge, Nass., 1963.
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things, is that it induces progress at selected growth centers

vhile leaving large segments of the population untouched, As long as
the focus is on capital, and cn the fact that at any given moment ‘he
exisiing stucks of capital are by definition scarce since they cannot
be expanded in the wink of an eye, development policy will favour
strategies that maximize the productivity of currently available
stocks. Yet once the focus shifts to people, capital will appear in a
different light. Instead of being Just a scarce resource that must

be hushanded with the greatest parsimony, capital will appear more
than anything as a byproduct of growth. If, therefore, a cultural
transformation can be induced that will orient people individually

and collectively toward economic growth, this process of growth itself
will throw off the necessary capital required from moment to moment for
the expansion of the economic bu.ae.l/ Consequently, if the process of R
cvltural transformation is limited to a few geographical growth céntres,
this will simply waste the humar potential of the untouched segments of
the population, and will necessarily cut out the capital formation that
would have been induced as a byproduct of a more generalized growth
process. The end result will be a narrovly based developmental struc-~
ture whose prototype is the contrast between the capital city and the
overpopulated regions in the remote countryside of almost any Latin
American country, with trickle-down effects to the latter, if any,
painfully slov and inadequate. The nearly century-long time lag
between the industrialisation of the Italian North and South should be

2/ The idea of capital as & byproduct of growth finds convineing
expression in some of the writings of Branko Horvat. See: "The
Optimum Rate of Investment," Beonomic Journal, December 1958;
"Methodological Problems in Long-term Economic Development Pro-
greaming " t » United Nations,
Bulletin 5, 1962; and 8 ’
Yugoslav Institute of Economic Research, Belgrade, 1964, The
ldes of orientation to growth as an operative concept in economic
development is met in the late vritings of Joan Robinson. The
present paper attempts to arrive at some regional-locational
implications of these ideas.
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a sharp varning of wvhat may be expected even under relatively favour-
able circumstances.

This paper is an attempt to marshal arguments for economic develop-
ment on as broad a front as is consistent with underlying me . erial
realities. It is based on the point of view that geographical central-
igzation versus decentralization is a false alternative, grounded in
a particularly narrow view of economic development. What is requirad
is a set of criteria for deciding on the desirable degree of central-
igation or decentralization of particular economic activities, within
an overall policy framework that stresses the broad aspects of cultural
transformation connected with the process ef economic development.
This point of view leads to the adoption of regional sclf-financing as
a policy objective for the planned inter-regional location of industry,
at least at the level of major regions. To be effective, however, such
a policy depends critically on a complementary policy of planned promo-
tion of new, non-traditional export industries for backward regions
within a developing inter-regionsl system, ™he two complementary
policies will be referred to as the "trade-not-aid" approach to inter-
regional development.

The general statement given above on the role of humsan versus
technical factors in economic development and on & point of view
stressing orientation to growth rather than resource scarcity is
intended as a frame of reference for the following inquiry. In order
to be useful, this frame of reference nas to be translated iato
analytical terms that lend themselves to crea‘ing a quantitative back~-
up for the social decision process, encompassing vhatever is valid
in the currently available technical/economic descriptions but going
beyond them,

It would be premature to attempt directly the definition of a
newv analytical structure that grows organically out of the ‘rame of
reference discussed above, Since the point of view expressel in this
paper is by no means unique to the author, it is a fair guess that a
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proper analytical structure will eventually emerge from the cfforts

of many. The best that can be attempted now is to use the existing
technical/economic descriptions and their integrations into economic
models of the resource-allocatiocn type as a point of departure, and to
indicate the kind of nrodifications, extensions, or unresolved inadequacies
of these models that are immediately suggested by the shift in the point
of viev that is taken. In this way a gradual transformation of these
models is initiated that may eventually lead to fundamental revisions

of the analytical approach as a whole,

2. Ine shortcomings of resource allocation models
The principal shortcomings of cwrrent resource allocation models

that require modifications are the following:

]
(1) Al) mathematical-programming type resource allocation models

assume thet a single gbjective functiop car be constructed that is
made subject to maximization. Ir dealing with separate regions, this
is often an impermissible distortion of reality., We may get an entirely
false view of the possibilities of inter-regional development if wve
leave social and political factors out of account that condition the
interaction between regions. While not much can be done to quantify
the role of these factors, their clear recognition is essential in
order to get awvay from the mechanical application of some global
Baximigation of the benefits achieved by the entire system of regions,
treating the division of these benefits as a secondary consideration.
On the contrary, the precise nature of the interaction may well
determine the key features of the pattern cf inter-regional growth,

(2) Resource allocation models formulated in the customary way
focus on the technological relationships invelving production and
transport, relegating to the sidelines relationships that depend on the
quantification of motivations and behavior. As a result these models
overstress the scarcity of material goods in the course of develomment,
especially when these goods function as stocks (means of production) :
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vhile conversely they do not sufficiently emphasize that the scurcity
of material goods diminishes as & direct result of the process of
develomment itself. This leads to a neglect of feedback effects from
the process of development itself to the supply of effort, savings,
skills, and innovations, all of whick pertain to the human side of
the development process.

The concentration on material goods often falsely suggests that the
scarcity of these goods is the sole constraint on develomment; yet the
1imitations on the effectivenesg of sheer doses of capital are well
known to development bankers and forelgn aid administrators. Thus the
gtructure of job skills is crucial for determining the sbsarptive
capacity of an econiomy for given doses of capital. Cuarrent models have
a bias tovard treating the creation of job skills in a manner that is
entirely analogous to the production of commodities; they assume that,
given the proper input resources (including existing skills) any arrey
of skills can be built up in the same way as & stock of goods. Hence
the popularity of the cencept of "human capital”. Yet many cruciasl
skills cannot be imparted independently from the gredwml qualitative
transformation of the structure of the entire productive and secial
fabric of the developing country or region.

(3) The role of economies of scale in regional development is
generally recogniged as a crucial one, but this recognitiom has not yet
been translated into workable locational or project-evaluation eriteria.
T™is iz all the more important since many phenomena usually discussed
under the heading of mworwnm depend on
economies of scale, These phenomens {nclwde the role played by social
overhead capital, the economies of agglomeration and urbanization, and
the interrelation of industries in a developing complex via the comple-
mentary generation of consumer demand for each other's products.

The required modifications can at present just be sketched out
instead of being p-ociuly formulated; none the less, the very con-
sideration of the roquirulntl for these modifications will temd to
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affect in a systematic manner the policy conclusions derived from
locational and regional-development models. These modifications temd

to strengthen the argument for a policy of systematic support to the

more backvard regions by means of a planned division of industrial
development that vill offer to all regions the large potential benefits due
to economies of scale.

B. REGIONAL DEVELOPMENT: OOMMON OR CONFLICTING QOALS?

In reaching efficient Planning decisions, it is necessary to
assenmble and scrutinize the available alternatives and to choose
between them., Rach of the alternatives has to be self-consistent and
feasible, otherwise no meaningful choice is possible. The act of '
choosing, hovever, also pre—-supposes the consideration of objectives,
and this creates serious problems in regard to industrial location
decisions vhenever the welfare of more than one region is affected.

How shall the planner weigh the welfare of separate regions against
each other? In fact, the planner does not have full latitude for
making binding decisions in this regard, since he cannot put into
practice more than vhat the social and political forces operating in
the various regions will ratify. This ratification (or its opposite)
may be effected by the direct political acceptance or rejection of

a particular proposed Plan, or in more subtle ways, either by the
reasonably smooth fulfillment of the Plan or else by its defeat through
an accumulation of unforeseen difficulties, resistances, and inefficien-
cles.

1. Ihe diversence of velfare interegts

The problem posed here in terms of the interests or different
regions is not unique to inter-regional Planning; it arises vhenever
& plan covers different groups or different individuals, and is thus an
an inescapable feature of all Planning decisions. Nor is 1t an easy
problem to tackle analytically, Even if the preferences of individwls
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(as 4efined by neoclassical economics) are accepted as a valid analyt-
ical tool, these cannot be synthesized into public or social pefomcu.!/
Aecordingly, all joint decisionmaking (which is the ultimate sanction
of planning) depends at its core on the operation of a social or pol-
itical process that is irrsducible to the purely strategic functianing
of isolated individuals and thus has to be studied on its own terms.
This should hardly come as a surprise, since there is after all ne
reason to expect that the potentialities of man as & social being
should be fully disclosed by his behavior abstractly postulated for

a hypothetical condition of total isolation. It is revealing of the
preconceptions within which this particular line of economic inquiry has
been pursued that the recognitien should have come with the force of

shock,

In searching for criteria for inter-regional planning decisions,
we havs to be careful not to permit this approach to lead us into one
of two opposite extremes: either to viev all attempts at independent
consideration of regional interests as arbitrary and therefore in-
accessible to rational inquiry; or else, to short~circuit the entire
probles through exclusive attention to global optimisation.

While attempting to deal with the problem explicitly at the level
of regions, it will not be necessary for the purposes of this inquiry
to amalyze the same problea at the full depth of separate individuals,
There remains, even so, the question of how to define a region as & unit
of welfare interest. We can choose small or large regions, even supre-
national regions composed of individual countries, as units of analyseis.

%/ 5ee K. J. Arrov, Social Chioioe aad Individusl Valuss, Nev York, 1951.

5/ This is interestingly evident in the metaphors of the language
chosen Tor stating the fundamental mathematical theorems. In
relation to individual preferences, a SOCIAlL maference functiep
is described as being either imposed or dictatorial. Though
these terme are given a precise mathematical interpretation, the
overtones are unmistakable. Since social choices are irreducible
to the preferences of isolated individusls, vithin this freme of
mind they are incomprehensible and are therefore labelled as
ardbitrery or non-retional (imposed) or even inherently evil

(distatorial).
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For planning purposes, it 1g probably best to work with a hierarchy

of regions, explicitly considering the problem of unite at the same
level of hierarchy vhile provisional ly abstracting froa the exigt-
nce of lower-leve) units. In thig paper, attention will be restricted
to regions at the same hierarchical level, since many of the cenceptual
problems we vigh to clarify can be adequately dealt vith at this leve)
of abstraction.

This particular focus of attention in no vay carries the implica-
tion that other than geographical groupings of individuals are irrelevant
from the point of view of the divergence of welfare interests. Occupa~
tienal &roups, social classes, mtionuit.iu, races, or other social

velfare implications of inter-regional locational choices are especially
important, because vithin the modern natien-state the crystallisation of
individual welfare intere. ts 1s under normal conditiong particularly

apt to occur aleng regiemal l:l.nu.§/

e of natiemality,
claim to the primary lovalty of individwals, as its citizsens,
on the ground that it uthcr"nlitcryofthoirloltﬁnl.mul
camon interests, next to vhich their potential antagoniems are never
pernitted to play more than a subordinate role.
are important because they rest on
demarcation thet

of the nation-state ag & vhole. Regional loyalties censtitute & latent
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threat to central government since ey can serve to support separatist
political action whenever the bond of caommon interests within the state
is oversiraired »y regional inequities. In fact the continuing loyalty
of such regional groupings is general!lv aecured by giving them a sig-
nificant share in the pover of central government through some

mechanise of political representation.

2. 'The reconciliation of multiple objectives 1N Prodrsming Bodely

For the formulation of programming models, this situation implies
that there exist several partly autonomous goal-setting units instead
of a single unit vhose velfare aims can simply be maximized. All
sathematical prograsming models, hovever, presuppose the existence
of a unique objective or goal that is being pursued single-mindedly
to such lengths as the economic limitatione built into the model will
permit. When an economic problem presents itrelf in terms of several
autonomous objectives that have to be or are being pursued concurrently,
{t is mandatorv to reconcile these objectives in one way or another
before it is even possible to formulate a programming model, The two
principal means of achieving a formal reconciliation of sultiple

oblectives are:

(a) The selection of one objective as the principal one that
wvill be n.xuiud.l/ All the other concurrent objectives must then be
treated as constraints; in other words, it has to be prescribed in form-
ulating the model that these concurrent objectives will attain values
at least equal to stated lower limits that are acceptable or tolerable,
Vathematical progresming offers no clue as to how these limits are to
be arrived at. In dealing wvith problems of inter-regional growth,K for
emample, it is customary to treat the growth of the system as a vhole
as the main objective vhile assigning lover 1imits to the growth of

v Minimisation need not be treated separately, since it can alvays
be converted into maximisation by a reversal of signs.
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each region, sither in absclute or in percentage terms. I\ ts,
however, a moot question how these limits are to be set,

(b) The assignation of rtated veights to each objective, and the
maximisation of the weighted sum. The veights represent the relative
importance of each individual objective. Again, progremming offers no
clue to the derivation of the weights, even though a great dea. depends
on just how the reiative importance of concurrent g0als is quantified
by means of this choice of weights. The progremming model cannot be
formulated until this problem is solved,

The reconciliation of sultiple ohjectives is achieved -~y hoth of
the above methods in a merely formal sense, without touching the
essence of the undarlying problem of autonomous goal setting units. '1:hc
two methods exhibit a close mathematical interrelation: given any one
of the two formulations, it is possible to construct a mode] following the
altermative formulation that wi.l have an optimal solution in comsmon
vith the first anc.ﬁ/ Thus from the point of view of flexibility in
representing the underlying economic problem there is little to choose
between the two sethods.

3. Iha intersction of autonomous gosl setting units

Both of the above methods of achieving a forwmal reconciliation of
multiple objectives in progremming models presuppose an agreesent
between autonomous goal setting units in regard to weights or approp-
riate distribution constraints. It is, hovever, far from certain that
such an agreement can in fact be smoothly reached. While the develop~
sent of lagging geographicel areas may confer important advantages not
only upon themselves but also upon their more advanced partners, these
advantages often appear uncertain vhereas the policies required for
initiating the catching-up process for a lagging region may Appear as

y A formal exposition will de found in T, Vietoriss, "Locational
Choices in Planning,™ in M, Millikan, o.,
Planning, Mational Buresu of Econouic Research, New York, 1
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an immediate sacrifice. When the separate geographical areas have
their om institutions thet are capable of promoting affectively &
regional or other sectional point of view (as is the case for legis-
lative voting districts, more so for politically autonomous regiona
within a federsl government, and overwvhelmingly so for sovereisn
nation-states within a supra-national planning association) the
reconciliation of wultiple objectives becames not merely & mtter
of subordinating sectional views to an overall consensus, but

also a matter of bargaining.

In each of the above cases, the balance petween the autonomous
goal-se*ting units has two elements. First, these units have COERD
interasts vhich are represented by a central decisionmaking organ
with more or less extensive powers for resolving conflicts between the
units in the name of the common good. Secomdly, the units also have
mmmﬁichthqmmor less fres to pursue in the
fremevork of s stretegic game in vhich the attainment of the object-
ives of any ene unit 1is constrained only by the behavior of the other
units. This implies that the power of the central decisionmaking
organ must be sufficiently limited to allow some latitude for this
strategic contest. Particular cases differ in the emphasis given
to each of the above two Cl-.\tt.g/ In nation-states with centralised

9/ Current versions of game theory (for a recent synthesis, see
J. C. Harsanyi, "A Ceneral Theory of Mational Behavior in Came
Situations, " Bconometrics, July 1966) lose much of their effect-
iveness in dealing with such problems by failing to recognise
in the game situatior the presencs of an jnstitutionalised
representative of the gQmmon intereats of the participants. This
is a consequence of insisting on the conceptualisation of individusl
behavior in terms of preferencs functions. The latter cananot make
constructive use of human interections, represented by shared
peychological fields, in describing the core of the motivational
structure of the personality. Yet {t is entirely fessible and fer
many purposes highly fruitful to take & dismetrically opposed point
of viev, and to conceptualise the core of the individual personality
in terms of an Wmm- This pemmits & view of
{ndividual decisionmeking as consisting of the reconciliation of a
number of diverse strivings, as though in the name of some "common
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governments the first element predominates and there is only a
moderate latitude for bargaining and other strategic behavior on

the part of individual legislative districts or other institu-

tions reflecting regional interests. In supre-national planning
associations the second element is most likely to predominate, s‘nce
the individual unite typicelly reserve to themselves veto power over
central decisions. Pederal governments are intermediate between
these two, but probably closer to the first than to the second.

The market sechanige in its ideal form constitutes orne

oossible institutional arrangement for the balancing of common versus
opposed interests within a group of ecomomic decisionmeking units,
whether these be individuals, regions or nations. The market mechanism
makes possible the attainment of common interests (consisting in the
gains to be achieved by specialisation and trade) and at the same time
it provides & criterion for the distribwtion of these gains between the
individual wnits. Provided only that all units are subject to the
rules of market behavior, their choice of strategy i{s greatly simpli-
fied. (a) They need no longer Pay explicit attention to common
interests in the formulation of their strategies, since the market
mechanien assures the achievement of common benefits vhile individual
objectives are being pursued. (b) They need no longer keep wnder
observation the repercussions of their behavior on the actions of all
other units, since these actions are at all times summrised for each
participant in the form of price signals vhich permit the formulation
of simple individual objectives. Thus the market mechanism does away

(footnote continued )

mt"t'ummmbytmmmumofth‘qo. The
reselution of secial conflicts can then be viewed as the re-
emaction of personal decisionmeking on a larger stage. As
centrasted vith such a view, the rationality that eserges from much
of cwrent game thoonmthofhmorathmot interection
betwesn high-IQ mhopthcvhomu-ingyinmﬂctmm
dwhﬁviar,ntmuttcly incapable of forming any human
relationships. We must beware of pexrmitting our mathematical
models of inter-regional development to be cast in this mould,
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both with the need for collective value judgmerits involving jointly
achieved gains and their distribution, and with the need for complex
strategic decisions in a constantly shifting precarious power play.
The economy of effort on both of these counts is great enough to
encourage support for the rules of the game., In addition, the market
mechamism creates 8 l1ink between effort and reward; even though this
1ink 18 not the only criterion of distribution (as scarcity rents are
an equally essential part of the system), it 1s sufficiently prominent
to give the market mechanism something of an aursa of air play that
may be valued for its own sake.

The market mechanigm in its ractical form, although far from
jdeal in its workings, has been a me.jor social organizing principle
for a long enough historical period so that its rationalizations -
fair exchange, quid pro quo, revard in proportion to effort - tend to
be carried over also into situations in which strategic behavior
necessarily dominates. Thus, at the international level, it is
met as the traditional free-trade doctrine. This doctrine can of
course be used as & purely strategic device (in the form of a
heavily promoted ideology) for the pursuit of the particular object-
ives of those players in the strategic game vhom the rules of free
trede tend to favour most; and it has been 80 uled.lﬁg/ It should be
noted, however, that an appeal to the same underlying ideology appears
also in the principle, applicable to a supra-national joint plaming
association, that each nation should obtain a share of the commonly
achieved benefits in proportion to its contribution to the creation

of these benefits.

This principle certainly appears ressonable on the face of it,
but upon reflection it is seen to be subject to serious ambiguities.
Commonly achieved benefits couldbodividduydutunll in pro-
portion to political power: the "lion's share” is an operational

W For an interesting presentation of this point of view, see Joan
Nobinson, Economic Philggoghy, Aldine, Chicago, 1962, pp.65-66.
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principle fully as time-honoured as the principle of sharing bene-
fits in proportion to centributions; on the other hand, sharing
benefits to some extent at least in proportion to needs will always
have its proponents. Any one of these principles reflects and ex-
presses collective value judgments,

One of the advantages of an jideal market is that its principle of
division of benefits translates directly into a quantitative measure:
under such a system, price signals express the contribution of each
market participant. Under the other two principles, the measurement
of power is as ambiguous as “he measurement of need. If the criterion
of an ideal market is, howvever, carried uver into a practical loca-
tional planning decision, even this advantage is lost. The benefits
of joint planning are due as much (or often more) to economies of
scale obtainable in larger markets (with which no price mechanism can '
effectively cope) than to the classical gains of trade through special-
ization., Moreover, if those effects of locational decisions are also
taken into account which have ao counterpert in a commodity traded
on the market, the price signals will be deficient even in the absance
of economies of scale. In the latter category are such phenomena as
the velfare effects of migration, urbanization, and land use. "hus
& price system is of no conclusive help in the determination of contri-
butions to commonly achieved benefits even if the principle is accepted
that the distribution of benefits should be preportional to such contri-
butions.

%.  Self-financing and mutual support

Self-financing, coupled with mutual support between regions by a
Planned expansion of their joint markets, is suggested as a basic
principle of inter-regional development policy. While this benmefits
most directly the backvard regions, it also offers significant long-
term advantages for the advanced regions. The principles of this
policy are offered as a substitute for the policy of maintaining free




ID/WG.9/13

Page 19

inter-regional markets or for the policy of sharing revards in pro-
portion to contributions.

The basis for the suggested policy is the postulate that individ-
ual regions typically have a significant measure of politicel autonomy
pbut are at the same time also subject to some degree of central decision-
making. It is further postulated that regions have both common and con-
flicting interests. It will be argued that under a gensible policy of
planned inter-regional development the common interests can be made to
predominate sufficiently over the conflicting ones that the autonomous
regional goal-setting units will be motivated to keep the policy going.

The first element of the suggested policy is regicnel self-
financing. This goes counter both to the notion of free capital markets
as agents of development, and to the notion of global maximization as
represented by conventional linear or other mathematical programming
models. It is obvious enough by the silent tesiimony of the many
seriously backward regions of the world presisting in the face of
reasonably free inter-regional capital movements that the latter alone
will be far from adequate for guaranteeing development. In fact there
is reason to believe that under most conditions free capital movements
will drain resources avay from backvard regions rather than contributing
to their resources by & capital inflow.

Among the factors working in this direction are the following:
Lirsy, for novements of goods and capital acroes regional boundaries,
absolute rether than comparative advantage becomes the criterion of
investment, and backward regions tend to have a disadvantage on almost
all investment projects of interest for development., Secondly, the
investors vho have access to savings in backward regions will under
market institutions generally desire to diversify their portfolios as
as a protection against risk, by transferring a substantial portion of
their investaent resources to the more advanced regions. There have
been many discussions of the fact that for & backward region it can
be & serious dissdvantage to be tied to an economically prosperous one:
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this has been cited for the case of Southern Italy and Northem
Brazil, and in many ways it can be asserted to hold for the under-
developed vorld as a whole in relation to the industrialized

countries as long as primarily commercial-type relationships pre-
vail between them.

In the face of the observead tendency for the polarization of
development rather than its dispersal under conditions of free
capital movements and the coasequent drain of resources from the
backward areas, it makes good sense to suggest self-financing as a
suitable policy goal for increasing the net investible resources
of the latter. In other vords, since free capital movements tend to
strip the backward regions of resources, these movements :hould be
stopped as a matter of policy, in spite of the fact that net capital
inflows to the same regions, if such net inflows could be achieved,
wvould be beneficial to the regions in question. While self-financing
appears to be a more modest policy goal than the goal of net capital
transfers to the backwvard regions, in the face of the very real
practical obstacles and contrary forces that have to be reckoned with
it ie in fact a highly ambitious goal that may not be at all easy to
realise in practice,

The suggestion of self-financing may be attacked on the ground
that neoclassical economic theory predicts a net capital inflow to
backvard regions if capital movements are free., The available facts
tend to support the opposite comclusion. In spite of the great difrfi-
culties of measuring capital flight from backward regions, evidence
is bullding up that this transfer from the less developed countries
of the world to the more advanced comntries amounts to several billion
dollars nnmllly,w offsetting direct investments and economic aid
floving in the opposite direetion. There is azple reason to expect

w See (¥rean Ohlin, Fog Aid P » OECD, 1966,
Table IV-3 and accompanying text. 1In spite of administrative and
mi litary expenditures, foreign aid, private investments and credit
running to over 10 billion dollars annually, the import surplus
of developing countries ( including transport and similar services)

does not reach 2 billion dollars annually, and is very unavenly
distridbuted.
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that the same pattern is repeated between the regions of individual

countries,

The suggestion of self-financing might, however, also be

attacked from another angle, namely by asserting that polarized

development might be favourable to a couniry as & whole, Somc

regions, this argument goes, are inherently inefficient, high-cost

regions, and such scarce investible resources as the country as a vhole
might be able to generate, should go preferentially to the more effic~
ient regions, otherwise overall development will be slowed dowm, It

is not difficult to construct {1lustrative models in support of this

view, and it has adherents in countries both with market economies and

with centrally planned econcmies.

This argument has indisputable merit for small regions, since the
logic of dispersing development uniformly over geographical space must
break down at some point; evidently there cannot be an integrated steel
rill in every square mile of space; thus economies of scale inescapably

jead to a polarization of jnvestments at some level of regional sub-

division. While for a system of larger regions this argment loses some

of its force, there are still many activities, perticularly the ones
that are associated with social overhead investments auch as transport
arteries and terminals, housing, and urban facilities, that continue

to raise the same kind of problem. These jnvestments are not only

subject to wmajor {ndivisibilities but, distinct from steel mills, their

product cannot be transferred or utilized over a distance; thus a single

large investment cannot serve the needs of many geographically distinct

points, and therefore each region requires its own investment to function

at & favourable cost level, This creates a force tending to favour the

inter-regional polarization of investments even at the level of major

regions. Economies of agglomeration and urbanisation reinforce this

tendency.
Thece tendencies hovever, are not the only influence at work,
The effectivenass of polarizing capital transfers is restricted both

by unfavoursdle feedback effects on productivity and the supply of
savings and skills in the regions that are loeing resources, and by
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the limits on the absorption of large doses of capital in the ad-

vanced regions. If the development of these regions is already rapid
enough to strain the capacity of these regions for structural change,

the polarizing capital transfers will merely deprive the backward regions
of the resources needed for growth, without contributing significantly
to the develomment of the more advanced regions.

If the notion of sel’-financing (at least for regions of reasonable
size) is Provisionally accepted, the question will inevitably occur:
in vhat way can different regions offer each other mutual support,,
given that capital transfers are ruled out by assumption? The main
avenue of mutual support under these conditions is jointly Planned
indgchat;m. The more advanced regions can offer a decisive
aid to the lagging regions by assisting the latter in converting their
savings into the physical investment resources required for industrialiga~
tion. This can be done by a planned sharing of industrial markets: 1{n
other words, by rroviding the baciward regions with an outlet for their
industrial exports from which needed capital-goods imports can be
financed. The more advanced regions gain by this policy due to the
videning of their own markets. To the extent that development does not
remain restricted to the most advanced regions and income rises rapidly
in the inter-regional system as a whole, all regions will benefit from
the economies of scale that can be achieved in the wider Joint markets.

The key to this policy is regional self-financing, It 1s enphasised
that the viability of a policy of regional self-financing does not
require a demonstration that the system of regions as & whole 1s nec-
essarily better off with self-financing than 1f capital transfers wvere
permitted. While strong arguments can be advanced to prove falge the
conventional view which holds that any interference vith spontaneous
Polarization tendencies will exact a severe sacrifice in terms of the
growth of the system as a vhole,-]-'g/ the case for regional self-financing

12/ See the models presented below in Section C-3. See also
T. Vietoriss, gp.cit.
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does not hinge on thece arguments. It only needs to be reiterated

that each region 1s to a considerable extent an autonomous goel-
setting and decisionmaking unit. This unit may not be able to

impose its preferences on the other regions, but it has a variety of
devices by means of vhich it can exercise veto power over many

aspects of joint or central decisions. Thus a demonstration by means
of simple programming models that certain resource transfers that

are damaging to a region are beneficial to the system as a vhole fall
far short of proving the case for such transfers, since the putative
benefits may not be attajnable under any set of realistic circumstances.
When meking a planning choice, each presumsd alternetive must de facto
exist. The burden of the present argument is that a serious infreaction
of regional equities will in all probability result in an illusory estimate
of overall growth possibilities. The case for reasonable standards of
equity in inter-regicnal planning decisions is merely strengthened by

a demonstration that, even vhen abstracting from considerations of
regional autonomy, the additional global bemefits that might be avail-
able as a result of polarised growth are modest or non-existent.

Given the above considerations abo't regions as partly autonomous
goal-setting and decisionmaking units, s it possible to use mathe—
matical programming models as aids to the inter-regional planning

process?

The ansver is in the affirmative, provided that the limitations of
such models are recognised. In the usual formulation, a global goal is
maximised (such as the global product for all regions) vhile so-called
yalfare sanstraints are introduced for the imdividual regions, for
example in the form of prescribed minimum shares in the increase of
globul product. The foregoing argument doss not imply that such form-
ulations are necessarily beside the point; but it does imply that the
models possessing the given formal charecteristics have to be inter-
mmdmdviu.adirr“tpintddurmﬂncm_rym.
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It 1s usual to constder the regional welfare constraints ag
being in some sense an afterthought, introduced into the model ance
the essentia], technical parts of the mode! are assembled. 1t 14
&lso customary to talk about the cogt of such welfare constrainte, in
the following sense. If an additional constraint 1s imposed on o max-
imising model, this wil] generally restrict the aumber of altermatives
&vailable for choice, and vill reduce (or at best leave unchanged) the
objective being maximized. Thus the SQ8% of introducing e regional
velfare constraint 1s a reduction in the global product (assuming that
the latter 1g the maximand). What is not sufficiently appreciated,
however, is that any constraint in the model Gan play exactly the
Same role. If ve remove any one of the technical constraints (for
Caample, the constraint on irem and steel inputs) then the formal
solwtion to the model vill yield a higher maxisum. This maximm would

Baximum since it ig readily apparent that the suppression or the
comstraining role of iron and stesl inputs will reeult in an illusory

improvement that cannot be dg facto attained under any set of circum-
stances. The oconomic significance of the estimate is that it
asagures the effective Scarcity of iron and steel supply.

goal-eetting and decisionmaking units, the exercise of this autonomy
uthurm'tcmboducribdint“ofcminmm
that are imposed on €lobal maxinising decisions. These political con-
straints, hovever, are by nc means gratuitous: their removal would lead

cession to a more)] muof.quitya:thcpu-tof thocmtnlnhmcr.
If the latter interpretation vere allowed to stand, then 1t would become
& matter of the central Planner's exercising his own preferences in
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In this cese, indeed, welfare constraints could wvell be regarded as
an afterthought; and there is good ressor. to suppose that in customary
formulations of progremming models they are generally so regarded. The
very name velfare constrailpt suggests this; in representing the veto

power of partly autonomous rogional units, the name political sonstraint
is a good deal more descriptive of actual conditions.

The caonsequences of the two differing attitudes to progranming
models, however, go beyond a mere change of names. Rigid constraints
are a very elementary way of representing the political autonomy of
regional sub-units in progrumming models. A more sophisticated approach
is an attempt to quantify the economic repercussions of inequitable inter-
regional development policies, as reflected by productivity decreases,
lagging supplies of savings and skills, diminished innovative activity,
and other indicators., This permits a more realistic appraisal of the
consequences of different patterms of inter-regional development. Yet
even this fails to come to grips with some aspects of regional autonomy,
since 1t still leaves out of account the possibilities of direct political
action that can have a fundamental influence on the shape of the inter-
regional development plan as a whole and that elude any attempi at simple
quantification via maximising models.

The attempt atqmntifying some of the socio-political factors is,
none the less, highly significant in spite of all imperfections and
attendant difficulties. The more the repercussions of different
patterns of inter-regional development are traced out concretely, the
more will it be possible to define inter-regional development policies
that exphasize the common interests of the individual regions, thereby
reducing the sphere of conflicting interests that have to be resolved
by primarily political means.

The following chapter offers a few tentative first steps in this
direction.
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C. , T C N,

I -REGIQ

We have so far explored the shortcomings of a maximizing approach
to inter-regional development, and urged the introduction of social
and political considerations into the formulation of resour~«-alloca-
tion models that are used to study inter-regional development. 1In
this chapter some further shortcomings of thege models will be analysed,
focusing on the inadequacy of the concept of capital accumulation for
expleining the phenomena of economic development, even if the former
concept i{s extended to comprise the accumulation of human capital,
This suggests a systematic modification of the paremeters of such models
in order to represent some key aspects of the cultural transformation
process that have a bearing on inter-regional resource allocation., 'These
Principles will be illustrated by three rudimentary, agaregate-level
models of inter-regional develomment. The models lend support to a
policy of regional self-financing and show the effects of such a policy
on the growth of advanced regions, backward regions, and the inter-
regional system as a vhole.

1. Human capital

The concept of human capital is firmly grounded in the view of
économic development as an aceumulation process, and is in fact a
poverful attempt to salvage the dominant position of the resource-
allocation fremework in explaining the phencmenon of economic develop-
ment, The device used to this end is the extension of the concept of
sapital from the accumlation of physicel stocks to labour skills, and
&s such it follows the tredition of treating human lebour as a commodity,
on & par vith other commodities traded in the market, In g programming-
type resource allocation model each grade of skill, like each physical
commodity, appears in two balances: a 8tock balance with an associated
stock-rental price that depends on the scarcity of the stock accumulated
up to the given time; and o flow balance with an associated flow price
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that represents the capitalised value of remtals in buying or selling a
unit of the commodity. The stock-rental price of a unit of skill

is its wege rate, vhile the flow price is the capitalised value of
wages. The latter can be interpreted as the value of a man's skills

to himself, or the purchase or sales price of a skilled slave in a

slave society; it also represents the social value of a skilled

smigrant or immigrant. Skills are generated by educational or train-
ing activities that are defined as the exact counterpart of ordinary
production activities; i.e., they have inpyts of physical and skill-
commodity flows and stocks, and outputs of the desired skill-commodity
flows. There are, in additiom, special activities that carry over
physical and skill-commodities from one time period to the next, These
activities inter-link flow and stock prices and jointly determine the
structure of discounted prices which underlies the concapt of the rate of
interest. A simple programming model of this kind is shown in Figure 1.
(A detailed interpretation will be found in the Appendix. )

Such a model represents the qualitative cultural changes that take
place in the course of economic development in terms of a gradual build-
up over time of stocks of skills of ever higher order. Each higher
skill implicitly embodies the requirements of physical stocks and flows
as well as the requirements af crude labour and skills of different
gredes that emter into its goneretion by means of educational or training

activities,

In order for this model to have analytical value, eoducation and
training sust be represented as taking place within the economic
sphere, 1.¢,, as a part of the productive process. From the point
of view of production, skilled labour of wrious distinct grades is
no more than an interwmediate commodity that can be produced directly
or indirectly from crude labour and other primary inputs. In the
simple model of Figure 1 the only primary (non-produced) inputs are
crude labour and the initial stocks of physical goods. If optimiszation
over time is represented by maximiging the value of terminal stocks, the
growth of the system in any time period is limited only by crude labour,
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FIGURE 1, A gimple programming model for human capital
S%ocks carried over
From To
previous following
Production period period
ge > Good Skill Goodse Skill (Goods Skill
nOus OO0Q8 8 00 8 Q0 8
1 2 1 2 0 2 1 2 0 1 2
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
I i L
Flow 1] 1 0 11 -a -e - , 1 =1 Pl
Goods 2] 2 -, ! @ l-a - - ! 1 : =1 P2
} i
Flow 0 3 |4, , -(1-d) | | | -1 Py
Skills [1]| 4 1y : +(1-4) -(l—d): 1 : -1 P4
2l 5 |+, +(1-a), 1, -1 P5
e sl R i Bl ol i
Stock 1] 6 F'ay a» - - ' : R
| |
Goods 2| 17 1 -b b g < 1 | Rz
} i }
Stook 0, 8 : -f =f a1 | 1 l .33
8kills 1 9  =f  =f -1 , | R4
2| 10 ''of of -h -h ! 1! R
y § ] 5
- - e s g g
e X, XX, X, Xy H] HZ‘H'3 I{‘xrs H H, H H, H
Figure 1-A. Detail for a single period
| Period Balences Stocks carried over
;
;' 1 2 3 4 5 6 7 8 9
1 P I S p!
g 1 1 ! [ | 1
E 2 [ S_ L __ Iy R
E 3 ] | 1 1 -1 p2
Flows 2 2! ! ! 2
? and 4 (O S IO ' ' R
| Stocks | | 5 ! " S ! S P
; for
for 6 82, : 1 R
w0 A x| A
4
8 pr S e - - - - s o J- §J- ---L- - ek e e v = - ew » = = ouf R4
| [}
s| 9 | | P
10 : ! P
1
U " B B R 2 B
Figure 1-B. Interconneotion between periods

Flow
Prioces

Stock
Prices

Flow

Stook
Prices



ID/WG.9/13

Page 29

and by the stocks of physical commodities and stocks of labour skills
that have been accumulated up to that period of time, The essential
choices within the model pertain to the extent and time-phasing of
educational and training activities, so that the balance between the
disadvantages of tying down labour {n training activities as against the
benefits of the higher productivity of the resulting upgraded labour
force may be struck in the most favourable manner that can be achieved,
While in Figure 1 only two production activities are shown, the model
in general assumesc that a wvide range of choices exist between produc-
tion activities using skills in a more or less intensive manner, and
that increasing amounts and higher degrees of skills are compensated in
the overall technological structure by reductions in crude labour
and/or physical stock or flow requirements., While substitution possi-
s bilities between activities are at the core of the technical/economic
description provided by the model, crude labour and skill input-
requirements within a productive activity are assumed to be rigidly
determined and precisely given,

o

In Figure 1 the growth of the labour force is represented by net
exogenous additions to labour of verious grades in each time period.
Thes® net additions for crude labour comprise new entries into the
labour force, minus deaths and retirements, plus immigration net of
emigration. For higher-grede skills there should be no new exogemous
entries (other than possible {mmigration) if the model proposes to handle
education and training as taking place within the productive sphere.

As formulated in Figure 1, educational and training activities
alvays result in e direct debit against production, since they with-
draw some labour from productive uses; there is of course an indirect

| credit, in that the nevly generated skills will make possible a

| . higher productivity in a future period. The only possible exception

to this rule is the training of crude labour under conditions where
crude labour itself is in surplus; then the shadow price of crude labour

is sero and the training activity 1is not debited with a cost item on
this account. There will, of course, still exist debit items due to
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tying down high-skill teachers, as vell as costs due to physical

stock and flow requirements. The wage structure resulting from the
training activities is such that the capitalized difference between
vage levels just compensates for the training costs incurred, including
the opportunity cost of wages foregone while in training.

The tour-de-force of representing the cultural transformation
incident to economic development as an extension of the process of
stock accusulation is worthy of admiration @8 an intellectual feat,
and in fact it yields an excellent description of the purely technical
aspects of the labour training and educational process. Moreover,
when technical inputs into labour training other than labour inputs can
either be safely ignored or can be reduced to further indirect labour
inputs, the model also vields an acceptable description of the differ-
entiation of the labour force as corresponding to different amounts ot
congealed unskilled labour that is implied by the emergence'of each
skill category. None the less vhen the phenomena of cultural trans-
formation are forced into the procrustean categories of resource alloca-
tion, some of the key features are left outside,

Three of these key features that have to be allowed for at this
point are: (a) the direct interaction between education/training and
consumption; (b) the direct interaction betveen education/training
and production; and (c) the ingtability of the technical coefficients
related to labour inputs, under conditions of social and institutional
change,

(a) Direct T 2 _Ogbween education/training and consumpti
The resource allocation framework presupposes a neat division between
the production and consumption spheres in society, whereby any activity
can be classified either as vork, contributing to production, or as
sonsymption (e.g., utility generation). Given this classification,
the amount of work that can be performed is limited by the availabdble
labour supply. Yet the most fundamental determinants of productivity
are impossible to classify in this manner. Basic language, literacy, and
sociel skills whose lack totally undercuts labour productivity are

acquired as a matter of course by all members of a given society, completely
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regardless of their needs as individuals to do productive work for a
living. Higher education, the leading edge of productivity advances,
1s sought after by many of the socially moet productive individuals
as an end in itself. Thus educational and training activities cannot
be neatly assigned to the sphere of production, and conversely their
lack or relative backwardness cannot be simply reduced to deficient
stocks of teachers and deficient training activities within the
sphere of production., By the same token, a rapid upsurge of these
activities can at times take place with great spontaneity, in spite of
the phantastic imputed costs (and consequent additions to gross national
product) that wvould be implied if all of these activities were accoumted
for at conventional (i.e,, commercial or administered) resource prices.
To appreciate the margin of uncertainty in this regard, suffice it to
say that with an institutional work year of 2200 hours (50 weeks at
4% hours/veek) and a labour-force participation rate of LOp, barely 106
of total population-hours are spent in work. This is the maximum that
ve can assume to be subject to resource allocation either by the market
or by some planning mechanism that acts as a surrogate for the functions
of the market, such as programming. Given this 10% and regarding the
6T% of waking time as the fund ot vital hours available to the culture,
ve can see that only 15% of the vital time-fund is allotted to the
economic sphere, vhile the disposition of 85% is culturally rather than
strictly economically determined. The education and training of
children, decisive for later labour productivity, draws on these hours;
so do the unaccounted-for productive activities of housewives that,
as experience indicates, can be considerably contracted, e.g., during
wvartime; and so do the culturally patterned recreational and other
spare-time activities of workers. With this tremendous slack at the
dispoeal of society, it is hard to argue that the speed of cultural
transformation is primarily determined by economically scarce stocks of
skills, except under highly formalised and rigid institutional conditiond
It is of course true that there may be severe bottlenecks in some crit-
ical skills, and also that there is in general a well-defined time lag
associated vith all educational undertakings that in some vays mirrors
the time lag incident upon the accumulation of stocks; yet the existence
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of this vast slack more than adequately explains the cultural break-
throughs that can be achieved at times spontaneously, or under proper
conditions in a purposeful and controlled manner with literacy campaigns,
adult-education programmes, and other institutional means of accelerated
cultural transformation.

In a purely formal manner, these phenomena can be subsumed under
the resource-allocation model in at least two vays,

First, all educational and training activities can be assigned to
the productive sphere, This implies a vast increase in the hours of
activities classified as york, which have to be accounted for in terms
of a corresponding increase in the hours of available labour supply
Per unit of stock of each skill grade, 1In the model of Figure 1, ror
exsaple, the increase in yearly work hours available from a stock of
1 worker and the reclassification of non-productive individuals as °
vorkers is reflected in the expansion of all skills ( including erude
labour) inherited from the base period (increase in the H° parameter
vector in Figure 1-B) and corresponding increases ir the exogenous
labour supply in each time period (parameters %, 9 , and q,
in Figure 1-A), Accordingly, the physical and/or skill outputs that
can be attained with a given population can be increased. In form-
ulating such a model, of course, care has to be taken to sub-classify
the newly expanded labour resources properly, since otherwige the
educational activities involving, e.g., the time of small children
(that are now accounted within the productive sphere) might show up
as a sudden expansion of crude labour available for industrial tasks,
etc. It is also essential to specify that the expansion of the labour
supply incident upon this redefinition of the productive sphere or the
économy be matched by a corresponding increase in gavings, since the
redefinition must not be allowed to expand consumption; thus vhatever
additional income ig generated must bhe formally shown as being saved
and reinvested in additional stocks of skills,

Secondly, educational and training activities taking place outside
the conventional economic sphere can be represented as Sxogencusly
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determined supply and demand parameters: in particular, this applies
to supplies of specified flows of new higher-grade skills matched by
withdrawals of corresponding amounts of lower-grade skills, and demands
of physical and skill resources associated with the anspecified educa-
tional and training pheiomena.

It is clear that these purely formal solutions to the problem
achieve very little, since all of the really difficult questions remain
outside the analytical framework. In the first case, there is no wvay
of analysing the amount by which the redefined labour supply will expand
in each time period and by each skill class; the formal expansion of
savings required for mopping up extra factor income cannot be properly
specified except ex post; and the usual optimizing criterion, i.e.,
the maximization of the value of terminal stocks, has to be modified,
again in a manner that cannot be determined except ex post, in order
to allow for the apparent overscheduling of certain educational/treining
activities that are known to be valued for their own sake. In the
second case it is even more evident that the key questions are hidden
behind exogenously determined parameters.

(b) Direct interaction between education/training and production.
The evolution of skills, in the rescurce-allocation framework, proceeds

independently of the technological evolution of the productive process.
A complete set of technological alternatives can in theory be embodied
in the set of physical production activites, and the adoption of the
most advanced technological alternatives is limited only by the avail-
abilities of the corresponding skills, as reflected in their shadow
prices. Thus, as long as certain advanced skills are very scarce
vhile crude labour or low-grade skills are abundant, the available
stocks of these advanced skills will be allocated only to selected
eritical activities that have an exceptionally high productivity in
terms of these skills, matched by low inputs of other grades of labour
and physical commodities. These critical activities will then set the
shadow prices of the advanced skills, and will do so at a level suffic~
fently high to rule out the profitable use of these skille in any but
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the corresponding activities themselves., As development proceeds,
additional stocks of the higher skills can be generated by education/
training activities, and thie will ip fact be done in so far as the
resultant productivity increase Justifies the training costs,

Cne socio~cultural aspect of this procesg that has typically
not been built into programming models, but has received detailed
attention at the aggregate level is the impact of upgraded skills
on the total wvage bill and thus on the balance between consumption
and savings. Another aspect which is critical to the present
evaluation is the inseparable, organic relationship between the
evolution of work skills, organizational skills, advanced technical/
scientific 8skills, and the evolution of technology as represented by
the collection of de facto available alternative production activities,
There is an interpenetration of the Process of production and the ,
process of innovation that results in joint activities having a triple
character: by means of physical and skill inputs they produce, first,
pPhysical commodities, gecond, a net surplus of higher-grade skills, and
third, information pertaining to new production activities that may be
added to the set of available alternatives in future time periods. Thus
& resource-allocation framework that treats education/training as inde-
pendent of production and innovation is forced to postulate, in a
patently unrealistic fashion, that workers can be trained, in complete
isolation rfrom the production activities, for predetermined slots in
the production process; while the latter process itself is viewed as
consisting, besides currently utilized activities, of costless altern-
ative blueprints using higher-grade skills, that are waiting to be
embodied at the right moment within the accumulation sequence.

There has been much recent work on one aspect of these problems,
namely the costs involved in generating new technical alternatives
and the inclusion of decisions pertaining to the allocation of resources

to cover these costs wvithin the overall framework of resource allocation,

This however stil]l leaves open the question of how such costs depend on
the interaction between the Productive process and innovation; and how




both interact with the simultaneous upgrading of the labour force.
While it is easy formally to define activities that produce physical
outputs, upgraded labour skills, and new technical alternatives for
future use ag joint products, this devwice begs the question, since

it throws no light on how the technical coefficients of such activities
are to be determined. Thus the key phenomena of cultural transforma-
tion remain hidden behind arbitrarily defined parameters.

(¢) The instebility of technical coefficients related to labour
inputg. Those technical coefficients within resource allocation models
that depend directly or indirectly on labour productivity are notoriously
unstable as compared to technical coefficients that depend primarily on
physical phenomena. Thus for example in the production of caustic soda
and chlorine by electrolysis, the proportions of these joint products
as vell as their ratios to the required input of electric current are
deternined primarily by Faraday's law, and are accordingly highly
stable., Contrariwise, the output of a mechanical workshop depends
heavily on labour productivity even if its machine park, product
assortment, and outside operating conditions are standardized. The
technical coefficients of such a workshop are strongly affected by
at least two kinds of cultural conditions: first, by conditions per-
taining to learning, both at the level of the individual and &t the
level of the social organization; and secondly, by conditions pertaining
to motivation, affected both by material and social/political incentives.

Learning phenomena have been studied in some detail and can be
described by a gradual improvement of performance that tends to level
off asymptotically towards an empirically determined 11n1t.w It is
theoretically possible to build such learning behavior into resource
allocation models by means of integer-type sequencing constraints
that prohibit the employment of more efficient technical variants

within a learning sequence until the less efficient variants have

1Y 4. Asher, Cost-Quantity Relaticnshine in the Alrfrass Industry,
RAND Corporation, Santa Monica, California, Report R-291, 1956.
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already been undmaken.w The rate of improvement can be adequately
described by period-to-period coefficient changes, vhile the ultimate
level of improvement is given within error limits, by the last activity
in the sequence. The key un-ansvered questions implied by this formal
description refer, of course, to the rate and the limit of improve-
ment under different socio—-cultural settings,

The phenomena pertaining to motivation are even harder to assess,
There is no question that material conditiona of living feed back on
the productivity of the workers, and so long as a given socio-cultural
setting can be assumed to be essentially invariant, it is possible to
relate material incentives to effort put forward. This relationship is
covered by numerous investigations of incentive systems. The broader
aspects of the effects of the social, cultural, and political setting
on productivity are, on the other hand, inherently much harder to ,
quantify. Some of these effects may be summarized under the heading
of morale vhich, as indicated for example by the celebrated Hawthorne
experimmtu,;j/ is a highly elusive concept. While it is plausible
that a high rate of economic growth and a general atmosphere of
purposefulness and optimism create a favourable feedback on productivity,
a similarly favourable feedback may on occasion also be obtained from
an atmosphere of challenge and crisis. It has been asserted that under
one set of particularly drematic circumstances increases of productivity
in a country paralle.ed the sharp rise of internationsl tensions in
which this country as a whole had a vital stake.l—é/ If technical
coefficients can on occasion exhibit this degree of instability over
the very short run, it becomes obvious that their longer-term trend

M‘/ For the logic of sequencing constraintes scee H. M, Markowitz and
A. S, Manne, "On the Solution of Discrete Programming Problems,"

Econometrics, January 1957, pp.86-87.

1/ For a comparative discussion of these and related experiments,
see H, F, White, "Human Relations in Industry,” The Delphjan
SQuarterly, Spring, 1956; relevant portions reprinted in M. L,
Barron, ed., Contemporary Sociology, New York, 196k, PP.318-320,

16/ A, Gilly, "Inside the Cuban Revolution, " Monthly Review, New
York, October 1964, p.8k, |

L
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must be subject in cardinal ways t.o gsocio-cultural determination that
is entirely outside the analytical scope of the proposed resource-
allocation models.

In sum, the concept of human capital represents the most far-
reaching attempt, within the resource-allocation framework of thought ,
to come to grips with the phenomena of ecoromic development tincluding
the qualitative cultural transformation incident on the acquisition
of higher gkills and broader eduration. We have reviewed some short-
comings of this approach and have concluded that while the key objec-
tions can be met ir the purely formal sense, the resulting models con-
ceal the analytical difficulties behind ad hoc definitions of parameters.
Resource allocation of stock accumulation models, whatever their purely
accthetic appeal, are useful analytical and planning tools only to the
extent that their varaueters can be operationally derived and are
reasonably stable, The foregoing discussion has focused attention on
the non-operational character and instability of the parameters that
are introduced into these models when an attempt is made to extend them
to cover some critical questions of qualitative cultural transformation

ijncident on economic development.

2. Th ification ] t models

What can be done to introduce an alternative point of v av into
the discussion of the development process? As remarked before, it
is premature to attempt the construction of an entirely sui generis
framework for dealing with these problems, Possible leads in this
direction a-e provided by attempts to construct computer-simulation
models of social change; but these are far from being standard working
tools. We opt, instead, for a systematic modification ol resource
allocation models, Where these nolels assume stable parameters, ve
introduce systematic parameter shifts illustrative of forces of cultural
transformation that, vhile not adequately quantifiable at the present
stage, can be shomn to exert a characteristic influence.

We shall specifically study three kinds of systematic parameter
shifts that can be regarded as rudimentary illustrations of qualitative
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cultural transformation phenomena. These illustrative parameter
shifts are chosen because they directly nodify the conclusions to
be drawn from the mechanics of interregional capital accumulation,
These are: ‘

(a) A steady progressive advance of the savings ratio over
time that cannot be speeded up abruptly and that is subject to
sharp limitation wvhen there is an interference with the develop-
ment process, for example by draining awvay resources from the
area or region in question,

(b) A steedy Frogressive advance in the absorption capacity
for capital over time, with a sharp increase in the capital/
output ratio when this capacity is exceeded,

(¢) A steady progressive advance in capital and labour '
productivity over time that cannot be speeded up abruptly and
that iu subject to the same limitation as that presented in
(a) avove.

The progressive advance of the savings ratio, the absorption
capacity, and the capital and labear productivity of a geographical
area illustrate the process of what is here termed as normgl develop-
ment. This is taken to be characterized by an orientation to growvth;
& systematic transformation of the attitudes, thoughte, and habits
of individuals: and a remoulding of the institutional setting within
vhich the development Process takes place.

Under the conditions prevailing in many developing countries
such a progressive growth process is thvarted by a variety of
social and political rigidities. In order to limit the scope of
the discussion, this paper vill deliberatel, bypass the crucial issues
connected with breaking through these rigiditics and introducing a
social and political setting within which an orientation to growth
and the consequent progressive advance characteristic of economic
development has a chance to assert 1tself. Since it 1g the purpose
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of this paper to study the policy choices concerning the planned inter-
regional location of industries, it wil. be assumed instead that a
general orientation to growth is already present at least in the key
parts of the social-political unit, for example, in the advanced
regions or at some geographical growth poles., What will be studied
in some detail is the effect of potential resource transfers between
regions upon the process of growth itself, taking into account the
effects of these resource transfers upon the mormal course of develop-
ment as defined above. In traditional formulations of resource
allocation models that do not have systematic parameter changes of
the above three kinds built into them, the focus is on stock accumula-
tion, and conclusions tend to favour the geographical polariszatiom of
investments. In models with these syctematic parameter changes intro-
duced to reflect the underlying cultural transformation process, such
conclusions are modified in the direction of considerably greater
geographical decentralization of the growth process, based on regional
self-Tinancing.

Tables 1 through 3 contain the three illustrative, aggregate-
level inter-regional growth models referred to in the previous
Section. Each of these tables igolates for stuly systematic shifts
in one set of parameters. The models refer to a simple, closed,
two-region economy, with an advanced region A and a backward region B.

Table 1 illustrates the behavior of the w.}]f In
most of the canventional growth models savings are treated either as
a constant fraction of national (regional) product, or as a constant
fractioa of the share of profits. We wish to argue here that these
mathematically simple and elegant assumptions prejudge gonpletely
the conclusions that are to be drawn from such models in regard to

1/ This table has been taken (except for an interchange of the
symbols A and B) from T. Vietorisz, "Locational Choices in

Planning," op.cit., Table 6, pp.96-97.
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inter-regional investment policy. Instead of assuming such constant
ratios we stipulate that the behavior of the savings ratio in the
course of a normal development process characterized by cultural
and political orientation to growth is a steady progressive advance
up to some reasonable upper limit. This limit is determined in
practice not by considerations of foregone consumption but rather
by technical and organizational considerations pertaining to the
effective utilization of additional investment funds, i.e., by the
absorption capacity of the economy for additional doses of investment.
For the purposes of the model of Table 1 this upper limit has been
set at 30% of regional product and the annual advance has been
specified as 2%, a figure that is in all probability excessive but
that serves to bring out the features of the model in a more pro-
nounced fashion than a lesser increase. In other words, it is
assumed that in the course of economic development there is a pro-
gressive recognition of the benefits of setting aside an increasing
portion of net output for accumulation purposes, and this recognition
is translated into an advancing savings ratio via the decisions of
individual households and business firms (in predominantly private-
enterprise economies) or the political decisions embodied in invest-
ment targets (in centrally planned economies). Growth models that
incorporate such systematically advancing savings ratios have been
investigated by Branko Horvat.-l—a/ The most salient feature of such
models is the fact that after an initial lag in consumption (as
compared with alternative models that maintain the savings ratio

at its starting value) the models with advancing savings ratios
yield a consumption profile that not only catches up with the
consumption profiles of the altermative models, but outdistances
them spectacularly within a short span of time, On reasonable
assumptions pertaining to the parameters of the model, the lag in
consumption amounts to somewhere from one-half to ore full yearxr

at its greatest; i.e., a given consumption level is reeched this

-1-§/ See references cited in an earlier footnote.

——
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much later in calendar time as compared with the altexnative model
that has a static savings ratio. The time required for catching
up is of the order of ten years, It should be noted that neither
the consumption lag nor the time required for catching up depend on
the upper linit set on the savings ratio, but exclusively on the
pace of the year-to-year advance of the latter; in other vords, as
far as consumption levels are concerned, there is no impediment for
the rise of the savings ratio to 50, 70, or even 90% of total
product! What limits the rise of the savings ratio to these
stratospheric heights is the impossibility of effectively utiliging
the resulting phenomenal doses of capital, i,e., the built-in
inertia of the cultural transformation process.

While wve stipulate & steady autonomous advance of the savings
ratio as the norma] behavior incorporated into our model, ve assume
that draining off capital from a given region for the purpose of )
transferring it for investment to another region will choke off the
flow of savings., This assumption is incorporated in the model by
means of a rule that re-sets the base-line for the autonomous in-
crease of savings to the actual investment ratio of the preceding
period whenever savings are drained off.n/ While this rule is

1/ The formula for the savings ratio is the following:

_!1‘ OI-Max(o:-l+a,p:-1+a, L ),
vhere:
t

‘ 01 savings ratio in region i at time 1

i Py investaent ratio in region i at time t

_ a period-to-period autonomous advance of savings ratio
1 (a fraction per time period)

L upper limit to advance of savings ratio.

It is noted that in Table 1 the advance of the savings ratio in
" Region A remains below 0.30; thus the limit on the autonomous
j } advance of the savings ratio does not come into play up to the
fifth time period. Apart from the systematic shifts in the savings
ratio explained in the text that ¢ritically alter the growth path _
i over time, the growth of each region frem period to period follows
. the simplest type of Harrod-Domar Postulate; i.e., the incresse in

: regional product is obtained by dividing investment in the region
l by its capital-output ratio,
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analytically convenient, it represents merely a drastically over-
simplified illustration of the disincentive effects that are
exercised upon autonomous development of a region by draining off

the resources of that region. Sucha curtailment of savings might
result in practice from the reduced profitability of private invest-
ments when the funds needed for complementary private or social-
overhead type investments are drained off (in a private--enterprise
econoay); from the collapse of the political support for a high-
savings policy (in a centrally planned economy ); or possibly from a
mixture of the two. In addition there vill be advarse effects on the
morale of workers and managers alike that are translated into reduced
labour productivity and a retardation of the process of technical
advance and the generation of higher skills, which are superimposed
upon the effects due to a reduction of the savings ratio. It should
of course be recognized that the device of reducing the base-line for
the autonomous advance of savings to the investment ratio of the
preceding year is no more than a very broad-brush attempt to represent
the nature of such disincentive effects; in practice the effects
might well be delayed or distributed over several periods of time
and might have an unequal incidence in different sectors of the
regional economy. None the less, the model is put forth as an essen-—
tially valid illustration of the kind of effects that are to be expected
from inter-regional capital transfers.

In Part (a) of Table 1 there are no inter-regionel capital
trensfers; the grovth of regional product in the advanced (A) and
backvard (B) regions can thus serve as a benchmark for studying
the effects of capital transfers. The total base-period capital
investment is assumed to be higher in the advanced than in the back-
vard region (650 vg. 350 units); while the marginal capital/output
ratio is set to favour the advanced region (3 vs. 4). Assuming
{nitial incomes of 100 units in each of the two regions, these grow
to 146.861 and 133.809, respectively, by the £ifth period, while
the initial joint capital stock of 1000 units rises to 1275.932 units.




In Part (b) of Table 1, it is assumed that one half of the savings of
the backward region are at all times drained off and transferred to
the advanced region for reinvestment, The usual expectation in such
8 case would be that the joint inter-regional product would now rise
faster than before, since a given dose of investment yields a higher
return in the advanced region whose capital/output ratio is more favour-
able, This conclusion, however, rests on the implicit assumption of
fixed regional savings pa.rameterl.gg/ Our assumptions concerning the
normal advance of the savings ratio together with the disincentive
effects due to the withdrawal of regional resources, however, pro-
foundly alter such a conclusion. While the autonomous Year-to-year
increase of the savings ratio in the advanced region is unaffected

by the resource transfer, savings in the backward region are cut

back drastically. Thus the system as a whole loses more by virtue

of being deprived of part of the potential savings in the backward '
region than it gains by virtue of reinvesting the actual savings of
this region at an improved capital/output ratio, By reference to
Teble 1 it can be seen that growth in the advanced region 1s stimul-
ated by considerably less than the growth lost in the backward region;
accordingly, the levels of national product and capital stock, Jjointly
for the two regions, rise slower when capital ‘s drained off from the
backward region than when each region grows on the basis of its own
capital resources. 1In the fifth year, combined regional product for
the o0 regions is only 264.267 with capital transfers, as against
280,570 1in the case of regional self-financing; vhile the correspond-
ing combined levels of capital accumulation are 1199.500 and 1275.932,
respectively.

It requires emphasis that this result is due to a fundamental
asymmetry in the assumptions concerning incentive effects. While wve
assume a strong disincentive effect in the losing region, we deny a

2Y Aiternately, gymmetrical incentive and distncentive effects
between the two regions will lead to the same result. See
T. Vietoriss, gp.git.
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corresponding positive {ncentive effect in the region that gains
resources, since ve stipulate that the rate of autonomous cultural
tyansformation cannot be effectively speeded up by additional doses
of capitus investnent, These assumptions are perhaps vulrerable to
the charge of being too strong, The disincentive effects in the
losing region might not cut into the flow of ravings quite as strongly
as we have postulated, while the receiving region night in fact
gucceed in speeding up slightly its cultural transformation process
under the influence of the extra abundance of capital resources. Yet
there is no question that the considerations here adduced have a
powerful modifying effect on the usual conclusions that tend to
support geographically concentrated growth. These considerations
must therefore be incorporated into the usual industrial location
eriteria in order to escape from the biases to which the latter now
give rise. This will be pursued further in the final Section,

Table 2 illustrates the second of the three inter-regional
growth models gelected for study. This model concentrates on the
gr ath of the absorption capacity of & region, Part (a) of the
table again serves to create a benchmark for comperison. The
assumption here i8 that in the absence of inter-regional capital
transfers each region will experience a growth corresponding to the
natural expansion of its absorption capacity. In order to simplify
the model and concentrate attention on the absorption capacity, the au-
tonomous advance of the savings ratio in each region has been omitted;
in any realistic model its inclusion would of course be crucial. Thus
it is postulated for the purposes of defining the model that in each
region the savings ratio is a stable 20% and that the absorption
capacity of the region grovs in step with the capital growth that
corresponds to the reinvestment of the resulting quantity of savings.
In the table this absorption capacity is designated by the symbol Y
and is seen to coincide, in Part (a) of the table, with the total amount
of capital. Once the absorption capacity is exceeded, as in Part (v)
of the table vhen half the savings of region B are transferred to
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region A, the capital/ output ratio becomes more unfavourable. In
the present case the capital/output ratic ias been assumed to rise
from 3 to 5 in region A as the absorption capacity of the region
48 exceeded; in region B 1t has the value of L,

In Part (b) of the table the velue of ¥ for each region is the
sane as in Part (a) but the value of K, total capital, can now
exceed ¥, When this 1s the case the addition to the product of the
respective region (region A in the {1lustrative model) is assumed
to consist of two parts. The first part is calculated fros that
portion of total investment in region A which corresponds to the
increase in absorptive capacity: this portion is divided by the
capital,/output ratio of 3. To get the gecond part of region A's
product increase, the rest of total {nvestment in region A is
divided by the capital/output ratio of 5, reflecting the deterioration
of the effectiveness of extra investment as the region's absorption
capacity 1is exceeded. All other computations are straightforvard.
An inspection of the growth profiles in the table discloses that
region A's gain {s more then offset by region B's loss and that
correspondingly both total inter-regional product and total capital
accumulation is reduced as a result of the capital transfer from
region B to region A.

Thus & limit imposed on the amount of capital that can be ab-
sorbed at favoursble capital/output ratios counteracts differences
in the effectiveness of investment betwveen regions. It night
again be objected that our assumed model overstates the strength of
these effects. In particular, it might be adduced that in many
cases the economy of the receiving region (advanced region A) cperates
well below its own 1imit of capital absorption capacity, and that
in such cases the effect of a capital transfer from region B to A
will be favourable. As far as capital absorption capacity alone
goes, this might wvell be the case, in particular if the inter—
regional system as & whole including its advanced regions operates
under conditions of semi-stagnation due to social and political
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rigidities. It is noteworthy, however, that our argument gains in
persuasiveness precisely to the extent that the development process
as a vhole is proceeding in a satisfactory manner, if.e., that the
generation of capital as a byproduct of growth pushes strongly
against the absorptive capacity of both advanced and backward
regions. This aleo underlines the need for considering the limit
on absorption capacity not independently of the autonomous advance
of the savings ratio, as was done here for purely expositional
purposes, but in conjunction with the latter, since an autonoaous
advance in the savings ratio is sure to raise savings eventually
to such a high levalgy that the absorption capacity becomes the
binding constraint. Thus the draining of capital resources from
the backward to the advanced region becomes a rational policy, as
far as absorption capacity is concerned, only under conditions

of semi-stagnation: an ironical result, since stagnation, from the °*
social point of view, is the haight of irrationality,

Table 3 illustrates a systematic shift in labour Productivity,

Technology ie here assumed to be described by & Cobb-Douglae function
of the form

Y = Y k0-5 0.5 ,
vith a Harrod-neutral technological improvement of 2.5% per year
that can be represented as an equivalent expansion of the labour
force alme.ga-/ Assuming a simultaneous biological expansion of the
labour force by another 2.5% per year, Part (a) of Table 3 shows a
cumulative 5% annual increase of the effective labour force in
each region. Part (a) i1s again used to establish a benchmark for

a1/ As emphasized earlier, there is no constraint based on considera-

tions of foregone consumption that would exclude a rise of the
savings ratio to levels near unity,

For a summary of relevant technical concepts, see Hahn and
Matthews, "The Theory of Economic Growth, a Survey," n
Jowrnal, December 1964, In the formula given in the text,
Y is regional product, K capital, agnd

force. The constant Y ig set to yiel

units in each region w¥th a capital/output ratio of 3 ana L,
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growth under conditions of no capital transfer between regions.
When capital is drained awvay from the backward region, however,

it 18 assumed that this will Ccreate disincmtive‘errecto of
sufficient impact to choke back technological improvement:
accordingly, the growth of the effective labour force will be
reduced to the biological growth rate of 2.5% per year. Part

(b) of the table indicates that under these conditions both the
increase of the joint income of the two regions and the total
accumulation of capital is reduced, indicating that the benefits
accruing to region A are more than cffset by the damage done in
region B, As before, the issue might be raised whether the model
does not overstate the impact of capital withdrawal on regional
productivity, Since the institutional conditions surrounding

@ policy of such capital transfer are likely to be highly unfavour-
able to the backward region, it can be argued that under such
conditions the entire cultural transformation process is likel&

to be slowed down critically, if not stopped; thus the postulate

of & strong impact is reasonable, even though its exact quantifica-
tion can be the subject of debate.

In sum, each of the three parameter shifts that have been
individually embodied in illustrative aggregate~level models
have the effect of modifying ir the same direction the conclusions

(footnote continued)

respectively, in region A and B; its value is thus ALY
and 1/2, respectively, if capital endowments are assumed to
be 300 and 400. It will be noted, however, that the endow-
ment of region A is less than that of region B which is
contrary to the assumptions of the models in Tables 1 and 2,
in which the advanced region was assumed to be endowed with
more capital, This inconsistency can be resolved if it is
assumed that the Cobb~-Douglas function used in the computa-
tions is merely an approximation to the true production
function in the range relevant for computaticns. The true
production function, specifically, must be assumed to have
an initial range of increasing returns to capital, Thus the
amount of capital actually employed in each region can be
considerably higher than the amount that is assumed to be
operative in the approximating Cobb-Douglas function. Table 3

contains only the latter amounts which are designated by the
symbol K*,




1p/Wa.9/13

Page 51

drawvn from the neoclassical versions of these models. In each
case, the effect is one of discouraging the transfer of resources
from the backward region to the advanced region.

Some of the possible objections to the assumptions embodied
in the models have already been mentioned. These objections
centre on the overstatement of the adverse effects of resource
transfers. Yet the force of these objections is considerable
diminighed when it is taken into account that the three effects
that have been isolated for purposes of presentation in fact work
together and reinforce each other; besides, there are additional
effects (some of vhich have been mentioned in the discursive
part of the paper) that have not been quantified in separate
models. Taken together, the joint impact of these effects has
a decisive influence on inter-regional industrial location
criteria.

Before passing on to the definition of such criteria two
further objections will be taken up.

First, it may be asserted that the resource transfers embodied
in the models are excessive and that their impacts are largely
discontinuous; thus if consideration were given to smaller trans-
fers with graduated impacts, it might well turn out that some
resource transfers are at times advantageous for the system as a
vhole. Thus in considering the absorptive capacity for capital,
{nstead of postulating a discontinuous deterioration of the
c@pital—ontwt vatio from 3 to 5 as the absorption capacity of
region A is exceeded, 1t might be postulated that the deteriora-
tion is gradual and related to the extent of the excess, Thus a
modest overstepping of the nominal absorptive capacity would
raise the capital/output ratio only slightly in region A, vhile
leaving it still below that of region B. Under these assumptions
the degree of resource transfer would be optimal when 1t lowers
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the capital/output ratio of region A to that of region B, Ina
similar vein, the reduction in the technological improvement in
the third model might be made gradual in response to an increase
in the ratio of transferred savings rather than being treated as
an all-or-nothing proposition: here again the more favourable
capital productivity of region A might offset the adverse effects
on region B as long as the degree of transfer is maintained
small,

There is merit to these objections, but only in so far as the
assumption of gro,dual impacts can be complemented in practice by
the assumption of carefully graduated policies that adjust the
system to an optimal balance of opposing forces, This is hardly
likely to be the case. Policies in this area are much more likely
to be embodied in broad directives or operational principles that
in many cases have an all-or-nothing character. If it is decided
to channel resources into favoured areas, or to permit market
forces to do co,gl/ this policy is likely to be carried beyond the
point of balance -~ which is in any case aimost impossible to
measure - and is moreover likely to €0 hand in hand with a
de facto neglect of the backward areas, flowing from an exclusive
concentration of technological factors, to the disregard of 'the
social, cultural, and political issues of broad-based development.

Second, it may be objected that the analysis leaves aside all
economies of scale, of agglomeration, and of urbanization; that
these are nevertheless the controlling considerations in decisions
of spatial resource allocation, overriding such allegedly secondary
issues as the ones on which this peper has concentrated,

23/ The publicly announced development policy of a government
mey at times pay 1lip service to the opposite strategy of
channelling resources into the backward regions, but the
modest amounts of aid that flow to these regions are on the
whole heavily outweighed by large capital flows of various
kinds that typically move from the backward to the advanced
regions.
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The methodological problem connected wvith these economies

is the fact that they cannot be explicitly included in aggregate-
1evel models, since they operate at the level of individual
productive activities. Yet allowance can be and in fact has been

made for them, is in the f £ the m A4
utpyut 108 that have invariab to
< ad in each model, in spite of the fact that

the backward regions have many investment opportunities that can
be exploited under conditions that avoid the diminishing returns
associated with the high-intensity operations of advanced regions k
(e.g., extractive activities). This argument therefore hinges on
the exact value of the capital/output ratio that can be legitimately
postulated for regions of varying sige and level of developaent.
The values inserted in the models can be taken to characterize
sizable regions, having at least one major metropolitan concentra-
tion. As the sisze of regions decreases, the qualitative arguments
concerning the need to bring out the full human and productive
potentials of the {nhabitants still hold in full force; however,

it is obvious that an attempt to reproduce the economic structure
of the major regions in the microcosm of regions based on individ-
ual villages or hamlets would run counter to fundamental tech-
nological realities involving economies of gcale, of agglomeration,
and of urganisation, and would be futile, Exactly vhere the line
has to be drawn between major regions and micro-regions camot

be precisely stated; but the three aggregate models discussed

above lose their validity in analysing the problems of the latter.
It is beyond the scope of the present paper to explore altermative ;
approaches to inter-regional development at this level. The key 8
1ssues that arise include at least the following: the choice of
strategies for technical progress in sgriculture; the issue of a
nierarchical organization of economic activities, with the larger-
scale and technically more mphisticatod activities concentrated
into the larger centres; the issue of the development of local
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industries ained at satisfying local demand; the reliance on
secondary and local resources for local development; the inte-
gration of the seasonal labour requirements of agriculture
with industrialization objectives; and many more,

The previous argument lends strong support to the policy
conclusion of regional self-financing, at least at the level of
major regions. Thus the development of each region is to pro-
ceed on the basis of capital resources that are generated within
the region as a byproduct of the growth process itself. Net
transfers of resources from the advanced to the backward regions ¢
are ruled out as next to impossible to achieve in predominantly
private-enterprise and mixed economies; even in centrally planned
economies the probability of achieving major net transfers of this
kind is rated as lov. The policy objective then becomes twofold:
(1) attempt to restrict or to eliminate net resource transfers from
the backwvard to the advanced regions; (2) define an industrial
location strategy that will significantly support the autonomous
develomment efforts of the backward regions, without creating a
dreg on the develoment of the advanced regions.

The present section will concentrate on the second policy
objective. The instrument of choice is an inter-regional counter-
part of the "trade-not-aid" policy that has been extensively
discussed in the international context but that is equally applicable,
in fact considerably esasier to apply, at the level of regions within
a single country.

Our discuseion vill again be based on the simple illustrative
conceptual model coneisting of two regions, an advanced region A and
& backward region B. The system of two regions is closed. Inter-
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each region imports of goode and services from the othe. region are
equal to exports of goods and services to the other region. It is
assumed, as in the first model (Table 1) of the previous section,
that there is a progressive autonomous increase in the savings
ratio up to a limiting ratio L that takes place in the course of
development of each region unless cnoked off by constraining
influences. Since capital transfers are ruled out, the principal
constraining influence in the backward region is assumed to be

its inability to convert its potential savings into investaent, ‘
The savings ratio in region B is thus prevented from taking 1its 0

normal, autonomously rising course.

Region B is assumed to have only traditional exports to
region A, The demand for such exports in region A has an income
elasticity lower than unity; thus the growth rate of these exports
is lower than the growth rate of region A.

Imports to region B equal exports from region B. In order
to make our point in the strongest possible form, we wvill assume
that these imports consist entirely of investment goods, which
region B is incapable of producing at a reasonable capital/output
ratio due tc scale limitations. Under these conditions, the
growth rate of investments in region B is limited to the rate of
growth of its exports, which will alvays be below the growth
rate of region A's income.

All of these assumptions, vhile extreme, represent in a
simplified way concrete aspects of economic reality. While
inter-regional capital movements cen actually differ from zero,
it is not an unressonable assumption that the overvhelming portion
of the capital required for economic growth has to come out of
the internal resources of each region. This question has been
dealt with at length in the previous section. The nature of trad-
itional exports and the income elasticities characteristic of these
can be accepted without further Justification; likevise, the great
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limitations on the ability of the backward region to produce capital
goods are not open to serious doubt, provided that exception is made
for such items as construction. The most questionable assumption
of the above set is that imports to region B will consist entirely
of capital goods; however, if this assumption is weakened, the lag
of the backward region is made that much more pronounced, thereby
strengthening the conclusions to follow.

i -ent ! R4V Ql PL-MK-10006-3K-V0

. ! KL OW L4l e SR . ! d
Liong? First, to the extent that it breaks any constraints upon
its owm growth, it will follow the autonomous upward path of the
savings ratio discussed earlier, with a corresponding self-
accelerating growth pattern up to a given limit. The effect of
this accelerated growth in region A will be translated into a
higher demand for traditional exports from region B to region A,
and a correspondingly higher growth of investments in region B,
leading finally to a higher rate of growth in region B, This will
benefit region B, but it will still tend to widen the relative gap

between the two regions,

Secondly, vhile capital transfers are ruled out by assumption,

ne nvers of) O DOT N

gavings into investmemt in region B. Region A can do this by planning

to import certain commodities it requires, from new productive
sources located in region B which are financed out of the savings

of region B itself. By thus assuring a market for this new invest-
ment, region A helps region B to create new exports in lines other
than the traditional ones and thereby raises the supply of invest-
ment goods to B. Total exports of region B increase above the
amount corresponding to treditional exports alone, and the con-
straint on the procurement of investment goods in region B is
relaxed. Savings can now rise to the level permitted by the
availability of investment goods. Thus the way 1s opened to the
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progressive autonomous expansion of the savings ratio in B, until
it eventually reaches the limiting saving ratio, at which point
region B is in the process of full-fledged rapid development.

Some care is needed in specifying the mechanism of the expansion
of total exports in region B under the condition of zero capital
transfers vhen new non-traditional export markets are opened up.

In order to create these additional exports, region B has to
channel its limited supply of investment goods into newly built
capacity for non-traditional exports. This can be done either

at the expense of investment in traditional export lines (needed
for the routine expansion of these treditional exports) or else,

it can be done at the expense of investment in consumer-goods
production for the domestic market. For maximal growth, the
former investment has to be left untouched, in order to be able

to add the new exports on top of the normal growth of the tredi-
tional ones., This course of action, however, may imply (depending
upon the paremeters of the problem) a faster increase in the
savings ratio than the autonomous year-to-year increase vwill permit,
In ihis case, the situation may arise that savings in region B
temporarily fall short of the amoung that would be required to take
full sdvantage of the nev export markets. Such a situation can be
avoided if the planning of new lines of supply for region A, based
on productive investments in region B, is coordinated vith the
available increase of savings in region B. The same coordination
will also ensure that the n&v markets that are created for region B
are sufficiently extensive to permit the eventaal raising of the
savings retio in region B all the way up to the £inal limiting
ratio, and not only part of the way.

The investments in region B aimed at serving new, non-
treditional export markets will typically take place at considereadly
more favoureble capital/output ratios than could be achieved in
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the same lines of production if they were intended solely for the
internal market of region B. This is due to the economies of
scale that can be achieved when serving the combined markets of
both regions, Therefore, wvhenever there is an internal market
in region B for a new line of production that becomes a non-
traditional export line, the export-oriented investments produce
an additional benefit in that they reduce the unit capital
requirements for producing the same commodity for the internal
market., Thus the channelling of investments intc export industries
does not cut into domestic consumption possibilities as deeply
us might otherwise be the case., This is readily apparent in the
case of consumer goods or their intermediates. When the new
exports happen to be in a capital-goods or intermediate producers '
goods line, there is a similar extr= benefit over and above the
value of exports generated, to the extent that an internal market
exists that can be supplied at a reduced capital/output ratio.
What are the overall bemefits of planned "trade-not-ajd"?
The benefits to the backward region have been indicated above; those
to the system as a vhole are almost equally transparent. When the
planned trade-not-aid policy is pursued, capital accumulation in
the advanced region is unaffected, while capital accumulation in the
lagging region is sharply increased; consequently, the growth of the
system as a whole must increase unless the additional capital
accumulation within the system is more than compensated by an
increase in the averege capital/output ratio for the system as a
vhole. To this issue we now turn.

Under a rational development policy, the industries or branches
selected for the trade-not-aid approach will be the ones which either
have an absolute cost advantage in the backward region or are at
least reasonably footloose, 1i.e., vhose cust structure is not
critically influenced by geographical location. In the combined
market of the two regions, such footloose industries will typically
achieve aconomies of scale not available in either market alone.
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If in the absence of & tggﬂgﬁ:gid poligy such industries vere
located in A, thelr products would be excluded from region B
except for the modest shipments (under our assunptions consisting
entirely of capital goods) that could be financed out of region B'S
traditional exports to region A; thus the economies of scale of

serving the combined merkets would be foregone in these industries.
The disadvantages would, however, not stop here. Those indus’.
which under a trade-not-aid policy would continue being located

in region A could also achieve economies of scale in the combined
regional markets; moreover, there are traditional gains from

trade that could be achieved even in the absence of economies of
scale by regional specialization, Without a trade-not-aid policy
most of these penefits would also be foregone, except for the minor
ones that would still be captured by the modest amount of trade
permitted by the market for region B's traditional exports.

Under a trade-not-aid policy all of the foregoing henefits
will accrue to the system as & whole, reducing the average capital/
output ratio. Conversely, industrial location in B for serving
the combined markets will typically also have disadvantages: extre
transport costs, lower productivity and quality, or unfavourable
net differentials in agglomeration and urbanization-type economies
and diseconomies. These extre costs have to be charged off against
the benefits enumerated above.

When such a cost comparison is attempted on an {ndustry-by-
industry basis it has to be clearly understood that no more than
an approximation can ever be achieved, For exact results it would
be necessary to compare the entire development profile in the
presence as well as in the absence of a trado-not—iid policy;
moreover, vithin the overall policy of trade-not-aid and jointly
planned regional development it would still remain to be determined
what vas the best possible division of productive activities between
the two regions. Since economies of scale are significant the

resulting problem is non-convex and cannot be exactly solved by
a method of systematic revisions of trial programmes. Approxima-

_A 4 |




tions, none the 1l=as, are of great valuo.gy

The industry-by-industry locational comparison is one such
approximation. This approximation can be undertaken at a crude
aggregate level, concentrating on the capital/output ratio, or it
can be undertaken at a more sophisticated level, relying on
detailed programming models (linear on convex nonlinear) that
Yield approvriate shadow prices fzr all resources, permitting
& more exact definition of costs and benefits., In either case
what requires quantification is the interplay of the factors
mentioned before: econcuies of scale in the combined market, !
economies of specialization, and increased capital formation on
the one side, as against extra costs, productivity and quality
losses, and lost economies of agglomeration and urganisation on
the other side.

Three cases may arise in the course of such a comparison.

(1) If the comparison of Soets alone, not allowing for
increased capital formation in the backward region, comes out
in favour of the latter, the planned trude-not-aid policy will
benefit not only the backward region, but also the advanced
region.

(2) 1If the cost comparison favours region A, relocating
the industry in region B will increase costs, i.e., in terms of
crude aggrecate models, it will reise the capital/output ratio,
Such an incresse may nevertheless still be more than compensated,
as far as the system as a whole is concerned, by the additional
capital ginerated in region B. In such a cese the plained trade-
not-aid policy will favour the backvard region and the system as
a whole, but not the advanced region,

2L/ For a detailed discussion of the problems reised by nonconvexity,
see T. Vietorisz, "Decentralisation in non-convex Systems",
Conference paper, Pconometrie Society Meetings, New York, 1965;
forthcoming in United Nations,
Bulletin 12 (1n press). An earlier version is available under
the title Eroject kvalustion in the resece of economi e

visibilities, United Nations Interregional

Symposium on Industrial Project Evaluation, Pregue, 1965,
Discussion Paper CID/IPF/B.28,

»




Page 61

In dealing with this case, wve have to be particularly cere-
ful sbout the euact definition ve wish to give to the postulate
of no capital transfers between regions. If an industry has a
locational disadvantage in region B but 1is nevertheless located
there in order to give region B an export outlet, then notwith-
standing the resulting overall benefit for the system as a vhole,
region A vill experience a rise in the price of the respective
commodity, provided that factor prices in the two regions are held
coristant. Such a price rise, however, would amount to a de facto
capital transfer from region A to region B vhich, vnder our initial i
postulate, nust be excluded. This can be achieved by subsidiszsing
the transfer price of the commodity from region B to region A, the
gubsidy being taken out of region B's factor incomes. In this wvay
region A can alwvays be left no worse off than before, just so long
as there remains any net benefit to region B after the transfer-
price adjustment.

':i m/M.9/13

(3) The cos. comparison can come out so much to the dis-
adventage of a location in region B that any additional savings
generated in the latter region are more than compensated by
deterioration of the overall capital/output ratio. In this cace,
insistence on selecting this partiecular industry within the frame-
work of the trade-not-aid policy will resul?. in an actual reduc—-
tion of ths income of the system as & whole. If this case should
prevail for all industries, the development of the lagging regiom 1
cannot be stimulsted within the framework of this model without
a reduction of the income of the two-region system as & whole.
Political constraints, discussed in Section B above, may of course
still dictate location in the backward region,

25/ ) oimiler sdjustment might also be required in some marginal
situations falling within the domsin of case 1, above; &.8.,
wvhen an industry hes a slight locational sdvantage in B, 3
yet the delivered price in A rises somewhat due to a longer i
treansport ‘aul.
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In sum, the planned trade-not-aid policy produces benefits
because, first, it raises capital formation in the lagging region
by means of removing the constraints on the conversion of savings
into investment; gecond, because it creates economies of large-
scale production in the combined market of the two regiona; and
third, beceuseit yielde the conventional gains from trade incident
apon inter-regional specialization, The combined effect of these
benefits will reise the joint product of the two regions except in
the unlikely event that it is impossible to find any industries
that can supply the combined markets of the two regions from a
location in region B without incurring overwhelming cost dig-
advantages, To outweigh the benefits accruing to the system as
a vhole, these cost disadvantages have to be heavy enough to
offset not only the potential economies of scale and specialization,
but also the additional savings and the resultant investment and
growth that are created in region B. In addition, the advanced
region generally shares in these benefits to a considerable extent
due to the broadening of the markets for its industries, not only
a8 a result of the combination of the separate regional markets,
but also following region B's induced, accelerated income growth,
These benefits to the advanced region can be negated only by strong
cost disadvantages of locating new export industries in the back-
wvard region, when overall system benefits depend éxclusively on the
additional savings induced in the latter region. Political constraints
arising out of the cohesion of the inter-regional system may even
80 dictate a trade-not-aid policy in favour of the backward region,

These conclusions acquire particular force to the extent that
the social and political conditions for rapid development, with
autonomously rising savings ratios, productivities, and skill
levels, are already present, Under conditions of stagnation or
semi-stagnation all secondary questions of social rationality, such
as the precise criteria for the inter-regional location of industry,
become irrelevant in comparison with the key question of a strategy
for establishing the pre-conditions for a social orientation to
growth,
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NOTES TO FIGURE 1

Figure 1 presents & linear programuing model in Tucker's
combinatorial format. Activity scales (X and H variables)
appear in the bottom mergin; prices (P and R variables) appear in
the right margin, Slack variables are omitted.

Sign comvention. Outputs or supplies are positive; inputs,
requirements, or demands are negative.

Figure 1-A
I t ble. Rows represent resources: either

physical goods or labour skills, each accounted for separately as
a flow and a8 & gtock., Columns represent activities: the produc-
tion of goods or of skills; the carry-over of stocks of goods or
skills from one time period to the other; or exogrnously determined
combinations of supplies or demands that are entered in the model
as given data. A given coefficient in the table represents an
output (supply) or an input (requirement, demend) of a given re—
source per unit of activity scale.

Row_balances. Multiply each ecnefficient in the tabls by the
activity scale of its column (the X or H variable appearing at the
foot of the colum in which the coefficient is located). This
ylelds total output (supply) or input (requirement, demand) of
a resource at the activity scale designated by the X or H varisble.
Add wlgebraically all products in a given row. The sum is a surplus
(1f positive) or overdraft (if negative) of the resource at the
specified activity scales.

Colusn belances. Multiply each coefficient in the table by the
resource price of its rovw (the P or R variable appsaring at the right
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margin of the row in which the coefficient is located), This
yields the total revenue (for positive coefficients) or total
cost (for negative coefficients) associated with the sale or
purchase of the resource in question, at the prices designated
by the P or R variables. Add algedbraically all products ir, a
given column. The sum 1s the profit (if positive) or loss (if
negative) of running the given activity at unit level, cal-
culated at the specified resource prices.

Figure 1-B

Figure 1-B represents in condensed form the interconnections
between sub-models providing resource balances for single time
periods. The X, H, P, and R variables in Figure 1-B are vectors,
and the coefficients in the table are matrices., All rules given for
Table 1-A are valid for Table 1-B 1f the operations are under- ‘ ’
taken following matrix algebra. In particular, the intersection
of Rows 1-5 and Colusms 1-5 in Table 1-A is designated by the
symbol F* in Table 1-B, where the superscript 4 refers to the time
period in question. Likewise, the intersection of Rows 6-10 and
Columns 1-5 in Table 1-A 1s designated by the symbol S' in Table
1-B; and the diagonals made up of (+1) or (~1) elements are
designated by +I and =1 respectively,

Optimization. The table as given is a simple accounting
device. In order to use it for optimigation, certain variables
bave to be pre-set to constant values. These include the exogenous
vector for each time period, usually pre-set to unit scale; the
stock carry-over vector I° for the zero time period, which fixes
the pre-existing stock levels; and the stock and flow price
vectars P and ¥ for the fifth time period that establish the

valuation of terminal stocks. The optimization can then be ex-
Jressed in twvo closely related ways:

(1) Choose a programme of activity scales by setting the
remaining X and H variables to any desired non-negative values,
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Among all possible programmes of this kind, identify as optimal a

programme vhich maximizes the value of terminal stocks while

leaving & positive or zero surplus (row balance) for each resource.
(2) Choose & pattern of resource stock and flow prices by

getting the remaining P and R variables to any desired non-negative

values. Among all possible patterns of this kind, identify as

optimal a pattern which minimizes the joint profit on all exogenous

activities, while leaving a negative or zero profit on all activities.
lnt_e_:;m_'gtation of optimizacion. The maximand of the first way

of optimizing will coincide with the minimand of the second way of

optimizing after the respective optima are jdentified, provided

that both problems do have finite optima, In the optimal solution,

activities having losses will occur at zero scales, and resources

having positive gurpluses will have zero valuations (free resources).

The avoidance of negative surpluses in the first way of optimizing is

an obvious device for preventing resource bottlenecks in the optimal

programme; the avoidance of positive profits in the second way of

optimizing corresponds to the vell-known efficiency condition of

perfect competition which requires the elimination of all profits

under perfectly competitive equilibrium. The maximization of ter-

minal stock valuations is a device for putting the system in the

best possible position for growth following the terminal period. The

minimization of profits on the exogenous activities is a device

for reducing the scarcities of exogenously supplied resources

vhile enhancing the values of exogenously demanded resources.

tivities. The growth of the labour force

is handled as an exogenous supply 4, for skill of grade i, 1in

each time period, The parameter q, comprises the effects of

entries into the labour force (for skill-grade zero); immigre-

tion net of emigration in each skill grade; and deaths or

retirements from the labour force (a negative item). If any

amounts of skills of grade i are generated outside the economic

sphere covered by the model, e.g., DY & socio-cultural process
not subject to resource allocation considerations, these amounts
have to be included in the exogenous supply.

- |
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Education and training activities. T™e g and g coefficients

refer to ordinary flow and stock inputs of physical goods into the
educational and training activities, i.e., electricity (a flow)

or inventories of desks and benches (stocks). The -(1-d) and
‘H1-d) entries refer to the removal of lower-grade skills and

the addition to higher-grade skills resulting from the educa-
tional and treining activities; the 4 coefficients in particular
designate the fraction of dropouts at each level., The entries

of (~1) and (-h) in the education and training activities represent
the gtocks of trainees and teachers tied down  respectively, by
these activities, while the process of training is under way. It
is assumed for convenience that only the third level of skill acts
in the capacity of teacher. It is further assumed for convenience
that each activity is self-contained within a single time period;
this assumption can of course be tasily relaxed and longer-term
training activities as well as various time lags can be introduced
into the model in any manner desired.

wﬂ”. It is assumed for convenience
tlutsllotochmliqudst.datt!nmdcfuchtiuma; thus
stock carry-over activities interconnect Just two consecutive time
periods. No depreciation on physical stocks is assumed; all with-
drewvals from stocks of skills, as already indicated in the previocus
section, are handled exogenously.

Rate of interest. The optimal pattern of prices can be inter-
muapttcmofMMea. In order to determine a
rate of interest connecting any two time periods, current prices are
defined by reference to a common rete of interest, using the con-
ventional discounting formula to connect current and disocomted
prices. 8ince each stock-carry-over activity actually used has a
8ero retum in terms of discountet prices, this trenslates into a
formula connecting the ratio of stock rents and flov prices for a
commodity (physiocal good or labour skills) vith a perocentage
cepital pinorlonintcnofemtmou. Choosing a
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value-standard stock for which current prices are equal in the two
periods yields s rate of interest defined as the retio of rental
price to flow price for the value-standard stock, The rete of
interest is not a fundamental property of the model, since it
varies wvith the choice of the value-standard stock; but the
pattem of discounted prices, emerging directly from the optimizsa-
tion, is fundaaental.









