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CENTER OF PLANNING AND 
ECONOMIC RESEARCH 

The Center of Planning and Economic Research was originally 
established in 1961 as the Center of Economic Research in Greece, 
in the expectation that it would fulfil three functions : (1) Basic 
research on the structure and behaviour of the Greek economy, (2) 
Scientific programming of resource allocation for economic develop
ment and, (3) Technical-economic training of personnel for key posi
tions in government and industry. Its financial resources have been 
contributed by the Greek Government, the United States Mission in 
Greece and the Ford and Rockefeller Foundations. The University of 
California at Berkeley participates in the process of selection of for
eign scholars who join the Center's staff on an annual basis. It also 
participates in a fellowship program which supports research in 
Greece by American graduate students, as well as studies for an 
advanced degree in economics of Greek students in American Uni
versities. 

Fellowships are also provided to young men who have graduated 
from a Greek University. They join the Center as junior fellows for 
a period during which they assist the senior fellows in their research 
and programming work and participate in seminars given by them. 

The Center's main task, naturally, is the carrying out of research 
on key aspects of the Greek economy and on the fundamental policy 
problems facing the country in its effort to develop rapidly in the 
framework of the European Common Market. This research is carried 
out by teams under the direction of senior fellows. The results are 
published in a Research Monograph Series. 

The lectures and seminars included in the Center's program are 
not only for the benefit of those working for the Center. Economists, 
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scholars and students of economics are also invited to attend and parti
cipate in this scientific exchange which has been carried out in co
operation with institutions of higher learning here and abroad. A 
Lecture Series and a Training Seminar Series round off the publi
cations program of the Center. 

On the basis of this satisfactory experience the Center was reorgan
ized in August 1964, under its new name, with the purpose of carrying 
out, on account of the Greek Government, its scientific programming 
functions in a more systematic way, both at the national and regional 
levels. 

Another need which the Center has set out to meet is the establish
ment of a library and a bibliographical service in the economic sciences. 
Besides its usefulness for the education of the trainees of the Center, 
this service will be of particular interest to Greek economists in gen
eral. 

It is contemplated that the Center will exchange information and 
results with similar Centers in other countries and will participate in 
joint research efforts with Greek or foreign public and private organi
zations. 

Finally, one should emphasize that this is one more example of 
Greek-American cooperation, a pooling of human talent, funds and 
efforts, designed to promote the training of economists and to help in 
meeting Greece's needs in the field of economic development. 

The final aim is eminently practical: to help in creating a better 
life for the Greek people. 
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FOREWORD 

This monograph is intended as a first step towards what may 
eventually become a really workable model for economic planning in 
Greece. The words «first step» should be taken literally and not mere
ly as a figurative gesture to show some semblance of humility on 
the part of the author. 

It is hoped that this monograph will point out to other developing 
countries a way of deciding whether or not to plan, and that it will 
provide a little more experience for deciding how to plan, even if no 
clear answers are obtained directly for Greece. 

Secondly, it is hoped that the model presented here, by pointing out 
areas in which more information is desirable and accuracy necessary, 
will provide a focus for coordinating the activities of data collection 
and economic research in Greece. 

Finally, the author begs for comment and criticism to the end 
that our efforts in solving Greece's economic and social problems can 
be made as efficient and thorough as possible. The ultimate aim oj 
these efforts is to stimulate a more rapid economic growth and a 
better material life for the Greek people. 
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PREFACE 

We take great pleasure in publishing Professor J.B. Nugent's 
study, «Programming the Optimal Development of the Greek Econo
my, 1954-1961». 

It represents another painstaking effort of research into the structure 
and the problems of the Greek Economy. 

Professor Nugenfs study may be considered as a pioneering demon
stration of how linear programming may be applied to the problems 
of economic planning. It is mainly an effort towards determining those 
sectors of economic activity in which Greece has comparative advan
tages and indicating, at least in broad lines, the possible optimal 
structure of the Greek Economy. Its focus, however, is on the investment 
process as a means of marginally reallocating the scarce resources of 
Greece. Hence, planning on the basis of the model is limited to invest
ment programming. 

The study is based primarily on an input-output interindustry model 
of the structure of the Greek Economy. However, the linear program
ming model constructed by Prof. Nugent provides for a choice between 
different production techniques and imports. 

The difficulties and the limitations encountered in the construction 
of such a model have, no doubt, been considerable. Aside from the ge
neral assumptions of linear programming, many other specific as
sumptions are necessary to fit a complex economy like that of Greece to 
a linear programming formalization. Most of the variables that 
operate in the Greek Economy cannot be easily quantified, while the 
limitations which are quantifiable cannot be measured accurately 
because of inefficiencies in statistical information. 

The study contains six chapters of which Chapters I-IV deal with 
a short appraisal of the methods of linear programming attempted, 
the theoretical formalization of the problem, a brief review of recent 
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developments in the Greek Economy and a description of the procedures 
by which the coefficients of the model were estimated. Chapter V ex
plores and analyses seventy three (73) alternative solutions, six of 
which were selected as preferred solutions. Finally, Chapter VI at
tempts a test of the model by comparing the linear programming solu
tion to the market one, as was actually realized in the Greek Economy 
over the 1954-1961 period. On the basis of his analysis, Prof. Nugent 
draws certain conclusions concerning the direction towards which fur
ther development of the Greek Economy should go and the most favor
able opportunities for comparative advantages and development, as 
well as the industries which do not seem to be well suited for Greece. 

In spite of the fact that many aspects of the overall problem of the 
Greek economic development have not been taken into consideration, 
the model of Prof. Nugent is, we think, highly useful in solving the 
structural problems of the Greek Economy, posed by a development 
in the context of a future integration into the European Common 
Market. It also offers useful insight into such problems as the choice 
of the optimal techniques of production on the basis of a real oppor
tunity cost of factors of production and commodities. 

It is hoped that the model and its testing procedure may also be 
useful to other developing economies and, from this point of view, we 
think that Prof. Nugenfs work may be of interest to those economists 
who are concerned with similar problems in other countries. 

GEORGE COUTSOUMARIS 
Director General 
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CHAPTER I 

INTRODUCTION 

A. Purpose of the Study 

This study aims at fulfilling two functions: (1) to develop 
a model that would be useful in planning optimal resource 
allocation for rapid economic development in a small country 
like Greece and, (2) to demonstrate how the policy impli
cations of the model could be tested. 

Greece is a small country of approximately eight and a 
half million people with yearly incomes of slightly more than 
three hundred dollars per capita. By virtue of its daring de
cision in 1960 to join in association with the Common Market, 
it is the first underdeveloped country in modern history to 
associate itself in a customs union with a number of develop
ed ones. The desirability and implications of this decision 
are not easy to determine, but one thing is certain. Greece 
has only a limited time period in which to reallocate its re
sources in such a way that it can survive and hopefully pros
per within the Common Market. The search for «comparative 
advantage» and for the optimal structure of the Greek eco
nomy therefore dominate over many other problems that 
Greece will face in the near future. 

Although it is mainly to this problem of comparative advan
tage in the context of rapid economic development to which 
this study will be directed, it is intuitively obvious that this 
problem is neither simple nor independent of other important 
problems. It is hoped that in the process of finding the areas 
of Greece's comparative advantage and the appropriate rates 
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of growth for exports, imports, and domestic production in 
each sector, insights can be obtained which should help in 
solving many other problems not specifically stated here, e.g., 
that of choosing the optimal techniques of production on the 
basis of the real opportunity costs of commodities and factors 
of production. Again, it is necessary but unfortunate that 
many aspects of the overall problem of Greek economic de
velopment will be overlooked, particularly those aspects 
which are difficult to quantify, those pertaining to the short 
run, and to monetary and other institutional aspects. 

B. To Plan or Not to Plan 

Although it is to the pressing need of determining compara
tive advantage from the broad social point of view that this 
study addresses itself, the nature and importance of the pro
blem raise some closely related questions : If one knows what 
the answers should be, what does one do about it? Can one 
really rely on the admittedly imperfect operation of the Greek 
market economy, or must one supplement the operation of 
the market by some sort of planning ? 

Any decisions as to whether or not to plan and how to 
plan will depend, on the one hand, on what the truly opti
mum allocation of resources is, and the extent to which the 
optimum is approached by the operation of the market and, 
on the other hand, the economist's success in analyzing the 
underlying structure of the economy and estimating the opti
mum allocation of resources via a planning model. The great
est difficulty lies in the fact that we never really know what 
the «truly optimum allocation» is. It is hoped that the expe
riments in Chapter VI will provide illustrations of how im
provements in the approach to these decisions can be made— 
improvements, at least, over the a priori judgements which 
have so frequently dominated the approach to date. 
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1. Conditions under which the Free Market Economy Opti
mizes Resource Allocation 

The free market economy itself provides for an optimal 
allocation of resources, but only under the following condi
tions: 1) perfect competition in all product and factor mar
kets; 2) technological and organizational efficiency; 3) the 
availability of full information to consumers and producers.1 

In reality, we know that these conditions are violated, parti
cularly in underdeveloped countries like Greece, where one 
finds widespread unemployment of labor and other resources, 
backward production techniques, the presence of monopolies 
and obstacles to entry, and a very imperfect dissemination 
of information in regard to costs, rates of return, and invest
ment opportunities. 

Aside from these imperfections in competition which per
tain to the optimality conditions in the static sense, one may 
ask a more general question as to whether the free market 
economy can accurately anticipate (in the dynamic sense) 
future prices and demands and costs, as well as the non-
economic environmental conditions which make for uncer
tainties in the minds of private investors. These uncertainties 
may either prevent investors from investing altogether or 
may divert their investment away from the more productive 
resources into less risky enterprises. In any case, present market 
conditions may not be of much help in predicting future 
market conditions or in reducing uncertainties in the minds 
of potential investors. Even a perfectly competitive economy 
will not lead to an optimal allocation of resources if there are 

1. See Shaw, Scitovsky and Tarshis, Mobilizing Resources for War, 
Appendix 11, New York, McGraw Hill, 1951. For a strong statement of 
the advantages of the market approach to economic development see 
Harry G.Johnson, «Planning and the Market in Economic Development», 
Pakistan Economic Journal, Vol. VIII, No. 2, June, 1958, pp. 44 - 55. 
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external economies or external diseconomies (which are gene
rally important in underdeveloped countries). Neither can 
it be demonstrated that one can be sure a dynamic equili
brium can be reached starting from a position of disequili
brium (typical of most underdeveloped economies), or that 
free market forces can reach the equilibrium within the short 
time which expectations demand. 

Finally, independently of these imperfections, which may or 
may not exist, even an efficient market may lead to an allo
cation of resources which may be far from optimal — an 
allocation of resources which provides none of the benefits 
of economic growth to those members of society, such as 
cripples and persons having low intelligence quotients, who 
are unable to participate fully in it. 

2. Planning 

I t is for all of these reasons that underdeveloped countries 
have chosen to use some sort of planning measures. Planning, 
it is argued, will avoid the obvious defects in the market 
economy (which are, at least in part, responsible for the 
present plight of many of these countries). Hopefully, deve
lopment planning will marshal the limited resources, reduce 
inequalities and uncertainties, take advantage of external 
economies and, if nothing else, will get its citizens used to 
the concept of change and growth. However, planning pro
cedures have also suffered from obvious defects and inconsi
stencies because important factors have been overlooked, 
very incomplete information has been available, and imper
fect analysis and intuitive judgement have been followed. 
Even the theoretical literature concerning investment criteria 
and other guides to rapid development have been filled with 
contradictions and inconsistencies, not all of which can be 
explained by the different environmental conditions affect-

20 



ing the different countries in which different authors have 
participated. 

Rational attitudes toward and rational uses of planning 
have been delayed for too long, simply because of the irra
tional connotations the word «planning» has had for some 
people. Gradually, however, some of the emotional overto
nes are subsiding and a more scientific approach to its pro
per methodology, scope, and techniques is being developed.1 

Thus, in recent years, serious attempts have been made to 
explain the apparent contradictions which come from using 
partial criteria, and considerable improvement seems to 
have been gained from more comprehensive models, greater 
stress on quantification, and checks for internal consistency 
of plans. 

Planning (in the form of supplementing, replacing, or cir
cumventing the normal market mechanism) can be successful 
only to the extent that : (1) the economist's estimate or con
cept is sufficiently close to the true optimum (subject, of 
course, to whatever resource limitations must be considered 
given) and, (2) that this estimate or concept of the optimum 
can be translated into reality through public policy. Success
ful planning presupposes the existence of a model (a mental 
construct of the important relationships and the magnitudes 
of the forces operating in the economy) sufficiently close to 
reality that it can be useful in solving problems of the real 

1. See, for example, J. K. Galbraith, «On the Theory of Planning», 
Chapter 3 of Economic Development in Perspective, Cambridge, Mass., Har
vard University Press, 1962. Also, for a comparison of existing approaches 
to planning from different schools of economic and political thought, see 
Yousry Sadek, «National Economic Development Planning Policies and 
Economic Systems», Chapter 2 of A Critical Examination and Comparison 
of Criteria for Selecting Investment Projects with Special Reference to Materially 
Underdeveloped Countries, Osb, Institute of Economics, Oslo University, 
1962. 
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world. Implementation of a plan depends on the ability and 
power of policy makers to shift behavior in the proper direct
ions and to the proper degree through the instruments of 
economic policy — and to do it without unwarranted in
fringement on individual freedom and enterprise. 

Generally, our concern with the planning process will be 
limited to the formulation of the model and the comparison 
of the model's prescription with reality. Nevertheless, several 
suggestions for economic policy will more or less emerge 
from our analysis. Since our model is designed with the 
possibility of planning in mind, its shape is affected by certain 
a priori guide lines for planning. 

C. The Scope of Planning in this Study 

The focus of our study is on the investment process as the 
means of marginally reallocating the scarce economic resources, 
and thus planning on the basis of the model will be limited to 
investment planning. Since capital is not the only scarce re
source in Greece, this implies an optimistic assumption that 
most of the other scarce resources are mobile and will follow 
the direction of investment, without specifically introducing 
price inducements. 

Since the public sector represents only a small portion of 
the Greek economy, investment planning, if it is going to be 
of any consequence, must have a broader scope than simply 
reallocating public investment. Indeed, one might question 
whether certain types of public investments may not have 
discouraged private investment. Other policy instruments 
which can encompass the private sector would presumably 
have to be used. Preferential tax policy, direct subsidies, 
preferential lending policies, investment licensing, and fo
reign exchange rationing are all less extreme instruments than 
either complete government control of the price mechanism 
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(for decentralized decision making of the Lange-Lerner ty
pe) or centralized public control of investment (of the So
viet type). These instruments may, but not necessarily, be 
capable of bringing about the optimal allocation of investment 
dictated by the model. The important thing to realize here 
is that these are all instruments presently used in Greece, 
and at least from a foreigner's observation of the wide range 
of present government intervention in the market economy, 
planning on the basis of a model, like that which is to be 
developed below, should not necessarily involve either a 
higher degree of government intervention in the private se
ctor, nor a higher degree of centralized (as opposed to de
centralized) decision making. 

Whether the instruments mentioned above can or will actu
ally coordinate investment as desired, or whether sufficient
ly high levels of satisfaction of the socio-economic goals can 
be achieved rapidly enough within the framework of marginal 
investment planning, are questions far beyond the scope of 
the present work. However, regardless of the results of the 
test between the performance of the market and the model, 
it would seem that successful planning in Greece — if it is 
to be used — must concentrate on trying to offset the defects 
in the present market economy, without losing the advantage 
of the market and its price system as a control mechanism.1 

1. For a broader range of the alternative instruments or methods of 
planning, see Hollis B. Ghenery, «Development Policies and Program
mes», Economic Bulletin for Latin America, U. N. Commission for Latin 
America, March, 1958, pp. 72 -76 ; and «The Interdependence of In
vestment Decisions», in The Allocation of Economic Resources, Stanford, 
California, Stanford University Press, 1959, pp. 114- 116, and the re
ferences therein cited. For more general treatments see Abba Lerner, 
The Economics of Control, New York, Macmillan, 1944, and Gregory Gross
man, Value and Plan, Berkeley, California, University of California Press, 
1960. 
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D. Type of Model to Be Used 

Our model must, above all, be useful in solving the struc
tural problems posed by development in the context of the 
Common Market but in order to do this it must represent, 
at least in very simple form, how the economy works, or 
rather how it should work. 

1. A Disaggregated Interindustry Model 

The nature of the problems for which solutions are sought1 

indicates that the model must break down the total economic 
activity into a number of different and distinguishable sectors. 
That is, the model must be disaggregated. 

In Greece, as well as in most other developing countries, 
the patterns of production, foreign trade, and domestic de
mand in the different sectors are both changing and interrelat
ed.2 It is clear, then, that to handle these changing relation
ships between the sectors some form of interindustry analysis 
must be used. The input-output model3 is the most simple 
and practical type of interindustry model. But, although in
put-output allows for changing patterns of demand and re
cognizes that different industries will have different product
ion functions, it does not allow for choice between different 
production techniques or between imports and domestic 

1. See page 17 above. 
2. See Hollis B. Chenery, «The Use of Interindustry Analysis in 

Development Programming», paper presented to the International 
Conference on Input-Output Techniques», Geneva, Sept., 1961, who 
cites the following reasons for this: (a) final demand for manufactured 
goods rises faster than for other goods, and manufactured goods have 
more interindustry inputs; (b) factory production replaces handicraft 
production; (c) domestic production replaces imports; and, (d) more 
capital goes into domestic real capital formation. 

3. See Appendix A for a brief discussion of input-output analysis and 
its assumptions. 
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production — features certainly desirable in a model which 
focuses on comparative advantage considerations. 

2. Linear Programming 

Fortunately, by using linear programming (sometimes call
ed activity analysis), we can use the interindustry information 
provided by an input-output table, and/or engineering data 
but, at the same time, we can generalize the assumptions1 of 
input-output models in order to provide for a choice between 
different production techniques and imports. The provision 
for choice results in a situation in which, if there is more than 
one combination of economic activities that lies within the 
resource limitations, there are many such combinations.2 So
lution to a linear programming problem involves selecting, 
out of all these feasible combinations of economic activities, 
that combination which maximizes some given welfare funct
ion. 

Any problem that can be stated in the following manner 
is a linear programming problem: optimize (minimize or 
maximize) any linear function of variables X = (X1}X2, ... 
Xn), e.g., maximize GX = ( C ^ + G2X2 +.. .CnXn), sub
ject to linear constraints on X, e.g., AX 5L b, and X ^ 0 
which provide upper and lower boundaries on the size of X. 
A number of techniques of solution are available, of which 
the most common is the simplex method.3 

Our task will then be to construct a linear programming 
model of the Greek economy. The vector X = (X1,X2...Xn) 
will represent the levels of the different activities (e.g., mining 
production, imports of textiles, exports of chemicals, etc.) 
and will be determined by the model. The A matrix will 

1. See Appendix A. 
2. In fact, if there are two feasible solutions, there are an infinite 

number. 
3. See Appendix B. 
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represent relationships between the economic activities and 
the economic resources; the vector G will represent the con
tribution that one unit of each activity makes to welfare; 
vector b will represent the restrictions on the economic re
sources. A, b, and G will be estimated from the available 
information on the Greek economy and will be considered 
as given or predetermined in the model. 

If these relationships and restrictions can be estimated 
perfectly, and the choices between development alternatives 
can be presented fairly, resource allocation on the basis of 
the optimal solution to the linear programming problem is 
guaranteed to be consistent, efficient, and optimal — but 
only if the following assumptions of the linear programming 
model are valid: (1) the welfare objectives to be maximized 
can be stated quantitatively as linear functions of the various 
economic activities; (2) all the restraints on the economic 
resources and on the activities themselves can be stated 
quantitatively and are linear; (3) the production function is 
linear homogeneous, i.e., inputs are proportional to outputs. 
(Note that this is a stronger assumption than that made in 
theoretical input-output analysis, namely that inputs are 
linear functions of outputs. However, in most practical in
put-output work, proportionality is assumed). 

E. Linear Programming as a Technique in Economic Planning 

We are fortunate to have at our disposal several pioneer
ing demonstrations of how linear programming might be 
applied to economic planning in different countries.1 Yet, 
to this author's knowledge, none of these studies has had 
any direct effect on practical economic planning in any of 
the countries concerned. Perhaps part of the reason for this 
is their seeming lack of concern for testing either the assump-

1. A brief history of applications of linear programming, together 
with some references, are given in Appendix B. 
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tions or the implications of the models and for convincing 
others that the results of the models can be trusted. 

It is obvious that knowledge of the optimal allocation of 
resources at a particular point in time, let us say 1975, would 
be most useful in formulating a development plan for the 
period up to and including that year. As we have discussed 
above, the only other information that would be necessary 
in order to implement such a plan would be knowledge con
cerning the effect of the policy instruments upon behavior — 
research obviously beyond the scope of this study. 

There is no doubt that linear programming is indeed a 
potentially powerful tool of analysis for planning purposes, 
but it is so by virtue of the very strong assumptions which 
it makes. Aside from these general assumptions of linear 
programming, all kinds of specific assumptions are necessary 
to fit a complex economy like that of Greece into a linear 
programming formulation. Even the most courageous model 
builder cannot quantify all of the variables that operate in 
the Greek economy. Neither can it be defended that the re
lationships that are quantifiable can be measured perfectly, 
or that they all behave in a linear or proportional manner. 

Although our task here is to build a linear programming 
model, we do not mean to intimate that this is the only 
form of programming that could be made to focus on the 
decision problems heretofore stated, nor the only one that 
could be used in development planning for Greece. On the 
contrary, linear programming is only one of many forms of 
programming that might be useful. However, as it is certainly 
one of the simplest ones, it becomes a logical starting point 
for experimentation in programming. In fact the Center of 
Planning and Economic Research is planning further steps 
and refinements of this particular programming model as 
part of its future work in Greece. 

Regardless of the exact form of the programming model, 
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its merit must be that it provides answers to the decision pro

blems given in section Β above. Whether or not we might actually 

plan on the basis of the model will depend on how much faith we can 

put in each of the two alternatives available to us — that of the 

market economy and that of a development plan based on a program

ming model. Both alternatives yield optimal solutions under certain 

conditions and yet, in both cases, these conditions are flagrantly violated. 

Since we will never know what the truly optimal allocation 

of resources should be, we can observe only these two attempts 

at prescribing optimality, i.e., the theoretical approach of 

the model and the practical approach of the market. However, 

if we look at an historical period, we can compare the linear 

programming solution to the market solution over the same 

period. We suggest that by considering various different ex

planations for the deviations between the two solutions, we 

can get some idea of which kinds of hypotheses explain 

most of the deviations. Some explanations will be based on 

departure from the conditions under which the model would 

guarantee optimal solutions, and others will be based on de

partures of the actual Greek market economy from condi

tions under which the free market operates optimally. The 

testing at this stage of the game may be very primitive — per

haps inconclusive — but the author feels that this kind of 

approach to the questions of whether to plan or not to plan, 

and how to plan, may be of some significance to the future 

of economic planning, and particularly to the future of linear 

programming as a tool in planning. 

F. An Outline of the Procedure and Conclusions 

In Chapter I I we shall provide a brief background for our 

subsequent discussion of the Greek economy. A pocket-size 

review of recent developments on the Greek economic scene 

and opinions of some professional economists who have tried 

to analyze Greece's problems will be included. 
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In Chapter I I I a linear programming model is developed 
for the period 1954 - 1961; it can easily be modified to help 
set up a development plan for the future. This program should 
be understood to anwer the following question: if Greece 
were to start all over again in 1954, what allocation of re
sources should have evolved by 1961 so as to maximize wel
fare in 1961 ? Chapter I I I is limited to the theoretical formu
lation of the model and an exposition of its modus operandi. 

In Chapter IV we describe the procedure by which we 
estimated the roughly one thousand coefficients of the model 
for the 1954-1961 period. Chapter IV can therefore be 
omitted by the reader not interested in the numbers involv
ed, provided that he does accept this warning: the measures 
are, in most cases, extremely crude and undoubtedly subject 
to a large percentage of error. 

In Chapter V the original formulation of the model is 
revised in a number of different ways, in order to provide 
more useful solutions and in order to test the sensitivity of 
the solutions to alternative assumptions and errors in speci
fication and estimation. Solutions to both the primal problem 
(the optimal activity levels) and the dual problem (the 
shadow prices) are presented and analyzed for the original 
version of the model and each of the seventy-three revisions. 
Six of these solutions are selected as «preferred solutions». 

The results indicate that the shadow prices of the dual 
solution are much less sensitive (and more reliable) than the 
activity levels of the primal solutions. Comparing the optimal 
solutions of the preferred programs with the actual «market» 
solution observed in Greece in 1961, the following conclusions 
emerge: (1) further development should come more through 
import substitution than through export expansion; (2) the 
most favorable opportunities for comparative advantage and 
development would seem to lie in agriculture, miscellaneous 
manufacturing, transport equipment assembling, and che-
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micals; (3) the capital and foreign exchange intensive indus
tries like metallurgy and petroleum refining do not seem well 
suited for Greece despite recent investments in these sectors ; (4) 
capital, foreign exchange, and electricity are all substantially 
undervalued by Greek market prices. 

Finally, in Chapter VI the model is subjected to the follow
ing type of test : differences between the preferred program
ming solutions and the actual market solution for the same pe
riod are measured sector by sector by a series of ratios (e.g., 
«optimal» production to «actual» production) which are used 
as the dependent variable in a number of statistical regres
sions. Alternate sets of hypotheses — those of errors in data, 
market failure, insufficiency of the model, and governmental 
interference — are employed as independent variables which 
might explain the variations in the dependent variable. 

Though the validity of this test is weakened by limited 
observations and crudity of measurement there is, never
theless, some evidence that market imperfections and failures 
best explain the deviations between the market and pro
gramming solutions. To the extent this is true, the model's 
implications may provide the basis for sound economic plan
ning in Greece. 

Regardless of the specific outcome of these formal hypo
thesis tests, the author defends the model and its implications 
from the standpoint that a comparison of the results shows 
that the greatest differences between the programming so
lution and the actual development of the Greek economy 
have occurred in the very sectors in which misallocation by 
the Greek market is most obvious. Furthermore, the author 
maintains that the form of the model and the nature of the 
tests may be useful to a great many other developing countries 
like Greece. 
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CHAPTER II 

GREEK DEVELOPMENT PROBLEMS 

The period from 1954 to 1961 (that is presently under in
vestigation) immediately followed one of the most disastrous 
periods in Greece's long and sometimes glorious history.1 

The world depression had hit Greece very severely; war with 
Italy had been costly; invasion and occupation by Germany 
had been worse than humiliating; and the fratricidal civil 
war, which lasted until late in 1949, was bloody and dividing. 

The problems that faced Greece in 1950 were immense — 
10 per cent of the population had to be resettled; almost 
one-third of the population was on relief; much land and 
productive capacity had to be reconstructed; inflation was 
rampant ; extreme balance of payments difficulties were kept 
in check only by a system of rigid import and foreign exchange 
controls; and public administration was in chaos.2 

A. Recovery 

Amazingly enough, by 1954 most of these problems had 

1. For a fascinating and concise economic history of Greece from the 
17th century, upon which the first part of this summary is based, see 
Adamantios Pepelasis, «Greece», Chapter 16 in Economic Development, 
Analysis and Case Studies, by A. Pepelasis, L. Mears, and I. Adelman, 
New York, Harper and Bros., 1961, pp. 500 - 522. 

2. For information on war conditions and developments I am indebted 
to the unpublished paper by Richard Westebbe, «Exports in Greece's 
Economic Development», Athens, Ministry of Commerce, Jan. 22, 1963; 
and to Andreas G. Papandreou, «Salient Features of Greek Economic 
Growth in the Nineteen-Fifties», Chapter 1 of A Strategy for Greek Economic 
Development, Athens, Center of Economic Research, 1962. 
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been brought under control so that attention could then be 
shifted to the even greater problem of economic development. 
The devaluation of the drachma in April, 1953 (and subse
quent successful stabilization), and American aid which in 
the postwar period has amounted to over three billion dol
lars (roughly half of which was military aid, while the other 
half was used mostly for resettlement and reconstruction), 
were undoubtedly the two most important factors in return
ing Greece to order, stability, and to the normal levels of 
prewar production — or even higher — by 1954. That year 
(1954) is also the base year for much of national economic 
accounting and the first year of normalcy in external trade ; 
and it is for these reasons that it provides a convenient, as 
well as logical, starting point from which to evaluate progress 
in the economic development of Greece. 

B. Rapid Growth 

By certain criteria, Greece's progress in economic deve
lopment since 1954 compares favorably with most other de
veloping countries. National income in real terms has risen 
by more than 6 per cent per annum and, because Greece 
has had one of the lowest birth rates in the world and a 
sizeable net emigration, net national income per capita has 
risen by just less than 6 per cent per annum, from $210 
per capita in 1954 to $307 per capita in 1961 in real terms.1 

C. Problems Remaining 

However (as will be seen in more detail throughout this 

1. These figures were calculated by dividing 1954 and 1961 net na
tional incomes (49,696 million drachmae and 77,384 million drachmae, 
respectively) by the population estimates for the two years (7,893,412 
and 8,402,267, respectively) and converting to dollars on the basis of 
the official exchange rate (thirty drachmae = 1 dollar). 
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work), in other respects development has been spotty and 
often unsatisfactory.1 

Take the structural problems. Industry has grown moder
ately but remains highly inefficient behind a protective wall 
of high tariffs,2 and recently it seems to be stagnating (invest
ment in manufacturing in 1961 was lower than in 1958 both 
relatively and absolutely). Construction and related activities 
(mostly private housing) have indeed expanded rapidly but, 
at least until very recently, construction activity has been 
concentrated in the Athens area, and has neither served to 
increase the productive capacity of the country nor to meet 
the basic needs of the lower and lower-middle income groups. 
If the housing boom should subside in view of current govern
ment policy to make investment in housing relatively less 
attractive, it is difficult to foresee an automatic compensating 
increase in other sectors. Indeed, this thought may be cause 
for some concern. 

The balance of payments remains precarious, nearly as 
precarious today as it was in 1954. Although exports of se
veral specific commodities such as citrus fruit and cotton 
have done very well, exports as a whole have been stagnant 
—especially since 1957—despite government tax incenti
ves and other incentives to exporters and export producers. 
Meanwhile, imports have grown steadily. The net deficit 
on commodity trade is thus considerably larger than in 
1954, and has been offset only by a rapid rise of invisibles' 
exports, particularly shipping, emigrants and seamens' re-

1. See Andreas G. Papandreou, op. cit., and J . C. Piperoglou, Le Dé
veloppement Planifie de la Grèce et ses Problèmes, paper presented to 
the International Meeting on the Economic and Social Development 
of Mediterranean Countries, Naples, October, 1962. 

2. For a detailed treatment of Greek industry and its problems, the 
reader is referred to George Goutsoumaris, The Morphology of Greek In
dustry, Athens, Center of Economic Research, 1963. 

:: 
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mittances, and the tourist trade, all of which may be very 
sensitive to unsettled conditions in the outside world. 

Employment is still a serious problem. Despite rapidly 
increasing emigration (about 275,000 Greeks emigrated in 
the period 1954-1961), non-agricultural unemployment re
mains over 11 per cent of the total labor force, and seasonal 
agricultural underemployment and unemployment on an 
annual basis stand even higher. Furthermore, there is grow
ing recognition that, although in the short run emigra
tion has kept domestic unemployment from reaching alarm
ing proportions, it has contributed to this more serious pro
blem: the emigrants seem to have been the youngest, most 
enterprising and adaptable elements of the labor force,1 and 
thus their loss to the labor force and as components of ag
gregate demand in the long run strongly outweigh any short 
run benefit. Consider, too, the amount of food, clothing, 
housing, and education Greece has had to provide them with 
until they have reached working age. Finally, one can quest
ion the success of economic development during the 1954-
1961 period in view of the fact that disparities in the distri
bution of wealth by region and class remain conspicuous
ly large—perhaps they have even increased during the pe
riod.2 

1. This would not be detrimental in the long run if labor emigrated 
only to be trained, and then, once trained, would return to Greece to 
apply their newly acquired skills. However, this is not likely to be the 
case in light of the large current and foreseeable future wage differential 
for both skilled and unskilled labor between Greece and Germany (the 
country to which most of the emigrants have gone in recent years). 

2. Virtually no statistical data are available on personal income distri
bution. For information concerning regional distribution of income per 
capita see ( 1 ) Benjamin Ward, Greek Regional Development, Athens, Center 
of Economic Research, 1962, pp. 52 -56, especially Table 3.13., p. 54; 
(2) S. Geronymakis, «Regional Income», Financial News, (in Greek), 
Dec, 1961, pp. 533 - 567; (3) George Coutsoumaris, «The Location 
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D. Could Greece Have Achieved More Rapid Growth? 

The secrets to Greece's successful growth rate in income 
were the reestablishment of confidence in the banking sys
tem, a high interest rate policy followed by the monetary 
authorities, and a substantial inflow of savings from Greeks 
repatriating from Egypt, from other parts of Africa, and 
from South America. Household savings increased from 1.3 
billion drachmae in 1954 to 9.6 billion drachmae in 1961 
at 1954 prices, while government savings increased from 1.6 
billion to 3.5 billion drachmae during the same period.1 

The resulting overall marginal propensity to save over the 
period was well in excess of 30 per cent! (Many developing 
countries are very happy to achieve marginal savings rates 
of 15 per cent). Combined with the apparent fact that most 
Greek industries seem to enjoy smaller capital-output ra
tios than those prevailing in other countries, one cannot 
help but wonder whether Greece might not have been able 
to achieve an even higher overall growth rate and to have 
done a better job in solving its employment, balance of pay
ments, and structural problems. [ In fact the results of Cha
pter V indicate that substantially higher growth rates could 

Pattern of Greek Industry», Chapter 5 in Morphology of Greek Industry, 
Athens, Center of Economic Research, 1963. 

Note that when one considers that the 1954 estimates of gross regional 
income per capita for «Central Greece and Euboia», which includes 
both Greater Athens and Euboia (the latter being one of the poorest 
regions of Greece), the per capita income in Athens was probably over 
three times the per capita income in Epirus, the Ionian Islands and 
Thrace, the poorest regions of Greece. Note also Ward, op. cit., footnote 
48, p. 52, that «S. Geronymakis, Director of the National Accounts Di
vision at the Ministry of Coordination, has estimated that the ratio of 
income per capita in Athens to income per capita in the rest of Greece 
has increased slightly in recent years». 

1. See Table 4.46. 
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have been achieved if scarce resources had been allocated 
more efficiently among the sectors]. 

The purpose in raising these doubts in the face of an other
wise admirable growth rate is neither to criticize the respon
sible government authorities nor to intimate that others 
could or would have done better, but only to point out that 
the project with which we are involved—that of comparing 
the efficiency of economic growth in Greece from 1954 to 
1961 with the efficiency of our linear programming model— 
is not merely an idle academic exercise to test a theoretical 
model, but rather from the standpoint of the policy makers 
involved, could provide an interesting and practical answer 
to the question: «Could we have done better?». 
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CHAPTER III 

FORMULATING THE MODEL 

A. Use of Other Studies in Economic 
Development Programming 

In building and applying our linear programming mo
del we have been fortunate enough to have had at our di
sposal a number of pioneering studies in the field. Some of 
these studies are referred to in Appendix B; a complete list 
of these references may be found in the bibliography. 

No attempt will be made to summarize the methods or 
achievements of these studies. Indeed, such a project would 
justify a study in itself, and not all of it would be relevant 
to the present study. A thorough knowledge of these studies 
is, however, invaluable for anyone interested in applying 
programming methods to economic development and plan
ning. In general, the model presented here is structured 
along the lines of the Chenery models,1 but in some of its 
features and in its approach to a number of measurement 

1. Hollis B. Chenery, «Development Policies and Programmes», Eco
nomic Bulletin for Latin America, Vol. I l l , No. 1, March, 1958; Hollis B. 
Chenery and Paul G. Clark, Interindustry Economics, New York, John 
Wiley and Sons, 1959, Chapter I I ; Hollis B. Chenery and Kenneth S. 
Kretschmer, «Resource Allocation for Economic Development», Econo
metrica, No. 4, Oct., 1956; Hollis B. Chenery and Hirofumi Uzawa, 
«Non-Linear Programming in Economic Development», Studies in Linear 
and Non-Linear Programming by Arrow, Hurwicz and Uzawa, Stanford, 
Stanford University Press, 1958. 
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problems, it follows Manne1 and Sandee2 more closely. Na
turally, in many respects we have had to improvise consi
derably. Brief mention will be made of significant differen
ces between the present approach and that of its predecessors 
where such comments are particularly relevant. 

B. Some General Features 

The model is composed of: (1) five sets of endogenous va
riables that are to be determined by the model, numbering 
in total about 300 individual variables (including slacks), 
(2) a number of predetermined variables and constants and, 
(3) some 150 equations and inequalities representing the 
relationships between the variables (or activities) and the 
constraints on the use of Greece's economic resources. 

The Greek economy is broken down into some sixteen pro
ductive sectors and three education sectors, as shown in Ta
bles 4.01 of Chapter IV. For each sector3 there are variables 
for domestic production activities, for import activities, for 
export activities, and for idle capacity. Finally, there is one 
more variable representing the disposition (among various 
consumer expenditures and savings) of any additional na
tional income above the actual 1961 level which may be 
generated by the model. The elements of each activity vec
tor are made up of the input and output coefficients appro
priate to each activity. 

The relationships between the activities are made up of: 
(1) the socio-economic goal(s) to be maximized or minimi-

1. Allen S. Manne, «Key Sectors of the Mexican Economy, 1960-
1970», Studies in Process Analysis, New York, John Wiley and Sons, 1963; 
Allan S. Manne, «Programming of Economic Development», 1960, un
published. 

2. Jan Sandee, A Demonstration Planning Model for India, Bombay, Lon
don, New York, Asia Publishing House, 1960. 

3. In some sectors some of the activities will not be appropriate, and 
thus not every sector will have all four of these types of variables. 
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zed; (2) the supply and demand relationships for each com
modity and resource in the model; and, (3) additional con
straints in the form of upper and lower limits on the acti
vity levels. 

It should be recalled from Chapter I that the model is 
designed to answer the following question: starting from the 
activity levels observed in the Greek economy in 1954, what 
levels of production, imports, exports, idle capacity, and 
national income should have been achieved by 1961, in or
der to maximize welfare in the target year 1961 ? 

The technology of 1961 is given. Final demand (consump
tion, changes in stock, plus exogenous exports but less exo
genous imports) is given on the right-hand side at actual 
1961 levels. The initial stock of resources is given at 1954 
levels. Some of these factors (namely consumption and sav
ings) would be expected to change depending on the income 
generated and the particular allocation of resources chosen 
as optimal. In these cases, simple proportional changes 
were provided for by the «additional income» vector which 
is also to be determined endogenously. The model does not 
assume that 1961 prices could be known or even accurately 
estimated in 1954; thus, all variables are expressed in terms 
of 1954 prices. 

The staggering difficulties faced in obtaining reliable data 
and estimates of the model's parameters (which are descri
bed in Chapter IV) , and the difficulties encountered in 
obtaining reasonable solutions to the model made it impos
sible to be satisfied with one single solution. Eventually so
lutions were obtained for some seventy-four different ver
sions of the model. The model was, therefore, set up in such 
a way that revisions could be made easily and quickly. These 
revisions would provide for: (1) changes in the underlying 
assumptions of the model, (2) alternate methods of estim
ating the parameters and, (3) different socio-economic goals 
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of development. None of these revisions was so drastic as 
to make any particular formulation unrecognizable as a 
form of the original model. Therefore, throughout Chapter 
III we shall focus on the original formulation of the model. 
The revisions and the rationale for making them will be 
presented in Chapter V. We will, however, mention which 
parts of the model are to be subjected to revisions as the need 
arises. 

C. The Socio-Economie Goals of Development 
Of the several development goals mentioned in the offi

cial development plans1 and in conversations with respon
sible officials of the government ministries, the two object
ives that seem to be given highest priority are : ( 1 ) maximi
zation of national income and, (2) maximization of employ
ment. These goals can be stated algebraically as follows: 

(1) YX = Σ Σ Vji Xji = Maximum for all j , 1 
j 1 

or alternatively: 

—YX — Σ Σ — Vji Xji = Minimum for all j , 1. 
j 1 

(2) LX = Σ Σ lji Xji = Maximum for all j , 1 
j 1 

or alternatively: 

—LX = Σ Σ — lji Xji = Minimum for all j , 1. 
j 1 

where Xji = gross production of the 1th variable in sector j 
in 1961 

yji = contribution to national income per unit of Xji 
Lji = employment per unit of Xji 

1. Ministry of Coordination, Preliminary Five Tear Programme for the 
Economic Development of Greece, 1959 - 63, Athens, April, 1959; Ministry 
of Coordination, Five Tear Programme for the Economic Development of Greece 
1960-1964, Athens, April, 1960; Ministry of Coordination, Memoran
dum sur le Programme de Développement Economique de la Grèce, Athens, 
June, 1962. 
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Neither of these goals is completely satisfactory, and 
both involve serious measurement problems. A number of 
people1 have criticized income as a measure of welfare. The 
above formulation implies that income is to be measured 
by the factor payments approach (value added). For a pro
gramming formulation this is a very unfortunate approach 
which would be valid only if market prices perfectly reflected 
accounting or shadow prices. As will be explained below, 
this is a very unlikely possibility. Therefore, in Chapter V 
we substitute the final products approach to national inco
me measurement for the factor payments approach. On the 
other hand, maximizing employment might well imply 
minimizing labor productivity and, if this were the case, 
would be open to even more criticism than the income goal. 
For these reasons, and for reasons given below in Chapter 
V, it was found desirable in later revisions of the model to 
revise these goals and introduce alternate goals. 

If we wanted to combine any two of these goals (e.g., the 
income and employment goals) we could do so by stating 
as a single goal a convex combination of the two separate 
objectives. Parametric linear programming could provide 
simultaneously solutions for every conceivable combination 
of the two objectives. 

The beauty of the parametric linear programming pro
cedure is that it would not be necessary to specify in ad
vance the weights to be attached to each goal, but only the 
general nature of the goals. The policy makers may, in fact, 
be in a better position to choose the proper weights if they 

1. For example, Moses Abramovitz, «The Welfare Interpretation of 
Secular Trends in National Income and Product», in The Allocation of 
Economic Resources, Stanford, University Press, argues that in the very 
long run, national income is a good measure of output, but not of wel
fare, due to the importance of working conditions and systems in the 
process of economic development. 
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know something about how much satisfaction of one goal 
must be sacrificed to gain additional satisfaction of the other 
welfare goal. Moreover, as Ragnar Frisch has argued,1 pre
sentation of these policy alternatives may bring public de
bate up to a more meaningful level worthy of true demo
cracy. 

The goals of personal income equalization and reduction 
of existing disparities in regional income per capita are over
looked here for two reasons: (1) because there is still insuf
ficient information as to the extent of the disparities and the 
desired degree of equalization; and more importantly, (2) 
because these goals could be dealt with separately through 
transfer payments, taxation, and other instruments which 
are not part of our formal model.2 

D. The Balance Inequalities 

As stated above, the economy has been divided into six
teen productive sectors. Supply and demand conditions are 
given for each commodity-sector as follows: 

1. Ragnar Frisch, «A Survey of Types of Economic Forecasting and 
Programming and a Brief Description of the Oslo Channel Model», 
Institute of Economics, Oslo, Oslo University Press, May 13, 1961, 
( Mimeographed). 

2. If sufficient information were available the regional development 
goals could be introduced by assigning localization coefficients or some 
other measure of the ability of the industry to locate its operation in the 
desired regions. This function could then be maximized or minimized. 
More preferably, however, the regional development problem ought to 
be handled in a genuine regionalized model for which a regional input-
output table would be required. For the present possibilities of applying 
regional and location theory to Greek development problems, see Ben
jamin Ward, Greek Regional Development, Athens, Center of Economic Re
search, 1962; and George Coutsoumaris, «The Location Pattern of Greek 
Industry», The Morphology of Greek Industry, Athens, Center of Economic 
Research, 1963, Chapter 5. 

42 



(3-18) Σ Xji + M i - Σ E * — Σ Σ a* Xji -h-* (1 + g j ) 
1 h j 1 

Σ by, Xji— C i Z ^ Q + Gi + A S ; - h* (1 + g j) 
1 

Z. by Xji 1 9 5 4 

for all h, j , and 1 
where M; = imports in sector i in 1961 

E ih = exports of variable h in sector i in 1961 
ayi = input of commodity i per unit of production 

of variable 1 in sector j in 1961 
hj*(l+gj) = linear approximation to that proportion of 

investment during the period 1954-1961 
which would be required in the year 1961 
itself, assuming a one year lag and that pro
duction in each sector will grow at an expo
nential rate during the period 1954-1961 

biji = input of investment goods of type i per unit 

change in Xji 
Ci = marginal propensity to consume commodity i 

Ζ = income generated by the model for 1961 

above the actual 1961 level 

Q + G i + ^ S i = given final demand of commodity i in 1961 

Ci = private consumption of commodity i in 1961 

G; = public consumption of commodity i in 1961 

/\S; = changes in stocks of commodity i in 1961 

Xj 1954 ~ gross production in sector j in 1954 

Verbally (3-18) may be interpreted as follows: 

Production + Imports - Exports - Interindustry Demand -In

vestment Demand - Consumption out of Additional 

Income ^. Private Consumption + Government Con

sumption + Changes in Stocks 

43 



These supply and demand relationships are stated as in
equalities rather than equalities because all of these commo
dities (unlike fissionable materials) could be disposed of 
at practically no cost. 

The justification for the term involving Xj 1954 on the 
right-hand side and for the constant term h* (1 + gj), which 
mysteriously appears with the investment term in the ba
lance inequalities, is given below under the investment con
straint. 

£. Constraints 

1. Scarce Resource Constraints 

The resources (other than the commodities of the balance 
equations) that are in scarce supply are capital, skilled la
bor, and foreign exchange. 

Most of the relationships of the model are stated in terms 
of absolute 1961 levels but a few, namely the capital and 
skilled labor constraints, are stated in terms of increments 
over the 1954-1961 period. For consistency all of these ex
ceptions are also stated in terms of absolute levels by adding 
the predetermined variables Xj 1954 to both sides of the 
equations; i.e., Xj = XjA -f- Xj 1954. These terms invol
ving Xj 1954 that are added to the right-hand sides in order 
to convert a term on the left-hand side from increments to 
absolute levels shall henceforth be referred to as «balance 
factors». The Xj's but not necessarily the XJA'S must be 
non-negative. 

a. Investment Constraint 

Assuming a constant annual rate of growth (gj) for pro
duction in industry j over the period 1954-1961, the 1961 
level of production, Xj, can be expressed as: 

X j = ( l +gj)7X j l 9 5 4 
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The increase of production in industry j occurring in the 
year 1961 (Xj — Xj 1960) can therefore be expressed by: 

Xj Xj I960 = gj 0 + gj)6 Xj 1954 

Manne has suggested a convenient way of approximating 
this expression in a linear fashion without assuming an exact 
value of gj.1 

Xj — X j I960 = h j ( X j ~ X J 1954 = hj [(1 + gj)7 — 1 ] Xj 1954, 
where hj is the proportion of the total increase in pro
duction in sector j over the period 1954-1961 which co
mes in the year 1961 itself. One can choose a reasonable 
value of hj to fit the expected range of the growth rates of 
production for the different industries. If, as seems reaso
nable, there is a lag between the start of spending on invest
ment and the time the additional capital stock will be ready 
for use in current production, the value of this constant will 
be affected. A one year lag, chosen here as a first approxi
mation, would relate investment in 1961 to production in 
1962. The linear approximation to additional production 
registered in 1962 would now be: 

Xj 1962 — Xj = h* (Xj 1962 — Xj 1954) = h* [(1 + g ) 8 — 1] 
Xj i954> where hj* is the proportion of the total increase 
in production of sector j in the period 1954-1962, com
ing in the year 1962 itself. Since all the other relationships 
of the model still relate to 1961, an approximation to Xj 1962 

must be made. Assuming that the constant rate of growth 
gj is continued through 1962, 

Xjjmi = 1 + g , a n d t h u S j 

Xj 1961 

h*(Xj 1962-Xj 1954) - hj* (1 + gj) Xj 1961 — hj* Xj 1954 

1. Alan S. Manne, «Key Sectors of the Mexican Economy», Chapter 
15 in Studies in Process Analysis by Manne and Markowitz, New York, 
John Wiley and Sons, 1963. 
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Note that hj* is not identical with hj. The proportion oc
curring in the last year depends on the number of years, and 
thus, for the same growth rate, hj* is smaller than hj because 
an extra year is involved. 

By accepting the constants hj* (1 + gj) for stock-flow con
version, we assume that each sector will grow exponential
ly at its own rate until at least the year after the target, and 
presumably indefinitely. This assumption does not provide 
for balance in supply and demand in any year other than 
that of the target year.1 

Only by assuming that production in each sector would 
grow exponentially at the same identical rate in all years 
in all sectors can balance be guaranteed throughout the en
tire planning period and post target period, i.e., idefinitely.2 

It is probably not very reasonable to expect that the Greek 
economy could and should grow in perfect balance after 
so short a time as seven years. Nevertheless, this hypothe
sis is followed in some of the later revisions of the model 
reported in Chapter V. 

Both the stipulation of a fixed savings coefficient and the 
assumption of an exponential growth path allow our model 
to avoid the «edge effects»3 and at the same time the ne-

1. Alan S. Manne, «Programming Economic Development», Preli
minary Draft for Process Analysis Monograph, pp. 9 -16 , (mimeogra
phed) ; and Manne, «Key Sectors of the Mexican Economy», op. cit. 

2. Lac. cit. 
3. Edge effects may be defined as those effects which stem from using 

a finite horizon model (which, due to its concentration on optimizing in 
the target year, may distort the pattern of development to the detriment 
of other years — especially the post target years). For example, if the 
goal was to maximize consumption in the target year, and unless addi
tional conditions were imposed, it might result in zero investment in the 
target year and thus reduce the possibilities for expanding either income 
or consumption in the post target period. Generally these edge effects 
are minimized by choosing an appropriate level and composition of the 
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cessity of specifying a particular set of capital stocks in the 

target year—both problems which may arise in dynamic or 

semi-dynamic models.1 

Any capital that is to lie idle in 1961 would involve a wa

ste of capital. For this reason idle capacity vectors, Wj5 

must be included along with the production variables, X j9 

in computing total capital requirements from the incremen

tal capital output ratios Kj. The investment constraint, which 

states that the demand for investment in 1961 cannot ex

ceed the supply of savings in 1961, is given algebraically as 

follows : 

(19) Σ ij = hj* (i + g,) Σ Σ kj! χ , + Σ kjWj — sZ^s A + 
j j ι j 

F - ZASi + V<(1 + gj) Σ ^ Xj 1 9 5 4 
1 j 

where Ij = investment required in sector j in 1961 

kj = fixed capital-output ratio = . 'i 

Wj = idle capacity in sector j in 1961 

s = marginal propensity to save 

S A = actual level of domestic savings in 1961 

F = net inflow of foreign savings in 1961 

The constraint can be relaxed if the model generates high

er levels of income (Z) via the marginal propensity to save 

(s), which is considered to remain constant at the observed 

rate at all levels of income. 

Since the overall incremental capital-output ratios (kj) 

can be broken down into their individual investment goods 

capital stock to carry over into the post target period, or by imposing 
capital-output ratios. 

1. Jan Sandee stipulates a quadratic time path as an alternative to 
exponential growth in his model (also semidynamic) in A Demonstration 
Planning Model for India, op. cit. 
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components (machinery, transport equipment, and con
struction) , the investment requirements of individual capital 
goods are treated in the same way as the overall investment 
requirements. This explains the presence of the balance fac
tors in equations (8), (12), and (15) of the balance equa
tions given above by (3-18). 

b. Labor Skill Constraints 

One of the scarce resources that is often overlooked is the 
labor-force, particularly the skilled labor-force, whose size 
and quality are becoming increasingly important factors 
in Greek economic development. In view of the rapid pace 
of technological change, in which handicraft production 
is being replaced by factory production and new industries 
are being started, the need for skilled personnel is increasing 
rapidly. There is some evidence to indicate that a shortage 
in the supply of such skilled personnel is already inhibiting 
growth.1 Demands on the skilled labor force in 1961 come 
from the increase of production in 1961 over and above that 
of 1954, technological change, and replacement; the sup
ply restaint at the end of the period (1961) is determined by 
the total labor force at the beginning of the period (1954) 
less emigration over the period, plus the net additions to the 
skilled labor force (during the 1954-1961 period) that edu
cation creates, (PkmXm)> where pkm is the net number of 
skilled laborers of skill class k added to the labor force in 
the period 1954-1961 per unit of education expenditure of 
type m in the year 1961, assuming education will grow at 
an exponential rate. Emigration is considered as given, al
though one might certainly question whether any solution 

1. George Coutsoumaris, The Morphology of Greek Industry, Athens, 
Center of Economic Research, 1963. Also, development agencies report 
difficulty in finding skilled entrepreneurs, and manufacturers lament the 
difficulty of obtaining technically skilled personnel. 
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that takes as given such a high rate of emigration (about 

275,000 Greeks emigrated during the 1954-1961 period) 

could be considered optimal in any sense of the word. Further

more, one would suspect that if higher levels of employment 

were achieved with or without a high weight on the employ

ment maximization goal, emigration would be likely to 

fall. However, for our comparison of the efficiency of the 

economy with the appropriateness of the model, it is neces

sary to keep the conditions as similar as possible. 

The skilled labor constraints are stated algebraically as 

follows : 

(20-22) Σ Σ n1961 Xjl— P k m X m ^ Σ < 9 5 4 X j l 9 5 4 + Ukl954 
j ι k j l 

D k — R k — H k for each k = A, B, C and m = 

H, S, Τ 

where nyi = input of skilled labor of type k required per 

of production of variable 1 in sector j 

Uk 1954 = unemployment of skilled labor of type k in 

1954 

D k = emigration of skilled labor of type k 1954-

1961 

R k = retirements of skilled labor of type k 1954-

1961 

H k = frictional unemployment of skill class k in 

1961. 

The classes k = A, Β and C and m = H, S, and Τ are de

fined below in Chapter IV. 

c. Foreign Exchange Constraint 

The continually growing deficit between commodity ex

ports and imports in the balance of payments makes foreign 

exchange one of Greece's most scarce resources. The whole 

question of how Greek development should proceed revol-

4 
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ves around this important constraint on foreign exchange, 
and reduces to a question of whether Greece should deve
lop along the lines of import substitution or export expan
sion or both. Imports have an input of foreign exchange and 
an output of the commodity imported. Similarly, exports 
have an input of the commodity exported and an output of 
foreign exchange. 

The foreign exchange constraint (verbally that the fo
reign exchange deficit from commodity trade may not ex
ceed the given net inflow of foreign exchange from capital 
movements and invisibles trade) is stated algebraically as 
follows : 

(23) Z Ç M j + Z Z f f c E , ^ F +Q, 
j J h 

where fj = input ( + ) or output (—) of foreign exchange 
per unit of imports or exports, respectively 

Q, — net invisibles' exports 

2. Constraints on the Convertibility of the Initial Capital 
Stock 

With the exception of transport equipment (which is of 
very minor significance as a capital input in all sectors ex
cept services), it would be highly unrealistic to assume that 
the initial capital stock could be taken away from the se
ctor to which it belonged in 1954 and transferred to another 
sector for use in 1961. Plant and installed equipment are 
simply not that transportable or adaptable. For simplicity, 
we assume the opposite—that none of the given capital 
stock of 1954 can be transferred to another sector. It will 
either wear out, be in actual use in 1961, or it will lie idle 
in 1961. By making the convenient assumption that capa
city was fully utilized in 1954, the constraint can be stated 
as shown in equations 24-38. 
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(24-38) Σ Xji + Wj ^ = (1-άί)'Χϋ954 for each j 

where dj = annual depreciation rate in sector j 

3. Other Constraints 

The remaining equations of the model express upper and 
lower bounds on particular variables of the model. The rea
son for these restrictions is to avoid the extremes of the 
proportionality assumptions underlying any linear program
ming model, and thereby to achieve greater realism. By in
troducing more than one variable for production, imports 
and exports in every sector with upper and sometimes lo
wer bounds on each (indicated by the superscript «^»), 
we can approximate non-linear functions with linear ones. 

a. Constraints on Imports 

Since the Greek market is extremely small, relative to 
that of the rest of the world, we start by assuming that im
ports (with certain exceptions) are obtainable from abroad 
without limit and without change in price. This assumption 
is later dropped and other assumptions about imports are 
adopted in Chapter V. At the beginning, restrictions are 
imposed on imports only in those commodity-sectors in which 
the commodities are not generally transportable (electri
city, construction, services), 

Mj 4 Mj 

b. Constraints on Exports 

On the other hand, the ability of Greek exports to com
pete on the world market is certainly related to the price 
at which exporters are willing to sell. Therefore, we have 
introduced a number of different export variables in each 
sector and each is subject to an upper bound. Each export 
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variable is identical to any other export variable in the same 
sector except in the output of foreign exchange (the margi
nal revenue) and its upper bound. The series of upper bound 
constraints are identified and numbered in Chapter IV. 
This same dependence of export demand on price could be 
handled more demonstratively with only one export varia
ble in each sector by the following procedure: (1) calculate 
the relative shadow price of foreign exchange, (2) plug these 
prices in the model, (3) recompute an optimal solution,..., 
etc.y until convergence could be achieved.1 

E j h 4 E j h 

c. Constraints on Domestic Production 

There are two logical types of limits on domestic produc
tion in any broadly defined sector of the economy. There 
are undoubtedly absolute upper limits beyond which pro
duction would either be physically impossible or would im
ply an undesirable degree of specialization. Furthermore, 
rising toward these absolute upper limits, one might ex
pect either: (1) decreasing returns for any one of a number 
of reasons (e.g., use of lower quality resources, demand ine
lasticities, and so on) or, (2) a shift in the subsector product 
mix from the more advantageous to the less advantageous 
subsectors as the market for the «suitable» subsectors beco
mes saturated. Of the two explanations for introducing di
minishing returns, the second reason (the subsector problem) 
is probably more important in the case of Greece. In fact, 
if the argument rested on the first reason alone, increasing 

1. Chenery and Clark, op. cit., Chapter 13. This approach is different 
in form but gives identical results. We have chosen not to follow this 
iterative procedure because, as will be seen in Chapter V, there are 
many other things that we will be changing between solutions, and one 
more set of changes would only further complicate things. 
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returns in the form of economies of scale might dominate 
in some industries. However, with the sectors defined as 
broadly as they are in this study, economies of scale are pro
bably only of minor importance.1 

Production increases above certain threshold levels are 
assumed to involve diminishing returns, not to a single re
source but to a number of different resources—especially ca
pital, electricity, and skilled labor. (The input requirement 
of these resources per unit of output would be expected to 
increase as production in the sector expanded into less ad
vantageous subsectors). Diminishing returns in production 
can therefore be treated in the same way that diminishing 
returns in exports were treated, i.e., with a number of dif
ferent variables for the same activity in each sector, each 
variable having its own upper bound, and its own set of 
coefficients : 

The subsector problem could, no doubt, best be handled 
by simply increasing the number of sectors. For lack of more 
detailed information, this alternative could not be taken. 
A more feasible means of improvement would be to provide 
coefficients for the «additional income» variable in each 
of the upper bound constraints on production, so that high
er final demands or income levels would increase the size 
of the market in those subsectors most advantageous for 
Greek production. 

Figure 3.01 illustrates the way in which this system of in
cremental linear approximations approximates the non-pro
portionalities involved. Mathematically, the greater the 

1. Economies of scale could not be handled in the same way as di
minishing returns. Integer programming is presently the best method of 
handling such a problem. 
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number of increments, the better would be the approxima
tion. However, one can only guess that the crudeness of the 
available information would make the improvement illu
sory. It is also possible that step functions may be prefera
ble to linear functions in that production increases must come 
from additional projects many of which are quite lumpy, and 
thus jerky steps may be more realistic than a continuous 
line. 

Figure 3.01 

Input of 
Commodity i 

Output of Commodity j 

d. Non-Negativity Constraints: 

Finally, there are a number of non-negativity constraints 
for which no further explanation should be necessary: 

X j i ^ O , M j ^ O , E j h ^ O , W ^ O , Z ^ O 

F. Modus Operandi of the Model and Its Limitations 

It is clear that the model will choose that combination 
of production, import, export, and idle capacity activities 
which will maximize the given welfare function. In calcu
lating the relative merits of each different feasible combina
tion of activities, the model will consider the indirect uses 
of the scarce resources as well as the direct uses. The model 
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calculates its own opportunity costs (shadow prices) for 
each resource. These prices are then used to allocate the 
resources among the different activities. 

Exports will be undertaken to the point that the product 
of the marginal revenue (output of foreign exchange) and 
the shadow price for foreign échange are no less than the 
product of the input coefficient of the commodity exported 
and the shadow price of this commodity. 

Demand can be met by domestic production and/or by 
imports, and the model will choose between them accord
ing to the relative position of the shadow profit of domestic 
production to the shadow profit of the import activity. 

The model is not designed to choose between the many 
other important alternatives of development, such as the opti
mal time path of savings or the choice of production techni
ques. 

The inclusiveness and completeness of this model repre
sents a working compromise among (1) the outputs desir
ed in terms of solutions to the major decision problems fa
cing Greece in the present and foreseeable future, (2) the in
puts of information available, (3) the limits to what we know 
about how to go about answering problems in economics and, 
(4) the resources of time and money available for this study. 

In comparison with those models actually being used for 
planning purposes in Greece and elsewhere, this model is 
more sophisticated, is perhaps more dynamic, and includes 
many more considerations than most of its predecessors. But 
comparing it with some of the models1 developed for theo
retical considerations alone, it is extremely unsophisticated, 
is much less dynamic, and certainly does not include all the 
considerations that are important to economic development. 

1. For example, Roy Radner, Notes on the Theory of Economic Planning, 
Athens, Center of Economic Research, 1963. See also the references to 
Frisch, Tintner, Sengupta, and others given in the bibliography. 
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CHAPTER IV 

ESTIMATION, SPECIFICATION AND 
MEASUREMENT PROCEDURES AND PROBLEMS 

A. Choice of Sectors 

All disaggregated models which incorporate input-output, 
production, income, consumption, investment, employment, 
and balance of payments considerations are bound to run 
into inconsistencies in the definition of the sectors. These 
inconsistencies may stem from the use of different standard 
international classification systems for each different type 
of data, or from departures from the standard international 
classification systems in particular countries. Greek data 
reflect both kinds of inconsistencies. Nevertheless, in order 
to determine the domain of comparative advantage for Gre
ece, a certain amount of disaggregation is essential. For 
this purpose, we have boldly divided the economy into the 
nineteen sectors shown in Table 4.01. 

In arriving at the nineteen sectors1 of Table 4.01 we tried, 
on the one hand, to include as many separate sectors as 
could be considered meaningful units (important enough 
to be included as separate sectors) and, on the other hand, 

1. Since decisions about public administration as an industry may be 
made relatively independently of decisions about other industries, and 
because primary education in Greece is compulsory, public administrat
ion and primary education can be considered as exogenous variables. 
They are, therefore, not included in the nineteen endogenous sectors of 
the model. Of course, allowance for them must be made insofar as they 
make demands upon Greece's scarce resources. 
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to keep the number of sectors to a manageably small num
ber. Within these general considerations, we tried to aggre
gate the original 33 X 33 input-output table1 on the basis 
of (1) homogeneity in input coefficients and, (2) homoge
neity in user destinations, although in the final analysis, 
many of our sectors leave much to be desired in the way of 
homogeneity. The overlaps between the sectors (particularly 
noticeable in the private consumption column) and the blank 
elements (in the input-output column) are fortunately sup
plemented by more detailed data from other sources. The 
use of this other data will be discussed below as the need 
arises. 

B. The Basic Data 

1. Gross Production 

Since most of the concepts included in the model are 
expressed in terms of gross production, we may best begin 
our presentation of the basic data with our gross production 
series. 

Since no complete series of gross production by sector and 
year was available in Greece (except in the case of the agri
culture and livestock subsectors of sector 1 in our model), 
we have had to construct our own estimates of gross pro
duction by multiplying the estimates of gross production in 
1954 (taken from an aggregated and adjusted form of the 
1954 input-output table) by appropriately chosen indices of 
production. Table 4.02 shows how this was done along with 
the particular index or combination of indices that was used 
in each sector. Note that each series of gross production is 
given in terms of purchasers' prices (including distribution 

1. S. Geronymakis, «The Structural Interdependence of the Greek 
Economy in 1954», Athens, 1962, unpublished. 
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costs). Because of its importance in deriving the gross pro
duction estimates, and for considerations that will be discus
sed later, value added by sector and by year is presented in 
Table 4.03 along with the sources and methods of estimation. 

2. Imports and Exports 

Adequate import and export statistics are available by 
very detailed classification. Commodity imports and exports 
have been aggregated from the three digit international 
classification system into our nineteen sectors according to 
the matching of classifications shown in Table 4.01. The re
sulting summary tables of commodity imports and exports 
at current prices and at 1954 prices1 are presented in Tables 
4.04 and 4.05, respectively. To be consistent with the gross 
production series, imports have been converted to purchasers' 
prices by adding the estimated distribution costs (primarily 
transport costs and trade margins). Since very little inform
ation is available concerning these costs, we assumed that 
the per cent of distribution costs to total sales value would 
be about the same for imports as for domestic production. 
However, in most cases we made slight departures from this 
rule (as shown in Table 4.06) on the basis of guesses about 
the differences in internal transportation requirements and 
differences in the marketing procedures involved for imports 
vis-à-vis domestic production. 

Note that the sector totals for 1954 from these tables do 
not coincide exactly with the import row and export column 
of the input-output table (Table 4.09), so that the differences 

1. In some cases, where the quantity traded in 1954 was so small 
that the implicit price would be subject to a large rounding error, the 
price for a nearby or more suitable year was used and roughly interpo
lated back to the 1954 price by the implicit price index for the remaining 
goods in the same sector. 
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are probably due to revisions in the original data and/or 
to slight differences in the subsector definitions. 

An attempt was made to divide imports in each sector 
into two categories—competitive and non-competitive or 
complementary imports. This pursuit was given up due to 
the difficulty of dividing the line between them. As a result 
of this difficulty, the implication for our model is that in 
all sectors, except crude petroleum,1 imports can be substi
tuted for by domestic production, but only at the expense 
of increasing inputs of certain scarce resources and only up 
to certain absolute upper bounds on domestic production 
(see below). 

In addition to the commodity imports and exports, there 
is an increasingly important invisibles' trade derived from 
Table 4.07 and presented in Table 4.08. These invisibles are 
divided into six categories: (1) services, (2) tourism, (3) tech
nical education, (4) secondary education, (5) higher edu
cation and, (6) exogenous items including dividend pay
ments, remission of profits, etc. 

3. The Technology: Current Inputs 

Perhaps the important information in order to apply a 
disaggregated programming model is information about the 
production possibilities—alternative input-output patterns in 
each sector at a particular time and place (in this case, 1961 
Greece). Ideally, this information would include information 
on industries which do not presently exist in Greece, as well 
as alternative production techniques, in order that the model 
might choose not only an optimal allocation of resources a-
mong existing processes and industries, but also among all pos
sible ones. However, in Greece as well as in most other develop-

1. In later revisions, machinery and some transport equipment im
ports were considered non-substitutable. 
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ing nations, detailed engineering studies are either non-existent 
or very incomplete. Since some information of the input-out
put type does exist, we have the alternatives of, (1) using 
Greek data which exclude the possibility of alternative me
thods and new industries or, (2) using engineering studies 
from other countries which include alternative methods and 
new industries or, (3) a combination of the first two alter
natives. For long-term programming, one would certainly 
rely more heavily on the second approach; but in program
ming a fairly short term, such as the 1954-1961 period, it 
seems more realistic to remain close to the Greek data, since 
the technology of other more advanced countries would 
necessitate structural changes well beyond the possibilities 
of a short term. Furthermore, the high cost of obtaining re
liable and complete engineering or feasibility studies makes 
it extremely unwise to go about such tasks on a haphazard, 
trial and error basis.1 

At the time this study was undertaken the only input- out
put information available was a 33x33 table for 1954.2 We 
have made a serious effort to update the coefficients of that 
table to 1961 by using trends taken from aggregated data, 
input-output tables from other coutries, our own interviews 
with industry experts, and even guesswork. I t is hoped that 
the reader will be able to get some idea of how the final 
estimates were arrived at from what follows, although the 
confines of time and space make it impossible to explain the 
procedure in sufficient detail. 

Table 4.09 presents the original 1954 table of interin
dustry flows compiled by Mr. Geronymakis, aggregated from 

1. One of the useful functions of our highly aggregated programming 
model may be to point to those areas in which the possibilities of success 
are highest, and where careful engineering studies should be made. 

2. Geronymakis, op. cit. 
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33 χ 33 to 14 χ 14. Since this study does not contain much 

information on the methodology employed, nor much in

formation either about the sources of data nor about the 

form in which the data were received, it is virtually impos

sible to make any statements about the reliability of the data 

or to conclude whether the figures represented population, 

sample or residual figures.1 

Aside from these reliability considerations, there are two 

other more fundamental difficulties which make application 

of the 1954 table for programming purposes even more dif

ficult. First, the inclusion of indirect taxes2 in the 1954 input-

output table together with transport costs and other service 

inputs greatly distorts the meaning of technological coeffi

cients. If one were to consider a solution calculated on the 

basis of coefficients which included indirect taxes as optimal, 

one would have to make the very improbable assumption that 

the present haphazard Greek tax system is indeed the opti

mal one. Second, in the 1954 table transportation costs and 

trade margins (both very important considerations for re

source allocation) are given not by final demand category 

(which would be consistent with producers' prices) but only 

1. Nevertheless, I cannot but express my personal gratitude to Mr. 
Geronymakis for making this table available to me, and for devoting so 
much of his time to answering at least the most important questions that 
arose. It might have been possible to run a check on the reliability and 
stability of the coefficients by seeing how well the input-output model 
based on the 1954 table, given the composition of final demand in a near
by year, e.g., 1955, could predict the actual production levels of 1955. 
However, since no reliable data on final demand were available for a 
nearby year, this test was not feasible. Furthermore, any such test would 
be of little relevance to the final coefficients arrived at for 1961. 

2. Indirect taxes account for over two-thirds of the total taxes collected 
by the Greek Government and therefore reach sizeable proportions per 
unit of production and import. 
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by producing sector as part of the residual term which also 
includes indirect taxes.1 

These difficulties have been resolved by undertaking the fol
lowing operations: (1) estimating the 1954 level of indirect 
taxes by producing and importing sector from data concern
ing indirect taxes on production and imports for recent years, 
as shown in Tables 4.10 and 4.11, (2) subtracting these 
estimates of indirect taxes in 1954 from the corresponding 
elements in the residual row (Row 21 of Table 4.09) con
taining transport costs, and trade margins as well as indirect 
taxes, (3) adding the residuals (presumably transport costs 
and trade margins) to the service inputs (Row 14 of Table 
4.09) to obtain a new set of service inputs including trans
port costs and trade margins, (4) distributing the total duty 
paid on imports and the total indirect taxes on domestic 
production of each commodity-sector among the buyers in 
proportion to the relative size of their purchases, in order to 
obtain an indirect tax and, (5) subtracting the indirect tax 
matrix from the revised interindustry flow table (Table 4.09). 
As a result we obtain the new interindustry 1954 flow table 
Table 4.12 and the new table of input-output coefficients of 
Table 4.13 which is now stated in terms of purchasers' prices 
excluding indirect taxes. 

By purchasers' prices it is meant that each producer pays 
the cost of transportation and trade margins on its output 
and that all prices are the delivered prices. As the litera-

1. Indirect taxes as an important instrument of economic policy 
should be discussed only after the optimal development program has been 
determined. At any rate, a thorough discussion of the policy implications 
of the programming solution is unfortunately beyond the scope of the 
present study. This study is generally limited to the questions: what is 
an optimal solution? Should such a solution actually be used as a guide 
to resource allocation? 
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ture on input-output analysis points out,1 the producers' 
price system may be preferable to the purchasers' price sy
stem because the pattern of inputs is likely to be more sta
ble than the pattern of outputs. However, since no estima
tes of indirect taxes, transport costs, and trade margins were 
available by sector of final demand, the practical advantage 
of using the purchasers' price coefficients obtained from the 
above procedure seems to greatly outweigh the theoretical 
loss. 

Next we have made a series of further revisions in order 
to adjust the 1954 coefficients to 1961. We started out with 
the rather formal method of updating input-output tables 
described by Stone and Brown;2 however, the results of 
the Stone-Brown revisions have, on the basis of other infor
mation, themselves been revised to such a great extent that 
the results of this procedure are hardly recognizable and 
are thus not presented separately. In fact, Tables 4.14 and 
4.15 present only the chosen values of the input-output co
efficients for 1961 for use in the model. In arriving at these 
coefficients, we knew that a balance between supply and de
mand for each sector had to exist for 1961, otherwise the 
actual development of the economy 1954-1961 would not 
have been even feasible. In each iteration (rather than as-

1. For example, see Hollis B. Chenery and Paul G. Clark, Interindu
stry Economics, John Wiley and Sons, New York, 1959, pp. 141 - 142; or 
Vera Cao-Pinna, «Some Rules for Standardization of Input-Output 
Tables», Structural Interdependence and Economic Development, edited by Ti
ber Barna, London, MacMillan, 1963. 

2. Richard Stone and J. A. G. Brown, «A Long-Term Growth Mo
del for the British Economy», Chapter 10 in Europe's Future in Figures, 
edited by R. C. Geary, Amsterdam, North-Holland Publishing Co., 
1962; also, Stone and Brown, «Behavioral and Technical Change in 
Economic Models», paper presented to the International Congress on 
Economic Development, Vienna, Sept., 1962. Note that the authors re
port a successful test of their method when applied to Belgian data. 
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suming that the whole row or column changed uniformly 
as in the Stone-Brown procedure), we tried to bring about 
this equality between supply and demand by adjusting those 
particular coefficients which seemed most likely to have 
changed—on the basis of specific data, advice from industry 
experts, or our own intuition. In addition to presenting the 
final results, in Tables 4.14 and 4.15 we have attempted to 
give a brief account of these sources of information, and a 
few examples of the «principle» upon which the revisions 
were based. 

4. The Technology: Investment Inputs 

Since our model treats capital as a scarce resource to be 
allocated among the sectors by the model itself, the esti
mates of the amount of investment required per unit of pro
duction in each sector are certainly of crucial importance 
in determining the proper allocation of investment. Since 
some of the nineteen sectors for which balance between sup
ply and demand must be provided are made up of invest
ment goods,1 the overall investment requirements must 
be broken down into the requirements for individual invest
ment goods. These requirements were stated algebraically in 
Chapter I I I . 

a. Choice of the Constant for Stock-Flow Conversion 

In the algebraic formulation and the accompanying dis
cussion in Chapter I I I we hinted that we would use a diffe
rent set of coefficients, hj (1 + gj), for stock-flow conversion 
for each sector j . However, since we are starting from a po
sition of ignorance about what the optimal growth rates will 
prove to be, we make the following simplifying assumption: 

1. Sectors 6, 10, and 13 are made up of investment goods. Investment 
goods' inputs are not included in the coefficients of Tables 4.14.and 4.15. 
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the growth rates of the individual sectors will not be identi
cal, but they will fall largely within certain limits—not be
low 3 per cent and not above 15 per cent per annum. This 
simplification allows us to use the same constant h* (1 + g) 
for every sector. Table 4.16 shows that under these condi
tions .18 may provide a reasonably good approximation to 
hj* (that proportion of production in the 1954-1962 period 
which would be realized in the year 1962 itself) assuming a 
one year lag and annual growth rates between 3 and 15 
per cent. Therefore, we have used .19 as a first approxima
tion to hj* (1 4-gj) for every sector j . This simplification 
should be used only in obtaining a first solution to the pro
blem. The optimal activity levels of this solution would im
ply certain growth rates for each sector which might or might 
not fall within the 3 to 15 per cent range. The appropri
ate constants for hj* (1 + gj) could then be chosen to fit these 
derived growth rates in each sector. One would then solve 
again and use the results of this optimal solution to calcu
late new derived growth rates, new values for h*, etc., etc., 
until convergence would be achieved. 

b. Determination of the Overall Investment Coefficient (kj) 

The incremental capital-gross production ratios are com
puted as ratios of the sums of four consecutive annual in
vestment flows to four year changes in production for each 
sector j . A one year lag between investment outlays and pro
duction increases is assumed in every sector.1 The result-

1. The method used here is similar to that employed by Andreas G. 
Papandreou, A Strategy for Greek Economic Development, Athens, Center of 
Economic Research, 1962, Tables A-4 .1 to A - 4.6, pp. 133-141. 
The one year lag employed here is only a rough average for all invest
ments. No greater difficulty would be involved if we more realistically 
assigned different investment-output lags to the different sectors. However, 
one might expect that for longer lags, lower incremental fixed capital-
gross production ratios would approximately be offset by the larger lag 
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ing coefficients kj are computed in Table 4. 17 from data 
given in Table 4.19. Two separate estimates are given—one 
ignoring depreciation and the other assuming that the ca
pital stock in each sector would depreciate at the rates shown 
in Table 4.18. 

Since an analytic breakdown of investment in manufac
turing into its various sectoral components was not avail
able, the incremental fixed capital-gross production ratios 
for the various manufacturing sectors were estimated from 
the incremental fixed capital-gross production ratio for to
tal manufacturing, km, (from Table 4.17), and the average 
fixed capital-gross production ratios, kj, for each manufac
turing sector j (from Table 4.14) in the following way: 

i k - k-

c. Derivation of the Investment Matrix 

In Table 4.22 the overall investment coefficients kj are 
broken down into their three investment goods components 
(machinery, transport equipment, and construction) from 
the various sources of information given in Table 4.21. Fi
nally, we have adjusted the least reliable investment coeffi
cients in such a way as to bring about a balance between sup
ply and demand in 1961. 

If depreciation, obsolescence, or capacity utilization should 
vary widely between sectors, one would certainly want to 
include these factors as separate variables in the program
ming formulation. However, since we have no direct infor
mation concerning any of them, we can only hope the ex-

coefficients, ( l+g) a , instead of (1+g). As discussed above in Chapter 
II, Archibald has shown that the use of moving averages in the esti
mating procedure may have biased the coefficients downward. 
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tent to which these factors did affect investment and produc
tion over the 1954-1961 period will be reflected in our esti
mates of the capital coefficients. 

5. Skilled Labor Inputs and Outputs 

The skilled labor force has been divided into three cate
gories: A, B, and G, each roughly corresponding to a parti
cular level of education which can create skilled labor (see 
Table 4.23). A number of simplifying assumptions are ne
cessary in order to proceed further. First, it is assumed that 
labor is mobile between sectors of the economy but not be
tween skill levels.1 Second, it is assumed that labor skills 
can be created only by education. (On-the-job training by 
enterprises would merely internalize costs which could bet
ter be handled externally). Since we make no attempt to 
specify an actual curriculum, it would he hoped that an edu
cational system could be developed at once sufficiently ge
neral to maximize mobility within broad classes of skills, 
and sufficiently specific (including on-the-job training where 
it is beneficial) so that education of each kind will provide 
an effective and efficient skilled labor force. Third, it is as
sumed that the drawback of not having a sufficient number 
of years to complete the whole educational process will not 
produce bottlenecks with which the model is unable to cope.2 

Fourth, it has been assumed that skilled labor requirements 
(which undoubtedly are a function of both the production 

1. This assumption is supported by the evidence of Professor George 
Coutsoumaris in The Morphology of Greek Industry, Athens, Center of Eco
nomic Research, 1963, to the effect that for highly skilled workers and 
entrepreneurs, labor does seem highly mobile between industries but not 
geographically. 

2. Note, however, that since primary education is theoretically uni
versal and since higher education requires an input of people with inter
mediate skills, the model is guaranteed to avoid the worst bottlenecks. 
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level and other factor inputs affecting productivity) can be 
approximated by simple proportions of gross production. 
This assumption may not be as unrealistic as it might seem 
if it is considered that productivity is indirectly connected 
to gross production via the incremental capital-gross pro
duction ratios both in the model and in the real world. 

Skilled labor requirements by sector and by class are gi
ven in a manpower study1 for 1960 with forecasts for 1970. 
In Table 4.24 we divided the 1960 and 1970 manpower re
quirements by the 1960 gross production figures and fore
casts for 1970,2 respectively, to obtain coefficients denoting 
skilled labor requirements per unit of gross production in 
1960 and 1970 for each sector and class. From these two sets 
of coefficients we derived the forecasted annual change in 
the skilled labor requirements. Since the estimates for 1970 
were based on past productivity trends, we interpolated 
these trends backward to obtain skilled labor requirements 
for 1954, and forward to obtain coefficients for 1961. These 
results are shown in Tables 4.24 and 4.25. 

Estimates of unemployment in 1954 and 1961 by skill 
category are given in Tables 4.26 and 4.27. The replace
ment demand (retirements from the labor force during the 
period 1954-1961) were estimated from assumptions about 
the working lifetime applied to the total labor force in 1954. 

1. Ministry of Coordination, «The Demand of Skilled Personnel in Re
lation to Economic Development», provisional draft, unpublished, 1962; 
and George V. Haniotis, The Industrial Sector of the Greek Economy, 1960 -
70, Athens, Ministry of Coordination, 1962. There are two very unfortu
nate features of these studies which greatly impair their usefullness. First, 
the labor categories used in these studies do not correspond exactly with 
levels of education, particularly for technical skills. Second, very little in
formation has been given about the methodology employed. 

2. Ministry of Coordination, Memorandum Sur le Programme de Déve
loppement Economique de la Grèce, Athens, June, 1962. 
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Estimates of emigration by skill category during the period 

1955-1961 are shown in Table 4.28. 

Skilled labor can indeed be created by education. Howe

ver, there are students who do not finish school and thus do 

not attain the skill level for which they were studying, and 

there are graduates who do not enter the labor force. Since 

gross production of education is measured in terms of mil

lions of drachmae like all the other activities in the model, 

we must be able to relate a million drachmae of expenditu

res in education in 1961 to additions to the skilled labor 

force during the period 1954-1961 (pkm in (20-22) of Cha

pter I I I ) . The formula employed is pkm = *m ß m Xm ^ 

where α = the ratio of the number of additions to the 

skilled labor force over the period 1954-1961 to the num

ber of additions to the skilled labor force in the year 1961 

itself (assuming an exponential growth rate) ; β = the num

ber of students per million drachmae of expenditures on 

education ; λ = the completion rate, π = the labor force par

ticipation rate, and E = the number of years required for 

completion of each level of education. These coefficients 

are derived in Tables 4.29 to 4.31. 

Production of education requires skilled labor inputs which 

are the teachers and students required per unit of expenditure. 

The number of teachers per million drachmae of expendi

ture on education are estimated in Table 4.32. I t is assumed 

that teachers in higher education must have had a higher 

education themselves, i.e., they must be in skill class A. Tea

chers in the other levels of education would only require 

secondary education for eight years. Production of educa

tion at any level also presumes that there are students in 

the system who, by virtue of being in the educational system, 

are not available for employment at their current skill le

vel, e.g., until their graduation, students in higher educa-
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tion are still in skill category Β, but as students they are not 
available for employment. However, dropouts from higher 
education do become members of the labor force in skill ca
tegory B. Finally, the coefficients were adjusted slightly in 
order to be consistent with actual developments in Greece. 

6. Final Demand 

Another important source of information which we have 
already had to draw upon in estimating the current input 
coefficients (via an improvised input-output table for 1961) 
is final demand by commodity sector. Since no data were 
available for 1961, we had to settle for rough estimates from 
quite unreliable data, from a number of sources. For pur
poses of improvising the input-output table for 1961, final 
demand was defined to include exports and investment 
in addition to private and public consumption and chan
ges in stocks. In the programming model, however, exports 
and investment are determined endogenously, and there
fore must be excluded from final demand. 

a. Private Consumption 

As shown in Table 4.01, the task of fitting private consum
ption by commodity into our sectoral classification is not 
an easy one. However, since Suits has found1 that the elas
ticities computed from cross-section data2 from the 1958 
urban household survey3 agree rather closely with regres-

1. Daniel B. Suits, «Consumer Expenditure», Chapter 2 in An Eco
nometric Model of the Greek Economy, Athens, Center of Economic Research, 
1964. 

2. Constantine Kevork, Model of Urban Consumption in Greece and Some 
International Comparisons, Athens, Bank of Greece, Monograph Series No. 
9, 1962, (in Greek). 

3. National Statistical Service of Greece, Household Survey, Carried 
Out in the Urban Areas of Greece During 1957-8, Athens, 1961. 
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sions using time series data from the National Accounts,1 

one may assume that the urban bias of the household survey 
is not strong enough to prevent its use in supplementing the 
consumption data from the National Accounts. 

Since a complete time series is available for only one or 
two commodity-sectors in our sectoral classification system, 
we have tried to estimate private consumption by commodi
ty-sector in 1961 by two alternative methods. From these 
two alternative estimates, we have chosen either one or the 
other or an «in between value» to be used in the model. 

The first method was to apply elasticities computed from 
cross-section regressions of consumption by sector on total 
consumption to the private consumption estimates for 1954 for 
each commodity and for total consumption (shown in Table 
4.09) and the increase in aggregate private consumption, 
1954-1961, given in the National Accounts data. This 
method is shown in Tables 4.33 to 4.35. 

The second method was to multiply the same estimates 
of private consumption by commodity sector in 1954 (Ta
ble 4.09) by indices formed from the most appropriate se
ries or combination of series—the National Accounts time 
series breakdown of private consumption. The results of 
this procedure can be seen in Table 4.36. 

Finally, in a few instances (particularly for fuels), where 
it was possible to obtain rough estimates; independently 
from other sources, we have chosen one or the other, or an «in 
between» value. This information is presented in Table 4.37. 

Table 4.38 gives the estimates of private consumption by 
commodity category selected for use in our model. Aggre
gate private consumption, given by the National Accounts, 
was used as a check total. Indirect taxes on private consump-

1. Ministry of Coordination, National Accounts of Greece, No. 9, Tables 
8, 15, and No. 11, Tables 8, 19, Athens, 1961, 1963. 
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tion were estimated from the proportion of total indirect 
taxes charged on each commodity which falls on private 
consumption (shown in column 13 of Table 4.38) and the 
total indirect tax imposed on each commodity. The result
ing estimates of indirect taxes on private consumption were 
deducted from private consumption to yield the estimates 
of private consumption net of indirect taxes (shown in co
lumn 17 of Table 4.38). 

b. Public Consumption 

The general procedure followed for estimating public con
sumption by commodity sector was to treat the breakdown 
of central government expenditures for 1962 (given in Table 
4.39) as a reliable sample for general1 government expendi
tures in 1961. Again, in the case of fuels, more direct esti
mates were available. In addition to these ordinary expendi
tures of the general government, the government procures 
supplies for, and contributes to, the accounts of «legal en
tities» (public or semipublic institutions under public law). 
Since these contributions (shown in Table 4.40) are not in
cluded in the input-output data,2 we must include these 
public contributions as part of public consumption. 

c. Changes in Stocks 

Satisfactory information concerning changes in stocks is 
available only for certain major agricultural commodities.3 

We have made a crude attempt to estimate industrial stocks 

1. «General» government includes Dodecanese government, local 
authorities, social insurance, and «other funds and budgetary accounts» 
in addition to «central» government. 

2. According to Mr. S. Geronymakis, Director of National Accounts 
Division in the Ministry of Coordination, Athens. 

3. Ministry of Coordination, National Accounts of Greece, No. 11, Table 
18, p. 50, and National Treasury of Athens, «Governmental Stocks of 
Commodities, 1953 - 1961», Athens, unpublished. 
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from a sample of large firms provided by the National Statisti
cal Service. With the help of some «experts», we have made 
some guesses as to the quantity and direction of changes in 
stocks held by the commercial sector. The results are shown 
in the changes in stocks column of Table 4.34.1 Our esti
mates differ from the estimates of the aggregate stock chan
ges given in the National Accounts.2 We have made no 
attempt to resolve this inconsistency and, in fact, we sustain 
the inconsistency in the model by using our estimates of 
changes in stocks by commodity in the balance equations 
(3-18 of our model), whereas in the capital constraint (equa
tion 19) we have used the aggregate figure from the Natio
nal Accounts, since that estimate (and not our own) is con
sistent with the other National Accounts data used in the 
capital constraint. 

d. Investment. 

Table 4.42 shows how fixed investment was estimated by 
type of investment at 1954 prices, net of indirect taxes. As 
stated above, investment is included in final demand in the 
input-output table, but not in the actual programming mo
del. 

e. Exports 

Exports by commodity-sector are shown in Table 4.05, 
There are no indirect taxes on exports, and thus no deduc-

1. The estimation procedure is not presented here because the figures 
are so unreliable as to be useless for any other purpose than the present. 
If, despite this warning, the reader should be interested in the details, 
he is referred to the earlier and more complete version of this paper 
which is available on microfilm through University Microfilms in Ann 
Arbor, Michigan, as a dissertation by the same author and with the same 
title. 

2. Ministry of Coordination, National Accounts of Greece, 1958 - 61, 
No. 11, Table 17, p. 4 , Athens, 1963. 
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tions are made. As stated above, exports appear as final de
mand in Table 4.09 only for the purposes of estimating in
put-output coefficients for 1961. In the programming mo
del, all exports except those to the communist bloc are de
termined endogenously. Total final demand both includ
ing and excluding investment and exports is presented in 
Table 4.43. 

C. Determination of Other Variables and Their Coefficients 

1. Additional Final Demand Variable 

In the event that the model would show that a higher le
vel of national income (than that which was achieved by 
the Greek economy in 1961) could have been generated, 
some of this income would be spent on consumption of va
rious goods and services and some of it would be saved. 

The proportions of additional income that would be de
voted to savings or to public and private consumption are 
estimated from Tables 4.34, 4.43, 4.45, and 4.46, and are 
shown in Table 4.44. Note that these proportions before 
adjustment very nearly add up to 1.000. For consistency, 
the savings coefficient was adjusted slightly so that the pro
portions do add up to exactly 1.000. The marginal propen
sity to save of .31455 admittedly seems very high compared 
with other countries.1 It is a reflection of extremely unequal 
income distribution and of savings replacing hoardings as 
a result of greater confidence in the banking system. Final-

1. That the saving coefficient is so high is understandable given the 
rapid increase in confidence in banks and in the successful control of 
inflation. Since one might argue that these factors may have biased the 
slope upwards from that which would be observed in cross-section analy
sis, the savings coefficient was adjusted downward in later revisions of 
the model (see Chapter V). 
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ly, in Table 4.47 the aggregate marginal propensity to con
sume (both private and public) is broken down into its 
individual components on the basis of Tables 4.34 and 
4.41. 

In the tableau version of the model, the consumption coef
ficients are given positive signs while the savings coefficient 
is given a negative sign, since it acts to relax the investment 
constraint. 

2. Contributions of Production by Sector 
to Social Welfare 

The income coefficients of equation 1 are taken directly from 
the value added coefficients in the input-output table im
provised for 1961 (see Table 4.15). These coefficients are 
fairly consistent in rank but not in absolute value with the 
proportion of value added to gross production derived from 
sample data in the annual industrial surveys.1 The esti
mates of Table 4.15 are chosen in preference to the esti
mates from the industrial surveys because the sample for 
the industrial surveys does not include small firms which 
dominate so many sectors of Greek industry, and because 
the estimates of Tables 4.15 are more consistent with the 
rest of the data used in the model.2 

The employment coefficients for equation 2 are derived 
from both population data and the sample data of the an
nual industrial survey. These calculations and the employ
ment coefficients assumed for 1961 are shown in Table 4.48. 

1. National Statistical Service of Greece, Results of the Industrial Sur
vey of 1958, also for 1959, 1960, 1961, Athens, and from the same, source 
data for 1955, 1956, and 1957, unpublished. 

2. However, the input-output figures are certainly less objective than 
the sample data. 
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3. Additional Production Variables to 
Handle Non-Proportionality 

All coefficients of the gross production activities have been 
estimated in the preceding sections of this chapter, i.e., the 
income and employment coefficients (Tables 4.15 and 4.48, 
respectively), the current input coefficients (Tables 4.15), 
the investments goods inputs and the overall capital coeffi
cients (Table 4.22), and finally, the skilled labor coefficients 
(Table 4.25). 

Since it is highly unlikely that production in any sector 
could be expanded indefinitely without change in the coef
ficients of capital, employment, income, and other inputs, 
as explained above, we have tried to approximate non-pro
portionalities in production by introducing additional pro
duction variables in each sector, together with upper and 
lower bounds within which all of the coefficients would be 
approximately constant, but beyond which certain of the 
coefficients would be subject to change. 

Ideally, the changes in the coefficients could be estimated 
by regressing the various inputs on gross production, taking 
both sets of data from engineering studies concerning pro
ject proposals within each commodity sector. However, in 
Greece, as in most developing countries, sound engineering 
information on specific projects is in very scarce supply. For 
this reason, we have had to follow much less formal proce
dures in estimating both the changes in coefficients and the 
bounds within which each set of coefficients would remain 
constant. For simplification, we have limited our considera
tion to some of the more important coefficients—those of 
capital, capital goods inputs, electricity, employment, and 
income. Much of the scanty information on project propo
sals that was available was received on a classified basis. 
This makes it impossible to present anything more than the 
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final estimates. Finally, the limits of time, space, and the 
extreme crudeness of the estimates involved did not seem to 
warrant any further multiplication of variables beyond the 
two or three production variables for each sector that are 
shown in the tableau version of the model. Such a multi
plication of variables would be necessary in order to effec
tively approximate continuous non-proportionalities of 
production by way of a series of individual non-continu
ous steps, assuming proportionality within each step but 
not between steps. However, despite the extreme crudeness 
and incompleteness of this approximation procedure, one 
can perhaps be fairly sure that it is superior to the alterna
tive of assuming that production in every sector could be 
expanded indefinitely without any change in the coefficients. 

The limited engineering data we could obtain generally 
confirmed our suspicions that most sectors should expect 
diminishing returns to capital, particularly where further 
import substitution would necessitate going into subsectors 
whose products were previously entirely imported. 

These additional production variables should not be in
terpreted as alternative production techniques, but rather 
as an attempt at estimating decreasing returns to import 
substitution.1 This argument for decreasing returns can be 
validated in either one of two ways : either ( 1 ) if the sector 
is homogeneous and increased capital costs are incurred only 
after production reaches a certain level,2 or (2) where a 

1. There is no reason why alternative techniques of production could 
not be incorporated into the model if they applied to the sector as a 
whole; but in general, it was felt that this was not the case, and that a 
breakdown of the relevant sectors would be necessary if alternative pro
duction techniques were to be included. 

2. For example, in the agricultural sector, production above and 
beyond a certain level could only be accomplished by expensive land 
reclamation or irrigation projects. 
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shift takes place in the domestic product mix within an un-
homogeneous sector.1 The production step functions are 
presented in statistical form in Table 4.49. 

4. Foreign Exchange 

In Chapter I I I we have laid down the principle that ex
ports have inputs of the commodities exported and outputs 
of foreign exchange, while imports have inputs of foreign 
exchange and services (transport costs and trade margins) 
and outputs of the commodities imported. 

The service inputs on imports are given in column 2 of 
Table 4.06. The input of foreign exchange will always have 
a coefficient of (1-service input) unless Greek prices differ 
from import prices (before duties have been paid). However, 
the absolute values of the foreign exchange coefficients should 
always reflect the relationship between domestic prices and 
external prices. 

If the retail price of an imported good (excluding tariffs) 
were lower than the price of a comparable product dome
stically produced, the foreign exchange coefficient would be 
smaller than (1-service coefficient), and vice versa. Similarly 
for exports, a foreign exchange coefficient smaller than 1 
would indicate that Greek export prices are higher than the 
world market price. 

One unit of exports in any sector lowers the supply avail
able for other demands by one unit and thus all variables 
carry a coefficient of + 1 in the element corresponding to 
its own row. Conversely, one unit of imports in any sector 

1. For example, in the manufactures sector, increases in domestic 
production relative to total supply, up to a certain point, could be accom
plished in the capital extensive metal manufactures, furniture and wood
working subsectors; but after domestic needs of these goods are met, 
further increases in import substitution could be gained only by increased 
production of machinery and other capital intensive products. 
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adds one unit to domestic supply and thus all import varia
bles have a coefficient of —1 in their own commodity-rows. 
For example, each export variable in sector 4 (textiles), x23, 
x24) x255 X26J x27 °f the tableau version of the model has a 
coefficient of + 1 in equation 4 (textiles), and import of 
clothing (sector 5), x30, has a coefficient of—1 in equation 5 
(clothing). 

Although all of the other constraints in the model are 
stated in terms of 1954 prices, the nature of the foreign ex
change constraint dictates that this constraint be stated in 
terms of 1961 prices. The foreign exchange coefficient of 
an export variable will be —1.000 only if the 1961 export 
price is identical with the 1954 price. If the Greek export 
price has risen, the coefficient will be < — 1 . 0 0 0 , while if 
the price has fallen the foreign exchange coefficient will be ^> 
—1.000. Conversely, the foreign exchange coefficient of an 
import variable will be ^> (1-service coefficient) if the 1961 
price is higher than in 1954, and <[ (1-service coefficient) if 
the 1961 price is lower than that of 1954. 

Clearly the difference in cost between an imported good 
and its comparable domestically produced counterpart will 
be very important in determining the optimal amount of 
import substitution. Unfortunately, it is on this crucial point 
that information is virtually completely non-existent. We 
have started with the probably very unrealistic assumption 
that domestically produced goods would cost just as much 
as a comparable import, excluding the tariff that would be 
paid on the import.1 In Chapter V we have tested the im-

1. This assumption was made for the following reasons: (1) it is 
practically impossible to get the actual market prices of imports and do
mestic production of comparable goods due to the lack of information on 
prices of domestic production and information about quality differentiat
ion; (2) even if such comparisons could be made for individual products, 
it would be hard to aggregate them so that these differentials would 
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plications of a number of alternate sets of assumptions about 
relative prices, and introduced step functions for imports. 

The foreign exchange coefficients of technical and secon
dary education imports are exceptions to the rule. The va
lues of 1.5 as coefficients in the foreign exchange constraint 
indicate that it is approximately 50 per cent more expensive 
to be educated abroad than in Greece due to higher costs 
of tuition fees, books, and the cost of living abroad. Higher 
education is probably more expensive also, but at this level 
there are more opportunities for Greek students abroad to 
obtain financial assistance from the host country. 

Import substitution in the other sectors would be control
led to some extent by the operation of diminishing returns 
and the absolute upper bounds we have placed on domestic 
production in many sectors. 

5. Constraints on Imports 

Since Greece is such a small buyer in the world market, 
we have assumed that she could import any commodity at 
given 1961 prices indefinitely, except in the case of commo
des not easily transportable such as electricity, construction, 
and services. The upper bounds on these exceptions were 
chosen in the following way: (1) in sector 11 (electricity, 
gas, water), actual imports have been limited to bottled gas 
(the other components being very difficult to transport). 
Since the 1961 import level of fifty million drachmae at 
1954 prices was high for the period, this figure was used as 
the upper limit. (2) Likewise for services, where it was ap
parently inconceivable that greater use of foreign boats and 
foreign insurance companies, etc., would be preferable to use 

have meaning for the sector as a whole; (3) even if these obstacles should 
be overcome, it is not clear that the observed market prices would be 
very suitable for allocation purposes, since the model computes its own 
set of prices, the shadow prices of the dual. 
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of Greek ones, the upper limit is the actual 1961 level of 

imports. (3) For construction, which can be imported in 

the form of prefabricated buildings which then require fur

ther construction and service inputs, an arbitrary limit of 

1,000 million drachmae was chosen. 

6. Constraints on Exports 

As discussed above, it is assumed that Greece could not 

increase her 1961 exports in quantity terms beyond the actual 

1961 levels without lowering the foreign exchange earnings 

per unit. Although it is conceivable that exports could have 

been expanded simply by better orgnization, better quality 

control, more efficient use of transport routes and greater 

production efficiency, these considerations would not be 

relevant to a test of the merits of the actual Greek market 

economy relative to those of a development program based 

on our linear programming model. We do not mean to 

imply that these considerations are not important, but for 

our purposes we must consider them as given. 

Lower foreign exchange earnings per unit do not neces

sarily imply that price cutting would be the only way of 

increasing exports. Other actions such as the use of more 

advertising, sales personnel, etc., in foreign markets would 

imply less of a net benefit in foreign exchange per unit and 

also would be expected to increase exports. Unfortunately, 

however, we have no information concerning these factors, 

and thus cannot estimate their effect. Therefore, in the di

scussion that follows, the export price is the only effect we 

have tried to measure. 

For exports with price elasticities η such that-/)<l, noth

ing could be gained by cutting the price, and thus there is 

no need for additional export variables. However, for ex

ports whose price elasticities are greater than unity, such 

6 
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policies should be considered.1 It is in these cases that we 
have introduced supplementary export variables with dif
férant foreign exchange coefficients. 

In estimating the demand elasticities of Greek exports, 
we have excluded exports to communist bloc countries which, 
in general, are decided more on the basis of political consi
derations than on economic ones. Estimates of exports to 
communist countries by sector have been included in the 
final demand estimates (Table 4.43) and subtracted from 
total exports (Table 4.05). The resulting series of exports 
to non-communist countries were used as the dependent 
variables (γ{) in a number of different regressions of the form : 
y; = a + bj xx -J- b 2 x2 + b 3 x3 where the rest of the world in
come, ratios of Greek export prices to export prices of 
competing countries, and exports to communist countries 
were used as the independent variables, x1} x2, and x3. Ho
wever, the results were so poor that the signs were frequently 
not in the «right» direction. The most serious difficulties 
seemed to be : ( 1 ) the inappropriateness of the price variable 
with such highly aggregated sectors, (2) multicollinearity due 
to common time trends in the independent variables and, 
(3) identification problems. 

In an effort to obtain better results particularly for the 
price ratio variables, we have disaggregated exports into 
the fifty most important commodity groups (shown in Ta
ble 4.50) based on detailed export data provided by the Na
tional Statistical Service of Greece.2 Once again, exports 

1. If it should be anticipated that short run losses might be offset 
by long run gains (as may be the case when trying to gain a foothold on 
a new market), one could argue that price cutting should also be con
sidered in cases where the price elasticity, η, is less than but close to one. 

2. National Statistical Service of Greece, External Trade Statistics of 
Greece, Athens, 1953-4-5, 1956, 1957, 1958, 1959, 1960, 1961, 1962. 
Anyone using these sources should note that the classification system 
changed in 1961 and 1962. 
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to communist countries have been excluded. The implicit 
price index of Greek exports to non-communist countries 
was derived by dividing exports at current prices by exports 
at 1954 prices. In similar fashion, from export statistics of 
competing countries, we derived an implicit index of export 
prices of competing countries for the same fifty commodities 
as shown in rows 1 and 2 of Table 4.51. Finally, an index 
of price ratios for each commodity is derived in row 3. The 
ratios were derived by simply dividing the implicit price 
indices of Greek exports by the implicit price indices of the 
important competing countries. 

An index of the rest of the world income has been derived in 
Table 4.52 as a weighted average of the national incomes of 
seventeen countries which, on the average, import approxi
mately 75 per cent of Greek exports. Regressions of the form 
Y = a + bjXĵ  + b2x2, where Y = Greek exports to non-
communist countries in constant prices, xx = ratio of Greek 
export prices to non-communist countries to competing coun
try export prices, and x2 = the rest of the world income, are 
run for each commodity. The results are shown in Table 
4.53. Although the results of these regressions are still ra
ther poor,1 note that the signs of the coefficients are over
whelmingly in the «right» direction (i.e., negative for the 
price variable and positive for the income variables). We 
have regrouped these fifty commodities into our original 
sector classification system and computed a weighted ave
rage of the individual regression coefficients bj for each se
ctor j as shown in Table 4.54. The average levels of exports 
in million drachmae over the period 1954-1961 were used for 
the weights. These weighted averages of the b t coefficients 
are then converted to marginal revenue per unit for each 

1. Note that the standard errors of the regression coefficients are 
still generally several times as high as the coefficients themselves. 
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commodity for a number of arbitrarily determined incre

ments in exports starting from minimum reasonable levels 

as is shown in Table 4.55.1 

These marginal foreign exchange earnings per unit become 

the coefficients of the export variables in the foreign exchange 

constraint and the increments become the upper bounds on 

the separate export variables in each sector. This formula

tion of the export alternatives assumes that Greece will not 

be able to practice price discrimination in respect to its 

customers in the free world. This assumption is perfectly 

consistent with Greece's relatively unimportant position 

among the world's exporters. 

It was strongly suspected that measurement errors, inden-

tification problems, and the effect of excluded variables had 

biased the price elasticities and the absolute value of the 

regression coefficients downward. Therefore, in Chapter V, 

we have revised the coefficients upwards in absolute value. 

The reason for the additional export variables in each sec

tor is to introduce choice among different export levels, 

according to which higher levels of exports could be obtain

ed only if lower foreign exchange earnings per unit would be 

acceptable. The model will therefore be deciding between 

increased exports and import substitution on the basis of: 

(1) the shadow price for foreign exchange, (2) the foreign 

exchange coefficients in the export and import variables, 

and (3) the profitability2 of domestic production which 

is subject to diminishing returns. 

The following exceptions to the procedures stated above 

1. The formula used for deriving the marginal revenue from the 
second increment (MRa) is: MR 2 = P2 (Q, 2 — Q ^ ) — (Px — P2) Qj , 
where Ρ = price, Q,= quantity, and the subscripts 1 and 2 designate 
different export increments 1 and 2. 

2. The social profitability calculated on the basis of the shadow prices 
of all inputs and outputs. 
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should be noted : there are no export columns for electricity 
or construction (sectors 11 and 13) since these outputs are 
not easily transportable; there is no export variable for pe
troleum refining simply because there were no exports dur
ing the period; crude petroleum does not have an export 
sector because Greece does not produce any crude petro
leum; there is no import column for tourism because expen
diture on tourism by Greek tourists abroad was considered 
to be given and thus the foreign exchange costs of tourism 
imports are deducted from the right-hand side of equation 
(23). In the case of tourism exports, the foreign exchange 
coefficient of the additional variable is simply a guess that 
more advertising and promotional work abroad would bring 
in more tourists, but that the pay-off would not be very high.1 

D. The Right-Hand Sides 

Until now we have not shown precisely how we have esti
mated the constraining constants that appear on the right-
hand side of each constraint. The final demands including 
balance factors for the investment sectors as estimated in 
column 12 of Table 4.43 constitute the right-hand sides of 
equations (3-18). The balance factors for the investment 
goods and the investment constraint (equation 19) are shown 
in Table 4.56 along with the right-hand sides of the non-
transferability-of-capital constraints (equations 24-38). The 
right-hand side of the skilled labor constraints are calculat
ed in Table 4.57. The right-hand side of the foreign exchange 

1. See Doxiadis Associates', Northwestern Greece: A Feasibility Report 
on Tourist Development of the Coast and the Islands, Athens, Ministry of 
Coordination, 1963, for the results of a questionnaire asking tourists 
entering Greece what made then want to come. 
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constraint is derived in Table 4.58. The upper bounds on 
individual production, import, and export variables have 
already been given in Table 4.49. 

Έ. The Sign Convention 

The following sign convention is used for all activities in 
the model: (—) indicates an output; ( -f-) indicates an in
put. 
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CHAPTER V 

REVISIONS OF THE MODEL AND SOLUTIONS 

A. Computational Aids 

Solutions to the original program and subsequent revi
sions were obtained through use of a packaged program cal
led «LP90» specially designed for the IBM 7090-7094 com
puter. The «LP90» program is flexible enough to handle a 
variety of linear programming problems easily and quickly.1 

Needless to say, in any program with a thousand coeffi
cients and more than one hundred equations the probabi
lity of making copying errors, sign changes, simple compu
tational errors, or misplacing decimal points is extremely 
high. The presence of errors can easily make it impossible 
to obtain a feasible solution, or to obtain anything but wild 
solutions. Since this model had been designed for an histo
rical period in which the actual market solution was at least 
feasible, we were able to keep checking for errors by sim
ply plugging in the actual market solution and checking 
each equation for balance by hand computations. 

However, this procedure was very time consuming and 
actually was not sufficient to pick up all the errors. Alan 
Manne has suggested the use of «diagnostic vectors» in or
der to guarantee feasible solutions and pinpoint errors. There
fore, diagnostic vectors were introduced to relax the scarce 

1. The average time needed to obtain a solution was less than three 
minutes. 
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resource constraints but only at an arbitrarily high cost in 
the objective function. Another technique that is useful in 
locating errors is the «Map Program» designed by Vieto-
risz and Serenson which, as the name indicates, displays the 
entire program in the form of a map.1 

For simplicity, the entire model was coded for quick re
cognition of the variables. The coding system shown in Ta
ble 5.01 is used throughout the remainder of the study. 

B. Revisions in the Model 

In order to test the sensitivity of the solutions to changes 
in the model's coefficients and to improve the model and the 
usefulness of its results, we have made a number of different 
sets of revisions in the model. One of the main criteria in 
selecting which revisions to adopt and which ones to reject 
has been the reasonability of the results. In the course of 
the revisions the results do become more reasonable, but this 
makes the whole exercise something of a tautological one,2 

and sheds some doubts on the objectivity of the results. 
Clearly experimentation is desirable, but in experimenting it 
becomes harder and harder to distinguish genuine object
ive improvements from the prejudices of the model buil
der. This introduces a potential danger if linear program
ming is to be used as a planning tool. 

However, the general trend of the revisions was to loosen 
up the model—removing more and more of the rigidities 
of the Leontief input—output model. In the end, no single 

1. We employed this program to locate errors but no such map is 
presented here because the results so closely correspond with Tableau 1. 

2. Instead of giving the model freedom to choose the optimal solution, 
the method becomes one of selecting that model which gives the results 
which we like the best. 
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Solution or version of the model was singled out as the best, 
but rather a group of solutions was chosen as «preferred» 
by the author. In what follows, the revisions are categor
ized by the nature of the revisions. In each category we have 
made one or more revisions that will be referred to as «cases». 
The original version of the model in each category can be 
identified as «Case 1». Stars (*) indicate preferred cases. 

1. Alternative Goals of Economic Development 

The goals of income and employment maximization were 
employed at the outset mainly because they are the natio
nal economic goals most often stated by policy makers in 
Greece today. However, from the programming point of 
view they can be very misleading as the results demonstrate. 
Maximization of income in the value added sense involves 
the unreasonable assumption that shadow prices will be 
exactly equal to market prices for each commodity and re
source so that the difference between the value of output 
(gross production) and the value of the current commodity 
inputs will be identical under market price evaluation and 
social opportunity cost evaluation of the model. 

We have tried to overcome this defect in income maximi
zation by maximizing income in the final products sense, 
which with a given marginal propensity to save, is the same 
as maximizing consumption. This has been done in Case 
A. 6 below. There is still an influence of market prices in
asmuch as market prices have been used in the final demand 
columns for aggregating purposes. In the final products ap
proach, however, the problem is not likely to be as serious 
and can be avoided simply by assuming that price elasti
cities of consumption are zero or infinite. The latter assump
tion has been adopted in the Sandee model1 and implies 

1. Jan Sandee, A Demonstration Planning Model for India, Bombay, Cal
cutta, London, New York, Asia Publishing House, 1960. 
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that consumption is a row vector and that consumers can 
be induced to buy cheap commodities and not to buy expen
sive ones. In this study we have made the former assump
tion of zero price elasticities which, given taste preferences 
and the snob appeal of highly priced items, is probably more 
realistic than the infinitely elastic assumption. If we had 
been able to measure the price elasticities of consumer de
mand or even to obtain some reasonable guesses, we could 
have handled the market price by adjusting the right-hand 
sides on the basis of the difference in market prices from the 
shadow prices and the price elasticities, solving again, and 
repeating this procedure iteratively until the solutions con
verged. 

The employment maximization goal does not directly 
run into the same problem since employment has been mea
sured in physical terms. Nevertheless, the same problem is 
implicitly there since, given the positive wage rates of the 
market, the employment coefficients are very closely corre
lated with the value added coefficients. Furthermore, em
ployment maximization has certain theoretical disadvan
tages of its own, as has been mentioned in Chapter III, and 
is proposed so commonly mainly because it acts as a proxy 
for the hidden goals of more egalitarian income distribution 
and involvement of larger percentages of the population in 
the process of economic development. 

The goals of foreign exchange and investment minimi
zation were introduced primarily for technical reasons. With 
arbitrarily high given final demands either of these goals 
would be virtually equivalent to the goal of income maxi
mization with given constraints on investment and fore
ign exchange. Nevertheless, they would avoid the market 
price bias of the value added approach to income maximi
zation. Another justification for introducing these goals is 
that policy makers are very reluctant to choose goals; by 
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giving them the implications of different goals, they should 
be in a better position to choose. Finally, in certain short 
run and even some long run situations one of these resources 
may be so scarce that one such goal may dominate over all 
other considerations. This is precisely why goals such as these 
have been used in some of the Chenery and Manne models 
cited above. 

Interpretation of Cases A.l to A. 6 

Case A.l Maximize National Income (Value Added) 
Y O O O l 

Case A.2 Maximize Employment E 0 0 0 2 
*Case A.3 Minimize Foreign Exchange F E 0 2 3 
•Case A.4 Minimize Investment I N O 19 
Case A.5 Maximize Additional National Income N I P O O 

(See Table 5.02) 
*Case A.6 Maximize Final Demand (Income in N I P O O 

Final Products Sense) (See Table 5.02) with 
Case B.4 

2. Additional Income and Employment Constraints 

Even when the income and employment goals are includ
ed only as constraints, they produce the same effect if the
se constraints are binding. This is because these income and 
employment coefficients reflect the actual Greek prices and 
the difficulties discussed above. Therefore, we have found 
that it is preferable to include the income and employment 
constraints only for the purpose of letting the computer cal
culate employment and income at market prices,1 but not 
as active constraints. 

1. The results of these computations can be found in the solutions for 
the slack variables corresponding to these constraints in Cases 3 and 4. 
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Interpretation of Cases B.l to B.4 

Case B.l No constraints on National Income or Employ
ment 

Gase B.2 Constraint on National Income (National Inco
me generated had to be greater than or equal to 
the actual Greek National Income in 1961 of 
82,053 million drachmae at 1954 prices) Y O O O l 
<—82,053 

*Case B.3 Non-negativity constraint on Employment E0002 
^—82,053 (this constraint was used only as a de
vice for calculating employment generated via 
the solution for the slack variable) 

*Case B.4 Same as Case B.2 except that income is generated 
independently of final demand. (The coefficient 
of AFDOl in the YOOOl row is omitted to avoid 
the distortion due to the market oriented value 
added coefficients. See Table 5.02) 

3. Alternative Export Variables and Assumptions 

Since our estimates of the price elasticities of demand for Gre
ek exports (Table 4.53) were subject to large standard errors, 
and probably a downward bias, several alternative sets of ex
port variables and assumptions underlying them were used. 
These alternative sets of export variables range from the ori
ginal «pessimistic» set of Case C.l . (Tables 4.53-4.55) to 
the revised «optimistic» set of Table 5.04 used in Case C.3. 
Finally, the occurrence on several solutions of exports with
out gross production, i.e., re-exports of imports, necessitated 
the introduction of new constraints prohibiting re-export of 
imports (see Case C.4). 

The model does in all cases allow for imports and exports 
to appear simultaneously in the same sector, and frequently 
they do. The justification for this is that both exports and im-
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ports will be confined to certain subsectors. Exports will be 
largely in those subsectors in which Greece has its highest 
comparative advantage, while imports will normally be res
tricted to those subsectors in which domestic production is 
relatively most disadvantageous. Hence, the subsectors in 
which exports appear would not be likely to be the same as 
those in which Greece should import. 

Interpretation of Cases C.l to CA 

Case C.l Pessimistic Export Opportunities. (Use of re
gression coefficients of Table 4.54 unadjusted). 
Many Step Functions. 

Case C.2 No step functions — choice only between exports 
up to actual 1961 levels at given prices of 1961 
and zero exports. (See Table 5.03). 

*Case C.3 Optimistic Export Opportunities. (See Table 
5.04). 

*Case C.4 Re-export of Imports Prohibited. (See Table 
5.05). 

4. Competitive Imports 

The relative cost of one unit of imports to a comparable 
unit of domestic production is not only one of the most im
portant considerations in determining the optimal degree of 
import substitution in each sector, but is also an area in which 
information is completely lacking. Therefore, for the crucial 
coefficients in the import column vectors, we have employed 
a number of alternative sets of assumptions concerning these 
relations in order to reflect our uncertainty about the proper 
coefficients to be used, and to test the sensitivity of the solu
tions to estimation error. 

Much of the trouble stems from the fact that we cannot 
directly compare imports with products domestically pro
duced in terms of physical units. What information we do 
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have consists only of values (price X quantity). In the various 
revisions which follow, we have employed different foreign 
exchange coefficients and different supply coefficients to re
flect different market prices per unit and different quality 
comparisons. 

In the original formulation (Gase D. l ) , we assumed that 
the qualities were equal and that domestic prices were the 
same in 1961 as in 1954 while import prices changed — most
ly in an upward direction. The original formulation, there
fore, clearly favors domestic production over imports. The 
only limits to import substitution are the increasing capital 
and other inputs stated explicitly in the production step func
tions and the absolute upper bounds in production imposed 
in Case H . l . 

Gases D.2, D.3, and D.4 represent revisions of the quality 
comparisons in order to more realistically reflect quality 
advantages of imported products in most sectors. Cases D.5 
and D.7 represent revisions of the price comparisons. In Case 
D.6 we have introduced a marginal propensity to import in 
the AFDO1 variable to catch other advantages of imported 
goods — their greater sophistication and their snob appeal. 
Some of these cases are independent of each other and thus 
can appear simultaneously with other cases. 

Finally, step functions are introduced in Cases D.3 and D.4 
in order to handle the subsector problem more effectively 
than only indirectly through the step functions for domestic 
production. The first imports in any sector would be limited 
to those subsectors in which the quality and price advantages 
of imports would be most noticeable. Higher levels of imports 
would mean that imports would be spreading to other sub-
sectors in which the relative price and quality advantages of 
imports would be smaller or even nonexistent. As with the 
production variables, to be precise, the bounds of the step 
functions should be adjusted to the overall growth of the 
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sector and the economy. Figure 5.01 indicates how these 

bounds could be adjusted in principle; however, in the re

visions of the model we have made no attempt to employ 

this more sophisticated approach to the subsector problem. 

Figure 5.01 

Revisions of Upper Bounds on Import Steps 

Foreign 

Exchange 

Input 

ΛΑ 

Quantity Imported 

Note: Dotted lines indicate revisions on basis of greater 

overall growth of sector. 

Interpretation of Cases D.l to D.7 

Case D.l One unit of domestic production at 1954 prices = 

1 unit of imports at 1961 prices. Upper bounds 

only on sectors 11, 13, and 14 (Table 5.06). 

Gase D.2 One unit of imports at 1961 prices = (1 + 1 ) 

units of domestic production at 1954 prices, where 

t = average tariff rate for each sector in 1961 

(see Table 5.06). 

Case D.3 Step Function Combination — Case D.2 holds 

up to the actual 1961 import levels and above 

these levels according to Case D.l (see Table 

5.06). 
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Case D.4 Same as Gase D.3 except for slight changes in 
the value of t. The changes are shown in the Case 
D.4 column of Table 5.06. 

*Case D.5 One unit of domestic production at 1954 prices = 
1 unit of imports at 1954 prices, i.e., the 1954 -
1961 price movement in import is excluded. 
(This case is independent of the others and can 
be combined with any other case except Case 
D.7). 

*Case D.6 Due to a marginal propensity to import, .05 is 
inserted in AFDOl as shown in Table 5.02. 

*Case D.7 One unit of domestic production at 1961 prices = 
1 unit of imports at 1961 prices, i.e., the price 
movement of both domestic production (according 
to the wholesale price indices) and imports, (See 
Table 5.07). This case is an alternative to Case 
D.5 but it can be combined with any of the other 
cases except Case D.5. 

5. Non-Competitive Imports 

As stated above in Chapter IV, the only non-competitive 
import in the original formulation was crude petroleum which 
has not yet been discovered in Greece. However, solutions 
were obtained in which extreme import substitution was ob
served in the manufacturing sector (which includes machine
ry) . Since practically all machinery has always been imported 
and even the most optimistic planners in Greece continue to 
forecast high levels of machinery imports, in Case E.2 we 
have made the rather drastic revision that all machinery 
must be imported. In Case E.3 this requirement is extended 
to semifinished transport equipment inputs for the assembling 
industries located in Greece. 
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Interpretation of Cases E.l to E.4 

Case E.l Crude Petroleum (NCMOO) is the only non
competitive import. 

Case E.2 Machinery ( N C M O l ) , as well as Crude Petro
leum (NCMOO), are non-competitive imports. 
Machinery inputs are separated out of the ma
nufacturing ( M A 0 0 8 ) inputs which are reduced 
accordingly (see Table 5.08). The manufacturing 
sector (sector 6) was defined in Table 4.01 to 
include wood, paper, and metal products as well 
as machinery. 

*Case E.3 Seventy-five per cent of the metal products in
puts (from M E O 10 and M A 0 0 6 ) are non
competitive imports (NCM02) in addition to 
those of Cases E.l and E.2. 

*Case E.4 Same as Case E.3 except that the transport equip
ment production activities T E P 0 6 and T E P 0 7 
have direct inputs in foreign exchange of .05. 
This case is intended to represent the outflow of 
profits that might be likely if automobile pro
duction could be undertaken only through use 
of foreign investors who would be permitted to 
export profits to the extent indicated. 

6. Alternative Assumption for Post Target Period 

In the original formulation (Case F . l ) , production would 
continue to grow at the same1 annual rate (derived from the 
absolute production level prescribed by the model for the 
target year 1961) for at least one more year, but presumably 
indefinitely into the future. A most interesting alternative 
(although probably a very unrealistic one) that has been pos-

1. But different for each sector. 
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tulated by a number of authors 1 is that in the period after 

the target year, all sectors would grow at a common growth 

rate. This alternaciν&,ρ.introduced in Case F . i * , ^ 

Interpretation of Cases F.l to F.2 

•Case F.l Each individual sector will continue to grow in 

the post-target period (after 1961) at the same 

rate that has been implied by the production le

vel for 1961, prescribed for the sector by the opti

mal solution. (Not all sectors will grow at the 

same rate). 

Case F.2 Growth after 1961 will be the same for all sectors 

of the economy. In Table 5.09, investment coeffi

cients consistent with this universal 10 per cent 

growth requirement are calculated. 

7. Final Demand 

The original final demand column has been determined in 

Table 4.43 with additions to it to be determined by the 

«additional income» vector AFD01. However, for Gases A.2, 

A.3, and A.4 final demand is given. For these cases, alter

native levels of final demand are given in Cases G.2 to G . l l . 

Cases G.12 and G.13 are introduced only to determine the 

sensitivity of solutions to changes in the right-hand side of 

the foreign exchange constraint and the effects of inevitable 

uncertainty of foresight in regard to the emigrants' and sea

men's remittances which are so important in determining 

the tightness of the foreign exchange constraint. 

In comparison with similar estimates for other countries, 

1. For example Alan S. Manne, «Programming Economic Develop
ment», an unpublished working paper for A. Manne and H. Markowitz, 
Studies in Process Analysis, New York, John Wiley, 1963. 
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our estimates of the capital-output coefficients (Kj) would 
seem unusually low and our estimate of the marginal propensi
ty to save (.31) would seem unusually high. To a certain 
extent, these differences can be explained by differences in 
procedure and items included and excluded,1 but the possi
bility of large measurement error and possible bias is not 
denied. To test the effects of either downward bias in the 
capital coefficients or upward bias in the savings coefficient, 
the savings coefficient is revised drastically downwards in 
Gases G.14, G.15, and G.16. 

Interpretation of Cases G.l to G.16 

* Gases G.l - G.10 Final Demands consistent with national 
income levels above that of 1961 (see 
Table 5.10). 

Gase G. 11 Final Demand adjustment to keep input-output 
table consistent with price assumptions of com
petitive imports (Cases D.2 and D.3). 

*Case G.l2 Right-hand side of foreign exchange constraint 
(FE023) is 3000 million drachmae higher (see 
Table 5.02). 

Gase G. 13 Right-hand side of foreign exchange constraint 
(FE023) is 3000 million drachmae lower (see 
Table 5.02). 

Cases G .14-G.16 Marginal propensity to save AFD01 
coefficient in investment constraint (IN 
019) is adjusted lower to .15 in Case 
G.14, .20 in Gase G.15, and .25 in Case 
G.16 (see Table 5.02). 

1. For example, our estimates of the capital-output ratios exclude 
research and real estate expenditures and our marginal propensity to 
save includes corporate and government savings as well as personal savings. 
See also the comments on the marginal propensity to save stated in Chap
ter IV. 

99 



8. Upper Bounds on Production Steps 

We strongly suspect that our repeated efforts to make the 

model more realistic may have unnecessarily restricted the 

freedom of the model and imposed many features of the non-

optimal solution of the market. One prime case in point is 

the rather arbitrary choice of absolute upper bounds on pro

duction (Case H . l ) . Therefore, in Cases H.2 and H.3 we 

have left the top step unbounded, thereby giving greater free

dom to the model to determine its own optimal solution, i.e., 

the true comparative advantages of the Greek economy. 

Interpretation of Cases Η Λ to H.3 

•Case H. l Top step has absolute upper bound. 

Case H.2 First step is unbounded. 

*Case H.3 Top step is unbounded. 

C. The Results 

1. Statement and Interpretation of the Dual 

Until this point, we have set up the programs entirely in 

terms of the primal problem. The general form of the primal 

problem has been: 

Minimize f = ex 

A x ^ b 

In some cases our objective has been a maximization prob

lem, and in the case of several of the scarce resources, the 

constraints have been in the form of upper bounds on the 

use of these resources. However, sign changes and the direction 

of inequalities can be changed easily manually and, with use 
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of LP90, even automatically. The dual problem correspond
ing to this primal problem is of the general form : 

Maximize g = wb 
w A l c 

The dual problem can be interpreted as follows: select 
that set of prices (shadow prices) which will maximize the 
value of final demand subject to the constraints that there 
must be no excess profit in any activity and that these shadow 
prices must be non-negative. The dual problem corresponds 
to the principle of perfect competition upon which the linear 
programming model allocates the resources among the va
rious activities. The shadow prices (WJ) which come out of 
the dual represent the amounts of satisfaction of the objective 
function which would have to be given up in order to obtain 
one more unit of commodity j under perfect competition. The 
prices are relative prices, and thus any one price can be 
stated relative to any other price and any commodity or re
source can be used as the standard. Originally, the objective 
was always used as the standard (with its shadow price = 
1.000). However, since in the course of the revisions described 
above we have had occasion to use different objective fun
ctions, we have decided to standardize all prices in all solu
tions relative to a commodity that appears in all solutions 
and whose absolute value would neither be affected signi
ficantly by the revisions nor would be very different from the 
actual market price. We have chosen clothing as the commo
dity which best fits these requirements. 

A set of standardized shadow prices for each of the seventy-
four program runs is presented in Table 5.11. No set is com
plete in that prices are not presented for any of the upper 
bounds which numerically comprise a very large share of 
the model. If any resource is not fully utilized, or if the supply 
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of any commodity exceeds its demand, the shadow will be 
zero. All the prices (WJ) shown in Table 5.11 represent the 
opportunity cost of using an additional unit of commodity 
j (or resource j) as measured in terms of the satisfaction of 
the objective that must be sacrificed and relative to the price 
of clothing which is always taken to be the standard (1.000). 
Shadow prices close to unity may be interpreted to mean that 
these commodities are neither substantially undervalued nor 
overvalued in the Greek market economy — if the market price 
of clothing really does approximate its social opportunity cost. 

The shadow prices for capital require some further expla
nation since they are not simply the standardized prices 
corresponding to the investment constraint (INO 19). I t should 
be recalled that in setting up the investment constraint in 
Chapter IV we assumed that the investment flow in 1961 would 
be only 19 per cent of total investment during the period 
1954 - 1961. The shadow price (marginal productivity) of the 
investment constraint therefore overstates the value of in
vestment in general by approximately 1/.19 times. In deri
ving the shadow price for capital in general in Table 5.11, 
we have therefore divided the original standardized shadow 
prices pertaining to the investment constraint by the number 
of units of investment during the 1954- 1961 period that is 
implied by one unit of investment in 1961 ( = 1/.19). 

If we assume for simplicity that the average unit of capital 
was added in the year 1958, then the pure shadow rate of 
interest (r) compounded annually could be derived as follows : 
(1 + r)3 = 1 + Wc, where wc is the standardized shadow 
price of capital from Table 5.11. These calculations were not 
carried out both because that expression would at best be 
a very crude approximation, and because a meaningful inter
est rate can only be derived from a fully dynamic model. 
Our model, though perhaps semi-dynamic, is by no means a 
fully dynamic one, and therefore the proper interpretation 
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of the shadow price of capital in this semi-dynamic model 
is not altogether certain.1 

For any of the resources the shadow prices can be looked 
at either in terms of opportunity cost prices or in terms of 
marginal productivity since at equilibrium under conditions 
of perfect competition both approaches are simply different 
ways of looking at the same thing. 

To find the shadow prices of the upper bounds, we must 
turn to Table 5.21 which presents in detail both the primal 
and dual solutions to program 64. Shadow prices of zero 
can be found in constraints 24 - 38 because none of the idle 
capacity vectors enter the solution of this program and thus 
none of these constraints is operative. The shadow price of 
.2234 for row 00039 indicates that the upper bound on the 
first agricultural production variable AGP01 is operative 
and, in fact, income (the objective) could have been raised 
by .2234 units if this constraint could have been relaxed by 
one unit. Note that the shadow price of the bound on AGP02 
is .1156 and o f tha t on AGP03 is zero. In Ricardian terms, 
the shadow price of equations 00039 and 00040 would be 
called the economic rent derived from the use of land that 
is more productive than that used at the margin (AGP03). 

Similarly, the shadow price of 1.4796 on the upper bound 
(00155) — t h e upper bound on the first agricultural export 
variable (AGE01 ) — indicates that this export as evaluated 
by the model under perfectly competitive conditions was evi
dently a very profitable activity. Exporters would actually 
be bidding against each other for contracts or licenses to ex
port and 1.4796 would be the value of the license. The follow-

1. In a future effort, we shall attempt to dynamize the model by 
introducing one or more additional time periods with the objective 
function stated as a weighted average of two or more separate objec
tives, each corresponding to a particular time period. 
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ing balance sheet for activity AGE01 should clarify the mean
ing of these shadow prices. 

The price of the export license is exactly that price which 
yields a zero profit for the activity. 

Balance Sheet for Activity AGE01 

Row 
Item Name 

Agricultural Products AG003 
Foreign Exchange FE023 
Export License Fee 00155 
Net Profit 

Co
efficient 

—1.0000 
1.1303 

—1.0000 

Cost 
Per 
Unit 

2.2973 
3.3415 
1.4796 

Total 
Cost 

—2.2973 
3.7769 

—1.4796 
0.0000 

The same accounting procedure could be applied to any 
activity in the model. Non-basis activities would yield nega
tive profits. For example, the —.5517 in the DO /DJ co
lumn of AGE02 indicates a negative profit of .5517 per unit. 

Finally, on the subject of dual prices, it should be reported 
that in many cases the nature of the revisions has been de
termined by the shadow prices themselves. Starting from 
certain a priori notions of what kinds of shadow prices are 
unreasonable, we have introduced revisions to make sure 
that only reasonable shadow prices would be obtained in 
later revisions of the model. Although it may be difficult to 
define «reasonable», it is perhaps easier to distinguish some
thing that is completely unreasonable. Programs were con
sidered unreasonable if, in the solutions, capital, skilled labor, 
or any other commodity was found to be a free good, i.e., 
having a zero shadow price. 

2. Solutions to the Primal and Dual Problems 

Just as Table 5.11 summarizes the solutions to the dual pro
blem, Table 5.12 provides a summary of the solution to the pri-
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mal problem. It is important to note the following generaliza-
ions which emerge from a comparison of the primal and dual 
solutions: (1) the shadow prices are much more stable than 
the activity levels, i.e., they are less sensitive to the rather 
severe changes in the model undertaken in the various re
visions described above; (2) sectors whose dual prices appear 
to be most sensitive to changes in assumptions are also most 
senti ti ve in terms of the primal solutions. 

The sensitivity of primal problem solutions to changes in 
the model are of two types: (1) changes in total demand 
irrespective of whether the demand is met by domestic pro
duction or imports and, (2) changes in the degree of import 
substitution. These effects are shown separately in Tables 
5.13 and 5.14. 

Since the size of these tables (5.11 - 5.14) may be somewhat 
overpowering to the reader, we shall comment briefly on the 
general character of the results. 

a. Unreasonable Solutions 

As noted above, a number of programs yielded solutions 
with many free goods, ridiculously large production figures, 
etc., which can only be described as «unreasonable», «wild», 
or «impossible». Maximization of income in the value added 
sense produced many unreasonable solutions, inasmuch as 
large value added coefficients often meant that surpluses of 
certain commodities should be produced. Solutions such as 
these are unreasonable, for how can you have positive value 
added coefficients if you cannot sell the product? The answer, 
of course, is : you cannot. 

Employment maximization yields the same kind of results. 
For example, this objective would evidently imply that edu
cation should be expanded not for the sake of education it
self (or for the labor skills it creates) but only for the sake of 
employing teachers. The employment coefficients are stated 
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in terms of physical units and thus do not necessarily impose 
market prices on the solution in any way. Although employ
ment maximization is on stronger footing theoretically than 
maximization of income via fixed value added coefficients, 
the results are just as unreasonable. 

Use of these objectives accounts for unreasonable solu
tions in programs 1, 2, 7, 8, and 57. The inconsistency bet
ween savings rates and the assumed investment requirements 
in the target year which arises in Gase F.2 is responsible 
for other unreasonable solutions in programs 53, 67, 71, 
and 72. These nine different programs will henceforth be 
known as the «unreasonable» solutions. 

b. Capital 

Table 5.11 reveals that, with the exception of the «unrea
sonable» solutions, the shadow price of capital varies only 
moderately from about .22 to .37. These prices are of about 
the same order of magnitude as those obtained by Sandee 
and Manne for India and Mexico, respectively. Although 
the proper interpretation of the shadow price of capital is 
clouded by the fact that the model is not fully dynamic, 
the results would seem to indicate that Greek market 
prices (as measured by official interest rates of banks, but 
not the so-called free market rates) underevaluate capital by 
somewhat less than 50 per cent. 

c. Foreign Exchange 

With the exception of the solutions obtained from Case 
D.l (programs 1 - 4 , 52, 57, and 62 which favor domestic 
production over imports to the greatest extent), the standar
dized shadow prices of foreign exchange are generally within 
a range of 1.1 to 1.4 indicating that foreign exchange has 
been undervalued by the market's official exchange rate (30 
drachmae = $1) by between 10 and 40 per cent. There is 
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a distinct possibility that further refinements of the model 
(in the direction of detailing more subsectors in which im
port substitution would be either impossible or very costly) 
would yield even higher shadow prices of foreign exchange. 
As might be expected, Cases A. 3 and G.13 (as opposed to 
G.12) produce shadow prices of foreign exchange at the upper 
range of those observed. The negligible difference between 
the shadow prices obtained from programs subject to Case 
D.5 and similar programs under Case D.7 would seem to 
indicate that the overall change of prices in both Greek pro
ducts and imports had not affected the value of foreign ex
change. Changes in the assumptions about exports (Cases 
C l , C.2, and C.3) have also had little effect on the foreign 
exchange prices, although they may have had substantial 
effect on exports themselves. 

d. Skilled Labor and Education 

The shadow prices for skilled labor of all types are generally 
extremely low (from zero to about .20 at the highest), indi
cating that the social costs of educating people are so small 
that shortages of skilled labor should never arise. The cost 
of education is mostly composed of teachers' salaries and 
school building construction, neither of which require imports 
or large amounts of other scarce resources either directly or 
indirectly. 

As would be expected, the shadow prices of technical 
skills (Class C) are lower than those of Class B, which in 
turn are lower than those of Class A. Our assumption, that 
it would be impossible for any education sector to achieve 
growth beyond a three-fold increase in the seven years prior 
to the target year, does become an operative upper bound 
for higher education in a number of solutions. In these cases, 
additional requirements of skilled labor must come from 
Greeks educated outside of Greece. In all other cases, the 
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model finds it more advantageous to educate people in 
Greece because, ( 1 ) no foreign exchange expenditures are re
quired, (2) the cost of living for students is smaller than in other 
countries and, (3) because there is less risk that the students 
will choose to remain abroad after completing their studies. 
It is conceivable that a more careful quality-comparison of 
the higher education presently available in Greece with that 
obtainable outside of Greece would prove education outside 
of Greece to be more valuable. However, this possibility 
would seemingly be offset by the attractions which Greece 
offers — its magic history, climate, physical beauty, and at
mosphere — for luring teachers from abroad. 

e. Agriculture 

The shadow prices of agricultural products are fairly in
sensitive to changes in the formulation of the model. With the 
exception of the very low prices obtained for the «unreason
able» selections designated above, the shadow prices vary 
only between .70 and .85. Table 5.13 shows that total supply 
in agriculture is generally within the 58,000 - 63,000 mil
lion drachmae range. The model seems to imply that, 
although far from being ideally suited to agricultural pro
duction, Greece's export possibilitites are so poor that in 
fifty-nine of seventy-four solutions, 100 per cent of supply is 
domestically produced (see Table 5.14). The 1954-1961 trend 
in agricultural prices is somewhat unfavorable to domestic 
production and thus Gase D.7 is always associated with some 
imports. Imports tend also to be higher when investment mi
nimization is the objective because at the margin agriculture 
is highly capital intensive. It must be conceded that some 
agricultural imports {e.g., coffee, tea, cocoa, and spices) are 
virtually not able to be substituted for by domestic product
ion. If these limitations on import substitution were recogniz
ed by the model, import levels for agriculture and shadow 
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prices of agriculture and foreign exchange would undoubt
edly be raised to some extent. Agricultural exports seem to 
be stable at existing levels in almost every solution. 

f. Mining 

Table 5.11 shows that the shadow prices for mining are 
very stable, usually very close to 1.000 — somewhat lower in 
the «unreasonable» solutions and in those cases which assume 
imports to be relatively more expensive (Gases D.l and D.3), 
and slightly higher in Cases D.2, D.5, and D.7 in which im
ports are relatively cheaper. Optimal total supply in Table 
5.13 varies moderately from 1700-3100 depending largely 
on changes in the domestic construction industry, the lar
gest consumer of stone, marble, and other mining products. 

On the other hand, the share of domestic production in 
total supply varies widely from a low of about 40 per cent 
in programs 3, 4, 5, 9, 11, 13, 15, 20, 25, 30, 52, and 63 to 
100 per cent in programs 1,2, 18, 19, 23, 24, 28, 29, 31 - 47, 
51, 58 - 62, and 66 - 74. Once again, investment minimi
zation as the development goal tends to require more im
ports because mining is also a fairly capital intensive industry. 
Case D.5 tends to shift Greece from a net importer of mining 
products to a net exporter, while in a number of cases (es
pecially Case D.7), imports and exports can be observed 
simultaneously. (This last result is perfectly reasonable — 
Greece can easily be an exporter of iron ore and bauxite but 
at the same time an importer of coal). 

g. Tobacco 

The shadow price for tobacco is extremely stable at about 
.663 in all solutions except those in which income (in the 
value added sense) and employment maximization are the 
welfare goals. It may be noted that in these exceptions (pro-
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grams 1, 2, 7, 8, 53, and 57) tobacco becomes a free good, or 
close to it, since it is a highly labor intensive and capital 
extensive activity. Total supply is also stable in the 2,600 -
2,800 million drachmae range. This should not be unexpect
ed since almost the entire demand is composed of final de
mand which is allowed to increase or decrease only according 
to given proportions, and thus fluctuations in total demand 
should only be marginal. Price adjustments on imports (Cases 
D.5 and D.7) are usually accompanied by imports of one 
million drachmae (mostly cigars). Exports in all solutions 
are at least as high as the actual 1961 level — often 20 per 
cent higher particularly under the optimistic assumptions of 
Case C.3, and in those cases in which the shadow price for 
foreign exchange is substantially larger than unity. 

h. Textiles 

Shadow prices of textiles generally vary only between .80 
and .90 although they are somewhat lower in the «unreason
able» solutions. Supply fluctuates between 7,000 and 10,000 
million drachmae according to the demand of the domestic 
clothing industry (the largest domestic buyer of textiles). The 
proportion of total supply that is produced domestically va
ries widely from about .40 in programs 18, 19, 21, 23, 24, 
26, and 51 to .85 in a majority of the programs and to 1.00 
in several (1, 2, 38 - 41, 43 - 46, 57, 62, 67, 71). In general, 
imports are greater in cases where imports are relatively 
cheaper (Case D.2) and in those solutions in which the sha
dow price for foreign exchange was no higher than .8. No 
imports are required in those programs in which the shadow 
price of foreign exchange is greater than 1.35. The optimal 
export levels of Table 5.12 fluctuate between zero and the 
actual 1961 levels, depending on the shadow price of foreign 
exchange. 
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i. Clothing 

Since all shadow prices were standardized in terms of the 
shadow price of clothing, the shadow price for clothing is 
1.000 in all solutions. As stated above, there is every reason 
to believe that the clothing price is neither one that would 
be affected by changes in the model nor one which would 
be very much over or undervalued by the market. Total 
supply is fairly stable (in the 10,000- 13,000 million drach
mae range) in all programs except program 67 which is very 
«unreasonable». Domestic production as a percentage of total 
supply, however, varies tremendously. The entire supply is 
imported in two solutions (43, 45) in which the high foreign 
exchange prices of imports are more than offset by the high 
cost of capital and the fact that clothing has rather large 
indirect requirements of capital. In cases where the shadow 
price of capital is lower, larger proportions of total supply 
are produced domestically. Exports are almost always equal 
to the actual 1961 levels, although in cases in which foreign 
exchange is severely overvalued in the market, or rather un
dervalued by the model (shadow price of .7 or less), no ex
ports appear and in cases of severe underevaluation of foreign 
exchange by the market, exports are frequently 25 per cent 
higher than the actual 1961 levels. 

j . Manufacturing 

Shadow prices for manufactured products are generally 
between .85 and .95 except in the «unreasonable» solutions. 
Total supply varies only moderately between 18,000 and 
21,000 million drachmae if machinery is included, or between 
13,000 and 16,000 excluding machinery. Domestic production 
as a proportion of total supply varies only moderately be
tween .7 and 1.0 and is limited only by the absolute upper 
bounds on domestic production. It is, however, conceivable 
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that domestic production might become less attractive if do
mestic production involved higher inputs of non-competitive 
imports, such as lumber and certain basic metals which pro
bably could not be obtained from domestic sources to any 
greater extent than was actually the case in 1961. Exports 
are generally steady at existing levels. 

k. Chemicals 

Shadow prices of chemicals are usually well within the 1.05 -
1.20 range with the exception of the «unreasonable» solutions 
1, 2, 53, and 57. Total supply is remarkably stable in the 
9,000 - 11,000 million drachmae range except in program 3, 
in which total supply is somewhat lower, and in programs 1, 
2, 53, and 57 in which supply is higher. Domestic production 
provides only about one-half of total supply in six programs 
(1, 2, 3, 57, 62, and 71) under Case D.I . The proportion do
mestically supplied rises to about .85 in programs 7, 8, 42, 
47, 58, 66, 68, 69, 72, 73, and 74 under Case D.5 and 1.0 in 
the remaining solutions under Cases D.3 and D.7. Exports are 
stable at actual 1961 levels except in program 57 in which 
the foreign exchange price turns out to be extremely low (.5) 
— an «unreasonable» result. 

1. Metallurgy 

The shadow prices of metallurgy vary more widely than 
for most other sectors or resources ( .8- 1.2). Total supply 
also fluctuates very widely between 3,000 and 7,000 million 
drachmae due to the high input of metallurgy to metallurgy 
in the input-output table (Table 4.15) which tends to exagge
rate the fluctuations in domestic production. The proportion 
supplied from domestic sources varies all the way from 0.00 
to 1.00. Zero production levels appear in seventeen optimal 
solutions, and in twenty-four other solutions production le
vels are just high enough to avoid idle capacity on the ori-
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ginal capital stock of 1954 which, without replacement or 
new net investment, depreciates considerably. The entire 
supply is derived from domestic sources only in program 67 
which probably ranks as the most unreasonable of all the 
«unreasonable» solutions. I t may be interesting to note that 
conditions H.2 and H.3, which tend to allow greater room 
for comparative advantage considerations, yield lower pro
portions of domestic production in total supply of metallurgy 
than does the more rigid condition H . l . For example, pro
gram 51 yields a lower share for domestic production than 
does program 52; 58 yields a smaller share than in 59, and 
63 than in 64. Certainly, these results would seem to indicate 
that the metallurgy solutions are very sensitive to changes in 
the model, and that metallurgy production is at best a fairly 
marginal activity for Greece. This is in spite of the fact that 
Greece's dismal export opportunities seem to make it profi
table to substitute for imports in all other sectors. These re
sults are not at all surprising since metallurgy is electricity 
intensive, capital intensive, and labor extensive; in other 
words, metallurgy production conserves in its use of resources 
which are most abundant and splurges on those which are 
most scarce.1 

m. Construction Materials 

Shadow prices and total supply of construction materials 
vary moderately — the former between .83 and 1.00 and the 
latter between 1,700 and 2,700 million drachmae. Exports 
are stable at the actual 1961 levels as long as the shadow 
price of foreign exchange is above .9 (as seems very reason-

1. These results could conceivably be reversed if the model were to 
include certain dynamic considerations such as forward linkages (dis
cussed in Chapter VI) and future export difficulties in a model with a 
longer time horizon or a greater number of time periods. These possi
bilities will be tested in future research with a dynamic model. 

8 
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able). The degree of import substitution varies much more 
widely — from .37 in programs 3 8 - 4 1 and 4 2 - 4 6 to 1.00 
or close to 1.00 in the rest of the solutions. The use of the 
coefficients of Gase D.5 makes imports relatively cheaper 
than in Cases D.3 and D. l , and therefore D.5 is associated 
with higher import levels of construction materials. 

n. Transport Equipment 

The shadow price for transport equipment varies widely 
from .7 to 1.6. Gase D.5 yields lower shadow prices for trans
port equipment than do Cases D. l , D.3, and D.7. Total 
supply varies moderately between 3,500 and 6,000 million 
drachmae because transport equipment is an important in
vestment good which is used sparingly in some sectors, but 
intensively in others. In almost all cases, imports appear only 
when the absolute upper limits imposed on domestic product
ion are reached. The implication would seem to be that 
transport equipment manufacturing seems to be a sector in 
which Greece has a definite comparative advantage in so
cial cost terms which is not even affected by rather radical 
changes in conditions and assumptions.1 

o. Electricity 

Since substantial imports of electricity are not, at present, 
technically feasible, electricity must be produced domesti
cally. The technical difficulties of transporting electricity from 
hydro sources in the far north to its market in southern Greece 
are enormous. Erosion is so rapid as to make silt and rock 
collection in dams a major problem. Rainfall, even in the 
northern mountains, is very seasonal and very sparse. Since 
Greece is made up of a jagged fjord-like coastline and many 

1. Note, however, that Case E. 3 does make a significant difference 
in the results. 

114 



small islands, economies of scale are difficult to achieve. All 
of these factors make it necessary for Greece to turn to sources 
of power, primarily coal and oil, which normally have to be 
imported (although extensive use is presently being made of 
low grade lignite in an effort to restrict imports as much as 
possible). At any rate, the incremental capital output ratios 
of Table 4.17 reveal that electricity is a very capital intensive 
industry in a country in which capital is relatively scarce — 
at least until atomic energy1 or solar energy become econo
mically feasible. For these reasons it is not surprising to find 
that electricity has evidently been severely undervalued in 
the Greek market, i.e., the standardized shadow prices 
for electricity are very high (generally ranging between 2.1 
and 2.9). Domestic production and total supply are quite 
stable in the 3,000 - 3,800 million drachmae range. 

p . Petroleum Refining 

Petroleum refining seems to be another sector in which the 
optimal activity levels and shadow prices are extremely sen
sitive to changes in the model — particularly to assumed 
changes in the comparative cost of imports relative to the 
cost of domestic production. Shadow prices vary from near 
.75 according to the conditions of Cases D. l , D.2, and D.3 
to about 1.20 according to the conditions of Cases D.5 and 
D.7. Total supply is fairly stable (2000 - 2700), but domestic 
production varies sharply from 0 per cent of total supply 
in thirty-eight of the seventy-four solutions and minimal le
vels (large enough only to avoid excess capacity) in another 
eleven solutions, to 100 per cent in only four solutions. Once 
again, the results would seem to indicate that petroleum re-

1. Atomic energy as a source of power might be worth exploring 
but the earthquake danger would, of course, introduce certain radiation 
hazards which would have to be taken into consideration. 
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fining, by itself anyway,1 is something of a marginal industry 
for Greece. 

q. Construction 

The shadow price for construction varies between .70 and 
.85 and thus market prices would seem to overevaluate the 
social costs of domestic production. Once again, the shadow 
prices are substantially lower in the more extreme solutions 
derived from the income and employment maximizationobjec-
tives (Gases A.l and A.2). Imports never enter, and domestic 
production varies between 12,000 and 18,000 million dra
chmae depending both on total final demand and on con
struction for industrial expansion. 

r. Services 

The shadow price of services2 varies only slightly around 
an average of 1.5 and, to the extent it does vary, it varies 
with the shadow price for capital. This is because services 
are extremely capital intensive. Imports appear at their 
upper bounds (the actual 1961 levels) in all programs except 
programs 53 and 67 which, as has been pointed out repeated
ly, are «unreasonable» solutions and hence should be ignored. 

s. Tourism 

The shadow prices for tourism are generally stable between 
.80 and .85 but are considerably lower in programs 1, 2, 7, 8, 
53, 57, and 67 under Gases A.L, A.2, and F.2. Production 
and exports are entirely stable at existing levels in all pro
grams except numbers 3, 4, 52, and 67. This does not prove 
one way or the other that tourism should not have been de-

1. It might be more economic if it were analyzed as part of an in
dustrial complex. 

2. One must remember that housing services are included in services. 
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veloped any faster than it actually has been developed, be
cause such an alternative was not presented in the model. 

t. Education 

(See «Skilled Labor and Education» in section «d» above). 

u. Non-Competitive Imports 

The shadow price for crude petroleum varies between .7 
and 1.2 depending on the price of foreign exchange. The im
port levels depend entirely on the levels of petroleum refining 
production in Greece. By comparison, machinery and unfi
nished transport equipment imports do not vary nearly as 
widely and their shadow prices are stable at about 1.3. 

3. Preferred Solutions and Some Suggestions 
for Economic Policy 

The solutions of Tables 5.11 - 5.14 include some solutions 
which we have called totally unreasonable and many more 
that are not very reasonable ones. We have chosen six pro
grams as the most reasonable versions of the model, and pre
sent these solutions in Tables 5.15-5.17 together with the 
actual solution of the Greek market economy. To simplify 
the situation even more, we have boiled these six solutions 
down into one solution by taking the arithmetical mean of 
the activity levels. We do not mean to infer that the optimal 
solution under uncertainty can be obtained as simply as this. 
We do not mean to infer that the arithmetical mean of the 
various optimal solutions is an optimal solution also. Not 
only is this not likely to be an optimal solution by any crite
rion, but also it may not even be a feasible solution ! We 
mean only to use the average of the preferred solutions as a 
single measure for comparing the typical preferred program
ming solution with the actual activity levels observed in the 
Greek economy in 1961. 
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Tables 5.15-5.17 show very clearly that the model seems 
to indicate that Greece should have developed considerably 
more rapidly than the achieved growth rate of 6 per cent 
per annum. The model says that 20 to 25 per cent higher 
income or final demand levels could have been achieved. 
The extent to which the overall economic goals could have 
been improved on is undoubtedly overestimated due to errors 
in omission, specification and under-estimation, or even dis
regard of some of the forces constraining development. What 
is probably a more fair and important comparison is a sector 
by sector comparison in order to determine the deviations in 
the structure of the Greek market economy in 1961 from 
the structure that would be optimal according to the model. 

It must be realized that this choice of the preferred solu
tions was entirely subjective and therefore has introduced a very 
possible source of bias in our conclusions. With this warning, 
let us proceed with some generalizations about the compari
sons of the average of the preferred model solutions with the 
actual market solution. 

a. More Import Substitution in General 

The solutions shown in Tables 5.15-5.17 show very de
cisively that the economic development programmed for 
Greece should have been much more along the path of im
port substitution than of export expansion. It must be admitt
ed that this conclusion may be due either to the fact that 
our price and quality comparisons are still biased in favor 
of domestic production or to a continuing underestimation 
of the export demand elasticities despite our attempt in Case 
C.3 to compensate for the inevitable downward bias in the 
estimation procedure. There are certain exceptions to the 
general rule of greater import substitution and widely diverg
ing degrees of it can be observed in the particular sectors. 
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b. Sectoral Deviations from the General Pattern 

1. The most dramatic expansions of production would 
seem desirable in agriculture, manufacturing, chemicals, 
transport equipment, construction, electricity, and education. 

2. On the other hand, it would seem that domestic pro
duction of metallurgy should be considerably below the actual 
1961 values. 

3. Imports should not have been reduced (absolutely) in 
tobacco, metallurgy, construction materials, electricity, pe
troleum refining, services, or tourism. 

c. Shadow Prices 

The average of the shadow prices of the six preferred pro
grams (Table 5.19) reveals that, according to the model, fo
reign exchange, non-competitive imports, services, and elec
tricity are seriously undervalued by the market; while labor 
(both skilled and unskilled), agricultural products, tobacco, 
construction, and tourism are overvalued by market prices 
in varying degrees. 

D. The Uses of Shadow Prices 

Two facts severely limit the use of the primal solutions 
for future planning. First, since this program was assigned 
specifically for the 1954- 1961 period, the results might be 
affected severely by conditions in the period subsequent to 
1961 or by longterm considerations. Second, as reported 
above, the primal solutions have generally been found to be 
so sensitive to changes in the model that rather significant 
changes in the results could be expected from measurement 
errors of modest size in certain key coefficients. 

These limitations do not apply to the dual solutions to 
anywhere near the same degree that they apply to the primal 
solutions. This implies that we may have considerably greater 
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confidence in using the shadow prices for evaluating pro
ject alternatives than in using the primal solutions to prescri
be investment planning. Let us see some of the ways the sha
dow prices might be used. 

First, the shadow prices can be used to determine what 
other activities might be undertaken without a substantial 
welfare loss. The LP90 computer program calculates the wel
fare loss that would be involved if one introduced any non-
basis variable at unitary level. For example, in the DO.D/J 
computations in program 64, activity TXP 36 could be in
troduced at unitary level with a welfare loss of only 0.053. 
This non-basis activity is said to yield a negative profit of 
.053. (All basis variables have zero profit levels). The profit 
or loss of any activity can always be found by multiplying 
each of its input or output coefficients by the appropriate 
shadow price of that commodity or resource. (See Example 
on page 97 above). 

Second, shadow prices can be used to choose between alter
native investment projects — whether they be different techni
ques of producing the same product or different projects 
altogether. Table 5.20 provides an example of how two engi
neering projects can be compared and their respective pro
fitability in social cost terms. 

Finally, shadow prices might be useful in steering consump
tion from products of high shadow prices to those with low 
shadow prices. Direction of government consumption might 
well be a legitimate policy instrument, but direction of pri
vate consumption would undoubtedly be considerably less 
legitimate and less feasible in the political sense. 

E. Uses of the Inverse 

We have not presented the inverse of any solution due to 
its unwieldy size. Nevertheless, the inverse could be of con-
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siderable use. The elements of the inverse indicate how the 
activity levels should be adjusted if the constraints were to be 
relaxed or tightened by one unit. For example, the elements 
of column FE023 in the inverse of Program 64 indicate what 
should be done if the foreign exchange constraints were re
laxed by one unit: final demand should be increased by 3.34 
units, construction materials' production by .09 units, em
ployment by 1.57, petroleum refining by .09 units, agricultu
ral imports by .12 units, manufacturing production should be 
lowered by .11 units, etc. 

The inverse, therefore, contains a wealth of information 
concerning alternative but consistent programs near that of 
the optimal solution. It shows the welfare gain or loss in
volved in any deviation away from the original restrictions 
and, at the same time, prescribes the changes in the various 
activities that would be required in order to maximize this 
welfare gain (or minimize the loss). It shows which constraints 
make the most difference not only to the welfare obtainable 
but also to the other activities. The effects of extremely small 
changes in individual coefficients could also be derived in the 
same manner, since any change in a single coefficient — say 
a change of .001 in the chemical input in agricultural pro
duction — is equivalent to a change in the right-hand side 
of .001 multiplied by the level of agricultural production. 

However, for substantial changes in the tightness of the 
constraints, the basis would be likely to change and thus a 
new inverse would have to be calculated. Sandee1 has suggest
ed a more general way of determining small changes in the 
coefficient matrix M that is derived from well-known pro
perties of matrices: 

(M + Δ M)- 1 « M-1 — Μ-1 Δ MM- 1 

1. Jan Sandee, «Features of Sectored Development Models», Nether
lands Central Planning Bureau, 1960, mimeo. 
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F. Areas for Further Improvement and Experimentation 

If the experimentation with the model described in sections 
A - G above has done nothing else, it has convinced the au
thor and probably the reader that there is plenty of room for 
improvement and refinement. Eventually, experimentation 
might run into diminishing returns, but at this stage of the 
game increasing returns would still be likely. The following 
list will call attention to some of the more promising areas 
for improvement within which future work on the subject 
might be concentrated. 

1. Further subclassification of sectors 1, 6, and 14 which, 
at present, are far too highly aggregated to provide meaning
ful generalizations. 

2. Introduction of alternative ways of increasing agri
cultural production via increased use of fertilizers (chemical 
inputs) in the step functions for agricultural production. 

3. Further specification of subsectors or products that could 
best be treated as non-competitive imports, such as coffee, 
tea, and spices in the agricultural sector. 

4. Reexamination and estimation of the incremental ca
pital-output coefficients which generally seem very low in 
comparison with similar estimates from other countries. 

5. Separation of the present input coefficients into an im
port component and a domestic component based on the 
actual percentages supplied by these alternative sources in 
Greece in 1961. 

6. Further refinement and proliferation of export and im
port variables to express the degree of processing that parti
cular subsectors need relative to the average for the sector. 
Products, like wine, that are for export use must generally 
be of higher than average quality and refining, but exports 
of ginned cotton may require much less processing than 
the average textile product for the domestic market. The 
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model in its present form fails to consider these differences. 
7. Estimation of the advantages to be derived from price 

discrimination in export markets and the ability of Greece 
to discriminate among the buyers of the exports. 

8. Revision of the Kj and the b·^ coefficients via the itera
tive procedure described in Chapter IV to take account of 
the different rates of growth prescribed for each sector. 

9. More careful comparison of the cost in terms of existing 
market prices of imports vis-à-vis domestic production for 
comparable products in each sector. 

10. Experimentation with changes in production coeffi
cients to determine the effects of estimation errors or of using 
borrowed or new technology on welfare and resource allo
cation. 

11. Comparison of the results from the present step-wise 
approximations to linear and non-linear relations with the 
results of a non-linear programming formulation such as that 
Dr. Vietorisz is now working on at the New School for So
cial Research. 

12. Introduction of economies of scale in certain sectors 
via integer programming techniques. 

13. Further consideration of the effects of uncertainty on 
the optimal solutions by introduction of probabilistic consi
derations and the technique of stochastic programming. 

14. Introduction of more time periods in an effort to make 
the model more dynamic and introduce more short-term and 
long-term considerations simultaneously. 

15. Experimentation with alternative trade patterns with 
the communist countries (at present considered given). 

16. Inclusion of the effects of on-the-job training as well 
as the formal training derived from education. 

In addition to these areas for improvement in the program
ming model, more attention could profitably be devoted to 
policy considerations by combining the programming appro-
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ach with an econometric model which would predict the 
effects of different policy instruments, and to determination 
of the political feasibility of implementing the policy impli
cations of the model. 

Finally, one might wish to investigate the effects of changes 
in the institutional framework which may be brought about 
by the political process democratically. For example, what 
would be the effect on the optimal solutions of minimum wage 
legislation, more egalitarian income distribution, more pu
blic housing of a modest variety as opposed to luxury private 
housing. (Note that changes of these types would have pre
dictable effects on coefficients of the model, e.g., as would 
income distribution in the savings and consumption coeffi
cients) . 
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CHAPTER VI 

TESTING THE MODEL 

Now that we have seen what the model tells us about Greek 
economic development in the 1954 - 1961 period, we must 
test the model in order to determine how much confidence 
we can have in its conclusions — some of which may be 
very valuable in planning economic development. 

A. The Informal Test: Are the Results Reasonable? 

That none of the findings of Chapter V are very surprising, 
in itself, seems to demonstrate that the model cannot really 
be too bad. In fact, industry by industry, we have shown that 
elementary economic analysis confirms the findings of the 
model. What many people, including a number of prominent 
economists,1 have felt to be the greatest weaknesses in the 
Greek economy have largely been substantiated by our mo
del. For example, for some time it has been no secret that 
education and agriculture have been tremendously neglected, 
and in 1963 and 1964 steps were undertaken by the govern
ment to redress this neglect. A number of people have sus
pected that Greece's comparative advantage lies in agri
culture, metal products, chemicals, and transport equipment, 
and not in the very capital intensive manufacturing sectors 
like metallurgy or petroleum refining. 

1. See, for example, the various publications of the Center of Economic 
Research. 
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Furthermore, it is in those areas where the Greek economy 
has overshot that the most glaring examples of resource mis-
allocation by the Greek «market» economy can be found. 
Take the somewhat tragic cases of the two largest individual 
projects in the metallurgy sector — the alumina-aluminum 
complex and the recently converted steel mill. The alumina-
aluminum complex is presently being built by French pri
vate capital only because the investors have obtained a con
tract which guarantees that sufficient electricity will be de
livered at a price that will evidently be a small fraction of 
the usual industrial rate charged to large consumers. The 
wisdom of this contract is even more dubious when one con
siders just how electricity-intensive the aluminum industry 
is, and also how severely the present subsidized price of 
electricity underestimates the social opportunity cost of 
electricity. Another case in point is the new steel mill. Built 
in 1963, it had been operating only one day when its mana
gement complained that it was faced with «unfair imports», 
and asked that the government invoke the «anti-dumping» 
provision to block all imports of steel. One year later, this 
vast capital investment is completely idle — again waiting 
for Government intervention.1 

B. Formal Testing of Hypotheses 

As we have promised in Chapter I above, we propose to 
subject the model and its solutions to a more formal and 
quantitative type of test. In Chapter V we have compared 
an average of the «preferred» solutions of the model with the 
actual development of the Greek economy during the same 

1. By the way, this popular refrain «let's wait until the Government 
decides» is all too common in Greece today. 
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1954 - 1961 period. In making these quantitative compari
sons we have used three different bases : ( 1 ) comparison of the 
absolute levels of domestic production; (2) comparison of the 
proportions of total supply furnished by domestic production ; 
(3) comparison of shadow prices of the linear programming 
solutions with actual market prices. 

These three sets of ratios are to be used as dependent va
riables whose variation will be explained in turn by repre
sentatives of four alternative sets of hypotheses — the inde
pendent variables. These ratios will hereafter be referred to 
as dependent variables =§=1,=§=2, and =§=4. One more variable 
is composed of ratios of 1961 optimal production levels to 
actual 1954 levels. This series is referred to as =Jf=3 but is not 
used for testing purposes in the same way as =j)=l, =jj=2, and =$=4 
are. 

We will in turn test the usefulness of four different sets 
of hypotheses in explaining the deviations of the «optimal» 
activity levels from the «actual» ones. These alternate sets of 
hypotheses are: (1) errors in data, (2) inefficiencies and im
perfections of the market, (3) deficiencies in the model and, 
(4) governmental interference. 

1. First Alternative Set of Hypotheses : Errors in Data 

Although it is altogether possible that errors in the data 
could explain the pattern of the optimal-actual ratios, at this 
point we can derive measures neither of the likelihood of 
error, nor of the size of the expected error, nor of its conse
quences. Errors in the data could affect the coefficients and 
solutions in a tremendous variety of ways. Perhaps the clo
sest we could come to such a measure would be to rank the 
sectors by the sensitivity of their optimal production levels 
to changes in the model which have not been made uniform
ly or individually, but rather only according to very sweeping 

127 



changes in assumptions affecting a large number of coeffi
cients at the same time. 

However, even that kind of procedure would be extremely 
crude. A more thorough investigation of the effect of errors 
in the data would require information regarding the stan
dard errors of estimate, the sources of the data, the methods 
of calculation and, in the case of samples, the sample size, 
the mean of the sample, and the standard deviation. Our 
theoretical knowledge of stochastic processes is scanty; but 
even more important, most of the data used in this model 
was derived from sources which did not state either their 
sources or methodology clearly — sometimes not at all. All 
we can say then is that we know most of the model's coeffi
cients may be subject to substantial error; but which ones 
would be more than others, and which sectors and activities 
would be most affected, we cannot as yet say.1 

2. Second Alternative Set of Hypotheses: Inefficiency and 
Imperfections of the Market 

The second set of hypotheses that would explain the va
riation among the optimal-actual ratios concerns the market 
mechanism and the inefficiency and imperfections in it. No 
one would deny that there are obvious manifestations of a 
misallocation of resources — widespread unemployment, lop
sided deficits in the balance of commodity trade, and obvious 
departures from conditions under which a free market can 
guarantee an optimal allocation of resources (i.e., extremely 
limited information concerning various markets and invest
ment opportunities, use of backward production techniques, 
and imperfectly competitive conditions in product and fac-

1. Further investigation along these lines is intended in the near 
future. 
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tor markets, to name a few). The crucial question, however, 
is: do these imperfections and inefficiencies explain the va
riations in the optimal-actual ratios? 

In trying to obtain measures for various hypotheses of 
market imperfection, we have encountered three types of 
difficulties: (1) difficulties of quantifying the hypotheses, (2) 
difficulties in testing the reliability of the measures and, (3) 
difficulties in predicting the consequences of these hypotheses. 
Each kind of difficulty can be blamed to some extent on the 
lack of attention that has been given to measuring the wel
fare loss due to the imperfections in the market. Perhaps 
this investigation will do something to stimulate research in 
this badly neglected field. 

a. Hypothesis of Monopoly Power 

More attention has been devoted to measuring and con
trolling departures from perfect competition than to any 
other hypothesis of market imperfection ; and yet very little 
econometric work has been done. In the absence of increasing 
returns to scale, one would expect that monopoly power in 
an industry would permit the firm(s) to set prices above the 
marginal cost of the last unit produced and to produce at 
levels below those at which they would produce under more 
competitive conditions. 

Measurement of monopoly power is impeded by the vir
tual impossibility of ascertaining sellers' demand and supply 
curves. The alternative measures are all rather primitive in 
nature. The most commonly used measures historically have 
been concentration ratios, long-term rates of return, and 
price stability. 

Price stability as a measure of monopoly or oligopoly 
power could not be used for want of adequate price data. 
Concentration ratios were rejected, not only because infor
mation about concentration was not available for sufficiently 
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narrowly defined industries, but also because monopolistic 
tendencies have not usually been associated with concentra
tion in Greece. In fact, it has usually been to the advantage 
of the large monopolies to keep many smaller firms in the 
industry — if only by the skin of their teeth — for the poli
tical pressure the small operators may be able to mobilize 
in defense of high tariffs and other forms of protection.1 A 
final criticism of the concentration ratios approach (and a 
criticism which would apply to a number of other measures 
of monopoly as well) is that what may be a good measure 
of bigness may not be a satisfactory measure of the use of 
monopoly power (as American legal experience has shown). 

Rates of return provide another measure of monopoly pow
er — one that has been used quite successfully in the past.2 

Although no completely satisfactory or reliable measures of 
long-term rates of return could be found, we have made 
three separate attempts at measuring short or medium term 
rates of return as are shown in Tables 6.01 - 6.03. We have 
averaged the three observations for each sector and then 
ranked the sectors from one to ten, the latter representing 
the most profitable sector. In Table 6.24 the results of the 
ranking can be seen. I t is quite doubtful that the averaged 
ranking reflects entirely the differences in long run rates of 
return as opposed to those temporary or short run differences 
in the rate of return justified in order to attract capital and 
other resources. We note that there is a positive correlation 
of .569 between these rates of return and growth over the 
period. This would suggest that the measure may reflect the 

1. Howard Ellis, Diomedes Psilos, C. Nicolaou, Richard Westebbe, 
Industrial Capital in Greek Development, Athens, Center of Economic Re
search, 1964. 

2. Arnold C. Harberger, «Monopoly and Resource Allocation», Ameri
can Economic Review, Vol. XLIV, No. 2, May, 1954, pp. 77 -87. 
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temporary rate of return more than the long run rate of re

turn. 

I n another altogether different attempt to measure mono

poly power, we have tried to implement the measure suggest

ed by Lerner 1 and Kalecki2 (μ = — •, where μ = the 

measure of monopoly power, ρ = price, and m = marginal 

cost) by measuring the degree of exploitation of labor in 

terms of the deviation of the actual labor share (w) from its 

theoretical share (Bx) on the basis of marginal productivity 

theory. It must be recalled that in perfect competition and 

under constant returns to scale, each factor should receive 

its marginal product, i.e., Bx = w. The measure of exploi

tation (μ) therefore becomes μ = —^—, where Bx is the 

elasticity of output with respect to labor from Cobb — Doug

las functions and w is the actual wage component in value 

added. I n the case of increasing returns or decreasing re

turns to scale, the factors might receive less or more than 

their marginal product and, therefore, the measure of mo

nopoly power (exploitation of labor) becomes 

μ = - — τ ~ ^ η s where B2 is the elasticity of output with 

respect to capital. 

These measures are derived in Table 6.05 from Cobb-

Douglas functions studied by Kokkova.3 Columns five and 

1. Abba Lerner, «The Concept of Monopoly and the Measure of 
Monopoly Power», Review of Economic Studies, June, 1934. 

2. Michael Kalecki, «The Distribution of National Income», Chapter 
11 in Readings in the Theory of Income Distribution, Fellner and Haley, eds., 
London, George Allen and Unwin, Ltd., 1950. 

3. Anna Koutsoyanni-Kokkova, Production Functions in Greek Manu
facturing (written in Greek), Athens, Center of Economic Research, Oct., 
1963, Table 3, p. 39 and Table 5, p. 42, and also unpublished results 
presented in Table 6.06. 
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six of Table 6.05 are calculated on the basis of functions of 

the form X = B 0 Ι Α KB · which allow for increasing and de

creasing returns to scale. Columns four and seven are cal

culated on the basis of Cobb-Douglas functions restricted so 

that B2 = 1—Bl5 thereby assuming constant returns to scale. 

Note that the B2's are generally very small in comparison 

with similar studies for other countries. This probably is due 

to overcapacity existing in the particular year studied (1960) 

and could be taken into account by using our measures of 

over-capacity by sector shown in Table 6.23. 

Note that this measure of monopoly power does not cor

respond with the rate of return measurement as indicated 

by the negative correlation coefficient of .255 between the 

exploitation and rate of return measures. 

b. Backwardness 

Another hypothesis considered is that the sectors have 

failed to expand to their optimal levels because the firms in 

the sectors are managed by old, under-educated managers 

and use antiquated techniques. Measures of backwardness, 

or rather its inverse «modernity», shown in Tables 6.07 and 6.08 

are derived from information about accounting procedures 

and the background of Greek industrialists, obtained from 

sample surveys conducted separately by Coutsoumaris1 and 

Alexander,2 respectively. Although the information derived 

from these questionnaires is most interesting, the sample 

sizes are so small (particularly in metallurgy, construction 

materials, and transport equipment) that neither measure 

can be considered reliable. One must also acknowledge that 

the particular factors measured — the kind of accounting, 

1. George Coutsoumaris, for use in The Morphology of Greek Industry, 
Athens, Center of Economic Research, 1963. 

2. Alec Alexander, for use in The Socio-Economie Origins of the Greek 
Industrialist, Athens, Center of Economic Research, forthcoming. 
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the age of the industrialist, etc. — provide, at best, only very 
circumstantial evidence of the degree of backwardness pre
vailing in a sector. These measures are used only because no 
better measures could be found, and because backwardness 
would seem to be an important consideration which varies 
from sector to sector. 

c. Inertia 

Perhaps the market economy has been moving along in 
the right direction but too slowly. Often market adjustments 
come only painfully slowly and thus provide an excuse for 
planning. Inertia is tested by regressing the ratios of optimal 
production 1961 to actual production 1961, on the ratios 
of actual production 1961 to actual production 1954. This 
latter set of ratios is presented in Table 6.09. 

d. Price Discrimination in the Markets for Greece's Scarce 
Resources 

Price discrimination in the markets for Greece's scarce 
resources would penalize those industries which were requi
red to pay higher prices for the resources and would favor 
those industries paying lower prices. The two most important 
areas in which price discrimination has been evident are the 
capital market (the cost of credit) and the power market 
(the cost of electricity). The high shadow prices for these 
resources obtained in Table 5.11 indicate that both of these 
resources would seem to be substantially undervalued by 
market prices. In both markets, the average price paid 
by different sectors has varied. To some extent the diffe
rence in prices may be justified by genuine cost differences; 
but this possibility is impossible to test without the benefit of 
complete cost information (which is not available). 

Two independent attempts are made to estimate the cost 
of capital. First, in Table 6.10, the cost of borrowed capital 
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is taken directly from a small sample questionnaire. Second, 
in Table 6.11, we have attempted to measure the practical 
cost of capital coming from both internal and external sour
ces indirectly from the sources of funds and the assumed 
cost of capital from each source. The institution of the Cur
rency Committee and the oligopolistic character of the Greek 
banking industry (which managed to defeat an application 
by the Chase Manhattan Bank for permission to open a bank 
in Greece) would support the suspicion that the banking 
system has allocated credit among the various sectors and 
varied its prices in a somewhat less than optimal way. One 
must bear in mind that if the banking interests decide not 
to provide credit to a firm at the prevailing favorable interest 
rate of 8 per cent per annum, the firm has to resort to the 
informal «free market» where interest rates ranging from 20 
to 50 per cent per annum are customary. Of course, differen
ces in the practical interest rate may reflect only genuine 
risk differences. Unfortunately, we were not able to devise 
even a crude test of this hypothesis. The two independent 
measures are averaged to form the ranking shown in Table 
6.24. 

In the power field it is a public monopoly — the Public 
Power Corporation — which discriminates among its va
rious customers. The rate schedule in effect during the latter 
part of the period 1954 - 1961 is shown in Table 6.13. The 
special bargain rate offered by contract to the new alumi
num plant is not included in Table 6.13 but is allowed for 
in the adjustment for the metallurgy sector shown in Table 
6.24. 

Another most important factor of production, whose price 
varies from industry to industry, is labor. However, to the 
extent labor costs do vary between sectors, they would seem 
to vary more according to skill and geographic location than 
by industry or type of labor union (the organization of which 
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has been generally very weak). Thus, there would seem to 
be no merit in calculating the cost of labor by industry, nor 
in testing it as an allocating mechanism that might explain 
the difference between the «optimal» and the «actual». This 
does not mean that the existence of a positive wage rate in 
the face of unemployment is not, in and of itself, an explanation 
for misallocation of resources by the Greek market. However, 
it would not explain sectoral deviations from the optimal 
pattern. 

e. Overcapacity 

Perhaps resources have been properly allocated by the 
market after all, and it is only particular conditions existing 
in 1961 which are responsible for generally falling short of 
the optimal production levels in 1961. In order to test this 
hypothesis, we have worked out the average percentage of 
physical capacity utilized from a small sample survey as 
shown in Table 6.23. However, it is likely that the percentage 
of physical capacity utilized should and would vary from 
sector to sector on technological and economic considerations. 
Perhaps these figures only represent these tendencies. The 
measure might have been improved had we deflated these 
figures with normal capacity levels aimed at in Greece or 
in other countries. In that case we might have had more 
confidence that the measure represented short run deviations 
instead of technological and economic considerations of the 
long run. 

f. Other Hypotheses 

A number of other hypotheses were considered but were 
later dropped either for want of a suitable measure, or due 
to difficulty in predicting the effect of the variable. Lack of 
information; the domination of small inefficient producers 
where economies of scale could be possible ; shortsightedness 
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of investors; the extent to which firms internalize selling, 
transport, and other costs which could be provided more 
inexpensively and efficiently externally; and finally, the im
pact of social institutions like the dowry1 were among the 
hypotheses for explaining market misallocation, but were 
dropped for want of satisfactory measures. 

3. Third Alternative Set of Hypotheses: Deficiencies of the 
Model 

The third and perhaps most important set of hypotheses 
that would explain the variation in the optimal-actual ratios 
is that the model and its prescriptions are at fault. However, 
measuring the probable direction of bias in the model is not 
easy. The most likely source of error in the model is that the 
estimates of the coefficients are not the true coefficients. 
However (as we have remarked above in connection with 
errors in the data), we have at present no way of determining 
the direction of bias that incorrect coefficients or specification 
errors would introduce. The same difficulty applies to the 
hypothesis that even if the coefficients are correctly specified 
and estimated, the model oversimplifies the relationships 
which may be non-linear instead of proportional, and are 
continuous instead of steps. The only form of limitations of 
the model that we can presently measure is the relative im
portance of considerations such as land and geographical 
considerations, which have been excluded by the model. 
Those considerations which can be quantified and differentia-
ed in importance from sector to sector would have been in
cluded in the model in the first place had we thought they 
were important; however, since we might have been wrong, 

1. The most convenient and acceptable form of dowry is housing 
(most often an upper income apartment in Athens). This may explain 
the fact that the product mix of the services sector is abnormally skewed 
toward the highly capital intensive housing subsector. 
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we have employed a few of these factors in testing the hy
pothesis that the model might be deficient. 

a. Land Requirements 

Land has been excluded as a factor of production on the 
grounds that : (1) land cannot be produced (land can only 
be transferred) ; (2) substitution is possible so that land re
quirements are really very flexible, fluctuating with the price 
of land and; (3) to the extent that land requirements are 
fixed, they are much too complex to be represented by a 
single coefficient — rather, they involve needs for various 
qualities of land, kinds of locations, and types of facilities for 
which an entire regional science type study would be requir
ed. Direct investments in land as percentages of total invest
ments in each sector are presented in Table 6.14. Whether 
these direct requirements are representative of total require
ments and whether they are really requirements at all1 is 
very doubtful, but as yet they remain untested. 

b. Forward Linkages 

Hirschman2 has found two terms useful in analyzing the 
interdependencies so important in economic development — 
«backward» and «forward» linkages. «Backward» linkages 
derive from changes in demanding industries that affect the 
industries which supply these industries. «Forward» linkages 
emanate in the other direction — from the supplying industri
es to the consuming industries. Hirschman feels that, of the 
two, backward linkages are likely to be stronger and more 
important than forward linkages. Backward linkages, of 
course, have been included in the model through the input 

1. Often firms invest in land for security reasons or in an effort to 
provide excellent collateral for anticipated borrowing from banks. 

2. Albert O. Hirschman, The Strategy of Economic Development, New 
Haven, Yale University Press, 1958. 
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coefficients of various kinds, but the forward linkages have 
not been represented. We have therefore measured forward 
linkage in the same way that Hirschman has suggested — 
using the percentage of interindustry sales to total sales. Se
parate estimates of these percentages are taken from the 
1954 input-output table and the updated 1961 version of it, 
and an average of the two has been chosen in Table 6.15. 

We must report that we have heard a version of the Hirs
chman theory of forward linkages used in defense of public 
investment in, or subsidies for, basic metallurgy and basic 
chemicals. In reference to the subsidy in the form of cheap 
electricity to the capital intensive labor extensive alumina-
aluminum complex, the argument goes that even should 
this investment be uneconomic in itself, it would be econo
mic in the overall sense because of the influence it would 
wield in calling forth aluminum shaping and aluminum pro
ducts industries. These latter activities (in contrast to basic 
aluminum) are labor intensive and capital extensive, and 
thus are economic for Greece. However, although we acknow
ledge the value of forward linkages and the usefulness of in
dustrial complex analysis for handling interdependencies of 
this kind, we do not see how production of aluminum pro
ducts would be elicited by simply using high-cost domestic 
raw materials instead of imported ones. 

c. Geographical Dispersion — Regional Development 

In limiting our welfare considerations to income, employ
ment, final demand maximization, and the minimization of 
the use of foreign exchange and capital, we have completely 
ignored one stated goal — to avoid the excesses of concentra
tion of production in the Athens area by stimulating regional 
development. It is even conceivable that the deviations of 
the optimal from the actual might be explained by the ten
dency of certain industries to locate in the countryside in-
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stead of in the urban centers. If so, it would seem that the 
likely advantage of the model's solution over that of the 
market economy would be lessened if not overcome—just 
because the model had overlooked this important welfare 
consideration. 

In Table 6.16 we have computed the average proportion 
of gross production that is located outside of greater Athens. 
According to the classification employed by the National 
Statistical Service of Greece, «outside of Athens» in this ta
ble unfortunately includes the popular industrial location in 
Elevsis —just outside of the Athens city limits. Furthermore, 
one may question whether this method, which is based on 
the status quo, really represents economically justified lo
cation requirements or simply the prevailing habits and une-
nomic locations decided on in the past. 

d. Need to Extend Credit to Customers 

Another requirement that has been overlooked by the mo
del is the requirement for extending credit to one's customers. 
In table 6.17 we have derived a measure of these require
ments by industry as they existed in December 1957. There is 
no way of telling whether or not the situation existing at 
that time is typical of the entire period. Furthermore, there is 
considerable doubt that the resulting ratios of credit extended 
to gross production should be interpreted as hard and fast 
requirements. Alternatively, they could be interpreted as a 
measure of financial power {i.e., the ability to extend credit) 
or as a measure of the misuse of funds and energy in the 
selling field — more preferably left to wholesalers and re
tailers.1 

More important considerations overlooked by the model 

1. See George Coutsoumaris, The Morphology of Greek Industry, Athens, 
Center of Economic Research, 1963. 
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are probably those for which no information is available — 
productivity changes, movement of relative prices and wage 
rates, and price and quality comparisons between domestic 
and imported goods. Furthermore, the most glaring faults in 
the model may have come from specification and estimation 
errors for which we are presently unable to test. 

4. Fourth Alternative Set of Hypotheses: Interference by 
the Government 

The influence of the government can be felt through the 
many instruments of public policy which the government has 
at its disposal. I t would certainly be hard to believe that 
all of these policies — tax policy, public investment, public 
spending, tariff policy, investment licensing, price and profit 
controls — are in any sense perfect. There is also no doubt 
that these policies have had a considerable effect in allocating 
Greece's economic resources. In the paragraphs which follow, 
we shall try to measure the extent to which some of these 
policies have effected a misallocation of resources — as evi
denced by the difference between the «optimal» and the «ac
tual». 

a. Direct Government Participation 

The most direct influence of government can be found in 
the public investment program and in the subsidies offered-
in the form of cash or supply donations or refunds on cu
stoms duties and other taxes — to domestic organizations. 
The percentage of government investment to total invest
ment in each sector is shown in Table 6.18 and is averaged 
with the subsidy rate (direct and indirect subsidies as a per
centage of gross production) from Table 6.19 to obtain the 
ranking of direct government participation in Table 6.24. 
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b. Investment Licensing 

Greece practices investment licensing both on foreign ca
pital and on domestic capital, both for new investments and 
for extensions of existing ones. Licenses for foreign capital 
are handled by the Ministry of Coordination, while licensing 
of domestic capital is handled by the Ministry of Industry ; 
although in some instances other ministries, such as the Mi
nistry of Agriculture or of Commerce, may be called in for 
their advice. 

In regard to foreign capital imports, there are no exceptions 
to the license requirement; but for domestic capital, signi
ficant exceptions are granted for handicraft and small scale 
industries, particularly those located outside the province of 
Attica. In these cases, licenses are not required. We have 
attempted to obtain information regarding both cases from 
the licenses issued and from those denied by industrial sector. 
For foreign capital, our information is quite complete and 
is shown in Table 6.20. In the case of domestic capital, the 
information collected to date pertains only to the year 1956 
(see Table 6.21), and it is impossible to judge whether or not 
this year is representative of the whole period. Further re
search on other years is being carried out by C. Nicolaou of 
the Center of Economic Research. 

The value of information of this kind is reduced by the 
fact that one is not able to distinguish between a dropout and 
a rejection; nor is one able to estimate in any way how many 
potential investors have been discouraged by the mere ne
cessity of obtaining a licence. (There is a monetary cost in
volved both in obtaining the license and in making the appli
cation for it; there is also a price to pay in terms of time and 
frustration for the licensing operation to be completed at the 
traditional pace of Greek bureaucracy. One is therefore 
not likely to embark on the process of obtaining the licence 
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unless one has obtained a certain amount of assurance of 
success in advance). 

c. Indirect Taxes 

In view of the relative importance of indirect taxes in 
Greece (about 80 per cent of the total revenues come from 
indirect taxes), the distribution of the indirect tax burden 
by sector between imports and domestic production must 
certainly be one of the most important factors in allocating 
economic resources in Greece. The existing tax structure is 
such a complicated patchwork1 that it would be an imposs
ible task to aggregate tax rates on individual items on the 
basis of the legal tax rates. One needs a weighting system. 
The only available alternative is to use the «practical» or 
«implicit» tax rates derived, in the case of imports, by divid
ing the duties and other taxes actually collected on imported 
goods of each sector by total imports of the sector ; similarly, 
in the case of domestic production, by dividing total indirect 
taxes actually collected on domestically produced goods in 
each sector by total domestic production of the sector. The 
results are shown in Table 6.22. These «implied» or «appa
rent» tax rates greatly misrepresent the legal tax rates for 
imports of investment goods such as machinery, metallurgy, 
and transport equipment due to the large amount of exemp
tions granted. Furthermore, the comparability of the «practi
cal» rate on imports with that of domestic production is se
verely limited by the lack of comparability between the goods 
that are imported and those that are domestically produced 
in any sector under our very broad sectoral classification 
system. 

In addition to these formidable measurement problems, the 

1. See Ralph Turvey and George Break, Greek Fiscal Structure and 
Fiscal Policy for Development, Athens, Center of Economic Research, 1964. 
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effects of the indirect tax system are bound to be complicated 
by a simultaneous mixture of effects which will make it diffi
cult to discern any one particular effect. To the extent that 
the import duty rate is a function of monopoly power, one 
would not expect domestic production to be favorably affect
ed by the protective tariffs. However, in other cases, the so-
called «infant industry» argument may be validated. In any 
case, the precise calculation of the effects of these tax rates 
depends on price elasticities of demand and supply which 
are not presently available. 

d. Government Planning 

As reported in Chapter I I , government planning has not 
gone beyond the forecasting stage. In fact, most of the criti
cism that has been heaped on the first five year plan and the 
preliminary version of the ten year plan has been that the 
«plans» have not been plans at all; i.e., they have not provided 
for implementation which would see to it that the forecasts 
(plans) are fulfilled (which they have not been). Neverthe
less, it is possible that the documents themselves, and the res
ponsible government officials as well, might have been so 
successful in setting down the framework for development 
that people have accepted the forecast and acted accordingly. 
Therefore, we have derived an index of production as fore
casted for each sector in the ten year plan for 1960 - 1970. 
The indices are shown in Table 6.09. 

D. Results of the Tests 

All of the measures of the various hypotheses discussed abo
ve are presented in Table 6.24 in the exact form employed in 
tests. 

For very few hypotheses did we have measures in the tour-
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ism, education, and construction sectors. In many cases, we 
were also without measures for mining, electricity, and pe
troleum refining. To simplify the computational problem and 
to avoid using the very poorest observations, we omitted from 
our regressions all observations in the above sectors. This li
mited the number of observations in each regression to nine. 
One hardly need mention that with only nine observations 
the results cannot be taken very seriously. 

The fifteen independent variables (hypotheses) are used, 
one at a time, with each of the three different measures of 
the optimal-actual ratios (the dependent variables). The re
sults are shown in Table 6.25. The same independent va
riables are used in combinations of three to determine the 
dependent variable in Table 6.26. 

In order to show the relative success and failure of each 
variable, we have made a scoreboard of the results for each 
hypothesis which is shown in Table 6.27. The scoreboard de
monstrates that at least one hypothesis out of each of the 
three measurable sets of hypotheses seems to be validated. 
However, in the case of market inefficiency and imperfection 
four different hypotheses work ; whereas in each of the other 
measurable hypotheses only one hypothesis works as it is 
supposed to. Moreover, the government interference hypothe
sis is subject to ambiguous interpretation and the author 
finds himself unconvinced by the forward linkage argument. 
[Even the number one advocate of the importance of for
ward linkage (Professor Hirschman) ranks it far behind back
ward linkage in importance]. 

The author does not wish to hint that quantity is all that 
is important. In that case we would certainly have to concede 
that the market imperfection hypothesis had a head start in 
that twice as many hypotheses were proposed as in either of 
the other sets of hypotheses. However, inasmuch as the in
formal type of testing seems to corroborate the results, we 
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may not be overstepping our bounds too much to say that 
the model seems to work well enough; and enough imper
fection exists in the Greek economy to suggest that planning 
on the basis of the model should lead to an improvement over 
the present planning procedure and pattern of resource allo
cation. 

The validity of the results of the formal testing procedure 
is limited by the following difficulties (most of which have been 
mentioned before) : almost all the measures are extremely 
crude — and a small error of measurement might easily affect 
the results tremendously; with only nine observations, con
clusive evidence is virtually impossible ; different accompany
ing variables make considerable changes in the results (some
times even changing the sign of the coefficients) ; interpretat-
tion of the measures and the results is not always clear-cut 
— the same series could sometimes be interpreted in two or 
three different ways; there are no satisfactory measures 
available either for some of the most significant errors in the 
model or for the most glaring imperfections in the market 
economy; the data on which the model is based already re
flect imperfections in competition and government inter
ference, and thus even the programming solutions themselves 
are affected by imperfectly competitive conditions to some 
extent; no tests for auto-correlation among the residuals have 
been run to see whether or not important variables have 
been excluded ; the interdependence of the economic system 
makes so many of these measures dependent on each other 
that theoretically a system of equations would be necessary 
to test the results ; and finally, since a great number of diffe
rent hypotheses seem to explain the variations in the optimal-
actual ratios with considerable success, it is not easy to choose 
between the various hypotheses. 
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Έ. Conclusions 

Having devoted more than two years of research to this 

project, it may be difficult for the author to retain an entirely 

objective viewpoint in regard to the merits of his model; 

nevertheless, he feels that the following generalizations are in 

order : 

1. After a number of revisions, the model appears to have 

produced reasonable solutions — solutions which indicate that 

higher levels of welfare could have been achieved than those 

actually achieved by the market economy. 

2. In respect to the more formal testing procedures employ

ed in Chapter VI, the evidence is neither reliable nor clear-

cut; but once again there seems to be more support for the 

hypotheses of market imperfection and failure than for the 

other hypotheses that were used to explain the differences 

between the model's prescription and the market's achieve

ments. 

3. The model would seem to indicate that comparative ad

vantage is likely to be found in agriculture and in a number 

of manufacturing sectors — textiles, chemicals, and especial

ly metal products and transport equipment. Comparative ad

vantage would not seem to lie in metallurgy despite recent 

investments in that sector. 

4. The model would seem to indicate that in further deve

lopment, Greece should concentrate more on import substi

tution than on development of exports. 

5. The most important areas for improvement in the model 

would seem to be : (a) clarification and further disaggregation 

of sectors 1, 6, and 14; (b) introduction of more time periods; 

(c) obtaining better information in regard to the cost and 

quality differences between imported and domestically pro

duced products; (d) securing more and better engineering 

feasibility studies, especially for longer term programming; 
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(e) more complete and carefully executed sensitivity testing. 
6. Planning on the basis of the model might more properly 

be confined to use of shadow prices, since the primal solutions 
are much more sensitive to changes in assumptions and condi
tions than are the dual prices. 

7. Implementation of the forecasts stated in the official but 
provisional ten year development plan according to the model 
would not seem to be optimal either in degree of development 
to be achieved or in the direction of development. 

8. Greece's scarcest resources would seem to be capital, 
foreign exchange, and power : all of which seem to be sub
stantially undervalued by present market prices. 

9. Regardless of whether or not the reader accepts or re
jects these specific conclusions, the author maintains that this 
kind of project can be useful and feasible for any nation like 
Greece that is confronted with balance of payments problems 
and is small enough for comparative advantage considerations 
to be important. The author also feels it can be a rewarding 
and developing experience for the participants. 

F. A Final Word of Warning 

The reader is warned one final time not to forget the li
miting assumptions underlying the model and its conclusions. 
He should bear in mind the weaknesses of the statistical data 
and the methods by which they have been employed. He 
should be aware of the pitfalls in applying the data, the me
thodology, and the conclusions to any other situation or pur
pose. It is hoped, however, that he will share with the author 
the belief that although the model is still far from good it is 
a step forward toward a practical planning model for the 
Greek economy for a future period. 
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• 

Input-Output Analysis 

Although input-output has its theoretical foundations in 

such widely diverse sources as Quesnay's «Tableau Economi

que», the general equilibrium theory of Walras, and Karl 

Marx's concepts of sectoral disaggregation and technological 

coefficients, it is largely the product of Wassily Leontief. Much 

of the pioneering work in the field continues under his direct

ion at the Harvard Economic Research Project on the Ame

rican Economy. Econometric use of an input-output model 

presupposes the existence of a input-output table — a table 

of coefficients, ay, calculated from statistical interindustry 

flow data where a^ represents the input of commodity i re

quired in order to produce one unit of commodity j . The ori

gin of input costs is read by column ; the destination of out

put flows by rows. 

Input Coefficients Matrix = A Matrix 

Consuming Industry 

H 1 2 η 

a l l a i 2 · · · a l n 
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The classical Leontief input-output model may be defined 
as (I - A) X = Y where (I - A) is the Leontief matrix of coeffi-
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cients in which output has a positive sign and input a nega
tive sign, where X = (X l5 X2, X3, . . . Xn) are the levels of 
production in each industry, and Y is taken to be final de
mand (the exogenous or predetermined elements, most com
monly consumption, exports, investment, and changes in 
stocks).1 The original table need not have the same number 
of rows as columns but, as the Leontief Matrix (I - A) must 
be square in order to obtain a solution, most input-output 
tables are in fact square, that is, m = η. 2 Although input-out
put was developed by Professor Leontief to deal mainly with 
the problems of structural change in mature economies, parti
cularly the United States, it may well be that its prime use 
lies with underdeveloped countries. Among the roughly fifty 
countries which now possess their own input-output tables 
can be found a number of underdeveloped countries including 
Spain, Yugoslavia, Sicily, Poland, Sudan, Algeria, Argentina, 
Colombia, Peru, Ecuador, British Guiana, Antigua, Cyprus, 
Hungary, Finland, India, Mexico, Egypt, Portugal, Norway, 
and Greece.3 

Empirical tests of input-output, taken by comparing the 
forecasts of input-output with forecasts from so-called «naïve» 
models (forecasts on the basis of straightforward multiple re
gression procedures), have not come out very favorably for 
input-output analysis, although the experimental quality of 

1. Non-zero Y vectors are typical of the so-called «open» input-output 
models, whereas «closed» models are characterized by zeros in all elements 
ofY. 

2. The assumptions of input-output analysis are: (a) there are no 
alternative production techniques, i.e., no substitution between inputs 
is possible; (b) there is no joint production; (c) the inputs in each sector 
are linear functions only of the outputs of that sector and ; (d) there are 
no external economies or diseconomies. 

3. Charlotte E. Taskier, Input-Output Bibliography, 1955 - 1960, 
N.Y., Harvard University and United Nations, 1961. 
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the first table in every country is undoubtedly partly responsi
ble for these unfavorable results. Furthermore, as there is rea
son to believe that input-output technique can be most useful 
in analyzing radical and rapid changes in the structure of final 
demand, and since to date these overall tests with alternative 
projection techniques have been applied only to mature coun
tries which are characterized by slow change in the structure 
of final demand (where one would not expect the interindus
try effects to be so important), it is quite possible that tests 
will prove to be more successful in the relatively under
developed countries — that is, except for the very poorest 
countries with per capita income levels below 100 dollars 
a year and where interdependence is so slight that an input-
output table is likely to be of little relevance. 
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Linear Programming 

Although linear programming has a heritage which dates 

back to von Neuman's formulation of game theory,1 and to 

the formulation of the transportation problem by Hitchcock,2 

both of which were pre-World War I I developments, linear 

programming is primarily a wartime and postwar develop

ment. In fact, most of the pioneering work by George Dantzig 

and others at the U.S. Department of the Air Force was 

initiated with the purpose of trying to apply mathematical 

techniques to military planning problems. 

For literature on linear programming, the reader is referred 

to the following two textbooks and to a bibliography which is 

complete, but unfortunately is not up to date: Saul I. Gass, 

Linear Programming, New York, McGraw Hill, 1958, espe

cially Chapter 8, «Parametric Programming»; George B. 

Dantzig, Linear Programming and Extensions, Princeton, Prin

ceton University Press, 1963; Vera Riley and Saul I. Gass, 

Linear Programming and Associated Techniques — A Comprehensive 

Bibliography, Operations Research Office, Baltimore, Johns 

Hopkins Press, 1958. 

Linear programming has had a short but turbulent history. 

1. Which appeared in German as early as 1928 but was not fully pre
sented in English until 1944 with the publication of J . von Neumann and 
Oskar Morgenstern, Theory of Games and Economic Behavior, Princeton, 
Princeton University Press, 1944. 

2. F. L. Hitchcock, «Distribution of a Product from Several Sources 
to Numerous Localities», Journal of Mathematics and Physics, Vol. 20, 1941, 
pp. 224 - 230. 
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It has undergone extreme changes in popularity, from being 
considered a useless, over-sophisticated theory, to being a 
panacea by which people claimed solutions could be obtained 
to virtually any kind of problem, and practically automati
cally at that. Today, linear programming is still held on very 
different levels of esteem by different mathematicians, eco
nomists, and businessmen. Much of the controversy is un
doubtedly due to the fact that practically no attention has 
been devoted to testing empirically either its assumptions or 
its implications.1 

Practical application to date has been most successful at 
the firm level where the technique can be «sold» relatively 
easily by the programmer's ability to convince, or by the re
putation of his consulting firm, and where comparatively com
plete information can be had by the programmer at slight 
cost. Although careful research would be necessary to cal
culate an accurate score of successes and failures of the te
chnique, it would seem that in cases where information has 
been complete, and the crucial variables have behaved in an 
approximately linear fashion, it has brought fairly good re
sults. 

However, it has been argued that linear programming 
will also prove to be valuable in grasping extremely large 
complex problems of very large organizations, whole industries 
and even whole economies, from the standpoint of production 
capabilities analysis for wartime situations or for rapid eco
nomic development.2 

1. See, however, the interesting test of prices used by Manne in Alan 
S. Manne, «A Linear Programming Model of the J.S. Petroleum Refining 
Industry», Econometrica, Vol. XXVI, No. 1, January, 1958, pp. 67 - 106. 

2. See the industry-wide applications referred to in Vera Riley and 
Saul I. Gass, Linear Programming and Associated Techniques — A Comprehen
sive Bibliography, Operations Research Office, Baltimore, Johns Hopkins 
University Press, 1958, and more particularly the following adherents 
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But are the assumptions realistic enough to make the model 
useful? Much criticism has been raised concerning the stabi
lity and appropriateness of coefficients of the input-output 
type;1 this criticism would apply also to a programming mo
del whose coefficients were estimated from input-output data. 
Therefore, there is some theoretical support to the argument 
of Manne and Markowitz,2 which claims that more truly 

to applying linear programming to economic development problems: 
Hollis B. Chenery and Paul G. Clark, Interindustry Economics, New York, 

J o h n Wiley and Sons, 1959, Chapters 4, 11; 
Hollis B. Chenery, «Development Policies and Programmes», Economic 

Bulletin for Latin America, Vol. I l l , No. 1, March , 1958; 
Hollis B. Chenery, «The Use of Interindustry Analysis in Development 

Programming», Paper Presented to the Geneva Conference on Input -
Ou tpu t Techniques, Geneva, September, 1961 ; 

R. C. Geary, «Commentary : A Personal Statement», Chapter 11 in 
Europe's Future in Figures, edited by R. C. Geary, Amsterdam, Nor th 
Holland Publishing Co., 1962; 

Oskar Lange, «The Output- Investment Rat io and Inpu t - O u t p u t 
Analysis», Econometrica, Vol. 28, No. 2, April, 1960, pp . 3 1 0 - 324; 

Ragna r Frisch, «A Survey of Types of Economic Forecasting and Pro
gramming and a Brief Description of the Oslo Channel Model», Institute 
of Economics, University of Oslo, M a y 13, 1961; 

J a n Sandee, A Demonstration Planning Model for India, Bombay, London, 
New York, Asia Publishing House, 1960. 

1. For example, Michio Hatanaka , The Workability of Input-Output 
Analysis, Fachverlag Für Wirtschaftstheorie and Ökonometrie , Ludwigs
hafen a m Rhein, Germany, 1960; 

Carl F . Christ, «A Review of Inpu t -Ou tpu t Analysis», Input-Output 
Analysis: An Appraisal, National Bureau of Economic Research, Prince
ton, 1955; 

H . B. Chenery and Paul G. Clark, «Testing the Validity of Input -
O u t p u t Assumptions», Chapter 6 in Interindustry Economics, New York, 
J o h n Wiley and Sons, Inc. , 1959. 

2. Alan S. M a n n e and Har ry M. Markowitz, Studies in Process Analysis, 
New York, J o h n Wiley and Sons, 1963; and Alan S. M a n n e , «Comments 
on Interindustry Economics», Naval Research Logistics (Quarterly, Vol. V I I , 
No. 4, December, 1960, which also includes Hollis B. Chenery, «Reply 
to Alan Manne ' s Comments on Interindustry Economics». 
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technological coefficients obtained by «process analysis» would 
be more stable and more appropriate. 

However, engineering data are extremely limited in Greece 
and in other developing countries; thus the only data avail
able concerning production processes are either of the primi
tive input-output variety based on Greek data or that which 
may be obtained from other countries. 
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