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CENTER OF PLANNING AND 

E C O N O M I C 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 are contri
buted by the Greek Government. The University of California 
at Berkeley participates in the process of selection of foreign 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 Universities. 

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 Centefs program are 
not only for the benefit of those working for the Center. Economists, 
scholars and students of economics are also invited to attend and parti
cipate in this scientific exchange which has been carried out in co-
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Operation with institutions of higher learning here and abroad. A 
"Lecture Series", a "Training Seminar Series" and a "Special Stud
ies Series" round off the publications 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. 
These two services have since been formed and are most successfully 
operating. Besides its usefulness for the education of the trainees of 
the Center, this service will be of particular interest to Greek econo
mists in general. 

The Center exchanges information and results with similar Centers 
in other countries, and participates in joint research efforts with 
Greek or foreign public and private organisations. 

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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PREFACE 

This book contains the substance of eight lectures, delivered in 
Athens in the spring of 1965, as part of the Training Seminar 
Series of the Center of Planning and Economic Research. Planning is 
as much a political art as it is an economic science, and the meaning 
and scope of planning differ from country to country. Therefore, the 
purpose of the lectures was not to teach the participants a particular 
approach to regional economic planning, but rather to bring out some 
basic normative relationships which can provide planners with quali
tative insights. 

Since the lectures were given before an audience of varied back
grounds, they begin with the simplest concepts of location theory and 
then progress to increasingly advanced methods for the analysis of 
interregional price relationships, regional development and growth. 
The form in which the lectures were delivered has been essentially 

preserved, and references to sources are not generally provided in the 
text.' These are contained instead in the short bibliography which is 
also the list of recommended readings for each chapter. 

The Athens Center provided me with peaceful surroundings which, 
after a difficult and trying period, were conducive to contemplation 
and work. I am thankful to Professor Andreas Papandreou at whose 
suggestion I originally decided to spend the Spring term in Athens. 
And I am indebted to Professor George Coutsoumaris who invited 
me to be the guest of the Center, and to the members of his staff who, 
along with Professor Coutsoumaris, made my stay a most pleasant 
experience. Finally, I am grateful to the Ford Foundation for having 
awarded me a Ford Faculty Research Fellowship which provided me 
with time off and which, among other things, also made possible the 
preparation of these lectures. 
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Final revisions of the text have been undertaken at Stanford Uni
versity. I thank Mrs. Helen Shepherd and Mrs. Sally Gamonfor 
their efforts in the preparation of the manuscript. 

I am grateful to my wife who helped me and supported me and 
without whose help this book would not have been written. 

March 1966 
Stanford, California 
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CHAPTER I 

INTRODUCTION 

Economic activity takes place in space. This simple fact 
has not always been explicitly recognized in the develop
ment of economic thought; in fact, most of modern economic 
theory abstracts from spatial relationships. The omission of 
space is not merely an oversight. Its incorporation makes for 
theoretical complications; and without it, many important 
insights can still be gained about economic life. This is parti
cularly true for that part of. economic theory which concerns 
itself with the explanation of the behavior of such aggre
gate variables as national savings, investment, income, pro
duction, etc. Even when such aggregate variables from differ
ent countries are considered with the intention of comparing 
them with each other and of studying their interaction over 
national boundaries, the effects caused by the geographical 
separation of the different national units can, for many 
meaningful analytical purposes, be safely disregarded. In 
these instances we denote the variables under investigation 
in such a way that their national ind entity should always 
be clear; hence, in this indirect fashion we introduce the 
concept of space. At the same time we do not bother to ex
plore the particular costs caused by the spatial separation 
between nations. 

While it is true that many interesting and important prob
lems can profitably be analyzed in this manner, it is also 
true that many other problems cannot. It is a fact of life that 
production and consumption take place in some places and 
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Introduction 

not in others. And the pattern of production and consumption 
may, and in all probability will, vary importantly from place 
to place. What determines these variations? The classical 
economist will say that the explanation is provided by va
riations in comparative advantage and tastes. But such an 
approach is inadequate to provide an explanation of the dis
tribution of economic activity in a city, the pattern of land 
use around a village or farm block or a North-Italian entre
preneur's decision not to pursue a seemingly profitable op
portunity which would require his moving to the South. For 
the analysis of these problems and for the explanation of 
those spatial phenomena which classical economic theory 
could not provide, a different branch of analysis, location 
theory, was developed. 

Location theory explicitly recognizes the interrelationships 
between different types of economic activities which are rooted 
in their geographical separation; however, it understand
ably puts much greater emphasis on the explanation of the 
choice of location for production than for consumption· The 
relative emphasis is not motivated by puritanic considerations 
alone: there are reasons to believe that, with some notable 
exceptions, it is the producer's or the entrepreneur's interest 
which determines the location not only of production but 
also of most consumption. This is so in spite of the fact that 
from the point of view of choosing location there is a definite 
conflict between the interests of consumers and producers, 
since factory towns and suburbs close to the place of work 
are usually less desirable places for the enjoyment of life 
than the more distant parts of the city or mountain or beach 
resorts. But the cost of commuting — monetary and psychic — 
keeps the bulk of consumers close to the location where they 
function in their wage-earning capacities. 

Thus the classical approach to location theory is almost 
uniquely concerned with the producer's choice of location. 
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Introduction 

Its analytically simplest branch, industrial location theory, 
reduces the problem even further. I t assumes as given the 
location and the activities of all industries or firms save one. 
Then the problem is to find the optimal profit-maximizing 
location for this unlocated last firm or industry. This is a 
partial equilibrium approach which can yield interesting in
sights into the factors affecting the individual firm's or in
dustry's locational decisions as long as the latter do not in 
any sense affect the behavior of any other firm or industry. 
The merit of the approach consists in the fact that it can be 
used for the actual specific analysis of the locational choice 
of a particular firm. 

A more general approach which undertakes the explora
tion of the complex interrelationships between the locational 
decisions of each and every firm or industry and other eco
nomic units in the economy is based on the specification and 
solution of sets of simultaneous equations. If optimal solutions 
to such systems exist then the conditions for the optimal 
spatial distribution of the different economic activities can 
be deduced and normative insights can be gained which can 
be indispensable for the formulation of intelligent government 
policy. However, such general equilibrium analysis must not be 
expected — at least in the current state of the art — to yield 
meaningful quantitative solutions. The fact that all compo
nent units of an economic system must be considered as 
potentially active over a very large number of locations, 
necessarily results in a bewildering number of variables and 
equations, far exceeding that of a system which is composed 
of the same number of sectors but in which locational 
problems are neglected. 

The increasing emphasis put on economic planning and 
the actual proliferation of planning activity, not only in 
centrally directed but in mixed government and private 
enterprise economies as well, make it desirable to develop 
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Introduction 

techniques for the solution of problems relating to optimal 
spatial resource utilization which can be used to analyze 
major spatial interrelationships by abstracting from the 
masses of individual locational choices of each and every 
economic unit. The simplification can be made by aggre
gating locations into regions, which are then treated as if 
locational decisions were nonexistent within their bound
aries. Thus, this approach, which can be called theory of eco
nomic regions, is not entirely dissimilar from the theory of 
international trade, in the sense that inter-regional relation
ships are analyzed without considering intra-regional spa
tial adjustment. The difference between the theory of regions 
and the theory of international trade consists, however, of the 
treatment of the costs of the spatial separation of each region 
and the effects of the latter on the economic activities taking 
place both among and within the regions. 

Aggregation into regions raises, however, the difficult and 
unrewarding question of what should constitute a region or 
what should be the definition of a region. The question can
not be resolved by scholastic debates. There is no unique 
and universally applicable definition of a region and the de
finition must depend on the purpose at hand. For example, 
some investigators have conceived of a region as the market 
area of a particular industry or firm, others have used the 
concept to denote areas — not necessarily contiguous ones — 
which have certain characteristic features in common. And 
in economic planning, where political necessity or adminis
trative feasibility is of fundamental importance, a region 
may have to be so defined as to coincide with an adminis
tratively or politically homogeneous sub-unit of a country, 
such as a state or a department or a county. 

In any case the concept of a region is an abstraction which 
must not be used loosely. A market area may be conceived 
of as an abstractly defined punctiform consumption center 
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Introduction 

surrounded by the supplying firms, or as spatially dispersed 
consumers supplied by one or many centrally located firms. 
A region defined on the basis of common characteristics or 
homogeneous activities may consist of a geographically con
fined «cluster» (e.g., coal region) or of a «belt» (e.g., wheat 
belt) which may spread over several regions as defined by 
some other principle (e.g., states or countries). The bound
aries of regions can similarly be defined according to analytical 
convenience or purpose of investigation. Thus, some researchers 
have delineated or separated homogeneous land into dis
tinct regions on the basis of the amount of rent earned by 
the owners or users of the land. Others have derived equally 
arbitrary boundary concepts such as the line defined by those 
consumers who are indifferent as to buying from one supply
ing center as opposed to another. The luckiest are those who 
can abstractly define their regions as dimensionless points 
(which — paradoxically — does not mean that the point re
gions cannot be endowed with a productive input called 
land), because the problem of setting boundaries does not 
arise for a dimensionless concept. 

To conclude, we shall not engage in any arguments about 
what is or what is not a region. Instead, we shall recognize that 
there is no universally applicable definition and that we can 
adopt only a pragmatic approach : the definition will depend 
on our specific purposes. Of course, if in the context of a 
given analysis we have once adopted a specific definition of 
a region, we must use it consistently. Having agreed on this, 
we can now proceed to the discussion of some of the different 
approaches to location and regional theory. We hope that 
by so doing we will be able to gain sufficient analytical insight 
into the economics of spatial relationships so that we can 
also develop some useful concepts and approaches for the 
purposes of regional planning. 

We shall begin with the analytically simplest approach to 

·> 
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Introduction 

location theory, i.e., with the partial equilibrium analysis 
of the choice of industrial location. We shall then proceed 
to increasingly complex approaches for analyzing the general 
interrelationships among spatially separated economic units. 
Since economic planning is usually concerned with problems 
of economic growth, we shall also explore some relationships 
between regional and national growth. At the end, we shall 
also discuss the basic concepts of regional income accounting, 
which is one of the important methods for organizing statis
tical information, so that it is useful for regional policy de
cisions. 
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CHAPTER II 

INDUSTRIAL LOCATION THEORY 

Let us assume that we want to find the optimal location 
of a particular firm which is sufficiently small that its location 
and production decisions do not affect the behavior of other 
productive and consuming units in the economy. Let us also 
assume that all raw materials needed for the output of this 
firm are supplied at one particular location called A, and that 
the given demand for the output originates from another 
location, B, where all consumption takes place. At either of 
these locations — as well as everywhere else — wages, in
terest and rents are assumed to be identical. This is a far
fetched assumption; however, it will help us to focus on éhe 
effects of transportation costs on the choice of location. If 
the firm chooses to settle at location A, it will have to pay no 
transport cost in procuring the raw materials and the pro
duction costs will consist of wage, interest and rent expendi
tures. However, its distribution costs will be augmented by 
the transportation cost of the finished product. On the other 
hand, if the firm chooses to settle at point B, the location of 
the consumers, its production costs will be augmented by 
the transport bill incurred in procuring the raw materials; 
but the distribution costs will be at a minimum because the 
finished product does not require transportation (we are ab
stracting now from the cost of local transport within the con
sumption location). All locations along the transport route 
between A and Β will entail some transport costs both for 
raw materials and finished products. The closer to A we choose 
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Industrial location theory 

to settle, the smaller will be the production costs and the 

larger the distribution costs. As we move closer to B, distri

bution costs will diminish»and production costs will increase. 

Clearly, the optimal location will be at a point where the 

sum of the production and distribution costs are at a minimum 

We can represent the choices in a simplified Hoover dia

gram, 1 as shown in Figure I I . 1. O n the horizontal axis, 

we show the distance between A and B. Production, distri

bution and total costs of a unit of output are shown on the 

vertical axis. O n the assumption that transportation rates 

are proportional to distance (we will have to qualify this 

later), production costs rise and distribution costs fall in a 

straight line. The sum of the two lines represents total costs 

at all feasible locations between A and B. It also defines a 

straight line which in our case slopes downward as we ap

proach B. The implication is that our firm will minimize its 

total costs if it chooses to settle at the location of the consumers 

and, instead of transporting the finished product, incurs 

higher production costs due to the transportation of the raw 

materials. 

total cost 

distribution cost 

->' 

production cost 

A 

^ ^ ^ " ^ 

m i l e s 

Figure II. 1 

total cost 

production cost 

distribution cost 

Β 

1. See the references to the literature at the end of the book. 
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Industrial location theory 

Notice that with our assumptions the optimal location for 

the firm should be either at the location of the raw materials 

or of the consumers (market). There is, of"course, the knife-

edge possibility that the total costs lie along a horizontal 

line, implying that the firm is indifferent, to choosing among 

any and all points on the route from A to B. This possibility 

one can safely dismiss as having very little relevance to real

ity: locations in between the two extreme points would ne

cessarily imply additional costs due to unloading raw mater

ials and reloading finished goods. Hence, production loca

tions at in-between points could be optimal only if some parti

cular cost advantages (e.g., lower wage rates) are sufficient 

to offset the extra handling costs ; or if the route from A to Β 

requires trans-shipment from one type of carrier to another, 

i.e., when the extra handling costs must be incurred anyway. 

Some North American East Coast cities are examples of such 

trans-shipment (or nodal) points where grain brought in by 

railway is milled into flour and exported by ships. 

But other qualifications are also required. For instan.ee, 

the rates charged by the different types (modes) of transport

ation are neither proportional to distance, nor smoothly in

creasing along a straight line. Transportation costs will in 

any case have some component elements which are invariant 

to distance (e.g., terminal costs) ; hence, their average with 

respect to distance must be a diminishing function of the 

latter. But, in addition, the rates charged by the transport 

companies may have only a vague relationship to what the 

actual costs are because the rivalry between the different 

types of carriers and other monopolistic considerations may 

make the practice of rate discrimination profitable. 

I n spite of the qualifications, the above argument has the 

merit of pointing to the various alternatives in the choice of 

location. Other costs being equal, the firm's choice of location 

will be determined by balancing the costs of raw material 
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Industrial location theory 

transportation against those of transporting the finished pro
duct. Thus, if the latter dominate, the firm will seek to be 
located near to the market : the firm — or the industry to 
which it belongs — is market-oriented. If the transport costs of 
the raw materials dominate, it will choose a location hear to 
the source of raw materials and is referred to as supply-oriented. 
In general, market-oriented industries produce goods which 
in the course of processing increase their bulk or weight and 
require more expensive handling. For instance, all kinds 
of assembly operations (cars, radios, etc.) come under this 
heading. On the other hand, industries which produce weight 
and bulk losing goods or outputs which require large amqunts 
of fuel or water tend to be supply-oriented. Some customary 
examples are mining products (ore reduction) and agri
cultural processing. Processes which rely heavily on the use 
of cheap electric power, such as the reduction of alumina, 
are drawn to the location of hydro-electric power since the 
transportation of electric power is expensive due to heavy 
capital costs and resistance loss. 

Though the classification of industries by supply or market 
orientation has temporal validity and provides some rough 
and ready rules of thumb for the first-round analysis of the 
choice of location, it must be remembered that the classi
fication depends on a number of factors which may not 
be stable in the long run. For instance, technology may 
change and a heavily fuel-using industry may lose its 
supply orientation. This is what happened to the steel in
dustry, which was drawn first to forest areas for charcoal 
and later to the coal regions. But due to technological change 
the steel industry today uses no more coal than*ore (about 
two tons of each per ton of steel in addition to about half 
a ton of limestone plus amounts of scrap ranging from very 
little to half a Ton or more) and the coal-oriented bias has all 
but disappeared. In fact) as the industry expands today, it 
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Industrial location theory 

shows as much market as raw material orientation. Of course 
much of the steel industry has retained its old location partly 
because the fixed capital already invested depreciates slowly 
and partly also because a whole host of supply-oriented (steel-
using) firms have grown up around it over time, so that 
local markets for steel have also developed at the location 
of the raw material. The steel industry in the Ruhr is a 
case in point. 

An interesting analysis which provides important insights 
into the relationship between supply or market orientation 
on the one hand and transportation costs as function of dis
tance on the other hand, can be represented by a Thiinen-
Lösch diagram. Of the many cases which can be analyzed 
by this approach, we shall take the one depicted in Figure 
II. 2. Here the vertical axis shows the different costs that can 
be associated with a unit of output depending on the choice 
of production location. The horizontal axis measures distance 
from the location of the raw materials, which is assumed to 
be at 0. Production costs (excluding transportation) are 
assumed to be less at the location of the raw materials than 
at the point (or points) of consumption. In the diagram, OA 
denotes the former and OB the latter. The total costs of the 
delivered finished product (including transport costs) as a 
function of distance between the locations of raw materials 
and consumption are shown by the straight lines AA' and BB'. 
The lesser slope of BB' indicates that the transportation costs 
of raw materials — which must be incurred if we choose to 
produce at points other than where the supplies are located 
— accumulate with distance at a lesser rate than the trans
portation cost of the finished product. 

Where AA' and BB' intersect, i.e., at D miles from the lo
cation of raw materials, the total costs of the delivered pro
duct are the same, whether production takes place at D it
self or at the location of the supply. For consumption points 
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I 

θ 

A 

0 D reite Ì 

Figure II. 2 

which arc less than D miles away from the raw materials 
source, the cost of the delivered product is less if production 
takes place at the location of the latter. On the other hand, 
for consumption points which are further than D miles away 
from the raw material source, it is less costly to import the 
raw materials and to produce the good locally than to bring 
the finished good from the location of the raw materials. 
Notice, however, that the outcome depends on the assumption 
that the transportation costs of raw materials increase as a 
function of distance at a lesser rate than that of the finished 
product. If, for instance, the two transportation costs were to 
increase at the same rate, the basic cost differential net of 
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transport costs would never be overcome no matter how 
distant the consumption point was from the location of the 
raw materials; hence, production would always take place 
at the latter point. 

Supply and market orientation are determined by balancing 
the cost of raw material transport against the cost of trans
porting the finished product; hence, they refer to situations 
where transportation costs have an overriding importance. 
However, there are many products which have only neglig
ible transportation costs or whose cost of transporting the 
raw materials is not significantly different from that of the 
finished good. With these goods the locational decision clearly 
depends on other factors such as the regional variations 
in wages and rents, local or regional fiscal policies (taxes and 
subsidies) and other costs of production. The cotton textile 
industry is an example. Furthermore, some industries rely 
heavily on certain types of specialized labor and will be at
tracted to those locations where the particular specialty is 
relatively more abundant. An interesting recent example is 
the electronics research and development industry which 
mushrooms in and around the university towns and centers 
of learning. There they benefit from the relative abundance 
of mathematicians and physical scientists who are available 
not only for regular employment but also on a part-time basis 
or for consultation. This is the case, for instance, in Cam
bridge, Massachusetts, in the United States, and in Grenoble, 
France. 

These industries, where the choice of location is determined 
by considerations other than the cost of transportation and 
which, as a consequence, are tied neither to the location of 
raw material supply nor of market, are frequently referred 
to as footloose industries. Their locational choices are arrived 
at by balancing transportation costs on the one hand and 
production costs on the other hand; hence, they reflect the 
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substitution possibilities between transportation costs and 
other costs. To the extent that transportation costs diminish 
over time relative to other costs of production, the number 
of industries which can be classified as footloose also increases. 
If this is the case then the significance of supply or market 
orientation should be correspondingly on the wane. 

But is there a trend towards increasing footlooseness ? In 
the absence of very careful econometric studies, only arm
chair empiricism is possible. However, we can speculate. We 
have already referred to the case of the steel industry where 
technological advances have so reduced the relative coal re
quirements that the industry has lost its marked coal and even 
supply orientation. But a reduction in the transport cost of 
coal not only reduces the pressure for supply orientation but 
also reduces the cost of the total transportation bill relative 
to other costs of production. Technological advances which 
have similar results take place in many industries: the in
troduction of new light-weight materials such as aluminum 
(replacing copper and cast iron) or plastics tends to diminish 
the shipping weight. Other types of technological advances 
result in replacing bulky or breakable component parts by 
compact units which are inexpensive to transport or to handle. 
A prime example is the transistor development which re
places the much larger and delicate tube in many of the 
products of the electronics industry. But technical change 
works on many fronts, and the improvements in the methods 
of transportation may have been and may continue to be one 
of the most significant forces in diminishing the relative cost 
of transportation. One should also remember that while 
these technological advances are going on the composition 
of consumption also changes : with increasing affluence, the 
market basket is made up of increasingly complex and ex
pensive industrial products whose transport costs form a 
smaller proportion of the total costs than, say, those of low-
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priced staple commodities. All these technological and market 
factors work in the same direction, i.e., towards a gradual 
reduction of the relative weight of the cost of transportation 
compared to the total costs of industrial products. If it is 
true that transportation costs are getting relatively less sig
nificant, then other costs of production necessarily become 
more important and we may reasonably expect a trend 
toward footlooseness. 

One final comment. In this discussion we have assumed 
that our firm or industry is seeking to find its optimal lo
cation, given that all other firms are located and that the 
demand for the product of our industry is given. This amounts 
to saying that the minimum cost location is also the profit-
maximizing location. Profit maximization as a criterion for 
the optimal choice of location has validity from the social 
point of view only if the industrial behavior which leads to 
private profit maximization happens to lead also to the 
highest social profit. The conditions under which the two 
profit maxima coincide are rather limited: they are confined 
to purely competitive behavior with all the ancillary assump
tions about the absence of increasing returns to scale and 
technical externalities.1 And that is important to remember. 
The socially optimal location may not be attained even if 
the firm manages to find the location which provides it with 
maximum profits. We may illustrate this by pointing to the 
relationship between the money costs of transportation as they 
appear to the shipper who has to pay for the services and the 
actual costs of providing the same services as they appear to 
the transportation company. In the absence of marginal cost 
pricing — a likely situation in the case of the railroads, for 
instance — there will be a difference between the monetary 

1. Even then a socially desirable distribution of income is a necessary 
condition. 
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and social costs of transportation which, depending on the 
monopoly power or state regulation, may be very signifi
cant. The prospective users of the transport services will 
base their locational and other production decisions on the 
monetary rather than the real or social cost of the services. 
Hence, under such conditions, the chosen location where the 
firm can maximize its profits will turn out to be different from 
the socially desirable location for that firm. This potential 
cleavage between social and private interests is of fundamental 
importance to the theory of planning. Nonetheless we shall 
not, for the time being, pursue this topic; instead, we shall 
return to this set of problems after discussing the conditions 
of optimal resource allocation in space. 
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CHAPTER HI 

LAND USE: THÜNEN RINGS 

In the preceding chapter we assumed that the costs of pro
duction were invariant to the choice of production location. 
This is a valid assumption as long as we consider the deci
sions of a firm which is sufficiently small that it is unable to 
influence the behavior of other producers or owners of re
sources in the economy. But it is reasonable to assume that 
if we deal with large industries or with an entire economy 
there should be a reciprocal relationship between land rents, 
wages, transportation costs and the choice of production lo
cation. Furthermore, it is to be expected that — given re
source availabilities and demand conditions — the amounts 
to be produced of each commodity, the location and the 
costs of production should be determined by a simultaneous 
process. Though we are not yet ready to explore the implied 
inter-relationships in their full generality, we shall now under
take the analysis of the effect of transportation costs on land 
rents, land utilization and some other economic variables. 
This we shall do first in the context of von Thiinen's analysis 
and then in a Ricardian framework. 

Assume that in the middle of a plain, which is uniformly 
endowed with productive land and labor, there is a center 
of consumption where agricultural products can be sold at 
given fixed prices. The plain represents a self-contained econ
omy. There are η crops, and we shall denote the delivered 
price of the j - th crop at the market by Pj. The price at the 
market does not, however, accrue entirely to the producer 

- 2 9 



Land use: Thünen Rings 

of the crop : to obtain the net price, the transportation costs 
from the location of production to the market have to be 
tàxen out of the market price.The producer in turn must pay for 
the costs of producing a unit of the output which in our case 
— for reasons of simplification — consist of nothing but land 
rent.1 The question is then : how much of each crop should 
be produced and at what distance from the market? 

If competition prevails, our assumptions lead us to expect 
a spatial distribution of productive activities or land use which 
yields to the producers the maximum attainable net reve
nues, i.e., the value of the total production evaluated in 
terms of the net prices received by the producers. This is 
so because land, which is the only scarce resource in our 
example, is available around the consumption center^ in given 
quantities and its supply does not depend on the level of 
rents paid by the producers to the owners. None the less, 
because in a purely competitive equilibrium there can be 
no profits, we know in advance that the entire net revenue 
accruing to the producers will have to be imputed as rents 
to the owners of the land; hence, the process that leads to the 
maximization of the net revenues to producers also yields 
the maximum rental income to the owners of land. Thus, 
the formal solution to the spatial allocation problem consists 
of maximizing the total net return to the producers subject 
to technical relationships (production functions) for each 
crop and the distribution of land around the center of con
sumption according to distance or transportation costs. 

A particularly simple approach to the solution can be 
found if the problem is set up in a linear programming frame-

1. We could, for instance, assume that each unit of output requires a 
fixed money expenditure on labor. In this case the net price accruing to 
the farmer would consist of market price less transport cost less labor 
cost, and the analysis would remain unchanged. But even variable labor 
cost assumptions could readily be incorporated if desired. 
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work. To be able to do this, however, we have to «linearize» 
the inherently non-linear concept of a continuous plain uni
formly endowed with productive land. To this end we assume 
that each crop has its own particular transportation rate 
which changes in discrete steps at well-defined distances 
from the central market and not as continuous function of 
distance. (This is one assumption which happens not to sub
tract from reality). The distances at which the changes take 
place — hence, the zones over which the rates are invariant 
— are identical for all crops. Thus we can subdivide the land 
into concentric zones around the market so that a well-
defined set of transportation costs corresponds to each of 
these zones. 

By this procedure we can subdivide the land around the 
consumption center into as many concentric (or any other 
well-defined) zones as we wish. Furthermore, since the dis
tances between the market and the consecutive zones are 
given, the total amount of productive land available in each 
zone is also known. However — following the von Thünen 
-Lösch tradition — since the land in each zone is just a sub
division of the same homogeneous plain, the technology of 
producing any of the crops is the same in all zones. 

Let us assume, then, that we have m such concentric zones 
and that the total amount of land in the i-th zone is denoted 
by Τ which is a given. Then we can denote the amourit of 
the j- th good produced in the i-th zone by x'j, its transport
ation cost to the market by ή , and the amount of land used 
in its production by T y Finally, the amount of land required 
to produce one unit of the j - t h crop in any of the zones we 
denote by aj. 

Now we are in a position to write out our problem in stand
ard linear programming form.1 This consists of maximizing 

1. See for instance Dorfman, Samuelson, Solow, Linear Programming 
and Economic Analysis, McGraw-Hill, New York, 1958. 
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the objective function, which in our case is the total value 
of production from all zones evaluated in terms of the net 
prices accruing to the farmers, subject to the technical land 
requirements of producing the crops and the resource (land) 
limitations. I t is a further necessary condition of all linear 
programming problems that the values of all variables must 
be non-negative. Accordingly we maximize. 

(i) ZKPj- tWx' j , 
i J 

Subject to the technical conditions (one for each crop in 
each zone), 

(2) a ^ j = T,j j = 1 . . . n, i = 1 . . . m ; 

and the land limitations in each zone 

(3) Σ η-rio^i . . . m; 
j 

and, finally, subject to the requirement that x'j ^ 0 and T ' ^ 0 
for all i and j . 

The solution of this maximum problem is simple and can 
be intuitively grasped. For argument's sake, let us take a 
case of only two crops. Then in each zone there will be a 
linear transformation function or production possibility re
lationship the slope of which is determined by the ratio of 
the two technical coefficients, i.e., aj/ag1. I f — a s shown in 

1. That this must be so can be easily shown. Assume that in relation
ship (3) the strict equality holds. (Given that we have only one scarce 
factor, this must be the case as long as at least one of the cropS is being 
produced). Then we can substitute (2) into (3) and by reordering the 
terms obtain 

x»2= T'/aa - (a1/a2)x i

1, 

which is nothing but the transformation function between the two crops 
in the i-th zone. As long as the technical coefficients do not change from 
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Figure III . 1 —the ratio of the net prices (P1-t1)/(P2-t2) 
is greater (in absolute value) than the ratio of the technical 
coefficients, then only the first crop will be produced. If the 
realtionship between the two ratios is reversed then only the 
second crop will be produced. (Again there is the knife-edge 
possibility indicating indifference as to whether one or the 
other crop or any combination of the two along the trans
formation function should be produced). 

x2 = T~l / a2 — (ax / a2).xi 

(Ρι—*ι) / (P2—*s) 

Figure HI. 1 

zone to zone, the slope of the transformation function is going to be the 
same in each zone. Note that the transformation function is a straight 
line. The vertical intercept is determined by the ratio of the total amount 
of land available in the i-th zone divided by the coefficient of the second 
crop, i.e., it is the maximum feasible amount of χ that can be produced 
if all the land is utilized for that purpose only. The slope of the trans
formation function is — a.xla.2 indicating that it is downward-sloping, 

3 
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Let us assume now that the transportation cost of the first 
commodity per ton of output is the same as that of the second 
one (tx = t2) and that the ratio of the net prices in the zone 
nearest to the consumption center is smaller than the ratio 
of the technical coefficients, i.e., that in the first zone, only 
the second crop is being produced. Then, as we move success
ively to more and more distant zones, the net price ratio will 
gradually change in favor of the first crop as with each con
secutive zone the identical increments of transportation cost 
are subtracted both from the numerator and the denominator 
of the price ratio. For instance, assume that aj/a2 = 4/3, that the 
increment in transportation cost from zone to zone is always $ 1 
for both commodities and that Px = $7 and P2 = $6. Then 
the price ratio at the market itself is 7/ 6 and in the first zone 
6/5 — which is smaller than 4/3 — indicating that only the 
second crop will be produced there. In the second zone we 
have 5/4, with the same result. However, in the third zone 
the net price ratio becomes 4/3, i.e., identical to the coeffi
cient ratio. The implication is that we are indifferent as to 
which crop to produce. The net price ratio corresponding to 
the fourth zone already exceeds the coefficient ratio, hence, 
production switches to the first crop exclusively and the same 
pattern is maintained thereafter. Notice, however, that in 
the sixth zone the net price of the second crop is whittled 
down to zero. The same happens to the net price of the first 
crop in the seventh zone, with the necessary implication that 
the production of any one of the crops is unprofitable; hence, 
from there on the homogeneous plain will not be utilized 
for the production of marketable crops.1 

which should be the case. The relevant segment of this straight line 
falls into the northeast quadrant of the coordinate system and is bounded 
by the vertical and horizontal axes. Only within those bounds can we 
say that all possible values of Xi and x2 are non-negative, i.e., greater 
than or equal to zero. 

1. By reversing the price ratios we could generate an identical analy-
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By the above procedure we have separately maximized the 
value of the output in terms of the net price in each parti
cular zone. The maximum net revenue accruing to all pro
ducers over the entire homogeneous plain can be expressed 
as the sum of the maximum net revenues in each particular 
zone. This is so because with our assumptions, the maximi
zation in each particular zone can be performed independently 
of what goes on in other zones, i.e., the pattern of land use 
in a zone does not affect the production decisions in other 
zones. Hence, the value of the maximum revenues over the 
entire plain derived by considering each zone separately is 
identical to that which is obtained through maximizing the 
objective function (1) subject to relationships (2) and (3). 

Notice that in.the process of maximization we have de
fined two major areas — Thünen rings — around the con
sumption center. The first is a circle made up of the zones 
which are adjacent to the market and where only one of the 
crops is being produced. The other consists of the ring com
posed of the more outlying zones where only the other crop 
is being produced.1 Had we chosen an example involving 
more than two crops, the number of Thünen rings would 
have correspondingly increased. Of course, the possibility al
ways exists that the number of Thünen rings is smaller than 
the number of potential crops. This would be the case if the 

sis to show that it is profitable to produce the first crop near to the con
sumption center and the second crop in the more outlying zones. Notice, 
however, that if ^ = a2 or Px = P2, the same identical crop would be 
produced in all zones without regard to distance. In the first case the 
slope of the transformation function and in the second case the net price 
ratio in any and all zones would be equal to one. 

1. In the numerical example we intentionally showed the existence of 
a zone where it is a matter of indifference which crop or what combina
tion of the two crops is being produced. In this case we could have a 
transitional ring composed of a single zone between the two major Thünen 
rings. 
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production of one or more of the crops were in all zones less 
profitable than that of the others. For instance, as pointed 
out earlier, the equality of the market prices or technical 
coefficients would lead to a reduction in the number of crops 
produced and, hence, in the number of rings formed. This 
conclusion is consistent with J and is in fact a corollary of, the 
fundamental theorem of linear programming which states 
that the number of choice variables entering the optimum 
solution with a non-zero value need never exceed the number 
of binding constraints. 

The derivation of the Thünen rings can also be approached 
from the cost side of production. In fact, the traditional method 
for their derivation is based on the explicit consideration 
of the relationships between land rents and transportation 
costs. This second approach is not, of course, independent 
of the previous one. The latter was based on maximizing the 
total net value of the entire output, while this approach is 
based on the dual problem of minimizing the total costs of 
all production. And since in a purely competitive equili
brium there is no place for profits and the entire value of the 
output must be exhausted by the returns to the productive 
factors, the value of the minimand of the dual must exactly 
equal the value of the maximand'of the «direct» problem.1 

In our self-contained economy, land is the only scarce input; 
hence, in the dual we minimize the total rents accruing to 
land in all zones subject to the requirement that the net re-

1. In addition to the equality of the values of the two objective func
tions, the dual has one variable for each of the constraints and one con
straint for each of the variables of the direct problem. The given prices 
(arbitrary weights) of the objective function of the direct problem be
come the constants of the constraints in the dual, and the constants of 
the constraints of the direct problem become the arbitrary weights in 
the objective function of the dual problem. See DOSSO, op. cit., Chapter 
IV. 
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venues from production are to be exhausted by the rent 
payments or — what comes to the same thing — that the net 
price of a unit of any one crop cannot exceed the rent of the 
land needed for producing it. 

Let us denote the variable corresponding to land rent in 
the i-th zone by R'. Then we can write as our objective func
tion the sum total of the rents imputed for the use of all the 
land available in every zone: 

(4) Σ&Ψ, 
i 

which is to be minimized subject to the constraints 

(5) a j R ^ t P j - t } ; ) , ! - 1 . . . m; j = 1 . . . n ; 

and subject to the requirement that all R' JL 0. We have 

mn constraints under (5), one for each output variable in the 

previous maximum problem. And we have m rent variables, 

one for each constraint under (3).1 In the solution the con

straints under (5) which correspond to non-zero valued 

variables in the solution of the direct problem—i.e., the crops 

which are produced in the different zones where production 

takes place at all — assume the form of exact equality. For 

crops which are not produced, the inequality is maintained. 

The indication is that the rent which can be earned by the 

particular piece of land or, to put it differently, the rent 

which the owners of the land are willing to accept, exceeds 

the revenue which can be earned by producing and market

ing that particular crop. 

We can again find an intuitively appealing explanation of 

the solution. As before, let us reduce our problem to two crops 

1. Since the production functions in this example could be written in 
the form of strict equalities, the function under (2) can be substituted 
into (3). Then we are left with no more direct constraints than there are 
zones and the number of the dual variables can be held down to m. 
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only and assume that t\ == t'8,? Then we can write the two 
corresponding constraints as 

(6) Ri > P , / a 1 - ( l / a j r and 

(7) Ri>P 2 /a 2 - ( l /a 2 ) t i . 

We now have two linear relationships connecting rents and 
transportation costs associated with production in the i-th 
sector with prices at the market. However, with the market 
prices and the technical coefficients given and the two trans
portation costs assumed to be identical, both relationships 
cannot be expected to simultaneously assume the form of 
strict equality because, at any time, only one unique rent can 
exist in a given zone. In fact, if relationship (6) assumes the 
form of strict equality, the implication is that the first commod
ity is produced in the i-th zone and that the land rent 
exactly exhausts the net revenue obtained from the sale of 
the crop, In this case the land rent is larger than the net 
revenue that could be obtained from the production and 
marketing of the second product. Hence, in relationship (7) 
the inequality is maintained and the second crop is not being 
produced because, by producing it, a loss would be incurred. 

Actually, the right-hand sides of the two relationships in
dicate the derivation of the net revenues per unit of land which 
can be obtained by the producer if he plants one or the other 
of the two crops. We can compute these for all zones around 
the consumption center and show them as functions of dis
tance from the market. Of course, because the transportation 
costs are defined discontinously from zone to zone, the net 
revenue per unit of land must also appear as a discontinuous 

1. This particular example is based on the assumption that the trans
portation rates (t'j) of the two commodities are identical. This is not 
necessarily the case, and differential rates can be introduced without 
essentially altering the nature of the analysis. 
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step function of distance. This is shown in Figure III. 2 where 
the treads of the step functions represent the concentric rate 
zones. (There is no attempt to reproduce in the Figure the 
numerical case presented in connection with the solution of 
the direct problem). The net revenues per unit of land which 
can be obtained if the first crop is planted in all of the zones 
are shown by the step function RXG and the net revenues 
corresponding to the second crop are represented by R2B. 
Clearly, in the vicinity of the market, higher net revenues 
per unit of land can be obtained from producing the second 

S/acre 

C m i l e s 

Figure III. 2 
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rather than the first crop. Hence, if competition prevails, the 
rent prevailing in these zones must also exceed the rents 
which could be afforded by producing the first crop. The 
opposite is the case in the more outlying zones. In fact, the 
land rent will have to correspond to the net revenues per 
unit of land from the production of the second crop in all 
zones between the market (denoted by 0 in the diagram) 
and zone A, and to those from the production of the first 
crop in the zones between A and G. From there on the net 
price of any crop, hence also the land rent, must be zero. 
The implication is that between 0 and A only the second 
crop, and between A and G only the first crop, can be pro
duced because the violation of this pattern results in losses.1 

The pattern itself corresponds to the Thünen rings which 
can be derived for the entire plain by spinning the diagram 
around its vertical axis. 

What conclusions can we draw from the preceding anal
ysis ? The first is that Thünen as an economist was far ahead 
of his time and that his early contribution (1826) was not 
sufficiently recognized. He invented marginal analysis and 
his work can be recast into modern programming frameworks. 
In fact, the Thünen analysis can be used to obtain normative 
insights into problems relating to optimal land use. 

These interesting and important insights concern the re
lationship between market price, technology and choice of 
production location. For example, we learn that ceteris paribus 
the crop which yields the highest market price per unit of 
land should be produced nearest to the market. This is 
not an intuitively obvious conclusion.2 Furthermore, an in
crease in the market price of a particular crop, such as would 

1. Note that as represented in the diagram, A is a zone of indifference 
where both crops can be produced in any combination. 

2. Thünen himself was unclear on this point. 
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raise the intercept of the first crop's net revenue function in 
Figure III. 2. results in a corresponding expansion of the re
levant Thiinen ring both in the direction of the market and 
towards the more outlying areas. To what degree the produc
tion of the second crop would then be displaced in the di
rection of the market depends on the relationship between 
the slopes of the two net revenue functions. Specifically, 
the smaller the absolute value of a2 relative to a.x the less 
will be the territorial displacement of the second crop in 
response to an increase in P15 and vice versa. Thus, the 
Thiinen approach also makes explicit the rôle of technology 
in the determination of optimal land use. 

We can, of course, have a large number of crops and for 
each crop a net revenue function with its corresponding 
Thiinen ring. In addition, we can also have more than one con
sumption center in the plain —in fact, any number of them. 
If they are sufficiently densely distributed, the rings around 
different centers will cut across each other and the more 
outlying rings will be displaced. With increasing density of 
markets, more and more low-rent activities must !je squeezed 
out and relegated to the distant periphery. 
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CHAPTER IV 

LAND USE: RICARDIAN RENT 

In the preceding chapter we discussed the relationship 
between land rents and the choices of production location. 
However, we did not go into the question of the choice of 
technology as affected by distance or transportation costs. 
In fact, the framework we chose to work with was based on 
constant coefficient production functions which — unless mul
tiple technologies are incorporated — preclude any variation 
in production methods. Furthermore, we assumed that 
land was the only scarce resource. It is, however, a natural 
and, from- the planning point of view, important question to 
ask how technology itself is affected by the factors influencing 
the choice of location. In particular, we shall inquire how 
the employment of labor is affected when the land it has to 
work with is at variable distances from the market. 

We shall maintain our previous set of assumptions about 
the uniformly endowed plain around a market or consump
tion center, and we shall adhere to our previous method of 
subdividing the plain into concentric zones. Since the de
tails were presented in the previous chapter there is no need 
to repeat the argument, and we shall simply recall that to 
each concentric zone a given, fixed amount of productive 
land corresponds. This time, however, we shall also assume 
the existence of a labor force of a given size — denoted by 
L — which is mobile in the sense that it is free to move or to 
spread itself over any of the zones without incurring any 
costs in the process. Thus we have two factors of production, 
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land and labor, which can be used to produce the different 
crops according tq well-defined production functions. These 
we assume to be of the variable proportions type and identical 
everywhere. Furthermore, they obey the law of constant re
turns to scale in all lines of activities.1 

Let us for the moment assume that we have only a single crop 
to produce, and consider how much of it should be produced, 
where, and by what method. A Ricardian rent analyst will 
immediately recognize that as long as the plain is uniformly 
endowed and transportation costs are zero, the labor force 
will be distributed so as to equalize everywhere not only the 
marginal product of labour but also of land. The implication is 
that not only wage rates but also rents must be equalized 
everywhere. Wage and rent differentials would indicate 
inefficiency. The situation changes however, if we introduce 
non-zero transportation costs. Even though the physical qua
lities of land remain identical, the net revenue earned by 
producing a unit of the same crop changes from zone to zone, 
depending on the land's distance from the market. At the 
same time, because we assume perfect labor mobility, wages 
must be identical eveiywhere on the plain; hence, the chan
ges in the net price as we move from zone to zone must be 
offset by changes in land rents and technology The relationship 

1. To work with constant returns to scale production functions is 
convenient for analytical reasons. The application of the methods of non
linear programming, on which we rely, require that all relationships 
(constraints) should be first order homogeneous and additive. Constant 
returns to scale production functions satisfy both requirements. Constraints 
with such properties define convex sets whose intersection — i.e., the 
feasible region — is also convex. Hence, the existence of a maximum 
(minimum) solution is also assured. First order homogeneous production 
functions can be expressed as functions of factor proportions. As a con
sequence, the marginal product of any of the factors does not depend on 
scale but on factor proportions alone. We shall make use of this property 
in the exposition. 
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between transportation costs and this particular form of 
Ricardian rent differentials can be demonstrated both by 
simple mathematical and diagrammatic analysis. 

Since in any of the zones we have only a single crop to 
produce we maximize: 

(1) Σ.(Ρ-*)χ*; 

subject to the production functions (assumed to be identical 
in all zones)1 

(2) χ· = ΤΤ(υ/Τ·); 

and subject to the resource constraints 

(3) Z , U | L L I and 

(4) T ^ r , i = 1 . . . m. 

Since labor can be freely allocated in any zone there is only 
a single constraint regulating its distribution. On the other 
hand, land is immobile; hence, there is a land distribution 
constraint for each particular zone. But because we have to 
allocate fand (as well as labor) only to the production of a 
single crop, only one variable enters each of the land con
straints. 

We know without any formal argument that the conditions 
of the maximum require that 

(5) (P-V )Ρ(Ιν/Τ)4\ν; i = 1 . . . m; and 

(6) {?'V)[ì{V]1i)-VlTf{VrTi)]S.K\ i=l...m; 

where the left hand sides denote the values of the marginal 

1. In writing the production function we make use of the first order 
homogeneity property/which is subsumed under conditions of constant 
returns to scale. With these functions we can write that ax = g(aT, aL) 
where a is an arbitrary scalar multiplier. Assume that a = 1 /T, then 
x/T = g(l, L/T) and χ = Tg(l,L/T). Then the function can be re-written 
simply as χ = Tf(L/T) which is the form used under (2). 
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products of labour and land and the right hand sides show the 
wage rate (W) and rents (R').1 

In equilibrium only one wage rate can prevail without re
gard to the zone of employment. Furthermore, in all zones 
where labor is employed, the relationships under (5) must 
exactly fulfill the equality. On the other hand in zones where 
the net price (P - t') is not positive, or where it is greater 
than zero but the value of the marginal product of labor 
corresponding to even the very lowest labor-land ratios is in
sufficiently high, then the inequality will be maintained and 
labor will not be employed in that zone. In the case of land 
the rent will be different from zone to zone, but the relation
ships under (6) must fulfill the exact equality in equilibrium. 

It is immediately evident that if the transportation cost 
(t') is zero everywhere, then in addition to the wage rate the 
marginal product of labor must also be identical in all zones. 
This follows from the relationships under (5) which under 
these conditions must all satisfy the exact equality. But be
cause the marginal product is a function of factor proportions 
alone, the factor proportions themselves, and hence, land 
rents, must also be identical everywhere. The equilibrium 
relationship between wage rate and factor proportions is de
picted in Figure IV. 1, where the value of the marginal pro
duct of labor — Pf^L'/T·)—is plotted against the labor-
land ratio for the i-th zone. Since the marginal product of 
labor as a function of factor proportions is independent of the 
amount of land available in each zone, the functional rela
tionships are identical everywhere. The unique wage rate 
must settle at a level which distributes the entire labor force 
over all zones in such a way as to equalize the labor land ratio. 

1. The marginal products are obtained by partially differentiating 
(2) with respect to labor and land respectively. Notice that, as indicated 
above, they are functions of factor proportions alone and thus do not 
depend on scale. 
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Pf' (L1 /T 1 ) 

W 

0 ( L / T ) * L i / T i 

Figure IV. 1 

If on the other hand transportation costs are non-zero and 
a different price (P - t') corresponds to each zone, the values 
of the marginal product of labor as functions of the labor-
land ratio will also be correspondingly affected. Specifically, 
as we move toward more outlying zones and the net price 
diminishes, so will the value of the marginal product of labor 
corresponding to any given factor proportion also dimin
ish. This situation is shown in Figure IV. 2, which differs 
from the preceding diagram in that the marginal product 
of labor is now multiplied by Ρ - t' instead of a constant mar
ket price; hence, the functions are scaled down vertically as 
we move from zone to zone. If we now impose the equi
librium condition which requires that the value of labor's 
marginal product should everywhere equal a unique wage 
rate, we find that it can be satisfied only if the labor-land 
ratio is successively diminished as we move to zones more 
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(P-t1)? (upp) (P-t l)f"(L1/T i) ( P - t m ) f ' ( L m / T m l 

LVT1 L/T LVT1 L/T L m / T m L/T 

F^arc /Κ 2 

distant from the market. From the relationships under (5) 
we can of course deduce that as t' increases, the marginal 
product of labor must also increase.1 The latter requires that 
a unit of labor should be combined with increasing amounts 
of land, which is just another way of saying that the labor-
land ratio must diminish. While the wage rate is maintained 
at a unique level by suitable adjustments to the factor ratios, 
the land rents are adversely affected. In fact, simply by con
sidering the relationships under (6), we can reaaily ascertain 
ihat they must fall as we move away from the market, on two 
counts: first, because of the falling net price; and second, 
because of the falling labor-land ratio which implies successive 
decreases in the marginal productivity of land. 

1. ( P - t 1 ) > . . . > ( P - t i ) > . . .>(P-t«n) implies f ' ( P / T » j < . . .<f'(Li/Ti) 
< . . . f ' ( I > / T « n ) . 
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Notice that the way we have represented our analysis in 
Figure IV. 2, labor is allocated to all zones including even 
the most outlying one. This is not, however, necessarily 
always the case. Imagine, for instance, a large increase in the 
transportation cost corresponding to the last zone. Then the 
intercept of the value of marginal product function will drop 
below what it is now, and it may fall below the wage rate if 
the increase is sufficiently large. In that case labor would 
not be allocated to that zone and the labor-land ratio as well 
as land rents would be zero. In either case, the vertical scale-
down of the function in the last zone will necessarily imply 
a drop in its labor-land ratio, with a concomitant local drop 
in the level of employment. Labor which is released must 
be absorbed elsewhere, and in the ultimate adjustment, the 
wage rate itself must fall so as to induce higher labor-land 
ratios and employment in the other zones. However, the drop 
in the wage rate needed to transfer the released labor will 
for obvious reasons not have to be as great as the proportion
ate vertical scale-down in the value of the marginal product 
function of the last zone - in fact, depending on the level of 
employment in the other zones and the elasticity of the 
marginal product functions, the required reduction in the 
wage level may even be imperceptible. 

The implications of the foregoing analysis are interesting. 
If transportation costs are zero (i.e., negligible relative to the 
market price) production will be evenly destributed over a 
uniformly endowed plain and wages and rents will be the 
same everywhere. The technology employed, characterized 
by ^he labor-land ratio or labor intensity, will also be identi
cal everywhere. On the other hand, if we introduce non
zero transportation costs, the production pattern changes. 
Wages will still be identical all over the plain and as long as 
migration or commuting is costless, this must always be the 
competitive outcome. But the technology (labor-land ratio) 
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used in the production process will change from zone to zone 
as a function of distance or transportation costs. Specifically, 
as we move further and further away from the market the 
labor intensity of production will correspondingly decrease. 
As the labor intensity decreases, land rents also diminish. 
In this respect rents behave in very much the same way as 
in the pure Ricardian differential rent case: the difference is 
that here it is the value productivity rather than the physical 
productivity of the land which changes from zone to zone. 
In either case the function of the differential rents is i ne 
same: it permits (or forces?) the redistribution of the labor 
force so as to equate the value product of the last little unit 
of labor in all zones where labor is employed, which is a 
necessary condition of maximizing the total value of the out
put.1 Thus, the equilibrium pattern of production requires 
that the density of labor should increase the closer we move 
to the market. Furthermore, the greater the transportation 
cost, the greater must be the density of labor in the areas 
close to the center. This is a remarkable outcome because it 
carries in it the seed of urban concentration or agglomeration 
without economies of scale or externalities of any type. 

If we extend the framework to include the production of 
several crops or commodities, we in fact combine the Thiinen 
and Ricardo types of analysis into one unified approach for 
determining optimal land use patterns. The Ricardian re
quirement of a uniform wage rate in every land zone remains 
a condition of the optimal spatial distribution of labor over 
the plain. Thus, for any one activity the conclusion still holds 

1. It is because of this function of land rents that it was said that if 
landlords did not exist, they would have to be invented. The student is 
urged to reason out the pattern of production and its effects on the total 
value of the output if all landlords were shot and labor were permitted 
to earn the value of its average product instead of the competitive wage 
rate. 
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that the labor-land ratio in that activity must decrease with 
increasing distance from the market center. The formation 
of the Thiinen rings will be determined as before by the dis
tribution of those crops which produce the highest land 
rents. 

The actual conditions governing the optimal use of land 
are described by relationships exactly analogous to those 
under (5) and (6) above. The difference is that with η differ
ent crops — each of which can be produced in any of the 
m zones — we will have η production functions and a corres
ponding increase in the number of conditions, one for each 
crop in each land zone. Note that since the marginal pro
ductivities are expressed as functions of factor proportions, 
the formation of Thiinen rings will be importantly affected 
by the relative labor intensities of the different processes. 
Ceteris paribus (i.e., subject to market prices and transportation 
costs), more labor intensive crops — which yield a higher 
marginal value product to land — will be produced closer 
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to the market center.1 Thus the technical factors which under
lie the formation of Thiinen rings also increase the density 
of labor as we approach the market center from the more 
outlying areas. In this way the Thiinen rent conditions rein
force Ricardian rent in increasing the concentration of labor 
around urban market areas. 

1. The rent must be uniform within each land zone and the wage 
must be identical over the entire plain. Thus the relative factor intensities 
of the different processes must be determined in each zone with reference 
to unique rent-wage ratios R'/W. As shown in the diagram, the labor 
intensity L/T of a particular process can be shown by the slope of a ray 
drawn from the origin of the production function to the tangency of an 
isoquant with the factor price ratio. 

Figure IV. 3 
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CHAPTER V 

THE DEMAND CONE OF LÖSCH 

In the two previous chapters we have assumed that the 
supply of marketable goods is located on an evenly endowed 
plain around a central market point where demand is in
finitely elastic at stated prices. What happens if production 
takes place centrally and consumer demand is distributed 
evenly over the plain? To analyze this case, Lösch devised 
his v-oncept of the demand cone. 

Assume that we want to know the total demand around 
a centrally located brewery and that the individual demand 
curves of all consumers are downward sloping and identical. 
Then if P0 denotes the price at the brewery, and t is transporta
tion cost (proportional to distance) along any ray from the 

P=Po+t 

Figure V. 1 
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center, we can map the total sales at price Ρ = P 0 + 1 
to consumers located along this ray. This is shown in Figure 
IV A. 1. If Q,0 denotes the quantity sold at the brewery, the 
amounts sold at increasing distances will diminish since the 
transportation cost cuts down sales. At a sufficient distance 
from the center, corresponding to F - P 0 transportation cost, 
sales are zero. 
The area FP 0Q, 0 represents the total sales as function ofP0— 
i.e., the price at the location of brewery — along a parti
cular ray from the center. The distance corresponding to the 
transportation cost F - P 0 is the sales radius of the firm which 
is also a function of P 0 . If we now rotate the section FP 0Q, 0 

l&A-A 
F t 

Figure V. 2 
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around the P0Q,o axis we derive the Löschian demand cone 
which, multiplied by a density factor, provides us v/ith the 
total sales of the brewery (as function of P0). The demand 
cone is shown in Figure IV A.2. 

The mathematical derivation of the volume of the demand 
cone as function of transportation costs is readily obtained 
with the help of Pappus' theorem. If the center of gravity E 
of the area P0FQ^0 (denoted by A) is, say, at t then the vo
lume of the cone can be expressed as 

(1) ν = 2ΠΤΑ. 
F 

But 

tdA 
Po 

A 
F 

and A = f f(P0 + t ) d t . 
Ρ 

Then, since dA = f(P0 -j- t) dt, 

F 
T A = f tf(P0 + t ) dt; 

r o 

and by substituting into 1) we obtain 

F 
(2) ν = 2Π ί tf(P0 + t ) dt. 

Ρ 

If we now multiply V by a density factor — in terms of con
sumers per square measures the sides of which are expressed 
in terms of one dollar's worth of transport costs — we obtain 
total sales as function of P0. Finally, by calculating total sales 
corresponding to all possible P 0, we derive the firm's total 
demand as function of prices charged at the location of the 
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brewery. This total demand function must be downward 
sloping since the V-s, and hence, total sales corresponding to 
successively higher P0 - s must be diminishing. 

Given the total demand curve, the producer can proceed 
to the selection of the profit maximizing plant. The choice 
must of course be influenced by the nature of the cost relation
ships and the expected local competition or rivalry by other 
potential producers. Lösch himself assumed a state of mono
polistic competition in which producers crowd the markets 
until all profits are wiped out. Once no more profits can be 
realized, potential entrants have no further motivation to 
share in the market. The final equilibrium is characterized 
by hexagonal rather than circular market areas: the initial 
circles get pressed together into hexagons by the drive to 
exploit those corners of the plain which are not covered by 
tangentially occupied circular market areas.1 

The Lösch type assumptions which lead to his intricate 
patterns of space utilization according to lattices of different 
size honeycombs, are however, rather specialized. The con
cept of a homogeneous plain is a good first approximation 
only under very particular conditions. But consider the con
ditions underlying the derivation of the demand cone. The 
Löschian assumption is that the firm sells its product always 
at the price charged at the location of the plant (P0) plus 
transportation cost. This is a typical feature of pure compe
tition as we shall demonstrate in a later discussion. If a firm 
enjoys a measure of local monopoly within its market area, 
it would naturally practice price discrimination against con
sumption near to its plant and in favor of consumers further 
removed. Thus the derivation of the demand cone has valid
ity in a normative context and less so in a monopolistic 

1. Note that as already discovered by bees, hexagons are the highest 
order polyhedra which approximate the circle and fully cover the plain. 
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world. But precisely for this reason — if we are concerned 
with problems of planning — we can retain it as a potentially 
useful tool. 

Secondly, a Chamberlinian concept of large group equi
librium can have only a limited relevance in situations where 
a very few minimum size efficient firms are sufficient to preemt 
all markets over the entire space. Take, for instance, the steel 
industry or — to approximate better the concept of a homo
geneous plain — the chemical fertilizer industry as it relates 
to the spatially dispersed agricultural demand. The well-
known consequences of oligopoly instability can be avoided 
only by cartelization, price-fixing, market sharing agreements, 
monopolization or government control. The Löschian assump
tion of monopolistic competition cannot shed any light on 
any of these situations, neither from the descriptive nor from 
the normative point of view. Nonetheless, the concept of a 
market area remains a useful one, particularly since it brings 
into focus those aspects of spatial planning which a purely 
competitive approach cannot properly analyze. 
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CHAPTER VI 

TRADE, MIGRATION AND REGIONAL INTEGRATION 

In the preceding chapters we discussed the location of 
economic activities in the context of a self-contained economy 
placed in a homogeneous plain. The setting can be readily 
transformed, however, into a multi-regional framework where 
each zone of land assumes the rôle of an independent region 
in which both production and consumption can take place. 
If we then maintain the assumption of a fully mobile labor 
force over all regions, we remain essentially in the realm of 
an «integrated» multi-regional economy, i.e., a nation com
posed of many regions. On the other hand, if we assume that 
labor is not free to move from region to region, we have the 
classical conditions of international trade theory according 
to which goods can but productive factors cannot move 
across boundaries. 

Though a strict dichotomy of this type between the defini
tions of international and interregional trade has its analytical 
justification, in reality it cannot be maintained. The difference 
is more a matter of degree and, in the short run, productive 
factors may be just as immobile interregionally, i.e., within 
the boundaries of a nation, as across national boundaries. 
There are even examples of factors, particularly capital, 
freely flowing abroad from a given region of a country when 
they would not move to another region within the country 
itself. It is probably true, however, that in the long run fac
tors are more mobile nationally than internationally and 
that, if suitable incentives develop, those factors which are 
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not physically tied to a particular location will move or 
migrate to those regions within the nation which happen to 
offer the greatest incentives. Thus the theory of comparative 
advantage — which is based on a regionally unequal dis
tribution of immobile factors and which, barring increasing 
returns to scale, may be the most important determinant of 
international trade flows — has validity also for interregional 
trade.1 In the long run, however, interregional comparative 
advantage may be partially or totally eliminated by induced 
factor movements or migration. 

According to the theory of comparative advantage, each 
region will tend to specialize in the production and export 
of those goods for which it is best suited in terms of relative 
factor endowments. Thus, if we have two regions in which 
technology and demand conditions are identical but which 
are endowed with labor and land in different proportions, 
the region in which land is the relatively more abundant 
factor will tend to specialize in the production and export 
of that commodity which requires relatively more land than 
labor. This same region will also import the other commodity 
produced in the second region which in terms of its relative 
factor endowment has the comparative advantage in the pro
duction of labor-intensive goods. In a two-region, two-factor, 
two-good situation (in which transport costs are zero and trade 
is free) trade equilibrium will naturally imply the equali
zation of the price ratios of the two commodities in both 
markets. The physical exports of one region must equal the 
physical imports of the other region and — in the absence of 
capital flows — the trade balance, i.e., the difference between 
the value of exports and value of imports, must be zero in 
both regions. Since local production equilibrium requires in 

I. Note that the assumption of unequal factor distribution takes us 
out of Thiinen's realm of a homogeneous plain. 
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both regions that the technical rates of substitution (the mar
ginal rate of transformation) between the goods should be 
equal to the price ratio, interregional equilibrium also implies 
that unless one or both regions are fully specialized in the 
production of only one of the goods, the slopes of the trans
formation functions at the point of production must also be 
equal in both regions. Assuming that all the conditions re
lating to demand (consumer equilibrium) are satisfied, the 
supply side of the trade equilibrium can be represented 
diagrammatically as shown in Figure VI . 1. 

Figure VI. 1 

In the example we assume that region 1 has more land than 
labor relative to region 2 and that the second commodity is 
relatively land-intensive. Hence, the first region has a compar
ative advantage in the production of the second good and — 
naturally — the other region has the relative advantage in 
the production of the first good. As shown in the diagram, 
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production is denoted by A1 and A2, and consumption by 
G1 and C2 respectively. A1B1 and B1G1 show the imports and 
exports of the first region, and an identical triangle represents 
the trade flows in the other region. If the demand conditions 
in the form of indifference maps were shown in the diagrams, 
an indifference curve would have to be tangent to the price 
lines at the consumption points in both regions. Then the 
gains from trade would be indicated by the fact that these 
indifference curves correspond to a higher level of satisfac
tion than attainable through any autarkic production. 

At the production points, the price line must be tangent to 
the transformation functions. The slope of the price line — 
or its absolute value — is equal to the ratio of the two com
modity prices P2/Pi, which in turn must be identical in both 
markets. Hence, the marginal rates of transformation, i.e., 
the slopes of the two transformation functions, must also be 
identical at the points of production. Note that while compar
ative advantage is determined by the relative factor endow
ments in the two regions, it manifests itself through the differ
ences in the slopes of the transformation functions. In the 
process of specialization both regions increasingly experience 
diminishing returns to scale and at the point of trade equili
brium, comparative advantage is exhausted.1 

Underlying the equilibrium of production in both regions 
there are sets of optimality conditions which relate the effi
cient combinations of land and labor to the wage rates and 
land rents in each of the regions. Comparative advantage 
operates under the assumption that productive factors cannot 
move or migrate from one region to another; hence, the opti
mality conditions must show wage and rent relationships 
which are based on the same regional distribution of pro-

1. At least, this is the case if neither of the regions is fully specialized 
in the production of only one of the goods. 
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ductive factors which prevailed before trade equilibrium was 
attained. Since the trade adjustment increases the demand 
for the good which requires relatively more of the abundant 
input, it follows that the relative demand for the latter will 
also increase. Hence, the compensation of the abundant pro
ductive factor will increase relative to the compensation of 
the scarcer factor. In our example, land is the relatively 
more abundant factor in the first region, hence with trade, 
land rents will rise relative to wage rates. In the other region, 
however, the opposite will take place, i.e., wage rates will 
increase relative to land rents. Thus, trade between the re
gions will equalize the relative prices of the finished goods 
(we abstract from transportation costs and tariffs) and, 
assuming that the underlying technical relationships are well 
behaved, simultaneously will tend to diminish the interre
gional differences between wages and rents caused by the 
uneven factor endowments of the regions. The closer trade 
takes us to the equalization of factor prices the less will be 
the motivation for migration. 

Can trade ever bring" about a complete equalization of 
factor prices without migration? Under certain very limited 
circumstances, yes. Let us assume that identical first order 
homogeneous production functions exist in both regions and 
that there are no trade impediments. Let us also assume that 
trade equilibrium is such that none of the regions specialize 
fully in the production of only one of the goods. Then in both 
regions the opti mality conditions governing the equilibrium 
use of resources can be described by identical sets of relation
ships. This is so because — as discussed in a previous chapter 
— the marginal productivities of the inputs can be described 
as functions of factor proportions alone and thus the optimum 
conditions do not depend on absolute magnitudes. 

Given two factors, labor and land, and two products, X-L 
and x2, in both regions, we will have two identical relation-
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ships — one for each factor — which state that the value of 
the marginal product of each factor must be identical in 
both occupations. These can be written as follows: 

(1) P1f1 '(L1/T1) = P2f2 ' (L2/T2); 

(2) PxttCWTJ - f ^ L J T ^ / T j - P2[f2(L2/T2) -

f2 ' (L2 /T2)L2 /T2] . 

If we conceive of the factor proportions L^/Tj and L 2 /T 2 as 
our variables, we now have two equations which can be solved 
for the two variables for any stipulated set of market prices 
or price ratios of finished goods. Identical prices or price 
ratios in the product markets will result in identical wages 
and rents in the two regions if the above two relationships have 
a unique solution. The latter will be ensured if for any stipulated 
wage-rent ratio the production of one of the goods requires 
consistently a higher labor intensity (labor-land ratio) than 
the other good.1 

If all the conditions are satisfied, interregional trade 
equilibrium in the finished good markets will also imply 
long-run equilibrium in the factor markets. In other words, 
if the equalization of the market prices of the finished goods 
leads to the equalization of factor prices in the different re-

1. Whether or not this condition is satisfied can be checked with a 
diagrammatic comparison of the slopes of the isoquants of the two pro
duction functions. This is shown in the figure. Here one isoquant of the 
first process is superimposed over an isoquant of the second process. In 
the chosen example, the two isoquants cross each other only once ; hence, 
for any wage-rent ratio (indicated by the slope of the attached price line) 
the corresponding efficient L1/T1 is always greater than L2/T2. With 
two production functions whose isoquants — when superimposed — 
cross each other twice rather than once, the unique ordering of factor 
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gions, then the motivation for migration is eliminated and 
trade is a perfect substitute for migration.1 

Figure VI. 2 

proportions (intensities) relative to different wage-rent ratios is impossible. 
The relationship between the slopes of the isoquants of the two production 
functions as represented in the diagram provides a sufficient condition 
for uniqueness. But even if the isoquants cross twice it is possible to have 
a unique solution and hence, factor price equalization, if both regions 
operate within that range of their technologies for which a unique order
ing of relative factor intensities is possible. 

1. Notice, however, that if the condition of uniqueness is not satisfied, 
the traditionally accepted outcome of the theory of comparative advantage 
may not be forthcoming either. Then the region with relatively more 
labor may export the land-intensive good and vice versa. 
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What will happen if trade equilibrium in the product 
market is attained without a strict equalization of the pro
duct price ratios ? Such will be the case if the transportation 
costs of the goods interregionally traded are positive rather 
than zero. In this case the interregional equalization of wages 
and rents cannot take place either, even if all the other condi
tions are satisfied. In the long run labor will migrate to the 
high wage region, i.e., to that region whose comparative 
advantage was in the production of the land-intensive good. 
With the process of migration comparative advantage in the 
regions is gradually diminished and the motivation for trad
ing also diminishes. But as long as trade continues, the trans
portation costs keep an unbridgeable gap between the prices 
prevailing in the two markets and factor price equalization 
cannot take place. Hence, migration will continue even at 
that moment when trade comes to a complete halt. Then, 
after the two markets are no longer connected by commodity 
flows, there is no further reason for having the transportation 
cost differential between the prices of the commodities in 
the two separate markets. With further migration which 
continues until the wage rates are equalized in both regions 
- the prices prevailing in the two markets will also be brought 
into equality. In fact, the case just discussed is the reverse of 
the traditional process of factor price equalization. There 
wages ano! rents equalized by imposing identical goods' 
prices in the two markets, and here the goods' prices are equa
lized by imposing identical factor prices in the two markets. 
The latter is attained, however, only by an interregional re
distribution of factor pools which then also results in the 
elimination of trade and comparative advantage. 

Let us now assume, however, that instead of the two sep
arate final markets we have a single national market for the 
trading of the finished goods, but that production continues 
to take place in two distinct regions according to compara-
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ti ve advantage. In this case the price ratio prevailing in the 
goods market will be necessarily identical to the price ratios 
prevailing in both regions as long as transportation costs are 
zero. Furthermore, given a single national market, the price 
ratio itself can swing to any level depending on the national 
demand conditions.1 Let us further maintain our earlier 
assumptions about constant returns to scale, identical pro
duction functions and also, for the moment, labor immobility. 
Then the question is whether we can derive a national 
production possibility curve which shows the total productive 
potential of both regions for any given price ratio in the 
finished goods market. 

The integrated national production possibility surface con
sisting of the combined economic potential of the two regions 
can be derived by summing up the outputs of each of the com
modities in both regions produced in response to alternative 
prices in the national market. In other words, we choose a 
particular price ratio for the two goods and sum up the 
forthcoming outputs in the two regions. If the price ratio 
heavily favors the production of the first good, then both 
regions will specialize in its production. This case corresponds 
to point D on the vertical axis of the diagram in Figure VI . 3. 
If we gradually change the price ratio so as to slowly in
crease the relative price of the second good, the first region — 
which has comparative advantage in that line — will begin 
to produce the second good in increasing amounts while the 
other region remains completely specialized in the first good. 
This state of affairs is maintained for any price ratio corres-

1. This is in marked contrast with the international trade type situat
ion where the price ratio in final trade equilibrium could not be expected 
to be anywhere outside the limits defined by regional autarky. Natural
ly, there is no reason why a given independent nation with its own market 
should enter into trade or accept market prices which would lower the 
level of well-being of its own residents below what can be attained by 
self-sufficiency. 
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ponding to the slope of any point between D and A on the 
national transformation surface. 

( x} + χ?) 

( A + A ) 

Figure VI. 3 

Since the segment DAP1E is the regional transformation func
tion (elevated on the vertical axis to the height correspond
ing to the second region's maximum potential in producing 
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the first good), sliding along the arc DA indicates a gradual 

increase in the production of the second good in the first 

region and continued full specialization in the second region. 

At point A, however, the slope of the first region's transfor

mation function is identical to the slope of the second region's 

function at the point of full specialization denoted by E. 

(It should be evident that the transformation function of the 

second region consists of the segment EP 2BG). If then the 

price ratio continues to improve in favour of the second good, 

the second region itself will cease to be fully specialized in 

the production of the first good and will increasingly contri

bute to the production of the second good. Any point on the 

national function (the arc DAPBG) denotes the combined 

activities in the two regions by representing the vertical and 

horizontal summation of the two outputs of the two regions. 

However, when neither region is fully specialized, local equi

librium requires in both that the slopes of the regional trans

formation functions should equal the price ratio. Hence, 

the summation of outputs must always take place at those 

points of the regional transformation functions where the re

gional marginal rates of transformation are identical. For in

stance, the point Ρ on the national frontier has the same slope 

as P 1 and P 2 on the two regional functions and denotes the 

combined (respectively vertical and horizontal summation 

of) outputs which correspond to those points. If the price 

ratio continues to swing in favor of the second good, the first 

region will fully specialize in its production at point Β and 

beyond. From there on the production of the second good 

can be increased only in the second region, and the last 

segment BC of the national transformation function coincides 

with the corresponding arc of the second region's frontier. 

Thus along the segment DA the second region, and along 

BG the first region is specialized fully in the production of one 

of the goods. Both regions produce both goods along the arc 
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APB. It follows from our earlier discussion of factor price 
equalization that if the prices in the national market are such 
as to place us anywhere on the production possibility surface 
between A and B, the wages and rents will be equalized in 
the two regions, hence no migration will be motivated. Since 
the equality of wages and rents means that the values of the 
marginal products of labor are identical in both regions and 
similarly with land, the conclusion is that changes in the re
lative regional endowments could not lead to increased effi
ciency anywhere and the national production possibility 
function could not be pushed outward by relocating the labor 
force. On the other hand, if the price ratio in the market is 
such as to induce full specialization in either of the two regions 
(i.e., if production takes place along DA or BG) wages will 
not be equalized and in the long run migration will be in
duced. In the process of migration, the regional distribution 
of labor relative to land will be changed and — of course — 
the shapes of the regional and national transformation func
tions will also be altered. Specifically, the relevant segment 
of the national production possibility is pushed outward, 
because of greater efficiency in the uses of resources. Migra
tion will come to a halt when wages and rents are equalized. 
The regional transformation functions are so altered that 
when wages are just equalized, the slope of the transformation 
function in the fully specialized region is just equal to the 
market price ratio at the vertex or the point of full specialization. 
For instance, if the market price ratio would indicate pro
duction at a point between A and D on the national trans
formation surface, labor would migrate from the lower wage 
first to the higher wage second region, i.e., to the place which 
has unexhausted comparative advantage in the production 
of the labor-intensive first good. The transformation function 
of the first region will shrink ; but in view of the relative 
advantage in producing the first good, the transformation 
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function of the second region will vertically expand at a 
more than just compensating rate. In the process both trans
formation functions will change: the first will become squat
tier and the second more elongated. However, as labor is 
transferred to the second region, diminishing returns to the 
changing factor proportions will flatten the slope of the 
second region's transformation function at its intersection with 
the vertical axis and in the end tangency with the price ratio 
will be attained at the vertex. At this moment all conditions 
for factor price equalization are fulfilled, wages are equalized 
and migration stops. The resulting equilibrium combination 
between the slopes of the different transformation functions 
will be exactly analogous to the one which is the case at 
point A in the diagram. 

Thus the function of factor price differentials is to moti
vate long-term adjustment in the direction of greater effi
ciency. Interregional migration motivated by wage differ
entials increases the production potential of the nation, and 
with suitable methods of income redistribution the gain in effi
ciency can be translated also into welfare gains. However, in 
the absence of international methods of income redistribution, 
the same argument cannot be made in the case of international 
migration. Though it will increase efficiency in world produc
tion, this may take place at the cost of a welfare loss to one 
or more of the affected countries. 

Finally, we should keep in mind that interregional trade 
can be motivated not only by comparative advantage but 
also by other important production and market factors. A 
dominant condition may be increasing returns to scale in 
any one line of production. In this case full specialization in 
any one region may well be the reasonable outccme, parti
cularly if the sizes of the regional markets are insufficient to 
sustain the smallest efficient scale industries. In any case, 
under such conditions we cannot expect the simple and esthe-
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tically pleasing price and wage relationships of the theory 
of factor price equalization to hold. But one conclusion 
remains unaltered. If as a consequence of equilibrium in the 
commodity markets wages are not equalized — and chances 
are that they will not be — motivation for migration exists 
and, in the absence of barriers, labor will move to the higher 
wage areas until wage equalization is attained. However, under 
conditions of increasing returns to scale we have no ready 
theoretical preconception or a priori judgment about which 
of the regions will have lower or higher wages. Furthermore, 
the free market mechanism will not bring about a socially 
desirable equilibrium either in the product or in the factor 
markets. Hence, government intervention is required to in
sure the attainment of a social optimum. 



CHAPTER VII 

INTERREGIONAL PRICE RELATIONSHIPS: 
RÉSOURCE FLOWS AND SHORT-RUN EQUILIBRIUM 

In the previous chapter we assumed that the regions of a 
given economy are endowed with fixed amounts of labor and 
land and that these inputs — in what we may refer to as 
short run equilibrium — must be utilized in the regions of 
their origin. We also concluded that if for one reason or 
another interregional wage differences exist, in the long run 
labor will migrate so as to equalize wages in all regions. Thus 
we have worked with labor which either had to be employed 
in the region of its residence or had to migrate. But these 
are not the only alternatives. The possibility of labor residing 
in one location and working in another was not considered, 
yet we can properly conceive of labor as commuting to work. 
I t goes without saying that the range of commuting can only 
be short. But the actual distance over which labor can be 
transported daily from its residence is not material to the 
argument. Those who might want to analyze situations where 
the long-distance transport of inputs is required could take 
coal from a mine of a given region as their transportable 
factor instead of labor. We are now interested in analytical 
conclusions about the optimal utilization of inputs which are 
transportable and these are insensitive to the actual distance 
over which an input can commute or can be transported. 

Furthermore, it must be remembered that until now we 
have assumed that transportation costs are exogenously 
given. In fact, we have treated them as if they were surcharges 
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to be paid over and above the price of the commodity at the 
place of manufacture and not as variables which themselves 
depend on the regional distribution of inputs, production and 
demand. The assumption is tolerable as long as we deal with 
a single industry or a small part of the economy. However, 
when in the context of general equilibrium analysis we con
sider the flow of all goods and services between all regions 
and the national markets, we should recognize explicitly 
that the transportation industry also competes for the use of 
productive factors; i.e., that transportation rates must be 
endogenously determined. 

We shall continue to use the previous chapter's framework 
of two regions serving a national market. This time, however, 
we shall assume that in addition to two final goods we also 
have the intermediate services of a transportation industry. 
Furthermore, let us assume in the light of the preceding dis
cussion that of the two productive inputs which are avail
able in the two regions, one is immobile — as, for instance, 
land — and the other transportable. The latter we shall 
assume to be labor which resides in given fixed quantities in 
each region and works either at the location of its residence 
or commutes, according to competitive market inducements. 
Alternatively, it could be any given resource flow, the im
portant assumption being that, in this short run equilibrium 
analysis, the stocks of factors are tied to their original locations 
even if their flows are transportable. 

Since we are interested in inter - rather than intra - regional 
movements, we can assume that local transportation costs 
are zero. We also assume that inputs for the transportation 
industry do not require transportation. Hence, transportation 
is demanded if the transportable input — labor — is to be 
used at a region different from where its stock resides and 
when finished goods are to be taken from the region of pro
duction to the final market. For simplicity — which will not, 
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however, prevent us from reaching readily generali ζ able re

sults — let us stipulate that each of the regions produces only 

one of the commodities. Specifically, consider the case where 

the first region can only produce the first of these goods and 

the second region can only produce the second. Then, given 

the prices of the final goods P x and P 2 at the location of the 

national market, we want to maximize the national product 

(i) Ρ Α + Ρ Λ 

subject to the supply and demand constraints as listed under 

relationships (2) to (8). There are three industries, producing 

the two final goods and transportation. Each of these outputs 

can be produced by labor from either region. In addition, 

the production of the two finished goods also requires land, 

which is, of course, not transportable. Thus, we can write 

the production functions of the finished goods as 

(2) * , - Ç ( L l i + L l . , T l ) , i - 1,2; 

and the production function of transportation as 

(3) t = f t(L l t + L 2 t ) . 

Lji and L2i represent labor originating from the first and 
second regions employed in the i-th industry and L l t and 
L2t similarly in transportation. T; stands for land, which is 
always utilized locally. If labor is utilized in the region where 
it does not reside, transportation is required and the variables 
L12 and L21 have to enter the transport demand function. In 
addition, since the finished products x1 and x2 also require 
transportation, the demand for transportation can be written as 

(4) t = D(L12, L21, xl9 x2). 

Finally we have the resource constraints for labor and land 
in each >of the regions : 
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(5) L u + L12 + L l t ^ L ! ; 

(6) L21 + L22 + L2t = L2Î 

(7) Τ ^ τ , ; 

(8) Τ 2 1 τ , 

We assume that the law of constant returns to scale prevails 
and require that in equilibrium all variables should be non-
negative. 

When we maximize the national product at the market 
place a set of optimality conditions have to be satisfied and 
a set of competitive prices or rents must be determined for 
each commodity or service in each of the producing regions. 
Since the only given prices are those of the finished goods at 
the location of the markets, we have to determine the FOB 
price (price at the location of production) of each good as 
well as the transportation rates and wages and rents. The 
optimality conditions which relate the market prices, trans
portation costs and FOB prices are as follows:1 

(9) F O ^ + P A ' ^ P Ì ; 

and 

(10) FOB2 + P t D 2 ' ^ P 2 . 

D / and D2 ' denote the rate of change in transportation demand 
with regard to the first and second good respectively and p t 

denotes the price of a unit of transportation output (service). 
The product of the two indicates the social cost of transport-

1. With the help of a Lagrange function the reader can readily derive 
the optimality conditions written out in the text. In so doing, he should 
not be discouraged by the inequalities. If the exact equalities hold, the 
Lagrange multipliers (the efficiency prices) are positive. If supplies ex
ceed demands, i.e., the inequalities remain in force, the efficiency prices 
will be zero. In either case, in the Lagrange function, all terms but the 
function we maximize have a zero value. 
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ing one more (or the last) unit of a given commodity to the 
market. In other words it represents the social marginal cost 
of transportation (SMGT) of a given commodity between 
two points, which in turn is the competitively efficient rate 
charged for moving a unit of a given good from its production 
location to the market.1 The left hand sum could never be 
smaller than the market price since the implied profits would 
induce increasing concentration of resources in the production 
of that good to the point where the good's FOB price or its 
SMCT or both would increase and eliminate the profit. If, 
on the other hand, the left hand sum exceeds the market price, 
i.e., if the FOB price plus the SMGT is greater than P, 
it is unprofitable to ship the commodity and the movement 
will not take place. Since in our case there is only a single 
market, the commodity in question is not produced under 
these conditions. This is clearly implied if the market price 
of the good is zero, but a market price which is small enough 
relative to the price of the other good is sufficient to bring 
about this result. On the other hand, if the exact equality 
holds then commodity shipment to the market — hence, also 
production — will take place. 

As far as factor movements are concerned, the derivation 
of the optimality conditions /is similar to the preceding 
argument. The value of the marginal product of a factor must 
be equal to its rent or its wage. However, the value of the 
marginal product must be evaluated in terms of the good's 

1. We must not confuse the SMGT of a commodity with the marginal 
cost of the transportation industry or with the price of a unit of transport
ation output. SMCT is the rate we charge for moving a unit of the i-th 
good from its production location to the market, a service which may 
require several units of transportation output. P t is, in turn, the price of 
a unit of transportation output or the price of, say, a ton/mile of service. 
In equilibrium the latter (pt) must be equal to the marginal cost of the 
transportation industry, i.e., the rate of change in the total costs of the 
industry with respect to its own output. 
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FOB price instead of the market price itself. Thus, denoting 
the marginal product of land — the non transportable factor 
— by fΊτ and f"2τ and land rents by Rx and R2 in the two 
regions respectively we have 

(11) FOBxf'1 T< R t ; 

and 

(12) F O B 2 f ' 2 T ^ R 2 . 

It stands to reason that in equilibrium a factor which is 
transported for employment to another region should earn 
there that return or rent which, after subtraction of the cost 
of its transportation, exactly corresponds to the rent it could 
earn in local employment. On the other hand, analogously 
to the case of goods movements, if its local rent plus its SMGT 
(i.e., the rate charged for its transport) exceeds the rent at 
the other region it is unprofitable to move that factor and 
shipment will not take place. Since in our framework labor 
is the only transportable input, we shall speak of wages which 
we shall denote by w t and w2 in the two regions respectively. 
Then if the marginal product of labor in the i-th industry is 
represented by f'n., we can write the conditions for the utiliza
tion of labor from the first location in its three possible use as 
follows : 

(13).· F O B / ' ^ ^ ; 

(14) FOB 2 f ' 2 L Sw x + D ' L 1 P t ; 

(15) p t f ' t L ^ w r 

An analogous set of expressions can be written for the utiliza
tion of labor originating from the second region. Thus, 

(16) FOB 2f ' 2 L5Lw 2; 
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(17) F O B ^ L ^ W Z +D' L 2 p t ; 

(18) p t f ' tL^w 2 . 

It is obvious that all these six relationships cannot simultan
eously satisfy the exact equality. Simple inspection is suffi
cient to indicate that if (13) and (14) satisfy the equality, 
(15) and (16) also do so but (17) and (18) must remain in
equalities. Alternatively, if (16) and (17) are equalities, (18) 
and (13) must also be equalities and (14) and (15) cannot 
be. There are some simple common-sense reasons behind 
these outcomes. If (13) and (14) satisfy the equality and 
labor commutes from the first to the second location, then the 
wage differential between the two regions must consist exactly 
of its SMCT, i.e., the cost of commuting. If labor flows in 
that direction, it would be inefficient for labor to commute 
simultaneously also from the second to the first location. This 
possibility is prevented by the fact that labor's wages are 
smaller there. In other words, competitive pricing automatic
ally prevents inefficient cross-hauling. The opposite is the case 
if (16) and (17) satisfy the equality. Furthermore, labor for 
transportation services must always be supplied from the 
location which exports labor ; under our assumptions, something 
very similar to cross-hauling would take place if we did not 
follow this rule. This is prevented by the relevant relation
ships (15) and (18). Thus the transport system can be sup
plied simultaneously with labor from both locations only if 
labor otherwise is not exported from either of the two re
gions. Hence, only in this latter case, i.e., when labor is 
simultaneously drawn from both locations to produce trans
portation, will wages be identical in both locations. 

The generalization of these rules can readily be accomplished. 
The case of commuting labor is only illustrative and the 
long distance flow of inputs could be analyzed without chang
ing the nature of the argument. The same is the case when 

- 7 9 



Resource plans and short-run equilibrium 

we introduce many inputs and outputs as well as any number 
of regions capable of producing all the outputs. We need 
not write out the relevant mathematical framework; we can 
summarize the rules since they closely follow the pattern de
rived above. In essence there is no difference between the 
pricing rules governing commodity transport and factor 
transport.1 If a factor of a commodity is transported from one 
region to another, the differential between the prices, rents or 
wages prevailing in the exporting and importing regions must 
be exactly equal the social marginal cost of transporting that 
factor of commodity. If the difference is smaller, the ship
ment is not profitable and the movement will not take place. 
Thus, in the case of transportable goods or services the differ
ences between high price and low price regions in equili
brium can never exceed the competitive rate (SMGT) charged 
for transporting the goods and services in question. 

1. Nor are the analyses and optimality conditions governing the pro
duction and allocation of intermediate goods any different as long as 
all locations and activities are continuously divisible - which is our case. 
But the Koopmans-Beckmann analysis shows that if indivisibilities are 
introduced, a particular firm can, by changing its location, affect the 
profitability of other already settled firms it is trading with. In these 
cases the «external diseconomy» of locational change is transmitted by 
way of the flows of intermediate goods. 
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CHAPTER Vili 

INTERREGIONAL PRICE RELATIONSHIPS: 

MIGRATION AND LONG-RUN EQUILIBRIUM 

Let us start out with the assumption that we are in short 
run equilibrium. As discussed in the previous chapter, this 
means that the pools or stocks of all factors are fixed at their 
original locations even though those factors with transport
able flows can — according to profitability — be employed 
also in regions other than those of their origin. Furthermore, 
let us consider a short run equilibrium situation involving 
many regions, outputs and factors. Then, depending on the 
initial distribution of the inputs and the regional structure 
of the different demands, it is entirely possible that there 
should be even sizable differentials between the equilibrium 
wage rates prevailing in the different regions — even though 
we already know that these differentials could never exceed 
the cost of commuting. By now we know that if labor is 
commuting from one region to another, the wage differential 
between the two regions must exactly equal its SMCT. If 
labor is not commuting it may be because the wage differ
entials are insufficient to make commuting profitable or because 
the place for potential employment is beyond the range of 
commuting. 

Regional wage differentials — as already discussed in 
Chapters IV and VI — are reflections of a less than efficient 
use of resources; and the net national product (the objective 
function in the programming framework of the previous 

6 
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chapter) can be increased by redistributing labor in such a 
way as to equate the value of its marginal product in all 
activities and in all regions. Fortunately, as long as wage 
differentials exist between the different regions, labor will 
be motivated to migrate from the lower to the higher wage 
areas. In the long run, assuming that the cost of migration 
is zero, labor will indeed migrate until all wage differentials 
are eliminated.1 Only when no participant of the economic 
system has any further motivation to change his behavior 
or residence can we say that long run equilibrium is attained. 

Long run equilibrium may very well imply the concentra
tion of all labor in only one or in a very few regions. Whatever 
the outcome, wage equalization is a necessary condition of 
long run equilibrium. But is it also a sufficient condition? 
Clearly not, for consider the case where initially all labor 
is concentrated in one particular region. Then, if competition 
prevails, wages must be equal for all labor. But experimenta
tion may show that regional reallocation of labor might 
increase the value of the maximand, i.e., the net national 
product at market prices. Thus the sufficient condition of 
long run equilibrium is that no alternative pattern of regional 
factor distribution should exist which could yield a higher 
net national product.2 

1. We could indirectly account for the cost (real or psychic) of migrat
ion by assuming that a given minimum wage differential is required to 
motivate it. Also, wage equalization could be analyzed in more general 
terms if we considered real rather than money wages. 

2. The experiment is readily performed in a programming framework 
if we incorporate labor as if it were footloose. Thus instead of one labor 
constraint for each region (see Chapter VII, relationships 5 and 6) we 
have only one single overall labor constraint. Hence, for all regions 
we determine only one unique wage rate. The solution then yields the 
long run equilibrium distribution of labor as function of demand and other 
basic data. 
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If, after the attainment of long run equilibrium the under
lying data were to change — for instance, because of shifting 
demand patterns or the growth of the regional labor pools — 
in the short run a new equilibrium would be attained based 
on the temporal fixity of the different labor pools. However, 
in the long run, factors with transferable stocks would again 
seek out the regions of higher return and migration would 
lead to wage equalization. But the process of migration is 
bound to affect wages as well as prices in all regions. As the 
most general case, wages are expected to rise in the regions 
of emigration and fall in the regions of immigration. But this 
is not the only possible outcome. Labor pools may be of 
vastly different sizes and a given number of migrants may 
represent an insignificant loss of labor in the exporting 
region and a very large accretion in the labor importing region. 
Thus, equalization may turn out to be of the purely down
ward variety. Or the opposite may also be the case. Further
more, it is entirely conceivable that the unique wage rate, 
after the long run equilibrium distribution of labor is attained, 
should be lower than even those wage rates which initially 
prevailed in the regions from which labor emigrated. 

How could such an unfortunate situation develop? We 
have to remember that the purpose of the price (wage) me
chanism is to allocate inputs (labor) according to efficiency 
so as to attain the highest possible national product, and not 
to redistribute income according to some concept of social 
justice. Thus, if in the process of redistributing labor, the 
demand for transportation diminishes and the transportation 
industry releases labor at a faster rate than other factors, 
then wages may fall relative to other factor returns sufficiently 
to bring about the above result. And even more plausibly, 
if the prices of the finished goods can change in the process 
of migration and if then the terms of trade move against 
the labor intensive outputs, wages would have to fall. In such 
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cases — and if competition prevails — labor would have no 
choice but to accept lower wages. But since the national pro
duct in long run equilibrium cannot be lower and, in general, 
would have to be higher than it was before migration — i.e., 
the gains to other factors must be at least as great as the loss 
suffered by labor — it might be possible to compensate labor 
for its wage losses. 

We must remember that because in long run equilibrium 
wage equalization has eliminated labor's motivation to mi
grate or commute, other factors which do not have transfer
able stocks may regionally still have very different prices 
or rents. For instance, an input like coal can be utilized 
in the region of the mine and can also be transported from 
the mine to some other region. In the latter case, the price 
of coal must be higher in the importing region by exactly 
the competitive transport rate. And if coal is not transported 
between two regions, then the difference between the 
coal prices must be less than the transport rate. Thus, the 
conditions for the optimal spatial allocation of goods and 
services, as discussed in the previous chapter, also remain 
valid in long run equilibrium for all inputs, goods or services 
which continue to be interregionally traded. 

Note that the understanding of these simple normative 
rules of pricing is fundamental for efficient regional economic 
planning. Deviation from these rules necessarily results in 
wasting of scarce resources, either through inducing un
necessarily large demands for transportation or through a 
variety of other means. In this connection we should empha
size the harmful effects of price discrimination frequently 
practiced by both private and public price administrators. 
Non-discriminatory pricing requires, first, that if a region or 
production location exports a given homogeneous commodity 
to more than one region, its FOB price should be unique, 
i.e., it should not vary with the destination. The well known 
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«basing point» system originally developed by the steel and 
petroleum industries to prevent price competition and oli
gopoly instability and the «postage stamp» system for the 
distribution of basic staples and raw materials practiced in some 
centrally planned economies are examples of price discrim
ination by destination. The implicit «freight absorption» 
or charging of «phantom freight» is equivalent to the adjust
ment of the FOB price according to destination. Second, the 
price of a homogeneous good imported from more than one 
region to a market must command a unique price in that 
market without regard to its particular origin. Discrimination 
by origin is typically the consequence of artificial product 
differentiation promulgated through advertising and the use 
of regional brand names. But it can also be unintentionally 
forced by inconsistent price administration which disregards 
the losses in the degrees of freedom when fixing the prices 
of regionally traded commodities. This case will be discussed 
below in detail. Third, the rates charged by the transportation 
industry must be non-discriminatory, which is assured if 
rate determination is based on the SMCT's. Rate discrimina
tion is widely practiced by all modes of transportation but 
particularly by railways which have high fixed costs and joint 
variable costs and are monolithic in structure. The principal 
forms of discrimination are by value of shipment, value of 
service to the shipper and by region. Though discrimination 
was developed through private monopolistic profit motives, 
nationalized transportation industries are also frequent 
offenders. 

There is one last but fundamental lesson in our optimality 
conditions: they clearly indicate the losses in the degree of 
freedom when the prices of interregionally traded goods and 
services are administered. Specifically, consider the simplest 
case of two coal mines, located in different regions, shipping 
homogeneous coal to an industrial center. Let us assume 
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that the mine in the first region is distinctly closer to the 
market (hence, coal transport rates from there are lower than 
from the other mine) but that its capacity — without ship
ments from the other mine as well — is insufficient to satisfy 
the demand at the market. Then on the analogy of relation
ships (9) and (10) of the previous chapter we can write 

FOBc l + PtD'd - Pc ; 
and FOBc2 + p tD'c2 = Pc . 

Because a homogeneous commodity can have only a unique 
price in one market, the right hand sides of these two equa
tions must be identical. Let us now assume that the transpor
tation rates are given, and from our assumptions we know 
that D'c l < .D ' c 2 . Then, if the pricing authority fixes FOBc2, 
the market price Pc is automatically determined and so is 
FOBci. But what if the pricing authority arbitrarily fixes 
FOBci at a higher level? Then, coal from the first region 
will become non-competitive and the burden of supplying 
the market will be shifted to the more distant second mine. 
On the other hand, if FOBc l is fixed below the equilibrium 
level then there is a lower implied market price Pc for coal 
from the first mine than for coal from the second mine. None
theless, there can be only a frustrated effort to shift the 
burden of the supply away from the second to the first mine, 
since we assumed the latter's capacity to be lower than the 
total requirement at the market. In this case the administered 
pricing system must break down due to the unappropriated 
profits which are loosely floating somewhere in the system. 
The unappropriated profits can take the form of bribes to 
agents in charge of allocating the coal or transportation 
capacity, or they can be appropriated sub rosa by the owners 
of the first mine. One thing, however, is certain. The pricing 
•agency's misguided efforts to the contrary notwithstanding, 
two different prices in the market for a homogeneous corn
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modity will not maintain themselves and if the two prices 

are not permitted to equalize by legal means, then the market 

will seek other ways to bring about effective equalization. 

This example of coal pricing represents, of course, the 

simplest case. A slightly more complex case consists of two 

producing regions which ship one output each to two distinct 

markets. Then the reader can convince himself that, by sub

stitution and elimination of the F O B prices from the relevant 

optimality conditions, the following relationship can be de

rived : 
ρ ρ TV D' 
r l l *21 _ ^ 11 *-* 21 
p ΐ> TV TV * 
x 1 2 ^22 ^ 12 ^ 2 2 

In this case it is obvious that if the transportation terms are 

fixed then the price administrator can fix not more than 

three of the P-s. Nor can the FOB prices which are eliminated 

from this formulation be independently set. Of course, the 

more regions and activities we bring under price control the 

greater will be the risk of contradictory, hence, harmful in

tervention. 

Let us conclude this discussion by recalling that there are 

many reasons why long run equilibrium may not be attained. 

In the face of increasing returns and external economies the 

optimum long-run adjustment cannot be approximated with

out government intervention in the different markets. When 

private marginal costs are below average costs and when 

producers cannot appropriate all the benefits of their produc

tive activities because they accrue to others through non-

marketable channels, price controls and subsidies are re

quired to bring about the socially desirable levels of produc

tive activity. But, as the previous discussion indicates, these 

controls must be administered prudently and with due con

sideration of the implied losses in the degrees of freedom. 
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CHAPTER IX 

DEVELOPMENT AND REGIONAL GROWTH: 

THE ABSORPTION OF SURPLUS LABOR 

In low income economies the difficulty or even impossibil
ity of downward equalization of wages may be a particular 
obstacle to the long run equilibrium adjustment among 
regions. If this is the case, then we have a potential source for 
the development of a dual economy. The latter consists on 
the one hand of a nationally integrated complex of high wage 
urban industrial and commercial agricultural regions linked 
by a network of interregional price and wage relationships, 
and, on the other hand, of autarkic regions which conduct a 
self-contained existence on the subsistence level. Under such 
conditions unskilled labor employed in the commercialized 
sectors receives institutionally given (minimum socially 
acceptable) wages which ensure a higher standard of living 
than the one obtained in subsistence farming. Labor in the 
subsistence regions has no wages in the competitive sense: 
its marginal product is zero. It exists either on a subsistence 
farm or on charity. In either case, its consumption is below 
that of the commercially employed. This surplus labor may 
attempt to migrate to urban industrial or commercial agri
cultural regions in the hope of employment at the institu
tional minimum wage, but the very rigidity of the latter may 
prevent its absorption at a sufficiently rapid rate. Thus, in 
the terminology of Arthur Lewis, the supply of labor at the 
institutional wage level is infinitely elastic. 

Though the above description is an abstraction, it is a good 
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first approximation of conditions prevailing in surplus labor 

economies and provides a basis for the rigorous analysis of a 

fundamental problem of development strategy. Specifically, 

if the number of migrants who seek but do not obtain employ

ment at the institutional minimum wage rate is large and 

unemployment becomes an important social problem, what 

can be done to absorb surplus labor and subsistence farming 

into industry and commercial agriculture? This question 

cannot be answered with the approaches of the previous 

chapters, because they were developed for analyzing the 

conditions of particular equilibrium states at given moments 

of time. The current problem is inherently dynamic in the 

sense that it is concerned with the path leading from an 

initial state of surplus labor to ultimate full employment. 

Hence, we shall have to design a dynamic model of growth 

— not with the intention of displacing or invalidating the 

previous static analysis but with the intention of supplement

ing it — which can analyze the rate at which surplus labor 

can be absorbed into minimum wage employment. 

To this end let us consider the case of an economy composed 

of an urban industrial center and an agricultural region. 

The former produces a single manufactured output which is 

the investment good (denoted by Κ signifying the net change 

in the total capital stock with respect to time). The agri

cultural region is divided into two areas: commercial agri

cultural and subsistence farming. The difference between the 

two consists of the fact that the former can — with the help 

of capital using technology — produce a marketable surplus over 

and above what is needed to cover its own wage bill. Subsis

tence farming uses no capital and its entire output is consumed 

on the farm. Thus the output of commercial farming (de

noted by G) is the only marketed consumer good. The out

put of subsistence farming is not subsumed under C; in fact, 

we are not even concerned with it as it is fully consumed by 

9 0 -



The absorption of surplus labor 

the farmers themselves. Subsistence farming is, however, the 

source of our infinitely elastic supply of labor. Though the 

sector does not explicitly enter into the analysis of growth, 

the rate at which surplus labor is absorbed into the industrial 

or commercial agricultural labor force also represents the rate 

at which subsistence farming is displaced by commercial agri

culture. Thus by the time full employment is attained, the 

entire agricultural region is devoted to commercial farming.1 

Denoting the capital and labor used in the production of 

Κ and C by K k , K c , L k and L c respectively and assuming 

that the law of constant returns prevails in all activities, we 

write the production functions of the two outputs as follows : 

(1) K = L k f k ( K k / L k ) ; 

(2) C = L c f c ( K c / L c ) . 

If K(t) denotes the total amount of capital available in the 

economy at time t, then 

(3) K k + K c - K(t) 

If we assume that labor entirely consumes its wages and that 

the owners of capital do not consume out of rental income, 

we can readily define the demand for the consumer good.1 

Defining the wage rate (w) in terms of the consumer good, 

the demand for the latter is given by 

(4) w(L k + L c ) = C. 

Equation (4) completes the system. But we can usefully re

mind ourselves — in the form of a non-binding constraint — 

of our assumption that at the wage rate w the supply of labor 

1. Because commercial agriculture can encroach on subsistence farm
ing areas, in this analysis we can assume that land is not a limiting factor. 

1. Alternatively, capitalists' consumption could be accounted for in 
the form of a proportional surplus over the wage rate. 
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is infinitely elastic. This we can do by writing that the total 

employment in the two commercial occupations must be less 

than the potential total labor force, L(t) . The latter, of course, 

subsumes also the labor engaged in subsistence farming. If 

L 0 is the initial potential labor force and η is its rate of growth, 

then 

(5) L k + L c < L(t) = L 0 e n t . 

If our purpose is to absorb surplus labor [ L(t) - L k - L c ] 

as fast as possible, our concern must be to reach the fastest 

possible rate at which employment opportunities can be 

created. This, in turn, depends on the rate of capital forma

tion. Under these conditions, then, we would naturally want 

to maximize the production of the investment good at any 

moment of time. Accordingly if we maximize (1) subject to 

the constraints (2) to (4) we simultaneously determine at any 

moment of time — as a function of the wage rate and other 

parameters — the maximum possible net capital formation 

together with the corresponding total employment in both 

industries and the output of the consumer good industry. 

We can then add the new investment to our existing capital 

stock and by repeating the procedure, we can determine the 

relevant variables for the next moment of time. By continuing 

this process we generate a path over time which describes the 

rate of growth of the urban investment good industry and 

commercial agriculture as well as the rate of growth of the 

capital stock and employment. 

The rate of growth of the capital stock can be readily de

termined. Since consumption is an intermediate rather than 

a final good (because it is determined by the rate of employ

ment), and since the income of capitalists is entirely saved, 

we know that investment must equal the total return to 

capital. Accordingly, if we denote the average return by r 

(which under conditions of constant returns to scale must 
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also identically equal the marginal rate of return) we can 

write 

(6) Κ = rK(t) . 

Then r = κ / Κ ( ί ) , meaning that the percentage rate of 

growth of the capital stock is the same as the average rate of 

return to capital. Since it is κ which we maximize, r repre

sents also the maximal rate at which the capital stock can grow 

subject to the constraints stated under (2) to (4). Furthermore, 

since in our system (in which constant returns to scale pre

vail in all activities) capital is the only scarce factor, it follows 

that all other activities — consumption and employment — 

must also grow at the same maximal rate. Then as long as r 

exceeds η (i.e., the rate of growth of the capital stock exceeds 

the rate of growth of the potential labor force) the absorption 

of surplus labor into commercial employment and the implied 

transformation of subsistence farming into commercial agri

culture will be attained in the least possible time. 1 

The actual time path of employment can be represented in 

a diagram, as shown in Figure IX. 1. The upper curve repre

sents the growth of the potential labor force, i.e.,* the full 

employment ceiling. The lower function shows the maximal 

growth path of employment as it approaches the latter. Since 

the rate of growth is the function of the institutionally given 

wage rate, with different assumptions about the wage rate we 

would have to show correspondingly different maximal paths. 

1. Those who are familiar with modern growth literature will recog
nize that our framework is a von Neuman type growth model and that 
the time minimizing path to full employment is along a «turnpike». But 
if r is smaller than n, full employment can never be reached. In that 
case, the system will still grow at a maximal rate; but instead of the time 
to full employment, the rate of growth of unemployment will be mini
mized. 
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Of course, the higher the minimum wage, the slower must 
be the rate of growth.1 

I (t) 

Figure IX 1 

To obtain the numerical solution of the system by purely 
mathematical methods is difficult and does not reveal much 
about the underlying optimality conditions. We can, however, 
compute the value of r — the maximal growth rate — by 
relying on our economists' a priori understanding of what 

1. Our framework disregards the potential effects of a higher living 
standard on productivity. If there is such a relationship, this last state
ment would have to be modified. 
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the structure of the solution must be like. Here we shall 
recall that in equilibrium the real wage rate must equal the 
marginal product of labor and that the latter — when the 
production function is first order homogeneous — depends 
on factor proportions alone. 

Because the wage rate is defined in terms of the consumer 
good, we can directly write the equality of w and the marginal 
product of labor in the consumer good industry: 

(7) w = fc — ( K c / L c ) f ' c . 

Since both fc and f'c are functions of the factor proportion 
alone, and w is given, we can compute the equilibrium 
value of the capital labor ratio — which we shall denote by 
(K/L)c — in the consumer good production. Then we can 
immediately also compute the rate of return to capital in 
terms of the consumer good : 

(8) rc = f ' c [ ( K / L ) c ] · 

But the factor price ratio must be the same in equilibrium, 
whether it is expressed in terms of the consumer good or the 
investment good. Thus, we can write 

/ r \ \ / *k ( " - k / •'-'k ) * k 

where both fk and f'k are functions of factor proportions alone. 
Hence, we can now also compute the equilibrium value of 
the capital-labor ratio in the production of the investment 
good which we shall denote by (K/L)k . 

Using our previous results, we now proceed to solving the 
equilibrium values L* and L£ . This we shall do with the help 
of relationships (2), (3) and (4). Specifically, we write 

(10) (K/L) i Lk + (K/L)c* Lc = K ( t ) ; 

and 

- 9 5 



The absorption of surplus labor 

(11) L c f c [ ( K / L ) * ] = w [ L k + L C ] . 

Here we have two equations and two variables, L c and L k . 

The solution yields L* and L£ and by substituting into the 

already computed equilibrium factor proportions we also ob

tain K£ and Kk . Note, however, that these latter values re

present absolute and not relative magnitudes, hence they 

must refer to apartic ular time point. This is in marked con

trast to the factor proportions and other proportional relation

ships between the variables, all of which — because of the 

assumption of constant returns to scale — must remain 

invariant along the equilibrium path. Thus, there is a stable 

relationship also between K£ and K(t) which must remain 

constant for all t. Let us denote the ratio between these two 

equilibrium values by 1-a, so that K£ = ( l-a)K(t) . Further

more, let us rewrite the production function of Κ in terms 

of the labor-capital ratio instead of the capital-labor ratio. 

Then by substituting the equilibrium values we can write 

(12) κ = K{ g [ (L/K) î ] = K(t) (1-a) g [ ( L / K ) î ] 

where g represents the production function in terms of the 
labor-capital ratio. By dividing both sides with K(t) we ob
tain the percentage rate of growth of capital. Thus 

13) K/K(t ) = ( l - a ) g [ ( L / K ) n · 

The reader can verify that the right hand side of this expres
sion is equivalent to the average return to capital, r, as we 
defined it in connection with (6). Note that the percentage 
rate of growth is fully computable and is represented by the 
product of two stable equilibrium ratios, both of which are 
functions of w. The solution of the differential equation is 
in the general form of 

(14) K(t) = K 0 e ( 1 - a ) g [ ( L / K ) î l t 
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where K0 represents the constant of integration which can 
be interpreted as the value of the initial capital stock. 

Let us now consider the implications of this simple exercise 
in the theory of growth. First, we note again the fundamental 
dependence of the rate of growth on the level of the insti
tutional minimum wage rate. Thus it is not possible to affirm 
that in a surplus labor economy a labor intensive technology 
is necessarily implied. The higher the wage rate the higher 
the required capital intensity of production, at least if we 
intend to move along the maximal growth path correspond
ing to that wage. And the higher the wage rate, the longer it 
takes to absorb surplus labor and to displace subsistence farm
ing with commercial agriculture. Thus the selection of an 
institutional minimum wage rate for the urban industrial 
sector and commercial agriculture carries in it an implicit judg
ment about the socially desirable trade-off between the 
current consumption of the already employed and the time 
needed to bring the entire potential labor force — the sur
plus labor or the unemployed — into commercial employ
ment. What makes this into a critical judgment is the fact 
that particularly in underdeveloped countries there is no 
effective mechanism for the redistribution of income in favor 
of the subsistence worker that could substitute for» minimum 
wage employment. 

Growth maximization is a rather harsh policy to pursue 
but has the important feature that it is sustainable in a com
petitive market. In fact, the system we have discussed is an 
analogue to a competitive market solution. If political diffi
culties or a more humanistically oriented social welfare fun
ction require that consumer goods should be produced also 
per se before full employment is attained, the desired growth 
path can be sustained only with the help of a system of tax
ation and subsidies. This is so because under these conditions 
the marginal product of labor will have to be less than the 
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wage rate, implying that a payroll subsidy will have to be 

given. 

After full employment is attained further growth of the ca

pital stock will increase the relative scarcity of labor and the 

market mechanism itself will help to increase wages and the 

standard of living. At that point, of course, our analysis has 

to be modified: relationship (5) turns into an equality, im

plying that in addition to its minimum wages labor would 

also begin to earn a «scarcity wage». But at that point we 

would have to make added assumptions about how income 

is divided between final consumption and savings. In any 

event, after full employment is attained the rate of growth of 

employment is necessarily confined to the rate of growth of 

the labor force. Then, because of diminishing returns to ca

pital, the rate of growth of the capital stock, and production, 

would also approach that rate. In long run full employment 

equilibrium growth L/L = η = k/K, with the paradox

ical implication that the savings rate will determine only the 

selection of technology but will have no effect on the rate of 

growth itself.1 Technological change can, of course, acceler

ate the growth rate. 

The maximal growth path describes an equiproportionate 

growth in all activities. In our context of an economy com

posed of an urban industrial center and an agricultural re

gion, this implies a balanced regional growth. Capital is 

allocated between the regions so as to equalize the rate of 

return on new investment which in turn equals the rate 

of interest.2 But what would happen if we extended our 

1. Notice, however, that an increase in the savings ratio will increase 
K/L and the marginal product of labor. Hence competitive wages will 
also increase. 

2. If we follow the growth maximizing path, the social rate of dis
cpunt and the private rate of interest are identical. If, on the other hand, 
ine social welfare function includes consumption per se while unemploy-
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analysis to include many regions, many activities and many 
factors ? As long as the law of constant returns prevails in atf 
activities, in all regions where growth takes place at all it 
would have to be of the balanced variety. Of course, it is 
entirely possible that some regions, because they are handi
capped by lower effective savings rates or inferior resource 
endowments, would be excluded from the growth process. 
But it is also possible that because of similarity of conditions 
it would be indifferent whether one or another or all regions 
grow at the balanced rate.1 

If one or several regions are excluded from the growth pro
cess, it may not mean that they are forever banned from the 
path of development. Sooner or later the growing regions are 
bound to run into diminishing returns. This would be the 
case if, for instance, the land on which commercial agri
culture can expand were to reach its regional limits. In that 
case the balanced growth process as we have described it 
would come to an end and diminishing returns would set in. 
After the rate of return of capital fell to the point where it 
became profitable to invest in another, stagnant region, then 
capital (new investment) would begin to shift to the previously 
retarded area. With that a new urban growth center would 
be established or another region would be brought into the 
growth process. 

ment still persists, the social rate of discount will be smaller than the 
private rate of interest. 

1. In fact, this would be the case if the simple framework discussed 
in this chapter were to be extended into a many regional model. On the 
other hand, if the models discussed in the previous chapter were adapted 
into a dynamic system, they would show lesser propensity for regional 
indifference. This is because inter-regional trade in factors — where the 
stocks of the latter cannot be regionally reallocated — necessarily yields 
transformation functions which show diminishing returns in the outputs 
even though the law of constant returns prevails in all individual 
activities. 
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APPENDIX 

REGIONAL INCOME ACCOUNTS 

Regional economic planning requires organized informa
tion. There are many possible approaches to organizing the 
data, and the choice of method must depend on the avail
ability of statistical information and on the purpose for which 
information is wanted. The most general system is that of 
Stone and we shall provide here an elementary presentation 
of the basic structure of his accounts. The purpose is not to 
provide an alternative to Stone's own exposition which is 
advanced and most complete. The purpose is rather to make 
the reader aware of the very close relationship which exists 
between the structure of the solution of general equilibrium 
models of the type we have discussed and a general system 
of regional income accounting. To this end we shall confine 
this presentation to the same type of simple frameworks we 
used for our general equilibrium analysis in the last three 
chapters. 

Consider a closed two region economy in which the entire 
national product is exhausted by consumption and invest
ment. As in Chapters VI I and V I I I , there can be interregional 
commodity flows and productive factors can be employed 
either in the region of their origin or in the other region. The 
returns to factor services are paid to owners who reside in 
the region of the factor's origin. Hence, factor incomes gener
ated in a particular region can accrue to either one or the 
other region according to factor ownership. Then the follow
ing income accounting identities must hold, one for each 
region : 
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(1) Y u + Y21 Ξ G u + V u + X1 2 - X2 1 - D n ; 
(2) Y22 + Yl2 = ^22 + V22 + X2 1 X1 2 D 2 2 . 

The left hand sides show the values of the net regional pro
ducts at factor cost and the right hand sides represent the net 
regional (geographical) product. The Yi;, D i i } GH and V^ re
present payments to factors of local origin, depreciation, con
sumption and gross investment in the i-th region respectively* 
Yji denotes factor payments from employment in the i-th 
region to owners residing in the j-th region. X ; j represents 
the value of goods shipped from the i-th region to the j-th 
region (note that the order of the subscripts denoting the 
direction of the flow of payments is the opposite of the order 
of the subscripts denoting the direction of the goods' shipments). 

The division of the factor incomes accruing to residents in 
region i into consumption and savings is shown by the next 
two identities: 

(3) Cu+SuEEYa+Yaï 
(4) G22 +S2 2 Ξ Y22 +Y2 1. 

Finally we have two identities which show the sources of 
gross investment in the two regions. The latter consist of net 
savings (Sa), depreciation allowances and interregional bor
rowing of investible funds. If we denote by Bji borrowing 
from the i-th region by the j-th region, we can write 

(5) V n D n + S u + B 1 2 - B 2 1 ; 
(6) V22 = D 2 2 + S 2 2 +B 2 1 —B 1 2 . 

The above identities can be conveniently represented in 
matrix form. This is shown in Figure A. 1. The matrix is so 
constructed that the sum of the terms in the first column 
equals the sum of the terms in the first row ; the sum of the 
terms in the second column equals the sum of the terms in the 
second row and similarly for all subsequent pairs of columns 
and rows. Notice that the first and the fourth paired columns 
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Region 1 

Region 2 

0 

Υπ 

Du 

X 2 i 

γ « 

0 

Region 

c n 

0 

s« 

0 

0 

0 

1 

V n 

0 

0 

0 

0 

B 2 1 

Region 

X 1 2 0 

Y1 2 0 

0 0 

0 G 2 2 

Y2 2 0 

^ 2 2 22 

2 

0 

0 

B 1 2 

v 2 2 

0 

0 

and rows correspond to identities (1) and (2) ; the second and 

fifth pairs correspond to identities (3) and (4) ; and the third 

and sixth pairs correspond to identities (5) and (6). Further

more, the matrix can be partitioned into four sub-matrices 

or quadrants. The two quadrants on the diagonal — i.e., the 

first and fourth quadrants — represent intra-regional transac

tions. The second and the third quadrants, on the other hand, 

show the inter-regional transactions. 

Accounts organized in this form are the most complete 

representations of interregional economic relationships. For 

practical purposes, however, the consolidation of the accounts 

through netting the interregional transactions is necessary 

because the statistical information for the complete system is 

not likely to be available. Specifically, let us denote the net 

regional products at factor cost, i.e., the sums in the left, 

hand sides of identities (1) and (2), by Y R l and Y R 2 and the 

net interregional flows of goods, factor payments and invest-

ible funds by Xj, Yi and B i } respectively, in each of the two 

regions. I t follows from the definition that the net flows of a 

given type must cancel each other when summed over all 

regions. Thus Σ Χ = 0, ΣΥ = 0 and ΣΒ = 0. 
i i i i i 
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Now our first two income identities can be re-written in the 
following form: 

(7) Y R 1 ^ C 1 1 H - V 1 1 + X 1 ~ D 1 1 ; 

(8) YR 2 = G22 +V22 +X2—D22. 

The second set of identities can be written as 

(9) G 1 1 +S 1 1 =Y R 1 +Y 1 ; 

(10) G 2 2 +S 2 2 ^Y R 2 +Y 2 . 

The last pair of identities now becomes 

(H) V 1 1 ^D 1 1 +S 1 1 +B 1 ; 

(12) V22 = D2 2+S2 2+B2 . 

The identities (7) to (12) present a complete and consistent 
set of regional accounts of the closed economy. As a test of 
their consistency we can sum each set of identities. Then the 
interregional net flows cancel out to zero and we are left 
with three identities which represent the total national income 
accounts of the entire economy. 
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