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ABSTRACT

The distribution of city sizes in terms of population in
-both underdeveloped countries and developed countries, has recently come.
under ciose examination by specialisﬁs in many academic fields. The ad-
vent of general systems theory has proved to be an invaluable analytical
approach to the study of city size distributioﬁs, in that it incorporates
stochastic growth theory, and the concept of entropy. These two aspects
of general systems theory have been very useful in explaining some of
the'empirical regularities observed of city size distributioné, especially
the -log—normal (or rank-size) distribution.

Tﬁis essay priﬁarily examines the various theories that
have been developed to explain the rank-size distribution of cities, and
relates £hese theories to the general systems approach. It ié also
hypothesized (in a somewhat tentative fashion) that the log-normal city
size distribution is an "optimum")equilibrium'or "steady-state" distri-
bution toward which city size distributions tend ﬁnder certain‘large Jei
petitive environmental conditions.

This essay is not intended to be an exhaustive study of the
literature, and incorporates only a brief excursion into possible policy
considerations of the theoretical and empirical findings on the city size

distributions in developing and developed countries.
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INTRODUCFION

The existence of different size distributions of cities in
"both developing and developed countries has long been recognized by students
in many disciplines,‘and has faised some fundamental questions for plan-
ning in underdeveloped countries. For example, is there any significance
in the fact that some cities have grown faster than other cities? What are
the causes of this growtﬂ? What are the problems associated with differ-
ential growth and sizeé of cities?

Much~of the work on urban problems has been done in re-
lation to regional develépmgpt programming in the United Stateé, and

comparatively little research has been undertaken on the fundamental
ﬁrobiems of defining an optimum size;distribufion of cities for devel-
oping countries. Is there indeed an optimum? What are the criteria for
optimality? Is there an optimum with respect to maximization éf economic
growth, or is it some broadly defined welfare optimum that is desired?
Obviously the optimum size distribution of cities in underdeveloﬁed
cquntries could be defined in terms of economic, social, political, or
any other criteria, aﬁd the choice of optimum will depend very much on the
objective function of the planner and those of society at large.

It is worthwhile at the outset»to give some consideration to
the general problems of defining our criteria for optimalitj. One can
approach the problem frém many different.angles; one can define an
absolute limit to the size of any one city under different sets of initial
conditions and constraints or one could search for an opt;mum for the

whole range of city sizes in any one country.
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Any criteria for optimum population size involves, im-
plicitly or explicitly, two eléments: first the normative element, which
- places a positive or negative valuation on a particular situation; and
sécond, a factual element which has the forée\of a statement of empirical
relationships between variation in city size and variation in the situ-
ation in question. |

’ One can also attack this pz;oblem from (1) the point of
view of the theorist of city planning interested in setting general stan-
dards for the over-all plannirg of cities, or (2) determine a list of
spgcifiéicriteria for determining optimum cify size, or (3) examine each
of the criteria from the standpoint of observable relationship between
éity size and the variables involved in the criteria.

Consider for example that a criterion éf optimumvcity size

is that a city's size should be that which is favorable to the health of

its population.

1

Hence: Let good health
Let i1l health

a positive value.
a negative value.

Is there some significant correlation between city size and health? If
there were no such correlation, there would obviously be no "most favor-
able" size, i.e. no optimum.

Clearly then, examining city size from the point of view of
the city planning theorist provides only one illustration of a procedure for
validating the concept of optimum city size.

Historically the conceét of optimum size of cities has un-

derlain planning theory and prsctice, either in explicit or implicit form.



Among the criteria that have been examined in relation to
the optimum city size in both developed and developing countries is:
(1) city size and physical planning of cities with respect to
the frequent demand that cities be small enough to enable
ready access to the countryside and a resonably moderate

Jjourney to work, i.e. transporation problems,

(2) City size and health (mortality rates, incidence of
diseases, etc.).

(3) City size and public safety (crime rates, accident rates,
fire hazards, etc.).

(&) City size and municipal efficiency (highways, sanita-
- tion, public welfare, schools, ete.).

(5) City size and education expenditures.
(6) City size and cost of living.

(7) City size and public recreation (accessibility to parks,
zoos, theatres, etc.).

(8) City size and retail facilities.
(9) City size and churches and associations.

(10) city size .and family life (degree of homeownership, div-
orce rates, domestic facilities, etc.).

(11) City size and miscellaneous vsychological and social char-
acteristics of urban life (provincialism, friendliness,
social contentment, community participation).
It is immediately apparent that one could extend this 1list indefinately
at the risk of increasing the already ccnsiderable overlap in the type of
relationships, and realizing at the same time that the gquestion of the

casual significance of the relationships between city size and these phen-

omenzsis subject to serious problems of statistical interpretation.
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A rather bizarre example of planning optimality according
to a definite criterion in advanced industrial countries is the.idea that
cities should be small enough to have a low probability of nuclear des-
truction.

As a general statement it would be true to say that in the
past e;onomists have not paid much attention’to optimum city size, and-
even léss attention to optimﬁm city size distributions. More recent re-
search on the relationship of city size to economic policy, especially
public investment decisions and growth theory in relation to urbanization
and industrialization in underdevelopgd countries and developed countries,
has helped to eliminate thelr shortcomings. ] Yet the study of optimum
city size distributions has been meagre to say the least, until the ad-
vent of a general systems approach to the study of city size distributions.
This approach to the study.examines the role, functions, and spatial
distribution of cities as a éubsystem in a whole integrated system to econ-
omic and social development, and has been usefully applied to developed
and underdeveloped countries alike. '

The multiplicity of different criteria for optimal city
size or city size distributions makes it impossible, in my opinion, to
arrive at some meaningful overall criterion. - It would be impossible to re-
concile the different criteria. In view of this a deductive approach to
the general problem appears more reasonable, Can one arri&e at any con-
clusions from examination of the many different causes underlying existing

- city size distributions? Is there a city size distribution that comes

closest to an actual or theoretical optimum? Evidence suggests that this
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may be so, in the form of the log-normal city size distribution.
Consequently much of this essay will be concerned with ex-
amination of the log-normal types of city size distribution and their
relevance to the problem of an optimum citj size distribution. However be-
. fore this is dore one must examine the empirical evidence on existing dis-

tributions in developing countries.



I, CITY SIZE DISTRIBUTIONS AND DEVELOPING COUNTRIES

Possibly the most complete and comprehensive empirical
study of the city size distributions in developed and developing countries
is that by Berry, 2 who analyzed city size distributions and their rela-
- tionship to levels of economic development in thirty-eight countries, He
found that the distributions fall into two ma jor categories, namely the
Rank-Size Distribution  and the Primate Distribution, T

The Rank-Size Distribution was revealed in both developed
and underdeveloped countries when the cumulative frequency of cities with
a poéulation of greater than twenty thousand people was ranked against
the size of city ona log-normal scale, Thirteen of the thirty-eight coun-
tries had log-normally distributed sizes. 8 (See Diagram la).

o The Primate Distribution which was characteristic of fifteen
out of thirty-eight countries examined, is observed when a stratum of small
tpwns and cities is dominated by one or more very large cities and there
are deficiencies .in the numBer of cities of intermediate size. 9 (See Dia-
gram 1b) Berry's study tended to support the hypothésis that Primate City
Distributions are associated with over-urbanization and superimposed col-~ |
onial economies in underdeveloped countries or with political-administra-
tive controls in indigenous subsistence ahd peasant economies. Furthermore
it has been argued that primate cities have paralytic effects upon the
idevélépment of smaller urban places and tend to be parasitic in relation to
thé remainder of the national economy.

Nine out of thirty—éight of the countries exgmined had dis-

tributions intermediate between the log-normal (rank-size) and the primate
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distribution. (See Diagram lc)
A significant conclusion of Berry's study however was that:
Different city size distributions are in no way related to the
relative economic development of countries. Rank-size is not
the culmination of a process in which national unity is expressed
in a system of cities.ld
In order to appreciate the significance of Berry's con-
clusions on the relationship of city size distribution to level of economic
development 12 ana the relation to the general problem of an optimel city
size distribution, one must examine the various theories attempting to

explain the empirical regularities manifested in the rank-size (log—normal)

distribution.



IT, CITY SIZE DISTRIBUTION AND PARETO'S LAW

Among the first economists to recognize certain regular-
ities in the city size reiationships was H. W._Singer, 13 who compared
the city size distributions for seven countries with the Pareto>type of in-
come distribution, and found them both to be of a similar shape,

The Pareto curve is of the form y = é; or y = Ax
. = :

o4

where x = income level.
y = number of persons with that
level of income or over.

In logarithmic form, log y = log A-o{log x, and the Pareto
curve takes on a linear form that can be conveniently plotted on a double
log scale.

Now -~ is the elasticity of the function of distribution of

lo and is constant, Henceci can be inter-

incomes, therefore = - g
og

Y
X.
preted as the elasticity of decrease in the number of persons when passing
to a higher income.

By increasing the income x by dx = 1,000, from 10,000 to

11,000, we get a relative decrease in the number of persons by approximately

dy = ~X . 1,000 = =&
y 10,000 10

Whereas, if dx = 1,000 and x = 11,000

then dy = - . 1,000 = iﬁé which is less in terms of percentage
y 11,000 11 '

_ than the relative decrease obtained at the transition from the income of
10,000 to an income of 11,000. Therefore, the relative decrease (screening)

inthe number of persons as the income increases is smaller and smaller and
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diminishes in proportion to the income, therefore gz;z ~dx
pls

<

Hence, the advance to a highér class of incomes is eésier
for persons who have already reached a higher income than for persons with
lower incomes. The reduction in the relative decrease of the number of
Persons, during transition to higher and higher incomes, in proportion to

14

the income, constitutes the essence of Pareto's Law.

| The Pareto formula has been given a probability interpre-
tation by Champernowne. 15 We can regard the Pareto curve ip two weays,
either as representing the exact number of persons of an income not smal-
ler than x, or in terms of the number of pérsons with an income smaller
than (or not smaller than) its mean value (mathematical expectation). Con-
sequently, accbrding to the Pareto formula, the mathematical expectation
of the relative scfeening decreases in proportion to the income. The math-
ematical expectation of a persons being transferred to higher classes of
income will, therefore, be proportional to the given income, We can con-
sider the city size distribﬁtion in a similar manner. For example, the
mathematical expectation of a city being transferred to a higher cléss size
of city (through growth of the city in terms of population), is propor-
tional to the given city size} Thus one would expect, on average, the
largest cities to grow at a faster absolute rate than the smaller cities
through this screening process, and have a lower class mobility tﬁan cities
of smaller size,.

Champernowne has analyzed the development through time of

the distribution of incomes between certain .income ranges as being a sto-

chastic process, so that the income of any individual in any one year may
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depend on what it was in the previous year and on a random process, From
the regularity that Champernowne had established empirically, Paréto
tried to derive a general sociological "law" which he regarded as a "nat-
ural law" that held for all times and all societies. It would appear
from this "law", that all social reforms intended to remove inequality

in the distribution of national income were doomed to failure from the
outset, since the law of nature about the distribution of income acted in
all conditions and the distribution of income would always take the shape
indicated by the formula he established. This conclusion of Pareto may
have. significant effect on the attempts to redistribute city size distr-
butions away from or towards a Pareto~type distribution or to vary the

’ 16
value of { (the slope of the relation under log-normal conditions).

Singer claimed that:

+ +» » in the distribution of population among urban agglomer-~
ations . . . . (for seven countries) . . . . there appears to
be a remarkable statistical regularity, which besides being
interesting in itself and affording a complete analogy to
Pareto's Law of Income Distribution, yields an exact quanta-
tative measure for the relative roles of the smaller and
larger types i; human agglomerations, i.e. an index of metro- .
: polization.

Neither Singer, Allen, nor Champernowne have drawn any
conclusions about the significance of the apparent relationship between the
Pareto income distribution and city size distributions, and no doubt for
very good reasons. 18 However it could be suggested that Pareto-type
distributions are "natural laws of distribution", conforming to an opt-

imum city size distribution under open systems and where there are large

and complex competitive forces operating on the city size distribution.
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"Optimum" is défined in a very restricted sense, to refer to a distribution
towards which any distribution fends under certain complex competitive
conditions (i.e, the Pareto distribution). This assumes that social, ec-
onomic, political, and other forces are minimized when this distribution
is attained and it is in essence an equilibrium distribution where forces
acting to maintain this equilibrium distribufion dominate forces acting
to dis£ort this distribution éway from equilibrium. A tentative hypo-
thesis might be that: the more a city size distribution conforms to the
Pareto distribution, the more it‘represents an 6ptimum distribution under
a large competitive economic systém. Thus a measure of non-optimality
could be the deviations any one city size distribution has, at every
‘level from the Pareto distribution. These deviations would be very large
in the case of the primate distribution, and the question therefore arises
of identifying those forces which ha&e caused this deviation from the

Pareto distribution.
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III, ZIPF AND THE RANK-SIZE RULE

1 .
Zipf 9 has probably the best presentation of the empir-

ical findings on rank and size of cities. The rank-size rule states that
for a group of cities, usually those exceeding some size in a particular

- country, the relationship between size and rank of cities is of the form:

Pyt = By
rl
where P» = population of a city of rank
: P = population of largest or first-ranking city
da = constant ' '

Zipf's rank-size rule is a special case of the Pareto-type of diétri-

bution with g = 1 (and where q conforms tox in the Pareto distribution).

in logerithms: log¥ = log P _-q log R., so that a plotting of rank against
sizé should give a straight line with a slope of -q. Zipf explains the

fact that the exponent q equals unity in the rank-size rule, in terms of

the equality of the forces of diversification and unification in the econ-
omy. 20 Diversification tends‘to minimize the difficulty of mcving raw
materials to the rlaces where they are to be processed. Unification tends
to. minimize the difficulty of moving processed materials to the ulfimate
consuming populace. Thus if all persons were located at the same point then
maxihum unification would be achieved. Where both the forces of diver-
sification and unification are at work, a distribution of population is pre-
sumed'to occur that is at optimum with reference to both forces. Since

the force of diversification mekes for a larger (n) number of smaller P
communities, whereas the force of unification mékes for a smaller number.

of P communities, then an "optimum" city size distribution exists when the
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distribution follows the rank-size rule and the opposing forces of diver-
sification and unification are equalized,
However:

. . . 1t 1s certainly not clear what are the logical,links be-

tween the scheme proposed by Zipf to explajin rank-size regu-

larity and observed rank-size regularity.
Isard, writing in 1956, also has considerable scepticism about the rank— '
size rule:

. . . how much validity and universality should be attributed

to this rank-size rule is, at tBis stage, a matter of indi-

vidual opinion and judgement. 2
A number of other authors have also questioned the validity of thg rank-
size rule. Stewart argues that:

The so~-called rank-size rule . . . is an empirical finding not

a logical structure. Nevertheless, it§3partial verification

suggests an underlying logical basis.
Furthermore Stewart decided that large heterogeneous areas fit the model
better than small relatively homogeneous areas, and that the rank-size rule
"breaks down in many sreas at both extremes——the largest and smallest
towns" and that well-structured areas of urban dominance tend to have an
. . . . L
S-shaped rather than a linear logarithmic distribution of towns by size. 2

It cannot be denied, however, that to a limited extent there

is some basis for the formulation of hypotheses and additional exploration
‘on the nature of the relationship between the rank-size rule and an optimum
city size distribution. In terms of the forces of unification and diver-

sifiéation it could be argued that in those developing countries in which
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there is a predominance of small towns, there is also a predominance of

the forces of diversification over those of unification.
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IV. CHRISTALLER AND THE SIZE CLASSES OF CITIES

A well known alternative interpretation to that of Zipf,
both regarding the size of cities and the proéésses cauing size regular-
ities, is that of Walter Christaller. 2> The schemes of Zipf and i
Christaller are similar in many respects. Boﬁh utilize notions of the do-

main of cities (domain of goods) for the performance of various economic

activities and the rules of behavior leading to the spatial system of
central places and associated arfangements of city sizes (diversifica-
tién and unification) are Qdite similar,

However for comparative purposes Christaller only presen-
ted a formal theory of city sizes and their distribution for his k=3 net-
wofk of cities in homogeneous space, 26 In the k=3 network, let the

hierarchy of centres be taken as ranks I =1, 2, 3 . . . . and the pop-

ulation of largest city (primaté city) = K, second largest ranking cities
K/3, ete. A rank-size distribution in the manner of Zipf is formed if

the exponent:

= lo K .
RS )

thus where = 2

q = log (¥/2)

: Ia*g“(‘ﬁ/'a" 2-1)

and if q log P = log (K/F’)

then log P = log ( /2) . log (X/3)
log (Xrp)
- K/ ; . : 27
and P = °/3 as required by Christaller's theory.
Chrisfaller, in fact, treated his formulation of the basis

of & hierarchical system of cities as an analytical problem of determining
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¥

a rational or "optimum" spatial orientation of cities. 1In Christaller's
case we should be very cautious about interpreting his system of spacing
and size distribution of cities as in any sense optimal, 28 although it
is essentially a deductive theory from genefal éssumptions, since it is a

relationship between rank and size of the city's tributary areas and not

its population, 29
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V. THE CIiTY-SIZE DISTRIBUTION AS A STOCHASTIC PROCESS

The general shape of the observed city-size distribution
has led many recent students to consider the distribution as generated by
- stocahstic growth processes. An early attempt to formulate such an ap-
prdach was by Champernowne,,30 with regards to the Pareto income distr-
bution; and by Stouffer in relation to migration patterns, 31 who derived
a Yule-type distribution for mobility and distance of migration. 32
Simon 33 has argued that the distribution of city-sizes
wag one of a family of distributions which have the following general
characteristics in common:
(a) They are J-shaped, or at least highly skewed, with very long
tails which can be approximated closely by a function of the
the form: i
(1) = (a/ik)bi, where a, b, and k are constants,
and the convergence factor b is so-close to 1 that it often
may be disregarded, Thus, for example, the : number of -cities
that have a population 1 is approximately a/ik.

(b) The exponent k is of the form 1<k<2.

(¢) The function describes the distribution, not merely in the
tail, but also for small value of i.

These threé éroperties just identified, define the class of functions which
Simon terms the Yule Distribution.

Stated in these terms, the distribution for city sizes is
evdlved under roughly the following notions. Consider a totai population
k distributed in cities, with a city considered to be an aggregate of

| population larger than some threshcld size. The probability that the _
(k + 1)st person being found in cities of size i is assumed to be pro-

portional to i f(i,k). It is also assumed there is a constant probability
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that ﬁhe (kzl)st person will be in cities not previously of threshold
size when the total population was k. Thus a model for ekgecte@ city

size distributions can be'calculated as follows from a set of equations

3L

derived from Simon's original model:
Let (i) - = DK /e
A}
(ii) £(1)= nK/E-c(
(iii) f(l)/f(i S = (1 -el)(i - 1)/1 + (1 -K)i
where K is the total urban population in the K cities of greater
than threshold size.
where n is the number of cities equal to or greater than threshold size

of population k.
and f(1i) = number of cities of population i.

From equations (i) and (ii) and the successive application
of equation (iii), the expected distribution of city sizes can be con-
structed. X

Since the situation will scarcely, if ever be found in which A7 E
(where £is an extremely small number), we may write this system in the

more simplified form:

(i1)* £(1)

ix/2

(i -1)/(1 + 1)

then from (ii)* and by successive application of (iii)*, the expected
distribution of city sizes may be constructed.

(iii)* f(i)/f(i _ 1)

The distribution of f(i),the number of cities of size 1,
may be readily converted into the rank-size distribution, whe¥e I 1is the
number of cities of size equal to or greater than size i, by the use of
the following transformation:

Fo = my - 2(15)
wherel{ is the number of centres of population equal to or greater than
size 1. '
ny is as before.

and f(ij) is the total number of centres of population less than i.
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Another stochastic theory of city size distribution is
that of Thomas. 35 Thomas notes that Jefferson's formulation of tﬂei
gualitative "law of the primate city" evideﬁces recognition that the un-
equal population sizes of cities presents problems "worthy of investiga-

36

tion". Jefferson's notion that é country's leading city is always dis-
proportionately large and'exceptionally expressive of national capacity
and feeling implies that functional changes in fﬁe nature of the city
acéompanies changes in population size, However because of the qualita-
tive nature of the "Law", it is not possible to ascertain what is meant by
"disproportionately large". This term, when attached to a particular ob-

servation, indicates that the magnitude of the observation exceeds some

expected value, but no precise expected value is provided by Jefferson.

In Christaller's scheme of cities the largest city in an area was not
"diséroportionately large", but merely "as large as it should be."

Thomas' purpose was therefore to develop a model of city
distributions which was consistent with the observed facts and could pos-
sibly provide an."expected" city size distribution, ahd that this "ideal"
city size distribution was based on the log-normal distribution of varia-
tions of it. This log-normal distribution (or "steady state" distribution)
will occur under certain basic assumptions. These are fourfold:

" MODEL 1
. (i) No city has a locational advantage in relation ‘o
physical and cultural characteristics of the area,

thus the population of cities differs only by chance.
(ii) A large number of independent forces determine the

population size or changes in the population size of
cities.
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(iii) The change in population size of a city in relation to
its initial size is very small during any one period.

(iv) Growth of city size is proportional to city size. 37

The development of a log-normal frequency distribution of

city size occurs as follows:

let X
. To

Xy

population size at initial time period (tO)

population size at end of time period (tl)

hence growth of city from ty - to = Xl - Yo

but relative growth G = Xy - XO/X

(o) GlXo‘

and Xy = GXg + Xg = X, (G + 1)

n.b. Magnitude of Gy is independent of X, (Assumption (iv)).

Therefore over n time intervals

n, B Xk - Xk -1y
So- (Mo
- Xk -1

However because of Assumptions (ii) and (iii)

Xy - n gx, Xn
2 (Tk %k Xk - I_L)m__ l -/X = 1ogeX[ =logeN - logeX0
o

Xg -1 %,

Therefore substituting in (1.5) gives

E; G = logeXn - logeXO

+ ....G

or logeXn = logeXO + G+ G no- 1

2 + Gn

Thus if G, Goeov .Gy are stochasticallyindependen@thenfi_G leads to a

K=t

normal distribution as n—>eo

‘Hence, log

and

eXn is normally distributed,

X, 1s log-normally distributed.

(1.1)
(1.2)
(1.3)
(1.1)

(1.5)

(1.6)

(1.7)
(1.8)
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MODEL 2 The development of a log-normal frequency distribution of
city size. -

(i) Physical and cultural variables which affect city size
are unevenly distributed over the area. Thus certain
cities will have more favourable locations than others.
The effect of differences in quality of location is to
differentiate city population sizes, that is, even at
the outset, population size cannot be treated as a
normally distributed "error" term.

(ii) to (iv) as before.

Assuming that the initial size distribution will be log-normal in form;
what sorf of distribution will arise if a new set of forces (or old ones
strengthened) act on the distribution?

let X, = initial population size at t.,

Xl population size at tl

Y

I

o = transformation of XO into natural logarithms, therefore

Y = logeX

(¢] (¢]

n.b. Y, is normally distributed (See Model 1)

Therefore absolute change in Y, in period =Y, - Y, (2.1)
relative change in Y, in period = B} = ¥; - YO/Y (2.2)
' z DYy - o2 ©
Therefore for t, we have néZ_B =4 ( ) (2.3)
&l =}
SN Y 1
As before lqgeYn = log,Y, + By + By + .... + By _ 1 + By (2.4%)

n.b. Since logeYn is normally distributed, and Y, = logexn the logar-
ithms of the logarithms of X, are normally distributed.

Therefore transforming to anti-logarithms, we may say that the frequency

distribution of city population size assumes a very skew log-lognormal form.
The Law of Proportiorate Effect is also altered:

Since By = Y - Yoy - (2.5)
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Then Y, = Bi¥, + Y,
i.e. logéXl = BylogeX, + logeXo
which gives X; = X BX, = Xo(B + 1)

Thus within a stochastic framework, we can state that the
log-lognormal distribution occurs when groﬁth at any step of the process is
a random power of the previous population size.

Thomas tested the size distribution of eighty-nine cities
for Iowa‘in 1900 and found that the distribution approximated the log-
lognormal distribution, rather than the log-normal. 38 Kalecki, has shown
however, that over a long time the skewedness. of successive freguency dis-
tribufions increases. 39 Thomas has developed a separate model to incor-
porate this tendency. Madden, kO in a study of the growth of U.S. cities
over a 160 yeaf period fram 1790 to 1950 has demonstrated the stability of
the rank-size (log-normal) distribution over time, despite the fact that
individual cities moved about over fairly wide ranges within the rankage.
The changes in rank by size of the different large cities of the nation
presumably reflect the changing roles played by cities in the population
system; that is, they reflect the changing shares of the total urban ec-
onomic acti&ity obtained by these cities at various decades. Similarly, it
was shown that the percentage érowth of cities (in terms of a mean growth
for different size groups), is unrelated to the position of the city in
the general distribution, confirming a previous formulation by Vining, k1
which is very similar to that derived by Thomas.

The empirical evidence from both developed and developing

countries seems to suggest that the log-normal distribution or variations
Sugg g v

(2.6)
(2.7)
(2.8)
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of it for city sizes is fairly common. It has been demonstrated that the
log-n;rmal distribution and the log-lognormal distfibution (classes of
Yule distributions) arise, under cértain conditions, out of stochastic
growth processes over time. These distributions are "steady state" or
"statistical equilibrium”, or "natural law" distributions. The log-
normal distribution appears to arise out of stochastic growth processes
in an open system and where the probability of growth of an individual
city is simply proportional to the city size., The log-lognormal distri-
bution arises out of stochastic growth processes in a closed system, and

growth is a random power of size of city. b2
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IV. CITY SIZE DISTRIBUTIONS AND POLICY CONSIDERATIONS

The questions now arise, of which distribution best describes
the city—éize distribution in developing countries, and what are the
causes behind the variations between the city size distribution? What, for
~ example would be the effect on national economic growth of attempts to
change a city size disiribution from a log-normal to a non log-normal
distribution? This has considerable relevance for centralization or de-
centralization policies~—is a decentralization policy under certain con-
ditions going to lead to considerable changes in the whole of the dis-
tribution such that it :is no longer in a state of statistical equilibrium
or in a steady state?

Assuming that the log-normal distribution is an optimum
disﬁribution in a situation where there are a lérgerumber of random and
competitive forces operating in the socio-economic and political systems,
is there likely to be a most efficient allocation of city sizes when the
disfribution conforms to the log-normal distribution? If the answer is in
the affirmative, can one also assume that economic growth (and growth in
the average size of cities) is maximized with this type of distribution?

Policies for decentralizing economic activities have been
criticized on the basis that economic growth is maximized when it is con-
centrated in certain favourable large urban areas, i.e. the growth pole |
theo?y. k3 The argument is that by vertical and horizontal linkage effects
and a spillover of growth from one region or city to another, the whole

system will grow at a faster rate than under any other conditions. Critics
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of decentralization policies have consistently argued this point for many
yeafs. Furthermore in terms of the attempts to impose maximum limits to
the size of the largest city, it is interesting to conjecture about the
possible effects such a policy would have under different initial con-
ditions, on the whole distribution of cities. |

Randomness is postulated as a convenient technique for investi-
gating the overall properties of the settlement field. Hh Such a form-
ulation is neutral as to rationality whether socially or economicallyl
oriented: eVery decision may be optimal from a particular point of view
and ygt the resulting actions as a whole may appear as random. ILack of
information, social ties and so on will change an economizing optimizing
problem but not the Tandomneés formulation,

Since it is not possible to identify and measure all the forces
thaﬁ control the city size distribution, the observation that city size
distributions tend towafds the log-normal under competitive forces may
provide a clue to the formulation of policy decisions under certain cir-
cumétances. A town planner, for'example, tries to regoncile a whole series
of opposing forces, to achieve some form of social optimum city size and
distribution of cities, and often finds it impossible to arrive at some
unique solution. Yet empirical evidence shows that under certain con-
ditions, that of.a large competitive system, city size distributions tend
towards the log-normal or log-lognormal., It could be argued therefore that
any aistributién that does not conform to the log-nommal distribution is
non-optimal at that point in time. ’Thus primate city distributions, wnich
have arisen out of peculiar historical, geographical, sociological, pol—A

itical, or economic forces are non-optimal, This hypothesis would suggest
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that a policy of either heavily investing in intermediate size cities or
of reducing the primacy of the largest city will encourage a move toward
an optimum. (See Diagram 2) A policy of restricting the absolute growth
of the largest city in a country, could have some undesirable affects on
the overall rate of growth of all other cities, especially if the existing
distribution of cities is the log-normal. In this case, there would be a
growth of intermediate size cities and further deviation from the log-
normal distribution. (See Diagram 3)

Interesting analogies to the problem of policy considerations
with respect to city size distributions have arisen in the case of the
size distribution of firms. Simon and Bonini, b5 have noted that the
size distribution of firms (whether within a single industry or a whole
country), is almost always highly skewed, and that its upper tsil resembles
the Pareto (or log-normal) distribution. Attempts at economic explanation
of the observed facts about concentration of industry have always assumed
that the basic cansal mechanism was the slope of the long-run average cost
curve; but there was little discussion of why this meshanism should broduce,
even occasionally, the particular highly skewed distributions that are
observed. The static cost curve analysis yields no explanation as to why
the observed distributions approximate the Pareto distribution, it only
shows a critical minimum size of firm in an industry. Simon and Bonini
argusd that plant cost curves are generally J-shaped, and below some critical
size unit costs rise rapidly,above the critical size costs vary only

slightly with size of firm:

We can say then, that, the characteristic cost curve for the
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firm shows virtually constant returns to scale for sizes above
some critical minimum. Under these circumstances the static
analysis may predict the minimum size of firm in an iﬁgustry but
it will not predict the size distribution of firms.
Simon and Bonini attempt to explain the size distribution of
firms on the basis of a stochastic model. They postulate (from an

assumption) that the distribution of percentage changes in size of the

firms (over a year) in a given class size is the same for all class sizes.

THE MODEL

Assume there is a minimum size, S , of firm in an inddstry. Above
this minimum size,vunit costs are éonstant. Individual firms in the
industry will grow (or shrink) at varying rates depending on such
factors as (a) profits, (b) dividends policy, (c). new invest-
ment, (d) mergers.

These factors in turn, may depend upon the efficienéy of the ‘in-
dividual firm, exclusive access to particular factors of pro-
duction, consumer brand preference, the growth and decline of a
particular industry, products in which it specializes, and

numerous other conditions. ug ’

The operation of all these forces will generate é probability dis-
tribution for the changes in size of firms of a given size.

Thus the first basic assumption (the Law of Proportionate Effect) is
 that this probability distribution is the same for all size class of
firms that are well above 8.

The second basic assumption distribution is that new firms'are being

"born" in the smallest size class at a relatively constant rate.

It has been shown that under these assumptions the Yule Distribution
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1

will be the steady-state distribution of the process.
Let f(s)ds be the probability densify of firms by sizes. Then the
Yule Distribution is given by f{s) = KB(s;p + 1).
Where B(s, p + 1) is a Beta function of s and (p + 1).
K is a normalizing constant,
p is a parametér.
It is easy to show that aé S—>o2, f(s)—> MS-(P * l), which is the
Pareto Distribution.

Thus in considering any observed’distribution of firm sizes above
the critical minimum size, ahy substantial deviation of the results from
thﬁse predicted from the stochastic model is a reflection of some depar -
ture from the Law of PToportionéte Effect or from one of the assumptions of
the model. Having observed such a departure, we can then try to provide for
it some reasonable economic interpretation. Such a deviation méy be a
measure of concentration, as Aiﬁchison and Bfown argue. 20 fThe parzmeter
(p) can also be used to account for the distribution of firm sizes, hence
in this particular model, the concentration in an industry is not in-
dependently determined, but is a function of the rate of new entry. (Where
p = 1 the rate of entry of new firms into the system = 0.) 21

If firm sizes are determined by a stochastic process, then the
appropriate way to think about public policy in this area is to consider
the means by which the stochastic process can be altered, and the con-
sequences of employing these means. As a very simple example, if the
“rate of entry into the industry can be increased, this will automatically
reduce the le?el of concentration, as measured by the usual indices. |

Similarly, if, through tax policies or other means, a situation of sharply



- 31 -

increasing costs is created in an industry, this situation should cause a
departure from the Yule Distribution, in the direction of lower concen-
tration. Furthermore the same equilibrium distribution may be produced
with Vaiiéus degrees of mixing, 1i.e. reordering of the rank of firms

in an industry, according to the(dictates of desirable public policy goals
(i.e. mobility of firms versus concentration of firms).

Simon and Bonini also suggest that when.the environment is

changing at a rate that is large compared with the adaptive speeds of the

organisms:

-

. + @ We can never expect to observe the system in the neighbour-

hood ef equilibrium, and we must invoke some substitute for the

static equilibrium if we wish to predict behaviour.
The problems of arriving at an optimum city size distribution may be con-
sidered Trom the same point.of view as that adopted by Simon and Bonini,
Much of the existing literature 6n éities, oniy considers the optimum size
of cities, and there is little reference to the optimum size distribution
of cities.

In considering, for exaﬁple, the economic case for and against

a policy of encouraging the growth of large or small centres, or to see
whether there is any economic "virtue" in a policy of decentralization, the
approachISuggested by Simon and Bonini may be useful. A decentralization plan
has Beén followed in Australia, for example, since at least World War II.
On purely economic grounds it appears on first sight that it is an unjust-
ifiable policy, in terms of efficient resource allocation, but on broader
socio-economié grounds it ;may be the reverse. According to Berry's study 3

Australia has a city size distribution that is intermediate between the log-
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1

——--normal and the primate. This is confirmed by Neutze5h who remarks ons

. « . the absence of'mediuﬁ size high concentration of population

in the state capitals and a dearth of medium sized centres.
The absence of medium sized regional centres‘méy have been a major factor
causing new growth in recent years to crowd into the state capitals of
Australia. Thus the aﬁpropriate policy might be to promo£e some of these
centies and provide a wilder choice for firﬁs thatvfind location in small
centres unprofitable. 25

The argument for a decentralization policy is usually stated in

terms of net social costs and benefits of redistribution of industry,
people, employment, investment, etc., taking into account externalities
and the relation of the policy to overall growth. Among the external effects
of private (and public) location decisions are those of traffic conges-
tion and public expenditure on road building, etc., in relation to city
siZe; 56 The general conclusion is that the external costs of traffic
growth will be greater in large rather than in small centres. The same
analysis can be applied to parking facilities, fares in public transport,
length of journey to work, and cost of public services, etc., 1in terms of
external diseconomies of growth. Account must also be taken of ecbnomies
of scale in public services, government administration, the differences in
cost of private goods and services in terms of variation of prices with
city.size. Intervention in the market allocation mechanism with respect
to cities is only justified if the pecuniary and non-pecuniary external

economies and diseconomics are so large that they cannot be ignored and if

the government intervention produces a more socially optimum distribution,
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which it may well not do under conditions of imperfect foresight. o1
One possible external effect of growth of cities stems from
scale economies or diseconomies in the provision of public services;
IT pubiic services are moreiexpensive in large. cities, growth brings ex=-
.ternal diseconomies. Conversely, if costs fall with growth there are
external economies, If we can measure the effect of size of centre on
these éosts we can show the direction and the magnitude of the external
effects énd also the way they afféct the relative attractiveness of large
and small centres, If we plot cost against size and get a U-shaped
average cost curve then the external effects will be causing unduly
large'cities. They will be doing so as long as costs rise more rapidly
or fall more slowly as population grows. The major problems, especially
in developing éountries, are not only the lack of data, but also dif-
ferences in gquality of services which may affect costs.‘58 K.8S. Lomax, 59
in an early study of British towns, found that costs were lowest, in terms.
of expenditure per head in centres of from 50,000 to 100,000 people, how-
ever no account was taken of quality differences in services. Other
studies (especially iﬁlihe U.S.) have found very iittle relationship be-
tween population of municiﬁality énd costs of local government service,
with the exception of wéter, sewage, and education, €0
Isard, oL for example, has discussed the emergence of the spatial
pattern of cities of different sizeg in terms of economies and aiseconomies
of scale arising from activities posifively associated with size of city

(agglomeration and deglomeration economies). Urbanization economies arise

out of:
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« . » a higher level of use of the general apparata of an urban

structure (such as transportation facilities, gas and water mainms,

and the like) and from a finer articulation of economic activities.
(daily, seasonally, and inter-industrially), Urbanization diseconomies
are engendered by rises in the cost of living and money wages, in the
‘costs of local materials produced under conditions of diminishing returns,
in time-cost and other costs of transportation, and in land value and
rents. Cities also attract or repel units of production in accordance
with the urbanization (for the most part, external) economies or dis-
economies relevant to each unit of production.

In considering the optimum spatial distribution and hierarchy
of different cities within a given technological and resource environ-
meﬁt, Such urban economies and diseconomies are important. It is
tempting to define an overall index of economy or function of économy
by summing a series of net economies for different city sizes to arrive
at an optimal size of éity. Isard rejects this procedure on the grounds

62

that there are too many "logical objections". Also:

. . . standardization of cities is subject to serious criticism,

There are no standard cities, each is unique.
There is also a problem of weighting the importance of individual net
economies curves. Another objection, perhaps the most serious of all,
stems from the néglect of inter-dependence among the sets of net economies
curvess

The above considerations are sufficient in themselves to in-

validate the use, even in an approximate fashion, of a simple
total curve .or index of economies and diseconomies in the
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functioning of cities of various sizes. 63

It appears that we are thrown back to considering the approach advocated
by Simon and Bonini (for firm size distributiqns) for the city size
distribution also. Since we have so many competitive social, economic,
political, and other forces operating on the city size distribution and
it is difficult to isolate what may be the critical facﬁors determining
the cit& sizes and their distribution, it would be more sound to analyze
the problem of optimum city size distribution within the context of the

total national environment. 1In order to facilitate our understanding of

the integrated nature of the whole city size distribution it would be

convenient and illuminating to consider the distribution as a subsystem

in a larger system of the functioning of society.
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VII, CITY SIZE DISTRIBUTIONS AND GENERAL SYSTEMS THEORY

64

The stability of the rank-size formulation over time and be-
tween nations 65 has been explained by various authors 66 in terms of
steady state stochastic growth processes. The tendency for living sysfems
to maintain steady states of many variables which keep all subsystems
in order of balance both with one another and with their environment is
the essence of general systems theory. These steady-states are described
in terms of entropy, in accordance with the second Law of Thermodynamics,
in which maximum entropy is a stape of randomly distributed energy and
essentially a normal or a;erage state of equilibrium. That the rank-size
distribution is a random state is borne out by Simon and as such it is
é proper subject of systems theory. Thus city size distributions may
be treated in terms of average conditions of maximum entropy aﬁd in the
more general context of the development of systems theofy. 61
A broad review of the unifying nature of general systems theory
in relation to what has been discussed so far is in order at this juncture,
A system is a set of objects (for example, central places), attributes of
the objects (population, establishments, business types, traffic generated),
inter-relationships among the objects (mid-point locations for lower level
centres, uniform spacing at any given level), and among the attributes
(the central place hierérchy).
Systems may be closed, i.e. entirely self-contained,or open, in
the sense that they exchange energy (materialé, messages, and ideas) with

a surrounding environment., Closed systems have a given energy supply

available to do work. As work is performed the energy is dissipated and
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will eventually Eecome randomly distribﬁted throughout the system. Using
the terminology of the second Law of Therquynamics, the system will then
have reached a condition of maximum entropy. In terms of central place
theory, a central place system, if it were closed and had run down to a
state of maximum entropy then population and other attributes of centres
would be completely unrelated to level of centres in the hierarchy. In
fact any trace of hierarchy would vahish.-

With relative constancy in energy inputs and approximate balance
of inputs and outputs, open systems settlevinté an organized equilibrium
between the tendency to move’toward maximum entropy and the need for
' orgaﬁization to.perform work. Such an orgaﬁized equilibrium is called a
steady-state. A central-place system is open. The central place hier-
archy is a form of organization that performs the work involved as
efficientiy as possible, and the rank size regularity is a manifestation
"of a steady-state equilibrium. A steady-state balances (1) the need for
organization into a hierarchy to'perform the work efficiently, and (2)
randomi;ation due to.chance local differences. Any decrease in energy in-
puts increases the entropy in an open system, and causes adjustments
changing the form of the steady-state. By the séme token, increasing energy
inputs cause form adjustments leading to further organization (or negative
entropy). Open systeéms also contain feedback mechanisms that affect growth
" even under conditiqﬁs of constant energy inputs. Positive feedback would
tend to decrease the randomizing effects of local variability, and negative
feedback to increase them, thus respectively increasing either organization

or entropy.
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One conEIusion of the general systems theorists is worthy of  ncote:
The steady state in an open syStem is one that obeys principles of equi-
finality. Whatever the initial size of the central places, the same city
steady-state will be achieved provided the energy flows are the same. The
steady-state results solely from energy flows, independént of the initial
size conditions. Thus a rank—size relatiohship wiil résﬁlt solely from the
balance ,of local variability and the organizational needs for a hierarchy
under a given set of demand and supply conditions. This is also a char-
acteristic of the competitive model used to derive a central-place system.
Barry has attempted to integrate many of the elements of systems of cen-
tral piaces into the general‘systems approach, thus incorporating central-
place theory, ,68 Berry states that cities and sets of cities are systems
susceptible to the same kinds of generalizatlons, constructs, and models,
as in general systems theory since city systems incorporate the two
complementary ideas of entropy and information, Entropy is achieved in
the steady-state of a stochastic process and is, as has been stated be-
fore, at its maximum if this procéss is unconstrained (the rank-sizé
rule). 69

Consider the case where the aim is to divide N people among
two settlements, each having an equal chance Of_attracting a given popu-
lation. Let ;he number of settlements having a population of i persons
be .Zi, and jElZi = 1, The number of ways in which people can be dis-

oy '

tributed amo;g the settlements, negiecting the spatial aspect and con-

) YA
sidering only the frequency distritution is p = 4%_2 (0Zi=N)
' it

i=o
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When the system is large its entropy is:
H = logP = ZlogZ -~ ZilogZi
Where H = entropy. .
Z/ e"l/n
H is maximized when Z, = (' /N)
Where n = N/Z, the mean population per settlement.

This exponential distribution can be written as a cumulative distribution

A
function: Zi H = T1l-e /n

Where T = size of largest city.
Under these circumstances, entropy is maximized when Hiox = Zlég(eN), i.e.
the most probaﬁle state of the system is that which gives maximum entropy,
or when the sum of logarithms is a maximum. Thié corresponds to a sit-
uation in which, given the size of the largest city, the probability that
the (u + i)st city has a population P(u + 1) is equal to q; ‘

where P = (W * 1) it p(u) = the population of the largest city.
P(u)

The ratio g 1is a constant.

In this sense H . = Zlog(eN) becomes similar to the rank-size rule:

P, =(p)*
It also follows that a system of cities opeying the rank-size rule is in
a state of equilibrium in which entropy has been maximized. It is for
this reason that Berry and Garrison 70 and Curry (e argue that systems
whiéh deviate from the rank-size rule are more worﬁhy bf attention than
are systems which follow. It 1s in this sense that the primate city dis-

tribution has such interest in relation to developing countries. Are
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they also a-distribution in disequilibrium in terms of the entropy concept?
Maruyama'states'that equilibriating théory (cybernetics) méy have
- a contradiction in the form of a disequilibriating system. Many inétances
can be cited in which feedback does not lead to self-corfections towards
some pre-set equilibrium (morphostasis), 72, T3 in the form Of the steady-

state distribution. Rathef, progressively greater contrasts appear as

for exaﬁple, between Myrdal's Rich’Ldnds and’Poof Landé, Th or with_pro-‘
greésively greater centralization of functions in fewer 1a?ge cities,‘or
when "the growth of a city increases the internal structuredness of the
city itself." 19
Maruyama's thesis is relevant to the probiem of the.fantastic
growth of primate cities in many'uhderdeveloped counfries. Could these
primate cities be examples of a deviation amplifying mutual causal process,
whicﬁ.will take certain underdeveloped countries further away from the
hypothetical optimum equilibrium city size distribution. That this is a
serious possibility should not be discounted.
In an economically underdeveloped sbciety,.on the>othér hand
under the laissez-faire policy and free play of market forces,
th? few Priyi}ﬁged people accumulate more power and We%%th
while the living standards of the poor tends to fall.
Berry argues that this deviationu (and therefore structure)
amplifying trend in a system is a tendency towards maximum information and
reofdering, and away from~maximum entropy. Thus tﬁe two forces are essen-

T

tially in opposition.

A glance at the date for the U.S. shows it to be more ordeizad
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than India, and less than Australia, for example. 8

‘The evidence presented by Berry on city size disfributions and economic
development, suggests that although city size distributions are essen-
tially uncorrelated to levels of developmént, they are correlated with
other factors of a country's‘dgVelopment,Asuch as size of the country,
age of urbanization, etc.‘ The log-normal distribution is hypéthesized
as representing a steddy-state condition of maximum entropy, whereas a
~ primate distribution may indicate a simpler, patterned structure. Pro-~
gression from the primate to.the log-normal stage is reached wﬁen the
urbaﬁ society is old and complex and has been ipfluenced by large numbers
of forces in many ways such that the patterning éffects of any of these
forces are lost. Evidence to support this hypothesis was found in the
fact that the advanced countries with primate distributions were very
sﬁall, which limited possible complexities entefing into the urban scene,
and the lesser developed countries with log-normal distributions were
generally very large and with long histories of urbaﬁization which in-
Ereased the possibility of the urban pattern beingvaffected by many forces.
However it is difficult to be certain that those countries which
db display a log-normal distribution have in fact an equiiibrium city size
distribution in the sense that there is no pressure to move away from this
equilibrium distribution. In order to examine whether there is a socio-

economic and political optimum in a country with a log-normal distributicn,

the city size distribution of India will be examined.
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VIII, INDIAN CITY SIZE DISTRIBUTION

‘The rate.of urban population growth in India in the last few
decades has begn phenomenal. From 1941 to 1951 the grow£h was from 13.5%
to 17.3% of the total population, representihg an urban growth of 34.8%.
The .growth of urban places in and by itself would be of iess concern if
it did not produce at the saﬁe time a number of social pioblems which
are new and démand constructive solutions. Unempioyment in Indian cities
is high, especially among educated persons, and this creates social and
political problems. The growth of citieé is'due in large part to rurai—
urban migration, the conditigns and causes of which are still little un-
derstood. Moreover, housing, water supply, and senitary services are
sorely lacking in ;Indian cities, and the rapid gfowth of population
creates increasing pressures to sﬁpply even minimum facilifies of this
kind. This makes necessary some action in the direction of urban plénning
in order to better balance shért run and long run héeds. Much‘of'the
present growthvof cities takes place by the building of shanty towns,
wﬁich are being built on any piece of land that héppens to be'availabie.
Indian cities, and especially the smaller towns, suffer from a plethora
of slums. Thus it appears that even thoughAit has a log~normal distri-
bution, Indian cities are not without their problems.

In as much as these urban céntres (especially those over 100,000)
form é system, and in that capaéity, affect the urban and economic structure
of India, it is of interest to analyze the properties of the urban centres

¢omprising the gystem. Along what dimensions of variation can Indian cities



- 43 -

be grranged? What are the major similarities and differences‘that char-
acterize these relatively large-urban agglomeratioﬁs?
Harris and Ullman; 79 summarized the classical principles of
urbanization by recognizing three different types of cities:
1. Cities as central places performlrg comprehenclve services
for a surrounding area.
2. Cities as transport foci and break of hulk points.

3. Specialized function cities performing one service such
as mining, maufacturing, or recreation for large areas.

]

More recently Redfield and Singer 8Q

introduced another clas-
sification of cities. Discussing the cultufal role of citieé, they rec-
ognized two types of cities:
1. Cities of orthogenetic transformation. Tﬁese.are 6f the
rural order . . . . of culture carried forward.
- 2. Cities of heterogenetic'transformation. These are cities

of the technical order, where local cultures are disin-
tegrated and new integrations of society are developed . . . .

In addition, these authors recognized two patterns of urbanization, primary
and secondary. In the primary phase a precivilized folk society is trans-
formed by urbanization into a peasant society with correlated urban

centres. This process takes place almest entirely within the framework

of a core culture that develops in an indigenous civilization. Secondary

. urbaﬁization follows primary urbanization when a folk society, precivilized,
peasant, or partly urbanized, is further urbanized b& éontaét with peoples

of widely different cultures from that of its own members.
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Hoselitz, récognizes yet another set of citieé on thé basis
.of their role in fhe economic development of an area. According to him
a city is generative if its continued existence and grow£ﬁ~is one of the
factors accountable for the economic develophent of tﬁg area in which it
is located, It ié péfasitié;if it exerts an opposite imbact. Further in
an attempt to tie together his ideas with those of Redfiéld and Singer, he
observes that.althéugh orthogenetic cities tend tb 1imit if not impede
cultural change, this does not mean that orthogenetic cities are nece-
ssarily pafasitic with regard to ecoﬁomic growth,

Further, the proceés of primary urbanizatibn, though leading to
a reinforcement of existing cultural patterns,.mayvbe generative of econ-
omic growth. In the same way cities in certain sﬁages of secondary urban-
ization ﬁay exert an unfavorable effect upon ecdnbmic.growth of the
wider geographical unit of which they form a part. An example is that
of colonial cities. 1In a'similéf vein,; Berry points out that the process
of secondary urbanization exerts itself when an integrated system of cities
dévelops,» usually under the influenée of forces external to the local cﬁi—
ture.

Heterogenetic cities result . . . in complex nodal systems of
economic organization characterized by rapid social change.

82

How relevant are these notions to an understanding of Indian cities?
Do Indian cities fall into one of the four possible classes as mentioned by

Hoselitz in his discussion of generative andbparasitic cities? 83 In the
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cpinion of many students of Indian urbanization, Indian cities, like their
ccunterpcrts in the Western world, are centres of heterogenetic transfor-
ﬁations and are generative of economic growth. Also, the prevelent pro-
cesses of urban growth in India.display a paftern which is considered as
secondary urbanization.

| This of course is not intended to imply that there are no dif-
ferenceé between the péttern of Indian ﬁrbanization, what ever it may be,
and the urban patterns.that exist in the Westerc world, During the past
decade a number of studies have appeared.which deal specifically with

8l

urbanization in phe non-Western world. The authors of these works
suggest that urbanization in Asia may involve quitc different patterns
of development and inter-relationships with economic.development than
those observed in the West. Some of the major differences indicated
by them are:

1. Urban development in many countries of Asia is largely an

outgrowth of colonlallsm.

2. There is an increasing role of central planning and govern-
mental interventionism in Asian economic development.

3. There are great differences_in basic outlook and value systems
between Asia and the West. 85 :

Although Indian urbanization shares most of the characteristics
common‘to otﬁer developing ngtions, it nevertheless has-somé distinctive
featufes. To begin with, India has a long urban tradition whichlgoes
back more than a thousand years. Unlike many countries of the non-Western

World, India has a ﬁell-developed urban hierarchy so far as city size dis-
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tribuéion is concerned. There is ample evidence to the effect that rural-
urban migration is the most important factor contributing to urbanization
.in India and this migration is directed not only towards the very large

' cities but also to hundreds of medium-sized'and'smaller cities in almost
all regions. Furthermore it has been argued that urbanization is neither
a neceé§ary nor a sufficient condition for economic growfh. For these
reasons and many others a policy of decentralization has been advocated

in India. The conflict between gentralizétion and alternative forms of

86

decentralization is at the moment a very real issue in India. One
aspect of this is the posing.of the problem as a choice between two

. different patterns of economic development, one village based and the
other urban based. The balance between industrial growth and urban devel-
opment, the postﬁlates of equality between rural aﬂd urban standards of
living, and the costs and benefits of regional dispersal of industries,
are the elements that make deceﬁtralization é real but still undecided
issue,

Due to rapid population growth which has led to pressure on the
urban centres and stagnation of the rural economy, rapid urbanization has
tended to precede rather thgﬁ follow industrialization, leading to a wide
"development gap". It appears in two different forms; in the form of
"over urbanization" i.e. urbanization exceeding the range of economic
development, and in that of a marked déficiency of urban facilities and
services. 87 It is for these reasons that Indian planning policies have
"tended to conceﬁtrate on decentralization and foster the_gréwth of medium

88

sized towns. J.P. Lewis, in a study of the overall economic problems
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of Indian develobment argues that there is not:

. . . as usual discussions sometimes seem to suggest, any lack-
of medium sized centres lying between villages, on the one
hand, and the larger cities on the other, Instead, throughout
the city size distribution there presently are bases upon which
further concentrations of activities of population could be
built.. 89 ,

A}

India, it aﬁpears, althougﬁ it d&es have a log-normal dis~
tribution, suffers from many serioug sociél and économic ﬁrban prbblems.
Planning policiés have been .directed towards reducing the size of the
largest cities, and fostering the growth of the medium sized towns., If
£helhypothesis is correct, that the log—normél distribution is an optimum

' city size distribution, then this policy would only lead to a non-optimal
distribution of city size. Iewis' observation on the city size distribution
in Indié would tend to support this hypothesis. .it ié imjossible to arrive
at any defiﬁite conclusions on the validity of a decenﬁraiization policy _
in felation to the log-normal distribution withdut further analysis, so

at the présent time the question of wHether or not the existing distri-
bution is an optimﬁm'is still open, It could be argued that the present
distribution minimizes the socio-economic forces acting on it to change
despite the fact that these forces appear to be very large. Any other
distribution may conceivably increase the serious social and economic prob-
lems in the urban centres. This conclusion is also unverifiable at the

present moment, but 1t is interesting to keep in mind.
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IX. CONCLUSION

There is considerable theoretical suppor®t in the litérature for
_the hypothesis that the log-normal (or rank—size) distribution is an
"optimum", steady-state or statistical equilibrium distribution, under cer-
' fain conditions (cf. the Pareto distributibn). The existence of the log-
normal distribution for city sizes in both underdeveloped and developed
coﬁntries, appears to be the result of the interaction of numerous cdm-
petitive forces over a long period of time. 1In India, for éxample, the
log—nprmal distribution has evolved during a long history of urbanization.
The primate distribution, which shows the greatest deviation from the log-
normal, results from the dominance of a small number of very large forces
to produce this distribution.Primste. cities suffer from problems similar
to fhe larggst cities in the log—nérmal distribution, but'to a much
greater extent.

The rejection of an approach based on net urban economies to
anélyze the optimum city size, is reasonable when taken in the context of
a systems approach to city size distribﬁtions. General systems theory,
incorporating stochastic gréwth theory, appears to be a meaningful way of
examining the problem of an optimum city size distribution; since it
focuses attention aﬁay from single optimizing criteria, and more toward the
whole of the distributién. It is evident that there are many problems inA
tesfing the hypothesis that the log-normal distribution is an optimum. 1In
the case of India, with a log-normal city size distribution, many social

and economic problems face its cities, which appear to be almost insoluble.
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Considerable work must be undertaken before it can be firmly
established that any one type of distribution is an optimum under ;'wide
yariety of conditions, although it appears that a theoretical framzwork
ﬁas evolved which may be a useful analyticai approach to the general problem

of optimum city size distribution.
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If two systems with entropy S1 and Sp are united then S7 = So =

- The entropy of a closed physical system tends therefore to increase
as long as .the system has not yet reached equilibrium and entropy
may thus be taken as a measure of the degree of equilization reached
within a system. ZEntropy of a closed system is maximized when the
system is in equilibrium. Boltzmann's Law of Entropy argues that
lower temperature should be understood ‘as a statistical equalization
of differences in molecular speed.

Let physical entropy S = Clogl + R/ 108V mmmmmmeeeeo (1)
Where V = Volumé of gas whose mass equals l.unit.

Cy = Specific heat at constant volume.

T = Absolute temperature. _

m = Molecular weights of the gas.

R = General gas constant
Also let 8 = entropy = _k'ZL P;logp; and éi pl= ______ (2)

L=\ it

Where p; = probablllty of finding an idealized phy31ca* system
in the state i of n possible states, and k = a constant.

Now the probability that molecules in a gas container can be
distributed among n possible states in p ways 1is:

=P/, (0£ 1% n) —-mmmmcemes (3)
T'OP

Thus if the system is large then:

n .
h S = logP = plogp -- § DPjlogp; -===-=-------m-so- (%)
izl
n
Thus since S = -k 21 pilogpi-k(logpi) ------------------ (5)
iz
. n .
Then S = -k(plogp - 5 p;jlogp;) + C ---=----mmmme- (6)
=
Hence S = (plogp - k¥ £ pslogp;) -----=--=-=mcmmna- (7

(4) and (5) both hold only if § k =
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