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Abstract. Many controversial questions about the shape and evolution of city size distribu-
tions can be solved if reliable, large and comparable set of data are used for several coun-
tries. We provide new empirical evidence by using the large data base ‘Geopolis’, which has
strictly comparable figures for all towns and cities of the world over 10,000 inhabitants be-
tween 1950 and 1990. A Pareto model is used for identifying as metropolises one or a few
large cities for each national urban system. From those data, two empirical power laws are
established, linking the size of the metropolises to the size of their national urban system.
The first is a transversal law: for a set of countries at a given date, the share of population
concentrated in metropolises tends to decrease when larger countries are considered. The
second law, which is longitudinal, shows that metropolises in the past have grown in a sys-
tematic way more rapidly than the rest of their urban system, invalidating Gibrat’s urban
growth model. Such empirical regularities could help for predicting the future of nowadays

observed metropolisation trends.
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1 Introduction

A growing concern for urban problems, especially in
large cities, and their comparison all over the world, is
emerging, as shown by the Habitat conference hold in
Istanbul by the United Nations in 1996, or by recur-
rent anxious questions in newspapers about the future
of mega-cities and their sustainability. Paradoxically,
to answer simple questions as: where are located the
largest cities in the world? Is that city too large? Will
this metropolis grow further? Is there any limit to the
size of a city? . . . three difficult prerequisites are nec-
essary: first, relevant and comparable data base for
measuring city size; second, knowledge about the sys-
tem of cities including the city under consideration;
and third, reliable models of the structure and dynam-
ics of urban systems for comparison and prediction.
The coherence in the relative size and evolution of ci-

ties belonging to the same territory is a fact which has
been recognised a long time ago by geographers.

A vast literature has been written about the ques-
tion of the shape of city size distributions in urban sys-
tems (for reviews see Robson, 1973, Sheppard, 1982,
Pumain, 1982). Usually the cities belonging to the
same region or to the same country are strongly differ-
entiated according to their size. There is strong evi-
dence regarding a kind of invariance in the statistical
distribution of city sizes. The size distribution is highly
skewed, with many small towns located close to each
other, fewer and more distant medium-sized cities and
only a few very large cities which are located on aver-
age far from each other. The number of cities is rough-
ly in an inverse geometrical progression to their size.
Such types of city size distributions can be found ev-
erywhere in the world (Zipf, 1949; Rosen and Resnick,
1980; Parr, 1985; Moriconi-Ebrard, 1993). They seem
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to have maintained the same shape for a very long
time (deVries, 1984; Fletcher, 1986).

This distribution was formalized a long time ago
(Auerbach, 1913). It is usually known as the ‘rank-size
rule’ as described by Zipf (1949): the logarithm of the
population size of a city is a linear function of the loga-
rithm of its rank in the urban hierarchy. The cumu-
lative frequency distribution of the sizes of cities is al-
so similar to a Pareto function (Simon, 1955) or to a
lognormal distribution (Gibrat, 1931). The slope of
the Pareto distribution, or the dispersion of the log-
normal function, are indicators of the degree of con-
centration of urban populations (in other words, they
are measures of the inequalities in size among cities).

It is not obvious from existing observations which
statistical model is closer to empirical data. According
to various studies, reasonable adjustments can be ob-
tained either with Zipf's (1949) simple ‘rank size rule’
model, (a Pareto distribution with one parameter), or
by using a Pareto model with three parameters (Bar-
but, 1988), or a lognormal distribution with three par-
ameters (Gibrat, 1931; Robson, 1973; Pumain, 1982),
or other variations on dissymetrical distributions
(Malecki, 1980; Guérin-Pace, 1993). After comparing
alarge number of statistical models, Quandt’s conclu-
sion was that the best statistical fit could not be chosen
as a valuable criterion for identifying the nature of city
size distribution, and that theoretical considerations
had to be included in the decision (Quandt, 1964).

The highly skewed distribution, which is a charac-
teristic feature of all observed urban systems, how-
ever has no unambiguous correspondence in any the-
oretical explanation. The shape of the distribution is
by itself not a sufficient description for deducing satis-
fying explanations. Indeed, it can be related to a large
variety of explanatory processes. [tisin that sense that
B. Robson (1973) described Zipf’s ‘rank-size rule’ or
Pareto distribution as an ‘over-identified model’. One
has then to proceed the other way round: after choos-
ing a reasonable theory for the explanation of the ex-
istence of an urban hierarchy, it has to be tested if the
corresponding theoretical distribution of city size is of
a type compatible with one or several of the statistical
models used for describing that distribution.

The most useful theoretical explanations which link
the city size distribution to urban theory are of two
kinds. The first, central place theory, though a static
and partial theory of urban systems in its geometrical
(Christaller, 1933) or mathematical (Beckman,
McPherson, 1970) form, does provide economic and
territorial rationales for the existence of an urban hie-
rarchy. When those principles and the evolutionary
properties of urban systems are integrated into dy-
namic models, it becomes possible to simulate the
emergence of an urban hierarchy from the interac-
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tions between settlements (Allen and Sanglier, 1979;
Bura et al., 1996). The second kind of explanatory
model, which we have chosen here to use as a refer-
ence, is a simpler stochastic model of urban growth
which deduces the distribution of city size from a rath-
er plausible hypothesis about the distribution of cities
growth rates in an urban system (Gibrat, 1931; Rob-
son, 1973; Pumain, 1982; Guérin-Pace, 1993).

Whatever theoretical model is chosen, the corre-
sponding statistical distribution of city sizes has to be
tested on reliable empirical data. Due to the lack of
comparativeness of most readily available urban sta-
tistics, several conjectures which have been made
about city size distribution have never been properly
tested. Debatable affirmations can still be found, even
in recent publications, because such studies use too
narrow samples of cities or ill-defined urban popula-
tions (for instance, Rosen and Resnick (1980) or Al-
perovitch, (1993)). In this paper we shall use a large
data base, GEOPOLIS, including comparable pop-
ulation figures for more than 25,000 urban areas in the
world, (Moriconi-Ebrard, 1994). Using first the simple
Pareto model, which may not be the best one from a
theoretical point of view, but which has the advantage
of convenience for comparisons, we discuss a few con-
troversial questions about city size distributions, as
well as the distribution of city size inequalities or pri-
macy levels among the countries of the world. We em-
phasize the need for a theory that includes the notion
of metropolis and refers to the territorial structure in
which the urban networks are embedded. Second, us-
ing Gibrat’s model of urban growth as a reference, we
try to throw some light on the now fashionable con-
cept of metropolisation.

2 The GEOPOLIS data base

GEOPOLIS is a data base that includes strictly com-
parable population figures for all towns and cities in
the world having 10,000 inhabitants or more. It has
been developed and maintained by F. Moriconi-
Ebrard (1994). Population figures have been collected
from the national censuses for local units (municipal-
ities, or smaller subdivisions when needed) and aggre-
gated according to the spatial continuity of the built-
up arca. The data base then uses the concept of the
urban agglomeration, as defined by United Nations’s
recommendations (1978). The limits of towns and ci-
ties have been adjusted to the administrative bounda-
ries of local units and then maintained constant over
time in order to avoid the jumps in population figures
attributable to the spatial extension of agglomera-
tions. For each of the 26,000 towns and cities of the
data base, population is given (or estimated after the
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Figure 1. Degree of inequality in city sizes. Values of the exponent « of the adjusted Pareto distribution.

nearest census in time) for 1950, 1960, 1970, 1980 and
1990, according to the spatial delimitation of 1990.

3 Inequalities in city size are related to the age of
settlement systems

As it has been widely used in previous international
comparisons, we will use the slope of Zipf’s rank-size
rule (the inverse of the parameter of a Parcto law) as
an indicator of the degree of inequality in city sizes
distributions. For each national system of cities (in-
cluding at least 30 towns and cities), this parameter a
has been estimated after equation (1):

logP=K-alogR (1)

where P is the population of a city belonging to the
system and R its rank in the urban hierarchy, by de-
creasing order of population size, and K is a constant.

It must be recalled (after Parr, 1985; Malecki, 1980
and others) that the estimation of the parameter a is
very sensitive to sample sizes. Rosen and Resnick
(1980), whose results are taken for granted by Alpe-
rovich (1993), have compared 44 countries by consid-
ering only their first 50 cities or all cities with 100,000
inhabitants or more (these data are regularly publish-
ed in UNO Demographic Statistics). Their estima-
tions are very different from ours: they found, for in-
stance, an exponent of 1.963 for Australia and 1,537 for
Nigeria, whereas we found 1.369 and 0.843 respective-

ly. We also found values which are different from
those measured by Parr (1985) who calculated for
Egypt0.998in1947 and 0.947 in 1970, whereas we have
0.865 for 1950 and 0.753 for 1970 respectively.

Figure 1 describes the distribution of the city sizes
inequality index a for 78 countries; those values are
averaged for large regions of the world and by type of
countries in Table 1.

Contrary to a frequent hypothesis, the global level
of inequalities in city sizes, as reflected by the values
of parameter g, are not correlated with the level of
economic development. The same average is found
for industrialised and developing countries, approxi-
mately 1.05. Despite rather large intra-group varia-
tions, a significant difference can be found between
‘old’ and ‘recent’ urban systems: the former including
those mainly in Europe and Asia, the latter in Amer-
ica and Australia.

Toillustrate that finding, we represent the rank-size
distributions for North America and the European
Union (Figure 2). Whereas the urban population of
North America in only inferior by 40% to the Europe-
an one, the new continent has only one-third as many
cities as the old one. The 30 largest North-American
cities are all much larger than their European coun-
terparts, whereas Europe has a much greater number
of small and medium-size towns and cities. This, when
related to average spacings between cities (13 km in
Europe against 48 km in USA), can be explained by
differences in the age of the settlement systems. Spac-
ings between towns and cities have been determined
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Table 1. Index of inequality of city sizes according to world regions and levels of development

Zone 1950 1960 1970 1980
Developed countries

Western Europe 0.99 1.00 1.01 1.00
North America 1.23 1.25 1.27 1.26
Pacific Asia 0.81 0.87 0.94 1.02
Australia & New Zealand 152 1.38 1.29 1.26
Ex-Comecon 0.92 0.98 1.02 1.05
Developing countries

Africa South of Sahara LIS 1.03 1.02 0.98
Latin America 1.09 1.09 1.13 4
Middle East & North Africa 1.01 1.02 1.10 1.12
South Asia 0.97 0.96 0.98 0.99
China 1.07
Developed countries 0.99 1.01 1.04 1.05
Developing countries 1.04 1.02 1.05 1.05
Ancient World 0.97 0.99 1.02 1.02
New World 1405 1.15 1.18 1.18

NB: The index value is an unweighted mean for all countries in the area indicated.Developed countries are: countries of
North America, Europe, Japan, South Korea, Taiwan, Australia, New Zealand, New World: countries of North and South

America and Oceania.

by the time necessary for connecting them when they
have developed. This is one argument in favour of in-
cluding the speed of the means of inter-urban trans-
portation in the theoretical concept of urban systems
(Mackinder, 1890; Reclus, 1895; Pumain and Robic,
1996).

During historical times, the inequality in city size
has been increasing. Empirical evidence from histor-
ical data (Bairoch, Batou and Chévre, 1988) shows a
clear evolution from values inferior to or around 0.7 in
many countries before the XIXth century to values
significantly higher for distributions observed since
the middle of XXth century, whose slopes are usually
between 0.9 and more than 1. However, the direction
of recent evolution is by no means clear: between 1950
and 1990, the value of the a parameter has steadily in-
creased in 19 countries, steadily decreased in 9 others,
while it followed no regular evolution in the remain-
ing 21 others. There is a rather general trend to a dimi-
nution of the contrast in the more developed coun-
tries, but there are exceptions (USA, France, Japan,
Russia, Hungary or Greece). The diversity in evolu-
tionary paths is still larger in third-world countries.

Over time, there is no indication either of any con-
vergence toward more or less regularity in the shape
of the size curve. This contradicts an hypothesis made,
forinstance, by Berry (1964) and repeated many times
since. On the contrary, the persistence of systematic
deviations from the Pareto model seems to be the rule,
especially in the upper part of the city size distribu-
tion.

4 A statistical definition of metropolis

The observed distributions of city size rarely fit the
statistical models exactly. A few examples of regular
distributions can be found, as for instance for the
United States (Figure 3). In a limited number of cases,
as for India, the curve is concave to the origin, but in
most cases it is convex and exhibits a more or less pro-
nounced discontinuity between one (in the case of
France) or two or three (as in Italy) or even five (asin

Agglomerations de plus de 10 000 habitants en 1990
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Figure 2. Rank size distributions for European and North
American cities.
Source: Moriconi-Ebrard, 1993.
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Australia) cities which are very large, and the rest of
the urban system.

4.1 Identifying metropolises

The main deviations from the statistical reference
provided by the Pareto distribution are usually ob-
served in the upper levels of urban hierarchies. Jel-
ferson (1939) called ‘the law of primacy’ the fact that
the size of the first city is usually much larger than one
would expect from the size of the other towns and ci-
ties in the national distribution of city sizes. He com-
puted a ‘primacy index’ as the ratio between the pop-
ulation of the largest and second largest city and
found that in most cases it was much larger than the
value of two which would correspond to Zipf’s rank
size rule (for a Pareto distribution with a parameter a
value of 1.3, the expected ratio would be 2.5).

We have computed this primacy index for each state
based on the data from the GEOPOLIS data base.
The mean value, 5.2 for all countries of the world,
neatly confirms Jefferson’s hypothesis of a systematic
trend to primacy in urban systems. Table 2 indicates
average values for various parts of the world. Despite
a large heterogeneity within the subsets, it may be
concluded that there is a significant difference be-
tween developing countries, with a mean value of 6.0,
and developed countries, with a primacy index of only
3.5. This may be referred to as the well-known duality
in the degree of openness to the world economy in de-
veloping countries.

Several authors noticed that in many urban systems
not only one city but two or more could develop pop-
ulation sizes much larger than would be predicted giv-
en the rest of the urban system. Various indexes have
been suggested for measuring this, by considering ra-
tios between populations of the first and of five largest
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cities, or comparing the first three to the ten largest. . .
We have computed a ‘macrocephaly index’ by identi-
fying the largest discontinuity in the distribution of
city sizes (i.e. the highest value of the ratio of popula-
tions of any successively ranking cities) and measur-
ing the ratio between the population size of the corre-
sponding cities. Table 2 gives statistics about this mac-
rocephaly index, and confirms the global conclusions
derived from primacy index. The concept of macro-
cephaly, however, can also be helpful in identifying
countries where several metropolises are found at the
head of an urban system. The main discontinuity be-
tween cities of successive ranks usually appears be-
tween the first and the second (as in France of in Ro-
mania), sometimes between the second and the third
(as in Spain or Brazil), in some rare cases further but
never beyond the rank number eight (for Germany).
This was used for defining in a non-ambiguous way
which cities have been considered as ‘metropolises’ in
the following sections: they are all those ranking
above the main discontinuity in the city size distribu-
tion.

4.2 A static ‘law of metropolises’

Using the GEOPOLIS data base, F. Moriconi-Ebrard
derived a general rule which he called ‘the law of me-
tropolises’. According to this empirical regularity, it is
stated that, at a given date, there is a strong relation
between the total number of inhabitants P_; inhabit-
ing the metropolises (as defined above, it means add-
ing the populations of one to eight cities maximum,

Table 2. Primacy and Macrocephaly indexes for 1980

Zone Primacy Macrocephaly
index index

Developed countries

Western Europe 4.27 5.31
North America 2.22 3.69
Pacific Asia 252 270
Australia & New Zealand 1.74 271
Eastern Europe 353 3.88
Developing countries

Africa South of Sahara 497 5.44
Latin America 6.86 7.31
Middle-East & North-Africa  5.81 6.18
South Asia 8.0 8.65
China 1.33 133
Developed countries 3.48 3.85
Developing countries 6.02 6.52
Ancient World 4.98 5.36
New World 5.89 6.49

NB: Values are unweighted means for all countries included
in an area.
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Figure 4. A transversal law of metropolises.

according to the country) and P, the total urban pop-
ulation of each national country i:

P,=P, )

where b is a constant parameter. Adjusting this model
to the distributions of population of the metropolises
of 177 states by logarithmic transformation

logP,=blog P, +logk
it was found:

log P, =0815log P, + 0.26

or:
pmi = 0'26 ’ P1.1i o

This power function suggests that there is a general
trend for larger countries (as measured by population
size) to have larger metropolises, but that this is less
than proportional. Therefore, the relative share of the
urban population which is concentrated in the limited
number (generally one or two) of the biggest cilies is
less important in large countries than in smaller ones
(Figure 4).

This empirical rule fits the data rather well (R* =
0.96). It also holds for each of the five periods of ob-
servation, from 1950 to 1990, with about the same
fixed value of 0.815 for the exponent.

This result can be interpreted as a possible conse-
quence of the specific functions which are performed
by the cities belonging to the highest hierachical level
of any urban system. The metropolises usually con-
centrate the activities which connect a country with its
outside environment, i.e. the international functions.
Small countries usually devote a larger part of their
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activity to those external relations (for instance it is
well known that the exporting and importing rates are
higher, all things being equal, for smaller countries). It
is therefore not surprising that their metropolitan cen-
tres concentrate a larger share of the urban popula-
tion than those of large countries.

5 A longitudinal analysis for metropolises

A comparison can be made over time between the size
of metropolises and the urban population of the coun-
tries they belong. This could help to achieve a better
understanding and prediction of the future evolution
of the ‘metropolisation’ process which has been rec-
ognised as the main trend in contemporary urbanisa-
tion. This investigation can be made by using as a ref-
erence a statistical model of growth in an urban sys-
tem. The best available model of reference until now
has been suggested by Gibrat (1931).

5.1 Gibrat’s model as reference

Of particular interest are the models which derive a
skewed distribution of sizes from the growth process
of the population of cities. Several models of the dis-
tribution of growth among cities have been designed
in order to demonstrate how they could lead to a Pare-
to distribution (Steindl, 1965 ; Simon, 1955) or to a log-
normal distribution (Gibrat, 1931) of city sizes. Most
of these are stochastic models. Their specifications
could be different but they were all based on the same
kind of main hypothesis. Gibrat demonstrates that
any distribution of city sizes will become a lognormal
distribution if the following growth process is observ-
ed: 1) cities are growing at each small time intervalin a
number of inhabitants which is proportional to their
size (it is equivalent saying that the growth rates of
cities are independent of their sizes); 2) the distribu-
tion of growth rates among cities is independent from
one time interval to another. In other words, the ‘law
of proportional effect” assumes that the causes of ur-
ban growth are diverse and numerous, that the effect
of one of them is small when compared to the total
effect of all causes, and that this global effect is mul-
tiplicative, and proportional to the size of cities.
Gibrat’s model has been tested on 8,000 agglomer-
ations for 1950, 10,000 in 1960 and 12,000 in 1970. A
proper description of the urban growth process is ac-
tually given by the ‘law of proportional effect’. On av-
erage, the variations in the number of inhabitants of a
city are roughly proportional to its size, or, in other
words, within the whole urban system, urban growth
rates are randomly distributed among cities, irrespec-
tive of their size. On the other hand, the spatial distri-
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butions of the growth rates are independent from one
period of time to the other. Both rules hold for most
periods of the growth process in many observed urban
systems.

However, observations made over longer periods
for national subsets of cities have always shown sys-
tematic deviations from Gibrat’s stochastic growth
process: there is a tendency for the largest cities to
grow faster at given periods, and there are also stages
of temporal autocorrelation between successive
growth rates. Empirical examples have been given by
Madden (1955), Robson (1973), Pumain (1982), Gué-
rin-Pace (1993) and Moriconi-Ebrard (1993). Gibrat’s
stochastic ‘law of proportional effect’ can be seen as a
very general process which would roughly describe
the evolution of many hicrachical and open systems
— among them systems of cities —, and which is trivial
since just explaining their Paretian structure by the
random distribution of a multiplicative growth pro-
cess. Though, in the case of cities, the process is not
entirely stochastic, and the main and more frequent
deviations can be interpreted as an effect of various
selection processes among cities, making some of
them growing slightly faster or slower than the rest of
the system, according to their size or to some other
properties (Pumain, 1977).

3.2 A dynamic definition of metropolisation

If urban dynamics were a perfectly competitive pro-
cess, it would lead only to random fluctuations and on
average the growth rates of cities would be the same.
But the process of urban change is not perfectly ubig-
uitous as one would expect from a simple theory of the
diffusion of innovations in space. The hierarchical dif-
fusion process gives an initial advantage to the largest
cities. Two properties can explain the advantage of the
largest cities. First, their large size increases the prob-
ability of the appearance of innovations. Second, be-
cause of their size, they have more interactions within
their urban networks and can capture the innovations
which come from elsewhere. This explains the system-
atic advantage of the largest cities for urban growth, at
least at the beginning of the cycles of the diffusion of
innovations. The stages during which smaller cities
grow faster may be regarded as periods at the end of
such a cycle (Robson, 1973). There is another advan-
tage for large cities, which is an effect of shrinking ge-
ographical space (Janelle, 1969; Juillard, 1970). With
the course of time, the speed of communications is in-
creasing, the range of the largest cities is extended in
such a way that the smaller cities are short-circuited,
even for low-level functions. As interurban competi-
tion is taking place in a shrinking spatio-temporal
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framework, the sizes in the urban hierarchy tend to
become more and more contrasted.

If this process was continuously distributed in the
urban hierarchy, its effect would be to increase the in-
equality of city sizes, as measured for instance by an
increase in the value of the slope of the adjusted Pare-
to distribution. However, the observed phenomena of
primacy and macrocephaly can only be explained if
the advantage of one or a small number of large cities
persists over long periods of time. This hypothesis can
be explored by using an allometric model of urban
growth. According to this model, an identical average
growth rate between the whole system and a city
should be expressed by an exponent b equal to one in
equation (3):

Pml = PLHh (3)

where P_, is the population of the largest city of the
urban system at date t and P, is the total population of
the urban system at the same date.

When adjusting the allometric model of growth for
a particular city compared to the size of the urban sys-
tem, significantly different values were found for the b
parameter in equation (3). We found values of 1.06 for
London compared to Great Britain from 800 to 1850,
and 1.26 for Paris between 1831 and 1990. For Indian
cities between 1901 and 1991, the value of the allomet-
ric coefficient is 1.15; this value remains about the
same if only one or several metropolises are consid-
ered, according to the rearrangements of the top of
urban hierarchy during the last century in this country.
Further tests are to be made on long term series of
urban statistics, in order to confirm if this should be
considered as a second ‘law of metropolises’.

Conclusion

We do not pretend that a simple consideration of city
size and of the statistical distribution of sizes in an ur-
ban system is sufficient to identify the concept of a me-
tropolis. Other criteria, and among them obviously
functional ones, should be considered for a compre-
hensive definition of what is a metropolis. What we
attempted to show is that in many urban systems, one
or a few ‘primate cities’ have a significantly prominent
position in terms of size, and that their size is related
by rather invariant laws to the size of the urban pop-
ulation of the territory where they are located and to
its evolution. Besides this territorial logic, which re-
lates the size of a metropolis to the size of the country
to which it belongs, there is a distinct logic in the evo-
lution of urban systems which produces over time one
(or a few) dominant metropolis(es) at the head of al-
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most every urban system. There are two empirical
laws, the first is transversal whereas the second is a
longitudinal one. They are derived from systematic
deviations between the usual models of reference for
the shape of city size distribution (Pareto law) as well
as for the process of urban growth (Gibrat’s model).
The ‘laws’ could be expressed otherwise if other mod-
els of reference could be used. Further developments
in the theory of the dynamics of urban systems should
consider how to integrate both empirical regularities
and derive more significant models, which would not
consider city size only but connect it with the territo-
rial system where they are located.
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