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We present a study of the distribution of cities in Mexico along the 20th century, based on
information collected in censuses every ten years. The size-rank and survival cumulative
distributions are constructed to evaluate the presence of scaling, its deviation from the
Zipf's law and their evolution along the period of observation. We find that the size of cities
S, approximately follow a power-law with the rank r,S(r) ~ r—*, where the exponents take
values between o ~ 0.7 to o ~ 1.1 for years 1900 and 2000, respectively. The local fluctu-
ations in the scaling behavior are evaluated by means of a local exponent, and the deviation
of the size predicted by the Zipf's law (o = 1) and the real size of each city is analyzed. Our
calculations show that local exponents follow transitions between values above and below
of the Zipfian regime and the deviations are more remarkable at the beginning and at the
end of the 20th century. Besides, the cumulative distributions confirm the presence of scal-
ing for the same records with a reasonable agreement with the scaling exponents observed
in the size-rank distributions. Moreover, we examine the role of a recent introduced prop-
erty named coherence. Finally, we explain our findings in terms of the socio-demographic
evolution of Mexico along the 20th century.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction the Gutenberg-Richter law for the magnitude distribution

of seisms [14]. Several decades after these laws were

Since Pareto [1] in the 19th century up to the present
day, many complex collective phenomena have been sta-
tistically described by scaling laws. This approach has been
used in a variety of research fields ranging from social to
natural sciences [2]. For example, from economics [3-5],
linguistics [6,7] and sociology [8] to physics [9-11] and
biology [12]. The phenomena described by scaling laws
have no characteristic scales and usually are described by
power laws of the fractal type. Scaling relationships were
first found on empirical grounds. A clear case of this is that
of the empirical laws of seismology, such as the so-called
Omori law for aftershocks temporal distribution [13] or
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established empirically, Bak et al. [15,16] proposed a more
fundamental explanation for them based on the concept of
self-organized critical systems. The same happened with
the scaling laws of the Zipf type, followed by the distribu-
tion of cities by size [17], which were first empirically
established and until recent times more detailed mecha-
nisms for their explanation have been proposed [18,19].
On the other hand, as it is well known, only the self-similar
fractals, as the Koch’s curve for instance, have scaling laws
over an arbitrary number of scales. However, the scaling
properties in real world objects and phenomena are
incomplete in the sense that the corresponding power laws
typically have one or more crossovers in their scaling expo-
nents [20]. For example, the Gutenberg-Richter law for
earthquakes extends along many decades from millimeters
up to thousands of kilometers, however, it has a crossover
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around of M = 7.5, which has to do with a break in self-
similarity, from small to large earthquakes occurring at a
point where the dimensions of the event equals the
down-dip width of the seismological layer (see Fig. 1 of
Ref. [21]). Small earthquakes grow in both length and
width; their rupture dimensions have no bounds. On the
other hand, large earthquakes have no bounds in rupture
length, but their down-dip width is limited by thickness
of the region capable of generating earthquakes [21].
Another case where a crossover plays a very important
role is that corresponding to empirical data of distribution
of the money and wealth in many countries as in UK for
example [22,23]. When a log-log plot of cumulative prob-
ability distribution against total of capital (wealth) is
made, clearly two well defined regions are found, one fol-
lowing a Pareto-type behavior for rich people and other
following an experimental distribution of the Boltzmann-
type for the lower part of the distribution for the great
majority (about 90%) of the population. Some well-
founded models explain these different behaviors [22,24-
26]. For the case of the city size distribution, deviations
from Zipf's law and crossovers have been reported [27-
30]. As in the case of the money and wealth distributions,
crossovers between big (S > 10° inhabitants) and small
scales, and between developed and developing countries
have been identified. For the case of Japan for instance,
Sasaki et al. reported that the rank-size distributions of
towns and villages can be well approximated by log nor-
mal distributions while for cities a power-law distribution
is observed. On the other hand, Malacarne et al. [31] also
have reported that for the cases of Brazil and USA a notori-
ous deviation from an asymptotic power-law of the Zipf
type is found when cities of all sizes are considered. Until
the present day, there is no consensus about the best fit
of city size distributions. For example, Bee et al. [32] ques-
tion the claim that largest US cities are Pareto distributed
and based on multiple tests on real data they assert that
the distribution is lognormal, and largely depends on sam-
ple sizes. On the other hand, Giesen et al. [33] by using un-
truncated settlement size data from eight countries show
that the “double Pareto lognormal” distribution provides
a better fit to actual city sizes than the simple lognormal
distribution. More recently, Cristelli et al. [27] have
reported a very important property called “coherence” of
the sample of objects to be studied, which drives the
resulting power-law towards a perfect Zipf's law (o =1)
or towards marked deviations from it. Another important
feature of city size distributions (CSD), is the time evolu-
tion of the power-law exponents depending of many
social, economic and political phenomena [27,31]. The
CSD has been studied for many countries as USA ([34]),
Spain [35], France [28], Japan [28], India [36], China
[36,37], Brazil [38] among others. The study of particular
cases is important because they help to enrich the phe-
nomenology of the CSD problem. In the present article
we study the case of Mexico by analyzing each decade cen-
suses from 1900 up to 2000. The main goal of this work is
to evaluate presence and departures of the scaling behav-
ior in CSD, and deviations with respect to the Zipf's regime.
Our results clearly reflect some of the main social and eco-
nomic transitions of Mexico along the 20th century under

a macroscopic overview through the evolution of the CSD
scaling exponents. Our paper is organized as follows. In
Section 2, we describe the main aspects of the data of cities
under study and some sociodemographic aspects which
are important for the discussion of the results. In Section
3, the results are presented together with a discussion,
and finally in Section 4 some concluding remarks are given.

2. Data and sociodemographic aspects

One of the big issues in the construction of the relation-
ship between population and rank of cities is the definition
of a city [36]. Some authors use a spatial definition for cit-
ies, particularly based on the amount of building area.
Other studies [39] use an administrative definition, i.e.
government of specific states or cities. In the case of this
study, we combine both perspectives. In first place, metro-
politan zones are defined as municipalities agglomera-
tions; that is, data corresponding to the total of the
population of the municipalities and they were taken from
different sources [38,40,41]. We follow the common prac-
tice in Mexico to assume the size of 15000 inhabitants as
the lower threshold to define a city [38]. Although there
are some criticisms to this threshold, it remains as the
most extended definition used in Mexico (our dataset can
be freely accessed on the website http://www.cslupiita.
com.mx/citiesmx/).

Along the 20th century, as many countries in the world,
Mexico passed through important transformations, includ-
ing its transition from a rural to an urban country [42]. As
can be seen in Fig. 1, the annual growth rate (AGR) of the
urban population was higher than the AGR of total popula-
tion for the considered period. In the 1950’s the largest dif-
ference between both AGR’s is observed due to the
industrialization policy, the promotion of the urbanization,
and rural to urban migration. Thanks to the population pol-
icies since the 1970’s, it seems that nowadays both AGR’s
are close each other. In 1900, just the 10.6% of the popula-
tion lived in one of the 33 Mexican cities. By 2000, 364 cit-
ies formed the Mexican urban system with more than 60
million inhabitants (63% of the total).

Some authors such as Unikel [38,43], Garza [40] and
Aguilar and Graizbord [42] have pointed out the
importance of dividing the recent urban history of Mexico
in three periods: I. 1900-1939, II. 1940-1979 and IIL
1980-2000 (see Table 1). In 1900, Mexico was a rural coun-
try. The urban population (10.6%) was distributed in 33 cit-
ies and six of them concentrated the one half of the total.
During the first period the percentage of urban population
grew around 7% meanwhile the total of cities reached 43
(i.e. 30%).

In the second period (1940-1979), the process of urban-
ization took place in a faster rate due to a state policy of
industrialization and urbanization. By the beginning of this
period, around 20% of the total of population lived in 55
cities, meanwhile by the end the urban population reached
46% and the total of cities was 167. In other words, urban
population doubled meanwhile the total of cities tripled.

The last period (named the neoliberal one), witnessed
notable changes. In the first place the economic openness
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