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Demographic growth and competition shape the size-area relationship for human
languages
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According to linguists’ classifications, there are about
6.900 languages currently spoken on Earth1. Among
them, 516 are classified as nearly extinct (with less than
100 speakers), while the ten most abundant languages
are spoken by 2.6× 109 people. The uneven distribution
of language sizes, measured as the number of speakers
per language, is well fit by a log-normal probability dis-
tribution. Its functional form has been explained on the
basis of a stochastic multiplicative growth of populations
in the last thousand years2.

We here present results on the correlation between the
size Pi of a language i and the area inhabited by its
speakers Ai. Our data set includes all living languages
plus a set of about 700 recently extinct but listed in the
most comprehensible database currently available: the
Ethnologue1. We have first calculated the distribution
of areas corresponding to all languages (see Figure 1)
and have observed that it is also compatible with a log-
normal function. Further, the representation of the num-
ber of speakers as a function of the area of a language
yields a dependence Ai ∝ P z

i . The analysis of the previ-
ous quantities in five different geographic regions (Africa,
America, Asia, Europe, and Papua New Guinea) reveals
that, while the log-normal shape of the distributions for
areas and sizes, as well as the power-law dependence be-
tween both quantities are maintained, the parameters of
the distributions (average size and dispersion) and the
exponent z are region-dependent.

With these data at hand, we have devised a dynamical
model for the change of language sizes and areas that re-
lies on the demographic growth of the last ten centuries
and includes in an effective fashion the competition for
physical space. The model is defined by two rules speci-
fying the growth in language size and language area: 1.
At each time step (time is measured in years) the size of
a language is multiplied by αt, a value randomly drawn
for each language from a distribution Q(α): Pt+1 = αtPt.
2. The change in area for that same language is set to
At+1 = γtAt, where γt is chosen as follows. (2.i) If αt < 1,
then γt = 1; (2.ii) if αt > 1 but at the same time there is
another, randomly chosen population whose growth fac-
tor is larger than one, then γt = 1 again. (2.iii) When the
size of a language grows and the second population has
shrunk it is then possible for the population speaking the
first language to increase the area it covers in an amount
directly related to the population growth: γt = g(αt).
The monotonically increasing function g(α) sets the de-

gree of correlation between size and area, and as such
determines the value of the exponent z. We assume that,
contrary to the population size –which grows exponen-
tially on the average, the total area available is constant.
To fulfill this constraint we rescale at each time step the
areas, which amounts to dividing by the average value γ̄
of γt: At+1 → At+1/γ̄.

This model admits an analytical treatment in terms of
correlated random walks. The parameters of the mod-
el can be put in correspondence with the empirical data
and some conclusions on the degree of competition be-
tween populations in different regions and the effect of
the demographic pressure can be extracted.
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Figura 1. Distribution of language sizes and language areas
on Earth. Both functions are compatible with a log-normal
probability distribution. Inset: scatter plot of the area Ai and
the size Pi of each language i. The two variables are corre-
lated, indicating that the demographic growth conditions to
a large extent the area spanned by a language. The straight
line has slope 0.7.
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