Long-run Zipf's and Gibrat's Laws Deviation: Spanish Population Impact

The analysis of power laws and, specifically, the study of the potential validity of the Zipf's
and Gibrat's Laws, holds a long tradition as scientific field inside of the Urban Economics
(Clauset, Shalizi, and Newman 2009; Fang, Pang, and Liu 2017; Gonzalez-Val,
Ximénez-de-Embun, and Sanz-Gracia 2024). Zipf proposes a linear stable relationship
between the rank and the population of cities, called as Zipf's law. On the other hand,
Gibrat postulates a law of proportional growth, or Gibrat's law, where the population
growth rate of cities is independent from their initial population. For a extensive review
of literature, see Arshad, Hu, and Ashraf (2018) and Nitsch (2005). The present paper
follows Gonzalez-Val, Ximénez-de-Embun, and Sanz-Gracia (2024) study but with the
following differences. First, the present paper deals with Spain and its NUTS-3
administration level as geographical reference, the provinces, with few literature on the
topic as indicated.

Second, in addition to applying the methodology from Gonzalez-Val, Ximénez-de-
Embun, and Sanz-Gracia (2024), this paper goes beyond them and other papers and
this is the first time, to the best of our knowledge, that a paper analyzes, by modern
advanced Difference-in-Differences techniques for multiple time periods, the impact of
the fulfillment of Zipf's and Gibrat's laws on the population size of the provinces. Finally,
it is remarkable highlighting the wider sample used. Whereas other authors as the
previous ones stop the analysis in 2010, this article goes beyond until data of 2020.

At the sub-national level there is scarce literature. Some examples include studies for
the German case (Giesen and Sudekum 2010), an Indian province (Ganapathy and
Arumugam 2014; Subbarayan 2009), Colombia (Pérez Valbuena and Meisel Roca
2014), eight Chinese subregions (Ye 2011), 26 provinces from China (Zigin 2016),
analyzed sub-national Chinese administrative areas (Ye 2011), Turkish provinces
(Kundak and Dokmeci 2018), Pakistan (Arshad, Hu, and Ashraf 2019) and the United
States (Gonzdalez-Val, Ximénez-de-Embun, and Sanz-Gracia 2024). For the Spanish
case there is a lack of papers on the sub-national level, an example includes with an
analysis with regions (Gonzalez-Val 2023). This author does not apply Zipf for provinces
but urban growth is analyzed.

There is empirical evidence of a constant factor of the inverse proportional relationship
between the rank of a city (municipality in Spain) and its population (Auerbach and
Ciccone 2023). There is also an enriched formulation Zipf based on the statistical
regularity of slope equal to =1 when regressing the logarithm of the rank of the city with
respect to the logarithm of its population (Wan et al. 2020; Wang 2021; Wei et al. 2021).
The formulation known as Zipf's law (Soo 2005) is one of the most conspicuous empirical
facts in economics (Ciaschini et al. 2025; Gabaix 1999b). This law is intended to be an
effective tool for the analysis among different metropolitan hierarchies (Berezkin et al.
2020; Ciaschini et al. 2025; Nitsch 2005; Pefia and Sanz-Gracia 2021; Pérez-
Campuzano, Guzman-Vargas, and Angulo-Brown 2015). Zipf's law mostly holds for
cities above a certain population size (Bergs 2018; Gabaix 1999a; Gabaix 1999b). Other
laws include rural-urban elements as the Taylor's power law (Leroy R. Taylor 1961),
applied to animal and human populations (L. R. Taylor, Woiwod, and Perry 1978).
Eeckhout (2004) proposed that the Pareto exponent in a standard Zipf equation where
the Pareto coefficient decreases as more cities are added to the sample. This paper will
additionally try to solve this issue for the last available census of Spain, by means of a
rolling sample regressions approach. Similar exercise was conducted by (Gonzalez-Val
and Sanz-Gracia 2024) but United States (US; 2000 and 2010 censuses), Spain (2001
and 2011 censuses) and lItaly (2001 and 2011 censuses). Nonetheless, the present
paper enlarges and updates de sample, comparing for 1900 and 2020. They find that
Eeckhout's proposition is only valid once the distribution of data starts to be lognormal;
for the Pareto-distributed upper-tail, the estimated exponent does not change with
sample size. As Pefia and Sanz-



Gracia (2021), the former authors estimate by employing rolling sample regressions
(Peng 2010). As the present results will show, the upper-tail will show a raise when the
sample enlarges. This paper largely focuses on studying the validity of Zipf's and Gibrat's
laws considering each one of provinces (NUTS 3 level) from 1900 to 2010, since testing
both laws requires long time (Gabaix and loannides 2004). Nonetheless, the present
paper updates the sample by other authors (Gonzélez-Val and Sanz-Gracia 2024;
Gonzélez-Val, Ximénez-de-Embun, and Sanz-Gracia 2024) by focusing on Spain and
also considering the 2020 year. Finally, the main novelty of this paper is obtaining the
impact of the municipal Zipf's and Gibrat's hon-compliance on total provincial population
by an advanced and recently proposed Difference-in-Differences econometric technique
for multiple time periods developed by Callaway and Sant'Anna (2021). The event is
considered when there is a first rejection of these laws. As the result sections will show,
it is found an increase/reduction after the (non)compliance of Zipf's/Gibrat's laws.
Robustness checks are provided.
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