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This study provides new comparative evidence on city size distribution in OECD (the Organisation for Economic
Co-operation and Development) countries, by using consistently defined functional urban areas (FUAs). FUAs are
identified by an algorithm based on population density at grid level and commuting patterns and are thought to
better approximate economic agglomerations and their internal spatial organisation. Results show that Zipf's law
provides a better description of city size distributionwhen cities aremeasured in terms of FUAs rather than using
traditional administrative definitions. In addition, Zipf's law describes well city size distribution both at country
level andwider spatial scales, that is, by continent and for thewhole OECD. Finally, the power law hypothesis – of
which Zipf's law is a particular case – was not rejected in most of the countries.
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1. Introduction

In the context of city size, a power law states that, within a given
urban system, the frequency of cities having a certain population varies
as a power of the population itself. Under the hypothesis of a Pareto
probability distribution, the log(rank)–log(size) relationship is linear
and the coefficient of −1 indicates the application of Zipf's law (Zipf,
1949). This law implies that the largest city is twice as large as the sec-
ond largest city, thrice the third one and so on along the whole urban
hierarchy.

The relevance of Zipf's law in the context of city size distribution can
be explained by at least two facts. The first is related to the desire to
understand why activities distributed across space follow a specific
pattern. This has been synthesised by Krugman's claim that a very
stable regularity is ‘spooky’ and should find a theoretical explanation
(Krugman, 1996: 40). The distribution of people and employment
across space indicates the allocation of resources in space. Different re-
source allocations, reflected by the different shapes of the urban system,
might have different levels of economic efficiency (Storper, 2013). The
second is that the validity of Zipf's law, together with its stability over
time, may also set some constraints in the patterns of urban growth.
While cities can show very heterogeneous patterns of growth and de-
cline – both in short and long terms – these different trajectories are al-
ways likely to respect the overall structure of the urban system, which
remains substantially stable (Duranton, 2007). In fact, theories that
aim to explain the determinants and patterns of urban growth should
respect the constraint of a regular city size distribution.

During the last decade, some attempts have beenmade to provide a
theoretical foundation to Zipf's law. Many of these were found on ran-
dom growth models, hence on the hypothesis that there is no relation-
ship between the growth of cities and their initial size (Gibrat's law). In
this respect, Zipf's law can be seen as the steady-state distribution fol-
lowing from Gibrat's law. Gabaix (1999) proposes a model where vari-
ations in city size are caused by random amenity shocks. Similar
approaches, where city size is modelled with productivity shocks,
were proposed by Eeckhout (2004) or Rossi-Hansberg and Wright
(2007), while in Duranton (2007), changes in city size were found to
be driven by innovation shocks. In a recent study, Lee and Li (2013) de-
veloped a model where a Zipfian city size distribution is determined by
a combination of many random factors, whichmay be more or less cor-
related with one another. From a more static perspective, Behrens,
Duranton, and Robert-Nicoud (2014) proposed a model, where differ-
ences in city size are explained by small differences in their productivity.
The latter is in turn dependent on the talent of residents and the balance
between agglomeration economies and congestion costs. Finally, Hsu
(2012) considered the location of cities in the geographic space, follow-
ing a Christallerian approach. He developed amodel where a power law
in the city size distribution is generated from the presence of scale econ-
omies in the production of goods.

There is ample empirical literature aimed at testing the validity of
Zipf's law. This type of regularity has been tested for cities in various
countries, including, among others, China (Song & Zhang, 2002),
France (Guérin-Pace, 1995), Germany (Giesen et al., 2010), Greece
(Petrakos, Mardakis, & Caraveli, 2000) and the United States (Black &
Henderson, 2003; Eeckhout, 2004; González-Val, 2010). Applications
of Zipf's law are also observed using data different from city level. For
Chinese provinces, for example, Peng and Xia (2014) investigated the
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size distribution of exporting and nonexporting firms. Some empirical
studies have also argued that a Zipfian rank–size relationship can be
found for many distributions, and thus it might be a mere statistical
phenomenon not requiring a theoretical explanation (Gan, Li, & Song,
2006).

Zipf's law was found sensitive to the definition of cities
(Gomez-Lievano, Youn, & Bettencourt, 2012; Rozenfeld, Rybski,
Gabaix, &Makse, 2011). As in the case of many spatial analyses, the val-
idation of Zipf's law can be affected by themodifiable areal unit problem
(MAUP), a well-known phenomenon that makes results vary in line
with the aggregation of data into areal units of different size
(Openshaw & Taylor, 1979). According to MAUP, the extent to which
city size distribution deviates from Zipf's lawmight depend on the def-
inition of the units of analysis (cities). In order to overcome the scaling
bias caused by the MAUP, it is necessary to use as observation units
areas that are very close to those that are relevant for the phenomenon
under study. In the context of this analysis, the idea is that themost ap-
propriate definition of cities is an economic and functional definition,
rather than an administrative one.

Given these premises, the main purpose of this study is to test
whether Zipf's law describes well city size distribution across OECD
(the Organisation for Economic Co-operation and Development) coun-
tries when using consistently identified urban agglomerations rather
than administratively defined cities. An accurate definition of cities
should make it possible to merge those contiguous geographical units
that are economically part of the same cities but, if not merged, would
rather be considered as separate units. In this study, the issue of city def-
inition is analysed cautiously. The units of analysis are functional urban
areas (FUAs), which are consistently identified across countries, using a
methodology recently proposed by OECD (2012). FUAs provide an eco-
nomic definition of cities, and they are made of cores and commuting
zones.

Zipf's lawwas tested usingdifferent definitions of cities, such as ‘eco-
nomic areas’ (Berry & Okulicz-Kozaryn, 2012), ‘metropolitan areas’
(among others, Ioannides & Overman, 2003), or ‘natural cities’ (Jiang
& Jia, 2011). On studying the city size statistical distribution of US cities,
Berry and Okulicz-Kozaryn (2012) found that once the units of observa-
tions are properly defined, the goodness of fit of Zipf's law increases.
Functionally defined urban areas were found to better fit to the rank–
size rule than administratively defined cities (Cheshire, 1999; Rosen &
Resnick, 1980). A meta-analysis carried out by Nitsch (2005) on 29
studies showed that rank–size coefficients are on average significantly
higher than 1. However, the same coefficients were found relatively
smallerwhen cities are considered in theirmetropolitandefinition rath-
er than taking only the inner city into account. These results are in line
with those obtained in this study through the use of FUAs versus the
use of administratively defined cities. Other recent works have com-
pared the validation of Gibrat's law across 40 countries by changing
the definition of the units of analysis from municipalities to ‘integrated
urban areas’ formed by contiguous built-up areas (Portnov, 2012;
Portnov, Reiser, & Schwartz, 2012). Using the latter definition of cities,
authors found that city growth was positively correlated with city size.

This study provides three major novel contributions. First, it uses a
functional definition of cities – where the ‘functional’ attribute approx-
imates an economic definition based on the extension of the labour
market – by comparing results of the validation of Zipf's law with
those obtained using traditional administrative city boundaries. Second,
itmakes this type of comparison acrossOECDcountries,where the same
economic definition of cities is consistently applied. Most of the existing
empirical work on city size distribution was carried out on US cities,
while there are not many cross-country analyses. Among these, it is
worth mentioning Rosen and Resnick (1980) and Soo (2005), which
conducted cross-country comparisons of the rank–size relationship
using both administrative cities and functionally defined urban areas.
To the best of our knowledge, this study is the first of its kind to attempt
to verify the validity of Zipf's law across different countries by using a

consistent economic definition of cities and by comparing the results
with administratively defined cities. In this way, it provides a contribu-
tion for the relevance of theMAUP for the validation of Zipf's law. In ad-
dition, the use of FUAs allows the validity of Zipf's law to be tested for
urban systems that are wider than those identified by national bound-
aries. For the whole set of cities in the OECD, Zipf's law fits very well
the data for FUAs, suggesting that a functional definition of cities is ap-
propriate to investigate city size distribution.

A third novel contribution of this study is that it compares results ob-
tained at the country level with those at continent level and at the level
of the whole set of OECD countries. In an era of globalisation, national
urban systems could be considered too small, as cities – especially
those at the top of the urban hierarchy – are now connected interna-
tionally in a global network of socioeconomic relationships. As observed
by Jiang, Yin, and Liu (2015), Zipf's lawmight be a universal law for city
size distribution, and failing to observe it might be due to the selection
of a too narrow scope of analysis, such as the country boundaries. In ad-
dition, some countries have simply very few cities to allow Zipf's law to
be observed. The use of FUAs ensures a meaningful comparison of cities
belonging to different countries, as the samemethod of identification is
applied to all countries.

The rest of this study is organised as follows. Section 2 reviews the
empirical literature of Zipf's law, underlying the main findings and
open issues. Section 3 describes the data and the method with which
the analysis is carried out. Section 4 presents the results on the valida-
tion of Zipf's law – including those on testing the functional form of
city size distribution – for different OECD countries, and for wider
urban systems, such as at continent level and for the whole OECD.
Section 5 compares the main results with those obtained using admin-
istratively defined cities, while Section 6 provides a conclusion.

2. Zipf's law literature: a reminder

A Zipf's distribution is a particular type of Pareto distribution, which
can be represented, as in Eq. 1 as follows:

y ¼ a

Sζ
; ð1Þ

where S is the city size in terms of population; y is the number of cities
with population greater than S; and a is a positive constant equal to the
population of the largest city in the case where ζ = 1. In this case, the
size of a city times the number of cities with larger size (rank) is con-
stant. Zipf's law holds when ζ = 1.

Zipf's law can be approximated empirically by a deterministic rule
called rank–size rule. This can be identified by log transforming
Eq. ((1), obtaining the following linear equation:

ln yð Þ ¼ ln að Þ−ζ ln Sð Þ; ð2Þ

where ζ can be estimated with ordinary least squares (OLS) and it
should be close to 1 when Zipf's law holds.

Several issues should be considered before attempting to verify the
validity of Zipf's law. First, rank–size rule is an approximation of Zipf's
law. Hence, the latter can still hold when the rank–size rule is only par-
tially verified (Gabaix & Ioannides, 2004). Second, rank–size rule ap-
proximates well Zipf's law when large cities are taken into account,
but not necessarily when including all cities. In the latter case, it was
found that the city size distribution follows a lognormal distribution
rather than a Pareto one (Eeckhout, 2004; Parr & Suzuki, 1973). This
can be at the basis of the high sensitivity of ζ to the minimum city size
threshold in the data (Fazio & Modica, 2015). In an analysis of the
United States, González-Val (2010) found that Zipf's law holds only if
the sample is sufficiently restricted at the top. Using un-truncated city
size data in eight developed countries, Giesen and Südekum (2011)
found that the double Pareto lognormal distribution is that with the
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