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Abstract - As we hypothesize, the selection of observation units may become a
critical consideration for an empirical investigation of Gibrat’s Law, according
to which the growth of cities is expected to be independent of their sizes. In or-
der to verify this hypothesis, we investigate whether the validation of Gibrat’s
law may depend on the aerial units used for the analysis — i.e., individual locali-
ties vs. integrated urban areas. The present study examines that possibility,
using 1990-2000 population growth data for two levels of geographic resolu-
tion — 4,667 local administrative units (i.e., municipalities) and 2189 contigu-
ous urban areas in 40 European countries. According to our findings, the asso-
ciation between population size and growth tend to differ across subsets of lo-
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negative elsewhere. As a result, the strength and direction of the ‘growth-size’
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INTRODUCTION

In empirical regional studies, different geographic units — municipalities,
counties, regions, built contiguities, commuting zones and metropolitan areas —
are used, often without particular justification apart from data availability. The
situation is similar with empirical studies of Gibrat’s Law for cities." While in
some studies, individual localities are used (e.g. Eeckhout, 2004; loannides and
Overman, 2003), other studies investigate the applicability of this law to urban
and metropolitan areas formed by several neighboring municipalities (see e.g.
Pumain and Moriconi-Ebrard, 1997; Black and Henderson, 2003).

Several previous studies found support for the proportionate growth of
places, stipulated by Gibrat’s Law (see inter alia Clark and Stabler, 1991; Ioan-
nides and Overman, 2003; Eeckhout 2004; Rose, 2005). However, in other stud-
ies, this law was not supported by empirical data (cf. e.g. Pumain and Moriconi-
Ebrard, 1997; Black and Henderson, 2003; Portnov et al., 2011).

A possible explanation for these differences may reflect different levels
of geographic resolution used in the analysis. Changes in the strength of correla-
tion between variables in line with data aggregation into areal units of larger
size are a well-known phenomenon. In an early study, Openshaw (1984) termed
this phenomenon the ‘modifiable areal unit problem’ or MAUP.?

According to MAUP, different trends may emerge, if individual localities
(e.g., local administrative areas (LAUs) or municipalities) are used in the analy-
sis, as opposed to integrated territorial units (i.e., contiguous urban areas), com-
bining several adjacent LAUs. The selection of observation units may thus be-
come a critical consideration for a proper interpretation of urban phenomena, in
general, and for empirical investigation of Gibrat’s Law, in particular. In order
to verify this hypothesis, in the present paper, we investigate whether the vali-
dation of Gibrat’s law for cities may depend on the aerial units used for the
analysis — i.e., individual localities vs. integrated urban areas. In particular, two
main questions we attempt to answer are as follows:

e Can the direction and strength of association between population size
and growth change as a result of areal aggregation of individual urban
localities into geographic units of larger size?

e |f such a change does tend to happen, under what circumstances can it
occur and what factors may affect it?

1 According to Gibrat's Law, also called 'the law of proportional effect' (loi de I'effet proportion-
nel), the growth of an economic entity is independent of its size, as measured by e.g., the number
of workers in the case of factories (Gibrat 1931, cited in Kalecki 1945). When applied to cities,
growth rates, according to this law, are expected to be independent of the numbers of their resi-
dents, so that all cities, big and small, should expectedly grow at the same average rate (Eeck-
hout, 2004).

2 The MAUP is a part of a broader methodological issue known as ‘change of units of support
problem’ of CUSP. According to this phenomenon, the outcome of the analysis often depends on
the analytical units used for investigation, and may thus change as a result of merging, splitting
of the analysis units or modification of their boundaries (Gotway and Young, 2002).
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To answer these questions, we analyze two groups of areal units — 4,667
LAUs (i.e., municipalities) and 2,189 urban areas, formed by territorial contigu-
ities of built-up areas in 40 European countries. Our main finding is that that the
association between population size and growth appear to differ across subsets
of localities, stratified by their location attributes (i.e., well-positioned localities
vs. poorly positioned ones). As a result, the strength and direction of the
‘growth-size’ association may change, depending on the relative shares of loca-
tion subsets used for aggregation.

1. PREVIOUS STUDIES OF GIBRAT'S LAW FOR CITIES

Portnov et al. (2011) provide a fairly detailed discussion of several previ-
ous studies investigating the applicability of Gibrat’s law to cities and urban
areas. In this section we shall focus on the most general strands of Gibrat’s law
research, pertinent to main topic of the present analysis, that is, difference in
findings, potentially attributed to various units of supports used for investiga-
tion.

The simplest formulation of Gibrat's Law for cities (see, for example,
Anderson and Ge, 2005) is:

InP; = Y + InPyq + u; (D)
or alternatively:
IN(Py/Py1) = AINPy = 1 + Uy, (2)

where P, is the population size of a locality at time t; |1 represents the average
rate of growth; u is a random error term, and In(P,/Py;) denotes the logarithm
of the growth rate. [For a more formal examination of Gibrat’s Law, see Appen-
dix lof Portnov et al., 2011)].

Clark and Stabler (1991) used a more complex specification for testing
Gibrat's Law, which involved past growth rates, implying that the current one
depends on them, an assumption not made in (2). Using historical records for
seven largest Canadian cities, the authors of this study concluded that 'Gibrat's
law cannot be rejected.

In another empirical study of some 25,000 localities, including 135 larg-
est cities of the U.S.A., Eeckhout (2004) reached a similar conclusion. In par-
ticular, he found that the growth of cities appeared to follow Gibrat's Law per-
fectly, showing complete size-growth independence. In Eeckhout's view, the
difference between his findings and those of previous studies, which failed to
substantiate Gibrat's Law, was due to the fact that most previous studies used
‘truncated' city-size distributions, whereas in his study he used “the entire popu-
lation of American cities” (ibid.).

Characteristically, most studies which investigated Gibrat’s law using in-
tegrated urban areas found little or no support for this law. Thus, in one of such
studies, Black and Henderson (2003) investigated the relation between the pop-
ulation sizes of major metropolitan areas in the continental U.S., using popula-
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tion census data for 10-year periods between 1900 and 1990. The association
between the population size and growth, in all historical periods studied, was
found to be significant and negative, leading the authors to reject Gibrat's Law.
It was also found that 'superior' sites (i.e., characterized by warmer climate,
located on the coast and having a better market potential) grow faster than 'infe-
rior' ones, thus indicating that urban growth patterns are not purely stochastic.

In their study of some 26,000 populated places worldwide, Pumain and
Moriconi-Ebrard (1997) reached a similar conclusion, arguing that, over past
decades, major metropolitan areas across the globe have grown 'systematically
more rapidly' than the rest of their urban systems, thus effectively ‘invalidating
Gibrat's urban growth model.'

A similar conclusion was also reached by another recent analysis of urban
growth in Europe by Portnov and al. (2011). In particular, the authors of this
study did not find any strong evidence to support Gibrat's Law at any of the two
levels of areal resolution they considered, that is, local administrative units
(LAUSs or municipalities) and urban areas. (The latter were formed by the ag-
gregation of two or more adjacent LAUs). The authors considered Gibrat’s law
for cities taking account of three location subsets — favorable, unfavorable, and
others. As they found, the slope of the relationship of population growth rates
versus population size (both in log units) was positive for unfavorable locations
and negative for favorable locations when the regression models were computed
for LAUs. However, when the computations were carried out for urban areas
the associations between population size and growth were found to be positive.
Portnov et al. (ibid.) discussed this point further although no detailed explana-
tion for that change in the ‘size-growth’ relationship was suggested.

In this paper, we investigate under what circumstances, the areal aggrega-
tion of LAUSs can result in a change in relationship between population size of
localities and their growth, and, in addition, examine which factors may influ-
ence this change.

2. ANTICIPATED RELATIONSHIPS BETWEEN POPULATION
SIZE AND GROWTH UPON AREAL AGGREGATION
OF LOCATION SUBSETS

As discussed in Portnov et al. (2011), the simplest specification for the
relationship between population growth and population size is:

Gt,t—l = |n(Pt/Pt_1) =In Pt -In Pt—l = +ﬂ In Pt—l + U; (3)

where u; is a random error term, P, is the population size of a locality or
an urban area at time t, the end of the study period; Py is population size of the
locality at the beginning of the study period; G, represents the population
growth rate(measured in In units), and g is the slope of the regression line.

For simplicity’s sake, we can ignore the error term (u) and further as-
sume that «a is zero. There are two main reasons enabling this assumption: First,
according to several empirical studies of Gibrat’s law, the regression intercept
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was found to be close to zero, even though estimates for £ in these studies dif-
fered (Clark and Stabler, 1991; Eeckhout 2004; Pumain and Moriconi-Ebrard,
1997; Black and Henderson, 2003; Portnov et al., 2011). Second, o effectively
means the growth rate of a locality with the population size of one resident (In
P.1=0), which can safely be assumed to be close to zero.

Under these assumptions, we can rewrite (3) as:
IN(P/Pe1) = B In Py (4)

Now, let us consider a simple case where is the whole set of localities, C
is formed by the combination of two location subsets, denoted by A and B, giv-
ing that:

Pat + Pst = Pcy. (5)

We further assume that (4) holds for A and B with corresponding regres-
sion slopes Sa and fg, respectively. Then,

1
Pac = P08 (6)
and similarly,
1
Py =Pyil? (7)

Substituting (6) and (7) into (5) gives:

1 1
Pee = PA,:——BlA + PB,-t'-ff 8)

Consequently:
P1+EA+ 1+fB
) = (PP + PIPP) — n(Pyyoy + Ppyy) = In(AE—21  (9)

Pct-1

where Gty IS the growth rate of the amalgamated set of localities, C.

P
Geer=1In (L
’ Pct-1

In order to compare the growth rate for C with its population size, P¢1
(In), we compute:

1+BA 1+BB

Gepey _ Pyae-1tPpi 1
s = (AR fIn(Pe ) (10)

As one can easily see, this ratio is not constant for any given S, and Sz
but varies with the population sizes of A and B subsets. This indicates that the
relationship between G¢ and P¢(In) can change depending on both the relative
shares of location subsets, A, B used for aggregation, and on their fs.

To illustrate this observation, the function defined by Formula (10) will
be studied numerically in the next section, where the connection between popu-
lation size and growth will be examined by a series of empirical tests.
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3. POPULATION SIZE-POPULATION GROWTH ASSOCIATION IN
AN AMALGAMATED SET OF LOCALITIES: EMPIRICAL TESTS

Figure 1 illustrates changes in the regression slope of the integrated set of
localities, C formed by the aggregation of two locational subsets A and B
(providing that Po+Pg=P¢). The X and Y axes on the diagrams feature popula-
tion sizes of the original subsets, while the radiating lines define the values of
the G/P.(In) ratio for the integrated set, C [see (10)] for specific combinations
of P, and Pg and several a priori defined S, and g values.

In particular, the following four separate S, and S5 settings were used for
calculation:

¢ Proportionate growth in both subsets: S = S =0 (Fig. 1a);

e Positive association between of the population size and growth in the
first subset ($,=0.001) and a negative association in the second subset
(Bs=-0.001) (Fig. 1b);

o Positive population size-population growth associations in both sub-
sets (8 =0.001 and fg =0.002) (Fig. 1c);

o Negative population size-population growth association in both sub-
sets (fa =-0.001 and Sz =-0.002) (Fig. 1d).

The above g values used for calculation are similar to those reported in
Portnov et al. (2011) and several other studies of Gibrat’s Law (see inter alia
Eeckhout, 2004) and may thus be considered plausible. The total population
sizes of the input sets, A and B, are also set to a plausible range — 1 through
1,000,000 — although that range can be extended, without any change in the
output relationship, due to the assumed linearity of relationship between P, and
Gy

The simulation tests are run using Formula (10) in the Surfer v.8.
software.

OTM

As Fig. 1 shows, if both S and fg are set to zero (meaning that, in both
subsets, growth rates are strictly proportionate to the population sizes of locali-
ties forming these subsets), the G, /P(In) ratio in the amalgamated set is also
equal to zero, irrespectively to the population sizes of the ‘input’ subsets (Fig.
1a). However, the outcome differs if subsets with positive and negative rela-
tionships between population size (S) and growth (G) are merged. Thus, for
instance, if the population size of B-subset (Bg<0) is equal to 800,000 and that
of the A-subset (BA>0) is e.g., 200,000, the regression slope for the unified set,
B is calculated as -0.0006 (Fig. 1b). Concurrently, in the opposite situation (i.e.,
when Pop(B)=200,000 while Pop(A)=800,000), the sign of the regression slope
coefficient for the amalgamated set reverses to a positive value: 5. =0.0006 (see
Fig. 1b). However, if G-S associations are positive in both subsets (B >0 and
Bg >0), such an association remains positive in the unified set of localities as
well, albeit exhibiting different S, values for different combinations of popula-
tion sizes of the input sub-sets (see Fig. 1c).
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By the same token, the G-S association remains negative in the unified
set of localities if such associations are negative in both input sub-sets, that is, if
Ba <0 and Bg <0 (see Fig. 1d). In other words, the G-S association in the unified
set of localities appears to response to changes in both regression slopes of G-S
associations in the original subsets and the population sizes of the input sub-
sets. Furthermore, it changes its sign if location subsets with different signs of
G-S association are amalgamated.

Using the European urban system as a case study, in the following sub-
sections, we shall attempt to verify whether the above predicted reversion of the
P-G association may actually occur upon areal aggregation of geographic units
used for the analysis.

4, RESEARCH METHODS AND DATA SOURCES
4.1. Data sources

In the present analysis, we work with the dataset of approx. 4,700 Euro-
pean municipalities, previously used and described in detail by Portnov and
Schwartz (2008; 2009a,b) and Portnov et al. (2011). The database covers LAUs
spread over 40 European countries, ranging from 2,000 to 7,000,000 residents.’
[The analysis is performed separately for the orlglnal observation units reported
in the database (that is, municipalities or LAUS) and for integrated urban areas,
as described in some detail later in this section].

The data on the longitude and latitude of the settlements, and on their el-
evation above sea level, were obtained from the Geonames Database, which
contains such data on urban and rural settlements worldwide (Geonames, 2007).
Data on the population growth rates of localities were obtained from the City
Population Database (Brinkhoff, 2007), whereas proximity of municipalities to
location landmarks (the sea shore, and the closest city larger than 500,000 resi-
dents, etc.) was calculated in the ArcGIS9.x™ software, using geographlc lay-
ers obtained from the geo-coverage database maintained by ESRI (2000). The
proximities were calculated as aerial distances between specific location fea-
tures and the settlements' 'reference points' (which normally coincide with the
location of city hall or some other local landmarks).

Although access time may seem to be the most accurate measure of inter-
urban proximity, we opted for aerial distances, which are commonly used in
urban and regional studies (see inter alia Henry et al., 1997; Partridge et al.,
2007). Our decision was motivated by the shortcomings of travel time between
any two given places, such as considerable variation by season of the year (es-
pecially in countries with rainy and snowy winters), and even by time of the
day. If the infrastructure and quality of services are more or less uniform
throughout the study area, aerial distance may be a fairly accurate measure of
inter-urban proximity.

% Nearly all cities and towns of Europe with a population of 20,000+ residents are covered by the
study. Smaller localities are less fully represented, due to incomplete data on population growth.
This limitation will be further discussed in the concluding section.
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Figure 1. Sensitivity tests of the changes in the regression slope of the
‘population size — population growth’ association in the integrated set of
localities (C), resulting from the integration of 2 subsets of localities,
characterized by varying population sizes (Pop) and regression slopes ()
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Notes: X and Y axes on the diagrams feature population sizes of the original sets of localities
[Pop(A) and Pop(B), Pop(C)=Pop(A)+Pop(B)]. Sensitivity tests are run using Formula (10).

a) Proportionate growth in both subsets (fa = ffig = 0).
b) Positive association between of the population size and growth in the first subset (5= 0.001)
and a negative association in the second subset (fg = -0.001).
¢) Positive population size-population growth association in subsets (55 = 0.001; fg = 0.002).
d) Negative population size-population growth association in subsets (B, = -0.001; fg = -0.002).



Région et Développement 87

Table 1. Descriptive statistics of selected research variables for
European localities and urban areas datasets

Variable N Minimum Maximum Mean Std. Dev. Skewness Kurtosis

A. Localities

Population arowth (In) 4667 -0.047 0.126  0.006  0.012 2.528 13.609
Population size (In) 4667 6.915 15820 10.461 1.003 0.409  2.438
Population density (In) 4667 -2.528 6.608 4428 1.286 -0.730 1.027

Elevation (m) 4667 -7.000 1941.000 175.759 209.988 2.585 10.524
Latitude 4667 27.917 69.967 48.842 5.898 -0.130 0.366
D mcity 4667 0.000 20.234 1525 1.717 5336 43.633
D mroad 4667 0.000 17505 0.166 1.085 13.009 181.212
D water 4667 0.000 19.650 0.514  0.995 7.520 90.458
D shore 4667 0.000 17.134 1.780 2.046 2.339  8.935

January temperature (oC) 4667 -14.500 17.500 2.298 4.335 -0.339  1.627
Evaporation index (mm) 4667 10.200 21.800 18955 1.669  -1.748 4.737

B. Urban areas

Population arowth (In) 2189 -0.023 0.126  0.006 0.012 3.000 18.496

Population size (In) 2189 7.074 16.186 10.806 1.150 1.110 1954
Population density (In) 2189 2.512 10.795 6.331  0.945 0.129  2.353
Elevation (m) 2189 -7.000 1941.000 210.036 244.463 2.559  9.497
Latitude 2189 28.048 69.670 49.203 6.178 -0.014 0.085
D mcity 2189 0.000 19520 1.780 1.581 4683 37.951
D mroad 2189 0.000 16.740 0185 0.952 13.173 200.084
D water 2189 0.000 19.650 0.540 0.943 8.389 124.436
D shore 2189 0.000 17.100 2193 2.336 2178  7.286

January temperature (0C) 2189 -14.500 17.500 1.125 4.460 -0.390 1.316
Evaporation index (mm) 2189 10.200 21.800 18.772 1.881 -1.976 4.962

Lastly, in order to integrate individual localities into contiguous urban ar-
eas and average their performance indicators, we used the geographic layer of
urban areas worldwide generated in the framework of the Millennium Ecosys-
tem Assessment Report (UNEP & UNESCO, 2004). The integration was per-
formed using the ‘spatial join’ tool in the ArcGIS 9.x™ software, which helps
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to join data from different geographic layers (maps), based on the relative loca-
tion of features in the layers (Minami and ESRI 2000).

Descriptive statistics of the research variables in the analysis are reported
in Table 1.

4.2. Population growth rates

Annual population growth rates were calculated as the natural logarithm
of difference in population size at the beginning and the end of the study period
(see Formula (3)), as commonly done in Gibrat's Law studies. For most coun-
tries covered by the present study, population data are available for 1990/91 and
2000/2001. However, for some countries, the analysis covers a slightly different
time span. Thus, population data for Belorussia are only available for 1989 and
1998, whereas the data on French urban settlements can be obtained for 1990
and 1999, etc.

Another comment is important. Gibrat's Law may be interpreted as the
convergence, in the long run, to a lognormal city size distribution. Several pre-
vious studies (see inter alia Robson, 1973; Vlora, 1979; Pumain, 1982; Guérin-
Pace, 1993) have indeed investigated the size-growth relationship over relative-
ly long time periods, that is, over several decades or even centuries. However,
more recent studies of this law investigated its applicability to populated places,
using relatively short-term data, mainly for past decades, using data for metro-
politan areas (see inter alia Clark and Stabler, 1991; Pumain and Moriconi-
Ebrard, 1997) or municipalities (cf. e.g., Eeckhout, 2004; Anderson and Ge,
2005) or both (Portnov et al., 2011). Although it would be desirable to run a test
of Gibrat's Law using the distribution of growth rates for more than one time
period (and not for 1990-2000 only), this was not feasible due to restrictions on
data availability and comparability.

4.3. Explanatory variables

In addition to our main explanatory variable — population size (In) — the
following factors served in our study as additional predictors of population
growth of LAUs and urban areas:

e Density: population density in a 75-km range from a locality, assumed
to be a practicable commuting range (in the case of LAUSs), and per
km?of total area, in the case of contiguous urban areas;

e D shore: distance to the sea shore (km);
e D _mcity: distance to the closest major city (km);
e D _mroad: distance to the nearest highway (km);

o D _water: distance to the nearest major water body, i.e., a major river
or lake (km); Latitude: a place's latitude (decimal degrees);

o Elevation: elevation above sea level (meters), and
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e Two climatic variables — average daily temperature in January (°C)
and evaporation index (mm).

In previous studies of urban growth (see inter alia Ades and Glaeser,
1995; Gallup et al, 1999; Duranton, 1999; Black and Henderson, 2003; Rap-
paport, 2006; Cheshire and Magrini, 2006) these factors were found to be asso-
ciated with population growth of urban places and urban areas. [For a more
detailed discussion of these factors and their potential contribution to the popu-
lation growth patterns, see Portnov et al., 2011].

While these indicators do not include all possible predictors of urban de-
velopment (e.g., industrial productivity or unemployment rates could also serve
that purpose), they do cover essential aspects of urban development, such as
population size, location and environmental conditions, etc. The inclusion of
these variables in the analysis thus makes the variable set (though restricted, due
to data availability, to a relatively small number of explanatory variables) fairly
parsimonious. In addition, we represent individual countries in our analysis by
country dummies, i.e., dichotomous variables taking on the values 1 if a locality
is in a given country and 0 otherwise (for the sake of brevity, regression esti-
mates for individual countries’ dummies are not reported in the following analy-
sis). These indicator variables help to ‘fine-tune’ our models to country-specific
conditions, not captured by the above ‘system-wide’ variables, such as popula-
tion density, population size, locational attributes, etc.*

4.4. Locational grouping

In order to test our hypothesis that the direction of '‘population size-
growth' relationship differs by settlement location, we split the set of localities
covered by the study into three subsets, reflecting their ‘package of location
advantages.” According to Portnov and Schwartz (2009b), who suggested the
‘location package’ (LP) concept, there are several possible approaches to calcu-
lating the value of LP for a locality. First, LP may be estimated by adding up
the number of positive location attributes a populated place has. Second, some
weighting scheme may be applied, assuming that the relative weight of individ-
ual attributes in the LP may not be equal, with some attributes contributing to
the 'package’ more than others. Lastly the LP of a locality may be estimated
using interaction terms of individual location attributes, assuming that some
location attributes may be needed for the 'activation' of the others.

* The effect of individual location attributes (e.g., topography, proximity to networks, etc.) may
depend on how much they stand out in their regional or national contexts. In a region or country
where a given advantage or disadvantage are commonplace, they are likely to have lesser effects
than where they are uncommon (Polese and Shearmur, 2006; Portnov and Schwartz, 2008). To
reflect this relativity of location attributes, location variables (proximity to the coast, proximity to
major cities, and climatic harshness) were represented in the analysis by their ‘relative’ values,
estimated by dividing the 'absolute' values by country-specific average values. While models with
country-normalized location variables were also used in the initial stages of the analysis, the
results were found to be similar to the models based on the ‘absolute’ variable set and are not
reported in the following discussion for brevity’s sake).
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In the present study, we use the first and simplest approach to calculating
the LP of a locality, previously used in and Portnov et al. (2011). In particular,
we calculated the LP values as the total number of favorable location attributes
(i.e., without applying any weighting or testing interaction terms).

Five location factors (i.e., proximity to the coast, to major cities, to high-
ways, to water bodies and elevation), estimated for each settlement individually
(see the subsection on data sources) were re-coded as follows: each locality
received integer values between 0 and 5, depending on the number of its loca-
tion advantages. Thus, the locality received the maximum score of 5, if all its
location attributes were defined as favorable, and a 0 score, if none was. Simi-
larly, the locality's score was set to 4, if only four of the five attributes were
defined as favorable, and so on.

The selection of parameters used to decide whether a location attribute
should be classified as favorable or not, is somewhat arbitrary. However, the
geographic distribution of urban settlements in Europe is extremely uneven,
with some locations being particularly ‘favored,' which reduces the risks of bias
due to arbitrary classification. As several empirical studies indicated, most ur-
ban places on the continent are less than 150 m above sea level, close to major
population centers, and in coastal areas (Gallup et al., 1999; Duranton, 1999;
Cheshire and Magrini, 2006; McGranahan et al., 2007).

In calculating the 'Location Package' (LP) variable, the following location
values were thus conditionally defined as favorable: elevation — 0-150 m; prox-
imity to the sea shore and the nearest major population center <75 km (1 dd),
generally considered practicable for daily commuting (Strutzer and Frey, 2004).
In addition, 'fresh water' and 'highway' proximities were defined as favorable if
distances were less than 0.1 dd (or ~7.5 km), thus giving the locality a LP score
of 1, and O otherwise.

Using the LP scores of individual localities we split the sample (approx-
imately 4,700 settlements) into three groups: ‘favorable localities' (LP =4 or 5),
'least favorable localities' (LP = 0 or 1) and the rest (LP = 2 or 3) (see Appendix
1). Similar criteria were also used for urban areas: ‘favorable locations' (LP > 4),
'least favorable locations' (LP < 1) and the rest (1 < LP < 4) (see Appendix 2).
In line with our initial assumption, we expected that among populated places
with a favorable 'location package' (i.e., the first location group), the importance
of population size would be smaller than for localities or urban areas for which
this factor may be the only advantage (i.e., in 'least favorable' locations).

4.5. Statistical analysis

The analysis was performed in several steps. First, we examined the pop-
ulation growth rates of the whole set of localities available to us in order to
check whether their population sizes and growth rates are independent. To this
end, we first used scatter-plots and simple bi-variate OLS regressions. In the
next phase, we used multiple regression analysis (MRA) to investigate how
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population size affects growth rates, while controlling for several location at-
tributes.

Figure 2. Location subsets covered by the analysis —
Individual localities (A), and Urban areas (B)

©  U-localities

®  O-localities

®  Flocalities
Country borders

2,000 Kilometers

ogg &

B U-areas
O-areas

B F-areas
Country borders

2.000 Kilometers

tiwa £ B

Note: U[nfavorable]-locations (LP =0.1); B — F[avorable]-locations (LP = 4,5); C — O[ther]-
locations (LP = 2,3).

As discussed in Section 5.1, the analysis was performed separately for
two levels of geographic resolution: first, individual localities (or LAUS), and,
then, for urban contiguities, which are formed by adjacent individual LAUs (see
Fig. 2 and the sub-section on data sources). Then we performed separate anal-
yses for location subgroups (favorable locations, unfavorable ones and the rest
of the sample), to determine whether the size-growth relationship differ across
them, and whether the observed relationships change upon aggregation of indi-
vidual LAUs into contiguous urban areas. We finally considered combined
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models containing dummy variables for location subgroups along with ‘popula-
tion size-location group’ interaction terms.

5. RESULTS
5.1. General trends

The scatter-plots of G-S association and bi-variate regressions reported in
Table 2 (Models 1-L and 1-U) point out that there appears to be no significant
relationship between population sizes and growth rates of localities (t = -0.370;
P>0.7; Model 1-L), with the trend line being nearly parallel to the population
axis (see Fig. 3a). This outcome is fully consistent with Gibrat's Law. In con-
trast, for urban areas, population size and growth rate are positively associated
(t=2.808; P <0.01; Model 1-U), with the trend line showing a slight upward
trend (Fig. 3b). This indicates that, on the average, larger urban areas tend to
grow faster than smaller ones. This reversal of G-S growth relationships upon
aggregation of localities into contiguous urban areas is thus fully in line with a
possibility predicted by our numerical tests (see Fig. 1b).

Figure 3. Annualized population growth rates of localities (A)
and urban areas (B) as a function of their population size (In)
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5.2. Multivariate analysis

The resulting models for the whole sample of localities and urban areas
are reported separately in Table 2. As previously mentioned, Models 1-L and 1-
U are simple bi-variate regressions, in which population growth of individual
localities (Model 1-L) and urban areas (Model 1-U) are regressed on their popu-
lation size. Models 2-L and 2-U add population density (In) to the regression
models. Lastly, Models 3-L and 3-U include location attributes of localities
(Model 3-L) and urban areas (Model 3-U), but exclude fixed effects (i.e., coun-
tries’ dummies). Models 4-L and 4-U include these fixed effects. In addition,
Figure 4 shows changes in the values of t-statistic for the population size varia-
ble in different regression models, thus helping to compare at glance, t-statistics
and their significance levels.
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Table 2. Factors affecting the rates of population growth across urban
localities and urban areas (All locations; method — multivariate regression;
dependent variable — population growth rate (In))

Variable B* t* Sigt B t Sig.  p° t*  Sig® B t  Sig*
A. Localities
Model 1-L Model 2-L Model 3-L Model 4-L

(Constant) 6.81E-03 3673 0000 7.09E-03 3.739 0000 5.84E-02 19.461 0000 4.88E-02  9.383 0.000
POP1990_In -653E-05 -0.370 0711 -510E-05 -0287 0774 -561E-04 -3380 0001 -L17E-03 -7.400 0.000
Density_In - - - -984E-05 -0.710 0477 131E-03 7386 0000 177E-03 9.214 0.000
D_shore - - - - - - 379E-05 -0.083 0934 -351E-04 -0.714 0.475
D_mcity - - - - - - 350E-04 2175 0030 4.12E-04 2558 0.011
D_mroad - - - - - - -904E-04 -4307 0000 -6.89E-05 -0.209 0.834
Elevation - - - - - - L70E-03 4452 0000 105E-03 2868 0.004
Latitude - - - - - - 342E-04 4904 0000 -1.38E-04 -0.996 0.319
D_water - - - - - - 440E-04 2228 0026 8.45E-05 0.383 0.702
Tmp_january - - - - - - 416E-04 4942 0000 5.13E-04 3.377 0.001
Evaporation index - - - - - - -3.77E-03 -21.683 0000 -151E-03 -4.987 0.000
Country dummies No No No Yes

No of obs. 4667 4667 4667 4667

R? 0.000 0.000 0.172 0.366

Rz-adjusted 0.000 0.000 0.170 0.359

SEE 0.012 0.012 0.011 0.010

F 0.137 0.321 96.77 54.377

B. Urban areas
Model 1-U Model 2-U Model 3-U Model 4-U

(Constant) -1.08E-03 -0.448 0654 -7.93E-03 -3.040 0002 0040 ~ 8450 0000 0036 4846 0.000
Pop1990_In 6.25E-04 2808 0005 163E-04 0705 0481 -394E04 1938 0053 g95p oy -2031 0.042
Density_In . : - 187E-03 6651 0000 242603 9040 0000 4 3qp 53 4921 0.000
b_shore ) ) ) ) ] . agsmos 1907 0057 oo 2661 0.008
b_mcity ) ) ) ) ) . lispos 057 0566 oo o, 2625 0.009
b_mroad ) ) ) ) ) _ ge7m04 2664 0008 oo o, -0.977 0329
Elevation - - - - - - -99eE07 085 0392 35p g -1.131 0258
Latitude - - - - - - gi13E-04 8481 0000 go5p g5 0339 0.735
b, water ) ) ) ) ) . asipos L7I0 0087 oo, 0463 0644
Tmp_january - - - - - - 726E04 8037 0000 g,pqq 2669 0.008
Evaporation index - - - - - - 462803 20011 0000 ) 7qp g3 -4458 0.000
Country dummies No No No Yes

No of obs. 2189 2189 2189 2189

R? 0.004 0.023 0.283 0.500

Rz—adjusted 0.003 0.022 0.280 0.488

SEE 0.012 0.012 0.010 0.009

F 7.884 26.138 86.104 43.572

Note: ? unstandardized regression coefficient; ° t-statistic; © actual significance of t-statistic (two-
tailed).

Models 1-L &1-U: Bi-variate models for population size vs. population growth (density, location
attributes and country-specific fixed effects are excluded);

Models 2-L &2-U: Multivariate models with density variable added, and location attributes and
country-specific fixed effects excluded;

Model 3-L &3-U: Multivariate models with density variable and location attributes added while
country dummies excluded;

Models 4-L &4-U: Multivariate models with all predictors added.
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Table 3. Factors affecting the rates of population growth across urban
localities and urban areas (Unfavorable locations; method — multivariate
regression; dependent variable — population growth rate (In))

Variable B? t  Sig® B? t  Sigt B? t  Sig® B t Sigt
A. Localities
Model 5-L Model 6-L Model 7-L Model 8-L
(Constant) -0.007 -1.482 0139  -0.005 -0.923 0.356 0.082 10026 <0.001 0.088  5.228 <0.001
Pop1990_In 1.27E-03 2610 0.09 1.26E-03 2594 0010 -327E-04 -0.762 0.446 -548E-04 -1.282 0.200
Density_In -6.69E-04 -1.488 0.137 140E-03 2780 0.006 1.45E-03 2.600 0.009
D_shore -456E-03 -2.191 0.029 -1.97E-03 -0.857 0.392
D_mcity 142E-03 3639 <0.001 142E-03 3.628 <0.001
D_mroad -1.17E-03 -2.394 0.017 -7.76E-04 -1.335 0.182
Elevation -1.31E-03 -1.001 0.317 -9.29E-04 -0.730 0.466
Latitude -247E-04 -1.059 0.290 -8.35E-04 -1.837 0.067
D_water 2.27E-04 0488 00626 866E-05 0.172 0.863
Tmp_january -1.42E-04 -0.661 0509 -5.13E-04 -1.232 0218
Evaporation index -3.73E-03 -8.129 <0.001 -1.87E-03 -2.079 0.038
Country dummies No No No Yes
No of obs. 904 904 904 904
R? 0.007 0.010 0.344 0.495
R2-adjusted 0.006 0.008 0.337 0.469
SEE 0.015 0.015 0.012 0.011
F 6.814 4.519 46.833 19.163
B. Urban areas
Model 5-U Model 6-U Model 7-U Model 8-U
(Constant) -0.020 -2961 0003 -0.032 -4635 <0.001 0064 5657 <0001 0.072  4.208 <0.001
Pop1990_In 247E-03 3871 <0.001 9.39E-04 1412 0.158 -8.55E-04 -1496 0.135 -3.02E-04 -0.540 0.589
Density_In 439E-03 6.186 <0.001 3.24E-03 5139 <0.001 250E-03 3.644 <0.001
D_shore 546E-04 2149 0032 563E-04 2017 0.044
D_mcity 125E-03 2939 0003 102E-03 2471 0014
D_mroad -1.14E-03 -1.863 0.063 -8.01E-04 -1.376 0.169
Elevation -1.37E-06 -0.613 0.540 -4.33E-06 -1.878 0.061
Latitude -8.80E-06 -0.032 0.974 -2.68E-04 -0510 0.610
D_water -473E-04 -0.841 0401 7.64E-05 0.128 0.898
Tmp_january 102E-04 0343 0732 -104E-04 -0.196 0.845
Evaporation index -3.95E-03 -6.914 <0.001 -3.85E-03 -3.724 <0.001
Country dummies No No No Yes
No of obs. 584 584 584 584
R? 0.025 0.085 0.453 0.591
RZ-adjusted 0.023 0.082 0.444 0.562
SEE 0.014 0.014 0.011 0.009
F 14.988 27.108 47.484 20.686

Note: unstandardized regression coefficient; ° t-statistic; ® actual significance of t-statistic (two-

tailed).

Models 5-L &5-U: Bi-variate models for population size vs. population growth (density, location
attributes and country-specific fixed effects are excluded);
Models 6-L &6-U: Multivariate models with density variable added, and location attributes and
country-specific fixed effects excluded;
Model 7-L &7-U: Multivariate models with density variable and location attributes added while
country dummies excluded;

Models 8-L &8-U: Multivariate models with all predictors added.
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Figure 4. Statistical significance of the association (t-statistic) between
population growth and size for urban localities and urban areas stratified
according to their location attributes
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A - All locations; B - U[nfavorable]-locations (LP=<1); C — F[avorable]- locations (LP>=4).
Note: Doted lines indicate a two-tailed 0.05 significance interval.
Models 1, 5 & 9: Bi-variate models for Population size vs. population growth (density, location
attributes and country-specific fixed effects are excluded);
Models 2, 6 & 10: Multivariate models with density variable added, and location attributes and
country-specific fixed effects excluded;
Model 3, 7 & 11: Multivariate models with density variable and location attributes added, and

country dummies excluded;

Models 4, 8 & 12: Multivariate models with all the predictors added.
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As Table 3 shows, the population size variable emerges as statistically in-
significant in the two first models for localities, in which only the population
size and population density variables are included (Models 1-L and 2-L). How-
ever, it becomes highly statistically significant in all the models, in which loca-
tional attributes and countries’ fixed effects are controlled (|t>>3.3; P<0.01),
steadily exhibiting a negative sign (Models 3-L and 4-L). This indicates that,
when locational differences are taken into account, bigger cities grow slower
than smaller ones, thus contradicting Gibrat's Law. Possible reasons for this
trend are more or less clear: emergence of disagglomeration economies in big
cities, such as high housings costs, traffic congestions, air pollution, etc.

Multivariate models with locational attributes, estimated for urban areas
and also reported in Table 3 (Models 3,4-U), essentially lead to the same con-
clusion, with the regression coefficients for the population size variable being
significant (t>1.9; P<0.1), albeit positive, and not negative, as in the models
estimated for individual localities (see Table 3: Models 3,4-L). Moreover, the
population density variable (estimated, as mentioned, as the average density of
population residing in a given urban area) emerged as positive and highly statis-
tically significant in all the models estimated for urban areas (t>4.9; P<0.01; see
Models 2-U-4-U; Table 3). The importance of these results will be discussed in
the concluding section of the paper.

5.3. Location sub-groups

The analysis of the G-S association in LAUs and urban areas which differ
by their location attributes may help to shed some light on the reversal of the
regression coefficients for the population size variable noted in the previous
sub-section. As we hypothesized from the outset of the analysis, the G-S rela-
tionship should expectedly depend on a populated place's locational settings
(see the sub-section on explanatory variables). To verify this hypothesis, we
split, as previously mentioned, the entire set of localities into three location
groups — localities with fewest location advantages (Group 1); well positioned
localities (Group 2) and the rest of the sample (Group 3). To this end, the notion
of 'location package' was used, as detailed in the statistical analysis section. Out
of 4,667 individual localities covered by the study, 904 localities were in Group
1, 1061 in Group 2, and 2702 localities in Group 3. Some 2189 urban areas
covered by the analysis were also classified into the above three locational
groups using the same ‘location package’ criterion (see Appendix 2).

Figures 5-6 feature population size-growth relationship in each location
subgroup covered by the study — either LAUs (Fig. 5) or urban areas (Fig. 6).
Although regression fit (measured by R?) in any of these groups is not especial-
ly high, the G-S association appears to be positive for 'unfavorable' localities
(see Fig. 5A) and negative — for ‘favorable’ ones, that is, for LAUs with more
location advantages (Fig. 5B). Concurrently, the rest of the sample (Fig. 5C)
shows the 'no-trend' relationship, like that detected for the entire sample of set-
tlements (see Fig. 3A). This suggests that in line with our initial hypothesis,
urban places with different location attributes do show different relationships
between size and growth, but these contrasting trends appear to cancel each
other out if the whole set of localities is considered.



Région et Développement 97

Table 4. Factors affecting the rates of population growth across urban
localities and urban areas (Favorable locations; method — multivariate
regression; dependent variable — population growth rate (In))

Variable B? t  Sigt B? t  Sig® B t  Sig® B t  Sig*
A. Localities
Model 9-L Model 10-L Model 11-L Model 12-L
(Constant) 0.016 4685  <0.001 0.019 5095  <0.001 0.064 9317 <0.001 0.056 4271 <0.001
Pop1990_In -8.70E-04 -2767 0006  -8.46E-04 -2.695 0007  -153E-03 -4951 <0.001  -199E-03  -6.765 <0.001
Density_In -6.59E-04  -1.999  0.046 7.73E-04 1823 0.069 119E-03 2067  0.039
D_shore 597E-04 0662 0508  -119E-04 -0.109  0.913
D_mcity -161E-04  -0.344 0731 2.82E-05 0060  0.952
D_mroad -120E-02  -0.842 0400  -9.14E-03  -0.674 0501
Elevation -2.53E-03  -1.404 061  -3.16E-03  -1.855  0.064
Latitude 258E-04 1611  0.107 7.85E-06 0025  0.980
D_water 171E-03 2044  0.041 101E-03 1032  0.302
Tmp_january 331E-04 1558  0.119 120E-03 2950  0.003
Evaporation index -2.93E-03 -6.818  <0.001 -1.18E-03 -1.555 0.120
Country dummies No No No Yes
No of obs. 1061 1061 1061 1061
R? 0.007 0.011 0.135 0.317
R-adjusted 0.006 0.009 0.126 0.290
SEE 0.010 0.010 0.010 0.009
F 7.654 5,836 16.326 11.548
B. Urban areas
Model 9-U Model 10-U Model 11-L Model 12-L
(Constant) 8.87E-04 0.145 0.885 -3.43E-04 -0.052 0.959 231E-02 1.840 0.067 1.77E-02 0.830 0.407
Pop1990_In 5.10E-04 0914 0.362 4.03E-04 0.673 0502 -8.49E-05 -0.157 0.876 -4.22E-04 -0.905 0.366
Density_In 3.69E-04 0500 0.617 145E-03 1.877 0.062 1.34E-03 1.835 0.068
D_shore 1.95E-03 2109 0.036 1.81E-03 2.036 0.043
D_mcity 298E-04 0.377 0.707 -1.42E-03 -1.901 0.059
D_mroad -4.19E-03 -0.158 0.875 1.78E-02 0.796 0.427
Elevation -2.16E-05 -2.470 0.014 -1.37E-05 -2.005 0.046
Latitude 1.36E-03 4.656 <0.001 1.59E-03 2.986 0.003
D_water 4.84E-03 2.617 0.009 2.63E-03 1.412 0.159
Tmp_january 1.34E-03 3504 0.001 2.09E-03 3.186 0.002
Evaporation index -5.08E-03 -7.281 <0.001 -3.49E-03 -3.127 0.002
Country dummies No No No Yes
No of obs. 266 266 266 266
R? 0.003 0.004 0.265 0.637
R2-adjusted -0.001 -0.003 0.236 0.575
SEE 0.011 0.011 0.010 0.007
F 0.835 0.541 9.195 12.631

Note: ? unstandardized regression coefficient; ° t-statistic; © actual significance of t-statistic (two-
tailed).

Models 9-L &9-U: Bi-variate models for population size vs. population growth (density, location
attributes and country-specific fixed effects are excluded);

Models 10-L &10-U: Multivariate models with density variable added, and location attributes
and country-specific fixed effects excluded;

Model 11-L &11-U: Multivariate models with density variable and location attributes added
while country dummies excluded;

Models 12-L &12-U: Multivariate models with all predictors added.
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Table 5. Factors affecting the rates of population growth in localities
and urban areas (method — multivariate regression; dependent variable —
population growth rate (In); location-population size interaction
terms and fixed effects added)

Variable B? t* Sigt B t*  Sigt B t*  Sig¢ B t*  Sig’
Model 13-L Model 14-L Model 13-U Model 14-U
Constant 5.60E-02 15.017 <0.001 4.65E-02 7.911 <0.001 4.21E-02 8.405 <0.001 384E-02 5.034 <0.001
Pop1990_In -5.28E-04 -2.409 0016 -1.23E-03 -5982 <0.001 -5.68E-04 -2.196 0028 -4.49E-04 -1941 0.052
Density_In 850E-04 4783 <0.001 164E-03 8381 <0.001 2.37E-03 8846 <0.001 131E-03 4724 <0.001
D_shore 371E-04 2885 0004 420E-04 2978 0003 3.80E-04 2515 0012 517E-04 3.267 0.001
D_mcity -2.13E-05 -0.160 0873 5.38E-04 3298 0001 276E-04 1347 0178 652E-04 3.315 0.001
D_mroad 1.06E-03 2006 0045 875E-04 1771 0077 -8.64E-04 -2.987 0003 -401E-04 -1199 0.230
Elevation 196E-07 0.182 0.855 -6.46E-07 -0.621 0535 352E-07 0.288 0773 -6.49E-08 -0.055 0.956
Latitude 3.89E-04 5210 <0.001 -474E-05 -0.318 0751 7.38E-04 7.57 <0001 -1.33E-04 -0.723 0.470
D_water 562E-04 2798 0005 3.28E-05 0149 0881 536E-04 1974 0049 -8.35E-05 -0.289 0.773
Tmp_january 5.66E-04 5.664 <0.001 6.68E-04 3936 <0.001 6.47E-04 5295 <0.001 4.93E-04 2408 0.016

Evaporation index -3.72E-03 -19.203 <0.001 -1.60E-03 -5.003 <0.001 -4.46E-03 -19.136 <0.001 -1.62E-03 -4.243 <0.001

F-areas 1.31E-02 3.046 0.002 8.53E-03 2.224 0.026 5.63E-03 1.062 0.288 6.28E-03 1.389 0.165
U-areas -1.09E-02 -2.471 0.014 -8.91E-03 -2.279 0.023 -7.74E-03 -1.422 0.155 -6.66E-03 -1.424 0.155
F-areas*Pop -1.05E-03 -2.610 0.009 -7.19E-04 -2.007 0.045 -3.09E-04 -0.65 0,516 -4.55E-04 -1.122 0.262
U-areas*Pop 9.89E-04 2.326 0.020 7.27E-04 1.931 0.054 6.05E-04 1.192 0.233 4.67E-04 1.068 0.286
Country dummies No Yes No Yes
No of obs. 4667 4667 2189 2189
R? 0.174 0.370 0.289 0.504
R2-adjusted 0.172 0.363 0.284 0.492
SEE 0.011 0.010 0.010 0.009

70.164 51.206 63.125 40.917

F

Note: ? unstandardized regression coefficient; ° t-statistic; © actual significance of t-statistic (two-
tailed).

Models 13-L: Units — LAUs; all development predictors, location package fixed effects
(F[avourable]-locations, U[nfourable]-locations) and interaction terms added; countries’ fixed
effects excluded;

Models 14-L: Units — LAUs; all development predictors, location package fixed effects
(F[avourable]-locations, U[nfourable]-locations) and interaction terms added; countries’ fixed
effects added.

Models 13-U: Units — urban areas; all development predictors, location package fixed effects
(F[avourable]-locations, U[nfourable]-locations) and interaction terms added; countries’ fixed
effects excluded;

Models 14-U: Units — urban areas; all development predictors, location package fixed effects
(F[avourable]-locations, U[nfourable]-locations) and interaction terms added; countries’ fixed
effects added.
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Figure 5. Annualized population growth rates vs. population size (In)

of localities stratified by location subsets
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Figure 6. Annualized population growth rates vs. population size (In)
of urban areas stratified by location subsets
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Simple bi-variate regression models, reported in Tables 3-4 (Models 5-L
and 9-L), also confirms that the slopes of 'size-growth' regression lines for ‘fa-
vorably' and 'unfavorably' located towns are different, being positive in the
‘unfavorable locations' group and negative in the ‘favorable locations' group
(P <0.01; Tables 3-4). This conclusion is further strengthened by two other,
somewhat more sophisticated regression models in which ‘population size-
location group’ interaction terms are included (F-areas*Pop: t <-2.2; P <0.05;
U-areas*Pop: t > 1.9; P < 0.1; see Models 13-L and 14-L in Table 5).

The positive association between population growth and city sizes ob-
served in unfavorable locations, may have a simple explanation: Favorably
located settlements may have enough advantages to retain current residents and
become sufficiently attractive for potential newcomers even without 'size bene-
fits'; however, for unfavorably located settlements, with fewer location ad-
vantages, larger population sizes may be a necessary precondition for an in-
crease in the population growth rate, compensating, at least in part, for their
location drawbacks.

Do the above relationships between size and growth persist if controlled
for confounders, such as the country of a town's location, proximity to major
city, sea shore, regional population density, etc.?

As additional models reported in Tables 3&4 (Models 6-L-8-L (Table 3)
and Models 10-L-12-L (Table 4)) show, the negative association between popu-
lation size and growth remains highly statistically significant in the ‘favorable’
subset of LAUs (P < 0.01; see Models 10-L-12-L in Table 4 and Fig. 4C) but
loses its statistical significance in the ‘unfavorable’ subset (P > 0.2; Models 6-
L-8-L in Table 3 and Fig. 4B).

Characteristically, when urban areas are used as observation units, in-
stead of individual localities, the G-S association emerges as negative, albeit
statistically weak (P<0.05), in most of the models considered (see Tables 3-5
and Fig. 4). The explanation for this trend may be fairly straightforward: the
merging of groups of localities with different G-S associations (for most of
which this association is negative) results in a weak negative G-S association
for urban areas, when those are used as analysis units, which is fully in line with
our numerical tests (see Section 4 and Fig. 1).

6. CONCLUSION

Upon the desegregation of data, several, often opposite, trends emerge.
Thus, a zero net migration balance in a locality may 'hide' an outflow of wealthy
residents to suburban areas and an inflow of poor families into central cities
(such as in North America), or the opposite trend, observed in most European
countries, with the two opposite currents being of similar strength (Portnov et
al., 2011). A similar process may be at work when population growth and popu-
lation size of localities are mutually compared. In particular, opposite G-S asso-
ciation, potentially observed in different subgroups of localities (stratified e.g.,
by their locational attributes or population composition) may cancel each other
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out, leading to the emergence of the proportionate effect of growth-size rela-
tionship expected under Gibrat's Law.

In this study, we considered a possibility that growth rates (G) may de-
pend on size (S), while the direction of relationship differs, i.e., a monotonic
increase in unfavorable loci vs. a monotonic decrease elsewhere. Over the en-
tire settlement system, these opposite trends can expectedly cancel each other
out, with the 'no-trend' relationship, expected under Gibrat's Law, emerging. As
we further hypothesized, due to the varying G-S relationships observed in dif-
ferent groups of localities, the strength and direction of the G-S association may
also change, depending on the relative shares of location subsets used for ag-
gregation.

We performed our analysis at two levels of geographic resolution — 4,667
local administrative units (i.e., municipalities) and 2189 urban areas, formed by
territorial contiguities of municipal built areas, using data available for 40 Eu-
ropean countries. The choice of spatial aggregation units is a critical considera-
tion for the analysis because alternative units (e.g., urban area or municipalities)
may expectedly have different mechanisms behind their population growth.
Thus, selecting urban areas as units of the analysis reflects the fact that urban
areas are likely to function as a whole and may thus be considered as economi-
cally integrated units. However, development disparities between local adminis-
trative units (i.e., municipalities) may also have a profound effect on population
growth patterns as favorably located and attractive municipalities may provide
better services and facilities, thus appealing to more migrants and businesses.

Since Gibrat's growth model explicitly assumes the independence of in-
dividual observations, for its proper testing, local interdependencies that consti-
tute regions should be minimized. A prominent type of such local interdepend-
encies is agglomeration economies. For instance, the specific growth character-
istics of a suburb of a city are inherently shaped by the present of a large urban
center nearby. The characteristics of the same suburb would be different, if
there was no urban center in its vicinity, and its role in the intra-metropolitan
division of labor (including population density and dynamics) may thus be
shaped more by the urban center or the metropolitan area as a whole, than by
the suburb itself (Portnov et al., 2011). From this perspective, the detection of a
positive association between population sizes and growth at the urban area level
of spatial resolution, both before and after controlling for location attributes, is
especially important, as it supports our initial research hypothesis that growth
rates do depend on population size, contrary to what is expected under Gibrat’s
Law.

This conclusion is generally in line with Kalecki’s (1945) hypothesis of a
correlation between growth and size. Anderson and Ge (2005) have also argued,
albeit from a different perspective, that Kalecki’s assumption fitted Chinese city
data better than the independence of growth on size which is the corollary of
Gibrat’s Law.
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Using the ‘location package’ concepts, introduced by Portnov and
Schwarts (2009a), we also split the whole set of European urban localities and
urban areas into three location subsets — favorably located, unfavorably located
and the rest. One clarification is required: hence urban growth is highly variable
and fluctuant, as there are no permanently ‘favorable’ or ‘unfavorable’ loci,
since relative importance of location attributes may change over time. The im-
portance of particular location attributes may diminish (or increase overtime,
such as with, e.g., sea-freight and railroad transportation) thus changing the
‘anchoring’ of main foci of urban growth in geographic space, gradually re-
sponding to changes in development needs and in the appeal of particular loca-
tion attributes at a given point of time. However, the spatial "anchoring" of fa-
vorable and unfavorable loci may conditionally be considered constant over
relatively short periods of time, such as the ten-year period, between 1990 and
2000, covered by the present study.

As our analysis points out, the negative effect of population size on the
population growth of individual towns appears to be positive (albeit statistically
weak) in the 'unfavorable localities' group and negative elsewhere. A possible
explanation for these differences may be as follows: the adverse effects of ag-
glomeration may be less profound in disadvantaged areas, in which the absence
of other favorable location attributes may boost the effect of size on urban
growth, by offering a 'safety net' for residents in terms of employment and cul-
tural opportunities and larger market opportunities for local businesses. Concur-
rently, in areas with more location advantages, the importance of size for the
development of individual towns may be less profound (see inter alia Portnov
and Erell, 2001).

Hence the G-S relationships appears to differ both in strength and direc-
tion across different locational subgroups of localities, the merging of groups of
localities with different G-S associations (for most of which this association is
negative) into contiguous urban areas thus resulted in a weak negative G-S as-
sociation for urban areas, when those are used as analysis units. This was
demonstrated by our empirical analysis and sensitivity tests. The difference in
the results obtained at different levels of geographic resolution (that is, individ-
ual localities vs. integrated urban areas) is, in fact, a well-known phenomenon
of changing relationships between variables in line with data aggregation into
areal units of larger size, which Openshaw (1984) termed the ‘modifiable areal
unit problem’ or MAUP.

There are several limitations in our study, which should be taken into
consideration. According to a popular interpretation of Gibrat's growth model
(see inter alia Robson, 1973; Guérin-Pace, 1993), it is conceived to explain the
proportionate growth of localities over long periods of time. Yet, according to
our findings, when individual localities are considered, 'proportionate’ growth
(expected under Gibrat's Law) does emerge at the aggregate (system-wide) level
even for a relatively short time-span covered by the analysis (that is, one decade
between 1990 and 2000). This implies that the observed relationships do not
necessarily require a long time span to emerge. However, this size-growth rate
independence 'dissipates’ when the settlement system is disaggregated into two
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urban sub-systems, formed by ‘well-positioned’ localities and ‘poorly posi-
tioned’ ones, which is fully in line with our initial research hypothesis.

Lastly, while the present study covers most European cities and towns
with populations of 20,000+ residents, localities of smaller size are less fully
represented, due to incomplete data on population growth rates. Our findings
are thus primarily pertinent to the larger settlements on the continent. Moreover,
our classification of localities into 'favorable’ and 'unfavorable,' based of the
'package’ of location attributes, is somewhat arbitrary and may be improved on
by more detailed classifications (e.g., based on additional location criteria and
their interaction terms). Furthermore, different size-growth relationships may
emerge along additional (i.e., non-locational) 'seam-lines’, such as established
vs. transitional economies, local towns vs. metropolitan areas, etc. Such possi-
bilities may deserve investigation in future studies.
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LE CHOIX DE L'UNITE URBAINE EST-IL FONDAMENTAL POUR
LA VALIDATION DE LA LOI DE GIBRAT POUR LES VILLES ?

Résumé - Dans cet article, nous admettons I'hypothese que le choix des unités
géographiques déterminant les aires urbaines est fondamental dans la valida-
tion de la loi de Gibrat pour les villes, d’aprés laquelle la croissance urbaine
est indépendante des effets taille. Nous examinons, plus particulierement, les
différences d’interprétation selon que I'on utilise des localités individuelles ou
des unités urbaines intégrées (comportant plusieurs localités). Cette analyse
s'appuie sur une analyse empirique menée sur les changements démogra-
phiques entre 1990 et 2000 de 4667 unités administratives (communes) et de
2189 aires urbaines contiglies de 40 pays européens. Nous montrons que les
résultats varient selon le choix de I'unité urbaine utilisée, mais aussi selon leurs
avantages de localisation : pour les unités urbaines ol ces avantages sont im-
portants la relation taille-croissance est moins importante que pour les unités
ou ces avantages sont faibles.

Mots clés : CROISSANCE DEMOGRAPHIQUE, AIRES URBAINES, AIRES
ADMINISTRATIVES, SYSTEME URBAIN EUROPEEN, AVANTAGES DE
LOCALISATION, LOI DE GIBRAT



