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Abstract: Under the hypothesis that modifications in municipal boundaries and creation (or
suppression) of new administrative units reflect a progressive adjustment toward a more
balanced distribution of population over space, the present study investigates the long-term
relationship (1928-2012) between urban expansion, population dynamics and municipal
area in a growing metropolitan region (Athens, Greece). In expanding regions, municipal
size is a key variable outlining the amount and spatial concentration of services and
infrastructures, resulting to be functionally related to population density, agglomeration
factors, land availability to building and characteristic socioeconomic profiles of local
communities. A statistical analysis of the relationship between population density and
municipal area provides basic knowledge to policy and planning adjustments toward a
more balanced spatial distribution of population and land among the local government
units. Descriptive statistics, mapping, correlation analysis and linear regressions were used
to assess the evolution of such relationship over a sufficiently long time period. The
average municipal area in Athens decreased moderately over time, with a slight increase in
spatial heterogeneity. Conversely, the average population density per municipality
increased more rapidly, with a considerable reduction in spatial heterogeneity. The
observed goodness-of-fit of the linear relationship between population density and
municipal area increased significantly over time. The empirical results of our study indicate
that municipal size has progressively adjusted to population density across metropolitan
areas, determining a more balanced spatial distribution of the resident population, which
was consolidated by the recent administrative reform of the local authorities in Greece (the
so called ‘Kallikratis’ law). Such conditions represent a base for the informed analysis of
the spatial structure of local administrative units and they contribute to the debate on the
optimal size of municipalities and other administrative districts with relevant impact on both
urban and metropolitan scales of governance.

Key Words: administrative domain, local development, urban growth, population density,
Europe.

Introduction

Diseconomies of scale associated with larger governments requiring proportionally more
administration are a particularly relevant issue in political science under fragmented territories
and increasing competitiveness among local contexts (Dollery and Crase 2004, Schneider and
Woodcock 2008, Andrews and Boyne 2009, Lassen and Serritzlew 2011, Tavares and
Rodrigues 2015, Dhimitri 2018). With optimal jurisdiction size being a cornerstone in
government design, a long-established tradition in political thought argues that democracy and
governance efficiency thrive in smaller administrative units. In the last decades, municipal
amalgamation has accounted for a substantial reduction in the number of councils in several
countries worldwide (e.g. Australia: Dollery and Crase 2004; Switzerland: Steiner 2003;
Canada: Keil and Boudreau 2005; but see also Allan 2003). Theories supporting programs of
municipal consolidation argue that important economic benefits will flow from fewer and larger
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municipal councils. Based on the Australian experience in the 1990s, where amalgamation
programs resulted in an evident decrease in the number of local administrative units, Byrnes
and Dollery (2002) evaluated the validity of the assumption that larger municipalities would
exhibit greater economic efficiencies. The literature review and empirical results from that study
specified that this argument did not derive from an effective and solid empirical base. In other
welfare systems, such as those adopted in northern European countries, unique systems of
highly decentralized municipalities were historically promoted and maintained over time (UN-
HABITAT 2009). However, a discussion about merging municipalities has more recently
emerged, e.g. in Denmark (Larsen 2002). While, non-electoral participation resulted to be
higher in small municipalities, municipal size seems to be neutral in term of citizens’ interest in
(and knowledge of) local politics. This evidence shed further light on the classical framework of
the dichotomy between capacity and proximity, linking empirical findings to more general
considerations about administrative effectiveness versus democracy and citizens’ participation
to public choice. Lassen and Serritzlew (2011: 238) found different results from a quasi-
experiment based on a large-scale municipal reform in Denmark, that allowed estimating a
causal effect of administrative unit’'s size on internal political efficacy: “Jurisdiction size has a
causal and sizeable detrimental effect on citizens’ internal political efficacy”. In other words, as
suggested by Rose (2002: 829), the effect of size “is not merely a by-product of the
compositional characteristics of the individual living in different sized municipalities”. However,
while it is reasonable to expect size to be relevant, the nature of the relationship may vary from
one form of participation to another. In Norway, the central government has recently designed a
framework to consolidate municipalities based on a voluntary program. Based on this context,
Serensen (2006) tested if political transaction costs will hinder associations, analysing some
efficiency and cost proposition built on spatio-temporal data for Norwegian local authorities
(Holzer et al. 2009). Reforms, especially those affecting a partial ensemble of municipalities in
a region, often result in exogenous — and substantial — changes in municipal population size
with uncertain impact on governance efficiency (Bel and Warner 2015).

Growing scepticism in policy circles over the efficacy of municipal consolidation as a suitable
method of enhancing the operational efficiency of local councils was reported, e.g. for Australia
(Dollery et al. 2007). Apart from large amalgamation programs, a range of promising alternative
options was proposed “that may be able to effectively combine more efficient service delivery
with vibrant local democracy” (Dollery and Johnson 2005: 73). Concerning local democracy,
Keil and Boudreau (2005) discussed the establishment of more moderately liberal and social
democratic administrations in some regions of Canada during the 1990s, highlighting the role of
social movement demands in the revision of municipal government mechanisms. In this line of
thinking, Steiner (2003: 551) found that “reform-friendly authorities, intensive social contacts
among the inhabitants of the municipalities, a favourable topographic location and the policies
of the superordinate government level promote enthusiasm for reforms”.

By estimating the cost of providing local government services, Carey et al. (1996) introduced
the notion of the ‘optimal’ size of administrative units, e.g. municipalities. Based on empirical
models, the optimal number of administrative districts for a fixed population size in each region
was identified under the assumption that the geographic aggregation of municipalities into
larger and denser municipal districts will reduce the costs of public services. However, although
policymakers believe that larger municipalities exhibit greater efficiency, evidences are mixed
about the relationship between population density and municipal efficiency (Holzer et al. 2009).
While larger municipalities with a population over 250 000 are clearly less efficient, there is also
little correlation between size and efficiency for municipalities with populations between 25 000
and 250 000 people; moreover, while the literature suggests that smaller municipalities are less
efficient — outlining important deviations from this general pattern at the same time — small
municipalities are demonstrated to be largely efficient in specialized services (Dhimitri 2018).

When evaluating the impact of jurisdiction size on various ‘optimal’ socioeconomic criteria,
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ambiguous results emerged due to several reasons, including sorting effects, data endogeneity
and the lack of dedicated experiments simulating the impact of policy reforms. Moreover, by
contributing to the broader issue of ‘optimal city size’ (Singell 1974), Capello and Camagni
(2000) discussed on the notion of administrative local units’ optimal size, concentrating to the
concept of the ‘efficient size’ of a municipality or a city, based on the functional characteristics
of the given spatial unit and on its spatial organization within the urban system. In this sense,
processes of transformation in regional economic structures with intense population mobility
(e.g. within metropolitan regions), and possibly reflected in multiple, subsequent reforms of
local authorities (increasing or reducing the number and size of municipalities), may represent
specific conditions under which to indirectly evaluate the controversial question of economies of
scale in the local government. In a framework of widespread expansion of both state and
regional planning programs, Carruthers and Ulfarsson (2002) examined the relationship
between governmental fragmentation and urban development, outlining the emergent need to
promote jurisdictional cooperation and regulatory consistency across metropolitan regions.

The present study contributes to this deserving issue by investigating the multiple relationships
between urban expansion, agglomeration factors, population density and municipal size in a
European metropolitan region — Athens, Greece — rapidly expanding between 1928 and 2012.
The transformations in municipal boundaries with the creation (or suppression) of new
administrative units were hypothesized to reflect a progressive adjustment toward a more
balanced distribution of population over space (Salvati et al. 2013). Since municipal size is a
relevant variable reflecting the amount of services and infrastructures — being functionally
related with both population concentration and land availability to building in expanding
metropolitan regions (Carruthers and Ulfarsson 2002, Salvati and Gargiulo Morelli 2014, Pili et
al. 2017, Cecchini et al. 2018, Duvernoy et al. 2018, Wolff et al. 2018) — a quantitative analysis
of the relationship between population density and municipal area is supposed to provide basic
knowledge for the identification of the local administrative units’ optimal size (Dhimitri 2018).

Methodology
Study area

The Athens Metropolitan Region extends nearly 3 000 km? in the administrative region of Attica
in Greece, coinciding with the functional boundaries of the ‘Urban Atlas’ region of Athens, the
capital of Greek Republic. All mainland municipalities, including those belonging to Salamina
island, are considered in the study area. While the regional territory mostly consists of
mountains bordering the flat area around Athens’ inner city, three coastal plains (Messoghia,
Marathona, Thriasio) concentrated population commuting to the urban area of Athens-Piraeus
(Salvati and Serra 2016). Our analysis covers a time frame of more than 80 years between
1928 and 2012, including sequential expansion waves of Athens, fuelled by increasing
population flows from Asia Minor after the 1921 War, rural-urban migration in the aftermath of
World War I, natural increase driven by growing fertility and declining mortality patterns typical
of the 1960s and the 1970s, as well as increasing migration flows (both internal and
international) afterwards (Couch et al. 2007).

In this study, we used Greek municipalities as basic territorial entities with a degree of
administrative autonomy and dedicated to the interests of local populations; the capital city
(Athens) is governed by a specific municipality. In urban and regional studies, municipalities
are frequently used as basic units of analysis. In addition to municipalities, there is also the
entity of metropolitan areas, which bring together many municipalities. As the metropolitan area
of Athens, a metropolitan area defines an agglomeration (or conurbation) which, for its various
services and activities, depends on the central city (in this case, Athens) and it is characterized
by the integration of its functions and the intensity of its relations regarding economic activities,
services, cultural and territorial characteristics. Additional elements supporting a metropolitan
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area are the presence of a transport network connecting the different urban areas and the
presence of intense social interactions within the area.

In this paper, we analysed two quasi-experiments in terms of municipal restructuring (Hlepas
2010, Ladi 2014, Featherstone 2015): (i) the progressive increase in the number of municipal
units under the same general spatial framework (based on the traditional spatial asset of
municipalities in Greece, consolidated with the more recent ‘Kapodistrias’ organization
structure; this structure was adapted to manage intense population growth and massive urban
expansion into rural areas (between 1928 and 2011) and it resulted in a partition of the study
region into more than 100 administrative domains (Fig. 1); and (ii) a more recent reform of local
government units (2011), the so called ‘Kallikratis’ law approved by the Greek parliament and
reducing the number of municipalities to nearly 60 in the study area (Hlepas and Getimis 2011,
Colantoni et al. 2016a, 2016b, Rontos et al. 2016). Fig. 2 illustrates the temporal period with
maximum urban concentration for each municipality, based on the vertical profile of buildings.
Descriptive statistics, correlation analysis and linear regressions were used to evaluate such
relationships over time, informing on the political and planning adjustments to a more balanced
spatial distribution of population and land among the local government units.
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Fig. 1 - Boundaries and size (km?) of municipalities belonging to Athens’ metropolitan
region in 2011
Source: traditional spatial organization of local authorities (the star indicates the downtown of Athens)

Indicators

Municipal area (km?) and population size (total resident inhabitants) were derived from the
National Population Census held by the National Statistical Service of Greece (NSSG, now
ELSTAT) approximately every 10 years (1928, 1940, 1951, 1961, 1971, 1981, 1991, 2001 and
2011). The population density per municipality was calculated based on these data. A vector
map of municipalities provided by ELSTAT was used to illustrate the spatial distribution of the
studied variables. The relationship between population density and municipal size was
illustrated in Fig. 3; the scatterplot evidenced a logarithmic form that distinguishes urban
municipalities (small size and high population density) from rural municipalities (large size and
low population density).



Population Dynamics, Agglomeration Economies and Municipal Size: a Long-Term Analysis

LRI EA

. ', '| before 2000 ]
P s

2000 - 2005

I 20052010 _
10 20 kilometers
I =iter 2010

-

Fig. 2 — Boundaries of municipalities belonging to Athens’ metropolitan region in 2012
Source: ‘Kallikratis’ reform of local authorities in Greece, illustrating the temporal period with
maximum urban concentration based on the vertical profile of buildings
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Fig. 3 — Scatterplots illustrating the relationship between population density and
municipal size (left: ‘Kapodistrias’ spatial organization; right: ‘Kallikratis’ reform of
local authorities) in the study area (2011 population data), evidencing agglomeration
factors (urban size) and rural dimension (land availability)

Statistical analysis

Under the hypothesis that municipal size is negatively correlated with population density, the
present study proposes a comprehensive approach to evaluate the implications of this
relationship in terms of optimal municipal size, using time series population data covering a
sufficiently long temporal period (60 years), from 1951 to 2011. Considering the logarithmic
relation between population density and municipal size illustrated above, a log-log correlation
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analysis between population density and municipal size in the study area was run to assess
changes in correlation with regime over time. Three correlation coefficients, using both
parametric (Pearson) and non-parametric (Spearman and Kendall) techniques, were tested
with the final objective to identify both linear and non-linear relationships between the two
variables. The similar values in the three correlation coefficients indicate a linear relationship
between variables. Based on these findings, a linear regression model was run using log
(municipal size) as dependent variable and log (population density) as independent variable
separately for each year of investigation (from 1928 to 2012). Slope coefficients and intercepts,
together with the respective adjusted-R? were analysed as the model’s output. The ratio
between slope and intercept was computed for each time point with the aim to evaluate the
changes over time in the spatial structure of the relationship between the two variables. For the
two selected years (1928 and 2011), based on the traditional spatial asset of local units,
different polynomial models (from grade 2 to 6) regressing log (municipal size) to log
(population density) were run with the final objective to demonstrate that a Imear form is the
best descriptor of the relationship mentioned above. Percent increases in the R? with rising
equation grade (e.g. from grade 1 — linear form — to grade 2 — square relation) were computed
separately for models referring to 1951 and 2011.

Results

The number of municipalities increased slightly in the Athens’ metropolitan region during the
study period (Table 1). Based on the traditional spatial asset of local governance units, the
median municipal size decreased moderately from 13 km? to nearly 9 km?, with an increasing
spatial variability. The median population stock per municipality mcreased considerably
because of inherent processes of urban growth. Consequently, the median density of resident
population increased over time with an evident decrease in spatial variability The ‘Kallikratis’
spatial asset of local authorities resulted in a consolidation of prewous trends in municipal area
and population distribution, with larger municipal size (11.2 km? ) and resident population
(median per municipality) three-time higher than the precedent spatial asset.

Table 1
Municipal size, absolute population and population density in the Athens’
metropolitan region, by year (1928-2012)

No Mummpal size Absqlute population Population denS|ty

Year (km?) (inhabitants) (inh./km?)

municip. [ Median cv Median cv Median cv
1928 96 13.4 1.5 1,313 4.5 57 2.9
1940 103 12.0 1.6 2,231 4.1 140 2.2
1951 105 10.7 1.6 3,305 4.0 214 2.0
1961 109 10.5 1.6 5,503 3.4 331 1.7
1971 112 9.8 1.6 7,812 3.4 544 1.5
1981 115 9.5 1.6 10,100 2.9 637 1.4
1991 115 9.5 1.6 12,023 2.5 1235 1.3
2001 115 9.5 1.6 13,921 2.3 1401 1.3
2011 115 9.5 1.6 16,002 2.0 1717 1.2
2012* 59 11.2 1.7 46,897 1.3 6072 0.9

Statistical figures include median and CV, Coefficient of variation;
*indicates a time point referring to the ‘Kallikratis’ spatial asset.
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The empirical relationship between log (municipal size) and log (population density) in the
Athens’ metropolitan region was illustrated in Fig. 4 for the first and the last points in time
considered in this study, using the same spatial asset (‘Kapodistrias’ municipalities). The
relation was linear at the end of the study period (2011) and more scattered at the beginning of
the study period (1951).

Municipal size (log)
&
Municipal size (log)

Population density (log) - Population density (log)

Fig. 4 — A log-log scatterplot illustrating the relationship between municipal area
(‘Kapodistrias’ spatial asset) and population density, in 1951 (left) and 2011 (right),
in the study area

Table 2 reports the main results of a correlation analysis between log (municipal area) and log
(population density) or log (population stock) based on three (parametric and non-parametric)
correlation coefficients. As far as population stock is concerned, all tested correlations were
statistically not significant (p > 0.05) for all investigated years and correlation techniques,
possibly indicating a substantial independence between population size and municipal size (the
correlation coefficients are available on request). Concerning the population density, all
coefficients were characterized by a comparable pattern, increasing over time to a peak
observed at the end of the study period. All correlation coefficients were negative and
significant at p < 0.001.

Regressions indicate an increasing goodness-of-fit of the linear model predicting municipal size
on the base of population density (Table 3). Adjusted-R? increased over time from 0.25 to 0.87;
however, this increase followed a U-shaped pattern with the lowest value observed for 1971, in
parallel with the highest urban concentration in the study area (Salvati et al. 2016). Slope-to-
intercept ratio indicated a substantial break-point in the investigated time series during the
1970s, corroborating the results presented above. The regression results referring to the new
spatial asset (‘Kallikratis’) were in line with the earlier evidence, indicating a substantial
consolidation of previous trends in both slope and intercept. For instance, the rapid (negative)
increase of slope for ‘Kallikratis’ asset is in line with the less intense, long-term increases
observed since 1981 and paralleling the de-centralized metropolitan growth typical of the study
area.

Table 4 reports the percent improvement in goodness-of-fit (based on the adjusted R? metric)
of models predicting municipal size from population density that use polynomial functional
forms of variable grade from 2 to 6. Percent improvement in the R? goodness-of-fit using
different polynomial models was calculated separately for the two selected years (1951 and
2011) based on the same spatial asset of local municipalities. This time period was considered
rather homogeneous in term of mechanisms of urban growth and spatial structure. Although
modest increases were observed for both years — thus valldatlng a linear form between
municipal size and population density in the study area — the R? percent improvement was
systematically higher for all polynomial grades when applied to 1951 data than for 2011 data.

11
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This evidence is in line with the descriptive analysis, outlining a less scattered distribution of
observations in 2011 than in 1951.

Table 2
Correlation analysis (left) between municipal area (log) and absolute population (log)
or population density (log) using both parametric (Pearson) and non-parametric
(Spearman and Kendall) coefficients, by year (1928-2011)

Population density
Year Pearson Spearman Kendall
1928 -0.59* -0.54* -0.37*
1940 -0.66* -0.66* -0.46*
1951 -0.69* -0.71* -0.50*
1961 -0.73* -0.69* -0.49*
1971 -0.73* -0.69* -0.48*
1981 -0.75* -0.69* -0.48*
1991 -0.75* -0.73* -0.51*
2001 -0.77* -0.74* -0.53*
2011 -0.77* -0.74* -0.52*
2012 -0.94* -0.85* -0.71*

*significant at p < 0.05; **indicates a time point referring to the ‘Kallikratis’ spatial asset

Table 3
Results of linear regression (right) with municipal area (log) as dependent variable
and population density (log) as predictor in the Athens’ metropolitan region, by year
(1928-2011)

Year Intercept Slope Slope/interc | Adj-R? df Durbin-W.
1928 1.83(0.13) | -0.34(0.06) -0.18 0.25* 1,94 1.62
1940 2.06(0.13) | -0.41(0.05) -0.20 0.37** | 1;101 1.63
1951 2.14(0.12) | -0.42(0.04) -0.20 0.46** | 1,103 1.63
1961 2.12(0.11) | -0.40(0.04) -0.19 0.46** | 1;107 1.57
1971 2.14(0.11) | -0.39(0.04) -0.18 0.47** | 1;110 1.52
1981 2.22(0.12) | -0.40(0.04) -0.18 0.48** | 1,113 1.50
1991 2.42(0.12) | -0.45(0.04) -0.19 0.53** | 1;113 1.61
2001 2.56(0.13) | -0.49(0.04) -0.19 0.55** | 1;113 1.66
2011 2.60(0.13) | -0.49(0.04) -0.19 0.56** | 1;113 1.70
2012 3.98(0.14) | -0.79(0.04) -0.20 0.87* 1,57 1.70

Df — degrees of freedom; Durbin-W. — Durbin-Watson statistics;
Intercept’s and slope’s errors in brackets; Significant coefficient at
*p < 0.05 or **p < 0.001; The italics indicates data referring to the ‘Kallikratis’ spatial asset

. _ ) Table 4 "Grade 1951 2011
Per cent gain in the adjusted-R° goodness-of-fit > vs 1 51 0.2
of the relationship between municipal area and - -
population density with the use of polynomial 3vs2 4.4 1.4
equations of increasing grade following 4vs3 0.2 1.6
Kapodistrias spatial asset of local units 5vs4 3.6 0.5
(selected years: 1951 and 2011) 6vsh 0.8 0.1
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Discussion

Based on the inherent evolution of agglomeration factors, recent spatial changes in population
structures reflect distinctive urbanization processes occurring in several European large- and
medium-size cities, and causing a spatial (re)balancing of activities and population de-
concentration (Kasanko et al. 2006, Longhi and Musolesi 2007, Carlucci et al. 2017, Cuadrado-
Ciuraneta et al. 2017, Zambon et al. 2018). By investigating the latent relationship between
population density and municipal area in a European metropolitan region expanding in the last
60 years, our study has contributed to a multi-criteria assessment of optimal municipal size
(Serra et al. 2014, Zitti et al. 2015, Salvati et al. 2017, Pili et al. 2017). Under the assumption
that changes in municipal boundaries (with creation/suppression of new administrative units)
are associated with progressive adjustments toward a more balanced distribution of population
over space (Carruthers and Ulfarsson 2002), the relationship between municipal size and
population density was considered a proxy for services’ and infrastructures’ concentration
(Vallebona et al. 2016), since this relationship is functionally related with both population
concentration and land availability to building (e.g. Byrnes and Dollery 2002, Holzer et al. 2009,
Larsen and Hertwich 2010).

The empirical results presented in this paper suggest that municipal size has progressively
adjusted to population density, creating a more balanced spatial asset in the most recent
decades (Rees 1992). Urban concentration typical of the 1970s in the study area was likely the
condition that contributed the most to spatial variability and heterogeneity in the relationship
between municipal size and population density (e.g. Salvati et al. 2013), possibly influencing
the estimation of an optimal size for administrative local units, based on ex-ante criteria (Salvati
et al. 2015). Transformations in municipal boundaries with the creation (or suppression) of new
administrative units effectively reflect a progressive change toward a more balanced population
distribution over space (Salvati and Zitti 2005). Spatially-balanced socioeconomic conditions
seem to be a reasonable pre-requisite to an effective identification of optimal municipal size
according to place-specific criteria (Salvati and Carlucci 2016). Municipal size decreased
moderately over time with a slight increase in spatial heterogeneity; conversely, the average
population density per municipality increased more rapidly with an evident reduction in spatial
heterogeneity. The linearity and significance of the relationship between municipal size and
population density both increased over time, reaching the highest values in 2011 (under the
same spatial structure consolidated with the ‘Kapodistrias’ municipal asset) and reinforcing in
the following years, under the renewed ‘Kallikratis’ spatial asset of local government units.

Taken together, these conditions represent a base for the informed analysis of the spatial
structure of local administrative units and a pre-requisite for the identification of optimal
municipal size (Dhimitri 2018). In line with earlier studies (Salvati et al. 2016, Bharath et al.
2017, Prasanth Warrier and Praseeja 2017), this work demonstrates how a quantitative
analysis of the relationship between population density and municipal area, based on
descriptive statistics, multiple correlation coefficients and regression models, provides basic
knowledge for the identification of optimal municipal size, and it allows assessing the political
and planning targets that involve a more balanced spatial distribution of population and land
among local government units (Rose 2002, Zambon et al. 2017). Based on these empirical
findings, the optimal municipal size should be regarded as a non-linear and evolving notion
based on the intimate dynamics of the regional system under investigation. The use of dynamic
criteria to determine the optimal municipal size over time and space is relevant in rapidly-
expanding metropolitan regions and, more generally, in economically-dynamic contexts with
high residential mobility and re-location of activities into wider areas.

The policy implementations of the exploratory analysis developed in this work are grounded in

the mutual interaction between population distribution, urban concentration and municipal size,
with a specific focus on expanding metropolitan regions. The analysis proposed here was
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based on homogeneous indicators derived from official statistics over a long-time interval and
on simplified statistical techniques, whose results provide a knowledge base for improved
policies of local development and the sustainable planning of metropolitan districts in the light
of the ‘optimal municipal size’ theory. The empirical evidence of this study indicates that a
stronger integration between demographic, economic and political indicators is required to
achieve a more comprehensive picture of local administrative structures based on an enhanced
knowledge of the socioeconomic context differing among local communities. Further
investigation is required to shed light on the intimate relationship between the changing spatial
asset of local governance and the underlying socioeconomic transformations in progressively
more complex and fragmented metropolitan systems.

Conclusions

Both changes in municipal boundaries and the creation (or suppression) of new administrative
units reflect a progressive alteration toward a more balanced population distribution over
space. Municipal size is a key variable delineating the amount and spatial concentration of
services and infrastructures, being functionally related with population density, agglomeration
factors, land availability to building and a characteristic profile of local communities in
expanding metropolitan regions. The long-term relationship (1928-2012) between urban
expansion, population dynamics and municipal area in a growing metropolitan region (Athens,
Greece) was explored through a simplified statistical analysis of the relationship between
population density and municipal area, providing basic knowledge to policy and planning
adjustments toward a more balanced spatial distribution of population and land among the local
government units. Descriptive statistics, mapping, correlation analysis and linear regressions
were used to assess the evolution of such relationships over a sufficiently long time period and
they proved to be a comprehensive analytical framework for the investigation of spatially-
explicit issues associated with municipal size, population density and urban expansion. The
average municipal area in Athens decreased moderately over time with a slight increase in
spatial heterogeneity; conversely, the average population density per municipality increased
more rapidly with a marked reduction in spatial heterogeneity. The results specify that
municipal size has increasingly adjusted to population density across metropolitan regions,
determining a more balanced spatial distribution of the resident population. Such conditions
provide an improved knowledge base for a spatially-explicit analysis of local administrative
units and they justify an enriched, evidence-based discussion on the optimal size of
municipalities and administrative urban districts. Further studies should develop a comparative
analysis of municipal size under the changing socioeconomic conditions in different
metropolitan regions of advanced countries, with the aim to corroborate the hypothesis
formulated at the base of this work and to generalize the empirical findings of our study to
vastly different background contexts.
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