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Abstract: Mediterranean regions have experienced a shift from accelerated urban growth typical of
a post-industrial phase to a more recent spatial delocalization of population and economic activities
reflecting discontinuous settlement expansion, land take, and the abandonment of cultivated areas
around central cities. On the basis of a comprehensive analysis of land-use, settlement, and demographic
indicators, the present study explores urban growth and population density over a sufficiently long
time period in a metropolitan region of Southern Europe (Rome, Italy). Local-scale population trends
were compared with the evolution of the primary sector (workers in agriculture, number of farms,
cultivated land) between 1951 and 2011. Our results indicate non-linear growth waves alternating
compact and discontinuous expansion shaping fringe land. The future development of metropolitan
regions is increasingly dependent on the relationship between urban diffusion and economic viability
of peri-urban agriculture. Crop abandonment and land take rates increase in local contexts where
peri-urban agriculture rapidly declines. Policies managing ex-urban development and promoting the
recovery of fringe soils are increasingly required to contain the expansion of dispersed settlements and
preserve relict agricultural systems from land conversion to urban use.

Keywords: population density; low-density settlements; urban growth; Agro Romano

1. Introduction

Population growth in the last century contributed to discontinuous urban expansion in Europe [1],
and especially in traditionally compact settlements such as in Mediterranean countries [2-6]. For instance,
the urban population increased significantly in Mediterranean Europe (from 150 million people in 1970
to more than 310 million people in 2010), as a direct consequence of industrial and tourism development,
migration, and economic polarization in the most accessible, lowland districts [7-13]. Overcoming
a balanced population distribution around rural villages and head towns shaped by a millenary history,
Mediterranean cities have featured economic development with deregulated urban growth and the
(partial) abandonment of the agricultural sector on fringe land [14-20]. More recently, these regions have
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experienced a transition towards zero (or negative) population increase [21], reflected in the progressive
mismatch between urban expansion, demographic growth, and economic dynamics [22-28].

Spatially discontinuous, low-density residential settlements in peri-urban districts recently added
to compact-dense metropolitan structures in Southern Europe [29-31]. Biophysical factors (topography,
land availability, soil, climate, and the prevailing vegetation type) and contextual variables (economic
structure, social dynamics, land tenure, migration, and ineffective spatial planning) together contribute
to shaping the population dynamics in metropolitan regions [29,32-35]. Population growth has
widened the socioeconomic gap between coastal (advanced) areas and internal (disadvantaged)
districts, consolidating the urban—rural divide [36—42].

The recent history of Rome’s expansion was considered a paradigmatic example of the development
path characteristic of contemporary Mediterranean cities. The recent history of Rome also supports
the argument of an “individualized urban development”, as it portrays a city that keeps on growing
in a partly undesigned fashion, based on small-property development schemes and spontaneous
settlements with limited (or ineffective) expenditures for public infrastructure [43—46]. Accelerated
demographic dynamics in Central and Southern Italian regions have been crucial in determining the
rapid expansion of Rome, with internal migration being the most relevant factor of urban growth for
a very long time period in Italy [47].

An empirical analysis of population dynamics over the last century provides useful information
for understanding the recent evolution of Rome’s metropolitan area in relation to changes in the
use of peri-urban land, a traditional agricultural system called “Agro Romano’ [48-53]. The exercise
proposed in the present study provides a complete picture of Rome’s development based on the
analysis of population dynamics, land-use, and the agricultural sector over a sufficiently long time
period. Assuming that Rome’s expansion fuelled a socioeconomic divide in coastal and inland districts
typical of Mediterranean regions [54-56], sequential waves of densification and de-concentration
were identified as a result of new urban structures and the changing use of fringe land [16,57,58].
The empirical findings of this study were discussed in light of the current debate on the future
development paths of Mediterranean cities and the relationship with the surrounding districts.

2. Methodology

2.1. Study Area

The investigated area covers statutory Rome’s metropolitan area (5355 km?) corresponding to the
administrative province of Rome (Italian level) and the Nuts-3 prefecture of Rome (European level),
according to the Eurostat Nomenclature of Statistical Territorial Units. A total of 122 Nuts-3 municipalities
forming Rome’s metropolitan area were considered in this study, among which Rome’s municipality
extends 1285 km? (the largest municipality in Europe). Owing to its exceptional size, Rome’s municipality
was further divided into 115 local districts with a similar extent to the other municipalities of Rome’s
metropolitan area. The study area consists of nearly 30% lowlands (elevation < 100 m at the sea level),
50% uplands (100 m < elevation < 500 m at the sea level), and 20% mountains (elevation > 500 m at the
sea level), with the most fertile lowlands (the so-called ‘Agro Romano’ district) being situated within
the alluvial plain of the Tiber River. The climate is typically Mediterranean, with rainfall concentrated
mainly in autumn and spring, and a mild temperature in winter. The average long-term (1961-1990)
annual rainfall and mean daily temperature in Rome were 700 mm and 16 °C, respectively [59]. Despite
a relatively high human pressure, the original landscape typical of dry Mediterranean ecosystems was
preserved in several woodlots and mixed agro-forest patches (Figure 1).
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Figure 1. Spatial distribution of selected land use classes in the functional area of Rome, Central Italy
(source: Urban Atlas GMES Land Copernicus initiative).

2.2. Data Sources and Analysis Spatial Units

To assure full comparability of the selected statistical data over time, the spatial unit considered
in this study was the municipality (corresponding to the NUTS-5 level of the European Statistical
Nomenclature of Territorial Units), supplemented with urban districts ('suddivisioni toponomastiche’)
specifically for the central municipality of Rome. A total of 122 municipalities were considered in the
study area, including Rome’s municipality, in turn subdivided in 115 urban districts (the so called
‘suddivisioni toponomastiche’). Data on resident population were derived from the Italian Population
and Household Censuses held by Italian National Statistical Institute (ISTAT) approximately every
ten years between 1871 and 2011, collecting and computing data for a total of nine time points (1871,
1921, 1951, 1961, 1971, 1981, 1991, 2001, and 2011). Census data were supplemented with population
counts (2018) derived from the national population register held by ISTAT in collaboration with every
municipality in the study area. Population data at sub-municipal level (urban districts in Rome)
were provided by the statistical office of Rome’s municipality. Data on agricultural workers and total
workers were derived at the same spatial scale from the Italian National Censuses of Population and
Household held in 1951 and 2011 by ISTAT. Data on agricultural land-use were derived from the Italian
National Censuses of Agriculture held in 1970, 1982, 1990, 2000, and 2010 by ISTAT.

2.3. Data Analysis

Population density (inhabitants/km?) and percent share of population living in each spatial unit in
total population residing in the study area were calculated for each investigated year between 1871 and
2018. The percent share of workers in agriculture in total workforce recorded in each spatial unit was
mapped for 1951 and 2011 based on census data. Additional data characterizing the agricultural system in
the area (number of farms, total, and utilized agricultural surface area) were collected at five time points
(1970, 1982, 1990, 2000, and 2010). A visual representation of land-use change in the study area was finally
provided by analyzing two geo-referenced data sources (Touring Club Italiano map of land-use/land cover
dated 1960 and Corine Land Cover 2018 map) and mapping selected and homogeneous land-use classes
(compact and dispersed settlements, olive groves, vineyards, and arable land).
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A specific focus on coastal areas was carried out, focusing on the districts belonging to Rome’s
municipality that border the Tyrrhenian Sea. This analysis used official statistics and implemented
a visual interpretation of landscapes and human settlements based on aerial photographs taken from
Google Earth imagery. Population density and percent share of local population in total population
(study area level) were mapped by year and spatial unit. A hierarchical clustering (Euclidean distance
with Ward’s agglomeration method) was carried out to classify the studied years into a few groups
representing homogeneous demographic dynamics.

3. Results

3.1. Long-Term Demographic Dynamics

Using selected territorial partitions, demographic trends in Rome’s metropolitan area are illustrated
in Table 1 by analyzing the percent share of the local population in the total population of the study
area. The spatial distribution of population in 1871 reflected the uneven concentration of the population
in rural areas (72%) compared with downtown Rome (25%). The population was more scattered in
1951; downtown Rome concentrated 70% of the study area population. In the subsequent decades,
the percent share of population residing in downtown Rome declined moderately (57% in 1981) with
rural municipalities, becoming rather stable at 24%. At the same time, the role of peri-urban areas grew
rapidly (6% in 1951, 19% in 1981). Since the early 1980s, a progressive de-concentration of downtown
Rome was observed (39% in 2018), together with suburbanization (peri-urban areas concentrated 27% of
total population in 2018) and a slow recovery of rural municipalities (33% of total population in 2018).

Table 1. Percent share of resident population in total population of the Rome’s metropolitan area by
urban district.

District 1871 1951 1981 2018
Downtown Rome* 25.3 70.3 56.8 39.4
Rome’s fringe** 2.4 5.6 18.7 27.4

Rural(ring) municipalities*** 723 241 245 33.2

* includes the inner city (within the Roman Walls) and the surrounding urban districts; ** includes the fringe
districts within the boundaries of Rome’s municipality ('zone dell’agro’); *** includes all the municipalities of
Rome’s province excluding Rome.

Figure 2 illustrates the spatial distribution of population at three time periods in Rome. In 1871,
the population was concentrated in hilly and mountainous areas in the Apennines district; the coastal areas
host a restricted amount of the population, evidencing an imbalanced distribution of population along
the coastal-inland gradient. Demographic polarizations in internal and coastal districts reverted in 1951,
when Rome’s municipality hosted the largest proportion of population living in the metropolitan area.
In 2018, demographic polarizations consolidated, evidencing the role of peri-urban areas in attracting
population previously living in downtown Rome.

Figure 3 outlines the increasing demographic divide in coastal and internal districts of Rome’s
metropolitan area. Population size increased continuously between 1871 and 1981, being more stable
afterward in coastal districts. Internal districts experienced slow and moderate population increases in
1871-1951 and in 1951-2018, respectively.

Figure 4 illustrates the most relevant changes over time in population density observed for each
spatial unit between 1871 and 2018. The coastal districts in Rome experienced the highest population
pressure in the most recent time period. Diachronic maps of population density show the expansion of
Rome and the consolidation of residential sub-centers east of Rome between 1871 and 1951. In the
early 1950s, the central city occupied the flat area bounded by Rome’s ring road, with density rates
systematically higher than 500-1000 inhabitants/km?. In the most recent decades, urban expansion
intensified in the coastal districts south and west of Rome. The largest part of the study area was
classified at high population density (>500 inhabitants/km?) in 2018 and less than 20 spatial units (out
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of 236 municipalities and urban districts) host less than 100 inhabitants/km?. A hierarchical clustering
(Euclidean distances, Ward’s agglomeration rule) developed with the aim to identify similarities in
local-scale population trends along the study period identified two main clusters (1921-1951 and
1961-2018) with one outlier (1871). This partition outlines the spatial coherence of urbanization
processes in the aftermath of World War II in Rome, evidencing a more fragmented and spatially
heterogeneous developmental path before 1951 (Figure 5).
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Figure 2. Spatial distribution of resident population (percent share of population residing in each
spatial unit in total population of Rome’s metropolitan area) by year.
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Figure 3. Total resident population (left) and percent share of the resident population (right) in the
total population by district in Rome’s metropolitan area, 1871-2018.
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Figure 4. Demographic density (inhabitants/km?) in Rome’s metropolitan area, 1871-2018.
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Figure 5. Hierarchical clustering (Euclidean distances, Ward’s agglomeration rule) describing similarities
in population dynamics over time in Rome’s province.

3.2. Urban Expansion, Land-Use, and Agriculture

The evolution of farms and cropland in Rome (Table 2) was investigated over the last 40 years
(1970-2010). In general, the decline in farms and cultivated land was rapid at both the regional and local
scales. In Rome’s municipality, total agricultural area declined from 1033 km? in 1970 to 704 km? in
2010, and the same trend was observed for the utilized agricultural area (decreasing from 847 km? in
1970 to 536 km? in 2010). The number of farms decreased from nearly 5000 units (1970) to 3000 units
(2010). The average farm size was rather stable over time in Rome’s municipality (16-17 ha) and slightly
lower in the metropolitan area and the administrative region, with a value higher than those recorded
in the metropolitan region as a whole (around 5-8 ha). The percent share of utilized agricultural area
in total agricultural area, taken as a proxy of crop intensity, decreased in Rome (from 82% to 76%),
while increasing moderately in the metropolitan area (from 68% to 71%). These findings reveal a latent
process of agricultural intensification at the regional scale and a reverse process of extensivation at
the local scale. The percent share of total agricultural area in the total investigated area decreased at
both spatial partitions; the highest decline was found in Rome’s metropolitan area (85% in 1970, 47%
in 2010). Rome’s municipality destined 46% of total land to agriculture in 2010. This value confirms
the importance of cropland as a buffer zone containing urban growth and connecting natural with
semi-natural environments.
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Table 2. Selected variables describing the agricultural system in the study area by years, 1970-2010.

Area 1970 1982 1990 2000 2010
Average farm size (ha)
Rome municip.* 16.6 13.7 13.0 19.9 17.6
Rome metrop.** 4.6 3.9 3.7 3.7 8.1
Agricultural utilized area in total agricultural area (%)
Rome municip.* 82.0 81.8 78.4 74.0 76.1
Rome metrop.** 67.5 73.0 71.6 69.0 70.6
Total agricultural area in total land area (%)

Rome municip.* 68.9 61.9 54.7 43.3 46.9
Rome metrop.** 84.5 68.8 64.7 51.9 46.5

* includes the municipalities of Rome and Fiumicino; ** encompasses the boundaries of the metropolitan area of
Rome (NUTS-3 level of the Eurostat territorial statistical classification).

Figure 6 illustrates the spatial distribution of the workers in the primary sector in 1951 and 2011 in
the study area. Despite urban transformations and important changes in local job markets during the
study period, some municipalities and districts maintained a moderate specialization in agriculture
along both the coastal area (mainly north of Rome) and the Apennine mountain chain. Figure 7 outlines
basic landscape transformations along a relatively long time period (1960-2018). Urban settlements
expanded in a mostly chaotic fashion around Rome. Discontinuous-dispersed settlements increased
more than compact-dense settlements. Urban expansion led to more fragmented rural landscapes.
Landscape homogeneity characterizing rural areas in 1960 (with concentration of garden crop and
arable land in lowland and vineyards/olive groves in uplands) was less evident in 2018. Spatial clusters
of specialized crop (vineyards and, in part, arable land) disappeared (or reduced strongly) because of
discontinuous urban expansion; an example is the huge decline of vineyards in the traditional vine
district of “Castelli Romani’, south-east of Rome.
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Figure 6. Percent share of workers in agriculture in total workers, Rome’s metropolitan area (left: 1951;
right: 2011).
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Figure 7. Long-term land-use changes in the study area (left: 1960; right: 2018).

3.3. An Example of Recent Spatial Dynamics in Coastal Districts

Figure 8 illustrates the basic characteristics of residential settlements in the coastal district of
Rome’s municipalities, providing an example of the landscape interface with rural areas. Along the
Tyrrhenian Sea coast in Rome’s municipality, settlement morphologies were typically mixed and
the physical interface between discontinuous urban fabric and cropland was frequently indistinct.
Consolidated medium-density settlements leave big or mid-size plots devoted to agriculture and
now abandoned. Management of these urban voids, originally productive and now completely
unused, is an increasingly hard task. Recent population dynamics (2006-2018) in 19 coastal districts
(bordering the Tyrrhenian Sea) of Rome’s municipality (Figure 9) indicates that the largest expansion
of discontinuous settlements was observed in districts where the share of the young population in
the total population was the highest. These findings suggest the role of demographic structure by
age in local-scale population growth and urban expansion. A young population reflects increasing
housing needs and the accelerated demand for infrastructure that leads to further land consumption
and cropland abandonment in more accessible flat districts. This process may aliment a downward
environmental spiral, driving long-term land take, and a progressive decline of ecosystem services in
peri-urban areas.
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(d)

Figure 8. Aerial photographs illustrating a few examples of peri-urban landscapes in Rome (significant
place’s names are included); (a) industrial settlements at the cropland-forest fringe, (b) discontinuous
coastal settlements, (c) pre-existing rural settlements in a mixed agricultural landscape, (d) data source:
Google Earth imagery (2018).
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Figure 9. The relationship between population growth (%, 2006-2018) and the percent share of young
population (age < 12 years) in total resident population of 19 coastal districts of Rome’s municipality.

4. Discussion

Going beyond the classical debate on urban cycles and metropolitan growth [2,32,60-62], the present
study proposed a re-contextualization of long-term development paths in Rome with a focus on the
increased population divide between coastal and inland districts and the consequent pressures on rural
systems. Being applied to the representative case for the Mediterranean region, an operational approach
to complex urban dynamics was proposed as based on a simplified analysis of official statistics, maps,
and aerial photographs aimed at providing a knowledge base that informs alternative scenarios for future
development of peri-urban districts and agricultural landscapes [63—66]. Rome’s growth was evaluated
along the last 150 years, focusing on population dynamics and the progressive decline of agriculture.
The empirical findings of this study indicate coherent trends on a regional and local scale. At the regional
level, sequential waves of urbanization (growth of compact-dense settlements) and suburbanization
(expansion of low-density, dispersed settlements) altered the spatial distribution of population in distinct
(urban and rural) growth poles, alimenting the divide in coastal and inland districts. These processes
have impacted the rural system, especially in coastal Rome; the agricultural system typical of the ‘“Agro
Romano’ was progressively destroyed (or altered significantly), causing the uneven decline of farms
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and cultivated land [67]. At the same time, the slight recovery observed in 2010 for both farms and the
overall size of cultivated land is a positive signal that should be monitored further. As a matter of fact,
this landscape preserves one of the most important remnants of the “Agro Romano’ directly connected
with relict forests, that is, the Castelporziano-Castelfusano-Capocotta estate placed in-between Rome
and the Tyrrhenian Sea [16,48,68].

Although spatially continuous and dense urban expansion may sometimes determine negative
externalities (e.g., pollution, congestion, scarcity of green spaces), benefits of the ‘compact city’ paradigm
have been clearly identified [69]. Compact settlements were recognized as land-saving, causing less
impact on traditional landscapes and agricultural systems than dispersed settlements [24,70,71].
With compact and continuous urban expansion, the intimate relationship between inner cities and rural
surroundings is regulated by the metropolitan hierarchy organized along the urban gradient [72,73].
This gradient results in a polarized land-use structure and distinct functional roles for urban and rural
areas [74-78]. Local-scale population dynamics in the study period preceding World War II in Rome
are coherent with these assumptions.

5. Conclusions

Urban diffusion has been demonstrated to drive land-use changes, transforming population density
gradients into a sort of ‘metropolitan continuum’, with increasing rates of land take [45]. Recent population
dynamics and the consequent processes of cropland abandonment and agricultural fragmentation in
Rome are in line with this framework. The empirical results of this study suggest that population decline
in downtown Rome and accelerated expansion of sub-centers have stimulated a subtle re-organization of
rural spaces, with increasing landscape fragmentation and the partial disappearance of traditional crop.
The agricultural traits of such landscapes were progressively lost [79,80]. The negative externalities of
dispersed urban expansion include the amplification of urbanization-driven problems (soil sealing, local
warming, air and water pollution) and an increased risk of land degradation, drought, and wildfires [81,82].
Similarly to other Mediterranean contexts, these externalities alimented a downward environmental
spiral in Rome [83,84] that can be more difficult to contrast if a land planning strategy specific for the
study area will be not defined and applied in a sufficiently short time [85-87]. Such a strategy should be
also coherent with more general policies for sustainable development at the regional and country scale.

It was argued how metropolitan systems reflecting economic polarization and socially divided
local communities require strategic interventions that allow a greater level of spatial cohesion, economic
competitiveness, and environmental sustainability [88]. The results of the present study suggest that
an unbalanced population distribution over space determines a local context more prone to land
consumption and agricultural abandonment in Mediterranean environments [88,89].

Measures of sustainable urban development should promote the concentration of residential
settlement along already developed spatial directions and in local contexts with low-quality soils [90],
preventing the uncontrolled expansion of residential/service settlements in fertile buffer zones with
agricultural and natural ecosystems [91]. In these regards, the integral conservation of traditional
agricultural systems is a particularly important task of policies enhancing economic viability and
touristic attractiveness of buffer zones around large- and medium-size cities [92].
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