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Abstract: - This paper investigates long-term land-use changes in peri-urban Rome (1500 km2) over sixty years 
(1949-2008) as a contribution to the study of landscape form and composition. The investigated region is a 
paradigmatic example of an originally compact urban landscape progressively transformed into a more 
dispersed urban form, with high-quality agricultural areas and pristine forests (including the Castelporziano 
presidential estate) still preserved along the urban fringe but endangered by forest fires, urban sprawl and 
increasing human pressure. Changes in the distribution of nine land-use categories have been determined and 
diachronic relationships among them deeply explored in the investigated area. Results illustrated in this study 
indicate a substantial similarity in the processes of land-use changes observed in the peri-urban area of Rome 
during the last sixty years. The main trends include (i) agricultural land abandonment (arable land, pasture and, 
partly, vineyards) followed by urbanization (either in compact and dispersed forms of settlements), (ii) 
deforestation in the first time period followed by woodland re-colonization and overall increase during the most 
recent years and, finally (iii) crop intensification and rural landscape simplification. Conversion probability to 
impervious land was found high only for defined cover classes over the whole period, including arable lands, 
pastures, annual cultivations, and vineyards. Notably, these classes were found strictly associated to the urban-
rural interface in the Mediterranean landscape. The implications of land-use changes for policies aimed at 
protecting the fragile woodland ecosystem around large Mediterranean are discussed in the light of planning 
strategies for the containment of urban diffusion. 
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1 Introduction 
Population grew rapidly in southern Europe 
consolidating the gap between urban and rural 
regions (1). Economic growth, urban development, 
and massive population increased during the 1960s 
and 1970s, and contributed to the subsequent 
process of deconcentration observed since the early 
1980s in several Mediterranean cities (2; 3; 4; 5; 6). 
However, long-term land-use changes have been 
poorly documented in large peri-urban regions of 
southern Europe (7; 8; 5; 9; 10).  
Recent studies have illustrated, usually over a 
restricted observation period, the rate of land 
consumption, especially of the agricultural land 
surfaces, and the loss of semi-natural vegetation and 

woodlands (11; 12; 13; 14; 15; 16). Although land-
use trajectories are mainly determined by the 
underlying dynamics of urban expansion, other 
landscape transitions can be investigated. Just to 
provide an example, the loss of surface areas 
originally devoted to arable lands, pastures and 
vineyards is probably the most visible landscape 
transition in Mediterranean peri-urban regions. 
However, a subtle phenomenon of simplification of 
the rural landscape is also active and should be 
monitored in depth (17) since peri-urban regions are 
progressively losing their traditional landscapes rich 
in biodiversity and culture (18; 19; 20; 21; 22). 
This paper investigates long-term land-use changes 
in peri-urban Rome (1500 km2) over sixty years 
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(1949-2008) as a contribution to the study of 
landscape form and composition. The investigated 
region is a paradigmatic example of an originally 
compact urban landscape progressively transformed 
into a more dispersed urban form, with high-quality 
agricultural areas and pristine forests (namely the 
Castelporziano estate) still preserved along the 
urban fringe but endangered by forest fires, urban 
sprawl and increasing human pressure (11; 23). 
Changes in the distribution of nine land-use 
categories have been determined and diachronic 
relationships among them deeply explored in the 
investigated area. The implications of land-use 
changes for policies aimed at protecting the fragile 
woodland ecosystem around large Mediterranean 
are discussed in the light of planning strategies for 
the containment of urban diffusion. 
 
2 Methods 
 
2.1 Study area 
Rome, one of the largest urban regions in the 
northern Mediterranean basin, has been considered 
in this paper as the study site. The investigated area 
encompasses the boundaries of the municipalities of 
Rome and Fiumicino (1500 km2) and is 
characterized by a complex topography consisting 
of nearly 70% lowlands and 30% uplands. Although 
urban areas occupy an important (and increasing) 
part of the region, the majority of the prefecture’s 
area still consists of forests, pastures, and cropland. 
Despite degraded by summer fires and the 
exceptional human pressure caused by the closeness 
to Rome, the original forest vegetation is still 
preserved in some strands of Castelporziano coastal 
flat oakwood. Industrial areas were traditionally 
located in the eastern part of the ‘Agro Romano’ 
lowland close to the city of Rome while traditional 
rural areas are more abundant in the western part of 
the prefecture. The climate is typically 
Mediterranean, with rainfall concentrated in autumn 
and spring and mild temperature in winter. The 
average long-term annual rainfall and mean daily 
temperature in Rome were 700 mm and 16°C 
respectively. However, an important decrease in 
rainfall coupled with growing temperature was 
recorded in the last years (24). 
 
2.2 Cartographic data 
Land-use data were obtained from the elaboration of 
four compatible digital maps referring to the Corine 
Land Cover (CLC) classification system: (i) the 
IGM topographic map scaled 1:25000 and produced 
in 1949, (ii) the ‘Agricultural and forest map of 

Rome region’ scaled 1: 50000 and produced by the 
prefecture authority of Rome in 1974 (LCM74), and 
two maps scaled 1: 25000 and respectively dated 
1999 (LCM99), and 2008 (LCM08). LCM99 is a 
land cover map produced by the Regional Authority 
of Latium region with a minimum mapping unit of 1 
hectare and a coverage of 17203 km2. The map was 
derived from digital ortho-photo interpretation 
(Terraitaly - IT2000, 1998-1999, 1 meter pixel) and 
projected in UTM 33 ED50. LCM08 is an original 
land cover map acquired by photo-interpretation of 
digital ortho-images released from the Italian 
National Geoportal (Italian Ministry for 
Environment, Land and Sea) with a 0.5 meters pixel 
related to 2008 and projected in UTM33 WGS84. 
The land cover classification system is based on 
twelve classes with a minimum mapping unit of 1 
hectare. Since the land cover classification system 
used in the three maps is comparable, land-use 
categories were reclassified (sensu 25) into nine 
classes (see Table 2). The surface area of each land-
use class was calculated and assigned to each spatial 
domain on the basis of the ‘intersect’ tool provided 
by the ArcGIS software (24). The soundness of 
these figures has been checked by comparison with 
independent statistical and cartographic data derived 
from (i) the National Censuses of Agriculture, 
Population, and Buildings, (ii) the CORINE-like 
land cover map produced on the behalf of the 
LACOAST project which covers the coastal area of 
Rome province and refers to 1975 (26) and finally, 
(iii) the land-use maps of Italy respectively prepared 
by the Milizia Forestale Italiana in 1938 and 
Touring Club Italiano in 1960. 
As far as settlement density is concerned, since the 
early 1990s, the National Institute of Statistics of 
Italy (ISTAT) has developed Geographic 
Information Systems (GIS) which comprise digital 
databases supporting census operations. These 
databases consist of digital cartographical data 
which have been produced through aerial 
photograph processing. The digital data have been 
converted to the corresponding analogical diagrams 
at 1:25000 scale in urban areas and 1:50000 scale in 
rural areas. The information available in these 
databases include a vector map covering the whole 
investigated area with the geometry of thousands 
enumeration districts corresponding to 3-5 building 
blocks in urban areas (27). The surface area of each 
enumeration district polygon was calculated by way 
of the relevant ArcGIS ‘Spatial analyst’ tool (ESRI 
Inc., Redwoods, USA). 
 
2.3 Statistical analysis 
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The land-use composition observed in Rome by 
selected years (1949, 1974, 1999, 2008) at each 
spatial domain was calculated as the percentage of 
the surface area of each class on the total surface 
area. Selected relationships between different land-
use classes was checked by pair-wise non 
parametric correlations (Spearman rank test) carried 
out between the percent surface cover of the twelve 
classes observed at each investigated time. After 
Bonferroni correction for multiple comparisons, 
significance was tested at p < 0.001. The density of 
buildings was calculated in 1945, 1961, 1971, 1981, 
1991, and 2001 using the data collected in the 
framework of the Censuses of Population and 
Buildings, carried out by the national statistical 
authority. The building density was, then, calculated 
over time at each enumeration district. Eight 
building density classes have been considered here: 
(i) no buildings, (ii) 0 – 0.5 buildings per hectare, 
(iii) 0.5 – 1 buildings per hectare, (iv) 1 – 2 
buildings per hectare, (v) 2 – 5 buildings per 
hectare, (vi) 5 – 10 buildings per hectare, (vii) 10 – 
50 buildings per hectare, and (viii) > 50 buildings 
per hectare. The total surface area corresponding to 
each density class was calculated by summing the 
surface area of each enumeration district classified 
within that class. 
 
3 Results 
Rome's urban expansion have shifted from 
settlement compactness to dispersion in the last 
thirty years (Figure 1). The compact form of the city 
was evident in 1949 while settlement dispersion 
increased rapidly from 1974 with exurban 
development invading the peri-urban fringe around 
Rome. Covering more than 69% of the investigated 
area, arable land decreased by 17.7% between 1949 
and 1974 (Table 2) and the rate of decrease 
maintained relatively stable in the following time 
periods (Figure 2) leading to only 44.1% of the 
study area in 2008. Conversely there has been a 
progressive increase of the impervious land 
(amounting to the 6.6% and 27.5% of the 
investigated land in 1949 and 2008, respectively) as 
a result of urban expansion. 
Reflecting a change in economic activities and, in 
particular, the abandonment of forestry and agro-
pastoral activities, pastures increased by 8.2% 
between 1949-1974 while showing a decrease in the 
subsequent years. The vineyards decreased slightly 
over time (composing 2.4% and 1.3% of landscape 
in 1949 and 2008, respectively), while olive groves 
increased lightly. The abandonment of forestry and 
agro-pastoral activities favoured the natural 
vegetation growth allowing the woodland class to 

remain stable over time and offsetting the effects of 
the impervious land increase.  
This increase reflects the rise in the building density 
whose spatial distribution is shown in Figure 3 for 
the period between 1945 and 2001. The first two 
density classes are those prevailing throughout the 
period (Table 3), but the first one (no buildings) 
decreased over time (from 39.6% in 1945 to 22.2% 
in 2001) possibly indicating a progressive 
fragmentation of natural landscape due to settlement 
and infrastructure expansion. Classes representing 
higher building density increased quite 
homogeneously: just to provide paradigmatic 
examples, the second class by density rose from 
36% in 1945 to 55% in 2001, the fifth class rose 
from 0.9% in 1945 to 7.3% in 2001 and the sixth 
class rose from 0.5% in 1945 to 4.4% in 2001. The 
resulting urban footprint observed in 2010 reflects a 
very fragmented and dispersed urban form (Figure 
4) with implications on landscape quality and 
fragmentation at the fringe. 
 
4 Discussion 
While land-use changes in peri-urban regions are 
becoming a crucial issue in the European policy 
agenda, efforts aimed at assessing sprawl at 
different spatial levels should be intensified (28) 
through the integrated use of different data sources 
capable to provide spatio-temporal trends in urban 
expansion (29; 2; 30; 6; 31). The present study 
contributes to the analysis of the urban expansion of 
a large Mediterranean urban region shifting from a 
compact and mono-centric form to a more dispersed 
and polycentric spatial organization. 
Results illustrated in this study indicate a substantial 
similarity in the processes of land-use changes 
observed in the peri-urban area of Rome during the 
last sixty years. The main trends include (i) 
agricultural land abandonment (arable land, pasture 
and, partly, vineyards) followed by urbanization 
(either in compact and dispersed forms of 
settlements), (ii) deforestation in the first time 
period followed by woodland re-colonization and 
overall increase during the most recent years and, 
finally (iii) crop intensification and rural landscape 
simplification. Conversion probability to impervious 
land was found high only for defined cover classes 
over the whole period, including arable lands, 
pastures, annual cultivations, and vineyards. 
Notably, these classes were found strictly associated 
to the urban-rural interface in the Mediterranean 
landscape (32; 33; 34). 
Overall, the traditional land-use segregation 
observed in peri-urban regions (urban areas, 
cropland, forests) and depending on the distance 
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from the main urban pole (35) has been altered in 
Rome producing a 'disordered' landscape, with no 
evident spatial hierarchies and structures, mainly 
depending on socioeconomic factors rather than on 
bio-physical factors like climate and soil quality 
(36). Especially during the last decade, the demand 
for land conversion to urban uses moved 
progressively far from the city centre and impacted 
different land-use classes (e.g. 37). This process 
may alter irreversibly the traditional landscape 
pattern of the 'Agro Romano' lowland and reduces 
the surface area of high-quality cover classes. 
Contrasting the recent changes in the ‘landscape 
gradient’ described earlier, high-naturality areas like 
Castelporziano woodlands situated in the southern 
part of Rome's municipality may act as a buffer 
zone containing dispersed urban expansion and 
mitigating landscape conversion to low-quality uses. 
In order to be really effective, urban and regional 
planning should recognize the role of relict habitats 
(forests, pastures and 'mosaic' agricultural land) 
around Castelporziano as a key buffer zone 
maintaining the environmental quality of 'Agro 
Romano' lowland and protecting the relict forest of 
Castelporziano from land degradation. 
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Table 1. Demographic characteristics of the investigated area by selected year. 

 

 1951 1981 2011 

Land surface (km2) ----------------------1499 ----------------------- 

Population density (inhabitants km-2) 1002 1895 1874 

Population annual growth (%) 2.8 0.4 0.1 
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Table 2. Landscape composition and land-use changes (1949-2008) observed in Rome by selected year and 
period. 

 

Land-use class 
Landscape composition (%) 

 

Land-use change (%) 

1949 1974 1999 2008   1949-1974 1974-1999 1999-2008 

Arable land 69.2 51.6 46.7 44.1 

 

-17.7 -4.9 -2.6 

Crop mosaic 1.8 3.3 1.3 2.1 

 

1.5 -2.0 0.8 

Vineyards 2.4 2.3 1.3 1.3 

 

-0.1 -1.1 0.0 

Olive groves 0.4 1.0 1.0 1.2 

 

0.6 0.0 0.1 

Woodlands 11.2 10.2 11.8 11.9 

 

-1.0 1.6 0.1 

Pastures 6.1 14.3 8.1 8.0 

 

8.2 -6.2 -0.1 

Impervious land 6.6 14.9 25.9 27.5 

 

8.3 11.0 1.6 

Urban parks 1.6 1.7 3.2 3.3 

 

0.1 1.5 0.1 

Water bodies 0.7 0.7 0.7 0.7   0.0 0.0 0.0 
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Table 3. Land developed at different classes of building density in Rome urban area by year and density class 

(see text for details about class numbering). 

 

Density class 
Land composition (%) 

1945 1961 1971 1981 1991 2001 

1 59.6 41.4 32.8 26.9 23.0 22.2 

2 36.5 49.6 53.1 54.5 55.6 55.3 

3 1.3 2.4 3.2 3.9 4.0 4.0 

4 0.9 2.1 3.1 4.4 4.8 5.1 

5 0.9 2.3 4.1 5.5 6.8 7.3 

6 0.5 1.6 2.6 3.5 4.1 4.4 

7 0.2 0.6 1.1 1.4 1.6 1.7 

8 0.0 0.0 0.0 0.0 0.0 0.0 
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Figure 1. Urban growth of Rome in selected years (1949, 1974, 1999, 2008). The investigated area 

encompasses the municipality boundaries of Rome and Fiumicino. 
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Figure 2. The relationship between land composition recorded in the study area in year t and year t+1 by land-

use class. 
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Figure 3. Density of buildings (per km2) in Rome urban area from 1945 to 2001. 
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Figure 4. Urban footprint observed in 2010 in Rome urban area (black indicates settlements mainly classified 

with residential use, grey indicates settlements primarily classified with service and industrial use). 
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