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The study area also includes important infrastructures, such as the “Leonardo Da 
Vinci” Airport (located in Fiumicino) and the harbor of Civitavecchia, which are con-
nected to each other and to the city of Rome by a highway (A-12), a consular road (Via 
Aurelia SS1), and a railway (FL5 regional line), incentivizing urban development that is 
mainly linked to commuter movement. There is also a significant presence of coastal ur-
ban settlements that were built in the early 1970s to meet the demands of the seaside tour-
ism sector linked to the city of Rome. 

A polygon of administrative boundaries of the investigated municipalities was used 
for classification. We also considered a buffer of 20 m from the coastline, including the 
harbor areas. 

 
Figure 1. The geographic location of the five municipalities. In the bottom left: location of the survey 
area in central Italy, the area of interest (AOI) is highlighted in yellow. 

2.2. Satellite Data 
The choice of Landsat satellite images is impacted by the availability of a wide tem-

poral coverage (1984–present) at a high and constant resolution (30 m). The images used 
in the present study are derived from surface reflectance data from Landsat-5 TM (1985, 
1990, and 1995), Landsat-7 (2000, 2005, and 2010), and Landsat-8 OLI (2015 and 2020). The 
images have been imported as image collections in the GEE code editor. For each year of 
study, the data from all images surveyed in the phase of maximum vegetative vigor (from 
05/01 to 09/30) were masked from the cloud through the quality assessment band and 
aggregated, resulting in a single median image using the reducer function of GEE. This 
time window coincides with the summer period, characterized by low levels of cloudiness 
in the survey area. Furthermore, this period falls in the deciduous trees’ maximum vege-
tative vigor phenological phase, avoiding the misclassification of forested areas. Different 

Figure 1. The geographic location of the five municipalities. In the bottom left: location of the survey
area in central Italy, the area of interest (AOI) is highlighted in yellow.

The study area also includes important infrastructures, such as the “Leonardo Da
Vinci” Airport (located in Fiumicino) and the harbor of Civitavecchia, which are connected
to each other and to the city of Rome by a highway (A-12), a consular road (Via Aurelia SS1),
and a railway (FL5 regional line), incentivizing urban development that is mainly linked to
commuter movement. There is also a significant presence of coastal urban settlements that
were built in the early 1970s to meet the demands of the seaside tourism sector linked to
the city of Rome.

A polygon of administrative boundaries of the investigated municipalities was used
for classification. We also considered a buffer of 20 m from the coastline, including the
harbor areas.

2.2. Satellite Data

The choice of Landsat satellite images is impacted by the availability of a wide tem-
poral coverage (1984–present) at a high and constant resolution (30 m). The images used
in the present study are derived from surface reflectance data from Landsat-5 TM (1985,
1990, and 1995), Landsat-7 (2000, 2005, and 2010), and Landsat-8 OLI (2015 and 2020). The
images have been imported as image collections in the GEE code editor. For each year of
study, the data from all images surveyed in the phase of maximum vegetative vigor (from
05/01 to 09/30) were masked from the cloud through the quality assessment band and
aggregated, resulting in a single median image using the reducer function of GEE. This time
window coincides with the summer period, characterized by low levels of cloudiness in
the survey area. Furthermore, this period falls in the deciduous trees’ maximum vegetative
vigor phenological phase, avoiding the misclassification of forested areas. Different dataset
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Figure 6. Land cover classification by RF algorithm. Years: 1985, 1990, 1995, and 2000. LC classifica-
tions were sieved in QGIS, threshold = 5 pixels, 4-bit connectivity. 

Figure 6. Land cover classification by RF algorithm. Years: 1985, 1990, 1995, and 2000. LC classifica-
tions were sieved in QGIS, threshold = 5 pixels, 4-bit connectivity.
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Figure 7. Land cover classification by RF algorithm. Years: 2005, 2010, 2015, and 2020. LC classifica-
tions were sieved in QGIS, threshold = 5 pixels, 4-bit connectivity. 

The presence of a widespread wooded area in the inner hilly margins can be ob-
served, growing over the years. Important expansions are also appreciable in the “Urban” 
classification class, with consolidation and expansion of historical centers being more ac-
centuated in the areas that are close to the coast and generally in the proximity of the major 
roads and rail axis. This can be deduced from a constant reduction in ”Permeable Land” 
areas, mainly within the municipalities of Cerveteri, Ladispoli, and Fiumicino. No water 
bodies of a significant extent were detected in the surveyed areas. 

3.5. Land Cover Change 1985 ÷ 2020 
Based on the classifications that have been described in the previous section, and 

evaluating the changes in all of the land use classes, maps of the LCc were produced (Fig-
ures 8–11), with particular reference to urban expansion dynamics (Figures 12–14), for 
each sampling year. From 1985, the LC changes to the “Urban” class were considered to 
be stable in all of the subsequent classifications, until 2020, once they were detected. Other 
changes that were detected for the “Urban” class (i.e., from “Urban” to any of the other 
LC class) were considered to be a misclassification. Considering the dynamic of urban 
expansion and the geometric resolution of the Landsat images, a reverse trend from “Ur-
ban” to other classes has to be considered unlikely. 

The LCc analysis (Table 9) shows a significant increase in the study area of the “Ur-
ban” and “Woodland” classes over the 35 years that were considered, at the expense of 
the “Permeable Areas” class, followed by the less marked LCc transitions from “Wood-
land” to “Permeable Areas” and to “Urban”, and from “Urban” to “Permeable Areas.” 
Changes related to the “Water Bodies” class were less significant, due to their small 

Figure 7. Land cover classification by RF algorithm. Years: 2005, 2010, 2015, and 2020. LC classifica-
tions were sieved in QGIS, threshold = 5 pixels, 4-bit connectivity.
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Focusing on Civitavecchia and Santa Marinella (Figure 9) municipalities, a significant 
urbanization process has been detected in these areas at the expense of the “Permeable 
Areas” class, especially nearby to the coastline and along the “Aurelia” (SS1) consular 
road. A significant development of the built environment in the northernmost part of the 
Civitavecchia urban center can be noticed, resulting in a dense industrial agglomeration. 
The urbanization process has also characterized the municipality’s inner part and the sub-
urbs, with the construction of a hospital and new residential neighborhoods, respectively. 
On the other hand, in the hinterland’s hilly areas, widespread reforestation processes can 
be noticed, with a significant development of the “Woodland” class at the expense of the 
“Permeable Areas” class, especially in the high-slope areas. The sprawling phenomena in 
the hilly hinterland are mainly related to isolated residential settlements. 

 
Figure 9. Variation and dynamics of LC within the Civitavecchia and Santa Marinella municipalities 
for the total time span (1985 ÷ 2020), sieved image at a threshold of 10 pixels, 4-bit connectivity. 

In Cerveteri and Ladispoli (Figure 10), an important expansion of urban centers be-
side the main transportation lines (road and railway) can be observed, with a dense ex-
pansion of a mixed urban–-industrial zone in the proximity of the Ladispoli railway sta-
tion. An important urban expansion can be noticed in the minor villages of the two mu-
nicipalities that have been mentioned above (Marina di Cerveteri and Marina di San Ni-
cola), with newly built-up areas of an exclusively residential type. An intense, sprawling 
phenomenon can be observed in the hinterland zones and far from the inhabited centers, 
involving flat areas with an agricultural vocation. At the same time, an increase in the 
“Woodland” areas can be appreciated, involving the internal areas in a widespread man-
ner. There are no major land use changes in the marginal areas, with large areas being 
covered by vegetation. 

In the Fiumicino area (Figure 11), significant urbanization processes can be noticed 
at the expense of the “Permeable Areas” class, especially in the coastal residential zones 
(Fregene and Focene) and in the areas close to “Leonardo Da Vinci” Airport. Here, signif-
icant urbanization phenomena are linked to the development of both industrial and resi-
dential areas. Moreover, meaningful sprawling processes can be observed in the areas be-
hind the historic center of Fiumicino. However, the area still keeps an extended zone with 

Figure 9. Variation and dynamics of LC within the Civitavecchia and Santa Marinella municipalities
for the total time span (1985 ÷ 2020), sieved image at a threshold of 10 pixels, 4-bit connectivity.

Figure 10. Variation and dynamics of LC within the Ladispoli and Cerveteri municipalities for the
total time span (1985 ÷ 2020), sieved image at a threshold of 10 pixels, 4-bit connectivity.


