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Abstract 

Balancing urban growth and natural resource availability has been recognized as the main challenge of the 21st cen-
tury from the strategic documents adopted by the recent World Summits. Agenda 21 advocates sustainable land use, 
as soil is a crucial natural resource to reduce urban vulnerability due e.g. to climate change, energy saving, and natural 
disasters. In this perspective, this paper aims at supporting local decision makers in identifying the portions and the 
buildings of an urban area most susceptible to transformation, in order to promote a sustainable land use according 
to physical and functional characteristics. The proposed methodology combines the 3D modeling of urban settle-
ments and the adoption of the performance-based approach by the urban transformation government, in order to 
guarantee the satisfaction of the supply–demand ratio through a compatible balance between urban growth dynam-
ics and the overall urban efficiency. The test area was Gozo island, where a significant urban transformation will occur 
as a consequence of the new Malta-Gozo tunnel construction.
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Introduction
Since the first international Earth Summit (held in Rio de 
Janeiro in 1992), both government agencies and the sci-
entific community have worked to facilitate the transition 
from the theoretical affirmation of sustainable develop-
ment towards strategies and above all actions aimed at 
protecting, restoring and increasing natural resources in 
urban areas.

The assumption of sustainability as the main guiding 
principle in the choices of government of urban transfor-
mations requires the preparation of new tools, interven-
tions and solutions to deal with the new challenges each 
city is required to tackle (Maciocco and Serreli 2009; 
Roggema 2016; Frantzeskaki et  al. 2017; Gargiulo et  al. 
2018). These include traffic congestion and pollution, 
GHG emissions, intense urban sprawl, energy efficiency 
(Vojnovic 2014; Gargiulo and Lombardi 2016; Gargiulo 
and Russo 2017; Papa et  al. 2017). All these issues are 

linked to the urbanization process that is expected to 
increase in the coming decades (UNDP 2010) and will 
inevitably lead to soil degradation, unless current land 
use and management practices change (Assadourian and 
Prugh 2013; Cook and Swyngedouw 2014; Gibbs and 
Salmon 2015).

It is estimated that the human footprint has affected 
83% of Earth’s land surface (Plumptre et al. 2019) and has 
degraded about 60% of the ecosystems services in the 
past 50 years alone (MEA 2005, 2018).

Since the Land Use and Land Cover (LULC) change 
project was launched by the International Geosphere and 
Biosphere Program (IGBP) and the International Human 
Dimensions Program (IHDP) on Global Change, land use 
research programs on a global scale have become cen-
tral to international climate and environmental change 
research (Lambin et al. 1999; Couch et al. 2008; Han et al. 
2015; Martellozzo et al. 2018).

According to Han et al. (2015) and Zhang et al. (2011), 
sustainable land management requires efficient develop-
ment and distribution of human activities at all scales to 
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preserve the natural flows among soil, water and atmos-
phere, in order to guarantee mainly biodiversity and food 
productivity.

Given that urban quality and environmental protec-
tion play a fundamental role in the development of 
urban policies, it would then be appropriate to adopt a 
new approach to urban transformations aimed at opti-
mizing land management, in order to reduce the waste 
of resources, respect and increase natural vocations of 
places and restore their value (Zucaro and Morosini 
2018): “transformative actions towards sustainability 
require, as a key condition, the preservation of all avail-
able resources that constitute the natural and man-made 
capital and contribute to the overall well-being of each 
generation” (Papa 2009).

The issue of finding the right balance between trans-
formation needs and sustainable use of natural resources 
has triggered the scientific debate over the planning 
for sustainable development in coastal areas and small 
islands that are strongly dependent upon tourism. Devel-
opmental activities in these areas, in fact, may have nega-
tive impacts on coastal ecosystems, such as the loss of 
biodiversity, pollution and waste generation and urban 
congestion which make urban settlements located in 
these particular areas more vulnerable and lead to a 
decrease in the quality of life of inhabitants (Van der Borg 
2004; La Rocca 2014; Koens et al. 2018).

In view of the opportunities offered by technological 
innovations in the study of urban phenomena and city 
governance techniques, the adoption of ITs is explained, 
on the one hand, by the need to develop the numerical car-
tography which created new development tools for spatial 
analysis (Fistola 2009), such as a Geographic Information 
System (GIS), on the other, by the significant contribution 
of Cybernetics and Neuroscience to the academic field of 
“urban modeling” (Fistola and Rastelli 2018).

In this perspective, the opportunities offered by GIS 
provide innovative analysis procedures and techniques 
for the transformation and management of urban and 
territorial systems (Batty and Densham 1996; Fistola 
2009).

The most advanced use of these systems concerns 3D 
modeling which is well received by local decision makers 
to visualize alternative land-use plans and their impact 
on urban environments (Steinicke et al. 2006; Shiode and 
Yin 2008; Yin and Shiode 2014; Chundeli 2017).

Recent studies carried out by Yin and Hastings (2007), 
Biljecki et  al. (2015), Julin et  al. (2018) and Templin 
et  al. (2019) developed 3D city modeling projects for 
managing urban transformations. This advancement of 
GIS and the availability of new data sources (open data, 
e.g. see O’Reilly 2009) have provided a growing impulse 

to spatial planning, also in the wake of the smart city 
paradigm (Prandi et  al. 2014; Billen et  al. 2015; Bou-
loukakis et al. 2019).

Among the 3D spatial analysis powerful tools, the 
visibility analysis allows to foresee the spatial conse-
quences of the urban transformation interventions as it 
enable extracting visible and invisible zones at a given 
viewpoint. This analysis calculates the percentage of 
visible volume by identifying also which built and not 
built elements (e.g. buildings, hills) characterize the 
cityscape due to their height. Therefore, the visibility 
analysis can support the decision makers in under-
standing “how much can we see”, and “how much space 
is enclosed” that, according to Batty (2001), represent 
some of the key aspects for a good urban transforma-
tion as they have influences on the human perception 
of the built environment, on attractiveness of land-
scape, on the economic evaluations of the real estate 
and so, generally, on the quality of life (Danese et  al. 
2009; Czyńska and Rubinowicz 2019).

In consideration of the aforesaid, this contribution 
pursues the line of thought of many engineers or archi-
tects, like Renzo Piano, who firmly believe in the need 
to transform cities without additional soil consump-
tion, which means “re/build in the built environment”, 
and proposes a 3D GIS-based methodology aimed at 
identifying the portions of the urban area most suscep-
tible to transformation within already-urbanized areas, 
on the basis of the physical, built-up (height, land use, 
etc.) and context (shading areas, panoramic views, etc.) 
characteristics of the urban system. In particular, the 
proposed methodology intends to support local deci-
sion makers in detecting, among the existing buildings, 
those where new urban services might be introduced by 
intensifying infill practices, thus promoting a sustain-
able land management.

This paper is part of a broader research project aimed 
at defining a GIS Decision Support System (DSS) to 
identify the range of possible transformations and com-
patible uses of the soil resource on the urban scale. 
It is divided in the following sections: “Gozo island: 
between urban transformation and sustainability” sec-
tion describes the test area of Gozo; “Methods and 
materials” section illustrates the 3D-GIS based method-
ology; “Results” section describes the results of the vis-
ibility analysis of many buildings on the historic center, 
thereby demonstrating that if, on the one hand, verti-
cal development protects land use, on the other, many 
spectacular panoramic views of a given area (which is 
essentially tourism-oriented) are inevitably lost; “Con-
clusions” section sums up the key points of our analysis 
and offers suggestions for further studies.
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Gozo island: between urban transformation 
and sustainability
The urban settlement, the morphology, the set of natural 
and landscape resources and the demographic structure 
well differentiate the island of Gozo from neighbor-
ing mainland Malta (which is 5  km away) in the south 
of the Mediterranean Sea. Gozo covers a land area of 
around 67 km2, a third the size of Malta, and its economy 
strongly depends on the presence of tourist activities: 
about 30% of the GDP of the island is generated by the 
tourism sector (Malta Tourism Authority 2015).

Another key difference between the two islands is the 
demographic trend of the last 10  years: in fact, while 
Malta has registered an increase in the number of youth, 
Gozo is characterized by a more elderly population. The 
Gozitan population is aging, and this phenomenon was 
already highlighted in 2006, when the demographic fore-
cast showed that in 2010 22% of the population would 
have been aged over 60 (Local plan 2006).

According to the most recent data on tourism growth, 
Gozo is expected to witness massive tourist inflows in 
relation to the resident population; in fact, it is estimated 
that the island will host an average of 300 tourists per 100 
locals (Malta Ministry for Tourism 2015).

Deeper analysis of the above data reveals that a signifi-
cant rate of users of accommodation facilities are people 
over 65, whose presence increased by 40% in the period 
2010–2017 (NSO 2018) and this percentage is expected 
to rise in the coming years (Malta Tourism Authority 
2018). The presence of this segment of the population 
is destined to strongly characterize the island of Gozo, 
like most EU countries, due to increasing longevity. Life 
expectancy at birth is 79.7 years, which is above the aver-
age rate of the global population (UN 2013). It is expected 
that 21% of Gozo’s population will be above the age of 
60 by 2025 and this percentage will reach 33.7% by 2050 
(Troisi 2009; Government of Malta 2011). Furthermore, 
by referring to the different old population segments, 
while the “young old” (aged 60–74) will increase by 8%, 
the “old old” (aged 75+) will increase by 20% in the next 
years (Government of Malta 2011; UN 2013).

In Gozo, the demographic trend and the senior tourism 
described above poses many challenges for local decision 
makers called to promote urban planning policies and 
strategies aimed at enhancing the island’s tourist vocation 
and improving the quality of life of inhabitants and city 
users. These issues, together with the main ones of sus-
tainability and protection of natural resources and land-
scape, are given constant attention by local authorities 
within the Local Plan. With regard to the latter, approved 
in 2006, it represents the only tool of territorial planning 
for the islands of Gozo and Comino. Its main purpose is 
to safeguard and enhance the cultural and environmental 

uniqueness of the two islands, declined in the follow-
ing objectives: (i) promote an urban development com-
patible with the natural resources, (ii) encourage and 
increase the use of local public transport and soft mobil-
ity to decongest the road network (Gozo’s main problem) 
and reduce the negative environmental impacts resulting 
from private transport, (iii) limit the consumption of soil 
and (iv) protect the quality of life of inhabitants. How-
ever, the description of these objectives is not followed by 
the definition of possible transformation actions aimed at 
achieving them, since the Local Plan is limited to provid-
ing addresses based on the prevailing intended use of the 
different urban zones of the island. The only exception is 
represented by the infill action that is identified by the 
plan as the main solution to respond to the demand for 
new residences without sealing new surfaces.

This small planning framework does not facilitate the 
task of local decision makers in defining the possible 
choices of urban and territorial transformation to effec-
tively oversee the needs of the island. In this respect, 
some important changes in terms of organization of 
spaces and networks and the location of the activities 
resulting from the construction of new transport infra-
structures, such as the 13 km Malta-Gozo tunnel (which, 
according to Maltese government forecasts, will be ready 
by 2024) might encourage travel to Gozo.

If, on the one hand, this infrastructure can contribute 
to improving the attractiveness of the island, mainly by 
making it easily accessible, on the other, it can generate 
negative impacts linked, in general, to an increase in the 
urban load. Improving accessibility both to the activities 
and the set of natural and landscape resources of Gozo 
can lead to an increasing varied demand for spaces and 
volumes to perform new activities (consequent to the 
improvement of the overall attractiveness of the island) 
and therefore to a land use intensification.

The delicate balance between sustainability and urban 
changeover is nowhere more pronounced than in a 
densely populated and already urbanized area such as 
Malta. This poses the huge challenge of managing growth 
and expansion of urban activities whilst being sensitive to 
land use, natural resources and urban mobility issues.

Methods and materials
A key challenge for local decision makers is to allow 
appropriate urban transformations to accommodate the 
envisaged needs in such a way that land use is compatible 
with and respects the landscape as well as other natural 
and cultural heritage sites. This is a major issue in coastal 
zones where valuable habitats and ecosystems are threat-
ened by the high concentration of people and activities.

The proposed methodology was developed with the 
aim of supporting local decision makers in the promotion 
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of an optimal and sustainable land use; it is based on two 
main elements: (i) the use of GIS for modeling and pro-
cessing analyses, as it allows detailed exploration of future 
scenarios of development through the visualization of 
alternative land-uses and their impact on urban envi-
ronment and (ii) the adoption of a performance-based 
approach, commonly taken by public authorities in plan-
ning and urban government, to analyze the urban system 
in terms of demand and supply of natural and anthropic 
resources. Therefore, under the performance-based para-
digm, land-use optimization means guaranteeing a com-
patible balance between urban growth dynamics and the 
overall urban efficiency, or rather, reducing the pressure 
of human settlements on the natural environment and 
ensuring effective livability of the concerned urban areas.

Our methodology takes account of the multiple issues 
and needs of urban transformation listed below, conse-
quent both to the current demographic and economic 
dynamics and to the future realization of the new road 
transport infrastructure:

• expand the supply of urban services to meet the 
demand of both the elderly population and tourists;

• locate new services by implementing urban infill in a 
way that encourages a sustainable management of the 
soil resource;

• promote pedestrian and local public transport mobil-
ity in order to improve access to urban services;

• safeguard the landscape, which has a significant 
impact on the quality of life of the inhabitants of 
Gozo.

Each of these needs corresponds to one of the phases 
of the methodology applied to the island of Gozo 
(Fig.  1), as this small coastal area is characterized by 
remarkable natural and landscape beauties which make 
it a magnet for tourists; the implementation of the road 

transport infrastructure, for example, will lead to an 
increase in tourist arrivals, but, consequently, to possi-
ble conflicts between potential users, and to space con-
gestion problems.

The sequence of phases is outlined below.

1. Definition of demand and supply;
2. 3D modeling of the built-up areas of the island of 

Gozo;
3. Geo-referencing of bus stops and activities of interest 

for elders and tourists;
4. Identification of the buildings to infill:

• 250 m 3D buffer for elders’ accessibility;
• Identification of the buildings where some essen-

tial services for elders and tourists are already 
located, and of abandoned buildings;

• 3D visibility analyses; infill actions to increase the 
building height by adding 2–3 floors maximum, as 
provided in the Local Plan indications.

The first phase of the work (Fig.  1), concerned the 
definition of demand and supply in order to identify, 
respectively, the needs of locals and tourists (i.e., the 
set of requirements of the urban system) and the ser-
vices available to meet them, due to the performance-
based approach adopted. The databases of the National 
Statistic Office—Malta (NSO) and the Gozo Channel 
Line (the ferry company that connects Malta and Gozo 
and provides data on the traffic of passengers traveling 
to Gozo) were used to recognize the socio-economic 
characteristics of the population (e.g. the age pf popula-
tion, number of tourists). The databases elaborated by 
the GeoSYS Company were chosen to detect the ser-
vices available in Gozo, integrating them with spatial 
analyses in the GIS environment and direct surveys on 
the island.

Fig. 1 The procedural GIS steps of the methodology proposed. The parallelograms are the inputs, the white rectangles are the spatial analysis and 
the blue rectangles are the outptuts
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This study phase of the anthropic subsystem reveals 
that the demand is made up of residents and tourists over 
65. Therefore, the definition of the supply concerned the 
services of interest for the senior residents, such as:

• hospitals, local health centers and pharmacies;
• elderly care homes;
• cinemas, libraries, theaters and museums;
• post offices;
• supermarkets;

and for tourists:

• supermarkets;
• bars and restaurants;
• accommodation;
• bathing facilities;
• museums.

The definition of demand and supply was followed by 
the elaboration of the 3D model of the entire island of 
Gozo (Phase 2), as this type of modeling can represent a 
valid support to the choices of territory transformation 
(see “Introduction” section). Being the city a dynamically 
complex system (Gargiulo 1995), it is possible to visualize 
different future assets and perform spatial analyses of the 
city itself by modeling it, in order to evaluate the poten-
tial impacts of transformations on natural and anthropic 
resources.

To build the 3D model (Fig. 1), the lidar data of all Gozo 
physical elements produced in the European project 
ERDF 156 (Developing National Environmental Moni-
toring and Infrastructure Capability) by using the ArcGIS 
Pro software, were processed in LAS Dataset format. The 
advantage of using lidar data is related to their geomet-
ric precision; in fact, they allow for a realistic model of 
the territory, since this type of data is the product of an 
optical remote-sensing technique that uses laser light to 
densely sample the Earth’s surface, producing extremely 
accurate x, y, z measurements.

In this perspective, the ModelBuilder tool in the GIS 
environment, which is a sequence of processes that 
standardizes and parameterizes a workflow, has been 
developed; its outcome is an automatic classification 
of all objects reflected by the laser pulse. Accordingly, 
this model can be used in any other context: by chang-
ing the input data, the classification is obtained quickly. 
It should be pointed out that several preliminary tests 
have been carried out to successfully develop the final 
model of the natural and anthropic elements of the 
study area, taking as reference area a small lot of Zeb-
bug (Gozo), in order to calibrate the parameters each 
time until the definition of the model used to catego-
rize the total LAS Dataset (Fig. 2), with its 19 classes of 
data.

In particular, class 19 includes all those lidar points 
that cannot be categorized (such as birds). After 
the classification, the LAS Dataset has further been 
“cleaned” and modified in order to recheck the auto-
matic classification performed. This process is essen-
tial as some lidar points may be recognized in a wrong 
class, as, for example, the points outlining the profile 
of a crane that are improperly classified into class 6 
(Building). This process of systematization of the LAS 
Dataset allows for a manual reclassification of certain 
points, especially of some undefined objects that fall 
into class 19 (Reserved).

After classifying all elements of the LAS Dataset, 
heights and shapes from lidar point cloud data were 
extracted by manually executing an accurate editing 
process and considering the roof form of “medium” 
buildings, that is, all flat roofs. To assess the lidar data 
accuracy, they were compared to the data provided by 
the Malta Inspire Geoportal. The result of this GIS pro-
cedure was a model of the built-up area of the island 
of Gozo, obtained by using the three levels of elevation 
(rasters) previously calculated:

• Digital Terrain Model (DTM);
• Digital Surface Model (DSM);
• Normalized Digital Surface Model (nDSM).

Fig. 2 ModelBuilder for classifying lidar data in Las Dataset
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After getting the 3D model, the services supplied (listed 
above) were geo-referenced and this third phase of the 
methodology made it possible to identify three specific 
areas of the island characterized by the lack of services 
of interest both for the elderly and for tourists. In par-
ticular, in the Victoria area it would be useful to imple-
ment the volumes of existing buildings or change their 
intended use, in order to improve or add new services for 
the elderly, such as elderly care homes (which are totally 
absent), being Victoria “the heart of the island” for its 
historic center and because the only hospital of Gozo is 
located in this town. The villages of Xlendi and Marsal-
forn, on the other hand, should optimize services for 
tourists (accommodation, restaurants and pharmacies), 
as these areas have a strong tourist vocation.

Phase 4 of the methodology concerns the identification 
of the buildings to infill. The starting point of this phase 
consisted in geo-referencing the bus stops (Fig.  1), pay-
ing particular attention to those portions of urban fab-
ric that are more accessible by local public transport, 
in order to avoid further traffic congestion on the Gozo 
road network and, also, to foster soft mobility, thanks to 
the future implementation of the tunnel connecting Gozo 
and Malta. Such measures would boost soil management 
optimization, thereby avoiding unnecessary transforma-
tion of new portions of land to guarantee accessibility to 
the planned services. From this point of view, starting 
from the localization of the public road transport net-
work stops, the buildings were identified taking account 
of:

Fig. 3 Victoria: UCAs (yellow); area inside buffer of 250 m—no infill (blue); area inside buffer of 250 m—infill (green)
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• 250 m buffer zones of bus stops;
• Urban conservation areas (UCAs), which are pro-

tected areas of great architectonic and/or historical 
interest, whose aspect is to be preserved or improved;

• The indications provided by the Gozo-Comino Local 
Plan as regards the buildings that can be transformed 
and their maximum height.

Indeed, excluding the buildings identified by the Plan-
ning Authority as UCAs and, therefore, “non-transform-
able”, due to their historical, artistic and architectural 
value, the remaining buildings falling within the 250  m 
buffer were considered as “transformable” (Figs.  3, 4, 

5) and some of them have already been selected by the 
Local Plan for future transformations. They make up the 
sample of the territory transformation being studied, 
considering infill as a transformation intervention able 
to reduce soil consumption (Young 2016), in accordance 
with the Local Plan indications.

If, on the one hand, vertical development contributes 
to reduce soil use, on the other, it can lead to the loss of 
several panoramic views (both on the natural and “built” 
landscapes) which give value to a specific area. In this 
perspective, visibility analyses were conducted for the 
three areas of Victoria, Xlendi and Marsalforn. In par-
ticular, as regards the area of Victoria, the visibility of 

Fig. 4 Xlendi: area inside buffer of 250 m—no infill (blue) and area inside buffer of 250 m—infill (green)
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the buildings on the built-up area of historical value was 
assessed, while for Xlendi and Marsalforn, starting from 
the Digital Terrain Models (DTM), the analyses deter-
mined the “visible and non-visible areas” from the build-
ings, paying particular attention to the visibility of the 
landscape areas.

The analyses were performed on a 3D model that 
reproduces both the current state and future prospect of 
the buildings previously identified, the height of which 
had been increased. In this way, it was possible to assess 
the impacts that new buildings will have on the historical, 
architectural and landscape heritage of the island, as well 
as on the quality of life of its inhabitants, by protecting 

the soil resource and, at the same time, trying to preserve 
the areas of high value which make Gozo stand out in 
the Mediterranean Sea for its natural and environmental 
beauty.

In the case of Victoria and its historic center (UCA), we 
carried out a visibility analysis on the built, namely, the 
assessment of the impacts of transformations in light of 
the visibility on the historic center from each building. 
For Xlendi and Marsalforn, where the natural, non-his-
torical component is more significant, the visibility of the 
landscape from the built-up area was examined. Given 
the different nature of the target point, the two analyses 
were performed using different procedures.

Fig. 5 Marsalforn: area inside buffer of 250 m—no infill (blue); area inside buffer of 250 m—infill (green)
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For Victoria, in fact, the outputs of the visibility anal-
ysis are multipatch panels (10 × 10), or a type of reticu-
lar geometry in which 3D objects (in this case the 

buildings) are stored, which return the visibility values 
in terms of “percentage of visible area”. In practice, these 
10 × 10 multipatch panels (size in line with the size of the 

Fig. 6 a Visible area percentage: very low visibility (yellow); low visibility (light orange); average visibility (dark orange); high visibility (red). Victoria 
now. b Visible area percentage: very low visibility (yellow); low visibility (light orange); average visibility (dark orange); high visibility (red). Victoria 
now

Fig. 7 a Visible area percentage: very low visibility (yellow); low visibility (light orange); average visibility (dark orange); high visibility (red). The white 
buildings are the UCAs; the green buildings have been increased in volume. The visibility analyses measure the percentage of visible area of the 
historic center from the non-transformed buildings. Victoria: potential future development. b Visible area percentage: very low visibility (yellow); low 
visibility (light orange); average visibility (dark orange); high visibility (red). Victoria: potential future development
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buildings) show the percentages of visible area of the his-
torical part of the built-up area for each individual build-
ing, according to their size (10 × 10).

Compared to other applications of 3D GIS models 
found in literature, which relate almost exclusively to a 
single building or to small portions of urban settlements, 
this work has carried out urban-scale visibility analyses, 
in order to consider the negative effects in terms of vis-
ibility in case the infill of existing buildings is performed. 
These analyses may provide valid support to local admin-
istrations in identifying the areas to be transformed and 
minimizing the impacts of the transformation itself.

The application of the model on a larger scale, such as 
the urban one, has made it necessary to divide the built-
up area into different sections to permit accurate pro-
cessing of the input, observation and obstruction data 
for each of them. Furthermore, the decision to divide the 
entire area of Victoria into smaller areas highlights the 
need to reduce processing time.

The results of the visibility analysis were classified 
by the natural breaks method into four classes, whose 
threshold values are different for each of the areas of Vic-
toria identified. In order to get unique values for each 
class, common to all areas, so that they could be readily 

Fig. 8 Visibility area. Xlendi now
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compared, the average value was calculated for each indi-
vidual class and the visibility results for each area were 
reclassified according to the following classes (Figs. 6a, b, 
7a, b):  

• Very low visibility 0% < x ≤ 6%.
• Low visibility 6% < x ≤ 22%.
• Average visibility 22% < x ≤ 49%.
• High visibility 49% < x ≤ 100%.

Unlike Victoria, for Xlendi and Marsalforn the varia-
tion in visibility was made in raster format, which is the 
result of a spatial analysis that evaluates the visibility of 

each building over the landscape. This type of analysis 
is a first attempt to assess the impacts of the built on 
the landscape in terms of visibility, on the urban scale. 
Basically, the buildings were located by taking as refer-
ence point their center of gravity; the average height 
of a man (1.60 m) on the top floor of the building was 
considered as the height of the observation point. The 
results of spatial processing were two visibility ras-
ters: one obtained by considering the current building 
height (Fig.  8, Xlendi and Fig.  9, Marsalforn) and the 
other considering the transformation, in height, of cer-
tain buildings, as required by the Local Plan (Fig.  10, 
Xlendi and Fig. 11, Marsalforn). They were classified in 

Fig. 9 Visibility area. Marsalforn now
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the same way as the results obtained for Victoria and 
were compared by calculating the difference between 
the two rasters (Fig. 12, Xlendi and Fig. 13, Marsalforn), 
in order to evaluate the loss of visibility the observer 
will have on the landscape, should the infill of the con-
sidered buildings occur.

Results
The proposed methodology, aimed at simultaneously 
evaluating the different effects of urban transformations, 
has been applied to Victoria, Xlendi and Marsalforn, 
three areas of the island of Gozo. The choice of these 
three settlements is linked to their functional diversity 

Fig. 10 Xlendi visibility area after infill
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(as they offer many different services) and to urban 
accessibility, taking account of two aspects: local deci-
sion makers’ awareness of the need to expand the range 
of urban services supplied, both for the resident popula-
tion (mainly composed of elders) and for tourists, and of 

the current demographic and economic dynamics. In this 
perspective, what stands out is the need to increase facili-
ties without exploiting Gozo’s resources and sealing new 
soil (Local Plan 2006).

Fig. 11 Marsalforn visibility area after infill
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The study of accessibility, carried out by identifying the 
influence areas of the road local public transport stops, 
has shown that, among the three areas examined, Victo-
ria appears to be the most accessible as the stops cover 
almost the entire town.

In order to enhance the living conditions of the inhab-
itants of Gozo by increasing the main urban services, 
without compromising the environmental quality of 
the island (which constitutes its strong point in terms 
of tourist attractiveness), the Planning Authority fore-
sees a vertical development in the built-up area, also to 
avoid a delocalization of services, which would lead to 

excessive use of private cars (especially in view of the tun-
nel construction).

If, on the one hand, this strategy of urban transforma-
tion is aimed at protecting the soil resource, on the other, 
it risks compromising the natural value of certain por-
tions of the territory, leading to the loss of many pano-
ramic views.

The visibility analyses, carried out starting from the 
development in GIS environment of the 3D models of 
the three areas of Gozo examined, showed that increas-
ing the building height in Victoria (by adding two floors 
maximum to some buildings) compromises the visibility 
on the historic center of many buildings for which infill 

Fig. 12 Visibility gap area for Xlendi (before and after infill)
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is not provided in the Local Plan, since many of them are 
intended for public use (Figs. 14 and 15).

To sum up, the proposed methodology, combined with 
the visibility analysis allows the detection of the area 
of Victoria neighboring the UCAs and included in the 
buffer zone of 250 m from the bus stops as the area sus-
ceptible to infill, whilst for the eastern area of the town 
infill is not provided in the Local Plan since many build-
ings are intended for public use and their height cannot 
be increased.

The comparison of Figs. 14 and 15 (in which the build-
ings in green are urban infill sites) clearly shows that 
about 80% of buildings that were previously within the 

average or even high visibility classes have lost much of 
the visibility on the historic center, moving to the very 
low visibility class.

Conclusions
This paper aims at contributing to the debate over urban 
sustainability and sustainable land management, consid-
ering that about 700,000  km2 of the Earth’s surface will 
be covered by urban built-up areas in 2030. The inevi-
table demand for transformation, due to the intrinsic 
dynamicity of urban systems (Gargiulo 2009), requires 
the development of appropriate methods, techniques and 
tools to support local decision makers in optimizing land 

Fig. 13 Visibility gap area for Marsalforn (before and after infill)



Page 16 of 20Morosini and Zucaro  City Territ Archit             (2019) 6:7 

management, by ensuring that anthropic transforma-
tions will be compatible with the natural features of the 
soil resource (XX 2018). This statement supports the idea 
that optimizing land use is essential to establish proper 
proportions of various land use types, improve the sus-
tainable utilization rate of land resources and maintain a 
relative balance of the ecosystem in the land environment 
(He et al. 2017; Luo et al. 2019).

The 3D GIS-based methodology proposed has identi-
fied the most suitable areas for urban transformation due 
to the presence of residents, tourists, services and for 
being accessible by public transport.

Starting from the indications of the Local Plan, the 
visibility analysis on the current state and on hypoth-
eses of future development was conducted to sensitize 
public decision makers on the importance of pano-
ramic views, which is often underestimated but leads to 
a loss of the physical characteristics of the place as well 
as of its value.

This study may assist decision makers in evaluating 
the impacts deriving from the vertical development 
of one or more buildings, in order to protect both the 
urban system and the collective interests. In this per-
spective, the use of a 3D city modeling favors a more 
immediate analysis of the results and the potential 

Fig. 14 Extract from the results of the visibility analyses carried out on the current state of the built-up south-eastern area of Victoria
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impacts of transformations on urban environments 
(Steinicke et al. 2006; Shiode and Yin 2008; Yin and Shi-
ode 2014; Chundeli 2017).

The proposed methodology, applied to the entire 
island of Gozo, can provide, in practice, a first mapping 
of the parts of the build-up area most susceptible to be 
transformed, identifying the high degree of transform-
ability both for their physical and functional character-
istics. For instance, according to the results obtained, 
in all the three towns studied (Xlendi, Marsalforn and 
Victoria) healthcare services could be located within 
those built portions considered as “transformable”, such 

as the presence of local markets could be increased, 
especially in Xlendi and Marsalforn.

Moreover, in order to preserve the value of the areas, 
the visibility analysis could become an annex project to 
be submitted to public administrations to seek authoriza-
tion for interventions of urban transformation.

Another functional analysis for local decision mak-
ers could be the cone of visibility of the buildings on 
the historic center. This type of analysis can integrate 
the visibility analysis proposed in this work since, if the 
result of the visibility analysis is the percentage of vis-
ible area of the historic center from each building, the 

Fig. 15 Extract from the results of the visibility analyses carried out on the proposed future state of the built-up south-eastern area of Victoria
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visibility cone allows for a qualitative reading, provid-
ing the portions of the historic center that are actually 
visible from a specific observer point (an example is 
proposed in Fig. 16).

The analyses conducted on Xlendi and Marsalforn 
gave the first results (Figs.  12 and 13) on the poten-
tial impact of new buildings on the landscape. In this 
regard, it would be advisable to carry out more accurate 
analyses working on a more detailed scale than that 
used in this work, in order to consider different param-
eters, such as the earth curvature and the presence of 
vegetation, which have been neglected in this study.
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