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Integrating Al and GIS in urban landscape analysis and representation

for enhanced community well-being

This paper examines the integration of Artificial
Intelligence (Al) and Geographic Information Sys-
tems (GIS) for urban landscape analysis, focusing
on the enhancement of residents’ well-being
through improved distribution and quality of
green spaces. The study investigates two case
studies: Perugia, Italy, and Oslo, Norway. Utilizing
street-level imagery processed through semantic
segmentation, the research quantifies the urban
environment using metrics such as the Green
View Index (GVI), Sky View Factor (SVF), and
Building View Factor (BVF).

Perugia, with its historical architecture and com-
pact medieval urban fabric, reveals a concentra-
tion of greenery in peripheral zones, with limited
green visibility in its dense city center. In contrast,
Oslo displays a more uniform integration of green
spaces, ensuring high accessibility even within
its central urban areas. These disparities reflect
differing urban histories, geographic layouts, and
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planning approaches, emphasizing the challeng-
es of achieving equitable green space distribution
in varied contexts.

The findings underscore the pivotal role of green
spaces in promoting psychological and physical
health by mitigating urban stress and enhanc-
ing relaxation. The study also highlights the
constraints of utilizing proprietary data sources
such as Google Street View, advocating for the
development of open-access and equitable data
frameworks.

This research contributes to the field by propos-
ing a scalable and transferable Al-driven method-
ology for urban landscape evaluation. The results
provide actionable insights for urban planners
and policymakers aimed at fostering sustainable
and livable cities.
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INTRODUCTION

In recent years, the growing urbanization has led
to the reduction of green spaces in cities, with
significant repercussions on the psychophysical
well-being of urban residents. Many studies have
shown that the presence of urban green spaces
offers significant benefits, such as stress reduc-
tion, air quality improvement, promotion of social
cohesion, and increased outdoor physical activity
(Pratiwi et al., 2022; Semeraro et al., 2021). These
spaces not only contribute to improving mental
health but are also associated with a reduced risk
of cardiovascular diseases (Twohig-Bennett &
Jones, 2018).

Urban green spaces also provide essential ecosys-
tem services, including climate regulation, flood
mitigation, and biodiversity conservation(Filaz-
zola et al., 2019; Pulighe et al., 20164). However,
planning and managing such spaces is a complex
challenge, especially in densely populated cities,
where access to and the quality of green spaces
are often unequally distributed (Wolch et al., 2011;
Xiao et al., 2019).

One of the major developments in managing ur-
ban green spaces involves the use of artificial
intelligence (Al) and Geographic Information Sys-
tems (GIS). These tools allow for a deeper under-
standing of the urban landscape and the interac-
tions between the natural and built environments
(Coroian et al., 2021; Mazhitova et al., 2023). Al
is employed to analyze urban images and auto-
matically classify natural and artificial elements,
enhancing the ability to design more sustainable
and livable urban spaces (Bianconi et al., 2023;
Nesbitt et al., 2019; Pratiwi et al., 2022; Seccaroni
et al., 2024). GIS, on the other hand, enables the
evaluation of accessibility, distribution, and quality
of green spaces, facilitating more effective urban
planning decisions (Heikinheimo et al., 2020) em-
phasizing the centrality of drawing in landscape
representation and analysis to promote psy-
cho-physical health through improved environ-
mental design (Lin et al., 2015; Paris et al., 2023).
Recent research has highlighted the importance
of considering not only the quantity of green spac-
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es but also their quality and accessibility to maxi-
mize public health benefits. Studies conducted in
cities such as Helsinki and Shanghai have shown
that the accessibility and quality of green spaces
are determining factors in improving the physical
and psychological health of residents, especially
in vulnerable communities (Heikinheimo et al.,
2020; Xiao et al., 2019). This is particularly impor-
tant in high-density urban contexts, where the un-
even distribution of green spaces can exacerbate
social inequalities (Dennis et al., 2020).

Moreover, numerous studies have highlighted
the crucial role of green spaces in mitigating the
effects of climate change and supporting urban
adaptation. Green spaces can reduce urban tem-
peratures, improve air quality, and contribute to
stormwater management (Demuzere et al., 2014;
Zhang & Chui, 2019) . However, the multifunc-
tionality of such spaces is not always guaranteed.
Effective green space design requires strategic
planning that takes into account spatial location
and the characteristics of the plant species used
(Tran et al., 2020).

Another emerging challenge is the continuous
monitoring and management of urban green
spaces. The use of user-generated data, such as
geographical information collected from mobile
devices and social media, is opening new possibil-
ities for better understanding the use and percep-
tion of green spaces by urban residents (Heikin-
heimo et al., 2020) . These data can complement
traditional sources and provide a more dynamic
and real-time view of the interaction between peo-
ple and green spaces, thus improving urban plan-
ning decisions (Bijker & Sijtsma, 2017).

METHODOLOGY

The analysis focuses on processing street-lev-
el images, which are subsequently subjected to
semantic segmentation. This process employs a
convolutional neural network (CNNJ] model based
on the ADE20K dataset, which can identify up to
150 different object classes and elements pres-
ent in the images. The ADE20K dataset is one of
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the most comprehensive resources in the field of
semantic segmentation, offering a detailed rep-
resentation of numerous urban and natural ele-
ments.

The workflow begins with downloading geospatial
information about the road network using Open-
StreetMap (OSM], a global collaborative resource
that provides accurate and up-to-date data on
road structures, allowing for precise mapping of
streets and urban infrastructure. This information
was used as a basis to define routes and points for
acquiring images through the Google Street View
API. Google Street View APIs enable the retrieval
of panoramic street-level photographs, covering a
wide range of urban and suburban environments.
The automation of the acquisition process allowed
for systematic visual data collection correspond-
ing to the predefined road network.

The collected images were then processed
through semantic segmentation, which divides
each image into different regions, each corre-
sponding to a specific object class recognized by
the ADE20K-based model. This allows for a de-
tailed classification of visual elements present,
such as buildings, vegetation, roads, vehicles, sig-
nage, and other urban infrastructure. The neural
network architecture was optimized to accurately
recognize a wide range of elements, providing a
detailed visual representation of the urban space
and the environmental context.

A key aspect of the analysis was the use of specif-
ic metrics to quantify the presence of natural and
artificial elements in the images. Three main met-
rics were analyzed:

Green View Index (GVI): measures the
percentage of green area in the image, calculat-
ed as the sum of areas occupied by trees, grass,
ground, and plants relative to the total image area:

Tree + Grass + Ground + Plant
Total Area

GVl =

An increase in GVI corresponds to a rise in posi-
tive emotions for citizens. Previous studies have
shown that positive emotions (like pleasure and
relaxation) significantly increase when GVI ex-
ceeds 0.5. Below this threshold, the impact of
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greenery on relaxation is minimal, while beyond
this level, a pronounced positive effect is observed.
Additionally, when GVI surpasses 0.6, it begins to
reduce negative emotions, such as boredom and
anxiety (Hao et al., 2024; Huang et al., 2022).

Sky View Factor (SVF): represents the
proportion of visible sky in the image, calculated as:

Sky
Total Area

Building View Factor: expresses the per-
centage of the area occupied by buildings relative
to the total area:

BUF = Building
" Total Area

These metrics provide a quantitative measure
of the visual composition of elements present in
the urban space, enabling the evaluation of the
distribution of vegetation, buildings, and open
spaces like the sky. Integrating the semantic seg-
mentation process with these metrics allows for
an in-depth and systematic analysis of the urban
landscape, supporting studies related to urban
planning, environmental resource management,
and understanding the interaction between built
and natural spaces

SVF =
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CASE STUDIES

For this analysis, two case studies were selected,
representing distinct yet comparable urban con-
texts with similar surface areas:

Perugia: A central Italian city, renowned
for its rich historical heritage and evolving urban
landscape;

Oslo: The capital of Norway, recognized
for its focus on sustainability and the development
of high-quality urban spaces.

In the case of Perugia, images were collected
from all drivable roads in the city, with a step of
15 meters between each capture, ensuring com-
prehensive and uniform coverage of the urban
fabric. For each position, two images were taken,
each oriented perpendicularly to the road, one
facing right and the other facing left. This meth-
odology allowed for a thorough, lateral view of
the surrounding urban environment. A total of
approximately 80,000 images were processed for
Perugia. This extensive dataset enables a detailed
analysis of one of Italy’s historic cities, character-
ized by a complex urban layout, significant cultural
heritage, and increasing attention to urban green
spaces and sustainability efforts. The large vol-
ume of data collected makes it possible to assess

Fig. 1 Example of semantic segmentation applied to an urban image: on the left, the original image captured from Google Street View; on the right, the same
image segmented into various semantic categories, including buildings, vegetation, cars, road, and sidewalks, highlighted with different colors.
n iy, I T -
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the distribution of natural elements, such as trees
and green spaces, in relation to the city’s histori-
cal architecture and evolving infrastructure.

The image acquisition process for Oslo followed
the same methodology as in Perugia, with a
15-meter step between captures and two images
taken at each position, perpendicularly oriented to
the road. However, due to the larger size of Oslo
compared to Perugia, the total number of images
processed was higher, with approximately 180,000
images. Despite the larger dataset, Oslo repre-
sents an interesting case study due to its pro-
gressive approach to urban sustainability and the
management of natural resources. The dataset
allows for an in-depth examination of the distri-
bution of green spaces, sky visibility, and the rela-
tionship between buildings and natural elements,
which are central to Oslo’s urban planning.

The systematic collection of images for both cities
offers an opportunity to compare two urban con-
texts with distinct characteristics and approaches
to urban development. Perugia, with its histori-
cal layout and evolving green areas, provides an
example of a city balancing its rich heritage with
modern environmental sustainability efforts. Oslo,
on the other hand, is known for its harmonious
integration of natural and built elements, with a
strong focus on quality of life and environmental
protection.

The comparison between these two case studies,
based on the collected and analyzed data, high-
lights significant differences in the distribution of
natural and artificial elements within the urban
space. It offers valuable insights for future urban
planning and the development of policies aimed
at enhancing the quality of urban environments in
diverse contexts.

RESULT

The following analysis considers three main met-
rics: the Green View Index (GVI], Sky View Fac-
tor (SVF), and the Building View Factor (BVF) for
the cities of Perugia and Oslo. The integration of
spatial maps provides context to the quantitative
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results from the histograms, offering a deeper
understanding of the differences between the two
urban contexts, not only in terms of numbers but
also in the spatial distribution of natural and built
elements.

PERUGIA

The Green View Index (GVI) analysis for Perugia
shows a distribution primarily concentrated be-
tween 0.25 and 0.55, with an average value of 0.36.
The histogram indicates moderate green space
visibility in many areas of the city, with a lower
standard deviation of 0.14 and an upper deviation
of 0.59, suggesting significant variability in the dis-
tribution of visible greenery.

The spatial representation of the GVI on the map
clearly highlights differences between various
areas of the city. The central areas of Perugia
(shown in black] exhibit lower GVI values, indi-
cating reduced visibility of green spaces. This
is typical of historical, densely urbanized zones
where the presence of historic buildings and high-
er building density limit the view of vegetation. In
contrast, the peripheral areas (indicated in green)
show higher GVI values, reflecting greater visibil-
ity of green spaces, likely due to the proximity to
parks and less developed areas.

This GVI distribution mirrors the historical and
topographical layout of Perugia, a city with a com-
pact and hilly urban core where dense urbaniza-
tion in the historic center reduces green visibili-
ty. However, the suburban and peripheral areas,
benefiting from lower building density and greater
integration with the surrounding natural land-
scape, ensure higher visibility of vegetation.
These results have important implications for ur-
ban livability. Areas with higher GVI are often as-
sociated with psychological and physical benefits,

Fig. 2 Distribution of the Green View Index (GVI) in Perugia in 2023. The
graph shows a concentration of GVI scores between 0.25 and 0.55, with

an average of 0.36. The map highlights lower green visibility in the city
center (black), while the peripheral areas show greater green space visibility
(green). The analysis does not cover the entire city, as it is based solely on
images from 2023.
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as the visible presence of greenery contributes to
a sense of relaxation and well-being. In contrast,
the more densely built-up central areas, where
GVl is lower, might offer residents fewer opportu-
nities to engage with nature, potentially negatively
impacting psychological well-being and access
to green spaces. This disparity underscores the
importance of urban planning aimed at improving
green space presence in more densely urbanized
central areas to balance access to natural spaces
and enhance the overall livability of the city.

The analysis of the Sky View Factor (SVF) for Pe-
rugia shows a distribution concentrated between
0.15 and 0.40, with a mean value of 0.27. The his-
togram demonstrates a moderate variability in sky
visibility across the city, with a standard deviation
of 0.15 below the mean and 0.40 above it. The
majority of the surveyed locations exhibit values
close to the mean, indicating that the view of the
sky is neither highly obstructed nor completely
open in most areas. The map provides a spatial
representation of this data: the central areas of
Perugia, indicated by black points, show lower
SVF values, reflecting a more obstructed sky view
due to the denser building fabric, typical of histor-
ic urban centers. The peripheral areas, marked
in light blue, have higher SVF values, suggesting
better sky visibility, which is often associated with
lower building density and more open spaces. This
SVF distribution aligns with the historical and top-
ographical characteristics of Perugia. The dense
central area, with its medieval architecture and
compact urban form, limits sky visibility. In con-
trast, the more open and less developed periph-
eral regions allow for greater sky exposure. Sky
visibility plays a critical role in the perception of
urban environments, contributing to feelings of
openness and enhancing the aesthetic quality of
public spaces. In areas where the SVF is lower,
the sense of confinement might be stronger, po-

Fig. 3 Sky View Factor (SVF) distribution in Perugia for 2023. The graph
shows an average SVF of 0.27, with central areas (in black) displaying
limited sky visibility due to the high density of buildings, while peripheral
areas (in light blue) offer better visibility. This contrast highlights the impact
of urban density on the perception of openness in the urban environment.
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tentially affecting the psychological well-being of
residents. In Perugia, the varied distribution of SVF
values indicates that while some areas offer a bal-
ance between built structures and sky visibility, the
more central parts of the city might face challenges
related to limited openness and potential feelings of
visual confinement.

The analysis of the Building View Factor (BVF) for
Perugia reveals a distribution heavily concentrated
at low values, with an average of 0.07. The histo-
gram shows that most of the surveyed points have
very low BVF values, indicating that buildings occu-
py a minimal portion of the visible area across much
of the city. However, the map highlights black areas,
representing regions with higher building density,
particularly in the historic center and some adjacent
zones. This distribution confirms that while there
are some densely built-up areas, most of Perugia
does not have a high level of building visibility. The
city’s hilly terrain and historical layout, with less ur-
ban sprawl compared to modern cities, help main-
tain low BVF levels. The low BVF values suggest
a good balance between built-up areas and open
spaces, which can enhance urban livability in terms
of access to natural spaces and open air. Howev-
er, in areas with higher building density, where BVF
values are higher, the visual dominance of buildings
could reduce the perception of openness and lim-
it access to green spaces, potentially impacting air
quality and the overall well-being of residents.

Fig. 4 Building View Factor (BVF) distribution in Perugia for 2023. The
histogram shows a mean BVF of 0.07, indicating that buildings occupy a
minimal portion of the visible area in most of the city. The map highlights
denser built-up areas (in black), particularly in the historic center, where
building visibility is higher. This reflects the city’s historical layout and
limited urban sprawl.
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0SLO

The Green View Index (GVI) analysis for Oslo re-
veals a distribution predominantly concentrated
between 0.20 and 0.50, with an average value of
0.31. The GVI histogram indicates that the major-
ity of the city exhibits moderate visibility of green
spaces, with a standard deviation of 0.11 below
the mean and 0.50 above it. This suggests a no-
table variation in the presence of visible greenery
across the urban landscape.

The spatial representation of GVI in the map
confirms this pattern: the central areas of Oslo
(shown in black] have lower GVI values, reflecting
limited visibility of green spaces. These urbanized
areas, typical of city centers, are characterized
by a higher density of buildings, which obstruct
views of natural elements. Conversely, the pe-
ripheral areas of the city (depicted in green) show
significantly higher GVI values, indicating a much
greater presence of greenery. These regions like-
ly benefit from proximity to natural features such
as parks, forests, and open spaces, which are a
hallmark of Oslo’s urban design and its integra-
tion with surrounding natural landscapes.

This distribution of GVI suggests that while Os-
lo’s central areas are more built-up, the city still
maintains a balance, with extensive green visibili-
ty in the peripheries. The presence of these green
spaces is crucial for urban livability, as numerous
studies have shown the positive effects of green-
ery on mental and physical well-being. Higher GVI
values in peripheral zones likely provide a sense
of openness and relaxation, promoting a high-
er quality of life for residents. In contrast, the
lower GVI values in the dense central areas may
contribute to increased urban stress, with fewer
opportunities for contact with nature, which can
have psychological and environmental implica-
tions. This disparity highlights the need for careful
urban planning that ensures equitable access to

Fig. 5 The GVI analysis for Oslo in 2023 shows a distribution concentrated
between 0.20 and 0.50, with an average value of 0.31. The central areas

(in black) exhibit lower GVI values, indicating limited green space visibility,
while the peripheral zones (in green) show greater visibility of green spaces,
benefiting from proximity to parks and natural landscapes.
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green spaces throughout the city, particularly in
the more developed central areas where greenery
may be lacking.

The Sky View Factor (SVF) analysis for Oslo shows
a distribution concentrated between 0.10 and 0.35,
with a mean value of 0.23. The histogram reveals
that the majority of locations have moderate sky
visibility, with a lower standard deviation of 0.12
and an upper deviation of 0.34, indicating some
variation in sky visibility across the city. The map
provides a clear spatial representation of this dis-
tribution. Central areas of Oslo, represented in
black, exhibit lower SVF values, reflecting limited
sky visibility. This is characteristic of highly urban-
ized areas where dense buildings and infrastruc-
ture block the view of the sky. On the other hand,
the peripheral areas of the city, depicted in light
blue, show higher SVF values, indicating a more
open view of the sky, often associated with lower
building density and more open spaces. This dis-
tribution aligns with the typical urban structure of
many modern cities. Oslo’s central regions, where
buildings are more densely packed, naturally have
lower sky visibility, while the more suburban and
peripheral zones allow for a clearer view of the
sky due to fewer tall buildings and the presence of
larger green and open spaces.

Sky visibility is a critical aspect of urban livability,
influencing how people perceive their surround-
ings. Greater visibility of the sky contributes to a
sense of openness and freedom, while reduced
visibility can lead to feelings of confinement, espe-
cially in densely built-up areas. In Oslo, the lower
SVF in central areas suggests that urban planning
should focus on preserving and enhancing visual
access to open spaces in denser regions, where
the view of the sky is obstructed. In contrast, the
higher SVF in peripheral areas reflects a balance
between built environments and natural sur-
roundings, likely improving the overall quality of
life for residents in these areas.

Fig. 6 The SVF analysis for Oslo in 2023 reveals a distribution concentrated
between 0.10 and 0.35, with a mean value of 0.23. Central areas (in black)
have lower SVF values due to dense urban development, limiting sky
visibility, whereas peripheral areas (in light blue) have higher SVF, indicating
clearer sky views in more open and less built-up spaces.
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The analysis of the Building View Factor (BVF) for
Oslo shows a distribution heavily concentrated at
very low values, with a mean of 0.12. The histo-
gram reveals that most areas of the city have a
BVF below 0.10, indicating that buildings occupy a
small portion of the visible space. However, there
are some zones where the BVF is significantly
higher, particularly in the densely urbanized cen-
tral areas, highlighted in black on the map.

The map confirms this trend, with central Oslo
characterized by a high density of buildings. In
these areas, buildings dominate the view, reduc-
ing the openness and limiting exposure to open
and natural spaces. In contrast, peripheral areas
show a lower visual impact of buildings, likely due
to lower building density and greater presence of
open and green spaces.

This distribution reflects the typical urban growth
pattern of modern cities, where the city center
is densely built, while peripheral areas main-
tain more open spaces. The high BVF in central
zones can reduce the perception of openness and
increase a sense of congestion, while areas with
lower BVF, particularly in the outskirts, ensure a
higher quality of life in terms of exposure to open
spaces.

The comparative analysis between Perugia and
Oslo, based on the Green View Index (GVI), Sky
View Factor (SVF], and Building View Factor
(BVF), highlights significant differences between
the two cities, primarily due to their urban histo-
ry, geographical layout, and development mod-
els. In Perugia, the GVI is concentrated between
0.25 and 0.55, with an average of 0.36, indicating
moderate visibility of green spaces, especially in
peripheral areas where building density is lower,
and green spaces are more accessible. The his-
toric city center, with its dense medieval architec-
ture, shows lower GVI values, reflecting limited
visibility of greenery. In contrast, Oslo has a GVI

Fig. 7 Building View Factor (BVF) distribution in Oslo in 2023. The histogram
shows a mean of 0.12, with the city center (in black) characterized by higher
building density and elevated BVF, while peripheral areas have lower BVF,
indicating less visual presence of buildings.
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distribution concentrated between 0.20 and 0.50,
with a slightly lower average of 0.31. Here, too, the
central areas exhibit reduced green visibility due
to the higher urban density, while the peripheral
zones, characterized by proximity to large parks
and natural areas, enjoy higher green visibility.
Oslo’s closer integration with surrounding natural
landscapes is more evident than in Perugia.

The Sky View Factor (SVF) analysis reveals a sim-
ilar dynamic. Perugia has an average SVF of 0.27,
with values ranging from 0.15 to 0.40, reflecting
moderate sky visibility. The city center suffers
more from sky obstruction due to its building den-
sity and the city's hilly topography. In contrast,
peripheral areas offer better sky visibility, with
fewer tall buildings. Oslo shows a similar SVF dis-
tribution, though with a slightly lower average of
0.23. Central areas of Oslo have lower SVF values,
primarily due to modern urban density, which ob-
structs sky visibility more than in Perugia. Howev-
er, Oslo’s peripheral areas, with fewer buildings
and more open spaces, offer better sky views, cre-
ating a greater balance between natural elements
and urban development.

The most striking difference between Perugia and
Oslo emerges in the Building View Factor (BVF)
analysis. In Perugia, the BVF is very low, with an
average of only 0.07, indicating that in much of the
city, particularly in the outskirts, buildings occupy
a small portion of the visible space. However, in
the historic center, where building density is high-
er, the BVF increases slightly, reflecting the me-
dieval urban layout. Even so, it does not reach the
levels typical of modern cities. In contrast, Oslo
shows a BVF with a significantly higher average of
0.12. The city’s center is characterized by a high
density of modern buildings, dominating the visual
landscape and reducing the perception of open-
ness. However, Oslo’s peripheral areas feature a
lower BVF, thanks to large open spaces and lower
building density.

In summary, Perugia and Oslo represent two dis-
tinct urban models. Perugia, with its historic me-
dieval architecture and hilly terrain, maintains a
balance between buildings and open spaces, with
a low BVF and moderate green and sky visibility,

http://disegnarecon.univag.it

FOREST THERAPY

especially in the peripheral areas. On the other
hand, Oslo, while being a more modern and ur-
banized city, has managed to integrate large green
and open spaces in its peripheral zones, mitigat-
ing the impact of dense urbanization in the central
areas. Nevertheless, Oslo’s higher BVF compared
to Perugia indicates a more visible presence of
buildings in central areas, reducing the perception
of openness. In both cities, urban planning plays a
crucial role in determining the quality of life. Oslo
benefits from greater integration between green
and urban spaces, while Perugia, with its more
compact historic center, offers a different dynam-
ic between buildings and natural spaces.

In the image of Perugia [fig. 8], areas with a GVI
above 0.6 are quite sparse and mostly located in
the peripheral and rural parts of the city. These
areas tend to be concentrated in the hilly regions
and along the city’s borders, far from the histor-
ical center. This confirms that green visibility in
Perugia is limited in the more urbanized and built-
up areas, such as the medieval center, where
dense architecture reduces the perception of nat-
ural spaces. The areas with high GVI reflect the
more natural and rural traits of Perugia, where
open spaces and vegetation provide greater vis-
ibility of greenery, contributing to psychological
well-being. However, these areas do not seem to
be directly accessible to those living or working in
the city center, which may limit the positive impact
of greenery on the inhabitants of more densely
built-up zones.

In contrast, the image of Oslo (fig. 9) shows that
areas with a GVI above 0.6 are much more even-
ly distributed, both in the peripheral regions and
within the more central parts of the city. This high-
lights Oslo’s better integration of green spaces
within its urban fabric compared to Perugia. Green
areas are visibly present even near the densest
urban zones, allowing for greater accessibility to
greenery for residents. The more uniform distri-
bution of these green spaces creates a sense of
openness and well-being, even in the city’s central
areas, where building density is higher compared
to Perugia. This confirms that Oslo, despite being
a more modern and densely urbanized city, has
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Fig. 8 Map of Perugia filtered for Green View Index (GVI) values greater
than 0.6: the green points represent areas with high GVI values, indicating
locations with significant tree coverage or green spaces.

TR

Fig. 9 Map of Oslo filtered for Green View Index (GVI) values greater than 0.6:
the green points represent areas with high GVI values, indicating locations
with significant tree coverage or green spaces.
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managed to balance green space well, making it
accessible even to those living in the central ar-
eas.

In conclusion, while Perugia sees a concentra-
tion of high-GVI areas in the peripheries and rural
zones, Oslo shows a more uniform and accessi-
ble distribution of greenery throughout the urban
territory. This suggests that Oslo offers great-
er opportunities for daily interaction with urban
greenery, even in the more central and densely
populated areas, enhancing the psychological
well-being of its residents. On the other hand, Pe-
rugia could benefit from urban planning initiatives
that increase the presence and visibility of green-
ery in its central areas, to improve the quality of
life in the historical heart of the city.

CONCLUSION

This study demonstrated the essential role of in-
tegrating Artificial Intelligence (Al) and Geograph-
ic Information Systems (GIS) in the analysis and
management of urban landscapes, particularly
for evaluating the distribution and quality of green
spaces. The case studies of Perugia and Oslo re-
vealed significant differences in the organization
and accessibility of natural and built environ-
ments, with important implications for the psy-
chological and physical well-being of residents.
Al played a crucial role in processing the vast
amount of data, comprising street-level images,
allowing for detailed analysis of greenery distri-
bution through the Green View Index (GVI] and
other urban landscape features. Without Al and
semantic segmentation techniques, analyzing
such a large volume of data across multiple urban
contexts would have been impossible. Moreover,
this approach is highly scalable and can be applied
to other cities, enabling accurate and comparative
assessments of urban characteristics.

The results showed that Perugia has a concen-
trated distribution of high-GVI areas, mostly lo-
cated in its peripheral and rural zones, while the
historic center exhibits low green visibility due to
its dense medieval architecture. This limited ac-
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cess to greenery in central areas suggests a low-
er level of psychological and physical benefits for
residents living in the more urbanized parts of the
city. In addition, the Sky View Factor (SVF) results
in Perugia also indicated reduced sky visibility in
the city center, further contributing to a sense of
spatial confinement.

On the other hand, Oslo exhibited a more balanced
distribution of green spaces, with a higher GVI that
extended from the periphery to the more central
areas. This indicates better integration of green-
ery within the urban fabric, providing residents
across the city with greater access to natural ele-
ments, which can improve psychological well-be-
ing. Oslo also displayed higher SVF values in both
its central and peripheral zones, contributing to a
perception of openness and higher quality of life.
However, the reliance on street-level imagery,
such as Google Street View, poses certain limi-
tations. These images are owned by private enti-
ties and are subject to changes in access policies,
which could affect the future availability of such
data. While alternative free platforms like Mappil-
lary exist, they do not offer the same widespread
coverage, consistency, or quality of imagery. This
raises concerns about future scenarios where
large corporations control vital urban analysis and
planning tools, potentially limiting public access
to these resources.

In conclusion, this study highlights the impor-
tance of urban planning strategies that balance
green and built environments to improve res-
idents” well-being. The integration of Al and GIS
has proven crucial in supporting these decisions,
enabling large-scale, detailed analyses of urban
landscapes.

A significant challenge that emerged concerns the
disparity in data availability between cities. De-
spite Perugia and Oslo having similar total areas,
the number of available images differs significant-
ly: 80,000 for Perugia and 180,000 for Oslo. This
discrepancy is likely due to Oslo’s more extensive
road network, but it is primarily influenced by the
fact that only 2023 images were considered for
Perugia, and the city was not fully updated in that
year. This raises concerns about the timeliness
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of image updates, which can directly impact the
quality of urban analysis. The frequency and im-
portance of updates often depend on the perceived
significance of the city, meaning that smaller or
less prominent cities may not have the same level
of data availability as larger, more important ones.
As a result, this can lead to a lack of homogeneity
in data across cities, limiting the potential for ac-
curate and consistent comparative analyses. En-
suring more uniform updates across cities of all
sizes and significance will be essential to main-
taining fair and comprehensive urban analysis in
the future.

Moreover, the growing reliance on data provided
by private entities raises critical questions about
how to ensure these technologies remain public-
ly accessible and are not monopolized by private
companies. Future research should explore solu-
tions that guarantee equitable and sustainable
access to urban data, promoting the use of open-
source technologies and encouraging collabora-
tions between public and private entities to protect
the public interest.
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