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Abstract

Zakynthos is a small coastal city where environmental conditions, compact urban develop-
ment, and strong seasonal tourism pressures influence everyday living conditions. This
study examines how these factors shape urban quality of life (QoL) across the city using a
GIS-based multicriteria framework. A literature review indexed in JSTOR, PubMed, and
Scopus, completed in early 2026, guided indicator selection. Nine criteria—estimated pop-
ulation density, the Normalized Difference Vegetation Index (NDVI), public recreation,
accessibility, Land Surface Temperature (LST), proximity to forests and the sea, road-
related acoustic suitability, imperviousness, and nighttime lighting—were standardized to
a 0-100 scale and combined using Analytic Hierarchy Process (AHP) weights. The analysis
brings together satellite-derived environmental variables and detailed local information on
buildings, recreational spaces, services, and roads on a common 10 m grid. This level of
detail is particularly useful in a small Mediterranean city, a setting that remains underrepre-
sented in GIS-AHP studies of QoL. Moderate QoL covered 30.86% of the study area, while
the low and very low classes accounted for 41.24% together. Only 3.12% was classified as
very high. Higher scores were primarily observed along the northern coast and in vegetated
regions. In contrast, central and southwestern neighborhoods typically scored lower due
to heat, impervious surfaces, traffic noise, and fewer recreational options. However, some
central areas still maintain good access to services. The maps illustrate the local trade-offs
between accessibility and environmental quality, providing a detailed baseline to identify
zones where targeted planning actions may be necessary.

Keywords: urban quality of life; GIS; multicriteria evaluation; analytic hierarchy process;
spatial equity; remote sensing; Zakynthos

1. Introduction

Income and housing explain only part of how people experience a city. Much of daily
life is shaped closer to home—Dby the streets and public spaces residents use, the services
they can access, how safely and easily they move around, and whether their neighborhood
supports health and social contact. In urban planning, these conditions are usually discussed
as parts of QoL, together with people’s own sense of well-being. For planning purposes,
environmental quality and QoL cannot be treated as unrelated concerns, since both are
integral to the everyday urban experience [1]. QoL, however, has no fixed definition, and no
single set of indicators fits every city. What is measured depends on the scale of the analysis,
the population under consideration, local urban conditions, and the purpose of the study [2].
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Research has approached the subject in several ways. Some studies use economic data,
others ask residents to evaluate their own circumstances, while others rely on measurable
characteristics of the urban environment [3]. Each approach reveals a different facet of
urban life. Composite livability indices offer one way to bring these dimensions together in
measures that can support urban planning and sustainability initiatives [4].

A common distinction is drawn between subjective and objective QoL [1-3]. Subjective
assessments capture how residents evaluate their living conditions, including satisfaction,
happiness, perceived safety, and attachment to place. They reflect experiences that cannot be
adequately represented by spatial or statistical data alone. However, their results may also be
influenced by survey design, individual expectations, prior experiences, and respondents’
social circumstances [2,3]. Objective assessments are based on measurable characteris-
tics of the urban environment, including population and building density, green-space
provision, access to services, land-surface temperature, noise exposure, and land-cover
conditions [1,4].

Subjective and objective measures should be considered together, but neither can
serve as a direct substitute for the other. Residents with different needs or expectations
may evaluate the same neighborhood differently. At the same time, a favorable personal
assessment does not necessarily indicate that local services or environmental conditions
are adequate. The analysis presented here is limited to variables that can be measured and
mapped. It therefore describes the environmental and infrastructural setting of everyday
urban life rather than residents’ full subjective experience. Urban inequalities are often easier
to identify at the neighborhood scale than at the citywide level. A municipal average may
seem satisfactory even when specific areas face poor environmental conditions or limited
access to services. Studies in the Athens metropolitan region identified spatial clusters
of both favorable and unfavorable QoL conditions, showing that broad administrative
averages can mask local concentrations of advantage and disadvantage [5,6]. Grid-based
assessments have also documented substantial differences between locations just a short
distance apart [7]. This level of spatial detail is useful for planning because it helps pinpoint
where environmental improvements, better accessibility, or additional public spaces are
most needed.

Geographic Information Systems (GIS) provide an appropriate framework for this type
of assessment because many QoL variables are inherently spatial. These variables relate to
services, travel distances, population concentrations, land-cover patterns, environmental ex-
posure, and interactions among urban functions. GIS-based multicriteria evaluation allows
indicators measured in different units to be standardized, weighted, combined, and mapped.
The resulting maps also make the analysis easier to interpret by showing how individual
criteria contribute and how weighting decisions affect outcomes [8]. Previous studies have
integrated GIS, remote sensing, administrative data, points of interest, and other geospatial
datasets to assess urban livability and environmental quality [9-11]. Their findings indicate
that the resulting spatial pattern can vary with the selected indicators, weighting procedure,
multicriteria method, and scale of analysis [12]. Therefore, a QoL framework developed for
one city cannot be directly transferred to another without adjustment. The model should
reflect local climatic conditions, topography, urban form, settlement structure, and planning
priorities.

The need for local adaptation is evident in earlier applications. Research in India com-
bined social, economic, housing, infrastructure, and environmental indicators and identified
spatial inequalities that could not be explained by economic conditions alone [13]. In Kandy,
Sri Lanka, vegetation, topography, accessibility, and urban development patterns were key
factors in the final assessment [14]. In Buraidah, Saudi Arabia, GIS-based accessibility
and location-allocation analyses were used to identify underserved neighborhoods with

https://doi.org/10.3390/engproc2026167002


https://doi.org/10.3390/engproc2026167002

Eng. Proc. 2026, 167, 2

30f17

respect to public facilities [15]. These examples share several broad QoL dimensions, but
the importance of individual variables varies considerably across cities.

Accessibility also involves more than the mere presence of a facility. Actual access
depends on distance, travel time or effort, service capacity, population demand, frequency
of use, and the geographical extent of the service area. An unequal distribution of facilities
is not necessarily inequitable because different services operate at different spatial scales
and have different acceptable travel distances [16]. Measured service quality may also differ
from residents’ satisfaction with that service [17]. Facility availability, proximity, practical
accessibility, and perceived adequacy should therefore be treated as related but distinct
concepts. Before individual criteria can be combined into a composite QoL index, they
must be made comparable. Their direction needs to be aligned, their values converted to a
common scale, and their relative importance defined. In the present study, the weights were
estimated using the Analytic Hierarchy Process (AHP), which uses pairwise comparisons
and includes a consistency check for the judgments involved [18]. These weights should
not be regarded as permanent characteristics of Zakynthos. They reflect the priorities
adopted for this particular assessment and may change when different planning objectives
or decision perspectives are considered.

Remote sensing provided several environmental variables used in the analysis. Veg-
etation indices mapped the extent and distribution of green cover, while land-surface
temperature identified the warmer parts of the urban area. Impervious-surface data pro-
vided a separate indication of soil sealing and the intensity of built development. Examining
vegetation and thermal conditions together can reveal some of the environmental effects of
urban expansion [19]. When environmental variables are considered alongside accessibility,
population density, traffic-related noise, and urban activity, clear spatial trade-offs often
emerge. Central neighborhoods may offer better access to services but also face higher den-
sities, greater heat exposure, more noise, and a larger share of sealed surfaces. Peripheral,
coastal, or more vegetated areas may provide better environmental conditions while remain-
ing less well connected to everyday services. Proximity to the coast has also been linked
to health and well-being benefits, though these effects depend on actual accessibility and
the condition of the surrounding environment [20]. Mediterranean landscapes are often
characterized by vegetation mosaics shaped over time by climate, substrate, fire, grazing,
and land use [21].

In small Mediterranean coastal towns, such contrasts often occur within a relatively
small area. Commercial, administrative, cultural, and transportation activities usually
cluster around the urban center and the waterfront. Just a short distance away, the coast
and nearby vegetation can create markedly different environmental conditions. During the
tourist season, the same streets must accommodate much higher traffic volumes and parking
demand. Infrastructure is used more intensively, and waste production, evening activity,
and noise levels also increase. Zakynthos exhibits many of these characteristics. Its port
and historic commercial center form the main concentration of urban activity, while denser
residential development extends mainly toward the southern and southwestern parts of the
city. Areas with more vegetation are primarily located toward the north and west. Access to
urban services therefore does not always coincide with favorable environmental conditions.
Against this background, the present study develops a reproducible GIS-based multicriteria
model to map objective urban QoL in Zakynthos and identify the main spatial inequalities
within the city.

Much of the earlier GIS literature on QoL has worked at the metropolitan or regional
scale, often through comparisons among administrative units. Other studies have focused
on a limited range of environmental or accessibility variables [7-15,22-24]. This study
took a different route. In Zakynthos, relevant conditions can change within only a few
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streets, so a city-wide ranking would conceal much of the local variation. We combined
four satellite-derived measures—vegetation, surface temperature, imperviousness, and
nighttime radiance—with locally mapped buildings, recreational facilities, services, and
road-related acoustic suitability. All layers were placed on the same 10 m grid. The purpose
was not to create an index for universal use, but to examine a small coastal city with strong
seasonal tourism pressures at the scale at which local interventions are actually planned.
The maps show where good access to services is accompanied by environmental pressure
and where proximity to natural areas changes this balance. In this way, the study offers
a reproducible point of reference for small Mediterranean municipalities, which remain
rarely examined in GIS-AHP QoL research.

2. Materials and Methods
2.1. Study Area and Analytical Design

The study covers 168.24 ha within Zakynthos City, the island’s administrative, commer-
cial, and maritime center. The urban area lies between the Ionian Sea and the Bohali-Strani
uplands. Development is unevenly distributed. Most housing, commercial activity, and
public services are concentrated in the central and southern districts, whereas the northern
and western margins are more vegetated. Figure 1 summarizes the analytical process. After
data collection and preprocessing, the individual indicators were calculated and converted
to a 0-100 scale. AHP weights were then applied via weighted overlay, and the result-
ing QoL surface was classified. The input data combined satellite products with locally
digitized spatial information. The building-point inventory used to calculate estimated
population density was digitized from the 2007-2009 high-resolution color orthophotos
provided by the Hellenic Cadastre. Most of the spatial analysis was carried out in ArcGIS
Pro 3.5 (Esri, Redlands, CA, USA). Google Earth Engine (Google, Mountain View, CA,
USA; https://earthengine.google.com/ accessed on 1 November 2026) was used specifically
to process Sentinel-2, Landsat 8, and VIIRS data. Before the layers were combined, they
were projected to the Greek Grid coordinate reference system (EPSG:2100), clipped to the
study-area boundary, aligned to the same snap raster, and processed at a spatial resolution
of 10 m.

2.2. Indicators, Standardization, and Weighting

The original layers could not be compared directly. Estimated population density,
NDVI], surface temperature, and distance from a service, for example, describe different
aspects of the city and use different units. We therefore recoded the cell values from 0 to 100.
In every layer, 100 marked the condition considered most favorable for QoL. The recoding
method depended on the indicator. A linear transformation was used for relationships
expected to change steadily. Distances from services or natural features followed either a
power or a logistic curve, with scores falling as distance grew. Pressure variables were scored
in the opposite direction, so larger original values received lower scores. We manually
placed a point on every building identified in the high-resolution imagery and linked the
resulting building-point layer to population estimates. Recreation areas and urban points
of interest were digitized locally, as were the coastline and forest boundaries. NDVI was
calculated from Sentinel-2 imagery; Landsat 8 supplied the thermal layer. The road network
was taken from OpenStreetMap for 2025. For the last two inputs, we used Copernicus
Imperviousness Density for 2021 and the VIIRS annual radiance composite for 2024. Not
every criterion was represented by a single component. Where several subcriteria were
involved, we compared them in pairs using the Analytic Hierarchy Process (AHP). These
comparisons provided the relative subcriterion weights. We also calculated a consistency
ratio (CR) for each matrix to check the consistency of the judgments.
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Figure 1. (a) Location of the study area in Zakynthos; (b) GIS-AHP analytical workflow.

2.3. Environmental and Service Criteria

The estimated population density was calculated based on a building-point inventory
derived from high-resolution color orthophotos provided by the Hellenic Cadastre. Each
residential building was represented by a single point, while public buildings were excluded.
To estimate occupancy, buildings were classified by roof type: tiled roofs (1522 points),
mainly detached houses, were assigned five residents each; flat concrete roofs (1638 points),
mostly apartment buildings, were assigned 15 residents each. These two-point layers were
merged into a single dataset containing each building’s location and population estimate.
Using the Density tool in ArcGIS Pro with the assigned population as the weighting field, a
population-density surface was generated. These assumptions produced a modeled peak
population of 32,180, compared with the 9760 residents recorded in the 2021 Population
and Housing Census for the Municipal Community of Zakynthos [25]. The modeled value
was used to represent peak summer conditions. The density surface was then inversely
normalized to a 0-100 suitability scale, with lower estimated densities receiving higher
suitability scores.

For the vegetation criterion, NDVI was calculated from a median composite of three
Sentinel-2 images acquired between 1 and 20 August 2024, each with less than 5% cloud
cover. The resulting values were linearly transformed, using —0.4 as the lower threshold,
so denser vegetation received higher suitability scores. Public recreation included sports
facilities, playgrounds, public squares, and pedestrian streets. Kernel density estimation
was applied to sports facilities, playgrounds, and public squares. The search radius was
400 m for sports facilities and public squares and 300 m for playgrounds. Pedestrian
streets were treated separately and represented through line-density analysis. Once these
surfaces were produced, all four were rescaled to a 0-100 range. The upper standardization
limit was set slightly below the observed maximum to reduce the influence of isolated
extreme values. Within the resulting recreation criterion, sports facilities accounted for
46.6%, playgrounds for 27.7%, public squares for 16.1%, and pedestrian streets for 9.6%.
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The pairwise-comparison matrix was highly consistent (CR = 0.01). Figure 2 illustrates
the estimated population-density surface, the NDVI layer, and the individual recreation

components.
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Figure 2. Population, vegetation, and public recreation suitability indicators: (a) population-density
suitability; (b) vegetation suitability based on NDVI; (c¢) sports-facility suitability; (d) playground
suitability; (e) public-square suitability; (f) pedestrian-street suitability; and (g) AHP-weighted
composite recreation suitability score.

Accessibility was assessed by measuring Euclidean distances to public services, schools,
food markets, bus stops, parking areas, museums, banks, theatres and cinemas, and
churches. Each distance layer was converted to a 0-100 suitability score. The transfor-
mation in each case reflected the likely frequency of use and a realistic walking distance
to the destination. Food-market accessibility was modeled with a power-decay function
with an exponent of 0.8 and lower and upper thresholds of 20 and 500 m, respectively. The
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same function was used for parking areas, with thresholds of 10 and 300 m. Logistic-decay
functions with a 95% intercept were applied to schools, public services, bus stops, and
churches. Their upper thresholds were set at 600, 500, 400, and 400 m, respectively. Muse-
ums, banks, and theatres or cinemas were modeled with logistic-decay functions using a
90% intercept and upper thresholds of 500, 900, and 700 m. In each case, suitability was set to
zero beyond the upper distance threshold. Food markets, schools, and public services each
received an accessibility subweight of 20%. Bus stops and parking areas each contributed
10%, while museums, banks, theatres or cinemas, and churches each contributed 5%. The
pairwise-comparison matrix was fully consistent (CR = 0). The individual accessibility
layers and their combined score are shown in Figure 3.

LST was derived from Landsat 8 Level-1 thermal imagery. Level-1 data were preferred
because the corresponding Level-2 products contained extensive NoData gaps across the
heterogeneous urban surface. To minimize cloud-related effects, the three clearest scenes
acquired between 1 and 20 August 2024, each with cloud cover below 10%, were selected
and combined into a single composite. Thermal values were converted to degrees Celsius
and resampled from 30 to 10 m. Because lower surface temperatures were considered more
favorable for urban QoL, the final LST layer was standardized inversely, assigning higher
scores to cooler locations. Proximity to natural areas was evaluated using distances to the
coastline and forest boundaries. For both variables, distances up to 200 m were considered.
After standardization, the two proximity surfaces were combined using weights of 70%
for the coast and 30% for forests. The thermal and natural-environment indicators are
presented in Figure 4.

The road-related acoustic suitability indicator was based on proximity to four road
classes: the heavy-vehicle corridor serving the port, two-way arterial roads, major one-
way urban roads, and local streets. Their maximum influence distances were set at 100,
80, 60, and 30 m, respectively. In the subcriterion weighting, the port route and two-
way arterial roads each received 23%, major one-way roads 42%, and local streets 12%.
The corresponding comparison matrix remained within the acceptable consistency range
(CR < 0.10). No field measurements of sound pressure were available; therefore, the
resulting layer represents relative acoustic suitability rather than modeled or measured
noise levels. Impervious surface cover was standardized inversely. VIIRS annual nighttime-
light radiance was standardized directly, so higher radiance values received higher suitability
scores. Because of its relatively coarse spatial resolution, the VIIRS layer was not interpreted
at the street level but was used to represent broader spatial patterns of nighttime activity
across the study area. Figure 5 presents the four road-class acoustic suitability layers and
their AHP-weighted composite, together with imperviousness suitability, nighttime-lighting
suitability, and the VIIRS radiance input.
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Figure 4. Thermal and natural-environment indicators: (a) land surface temperature (LST); (b) ther-
mal suitability; (¢) proximity to forests; (d) proximity to the coast; and (e) AHP-weighted composite
natural-proximity score.

2.4. Composite Model

At the criterion level, the AHP matrix was fully consistent (CR = 0). The two most
influential criteria were estimated population density and NDVI, each weighted at 20%.
Public recreation, accessibility, thermal suitability, natural proximity, and acoustic suitability
each contributed 10%. Imperviousness and nighttime lighting were each weighted at 5%.

The composite urban QoL score was calculated as

UQoL = 0.20P + 0.20V + 0.10R + 0.10A + 0.10T + 0.10N + 0.10Q + 0.05I + 0.05L

where P, V, R, A, T, N, Q, I, and L represent estimated population-density suitability,
vegetation suitability based on NDVI, recreation suitability, accessibility, thermal suitability,
natural proximity, acoustic suitability, imperviousness suitability, and nighttime-lighting
suitability, respectively. The continuous score was classified into five equal-interval classes,
and the area of each class was calculated in hectares.
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Figure 5. Road-related acoustic suitability, imperviousness, and nighttime-lighting indicators:
(a) heavy-vehicle route serving the port; (b) two-way arterial roads; (¢) major one-way urban
roads; (d) local streets; (e) AHP-weighted composite acoustic suitability score; (f) imperviousness
suitability; (g) nighttime-lighting suitability; and (h) VIIRS annual nighttime-light radiance.

3. Results
3.1. Spatial Pattern of Individual Criteria

The estimated population density was highest in the compact central and southern
areas, whereas NDVI showed the opposite pattern, with higher values around Bohali and
the urban edge. Recreational facilities were unevenly distributed: only three playgrounds
were identified; public squares clustered mainly in the historic center; sports facilities were
located largely along the northern and southern edges; and pedestrian streets formed a
small, fragmented network. Accessibility was likewise concentrated near the center. Food
markets were relatively well distributed across the central and southern areas, but parts
of the northern and western margins lay beyond the 500 m threshold. Schools covered
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large zones, although the closure of the second primary school created a central gap. Public
services, banks, museums, and entertainment venues were concentrated in the central and
coastal areas; bus stops were unevenly distributed; parking was limited in the city center;
and churches were among the most evenly distributed facilities. Together, these patterns
identify specific underserved locations rather than a general citywide lack of services.

3.2. Environmental Pressures and Natural Amenities

The surface-temperature map shows that the warmest conditions occurred in the
densely built city center and the southwestern part of the study area. By contrast, lower
temperatures were generally recorded along the seafront, on vegetated slopes, and toward
the urban fringe. A similar spatial pattern was observed for imperviousness, with sealed
surfaces concentrated mainly in the central and southern districts. Some narrow areas near
the coast and forested zones, however, received relatively high suitability scores. The spatial
pattern of road-related acoustic suitability closely followed the road hierarchy. The port
access route had the largest modeled influence distance (100 m), reflecting its heavy-vehicle
use, while arterial and major one-way roads extended the affected zone across a broader
part of the city center. VIIRS radiance ranged from 6.625 to 47.2 nW cm~2 sr~. Values were
highest near the city center and port and decreased progressively toward the north.

3.3. Spatial Distribution of Urban Quality of Life

Although favorable locations were identified, they covered only a limited portion of
the city and did not form a single continuous zone. The highest QoL scores were mainly
found along sections of the northern and eastern coastal margins and around the greener
edges of the study area. These locations were generally cooler and less densely built, while
still maintaining reasonable access to everyday services. Lower scores were concentrated
mainly in the central and southwestern parts of the city, where dense development, traffic,
higher temperatures, limited recreational space, and extensive impervious surfaces occurred
together. The city center showed a more mixed pattern. It benefited from very good access
to services, but this advantage was partly offset by the environmental pressures associated
with the densely built urban area (Figure 6).

The moderate QoL class covered the largest area: 51.93 ha, or 30.86% of the study area,
with scores ranging from 48.7 to 57.9. The low and very low classes together occupied
69.40 ha (41.24%), indicating that a substantial share of the city experienced less favorable
conditions. By comparison, the high and very high classes covered 46.89 ha (27.86%). The
very high class was particularly limited, occupying only 5.26 ha (3.12%) in small, scattered
locations (Figure 7).
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4. Discussion
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Moderate
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The final maps show that urban QoL in Zakynthos is shaped by two spatial patterns
that do not fully align. Services, commercial activity, schools, cultural facilities, and several
public spaces are concentrated in and around the center. Environmental advantages follow
a different pattern. Cooler conditions, vegetation, and proximity to the coast are more
evident toward the northern and eastern margins and around Bohali. As a result, the center
performs well on accessibility but less well when the full set of criteria is considered. This is
clearly visible in Figure 6. The lower-scoring zone is not confined to a few isolated blocks. It

https://doi.org/10.3390/engproc2026167002


https://doi.org/10.3390/engproc2026167002

Eng. Proc. 2026, 167, 2

13 of 17

extends across a considerable part of the central and southwestern urban area, where several
pressures overlap: high estimated population density and dense development, elevated LST,
sealed surfaces, traffic, and limited access to recreational spaces. In the northern part of the
study area, the opposite pattern is more common. Development is less dense, vegetation
is more prominent, and temperatures are generally lower. Some of these areas also retain
adequate access to services, allowing them to achieve higher composite scores. Similar
differences between service-rich centers and environmentally favored peripheral areas have
been observed in other fine-scale QoL assessments [5-11,19].

The class distribution supports the same interpretation. Low and very low QoL together
account for 41.24% of the study area, whereas the very high class covers only 3.12%. Very
high values occur in small sections rather than across a broad neighborhood. Moderate QoL
is the largest single class, but this should not be taken as evidence of generally balanced
conditions. Much of the city lies near the middle of the scale because accessibility advantages
and environmental disadvantages partially offset one another. These changes can occur
over quite short distances. A residential area may be close to services but also near a busy
road, surrounded by impervious surfaces, and exposed to high summer temperatures. A
few blocks farther away, vegetation or coastal influence may improve the environmental
score. The 10 m grid makes these local changes visible. A municipal average, or even a large
census zone, would smooth them out and give a much less useful picture of neighborhood
planning [6-8,11].

The high values near the coast require careful interpretation. At first glance, the final
pattern may suggest that proximity to the sea is the dominant factor but it is not. Natural
proximity received 10% of the total weight, with the sea accounting for 70% of that criterion.
This gave the sea a direct contribution of 7% to the final score. The coastal pattern emerged
because several favorable conditions occur in the same general area: lower temperatures,
greener spaces, public recreation, commercial and tourist activity, lighting, and access to
selected services. The waterfront has also received more public and private investment than
several inland neighborhoods. The resulting advantage is therefore partly environmental
and partly the outcome of how urban functions and investment have been distributed. This
distinction matters for planning. If the higher coastal values were caused only by the sea,
there would be little scope for intervention elsewhere. The maps show something different.
Many of the criteria that reduce QoL in the center and southwest can be changed through
planning decisions. Vegetation can be increased, sealed surfaces can be reduced, traffic can
be managed, and recreational spaces can be distributed more evenly. The environmental
advantage of the coast cannot be replicated in the interior, but some of the gap can be
reduced.

Applying AHP was important because it made the model’s priority structure explicit.
Estimated population-density suitability and NDVI received the highest criterion weights,
whereas accessibility, recreation, thermal suitability, natural proximity, and acoustic suitabil-
ity had equal secondary weights. Within the more complex criteria, AHP also distinguished
the relative importance of individual facilities or road categories. The consistency ratios
were acceptable, and the final criterion matrix was fully consistent, indicating that the
pairwise judgments followed a coherent internal logic. However, this does not demonstrate
robustness to alternative weights: the consistency ratio measures internal coherence, not
map stability. A qualitative direction-of-change assessment based on the individual criterion
maps indicates that increasing the weights of accessibility and recreation would improve
the central area’s relative position, whereas greater emphasis on thermal, acoustic, or imper-
viousness suitability would further penalize the central and southwestern zones. Increasing
the weights of NDVI or estimated population-density suitability would favor the greener,
less densely built northern and western margins. Because several disadvantages overlap
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within the main low-score zones, the criterion maps suggest that the broad contrast between
the center/southwest and the greener margins would probably persist under moderate
weight changes; cells close to class thresholds are more likely to change class. This inference
is qualitative and is not a substitute for raster-based sensitivity analysis. A subsequent
analysis should vary each main weight within a defined range, renormalize the remaining
weights, and report rank correlation, class-transition matrices, and the spatial agreement
of priority areas [8,12,22-24]. Previous applications of AHP have evaluated urban livabil-
ity for elderly populations and examined the relationships among topography, biotopes,
and population density [26,27]. Future research may expand upon this methodology by
comparing the weights assigned by residents, experts, and municipal stakeholders.

Several results point directly to local planning needs. One is the shortage and uneven
distribution of playgrounds and pedestrian streets. Squares and cultural facilities are
concentrated near the center, while recreational opportunities are weaker in several densely
populated neighborhoods. Creating small parks, playgrounds, and shaded spaces in the
southern and southwestern districts would address an actual spatial gap rather than add
more facilities to areas that are already relatively well served. The LST and imperviousness
maps suggest that green infrastructure should be concentrated where heat and soil sealing
occur together. Large parks may not be feasible in the dense center, but street trees, planted
courtyards, pocket parks, green roofs, and permeable or cooler paving materials could still
have a measurable local effect. Vacant or underused plots may also offer opportunities
for small-scale interventions. These measures would be especially useful near schools,
residential blocks, and heavily used pedestrian routes. Traffic pressure requires a broader
approach. The port access road, arterial routes, and the dense local street network affect a
substantial part of the southern and central areas. Simply adding parking spaces within the
center is unlikely to solve the problem. Peripheral parking, more frequent public transport,
safer pedestrian routes, and a connected cycling network would reduce the need for short
car trips. Lower speed limits and traffic-calming measures would also improve safety and
reduce some of the noise burden. Along the port route, vegetation could provide visual
improvement and limited acoustic protection, although its actual performance should be
tested with field measurements.

The study has several limitations. First, it maps objective conditions and does not
capture how residents assess their neighborhoods. The model omits satisfaction, perceived
safety, attachment to place, and the needs of different age or social groups. A location with
a moderate objective score may still be viewed positively by its residents, while a high-
scoring area may not meet everyone’s needs. Some input layers also involve approximation.
Population estimates were based on the building inventory instead of detailed census
data at the same spatial resolution. The inventory was digitized from 2007-2009 Hellenic
Cadastre orthophotos and might not include later construction, demolitions, or changes in
building use. Potential road-noise exposure was represented by road class and distance,
not by recorded sound levels. The LST analysis used Landsat Level-1 imagery because
the available Level-2 products contained extensive gaps. As a result, the relative contrast
between warmer and cooler areas is more reliable than the absolute temperatures. VIIRS
radiance is too coarse for interpretation at the level of individual streets. These limitations
should be kept in mind, especially when the maps are used to guide specific projects. Even
so, the framework has practical value. It identifies where several disadvantages occur
together and where intervention is likely to have the greatest effect. Because the model is
based on a common spatial grid, it can also be updated. New population data, revised road
information, additional public facilities, more recent satellite imagery, or field measurements
can be incorporated without rebuilding the entire analytical structure.

https://doi.org/10.3390/engproc2026167002


https://doi.org/10.3390/engproc2026167002

Eng. Proc. 2026, 167, 2

15 of 17

Future development of the framework should follow a single, integrated pathway. A
geocoded resident survey could capture neighborhood satisfaction, perceived safety, heat
and noise levels, barriers to everyday services, place attachment, and tourism-season pres-
sures. Comparing these responses with the objective index would reveal where measured
conditions and lived experience align or diverge; the same survey could also support partic-
ipatory AHP weights derived separately for residents, experts, and municipal stakeholders.
Stratifying the results by neighborhood, age, mobility, and household type would reduce
the risk that average preferences mask vulnerable groups. Repeating the objective and
subjective measurements before and after interventions would transform the framework
from a diagnostic map into a monitoring tool.

5. Conclusions

Urban QoL in Zakynthos is not uniform. The final surface shows a clear contrast
between the densely developed center and southwest and the greener coastal and northern
parts of the city. Moderate QoL covered the largest share of the study area, while low and
very low conditions together accounted for 41.24%. Very high QoL was rare, at 3.12%. The
maps also explain these differences. The center has the highest concentration of services
and everyday destinations, yet it is also affected by dense construction, high summer
temperatures, impervious surfaces, traffic, and limited recreational space. Higher scores
appear where several favorable conditions coincide rather than where a single criterion
performs well. Beyond these local findings, the study integrates heterogeneous objective
indicators on a common fine-scale grid and links individual criteria to neighborhood-level
intervention priorities using an approach that can be reproduced and adapted to other
small coastal municipalities. AHP made the weighting decisions explicit; however, the
qualitative assessment indicates that alternative priorities would most affect locations near
class thresholds, and a quantitative raster-based sensitivity analysis remains necessary.

For municipal planning, the priority areas are the central and southwestern neigh-
borhoods. Relevant measures include street vegetation, pocket parks, permeable surfaces,
safer pedestrian and cycling links, improved public transportation, traffic calming, and
a better distribution of playgrounds and recreational facilities. These measures cannot
eliminate all coast—interior differences, but they could reduce concentrated environmental
burdens in densely populated areas. Future versions should incorporate measured noise,
improved population estimates, and seasonal comparisons, and combine them with the
geocoded resident survey and participatory weighting described above. This integration
would provide a more comprehensive account of urban QoL and support the evaluation of
interventions over time.
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