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Abstract: European cities have experienced rapid (and often conflicting) transformations that include,
inter alia, the environment, the economy, society, climate change, and access to affordable housing,
with implications for their future development. In order to address such issues, assessing the current
situation of European metropolises is crucial to understanding new urban development models. In
light of these dynamics, our study focused on urban expansion in Pafos, Cyprus, between 1993 and
2021. Such dynamics were examined through photointerpretation (using kernel density estimation)
via the ArcGISPro spatial analyst tool. The empirical results of this analysis are considered particularly
insightful, especially those regarding urban sprawl and its implications for future land management
for the study area, and could help toward shaping specific policies to guide cities towards sustainable
and environmentally friendly development. The analysis reveals a gradual increase in settlements
over time (55%), although the rate of growth has decreased in recent years, as a consequence of the
economic crisis. Density maps revealed varying levels of urban concentration density, highlighting
the presence of high-density settlement cores downtown and low-density, dispersed settlements
in the surrounding districts. According to the empirical findings of this study, urban growth in
Pafos features fragmented development patterns with scattered building landscapes and large empty
spaces. To address the challenges of urban sprawl in the study area, specific actions are proposed
to promote sustainable urban development and mitigate its negative impacts. By examining Pafos
building/settlement development and urban planning, stakeholders can gain valuable insights and
implement viable solutions for the future. This study contributes to the evolving discourse on
urbanization, its characteristics, causes, and consequences, and highlights the importance of the
“compact city” model as a counterforce to urban sprawl and a pathway to sustainability.

Keywords: urban sustainability; urban sprawl; spatial analysis; urban planning; regional planning;
land use; housing development; urban density

1. Introduction

According to the OECD Secretary-General [1], the future development of cities will
determine progress in crucial areas such as the environment, economy, society, climate
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change, and access to affordable housing. Throughout the 21st century, European citizens
have witnessed rapid and conflicting land-use change shaping urban landscapes both
within and outside cities like never before [2,3]. Housing development in European cities
has been a significant issue since the beginning of the century [4,5]. Based on these
premises, it is appropriate to assess the current growth path of European metropolises
hosting the majority of their countries” population and recognize the impact of urban
development models on socioeconomic development [6]. This analysis will contribute the
establishment of policies guiding cities towards sustainable and environmentally friendly
development [1,7].

From this perspective, urban expansion in Pafos (Cyprus) from 1993 to 2021 was
explored focusing on the physical causes of settlement growth [8], such as population
increase [9], economic expansion [10,11], trends in the spatial concentration of activities and
specific land use [12], and the provision of urban planning [13,14]. The study employed
ArcGISPro, a spatial analysis tool (www.pro.arcgis.com), to visualize and investigate
Pafos’ long-term urban development. This approach enables the assessment of key urban
sprawl indicators identified in the 2018 OECD report [1], providing valuable insights into
metropolitan evolution and its implications for the future management of cities and regions.

2. Unraveling the “Sprawl Conundrum”: The Compact City Promise and the New
Paths to Sustainable Urbanization

The notion of “sprawl” indicates phenomena related to city development, urbanization,
and processes of urban transformations. Cervero (1997) remarked that “urban sprawl is
difficult to define, but you know it when you see it”, often referring to sprawl as mostly
unaesthetic and uneconomic settlement forms [15]. The concept of urban sprawl was first
mentioned by Draper in 1937 during an American Planning Association conference [16,17].
In the United States, sprawl was recognized in the late 1950s as the conversion of rural areas
into industrial, residential, and commercial development [18]. Whyte’s book, published
in 1958, provides one of the earliest official scientific reports on the subject [19]. Over the
past six decades, scholars have carried out extensive studies on urban sprawl, resulting
in a vast body of literature that explores its definitions, causes, and consequences [20-24].
While there is a plethora of definitions available, there is no universally accepted one
within the scientific community. Nevertheless, there is a general consensus among scholars
regarding the fundamental dimensions of this intricate phenomenon [8,25,26], although
this term still generates some controversy and confusion [27,28]. Chin [29] acknowledged
that sprawl serves as a hegemonic concept encompassing a broad spectrum of urban forms.
This understanding has led to the development of an interesting morphological typology
that differentiates sprawl based on its land use, economic outcomes, and density [30].
Consequently, sprawl cannot be regarded as a distinctive settlement form, representing
instead a sort of metropolitan continuum, spanning from semi-compact development to
fully dispersed patterns of urban growth [31]. Harvey and Clark (1965) [32] identified
three types of “ideally natural” models of sprawl: low density, linear development (ribbon
development), and discontinuous development (leapfrog development).

The Transportation Research Council [33] delineated the characteristics of sprawl in
relation with land use, arguing that it is challenging to distinguish urban sprawl from a more
compatible form of urban development from all the pillars of sustainability, namely the
environment, society, and economics [34]. Consequently, no universally accepted definition
of sprawl based on land use exists, limiting a truly comprehensive understanding of the
phenomenon [35-37]. Regarding the definition of urban sprawl based on its impacts, it
is grounded in the notion that the physical extent of urban expansion serves as a direct
measure of the phenomenon [36,38,39]. Ewing [38] specifically asserted that the restricted
accessibility to relevant land use and the absence of functional open spaces offer an effective
means to define urban sprawl. Sprawl is precisely defined as a development pattern
characterized by restricted accessibility between interconnected land patches, resulting
from dispersed development and uniform land-use patterns [40]. Density, as a fourth


www.pro.arcgis.com

Sustainability 2023, 15, 11202

3 0f24

defining characteristic, is particularly variable as it is not uniformly defined, e.g., in the
United States and England, due to different spatial perspectives and approaches. Chin’s
attempt [29] to utilize density as a defining criterion for categorizing various types of urban
sprawl underscores this variability. Furthermore, Bruegmann [41] (p. 17) contributed to
another valuable aspect by linking the phenomenon of sprawl to the influence of economic
development. He highlights that “dispersal is considered the preferred residential pattern
globally, particularly in regions with relative economic prosperity, where residents possess
the autonomy to choose their desired level of consumption within an urban setting”.
However, the author also concurs with the aforementioned characteristics of sprawl, stating
that it is characterized by low density, dispersed development, and a lack of land-use
prediction or planning [40] (p. 18).

As previously mentioned, the concept of sprawl is considered elusive [4]. In their
study, Maier, Franz, and Schrock (2006) [42] focused on quantitative measures of urban
sprawl. However, they concluded that sprawl is a multidimensional phenomenon, making
its measurement a challenging task. Even if we were able to measure its various dimensions,
the interpretation of these measures presents an even greater challenge. To address this
issue, the 2018 OECD report [1] identified seven indicators (Table 1) of urban sprawl,
which were calculated for over 1100 urban areas in 29 OECD countries at three different
time points: 1990, 2000, and 2014. These indicators allow for a complete monitoring
of sprawl over time and space, providing stakeholders with valuable insights to make
informed decisions regarding the need for policy actions that promote economic growth,
environmental sustainability, and social inclusion.

Table 1. Indicators of urban sprawl and their description in full [1].

Indicator

Description

Average population density The average number of inhabitants in a km? of land, urban area

Population-to-density allocation

The share of population living in areas where population density is below a
certain threshold (e.g., 1500 inhabitants/ kmz)
The share of urban footprint of areas where population density lies below a

Land-to-density allocation certain threshold (e.g., 1500 inhabitants/ km?)
Variation of population density The degree to which population density varies across the city
Fragmentation The number fragments of urban fabric per km? of built-up area
Polycentricity The number of high-density peaks in an urban area
Decentralization The percentage of population residing outside the high-density peaks of an

urban area

2.1. Policies toward the “Compact City” as a Response to Urban Sprawl

In recent decades, the concept of the “compact city” has (re)emerged as a response
to the challenges posed by urban sprawl [43,44]. This term has become popular in the
urban planning literature, particularly in studies specifically pertaining to the future (de-
velopment) of European cities. It is widely regarded as a well-crafted approach to fostering
sustainable development in metropolitan areas, taking into consideration the economic, so-
cial, and environmental ramifications associated with urban sprawl [45]. On the one hand,
according to Burton (2000) [46], land-use diversification, an efficient public transportation
system, and infrastructures that encourage pedestrian and bicycle mobility, as well as pop-
ulation growth, are all characteristics of compact cities. This approach offers the potential
to tackle various issues associated with urban sprawl by emphasizing intensified urban
development within existing city boundaries and minimizing the need for expanding into
rural areas. Hence, a compact city represents a comprehensive process that prioritizes the
optimal use of available land (e.g., brownfields) before considering new developments on
(e.g., greenfield) rural land, thereby addressing the unsustainable aspects of metropolitan
growth [47]. On the other hand, according to Burgess [48], contemporary approaches to
the compact city entail the expansion of built-up space and residential densities to achieve
intensified development of economic, social, and cultural activities within urban areas. This
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strategy involves concentrating urban functions and strategically manipulating the size,
form, and structure of settlements to achieve global environmental and social sustainability
advantages. Furthermore, as noted by Naess [49], the fundamental objective of the compact
city model is to meet future development requirements by increasing population densities
within the existing and defined urban area.

Contrary to common perceptions, higher-density settlements are characterized by
enhanced social viability [46]. This is primarily attributed to the equitable distribution
of products and services within these areas, as well as the ability to effectively maintain
local amenities and facilities [50]. The compact city model establishes social sustainability
by emphasizing the importance of high density for the city’s internal functions to thrive.
In essence, high density is a fundamental prerequisite for ensuring the vitality of the
compact city [51]. The contemporary vision of a compact and sustainable city necessitates a
fundamental departure from monocentric development and the overreliance on automobile
transportation [52]. It calls for a design approach that fosters thriving communities and
promotes enhanced mobility, all while reducing dependence on private car usage [53].
Instead, the focus is on fostering clean mass transportation systems and pedestrian-oriented
networks to facilitate efficient movement and accessibility within urban environments [54].
The design of a compact city revolves around the establishment of vibrant social and
commercial hubs that serve as focal points for community engagement and transportation
connectivity [55]. These hubs act as catalysts for the development of thriving neighborhoods
and communities. Within the compact city framework, neighborhoods are delineated
with clear boundaries, and each possesses its own designated public spaces that cater
to specific public and private activities [56]. The expansion and thoughtful shaping of
public spaces are prioritized, aiming to create a welcoming and secure environment that
promotes citizen safety and nurtures social interactions [57]. The concept of the compact city
encompasses several key objectives, including well-defined boundaries, high population
density, mixed land use, limited agricultural land consumption, sustainable management
of natural resources, pollution reduction, energy efficiency, decreased reliance on private
vehicles, and promotion of additional means of transportation—among them mass transit,
cycling, and walking [57-59]. Furthermore, it is crucial to highlight the significant aspects
of public health, economic prosperity, and the eradication of social segregation as integral
components of this concept [58,60-62].

2.2. Towards Sustainable Cities: Balancing Growth, Ecology, and Livability

Cities in developed regions are now acknowledged as contributors to environmental
predicament [63]. However, they are also recognized as pivotal agents in advancing the
global objective of sustainable development [64]. The Brundtland Commission, convened
by the United Nations in 1987, defined “sustainable development” as a form of progress
that meets present generation needs while safeguarding the ability of future generations
to meet their own requirements [65,66]. Similarly, Christensen [67] posited sustainable
development as a paradigm that ensures the preservation of natural systems, which serve
as the fundamental underpinning of human well-being, by securing favorable conditions
for life and requisite productive foundations [68]. Sustainable development entails the im-
plementation of developmental and environmental policies based on cost-benefit analyses
and rigorous economic evaluations, thereby reinforcing environmental conservation and
fostering enduring and escalating levels of prosperity [69-72].

Costa, Silva, and Ramos (2005) [73] further defined the concept of sustainable develop-
ment as a set of processes that guarantee the integrity of socioenvironmental equality, and
optimal performance within the economic sphere. Moreover, it is argued [74] that a sustainable
city encompasses efficient land management, enhanced organization of productive activities,
robust transportation systems, infrastructural development, and the judicious use of existing
elements, thereby taking the form of a compact city rather than uncontrolled sprawl [75]. A
sustainable city is structured in a manner that enables its inhabitants to meet their needs and
enhance their well-being without jeopardizing the natural environment or compromising
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the livelihoods of fellow human beings, both in the present and the future [76,77]. The key
goals of a sustainable city encompass poverty reduction through job creation [78], ensuring
adequate housing [79], crime prevention [80], and the promotion of social justice [81]. Ad-
ditionally, these goals encompass social diversity [82], fostering of agricultural pursuits [83],
infrastructural enhancements [84], and the provision of water and energy supplies [85,86].
Further objectives involve waste recycling and reuse [87], environmental protection and
restoration [88], and the enhancement of transportation and communication systems [89]. The
design and use of innovative technology [90], participatory governance [91], and sustainable
design [92] also featured prominently in the pursuit of sustainable development. Advocates
of the sustainable city theory [63] contend that by optimizing land use [93], promoting mixed
soil exploitation [94], and establishing an efficient transportation infrastructure [95] while
simultaneously ensuring sufficient and decent housing [96], challenges such as urban sprawl
and rapid urbanization can be effectively tackled [37,97]. Consequently, urban planners and
developers have increasingly embraced this theory, exerting influence on local authorities and
governments to prioritize and redirect public investments, particularly toward rural areas and
environmental conservation efforts [14,74,98].

3. Methodology
3.1. Study Area

Pafos, situated in the western part of Cyprus, is one of the six administrative divisions
of the island (Figure 1). It shares its northern border with Nicosia and its southern border
with Limassol. Spanning an estimated area of 1393 km?, it ranks as the third largest
administrative division in Cyprus. Pafos encompasses approximately 15% of the total land
area of Cyprus and is under the full administration of the Republic of Cyprus. The Pafos
administrative division is further divided into 121 communities and 4 municipalities: Pafos,
Geroskipou, Pegeia, and Chrysochous.

Figure 1. (Left) The Republic of Cyprus located on a map of the EU/World. Orange color denotes the
Turkish-occupied territory of the Republic of Cyprus following the 1974 Turkish-occupied territory of
the Republic of Cyprus. Source: JLogan, CC BY-SA 4.0, via Wikimedia Commons. (Center) Location
(in red color) of Pafos District in Cyprus. Source: TUBS, CC BY-SA 3.0, via Wikimedia Commons.
(Right) Pafos Municipality (in green color) in Pafos District (yellow color). Source: Xaris333, CC
BY-SA 4.0, via Wikimedia Commons.

Notably, the municipality of Pafos stands out as an attractive city, renowned for its
cultural heritage, historical significance, and idyllic natural surroundings. Characterized
by charming villages, rolling hills, and mountainous landscapes, the district’s southern
region boasts stunning coastlines adorned with endless beaches and secluded coves. Indeed,
following the Turkish invasion of Cyprus in July 1974, Pafos experienced substantial growth,
primarily fueled by construction and tourism. Notably, the population has witnessed
an increase over the years, with 19,452 residents in 1992, 26,530 in 2001, and 32,892 in
2011, as reported by the Department of Town Planning and Housing in 2019. Within the
municipality of Pafos, the territory was further divided into five districts: Agios Pavlos,
Mouttallos, Anavargos, Agios Theodoros, and the charming Lower Pafos district.
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3.2. Rationale and Logical Framework of the Study

The availability of digital and analogic data covering the time period from 1993 to 2021
served as a motivating factor in selecting Pafos as the focal point of this case study. However,
several other criteria played a crucial role in this decision-making process. Pafos was chosen
due to its encompassment of the historical urban core of the city, setting it apart from
other neighboring municipalities. Furthermore, Pafos has remained relatively unaffected
by the casino investment program and associated policies granting tax exemptions to
luxury properties with high building coefficients, which have had a substantial impact
on other regions, particularly Limassol. Additionally, the absence of major government
service establishments, including a ministry, parliament, presidential palace, cabinet, and
archbishopric, within Pafos rendered it a more representative example for such a study.
Moreover, the Pafos Local Plan remained substantially unaltered by any special policies
specific to such development initiatives, confirming its suitability as a case study subject.
To investigate the long-term sprawl within Pafos, a series of maps were developed. These
maps served as the fundamental basis for visually analyzing growth patterns within the
study area over an extended time period (1993 to 2021). The primary objective was to assess
the presence or absence of “urban sprawl” in the region.

3.3. Data Source

To develop the maps for the analysis set as the scope of the current research, it was
necessary to collect appropriate data sources. The search for suitable data sources was a
challenging and time-consuming process successfully carried out through governmental
agencies. The data collected are listed in Table 2 as well as the respective figures (Figures 2-7).

Table 2. Data sources employed in the analysis.

1993 Pafos analog map

1993 Pafos orthophoto maps (Figure 2)

1993 Pafos Local Plan (Figure 3)

2003 Pafos Local Plan (Figure 4)

2009 Pafos satellite images (Google Earth) (Figure 5)

2014 Pafos high-resolution orthophoto maps (Figure 6)

2021 Pafos Satellite Images (via Google Earth)

Shapefile map (administrative boundaries, buildings, land plots, and zoning derived from 2014 (Figure 7) and 2019 Pafos Local Plans)

Figure 2. Orthophoto map of the Municipality of Pafos, 1993 (source: The Republic of Cyprus Land Registry).
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Figure 3. Local Plan of the Municipality of Pafos, 1993 (source: Department of Town Planning and
Housing, Ministry of the Interior, Republic of Cyprus).

Figure 4. Local Plan of the Municipality of Pafos, 2003 (source: Department of Town Planning and
Housing, Ministry of the Interior, Republic of Cyprus).
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Figure 5. Satellite image of the Municipality of Pafos, 1993 (source: The Republic of Cyprus Land Registry).

Figure 6. 2014 Pafos orthophoto map (source: The Republic of Cyprus Land Registry).
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Figure 7. 2014 Pafos digital base map (source: The Republic of Cyprus Land Registry).

3.4. Implementation

To investigate the urban sprawl in Pafos from 1993 to 2021, a comprehensive set of
maps was developed. These data representations can be categorized into two main thematic
clusters, namely (i) building stock and (ii) building stock density. In addition, land-use
and construction coefficient maps were developed and analyzed quantitatively. For the
development of building stock maps, the digital shapefile (Figure 7) was redacted through
photointerpretation (see Figure 8). Starting from the 2014 Pafos orthophoto map (Figure 6),
the only available high-resolution map, a redaction process was implemented, involving the
elimination and rectification of inaccurate buildings where deemed necessary, along with
the incorporation of previously absent or missing buildings. The shapefile format of the
digital base map (Figure 7) comprised a comprehensive dataset of 10,108 registered entries.
Among these entries, 2349 were subsequently removed, while 3856 entries underwent
updates. The same methodology was employed to develop the digital base maps for all the
time periods studied herein. The vector layers for each year were created independently.
For the year 1993, the Pafos building stock was initially recorded at 7724 structures. The
building stock increased to 10,007 entries in 2003. Finally, the present (2021) status was
established using Pafos 2021 satellite images obtained through Google Earth. A total of 441
new buildings were included, while 98 were removed, bringing the Pafos residential stock
to a total of 11,958 buildings.
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Figure 8. First row: digital basemap update for 2014; second row: building footprint delineation
process for 2003; last row: building footprint delineation process for 1993.

The development of the building stock density maps involved the use of the Kernel
Density Estimator (KDE) method for analyzing urban density. KDE analysis calculates
the density of a specific characteristic at individual points within a surrounding area. It
employs spatial interpolation techniques to compute a value per unit area for each point.
The resulting surface exhibits a higher density value at the point location and gradually
diminishes as the distance from the point increases, ultimately converging to zero. Typically,
the outcome of KDE analysis is represented as a raster dataset, where each cell contains
a density value that is weighted based on its distance from the original features. KDE
analysis is commonly applied to assess urban densities, including building stock density,
commercial activity density, utility network density, and even road density within a city.
Furthermore, since the KDE method operates on point data, whereas the digital basemaps
developed for the building stock maps consisted of polygon entities, a conversion of the
basemaps into point data was required to facilitate compatibility with the KDE analysis
(Figure 9). The analysis was carried out mid-2021 using ArcGIS, a software, v. Pro 1.0
developed by ESRI that offers advanced tools for cartographic production, spatial analysis,
data processing, conversion, visualization, and data management. More specifically, the
ArcGIS Pro Kernel Spatial Analyst tool was used, employing the quartic kernel function
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described by Silverman (1986, p.76, Equation 4.5) (see also [99-102]) on a bandwidth basis
for the PLANAR method. The spatial analysis in this study utilized imagery with a spatial
resolution of 5 m, which is widely recognized as suitable and sufficient for the analysis
conducted in this research, as supported by the existing scholarly literature [103,104].

Figure 9. Conversion of polygon entities into point data for use in the Kernel Density Estimator method.

4. Results

The spatial distribution of Pafos building stock in 1993 (Figure 9) exhibited a mostly
fragmented pattern characterized by scattered buildings and significant empty spaces. The
main density cores of buildings were observed in the city center, while dispersed density
cores concentrated in the northeastern region (Figure 10).

Minimum density
Vary low density
Low dansity
Moderate density
High density
vary high dansity
maximum density

Legend

[ municipatity boundaries
[ BHSRRR T 1sss

Agjoining municipalities

[0l ] ]

Scale ; ;25,000 Scale ; 1:25,000

Figure 10. Building stock distribution (left) and density map (right) of Pafos in 1993. The correspond-
ing density map highlights varying levels of density using a red-to-green gradient color scheme. Red
signifies areas of high density, while green indicates areas with negligible density.

Similarly, for 2003 (Figure 11), the urban layout maintained a fragmented nature, with
buildings showing continuity but still leaving substantial vacant and underutilized areas
between them. A significant portion of Pafos exhibited low-to-moderate densities compared
with the previous observation year, where the majority of the area, excluding the center, had
minimal densities. Regarding the unique high-density core, it remained largely unchanged.
This implies that during the past decade, there was no construction activity that could have
increased urban density, but rather dispersed development occurred throughout.
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Figure 11. Building stock distribution (left) and density map (right) of Pafos in 2003. The correspond-
ing density map highlights varying levels of density using a red-to-green gradient color scheme. Red
signifies areas of high density, while green indicates areas with negligible density.

In 2014 (Figure 12), the rate of urban development exhibited a relatively lower growth
pattern, and the density trajectory closely corresponded with the conditions prevailing
in 2003. A notable transformation occurred whereby numerous areas characterized by
minimal densities underwent a transition towards low- or moderate-density categories.
The emphasis was primarily placed on expanding the existing density cores rather than
generating new ones. This development can be regarded as a favorable outcome, as it
contributed to the consolidation of the city’s spatial configuration. However, the presence
of high and maximum density zones was limited, with the exception of the historical center,
which remained unaltered.

Legend

W Minimum density
Legend W very low density
B tow density
] municipaity boundaries Moderate density
il [7]  High densiy
B B cone B s
| adioining municipalives B Maximum density

Scale ; 1:25,000 Scale : 125,000

Figure 12. Building stock distribution (left) and density map (right) of Pafos in 2014. The correspond-
ing density map highlights varying levels of density using a red-to-green gradient color scheme. Red
signifies areas of high density, while green indicates areas with negligible density.

Examining the present (2021) status map (Figure 13), it is evident that the rate of
development has been comparatively lower than in previous periods, most probably as a
result of the global financial crisis occurred in the early 21st century [104-107]. However,
the buildings within Pafos demonstrated a relatively more compact arrangement when
compared to the preceding periods. Construction activity has been less pronounced and
dispersed throughout Pafos, lacking concentration in any specific location.
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Figure 13. Building stock distribution (left) and density map (right) of Pafos in 2021. The correspond-
ing density map highlights varying levels of density using a red-to-green gradient color scheme. Red
means high-density clusters, while green indicates areas with low or negligible density.

A temporal analysis of the building stock maps indicates a gradual evolution of
construction activity toward empty spaces (Figure 14). This observation suggests a tendency
towards a more compact urban form, although further research incorporating additional
data is necessary to draw definitive conclusions. It should be noted that the preservation
of vacant spaces is crucial for establishing of a sustainable and compact city [92,108]. In
1993, Pafos building stock included 7724 structures. By 2003, this number had increased
to 10,007 buildings, reflecting a growth rate of 3% per year. In 2014, the building stock
further expanded to 11,615 structures, growing by 16% compared with 2003. As for 2021,
the number of buildings reached 11,958, with a growth rate of 3.8% compared with the
previous period. The overall percentage change between the beginning and the end of the
study period (1993-2021) amounted to 55% (Table 3).

Legend

B BRUADERISSK 1008
B BULIDRAIS K zo0s
I BHARRGSR T 201a
I BRIAIDERIR K 2021

[ Municipality boundaries
[1 adjoining municipalities

scale ; 1:25,000

Figure 14. Pafos building stock evolution from 1993 to present (2021).
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Table 3. Pafos development from 1993 to 2021.
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Pafos’ territorial extent encompasses an area of 16.93 km?. Pafos’ built-up fabric during
the year 1993 occupied a total land area of 1.46 km? (8.6% of total area). By the year 2003,
the built-up area expanded to 1.88 km?, representing 11% of Pafos’ territory. Subsequently,
in 2014, the built-up environment encompassed an area of 2.3 km?, equivalent to 13.6% of
the total territorial extent. In 2021, Pafos’ built-up area covered more than 2.3 km?2, 14.1% of
the entire study area. It is worth noting that significant additions to the built environment
between 2003 and 2014 included the development of substantial hotel complexes and
commercial shopping centers, exemplified by the new mall, spanning a considerable area of
10 hectares. Thus, the analysis of the building stock reveals Pafos’ significant development
between 1993 and 2003, followed by a smaller growth during 2014-2021. Scattered urban
sprawl was observed throughout.

Land use in Pafos in 1993 comprised urban commercial centers, core areas of high
activity, infrastructure, and economic significance, and continuous development, with a
small proportion of industrial zones (Figure 15). Residential areas dominated the overall
region, except for the western coast and a part of the northeast. Tourist and rural zones were
concentrated in the center and along the western coastal front. The northeast part mainly
consisted of agricultural and rural zones. Public buildings were dispersed throughout.
In 2003, certain changes were observed, including the absence of agricultural zones, a
decrease in the urban commercial center area, and relatively stable commercial activities
outside the center, except in the tourist-focused areas. Residential and rural areas were
more prominent in this period. In 2014, and later in 2021, the maps present minimal changes
in land uses overall.

Table 4 presents Pafos land-use changes in 1993, 2003, 2014, and 2021 as defined in the
respective Local Plans. The changes depicted in the table are minimal, particularly in regard
to the land uses of the 2013 and 2019 Local Plans, where they mostly align. This suggests
that the logic of land-use determination by the public administration remains unchanged.
Notably, land uses pertaining to residential areas across all analyzed Local Plans constitute
more than 55% of the total area. Furthermore, changes exhibit both increase—-decrease
and decrease-increase patterns in their respective areas. A point worth noting is the
elimination of agricultural zones, which accounted for 5.1% of the land uses in 1993, and
their conversion into residential and rural zones.
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Figure 15. Pafos land use maps for 1993 (top left), 2003 (top right), 2014 (bottom left), and 2021
(bottom right).

Table 4. Temporal evolution of urban planning zones.

1993 % 2003 % 2014 % 2021 %

Urban commercial center (km?) 0.53 3.1 0.36 2.1 0.49 2.9 0.47 2.8
Residential areas 9.36 55.3 9.99 59 9.57 56.5 9.57 56.5
Core areas and continuous 0.46 2.7 0.44 26 0.48 2.8 0.48 2.8
development zones

Commercial act%vmes outside the 138 8.2 135 8 1.62 96 1.62 96
urban commercial center

Public buildings 0.26 15 0.6 3.5 0.6 3.5 0.6 3.5
Tourist zones 1.7 10 1.63 9.6 1.65 9.8 1.64 9.7
Industrial zones 0.21 12 0.26 1.5 0.23 14 0.23 14
Rural zones 2.16 12.8 2.3 13.6 2.29 13.5 2.29 13.5
Agricultural zones 0.87 5.1 - 0.0 - 0.0 0.036 0.2
Total 16.93 100 16.93 100 16.93 100 16.93 100

The analysis and presentation of urban planning zones and land uses are crucial
due to their direct correlation with the maximum construction coefficient, which serves
as the primary criterion for construction within a city. The maps in Figure 16 depict the
maximum construction coefficient for the urban planning zone of Pafos, as defined in the
corresponding years” Local Plan. The “construction coefficient” denotes the maximum
permissible floor area ratio expressed as a percentage of the land area, representing the
extent of construction allowed on a specific plot. Within Cyprus, land usage falls within
the purview of the Town Planning and Housing Department, Ministry of Interior. Urban
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development in key areas adheres to the guidelines outlined in the Local Plans. Cyprus
is partitioned into distinct planning zones (see Figure 15 legend and Table 4). Prior to
purchasing land for construction purposes, it is imperative to ensure compliance with
relevant building regulations and ascertain the availability of essential amenities such as
electricity. Prospective land buyers should consider three interrelated factors:

(a) Building coverage factor, expressed as the maximum permissible building size in
square meters relative to the plot area;

(b) Area coverage factor, expressed as the maximum permissible ground level coverage
of the plot in square meters relative to the plot area;

(¢) Maximum height factor, expressed as the tallest point the building can reach in meters).

n
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Figure 16. Pafos construction coefficient maps. Top left—1993; top right—2003; bottom left—2014;
bottom right—2021.

5. Discussion

One of the main characteristics of post-war development in Pafos was found to
be the scattered expansion of individual dwellings and urbanization on the outskirts
of the city, encroaching upon forested and agricultural land. The economy, land market
processes, and social perceptions contributed to the continuous growth of this phenomenon,
which is peculiar to the Cypriot reality and one of the most significant issues in urban
areas. The fragmentation of land ownership has been and remains a substantial obstacle
to the planning and implementation of unified and rational developments. Moreover,
the existence of private water supply was a decisive criterion for new developments.
The rapid increase in the urban population of Pafos, resulting from the effects of the
Turkish invasion and subsequent efforts for economic revitalization, particularly in the
tourism sector, greatly accelerated the pace of development. However, the traditional
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structure of the city is unable to smoothly absorb the changes in the system and the
growth rates that emerged from the aforementioned events. The initial concentration
of services, commerce, public administration, and other essential activities in the city
center encouraged the radial expansion of the road network, functionally derived from
the presence of a single employment center. The subsequent dispersion of employment
opportunities and residential areas to broader regions, mainly along major road axes,
limited their traffic capacity and population mobility options, as urban sprawl was not
supported by substantial improvements in the radial road network. The lack of effective
urban planning legislation, combined with the increased demand for land for development
and investment, as well as the retention of a significant portion of land for future use or
speculation, created conditions that contributed to the degradation of the quality of life
for a large part of the population. This phenomenon manifested as scattered residential
development, parcel fragmentation, numerous vacant lots, conflicting land uses, and
single-story houses and apartment buildings. Alongside these physical characteristics of
the area, the inability of low-income groups to secure land and housing within the main
urban area is the most significant problem and the root cause of many other issues. The
spatial allocation of developments housing various sectors of economic activity presents
several challenges. Workshops, shops, and offices are dispersed in the Local Plan area,
causing conflicts in functionality, traffic issues, and the degradation of the environment
and population amenities, especially in residential areas. Public spaces open for passive
or active recreation remain insufficient in the Local Plan area, both in terms of area and
organization and management. Severe deficiencies in playgrounds and local/urban parks
have been observed in residential areas, although in recent years Local Authorities have
made efforts to alleviate these shortcomings. Finally, the tourist development along the
coastal front and the wider coastal strip of the city, without prior urban and spatial planning
and necessary infrastructure, causes significant environmental problems related to the
intensity of development, the absence of required infrastructure, and the lack of respect for
landscape sensitivity [109,110].

Based on global instances of successful urban center upgrades, it has been demon-
strated that spatial planning and intelligent development strategies can effectively regulate
the growth of cities [111]. As long as the human element persists, urban development will
remain an ongoing process [112]. Nonetheless, societies are confronted with the challenge
of determining the appropriate locations for development and shaping their form. In
Cyprus, a country with a population of 750,000 and a land area of 7105 km?, urban devel-
opment has predominantly followed a pattern of continuous expansion towards suburban
areas [113]. However, successful urban development necessitates a fundamental shift in
the underlying philosophy of spatial planning, as persistent issues cannot be resolved by
the policies that gave rise to them [114]. European cities exemplify a perpetual state of
transformation, wherein new functions, materials, architectural styles, dimensions, heights,
and cosmopolitan influences are continuously introduced, enhancing the overall urban
landscape [115]. This dynamic process of producing new urban spaces is intertwined with
the creation of a new polity, new policies, a new economy, and novel ways of urban living,
which, however, may present challenges in fostering social harmony and justice in the
future of metropolitan urban Europe [116].

Remarkable examples of residential development can be found worldwide where
city center buildings soar to heights reaching 800 m. In contrast, urban areas in Cyprus
adhere to building regulations that permit a much lower building height, possibly in line
with guidelines for adaptation to natural hazards, primarily earthquakes. This significant
disparity in density raises the question of its underlying cause. In addition, other cities have
effectively accommodated various functions, such as tourism [117,118], culture and cultural
facilities [119,120], governmental services [121], hospitals [122], sports facilities [123], and
universities [124]. In contrast, the city of Pafos, with a population of 40,000 inhabitants,
exhibits a pattern of sporadic development. This low-density scenario undermines the
realization of the Local Plan’s vision, ultimately leading to a decline in residential, commer-
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cial, and economic activity within the city center [125]. Consequently, the urban oxymoron
arises, where the intended role of the city center fails to align with the actual density,
hindering its vitality and potential for growth. Furthermore, it is widely acknowledged
that high density serves as a crucial prerequisite for fostering vibrant and thriving urban
centers [126,127]. This understanding has prompted numerous cities, both within Europe
and worldwide, to adopt the paradigm of compact cities. Given this context, it begs the
question as to why such a development model was developed in Pafos, incorporating exces-
sively low building coefficients, which diverge from the contemporary and internationally
recognized trends in urban design.

The success of urban developments in achieving the economic revitalization of cities
highlights the significant advantage of available land resources. The key question at hand
is how these cities can effectively harness the immense potential presented by proper
development, rather than fragmenting it in a haphazard manner, as has been observed
in the case of Pafos herein. The current research endeavors to address these issues by
proposing a series of recommended actions. The pervasive phenomenon of urban sprawl,
as exemplified herein, is evident across Pafos. As population growth drives development
rates, demand for services, energy, infrastructure, and new installations will definitely
increase. However, urban development should adhere to spatial planning principles and
employ suitable mechanisms to prevent uncontrolled sprawl [128]. Failure to do so will
result in the expansion of urban sprawl with its negative consequences, leading to inefficient
land use and the loss of agricultural land [129], gradually disrupting the ecological and
environmental equilibrium intrinsic to any traditional settlement, like Pafos [130].

The most effective recommended solution for curbing urban sprawl involves the grad-
ual transformation of dispersed and discontinuous cities into smart and compact urban
centers. Drawing insights from successful examples [62,64], it is crucial for all relevant
stakeholders to fully comprehend the underlying practices and policies. To address the
phenomenon of urban sprawl in Pafos, several specific actions are proposed. These actions
aim to promote sustainable urban development and mitigate the negative impacts of sprawl.
The recommended measures include the establishment and augmentation of a special fund
dedicated to building renovation, adaptive reuse, and the creation of green spaces. This
fund will provide financial support for initiatives aimed at enhancing the aesthetics and
ecological quality of urban areas. Repurposing underutilized land and buildings promotes
efficient land use and revitalizes urban areas. Financial incentives should be introduced
to promote the maintenance, preservation, and restoration of buildings with unique ar-
chitectural character, fostering cultural heritage preservation [131,132]. Limitations on the
architectural appearance of new buildings within the urban center should be introduced to
promote a cohesive and visually appealing urban environment. Incentives should be also
provided to encourage the demolition of single-family homes lacking distinctive architec-
tural features, with a focus on constructing high-density buildings that can accommodate
more residents.

Implementation of economic measures and charges for the purchase of second homes [117]
can help manage demand and discourage excessive property speculation, thereby curbing
urban sprawl. Building coefficients within urban cores should be further increased while
simultaneously reducing them in peri-urban areas. This approach encourages higher den-
sity development in city centers, optimizing land use and minimizing urban sprawl. To
combat unauthorized constructions and ensure compliance with regulations, substantial
control measures and strict enforcement mechanisms should be implemented. Unified
developments within a specific radius from the urban center should be encouraged, ac-
companied by simplified land registry procedures to address co-ownership issues more
efficiently. Provisions in urban development permits should be improved to ensure more
effective delineation of public green spaces. This will help preserve and expand green areas
within urban environments. The designation of zones for continuous development and
urban commercial centers should be increased.



Sustainability 2023, 15, 11202 19 of 24

6. Conclusions

Concentrating development in specific areas fosters compact urban growth and facili-
tates the provision of services and amenities. Mixed-use development should be introduced
within areas predominantly used for housing. Integrating different functions, such as com-
mercial, recreational, and institutional functions, within residential areas promotes vibrant
and sustainable communities. Land reuse downtown should be actively encouraged. By
adopting these recommended actions, Pafos—and, for generalization, many other regions
in the Mediterranean region sharing with Pafos similar socioeconomic and environmental
characteristics—can effectively address urban sprawl and foster a sustainable development
aligned with modern planning principles and international best practices.
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