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Abstract

The Urban Heat Island (UHI) effect is responsible for increased urban temperatures com-
pared to rural areas due to heat-absorbing materials like concrete and asphalt, worsening
climate change impacts and creating thermal discomfort for citizens. Limited green spaces
reduce natural cooling, increasing health risks. This study examines UHI in Paphos
(2015–2024) during significant infrastructure development, using Landsat-9 data to analyze
Land Surface Temperature (LST), urban growth (NDBI), and vegetation (NDVI). The re-
sults reveal how development has affected the microclimate of Paphos compared with the
limitation of green spaces through time series. This study also highlights remote sensing’s
effectiveness in assessing UHIs.

Keywords: Urban Heat Island; UHI; remote sensing; climate change; global warming

1. Introduction
1.1. Remote Sensing and Urbanization

Urban expansion and its environmental consequences have become critical areas of
research in the context of global climate change and rapid urbanization [1–3]. This study
focuses on Paphos, Cyprus, a city that, in recent years, has experienced significant develop-
mental changes due to tourism, infrastructure growth, and shifting land-use patterns. Over
the decade spanning 2015 to 2024, Paphos underwent notable transformations in its built
environment, affecting green coverage and thus thermal distribution in the city. Under-
standing these changes is essential for sustainable urban planning and mitigating efforts
against climate change and the Urban Heat Island (UHI) effect. The primary objective of
this research is to assess the spatial and temporal development of built-up areas, vegetation
cover, and Land Surface Temperature (LST) in Paphos using remote sensing techniques.
By leveraging satellite-derived indices, namely, the Normalized Difference Built-Up Index
(NDBI), Normalized Difference Vegetation Index (NDVI), and Land Surface Temperature
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(LST), this study evaluates the interplay between urbanization structures, green spaces,
and thermal distribution. These indices provide valuable insights into how urban growth
influences microclimatic conditions, particularly in a region vulnerable to climate change
and rising temperatures [4–9]. Remote sensing offers a powerful and cost-effective tool
for monitoring urban dynamics over time [10]. The use of multispectral satellite imagery
enables consistent, high-resolution analysis of land cover changes and thermal patterns.
Furthermore, this research contributes to the broader discourse on sustainable urban
development by highlighting the environmental impacts of building expansion and the
importance of preserving or enriching green infrastructure. Given the increasing pressures
of urbanization and climate variability, this study not only provides a localized assessment
of the UHI effect in Paphos but also aligns with global efforts to create resilient, livable
cities. The findings can aid policymakers, urban planners, and environmental researchers
in developing strategies that balance urban growth with ecological preservation.

1.2. Urban Expansion

Paphos is a coastal city on the western side of Cyprus, as shown in Figure 1, which
is characterized by its hilly terrain and Mediterranean climate. The city benefits from a
cooling sea breeze that flows inland from the west, moderating temperatures along the
coastal areas. In contrast, the northeastern sectors, situated at higher elevations, experience
improved thermal comfort due to milder air currents and natural ventilation. However, the
urban core and downtown districts face elevated humidity and temperature levels during
the summer months, exacerbated by dense urban development and limited ventilation.

 

Figure 1. District boundaries of Paphos.

Administratively, the Municipality of Paphos is organized into five districts, each
contributing to the city’s diverse urban and functional landscape. In recent years, Paphos
has undergone extensive urban infrastructure development, with modern infrastructure
projects including upgraded road networks, new public squares, green spaces, and mixed-
use residential and commercial developments. Residential development expansion driven
by private sector investment has been evident throughout Paphos in recent years. This
growth pattern is closely tied to the city’s tourism industry, which continues to demonstrate
strong economic potential and serves as a key driver for real estate development. The
private sector’s focus on residential construction reflects both the increasing demand for
tourist accommodation and the growing appeal of Paphos for international buyers and
seasonal visitors. This comprehensive development has fundamentally transformed the
city’s infrastructure and public spaces.
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As a premier tourist destination, Paphos experiences a peak visitor season from April
to November. The seasonal influx significantly intensifies urban activity, particularly
in the downtown core and waterfront zones, drawing travellers to its UNESCO-listed
archeological heritage and Mediterranean landscapes. However, this coincides with the
summer’s peak thermal stress. The city centre often faces stifling heat and high humidity,
exacerbating outdoor discomfort, while the areas located closer to the sea suffer from high
levels of humidity, intensifying the uncomfortable thermal conditions during the summer.

2. Methodology
The methodology used in this research was focused on analyzing the relationship be-

tween urban temperature dynamics and spectral indices over a ten-year period (2015–2024).
To achieve this, three key indices were utilized: the Normalized Difference Built-Up Index
(NDBI), the Normalized Difference Vegetation Index (NDVI), and the Land Surface Temper-
ature (LST). The NDBI applied to quantify urban expansion and built-up density, while the
NDVI served as an indicator of vegetation health and green cover distribution. LST data
was derived to assess thermal variations across the study area. By integrating these indices,
the study aimed to evaluate how changes in urban infrastructure and vegetation influence
surface temperature trends over time. The analysis was conducted using Landsat-8 satellite
imagery, with a time series from every July, resampled from 100 m to 30 m resolution.
Image processing and index calculations were performed using remote sensing software
(ArcGIS Pro 3.5.3).

2.1. Normalized Difference Built-Up Index (NDBI)

The Normalized Difference Built-Up Index (NDBI) is a remote sensing index used
to identify and map built-up areas, particularly urban areas, from satellite imagery, as
shown in Figure 2. It is calculated by using the ratio of shortwave infrared (SWIR) and
near-infrared (NIR) bands, which highlights areas where SWIR reflectance is higher than
NIR. NDBI values range from −1 to 1, with higher values indicating a greater density of
built-up areas [11,12]:

NDBI =
SWIR + NIR
SWIR − NIR

(1)

 

Figure 2. Normalized Difference Built-Up Index (NDBI).

The range set up for values to assess the NDBI classification was −0.26 to −0.026 for
green areas, −0.025 to 0.037 for the built environment, and 0.038 to +1 for bare soil. As
observed in Figure 3, for the decade from 2015 to 2024, the relationship between green
areas and the built environment was inversely proportional. Since 2015, green spaces have
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decreased by 2.77%, declining from 16.52% to 13.75%, while the built-up area of the city
has increased by 3.98%, rising from 58.26% to 62.24%. It is worth noting that the remaining
1.21% reduction corresponds to bare soil.

  

Figure 3. The NDBI for Paphos centre. Green areas range from −0.26 to −0.026, built environment
ranges from −0.025 to 0.037, and Bare soil ranges from 0.038 to 1. The (left) image represents the
NDBI in 2015, and the (right) image represents the NDBI in 2024.

2.2. Normalized Difference Vegetation Index (NDVI)

The NDVI is a widely used remote sensing index that assesses vegetation health and
density by measuring the difference between near-infrared (NIR) and red light reflectance:

NDVI =
NIR + Red
NIR − Red

(2)

For this purpose, the NDVI was used to cross-validate the results from the NDBI. As
can be seen in Figure 4, in 2015, the non-green areas dominated 92.51% of the city, while
7.48% was represented by green areas. In 2024, the green spaces decreased to 4.72%, and
the non-green areas increased to 95.27%. The 2.76% reduction in green spaces corroborates
the results from the use of the NDBI.

  

Figure 4. NDVI represents the green spaces with values 0.2 to +1. On the (left) is the satellite image
for 2015, and on the (right) is the image for 2024.

2.3. Data and Methodology

Taking the results from the NDBI and NDVI, temperature distributions were calculated
and analyzed from Landsat-8 OLI/TIRS C2 L1 data. The TIRS (Thermal Infrared Sensor)
has the ability to measure the energy that is radiated from materials on the Earth’s surface
using band 10 TIRS 1 (10.6–11.19 µm) 100 m and Band 11 TIRS 2 (11.5–12.51 µm) 100 m.
Landsat collection 2, Level 1 data were utilized for this research. The methodology process
to acquire visual presentation of temperature fluctuations follows the calculation of the top-
of-atmosphere spectral radiance (TOA), the conversion of TOA to brightness temperature
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(BT), the calculation of the NDVI, the proportion of vegetation (Pv) and emissivity (ε), and
finally the Land Surface Temperature (LST). A classification approach was conducted for
this study to analyze the behaviour of temperature fluctuations in the city [13]. The LST
images were classified in temperature ranges: 22–32 ◦C, 32–34 ◦C, 34–36 ◦C, 36–38 ◦C,
38–40 ◦C, and 40–44 ◦C, as indicated in Figures 5 and 6 for 2015 and 2024, respectively.
The analysis refers to the month of July for each year from 2015 to 2024, which is normally
the hottest month of the year and includes the most thermally uncomfortable days in
the country.

LST = (BT/(1 + (0.00115 × BT/1.4388) × ln(ε))) (3)

 

Figure 5. LST distribution in 2015 (left) and classification of temperature fluctuations (right).

 

Figure 6. LST distribution in 2024 (left) and classification of temperature fluctuations (right).

3. Results
As shown in Table 1, in 2024, areas with relatively low temperatures have diminished,

while higher-temperature zones have become more prevalent, compared to 2015. The
land surface area with temperatures between 22 and 32 ◦C decreased slightly from 2.9% to
1.70%. Meanwhile, the distributions of 32–34 ◦C and 34–36 ◦C experienced a sharp decline,
dropping from 12.52% and 62.49% in 2015 to 1.67% and 10.83% in 2024, respectively.

Table 1. Temperature fluctuations between 2015 and 2024.

2015 2024

Temperature
Fluctuation (◦C) Area (m2) Area (%) Area (m2) Area (%)

22–32 0.49 2.9 0.29 1.70
32–34 2.12 12.52 0.28 1.67
34–36 10.61 62.49 1.84 10.83
36–38 3.58 21.11 10.17 59.89
38–40 0.16 0.97 4.28 25.22
40–44 - - 0.11 0.67
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A critical increase was observed in the 36–38 ◦C and 38–40 ◦C ranges, which rose from
21.11% and 0.97% in 2015 to 59.89% and 25.22% in 2024, respectively. Notably, temperature
fluctuations between 40 and 44 ◦C, which were absent in 2015, accounted for 0.67% of the
land surface in 2024.

4. Conclusions
The findings of this study highlight significant trends in urban development, vegeta-

tion cover, and thermal patterns in Paphos, Cyprus, between 2015 and 2024. The NDVI
demonstrated a notable decline in green spaces by 2024, marking it as the year with the
least vegetation cover. This inverse relationship between urbanization and vegetation loss
underscores the environmental impact of rapid urban expansion [14].

Furthermore, in the Land Surface Temperature (LST) analysis, 2017 and 2018 were
identified as the years with the highest thermal intensity, suggesting enhanced heat stress
during these years. The correlation between the NDBI and NDVI further supports the
observed trend. As built-up areas increased (particularly in 2024), vegetation cover di-
minished, reinforcing the hypothesis that urban densification contributes to a reduction in
green spaces [15].

These findings have important implications for urban planning and climate resilience
strategies in Paphos but also in other Mediterranean cities with similar climatic conditions.
The decline in vegetation alongside increasing built-up density may exacerbate the Urban
Heat Island (UHI) effect, leading to higher temperatures and reduced thermal comfort for
residents [16]. To mitigate these effects, policymakers should consider integrating green
infrastructure, enforcing sustainable land-use policies, and promoting urban greening
initiatives to balance development with environmental preservation.
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