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Abstract. Humanity faces a triple planetary crisis: climate change, biodiversity
loss, and pollution, which threaten ecosystems and quality of life. Cities play a
key role in tackling these challenges and achieving climate neutrality as hubs of
housing, economy, and resource use.

Kalamata, a member of the EU’s “100 Climate-Neutral and Smart Cities by
2030” Mission, leverages digital innovations for sustainability. Through smart
solutions in energy, buildings, waste management, and transport, it aims to en-
hance resilience and reduce environmental risks.

This study aims to highlight, through Geographic Information Systems (GIS),
green routes within the city's residential fabric that are suitable for cooler walks.
Key factors considered and applied as criteria for reducing urban heat, are urban
green spaces, which aid in air cooling through vegetation. In contrast, factors
such as asphalt and concrete (which absorb heat), high buildings, and narrow
streets (which trap heat by limiting airflow), along with human activities such as
heating of the buildings and driving cars, contribute to increase urban tempera-
tures.

Additionally, the study assesses accessibility to green spaces and presents com-
parative maps of land surface temperatures, highlighting ways to mitigate urban
heat.

Keywords: Urban Heat Island, Green Routes, Climate Change, Kalamata, GIS,
Satellite Remote Sensing

1 Introduction

Cities are on the frontline of the climate crisis, concentrating population, infrastruc-
ture, and exposure to extreme heat. The Urban Heat Island (UHI) effect—systemati-
cally higher urban than rural temperatures—intensifies heat stress, increases energy de-
mand, and reduces environmental quality. Kalamata, as part of the EU Mission “100
Climate-Neutral and Smart Cities by 2030,” provides a timely context to examine how
geospatial analysis can inform place-based adaptation.

This paper uses satellite remote sensing and Geographic Information Systems (GIS)
to (i) map land surface temperature (LST) and characterize intra-urban UHI patterns
and (ii) translate these findings into a planning framework for climate-sensitive “green
routes.” We integrate thermal vulnerability with accessibility to greenery to delineate
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priority corridors that can reduce heat exposure and enhance everyday walkability. Our
contribution is twofold: a reproducible workflow for LST/UHI mapping tailored to a
Mediterranean city, and a design logic that links quantitative heat evidence to a contin-
uous network of green infrastructure.

1.1 The Urban Heat Island Effect

The Urban Heat Island (UHI) effect describes the phenomenon whereby air temper-
atures in urban areas are higher than those in suburban and rural areas [1]. It is one of
the most widely recognized consequences of human-induced climate modification and
is primarily driven by urbanization. The growth of urban centers has intensified over
recent decades, although societies have long been aware of bioclimatic design strategies
to mitigate extreme heat in settlements [2]. Currently, about 73% of Europe's popula-
tion resides in cities and urban areas, and this percentage is expected to rise to 80% by
2050, according to data from Eurostat, the official statistical office of European Union.
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Fig.1. The Urban Heat Island Effect [3]

Vegetation plays a critical role in regulating urban temperatures. Compared to sub-
urban and rural landscapes, which typically contain denser and more diverse vegetation,
urban environments often lack sufficient greenery to moderate heat [4].

In urban areas, the phenomenon of heat absorption occurs mainly through asphalt
materials and concrete, which are characterized by low albedo values and high thermal
capacity. These surfaces absorb a substantial portion of incoming solar radiation during
the day and release it slowly during the night, thereby intensifying the Urban Heat Is-
land (UHI) effect [12]. Asphalt surfaces, for instance, can reach temperatures above 60
°C under strong solar exposure, while concrete, due to its thermal mass, retains and
gradually emits heat long after sunset [10]. This thermal storage not only elevates
nighttime temperatures but also reduces natural cooling processes in cities. In contrast,
urban green spaces act as natural coolers by providing shade and facilitating evapotran-
spiration, which lowers both surface and air temperatures [5], [12]. Beyond thermal
regulation, vegetation also filters pollutants, improves air quality, promotes biodiver-
sity, and enhances residents’ mental well-being, highlighting its multidimensional role
in sustainable urban planning [6].



Green Routes and Urban Heat Island mitigation in the Municipality of Kalamata 3

Other built-environment factors also contribute to UHI. High-rise buildings and nar-
row street canyons can trap heat and restrict airflow, while anthropogenic activities
such as building heating and vehicle traffic release additional heat into the environment
[7].

All the above factors contribute to the urban heat island effect, the intensity of which
is defined as the difference between the urban temperature and the corresponding sub-
urban or rural temperature. The phenomenon is most pronounced during the night when
temperatures in urban areas can be up to 10°C higher than in rural areas. This is due to
the retained heat in structures such as buildings and roads, which is released during the
night [8].

In summary multiple drivers shape the UHI effect, particularly in dense urban fab-
rics.[9]. Vegetation mitigates these impacts by lowering cooling demand and improving
air quality [10]. Urban green spaces also support biodiversity and mental well-being
[11]. On the other hand, buildings and asphalt absorb heat, increasing urban tempera-
tures [12]. Human activities such as heating buildings and driving also contribute to
heat [13]. The cumulative outcome is a distinct thermal imbalance, with cities often
experiencing higher and more persistent temperatures compared to their rural counter-
parts [14].

1.2 The Study Area

Kalamata is the largest city in terms of population in the Peloponnese Region and
the second largest in the broader geographic division, after Patras. It is located in the
southern Peloponnese, extending along the Messinian Gulf and lying at the foothills of
Mount Taygetos. This specific topographic setting strongly influences the city’s climate
and local thermal environment. The mountain range to the east often restricts natural
airflow, reducing the dispersion of warm air masses, while the proximity to the sea
contributes to high levels of humidity and occasional temperature inversions. These
conditions, combined with dense urban development and limited vegetated areas in cer-
tain neighborhoods, exacerbate the intensity of the Urban Heat Island (UHI) effect.

Moreover, the spatial relationship between the urban fabric, the coastal zone, and the
surrounding natural landscape creates microclimatic variations across the city. Western
neighborhoods closer to the industrial and commercial zones tend to accumulate higher
surface temperatures, whereas eastern districts near the Taygetos foothills show rela-
tively cooler conditions. Recognizing these geographical and climatic dynamics is es-
sential for interpreting the observed thermal patterns and for designing effective green
routes that enhance urban resilience against climate change.
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Fig.2. The location of the Municipality and the city of Kalamata in the geographic division of
the Peloponnese

The effects of climate change have become noticeable in Kalamata, with manifesta-
tions such as increased climate variability and temperature fluctuations. Since the year
2000, Kalamata has experienced a rise of 1°C in its average annual temperature. The
2010s were recorded as the hottest decade in the city since 1850. In addition to this
overall temperature increase, certain urban areas are experiencing unusually high soil
temperatures, reaching up to 41°C, indicating a severe local impact of the changing
climate [15].
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Fig.3. Temperature anomaly relative to the average of the 1951-1980 period for the city of
Kalamata

Since April of 2022, Kalamata has been included in the network of cities "Mission
for 100 Climate-Neutral and Smart Cities by 2030". These hundred cities from across
Europe will act as innovation hubs and enable other cities in the future to follow their
lead. The design includes a series of actions that will contribute to improving the energy
efficiency of buildings, adopting sustainable urban regeneration practices, promoting
the city's resilience, advancing sustainable mobility, generating energy from renewable
sources, implementing circular economy principles and waste management, driving
digital transformation, and fostering education and innovation.

A key goal in this process is to reduce the urban temperature, which involves map-
ping ground temperature variations across different city areas, comparing temperature
extremes, and identifying locations for new green spaces to mitigate the Urban Heat
Island effect and support climate neutrality. Reducing the temperature within the urban
fabric is one of the primary objectives for the city's road towards climate neutrality. For
this purpose, it is essential to map the ground temperature, considering the small fluc-
tuations observed in various urban districts of the city.

2 Data and Methodology

2.1 Data

The data used for this study are Landsat TM 8-9 images. The algorithm for calculat-
ing the data was created using ARCGIS software [16]. The satellite images were re-
trieved from the website of the United States Geological Survey [17].

For estimating the brightness temperature values, Band 10 and Band 11 (Thermal
infrared bands) were used, while for calculating the NDVI (Normalized Difference
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Vegetation Index), Band 4 and Band 5 were used accordingly. Below is the methodol-
ogy used, analyzing the typology [18], [19].

2.2 Methodology

The paper employs satellite remote sensing and GIS-based spatial analysis to map
and analyze the UHI effect. It involves the creation of surface temperature maps for
Kalamata to illustrate urban heat distribution and identify green corridors that help re-
duce UHI effects. It includes a comparative evaluation of current green spaces versus
projected green spaces by 2030, aiming to assess the potential for urban cooling.

The methodology applied in this study follows well-established approaches that have
been widely used in the literature for the estimation of Land Surface Temperature (LST)
and the Urban Heat Island (UHI) index. The procedure has been tested in several urban
contexts and provides a robust framework for analyzing thermal patterns through sat-
ellite remote sensing and GIS [18],[19]. In this study, the methodology was adapted
and applied to the case of Kalamata in order to map temperature variations and identify
areas suitable for the design of green routes.

The methodology for creating the Surface Temperature Map involves several steps.
First, Digital Numbers (DN) from satellite imagery are converted into Top of Atmos-
phere (TOA) spectral radiance using specific rescaling factors for each band. Then, the
TOA radiance is converted into at-satellite brightness temperature with thermal con-
version constants. Next, the Normalized Difference Vegetation Index (NDVI) is calcu-
lated using bands 4 and 5, which helps assess vegetation coverage. Based on NDVI
values, the proportion of vegetation (PV) is calculated, representing the vegetation
cover percentage. Land Surface Emissivity (LSE) is determined from the vegetation
fraction, and the Land Surface Temperature (LST) is computed using brightness tem-
perature and LSE. Finally, the Urban Heat Island (UHI) index is calculated using the
mean and standard deviation of the LST raster, enabling the analysis of thermal patterns
and the identification of urban heat islands. These steps collectively allow for a com-
prehensive analysis of surface temperature and vegetation coverage in a GIS environ-
ment. More analytically, the following steps are followed for the creation of the Surface
Temperature Map:

i) Converting Digital Numbers (DN) to Top of Atmospheric Spectral Radiance
(TOA)

L1 =ML * QCal + AL (1)

Where:

LA = TOA spectral radiance (Watts/m2*srad*um))

M; = Band-specific multiplicative rescaling factor from the metadata
(RADIANCE _MULT BAND _x, where x is the band number)

Ar = Band-specific additive rescaling factor from the metadata
(RADIANCE ADD BAND _x, where x is the band number)

Ocai = Quantized and calibrated standard product pixel values (DN)

ii) Conversion of TOA to At-Satellite Brightness Temperature
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BT =K2/1In (K1 /LA +1)-273.15 )

Where:

BT = Top of atmosphere brightness temperature (°C)

LA = TOA spectral radiance (Watts/m2 *srad*um)

K1 = Band-specific thermal conversion constant from the metadata (constants that
are referenced in the accompanying TXT file of each satellite image. For this rea-
son, we refer to the accompanying file every time, as each satellite image may have
different values)

K2 = Band-specific thermal conversion constant from the metadata (Constants
that are referenced in the accompanying TXT file of each satellite image. For this
reason, we refer to the accompanying file every time, as each satellite image may
have different values)

iii) Calculating NDVI. The calculation of the Normalized Difference Vegetation In-
dex (NDVI) is crucial because in the next step, the proportion of vegetation (PV)
will need to be calculated. For this reason, we will use bands 4 and 5 of the sat-
ellite image

NDVI = (NIRbandS - REDband4)/ (NIRbandS + REDband4) (3)

Where:
NIR = Near Indfrared Band (band5)
RED = Red Band (band4)

iv) Calculating the Proportion of Vegetation. The vegetation ratio is defined as the
percentage of vegetation cover on the ground in a vertical projection. The percentage
of vegetation is closely related to the NDVI values for both vegetation and soil.

Pv=[(NDVI — NDVIin) / (NDVInax + NDVImin)]? 4)

Where:

Pv = Proportion of vegetation or Vegetation Fraction
NDVIin= Minimum DN Values from NDVI Image
NDVIax= Maximum DN Values from NDVI Image

v) Calculating Land Surface Emissivity (LSE)
E=0.004 * PV + 0.986 (5)

Where:
Pv = Proportion of vegetation or Vegetation Fraction
E = Land Surface Emissivity

vi) Calculating Land Surface Temperature. LST (Land Surface Temperature) affects
the distribution of energy between the soil and photosynthetic chlorophyll and de-
termines the temperature of the surface air. It also influences the thermal environ-
ment locally within an area [20].

LST =BT/ [l +W * (BT /C2) * Ln(E)] (6)
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Where:

BT = Top of atmosphere brightness temperature (°C)

E = Land Surface Emissivity

C2=h *els = 1.4388 *10-2 mk = 14388 mk

h = Planck’s constant (6.626 x 10—34 J s)

e = velocity of light (2.998 x 108 m/s)

s = Boltzmann constant (1.38 x 10—23 J/K)

W = Wavelength of emitted radiance (values of W in Band10 = 10.8, values for

Bandll = 12)

The final step was to calculate the Urban Heat Island (UHI) effect index in GIS
environment. The mean value and the standard deviation value are displayed in the
properties tab for each generated LST raster file, as created in the previous stage.

UHIingex = LST — LSTm/LSTsd (7)

Where:
LSTm= The mean value of LST from the generated RASTER file
LSTsd = The standard deviation of LST from the generated RASTER file

3 Results

The first map produced concerns the Land Surface Temperature (LST) for the city
of Kalamata. LST, using Geographic Information Systems (GIS), refers to the temper-
ature of the Earth's surface as measured by satellite remote sensing data indicates the
actual surface temperature, unlike air temperature, which is influenced by atmospheric
conditions [21]. So, LST represents the temperature of the actual surface (such as soil,
vegetation, or buildings) and is derived from infrared radiation data, which is collected
by satellite image sensors like Landsat, MODIS, or ASTER [22]. These sensors meas-
ure the amount of thermal radiation emitted from the surface. This data is then used to
calculate the surface temperature, providing valuable insights into local thermal condi-
tions [23].
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Fig.4. Mapping LST in the city of Kalamata based on the Landsat satellite image (15-8-2023)

Land Surface Temperature (LST) serves as a vital tool for understanding surface
temperatures on both local and global scales, offering essential data for urban planning,
environmental management, and climate change monitoring. Following this, a map il-
lustrating the Urban Heat Island (UHI) effect was developed, highlighting temperature
variations within the urban areas.

The analysis of Landsat imagery (15 August 2023) revealed that land surface tem-
peratures (LST) across Kalamata ranged from 27 °C to 41 °C, with an average of 34.2
°C. The highest values were concentrated in the western districts, characterized by
dense built-up areas and limited vegetation, whereas cooler conditions (below 30 °C)
were observed near the Taygetos foothills. The calculated Urban Heat Island (UHI)
intensity, defined as the difference between urban and peri-urban LST, ranged between
4-7 °C during daytime, while at night the intensity reached up to 9 °C. These findings
confirm the spatial heterogeneity of thermal stress within the urban fabric.
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Fig.5. Urban Heat Island Map for the city of Kalamata

By consistently using and analyzing data over an extended period, the mapping will
provide increasingly reliable information. Additionally, through mapping existing
green spaces, it will be possible to analyze and compare temperature variations within
the urban area, in relation to the 2030 goal of more than doubling the city's green spaces.
This will help significantly reduce the temperatures caused by the Urban Heat Island
effect.



Green Routes and Urban Heat Island mitigation in the Municipality of Kalamata 11

Average Max Temperature (C)

305-322

334-351

351-375

37.5-39.8

Fig.6. This illustrates the current recorded green spaces in Kalamata, shown in green on the up-
per image, alongside the predicted expansion of green spaces by 2030, shown on the bottom
image. The comparison highlights the planned increase in green areas to help reduce urban heat
and improve environmental quality

4 Discussion and Proposal of Green Routes

4.1 Discussion

The analysis of Land Surface Temperature (LST) and Urban Heat Island (UHI) pat-
terns in Kalamata reveals pronounced intra-urban disparities. Figure 6a illustrates the
current fragmented distribution of green spaces, while Figure 6b shows the projected
expansion of greenery by 2030. This comparison highlights the uneven coverage of
vegetation across the city, with the most intense hot spots located in the western dis-
tricts.

These western neighborhoods are characterized by higher commercial and industrial
activity, where impervious surfaces such as asphalt and concrete absorb and retain heat.
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Similar findings have been documented in other cities, confirming the role of surface
materials in exacerbating UHI effects [10]. Another important factor is the age and
typology of the building stock. Much of the western urban fabric predates the 1986
earthquake and is composed of older structures that lack modern bioclimatic design
features. These buildings store more heat, reduce natural ventilation, and thus intensify
local UHI effects, as shown in comparable Mediterranean contexts [7].

By contrast, the eastern neighborhoods benefit from proximity to Mount Taygetos.
The mountain topography promotes natural airflow and ventilation, while lower build-
ing density and partial shading from terrain reduce thermal stress. Such geographical
influences illustrate how topography, urban morphology, and land use jointly determine
local microclimates ([9].

Overall, the spatial analysis confirms that UHI intensity in Kalamata is not uniformly
distributed but is strongly linked to land use, architectural history, and topographical
constraints. This underlines the importance of integrating both environmental and so-
cio-spatial dimensions in urban planning. In this context, the identification of hot spots
is not only diagnostic but also prescriptive, as it indicates priority zones for targeted
interventions.

The presence of such significant intra-urban differences, with nighttime UHI inten-
sities approaching 9 °C, highlights the vulnerability of the western neighborhoods as
critical thermal hot spots. Similar studies in Mediterranean cities have demonstrated
that targeted green infrastructure interventions (e.g., tree planting, permeable pave-
ments) can reduce local surface temperatures by 2—4 °C, thereby mitigating these dis-
parities. This quantitative evidence strengthens the case for prioritizing the western dis-
tricts in climate-sensitive planning.

4.2  Proposal of Green Routes

To address these disparities, the study proposes the development of green routes as
a multifunctional strategy that combines climate adaptation, mobility, and ecological
connectivity. The concept entails integrating existing and planned green areas into a
continuous network, ensuring that every resident can access shaded environments
within a 15-minute walk. This vision aligns with the principles of equitable urbanism
and the EU’s “100 Climate-Neutral and Smart Cities by 2030” initiative.

The design of green routes is based on three main criteria:

1. Thermal vulnerability — priority is given to areas with the most intense hot
spots

2. Accessibility and connectivity — routes should link neighborhoods, public
spaces, and mobility hubs

3. Compatibility with urban morphology — interventions must adapt to narrow
streets, dense built environments, and heritage constraints

A variety of green infrastructure measures can be integrated: tree-lined boulevards
for shade and evapotranspiration, pocket parks and climbing plants in narrow streets,
permeable and cool pavements to reduce surface heat absorption, and green roofs or
vertical gardens to extend greenery into the built environment [5]. Evidence from other
cities shows that such interventions can lower ambient temperatures, improve air
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quality, and enhance biodiversity [11]. Ultimately, these routes aim to ensure that resi-
dents can move through the city more comfortably and safely during hot summer days,
reducing exposure to extreme temperatures while also enhancing the overall urban ex-
perience [24].

Special emphasis should be placed on the western districts of Kalamata, where the
convergence of economic activity, outdated building stock, and lack of vegetation cre-
ates critical thermal vulnerability. In these areas, green routes must not be conceived
merely as recreational amenities but as structural interventions that integrate with en-
ergy retrofitting programs, stormwater management, and public space regeneration.
Such multifunctional strategies can simultaneously advance climate mitigation, social
well-being, and resilience.

Beyond the environmental and technical dimensions, the integration of social per-
spectives is essential. Green routes are not merely ecological corridors but also every-
day public spaces that enhance walkability, safety, and social cohesion. International
experiences, such as in Barcelona and Copenhagen, show that combining thermal map-
ping with resident surveys or participatory workshops results in more widely accepted
and effective interventions. In Kalamata, involving citizens through participatory plan-
ning or citizen science initiatives could provide valuable insights into preferred routes,
perceived comfort levels, and community priorities. Such engagement would ensure
that green routes respond to both climatic challenges and social needs.

Ultimately, green routes in Kalamata provide a replicable model of climate-sensitive
urban design, capable of reducing intra-urban thermal inequalities while also encour-
aging sustainable mobility and ecological continuity.

5 Conclusions

This study provides new evidence on the Urban Heat Island (UHI) effect in the city
of Kalamata by employing Geographic Information Systems (GIS) and satellite remote
sensing techniques. The results reveal clear spatial inequalities in land surface temper-
atures (LST), demonstrating that the western districts are disproportionately affected
by heat stress due to a combination of land-use patterns, outdated building stock, and
limited vegetation, while the eastern areas benefit from topographical ventilation and
lower urban density. These findings reinforce the argument that UHI is not a uniform
phenomenon but is shaped by the interplay between socio-economic activities, archi-
tectural practices, and geographical features.

Additionally, by mapping the existing green spaces throughout different urban
neigh-borhoods, the city can identify areas that have insufficient green coverage and
are therefore more vulnerable to high temperatures. These neighborhoods should be
pri-oritized for the development of new green spaces. This approach is not new; histori-
cally, ancient societies have long recognized the importance of integrating green spaces
within urban environments to mitigate heat, enhance living conditions, and provide
communal gathering areas — examples of such practices can be traced back to ancient
Greek agoras, Roman gardens, and Persian paradise gardens [25]. It is essential to
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ensure that green spaces are evenly distributed across the city to avoid creating areas
with limited access to cooling and recreational spaces.

The integration of these results into urban planning highlights the necessity of adopt-
ing green infrastructure strategies that extend beyond isolated parks or small-scale
plantings. The proposed network of green routes emerges as a coherent framework ca-
pable of connecting fragmented green areas, ensuring equitable access to cooling, and
enhancing ecological connectivity across the city. Such interventions should be under-
stood not merely as environmental measures, but as cross-cutting solutions that address
public health, social inclusion, energy efficiency, and biodiversity simultaneously.

In the context of climate change and rising heat extremes, the role of municipalities
becomes increasingly decisive. For Kalamata, green routes represent both a local adap-
tation strategy and a contribution to the broader European objective of climate neutral-
ity. By targeting the most vulnerable districts and integrating green corridors into ex-
isting urban morphology, the city can reduce thermal inequalities, promote sustainable
mobility, and enhance overall resilience. Importantly, this approach aligns with the
EU’s Mission for 100 Climate-Neutral and Smart Cities by 2030, positioning Kalamata
as a frontrunner in climate-sensitive urban design.

Nevertheless, the successful implementation of green routes requires systematic
planning and governance. Future steps should involve:

e conducting detailed microclimatic and social impact assessments

e developing participatory planning processes to ensure community acceptance

e integrating building retrofitting and energy efficiency programs with green
route development

e securing financial mechanisms and EU funding instruments to support long-
term maintenance

Equally important is the systematic engagement of local residents in the planning
process. Participatory approaches can secure community acceptance and ensure that
green routes are not only environmentally efficient but also socially inclusive and re-
silient.

At the same time, continuous monitoring and evaluation through remote sensing, in-
situ measurements, and citizen science will be necessary to track progress and optimize
interventions. Expanding interdisciplinary collaborations between urban planners, cli-
matologists, ecologists, and local communities will also strengthen the adaptive capac-
ity of the city.

Finally, the findings of this research offer insights beyond Kalamata. Many Medi-
terranean cities share similar conditions—dense urban cores, limited vegetation, and
topographical constraints—that make them particularly vulnerable to UHI effects. The
methodological framework presented here, combining GIS-based mapping, spatial
analysis of LST, and the design of green routes, can serve as a transferable model for
other urban areas. By adopting such integrated strategies, cities can move closer to
achieving climate neutrality, improving livability, and securing resilience for future
generations.
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