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Abstract
Urban areas, compared to rural areas, have much more visible characteristics 
of their climate, such as higher surface and air temperatures, and large spatial 
variation – within the city – of meteorological parameters. The study aimed at 
investigating the phenomenon of the Surface Urban Heat Island (SUHI) over 
the Municipality of Prishtina, Kosovo. The SUHI was investigated based on the 
relationship between Land Surface Temperature (LST) estimated from Landsat 
8 Thermal Infrared Sensor (TIRS) band with population density using Geographic 
Information System (GIS). To understand the relationship between population 
density and Land Surface Temperature (LST), we performed a correlation analysis. 
This analysis showed a strong positive relationship with a value of r = 0.768005, 
emphasizing the strong role that the population has in creating areas that 
generate the SUHI effect. Also, the results of the study clearly showed that built-
up areas and bare surfaces are responsible for generating the SUHI effect, while 
vegetation and water bodies minimize this effect by creating freshness. The study 
showed that Land Surface Temperature increases with the increase of impervious 
surfaces, which is related to the increase of population density. Maps in which the 
identification of the SUHI effect is presented can be a very useful tool for urban 
administration as well as for urban planning policies for the latter to be directed 
exactly in those areas where this phenomenon is present and causes a range of 
concerns for citizens.
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INTRODUCTION

In many scientific studies around the world, in recent times and decades, one thing 
that stands out with great importance – at the center of many studies – is climate 
variability and climate change. We are witnessing that, currently, from various an-

A 	 University of Prishtina, 10000, Prishtina, Republic of Kosovo
	   https://orcid.org/0000-0003-0754-269X
	 albert.berila@outlook.com

B*	  University of Prishtina, 10000, Prishtina, Republic of Kosovo
	   https://orcid.org/0000-0002-1853-6829
	 mimoza.dushi@uni-pr.edu (corresponding author)



Folia Geographica, Volume 63, No. 2, 38–57, (2021)   •   39

Albert BERILA, Mimoza DUSHI

thropogenic/natural activities, our planet is experiencing significant environmen-
tal changes. Human – since its first appearance – has tried to use/adapt all the 
riches of our planet constantly depending on the emergence of his needs. We are 
very aware that the human is part of the planet Earth/nature, but it should also be 
noted that, unlike other living things, human has made and continues to make rad-
ical changes around, thus creating the cultural environment (Isufi and Berila, 2021).

Recently, global urbanization – in much of the world – is undergoing extraordi-
nary expansion as a result of massive population growth (Berila and Isufi, 2021b). 
A fair/correct development of urbanization means positive urbanization, but when 
this does not happen, negative effects appear on human health and in our envi-
ronment (Morefield et al. 2018; Berila and Isufi, 2021b). All this massive increase 
in urbanization can not pass without any negative effect. Some of the negative 
effects include increased density of built-up areas; replacement of natural surfaces 
with artificial surfaces (an increase of impervious surfaces); lack of green spaces 
etc. The causes that have influenced the cities to have higher temperatures than 
their suburban areas are human and industrial activities that take place in urban 
areas, then buildings, concrete, and asphalt. All these changes have influenced 
the appearance of a phenomenon called UHI. The term UHI was first used in 1818. 
The notion of UHI represents the phenomenon in which the urban surface and 
atmospheric temperature are higher compared to the surrounding environment 
– suburban areas (non-urban) (Wang et al. 2017). Nowadays more than 50% of the 
world’s population lives in urban areas and with the current trend, the number of 
people who will live in urban areas will increase day by day. Thus, it is expected 
that by 2030 more than 60% of people will live in these areas and, 1 in 3 people will 
live in cities that will have at least half a million inhabitants (UN, 2016). Therefore, 
it should be rightly said that the UHI phenomenon is a global concern, which will 
threaten the functioning and population of our cities (Mohajerani et al. 2017) and, 
not only that, negative actions and implications will also appear in urban planning; 
air pollution; human health and comfort; but also in energy management (Peres et 
al. 2018).

The UHI effect occurs when the land cover is transformed, mainly when replac-
ing agricultural lands and natural vegetation with surfaces that are impervious, 
such as asphalt, concrete, roofs, walls of buildings (Buyantuyev and Wu, 2009), etc. 
The effects of UHI are quite negative and include increased energy consumption, 
increased emissions of air pollutants, increased emissions of greenhouse gases, 
damage to water quality, and the creation of harmful environmental conditions 
that negatively affect health and human comfort (EPA, 2017).

Urbanization processes and improper and unplanned urban planning is the 
cause of the UHI effect (Nuruzzaman, 2017). Such processes create dense build-
ings and surfaces with asphalt and concrete, which have heat-retaining capabilities 
(Harlan and Ruddell, 2011; Mavrogianni et al. 2011). In the end, the result of all this 
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is the increase in high heat emissions (Santamouris et al. 2011) and increasing the 
demand and need for energy in order to cool the buildings. In addition, a direct 
active role in enhancing the UHI effect is played by the increase in density and 
height of buildings on both sides of the road creating what is known as urban road 
canyons; reduction of areas planted with vegetation (lack of green areas); increas-
ing use of low albedo materials (high heat absorption) (Taha, 1997); reduction of 
wind speed due to the geometric shape created as a  result of the construction 
of buildings in the city (O’Malley et al. 2014), etc. The study of this phenomenon 
is extremely important. Understanding the origin and consequences of this phe-
nomenon and finding ways to prevent the expansion and intensity of it should be 
a priority for city managers and urban planners.

Urban Heat Island phenomena can be studied in three urban layers (Fabrizi et 
al. 2010; Sherafati et al. 2018):

1) 	 Canopy Layer Heat Island (CLHI) – this layer lies approximately at the average 
height of buildings and is determined by measuring the air temperature at 
a height of 2 m above the ground. The CLHI has usually measured through sen-
sors mounted on fixed meteorological stations (Nichol et al. 2006; Schwarz et al. 
2012; Smoliak et al. 2015; Clay et al. 2016).

2) 	 Boundary Layer Heat Island (BLHI) – lies above the CLHI layer and can reach 
a thickness of up to 1 km. It is measured using special platforms, such as radio-
sondes and aircraft (Voogt, 2008; Sherafati et al. 2018).

3) 	 Surface Urban Heat Island (SUHI) – difference in radiant temperature between 
urban and non-urban surfaces. The measurement/determination of this layer is 
done using thermal remote sensors (Voogt and Oke, 2003).

Accurate measurement of the UHI effect can be done through meteorological 
stations. However, accurate data obtained from thermometers placed at ground 
stations cannot be used due to spatial constraints. More precisely, the reason for 
the small/insufficient number of the spatial distribution of meteorological stations 
and their inhomogeneity has made the data obtained insufficient to study the UHI 
effect. The SUHI and UHI phenomena are closely related to each other and, simply 
put, the SUHI represents an indirect assessment of UHI (Schwarz et al. 2012). In the 
scientific literature, there are a series of scientific papers which show that to study 
the SUHI phenomenon they have used LST, while to study the UHI phenomenon, 
usually, air temperature data have been used (Voogt and Oke, 2003; Despini et al. 
2016; Pour and Voženílek, 2020). The development of Remote Sensing has made 
it possible for the SUHI phenomenon to be studied through the calculation of LST 
and, that is why in our study we have chosen to analyze the SUHI phenomenon. 
Due to functions such as data management, calculating, analyzing and creating an 
important database, geospatial technology offers great support in such research 
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(Berila and Isufi, 2021a) as the measurement of the SUHI phenomenon.The differ-
ence between CLHI and BLHI compared to SUHI is that atmospheric UHIs (CLHI and 
BLHI) are higher at night (have higher values), while surface UHIs (SUHI) are higher 
(larger) during the day (Roth et al. 1989; Yuan and Bauer, 2007). All dry urban sur-
faces and those that have a low albedo value (absorb heat) have the ability to heat 
more (have a higher temperature) than the air temperature. Therefore, based on 
this, the values of SUHI will not only be higher during the day but, consequent-
ly, the intensity of SUHI will be greater during the summer season compared to 
other seasons. It is precisely the dry weather conditions and the changes in solar 
radiation that cause such a thing to come/appear (Oke, 1987). Given all the above 
effects that the SUHI phenomenon can cause, for people to live in areas that are 
healthy, suitable for living, and sustainable in urban terms, good governance and 
urban planning are necessary. Such a thing cannot be done if the city adminis-
trators do not have an idea of how to identify SUHI. Given that the areas where 
the phenomenon SUHI appears create great concerns for residents, it is more than 
necessary to direct all urban policies in these areas in order to reduce such a phe-
nomenon as much as possible.

The increase in carbon emissions and the appearance of climate change is due 
to the increase in the number of urban inhabitants – variability in consumption 
and production patterns (UNHABITAT, 2016). The most affected by a series of neg-
ative events, such as pressure/housing needs, increased pollution, and traffic jams 
are developing countries (Lee and Chang, 2011; Mubea et al. 2011; Kityuttachai 
et al. 2013; Berila and Isufi, 2021b). Another very important thing to note which 
is the cause of urbanization and strengthening of urban morphology is the loss 
of biodiversity – irreversible loss (Sudhira et al. 2003; Kamusoko and Aniya, 2007; 
Kamusoko et al. 2009; Liu et al. 2011; Moghadam and Helbich, 2013; Berila and Isu-
fi, 2021b). Normally, such a process of urbanization, without distinction, includes 
the cities of the Republic of Kosovo – with special emphasis on Prishtina. Urban 
growth has occurred in it as a result of natural population growth, migration, and 
economic development (Berila and Isufi, 2021b).

In our paper the main purpose is to see whether the SUHI phenomenon is em-
powered in the cadastral zones that have the highest population density; to be 
able to identify all areas affected by this phenomenon by creating a connection 
between the atmosphere and LST. Our other goal is to help the Municipality of 
Prishtina by identifying all areas facing and endangered by the SUHI phenomenon, 
in order to take action against this phenomenon as soon as possible – for the pop-
ulation to live as healthy as possible.
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STUDY AREA

Prishtina is the capital and largest city of the Republic of Kosovo, which lies in the 
north-eastern part of the country, while within the Balkan Peninsula, it occupies 
a central position – very convenient (Fig. 1).

About 523 km2 is the surface of the Municipality of Prishtina. It lies in the mor-
phological plan of Kosovo and represents an alluvial plan covered with sediments 
of lakes, and geologically it is a tectonic depression, which has risen long Oligo-Mi-
ocene changes (Municipality of Prishtina, 2013; Isufi and Berila, 2021). Cold winters, 
hot summers, with a 600 mm average of rainfall per year, make the climate conti-
nental (Municipality of Prishtina, 2013; Isufi and Berila, 2021). The average annual 
air temperature is 9.9ºC. The highest monthly average air temperature in Prishtina 
appears in July at 19.8ºC, while the lowest average air temperature appears in Jan-
uary at -1.4ºC (Pllana, 2015). The average annual rainfall is around 600 mm, with the 
highest monthly average in May and November (68 mm), while the lowest monthly 
average reaches in February (36 mm) (Pllana, 2015).

In this area, the hilly-mountainous relief occupies the eastern, northeastern, 
and southeastern parts. The western part has an altitude of 535-580 meters. In 
general, the slope of the terrain is low – excluding the eastern part (Municipality of 

Fig. 1  
Location of the study area
Source: Compiled by authors
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Prishtina, 2013; Berila and Isufi, 2021b). In addition, this area is also known as the 
largest administrative, economic and cultural center in Kosovo (Fig. 2). This area 
has a total of 216,870 inhabitants – referring to the official statistics of 2019 (KAS, 
2020). It is worth noting that this area has undergone a major change (transfor-
mation), both socially and physically. Unplanned constructions in many areas of 
the city, the expansion of settlements around the city, and the expansion of the 
urban area are the reason for such changes to be more visible. After the last war 
in Kosovo (‘99), 11% of Kosovo’s population has migrated within the country. The 
main segment is concentrated around Prishtina, which has gained 23% of all in-mi-
grants (KAS, 2012). As a result of such developments, there was a need for housing, 
there was a high increase in population density, increased demand for apartments, 
etc. Finally, the lack of implementation of the municipal development plan due to 
corruption and political interference also served this uncontrollable development 
(Berila and Isufi, 2021b).

In many parts of the world, the migration of population from rural to urban 
areas has created rapid changes towards urban development. In the Republic of 
Kosovo, such changes, with a special emphasis, have occurred in the last 20 years. 
The population has migrated from rural to urban areas, and from peripheral are-

Fig. 2  
Satellite image of Prishtina – Landsat 8

Source: Compiled by authors
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as to those large cities – especially in Prishtina (KAS, 2014; Isufi and Berila, 2021). 
The reasons why people decided to leave heading to the capital of Kosovo had to 
do with finding a better job, getting a better education, and, ultimately, creating 
a better life. Unfortunately, Kosovo’s institutions have been totally unprepared for 
all these socio-economic developments (Isufi and Berila, 2021).

To this day, it is worth noting that the capital continues to face quite large chal-
lenges, which have caused it a lot of trouble. It is about unbalanced development, 
loss of agricultural land, major problems in infrastructure, and other social prob-
lems (Isufi and Berila, 2021).

DATA AND METHODS

Cloud-free Landsat 8 Operational Land Imager/Thermal Infrared Sensors (OLI/TIRS) 
satellite image for 2nd July 2019 of Path 185 and Row 30 with 0% cloud cover was 
acquired from the United States Geological Survey (USGS) and used to calculate the 
Land Surface Temperature (LST). The Landsat 8 satellite was successfully launched 
on 11 February 2013 and deployed into orbit with two instruments onboard (Val-
izadeh Kamran et al. 2015): the Operational Land Imager (OLI) and the Thermal 
Infrared Sensor (TIRS), which jointly produce a multispectral image consisting of 
11 spectral bands. OLI collects nine spectral bands including a pan band: bands 1-4 
correspond to the visible part of the electromagnetic spectrum, bands 5-7 and 9 to 
near-infrared and shortwave infrared regions of the spectrum (Taloor et al. 2021) 
(all of these have a spatial resolution of 30 m) (Jeevalakshmi et al. 2017); band 8 
is panchromatic, taking images in the wide visible wavelength range (0,503-0,676 
μm) with 15 m spatial resolution. These bands allow obtaining various kinds of in-
formation on the characteristics of the land surface, including vegetation cover. 
Two spectral bands for infrared wavelength are collected by the TIRS instrument. 
In previous sensors (TM and ETM +), these were covered by a single band: band 
10 (TIRS 1, 10.6-11.19 μm) and band 11 (TIRS 2, 11.5-12.51 μm), both with 100 m 
spatial resolution (Tab. 1) (NASA, 2018). In terms of tracking/analyzing climate and 
environmental issues, the Landsat database has proven to be quite useful to use 
(Alavipanah et al. 2010; Adeyeri et al. 2017; Mfondum et al. 2016; Narayan et al. 
2016). It should be noted that to formulate surface-atmosphere connections, a key 
factor is LST (Dickinson, 1983; Adeyeri et al. 2017; Sobrino et al. 2004b; Sobrino et 
al. 2003; Sobrino et al. 2004a).

Fig. 3 shows the work steps in a general way, while the details for each step 
taken will be presented in the following sections. As can be seen from Tab. 2, the 
image used in our study was cloudless. Given that the above image is downloaded 
for free, it makes it more cost-effective and much more efficient. This data, after 
downloading, was georeferenced and cut only for our study area (analysis is easier 
– less load in our software – ArcGIS 10.5) (Berila and Isufi, 2021b).
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Tab. 1 Operational Land Imager (OLI) and Thermal Infrared Sensor 
(TIRS)  (Landsat 8) spectral bands

Spectral Band Wavelength (μm) Spatial Resolution (m)

Band 1 – Coastal/Aerosol 0.435-0.451 30

Band 2 – Blue 0.452-0.512 30

Band 3 – Green 0.533-0.590 30

Band 4 – Red 0.636-0.673 30

Band 5 – NIR 0.851-0.879 30

Band 6 – SWIR 1 1.566-1.651 30

Band 7 – SWIR 2 2.107-2.294 30

Band 8 – Panchromatic 0.503-0.676 15

Band 9 – Cirrus 1.363-1.384 30

Band 10 – TIRS 1 10.60-11.19 100

Band 11 – TIRS 2 11.50-12.51 100

Source: Compiled by authors

Tab. 2 Characteristics of the satellite image used in this study

Sensor  
type Date Path/

row
Cloud 
cover

Spatial  
resolution Format Source

Landsat 8 
OLI/TIRS 2019/07/02 185/30 0% 30 m Tiff https://earthex-

plorer.usgs.gov/

Source: Compiled by authors

In Landsat 8 sensor satellite images, thermal data is stored in the form of digital 
numbers (DN). These numbers represent cells (pixels) that have not yet been cali-
brated into units (Käfer et al. 2020) that make sense (meaningful units). After taking 
satellite images, the first process or task is to return the digital numbers to radi-
ance. The following equation was used to convert DNs to spectral radiance (USGS, 
2019) in the Landsat 8 TIRS sensor (Guha and Govil, 2020; Berila and Isufi, 2021b):

Lλ = ML x Qcal + AL    (1)

where:
Lλ is TOA spectral radiance (Watss/(m2 x srad x μm)), ML is Band-specific multiplica-
tive rescaling factor from the metadata, Qcal is Quantized and calibrated standard 
product pixel values (DN), AL is Band-specific additive rescaling factor from the 
metadata (Guha and Govil, 2020; Berila and Isufi, 2021b). The metadata of the sat-
ellite image is presented in Tab. 3.

Although from the beginning of its operation TIRS has proven to be stable, still 
there were some elements (objects) that are hung in the image like errors in cali-
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bration and banding (Montanaro et al. 2014). Such a thing is caused by stray light 
effects. The impacts of these 2 effects are smaller in band 10 compared to band 
11. Based on the numerous analyzes and studies that have been done, it has been
concluded that band 10 of TIRS data is better and should be used instead of band 
11. This, due to the good performance shown by band 10 (Montanaro et al. 2014;
Adeyeri et al. 2017). For this study, TIRS band 10 was used.

Calculation of brightness temperature

The next step is to use the constant values given in the metadata in order to con-
vert the spectral radiation to brightness temperature (Tb). In order to convert the 
radiance to brightness temperature, equation (2) has been used in the study (Isaya 
Ndossi and Avdan, 2016; USGS, 2019):

Fig. 3  
Flowchart depicting methodology 

Source: Compiled by authors
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						     (2)

where:
Tb is the at-sensor brightness temperature [K], Lλ is the spectral radiance of thermal 
band 10 [Wm–2sr –1μm–1], K1 is the band-specific thermal conversion constant from 
the metadata and K2 band-specific thermal conversion constant from the meta-
data. The same equation is used for all sensors. The K1 and K2 values may vary de-
pending on the sensor and the wavelengths by which the thermal bands operate 
(Isaya Ndossi and Avdan, 2016). The values of K1 and K2 can be obtained from the 
metadata file of the scene.

Tab. 3 Metadata of the satellite image

Band Variable Description Value

10

Thermal band

K1
Thermal constant

774.8853

K2 1321.0789

ML Band-specific multiplicative rescaling factor 3.3420E-04

AL Band-specific additive rescaling factor 0.10000

Source: Compiled by authors

Estimation of land surface emissivity

To calculate the LST, it is necessary to evaluate the emissivity of the land surface 
(LSE) through the NDVI method (Jiménez-Muñoz et al. 2006; Valizadeh Kamran et 
al. 2015). dε is the effect of the geometrical distribution of natural surfaces and 
internal reflections (Sobrino et al. 2004a; Igun and Williams, 2017). To calculate the 
emissivity we rely on the following equation (Guha and Govil, 2020):

dε = (1 – εs)(1 – Fv) Fεv (3)

where εv is vegetation emissivity, εs is soil emissivity, Fv  is fractional vegetation 
and F is a shape factor whose mean is 0.55 (Igun and Williams, 2017; Sobrino et al. 
2004a; Guha and Govil, 2020).

ε = εv  x Fv + εs (1 – Fv) + dε       (4)

where ε is emissivity. From Equations (3) and (4), ε may be determined by the fol-
lowing equation (Yuvaraj, 2020):

ε = 0.004 x Fv + 0.989 (5)

The proportion of vegetation (Fv) is calculated based on the following equation 
(Wang et al. 2015):

𝑇𝑇𝑏𝑏 = 𝐾𝐾2

ln[ 𝐾𝐾1
𝐿𝐿𝜆𝜆

+1]

where:

𝑇𝑇𝑏𝑏 [𝐾𝐾], 𝐿𝐿𝜆𝜆
10 [𝑊𝑊𝑊𝑊−2𝑠𝑠𝑠𝑠−1𝜇𝜇𝜇𝜇−1], 𝐾𝐾1
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								        (6)

The following equation is used to calculate NDVI with the help of Landsat visible 
(band 4) and NIR (band 5) images (Yuvaraj, 2020):

								   (7)

where NIR and RED are the near-infrared and red band pixel values respectively 
(Alemu, 2019). The value of NDVI ranges between -1.0 and 1.0 (Alemu, 2019). High 
NDVI values indicate healthy vegetation while low values indicate less or no veg-
etation.

Calculation of LST

The final step of estimating the LST is as follows (Weng et al. 2004; Alemu, 2019):

								        (8)

Where:
λ is the wavelength of emitted radiance by Landsat 8 which is 10.8 (given by NASA), 
ε is the land surface emissivity, and ρ is given by the following equation (Yuvaraj, 
2020):

								   (9)

where h is Planck’s constant (6.626 ×10-34 Js), σ is the Boltzmann constant (1.38 ×10-23 
J/K), and c is the velocity of light (2.988 ×108 m/s) (Alemu, 2019).

RESULTS AND DISCUSSION

In our study area, from the spatial distribution of LST, it was observed that the pix-
els with high LST values correspond to the areas which have little or no vegetation 
cover. Such areas are bare surfaces and built-up areas. Whereas, the pixels that re-
corded the lowest LST values were those that corresponded to the surfaces where 
the vegetation and water bodies stood out. So, the high values of LST stand out 
in the areas that do not have vegetation and such a thing is best seen in Figure 4.

Figure 4 shows that LST values range from 296,485 K to 317,848 K. The pixels 
with the highest LST values lie in the western part of our study area in which the 
vast majority of built-up areas are located. Also, pixels with high values are clearly 
seen in the southern part because in this area are found bare surfaces, which are 
considered as one of the generators of the SUHI phenomenon.

The relationship between LST and population density is very important to un-
derstand. The lowest values of LST have dense vegetation as well as water bodies. 
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𝑑𝑑𝜀𝜀 = (1 − 𝜀𝜀𝑠𝑠)(1 − 𝐹𝐹𝑣𝑣)𝐹𝐹𝜀𝜀𝑣𝑣 (3)

where 𝜀𝜀𝑣𝑣 is vegetation emissivity, 𝜀𝜀𝑠𝑠 is soil emissivity, 𝐹𝐹𝑣𝑣 is fractional vegetation and 𝐹𝐹 is a 
shape factor whose mean is 0.55 (Igun and Williams, 2017; Sobrino et al. 2004a; Guha
and Govil, 2020).

𝜀𝜀 = 𝜀𝜀𝑣𝑣 × 𝐹𝐹𝑣𝑣 + 𝜀𝜀𝑠𝑠(1 − 𝐹𝐹𝑣𝑣) + 𝑑𝑑𝑑𝑑 (4)

where ε is emissivity. From Equations (3) and (4), ε may be determined by the following
equation (Yuvaraj, 2020):

𝜀𝜀 = 0.004 × 𝐹𝐹𝑣𝑣 + 0.989 (5)

The proportion of vegetation (𝐹𝐹𝑣𝑣) is calculated based on the following equation (Wang et
al. 2015):

Fv = [ NDVI−NDVImin
NDVImax−NDVImin

]
2
     (6)

The following equation is used to calculate NDVI with the help of Landsat visible (band 4)
and NIR (band 5) images (Yuvaraj, 2020):

NDVI = NIR−R
NIR+R = 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 5−𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 4

𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 5+𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 4 (7)

where NIR and RED are the near-infrared and red band pixel values respectively (Alemu,
2019). The value of NDVI ranges between -1.0 and 1.0 (Alemu, 2019). High NDVI values
indicate healthy vegetation while low values indicate less or no vegetation.
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𝑑𝑑𝜀𝜀 = (1 − 𝜀𝜀𝑠𝑠)(1 − 𝐹𝐹𝑣𝑣)𝐹𝐹𝜀𝜀𝑣𝑣 (3)

where 𝜀𝜀𝑣𝑣 is vegetation emissivity, 𝜀𝜀𝑠𝑠 is soil emissivity, 𝐹𝐹𝑣𝑣 is fractional vegetation and 𝐹𝐹 is a 
shape factor whose mean is 0.55 (Igun and Williams, 2017; Sobrino et al. 2004a; Guha
and Govil, 2020).

𝜀𝜀 = 𝜀𝜀𝑣𝑣 × 𝐹𝐹𝑣𝑣 + 𝜀𝜀𝑠𝑠(1 − 𝐹𝐹𝑣𝑣) + 𝑑𝑑𝑑𝑑 (4)

where ε is emissivity. From Equations (3) and (4), ε may be determined by the following
equation (Yuvaraj, 2020):

𝜀𝜀 = 0.004 × 𝐹𝐹𝑣𝑣 + 0.989 (5)

The proportion of vegetation (𝐹𝐹𝑣𝑣) is calculated based on the following equation (Wang et
al. 2015):

Fv = [ NDVI−NDVImin
NDVImax−NDVImin

]
2

(6)

The following equation is used to calculate NDVI with the help of Landsat visible (band 4)
and NIR (band 5) images (Yuvaraj, 2020):

NDVI = NIR−R
NIR+R = 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 5−𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 4

𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 5+𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 4         (7)

where NIR and RED are the near-infrared and red band pixel values respectively (Alemu,
2019). The value of NDVI ranges between -1.0 and 1.0 (Alemu, 2019). High NDVI values
indicate healthy vegetation while low values indicate less or no vegetation.
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Calculation of LST

The final step of estimating the LST is as follows (Weng et al. 2004; Alemu, 2019):

𝐿𝐿𝐿𝐿𝐿𝐿 = 𝑇𝑇𝑏𝑏
{1+[𝜆𝜆×𝑇𝑇𝑏𝑏/𝜌𝜌]𝑙𝑙𝑙𝑙𝜀𝜀} (8)

Where:

λ is the wavelength of emitted radiance by Landsat 8 which is 10.8 (given by NASA), 𝜀𝜀 is
the land surface emissivity, and 𝜌𝜌 is given by the following equation (Yuvaraj, 2020):

𝜌𝜌 = ℎ 𝑐𝑐
𝜎𝜎 = 14388 𝜇𝜇𝜇𝜇 𝐾𝐾 (9)

where ℎ is Planck’s constant (6.626 ×10-34 Js), σ is the Boltzmann constant (1.38 ×10-23

J/K), and 𝑐𝑐 is the velocity of light (2.988 ×108 m/s) (Alemu, 2019).
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While, on the other hand, the highest values of LST have the built areas. Also, it is 
very important to note that high LST values have bare surfaces. This is because the 
solar energy that falls on this type of surface is completely absorbed by a thin layer 
of it. Therefore, if the bare surface is compared to the water body, then the bare 
surface will heat up much more due to its lower specific heat capacity. Thus, if we 
make a comparison between natural and artificial surfaces (built-up areas) we will 
notice that the latter conserve solar energy while natural surfaces maintain low 
temperatures due to greater reflection of radiation.

Fig. 4  
Spatial distribution of LST and population density of Prishtina 

Source: Compiled by authors

The upward trend of LST with increasing population density is shown in Fig-
ure 5. The values of the correlation coefficient (r) between LST and population den-
sity is 0.768005 showing a strong positive correlation. So, in other words, the areas 
in which the population density is high, will inevitably cause an increase in LST 
values due to the activities undertaken. In these areas, the population, as a result 
of high density, made a number of changes as a result of increasing demand. The 
most striking changes are the substitution of natural materials with artificial ones 
and the excessive use of low albedo materials. All these actions are done as a result 
of an irregularity in the planning of the city. If such a situation continues like this, 
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the values of LST will continue to grow, endangering the health of the population 
of Prishtina.

Kosovo, like other countries in the region, faces environmental pollution and 
environmental degradation. This bad condition causes an extremely large amount 
of greenhouse gases to accumulate. The large number of human activities (com-
mercial, industrial, vehicles, etc.) that take place in Prishtina causes the level of pol-
lution to be high – consequently the level of greenhouse gases increases. This high 
level of these gases makes the long-wave radiation not be able to leave but stay on 
the ground causing the LST values ​​to increase.

Fig. 5  
Scatter plot between LST and population density 

Source: Compiled by authors

For the sake of significant political, social, and economic changes during certain 
periods of time, Prishtina has experienced fluctuations in economic, cultural, and 
social development. Today Prishtina faces many challenges in managing its territo-
ry and resources. In legal terms, the inadequacy of programs addressing planning 
and environmental issues has led to uncontrolled urban expansion and changes in 
the physical environment. Developmental challenges in terms of the physical en-
vironment are mainly related to the natural environment and environmental deg-
radation such as pollution and degradation of the environment, insufficient and 
irrational use of natural resources, usurpation of agricultural land for construction 
purposes, agricultural land loss, urban flood and uncontrolled and unplanned ur-
ban expansion. The biggest environmental challenge of the Municipality of Prishti-
na is the irrational use of natural resources, which results in pollution and degrada-
tion of the environment, which is affecting the further strengthening of the SUHI 
phenomenon. The unplanned development of agricultural land resulting from the 
use of it for construction with impervious materials has resulted in a major loss – it 
should be borne in mind that any change and replacement of natural to artificial 
areas only contributes to the deterioration of the situation with SUHI.

y = 0.0042x + 302.33
R² = 0.5898
p<0.001

290

300

310

320

330

0 1000 2000 3000 4000 5000

LS
T 
(K
)

Population density



Folia Geographica, Volume 63, No. 2, 38–57, (2021)   •   51

Albert BERILA, Mimoza DUSHI

The impact and importance of vegetation on the earth’s surface is extraordinary 
and can never be minimized. First, it affects the albedo of the earth, and, secondly 
it affects the LST. Vegetation, in the area where it appears, affects the freshness of 
the environment or, more precisely, cools the environment and reduces the con-
centration of CO2 in the atmosphere, thus reducing the SUHI effect (Ebenezer et 
al. 2016). Therefore, the greater use of green areas will help in countering the SUHI 
phenomenon. Illegal construction in urban and rural areas results in uncontrolled 
urban expansion that must be prevented in order to achieve better development. 
If the uncontrolled urban expansion in Prishtina continues, the generations to 
come will have even more serious problems with the SUHI phenomenon.

CONCLUSIONS

This study of ours shows very clearly the spatial distribution of LST and its differ-
ence throughout Prishtina. Making the overlap in the LST map of population den-
sity, it is clear that the latter has an extraordinary role (main role) in increasing the 
surface temperature of the earth, strengthening the intensity of the UHI phenom-
enon, and, thus, creating the microclimate of Prishtina.

The data of Landsat 8 OLI and TIRS, dated 2 July 2019 were used to evaluate 
the SUHI effect through the spatial model of LST and its relation with population 
density. For the whole territory of Prishtina, LST showed a strong relationship with 
vegetation, highlighting the great role that vegetation has in reducing the SUHI 
effect. High positive correlation values were shown by the analysis of the correla-
tion between LST and population density. Thus, once again, the strong role that 
the population has with its activities in further strengthening the SUHI effect is 
emphasized. SUHI areas were identified through the determination of LST. These 
areas spread mainly along the western part due to the built-up areas and in the 
bare surfaces in the southern part. Based on the results of the study, we conclude 
that responsible for generating the SUHI effect in Prishtina are the high population 
density and bare surfaces.

For many scientists around the world, but also for many environmental plan-
ners, assessing the SUHI effect is now the main concern given the growing trends 
of urbanization and urban temperature as well as the adverse effects they cause on 
the population globally. The importance of environmental greenery in urban plan-
ning should always be emphasized because vegetation has the ability to reduce 
the SUHI effect. For many cities around the world, the problem with the SUHI effect 
is a very sensitive issue because these cities have been facing it for a long time. In 
each city, administrators must take a series of steps regarding land planning and 
use, creating cool areas within the city with the sole purpose of promoting sustain-
able development and improving the lives of citizens.
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This study shows how SUHI maps can provide an extraordinary tool to identify 
areas in which the SUHI effect is very high and causes concern to the people living 
there. Furthermore, municipal administrators can take a series of mitigation meas-
ures against the SUHI effect, such as materials with a high albedo, creation of green 
and cool areas, application of green roofs, and a series of other actions which will 
lead to a better life.

In order to make the right/correct addresses and assess the issue of microcli-
mate, and also to maximize the impact that the UHI effect has on the city and its 
inhabitants, the results of such types of studies should be taken very seriously be-
cause can be quite helpful in minimizing such negative effects.
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