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ABSTRACT

Remote sensing plays a vital role in analyzing urban changes. In this regard, various data-
sets collected from satellites today serve as a foundation for decision-makers and urban 
planners. This study compares the Normalized Dif ference Vegetation Index (NDVI) and the 
Normalized Dif ference Built-up Index (NDBI) as indicators for the creation of surface heat 
islands. Using Landsat 8 OLI/TIRS C2 L2 images, spatial correlations between land surface 
temperature (LST) were examined for August 2013, 2019 and 2023. Urban heat islands (UHI) 
are a contemporary phenomenon and increasingly common in large urban areas compared 
to surrounding, less populated areas. With the advancement in remote sensing, it is pos-
sible to adequately determine the spatial dif ferentiation and prevalence of urban heat is-
lands (UHI). The study is based on Landsat 8 satellite image sets for the Sarajevo basin in 
August 2013, 2019 and 2023, which were used to analyze LST, NDVI, and NDBI indices. This 
work indicates a relationship between LST and NDVI but varies depending on the analyzed 
year. Normalized Dif ference Built-up Index (NDBI) serves as a suitable indicator for surface 
UHI ef fects and can be used as an indicator to assess its spatial distribution within a larger 
urban environment.
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Introduction

Urban areas are subjected to continuous surface chang-
es that inf luence local climatic characteristics. Such ar-
eas become warmer compared to the surrounding en-
vironment, with temperature differences particularly 
pronounced at night when vegetated surroundings cool 
more rapidly than paved urban surfaces. This phenome-
non is known in the literature as the Urban Heat Island 
(UHI) (Voogt & Oke, 2003). The primary factor contribut-
ing to the formation of urban heat islands is the increas-
ing replacement of undeveloped or vegetated areas with 
paved surfaces and buildings. UHI forms in environments 

with low cloud cover and weak air circulation, specifical-
ly in clear-sky and low-wind conditions. Dominantly, the 
summer months (June, July, August) are periods when the 
formation of the urban heat island can be observed and its 
spatial characteristics determined. Numerous scientists 
and researchers have explored the phenomenon of urban 
heat islands. Kim (1992) highlighted crucial indicators re-
lated to UHI in the capital of the United States based on 
Landsat TM mission data. He emphasized that temper-
atures in urban areas during summer can be up to 10°C 
higher than in nearby forested areas. The entire substrate 
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begins to heat up in the mid-morning, driven by the rap-
id warming of urban surfaces such as buildings, paved ar-
eas, surfaces devoid of vegetation, and low vegetation. The 
effects of urban heat islands are studied at micro (below 
the surface and on the surface), local (urban canopy lay-
er), and meso (urban boundary layer) scales due to the ur-
ban nature and multilayered structure of the atmosphere 
(Roth, 2013). UHI at the local level has far-reaching conse-
quences for energy use in buildings, water use for irriga-
tion, air quality, and urban ecology, as well as its impact on 
the thermal comfort of urban residents (Roth, 2013). The 
adverse effects of UHI are recognized worldwide, leading 
to increased demand for cooling, higher energy consump-
tion, water demand, and contributing to elevated rates of 
diseases and mortality from heat stress or poor air quality 
(Heaviside et al., 2017; Yao et al., 2022).

In the early years of urban heat island research, the fo-
cus was on studying the atmospheric urban heat island 
(AUHI) based on meteorological data from a network of 
permanent weather stations. To create an accurate ther-
mal map of the city, it was necessary to provide a large 
number of evenly distributed weather stations for data 
collection. However, maintaining these stations was ex-
pensive, and the reliability and accuracy of the data were 
questionable on a long-term scale (Wang, 2015). With the 
development of remote sensing, the research focus shift-
ed to determining surface urban heat islands (SUHI). This 
method relies on the use of infrared radiation sensing sen-
sors (TIRS), allowing for significantly greater spatial cov-
erage (Fabrizi et al., 2010). Subsequent research has of-
fered improvements over earlier sensor versions, and data 
from the thermal infrared sensor of the Landsat 8 satel-
lite are widely used to study the state and dynamics of 
the urban thermal environment (Wang, 2015). Land Sur-
face Temperature (LST) is defined as the temperature at 
the boundary between the Earth’s surface and its atmos-
phere (Niclòs et al., 2009). Satellite-derived LST is a crucial 
parameter in studying the Urban Heat Island (UHI) pro-
cess as it is used to analyze surface radiation and heat en-
ergy f low between the surface and the atmosphere (Mula-
husić et al., 2018). LST plays a vital role not only in various 
surface processes but also in regulating sensible and la-
tent heat f lux (Sun et al., 2003). Many areas have recog-
nized the significance of this parameter, and it is widely 
applied in climate and climate change research, hydrolog-
ical regimes in specific areas, as well as ecological and veg-
etation changes. Parks and other green spaces in the city 
usually have lower temperatures than built-up areas, con-
tributing to lowering air temperatures, while densely pop-
ulated areas directly impact air warming, thus increasing 
its temperature (Srivanit & Hokao, 2012).

Improvements in high-resolution sensors have aided in 
the precise monitoring of Land Surface Temperature (LST) 
and Urban Heat Island (UHI) on large spatial and tempo-
ral scales (Naserikia et al., 2019). Numerous studies have in-
dicated that bare soil and impervious surfaces are crucial 
factors inf luencing UHI, while vegetation and water sur-
faces can mitigate UHI formation (Song et al., 2014). Many 
researchers have explored the relationship between LST 
and built-up areas (Normalized Difference Built-up Index 
- NDBI) and vegetation (The Normalized Difference Vege-
tation Index - NDVI) indices (Chen et al., 2014; Guha et al., 
2017; Değerli & Çetin, 2022; Alademomi et al., 2022; Haji et 
al., 2023). Research has confirmed the exceptional correla-
tion between NDVI and LST, as well as between LST and 
NDBI. The results of these studies have robustly explained 
the relationship between urban development and the ex-
pansion of UHI in urban areas. The main objective of this 
study was to examine the values of NDVI and NDBI indices, 
representing the two main types of land cover. Additional-
ly, based on Landsat 8 satellite imagery, the study aimed to 
define zones where UHI formation occurs. The specific goal 
was to explore the application potential of remote sensing 
products in studying further urban development in the Sa-
rajevo basin. This study is innovative, considering the lim-
ited number of studies addressing the UHI phenomenon 
in Sarajevo during recent years of intensified urbanization 
(Mulahusić et al., 2018; Drašković et al., 2020). The study 
results provide a foundation for urban planners and deci-
sion-makers at the entity and cantonal levels to plan future 
urban development in the basin adequately. In this regard, 
the study attempted to answer two fundamental research 
questions related to a) the relationship between NDVI, 
NDBI, and LST and b) defining spatial zones where the in-
tensity of UHI formation is most pronounced. A limitation 
of the study was the generalization, i.e., the size of the spa-
tial coverage of Landsat 8 satellite images, which were 30x30 
m, and the absence of entirely cloud-free satellite imagery, 
as the 2019 image was somewhat covered by clouds.

The main aim of this study was to compare two funda-
mental indices, NDVI and NDBI, from the years 2013, 2019, 
and 2023. The study sought to identify changes occurring 
during the analyzed years, utilizing Landsat 8 satellite im-
agery obtained from the United States Geological Survey 
(USGS) and focusing on the Sarajevo basin as a case study. 
The specific objective was to highlight the city’s expansion 
and urban development, monitored through the Land-
sat 8 OLI/TIRS L2 C2 satellite. In line with these goals, the 
study aimed to address the fundamental research ques-
tions – RQ1: Can the urbanization of the Sarajevo basin be 
tracked based on NDVI and NDBI? RQ2: Is the spatial dis-
tribution of Urban Heat Island (UHI) related to land use 
and land cover?
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Data and methods

Study area
Sarajevo basin is situated within the intermontane depres-
sion between the massifs of Bjelašnica and Igman to the 
southwest and the low mountainous and sub-mountainous 
terrain to the northeast. Its general orientation is approx-
imately Dinaric (NW-SE). Within the basin lies the source 
area of the Bosna river with its tributaries: Zujevina with 
Rakovica, Željeznica with Kasindolka, Dobrinja with Tila-
va, and Miljacka. Based on its geological composition and 
geomorphological structure, the Sarajevo basin can be dif-
ferentiated into two morphological units: the first being the 
mountainous periphery and the second, the basin f loor of 
the Miljacka river with the Sarajevo field (Fig. 1). The av-
erage elevation of the Sarajevo basin is around 515 meters 
above sea level. The lowest elevation is in the north of the 
basin (in Reljevo, at 493 meters), while slightly higher points 
are located within the drainage basins and the extensions 
of the Željeznica, Kasindolka, Tilava, Miljacka, and Zuje-
vina rivers (Hadžić et al., 2015). The area of the mountain-
ous periphery exhibits rather heterogeneous climatic char-
acteristics significantly inf luenced by the surrounding high 
mountains of Bjelašnica, Jahorina, and Treskavica (Hadžić 
& Drešković, 2014). Geographically, the research area is sit-
uated between 43° 47’ North latitude and 18° 24’ East longi-
tude.

Landsat 8 data
For the purpose of this study, enhanced Landsat 8 OLI/
TIRS L2 C2 data/images were utilized to measure various 
bands across the electromagnetic spectrum. Landsat 8 
data comprise several bands depending on the wavelength 
(blue, green, red, infrared, thermal, and panchromatic). 
Landsat 8 encompasses 11 bands. Band 4 represents the 
Near-Infrared (NIR), while Band 6 is thermal, detecting 
heat and providing information about soil temperature, 
which typically tends to be warmer than the air (NASA 
Landsat Science, 2023). The Landsat 8 OLI/TIRS L2 C2 im-
ages used in this study were obtained from the United 
States Geological Survey (USGS). It is noted that the im-
ages from the year 2019 have a 30 cloud cover percentage, 
which had a minor impact on the results.

Table 1. Landsat 8 data 

Path Row Cell size Date

187 030 30x30 2013-08-16

187 030 30x30 2019-08-17

187 030 30x30 2023-08-28

Source: Processed by authors according to ArcGIS geo-database of GIS Center of 
Department of Geography, University of Sarajevo – Faculty of Science, 2023.

Figure 1. Study area
Source: Geo-database of GIS Center of Department of Geography, University of Sarajevo – Faculty of Science adapted by the 
authors using ArcGIS [GIS sof tware] Version 10.6.1.
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Data processing
The NDVI (Normalized Difference Vegetation Index) is 
calculated as the ratio between the ref lectance of the red 
band around 0.66 μm and the near-infrared (NIR) band 
around 0.86 μm. NDVI is most easily calculated as the dif-
ference between near-infrared (NIR) and red (RED) ref lec-
tance divided by their sum. NDVI is represented by the 
following formula:

NDVI = (NIR−RED) / (NIR+RED)
In the study, this index was calculated in ArcGIS 10.6.1 
software using the Raster Calculator: Float(Band 5 - Band 
4) / Float(Band 5 + Band 4). NIR (Near-infrared) corre-
sponds to the near-infrared spectrum of Landsat 8 imag-
es, while RED refers to the red band of satellite images. Ar-
eas with dense vegetation in satellite images tend to have 
positive values, while water bodies and built-up areas tend 
to have negative values.

The Built-up Index is essentially an image indicating 
the built-up and non-vegetated nature of areas because 
it is characterized solely by positive values. It represents 

one of the main types of land cover (Zha, Gao, and Ni, 
2005). Built-up areas and non-vegetated areas ref lect more 
SWIR than NIR rays. The formula for calculating this in-
dex (NDBI) is as follows:

NDBI = (SWIR – NIR) / (SWIR + NIR)
In the study, this index was calculated using the Raster 
Calculator as follows: Float(Band 6 - Band 5) / Float (Band 
6 + Band 5). 

Negative values of the NDBI index indicate water bodies 
and forests, while higher values (approaching 1) represent 
built-up areas. The NDBI value for vegetation is low (Mac-
arof, 2017). The month of August was selected as relevant for 
analysis, considering that the biomass increment is highest 
during this month. A significant limitation in the research 
was the use of generalized data obtained from Landsat 8 
satellite images with a cell size of 30x30m. Data regarding 
Land Surface Temperature (LST) were derived from Land-
sat 8 satellite images and logarithmic operations using 
ArcGIS tools (Raster Calculator), noting that these data only 
correspond to the month of August for the observed years.

Results 

Landsat 8 OLI/TIRS L2 C2 images were utilized to extract 
the analyzed parameters in this study. NDVI maps were 
generated using ArcGIS 10.6.1 software for the years 2013, 
2019, and 2023 and are presented in Fig.2. NDVI illustrates 
significant both temporal and spatial variations between 
2013, 2019, and 2023. Green/healthy vegetation absorbs the 
blue (0.4 - 0.5 μm) and red (0.6 - 0.7 μm) spectra, ref lect-
ing the green (0.5 – 0.6 μm) spectrum. Human eyes per-
ceive healthy vegetation as green due to the internal struc-
ture of leaves. Healthy plants exhibit high ref lectance in the 
near-infrared radiation (NIR) ranging from 0.7 to 1.3 μm 
(Fig. 2) (Crippen, 1990). Analyzed statistical parameters (Ta-
ble 2) demonstrate that the NDVI index mostly varied across 
the analyzed years. Minimum index values decreased, 
while maximum values increased. In August 2013, the max-
imum index value was approximately 0.6, indicating dense 
vegetation cover, especially in the surrounding mountain-
ous areas. The maximum index value in August 2019 was 
around 0.7, and in 2023, it increased by 0.01, suggesting a re-
duced proportion of vegetation cover in favor of built-up ar-

eas. NDVI exhibits pronounced annual changes depend-
ent on surface layer temperatures. As expected, a positive 
correlational relationship (p=0.84) between the NDVI index 
and LST was confirmed. Statistical analysis of the Pearson 
linear correlation coefficient affirmed that this correlation 
(NDVI-LST) lacks statistical significance. In general, chang-
es in surface layer temperatures imply greater plant growth 
and vice versa. The pronounced annual change in this in-
dex is characteristic of densely populated basin centers. Ar-
eas with dense vegetation, tending towards positive index 
values, are mainly at higher altitudes, on the slopes of sur-
rounding mountains and hills (Bjelašnica, Igman, Trebević, 
Hum, Zuč), which are not under significant anthropogenic 
pressure. Conversely, areas with negative index values in-
dicate the degree of anthropogenic pressure in the central 
part of the basin.

To confirm the variations in the indices, an analysis of the 
NDBI index was conducted for the purposes of this article. 
The obtained values of the NDBI index, which correlate with 
the NDVI index (Fig. 2 and 3), confirm a high degree of ur-

Figure 2. Logarithmic processing of LST data in ArcGIS 10.6 sof tware based on Landsat 8 datasets
Source: Processed by authors, 2023
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banization in the central part of the Sarajevo basin. Positive 
values of the NDBI index are concentrated in the central part 
of the basin, which is highly urbanized, while negative val-
ues are observed in its peripheral areas, where dense vege-
tation predominates, in contrast to the NDVI index. This 
indicates a negative statistical correlation between the ana-
lyzed indices. Urbanization in the Sarajevo basin mostly oc-
curs without proper planning. Thousands of structures have 
been informally built on the slopes surrounding central Sara-
jevo (Aquilué & Roca, 2016). The response of cantonal authori-
ties to informal construction and the development of numer-
ous settlements resulted in processes of legalizing informally 
constructed structures. Despite efforts to implement regu-
latory plans and provide standard infrastructure for all in-
formally built structures, legalization had limited effective-
ness (Martín-Díaz et al., 2018). These settlements remained in 
the realm of “gray areas,” even though they eventually moved 
away from informality (Legrand, 2013).

In line with this, construction intensified in the periph-
eral southeastern parts of the Sarajevo basin, and signifi-
cant changes during the analyzed years were experienced 
by the settlements of Hrasnica, Ilidža, and Istočno Saraje-

vo (Drešković & Osmanović, 2024). Over the ten-year ana-
lyzed period, the percentage of built-up areas increased. 
Based on the analysis of Corine Land Cover (CLC) images, 
data indicate that artificial surfaces covered nearly 29% of 
the total territory in 2012, and by 2018, their percentage had 
increased by 10% (Drešković & Osmanović, 2024). This in-
crease was caused by the physical-geographical constraints 
of settlements, infrastructure, and human activities in a 
very confined space—basin expansions along watercours-
es (Hrelja et al., 2021). Urbanization, in this sense, harmed 
dense vegetation in the peripheral parts of the basin due to 
land conversion, primarily clearing for various commercial 
purposes. The percentage of built-up areas increased by ap-
proximately 10% in the mentioned six-year period, precise-
ly reducing dense vegetation in favor of construction areas, 
ref lecting progressive urban development and, in certain 
areas of the basin, unplanned construction.

Table 3. Statistical Data of NDBI Index by Years

Year Minimum Maximum Mean Standard 
Deviation

2013 -0,318 0,319 -0,140 0,076

2019 -0,039 0,352 -0,023 0,073

2023 -0,320 0,453 -0,099 0,083

Source: Processed by the authors using data from the ArcGIS geo-database of 
GIS Center of Department of Geography, University of Sarajevo – Faculty of 
Science, 2023

The surface temperature of built-up layers (LST) was 
also analyzed to obtain data on areas with the highest 
heating intensity. The data obtained on the temperature of 
surface layers indicate the formation of heat islands (UHI) 
in one of the summer months - August. On the observed 

Figure 3. NDVI values for 2013, 2019 and 2023
Source: Geo-database of GIS Center of Department of Geography, University of Sarajevo – Faculty of Science adapted by the authors using ArcGIS 
[GIS sof tware] Version 10.6.1. and Landsat 8 OLI/TIRS L2 C2 images

Table 2. Statistical Data for NDVI Index by Year

Year Minimum Maximum Mean Standard 
Deviation

2013 -0,012 0,683 0,305 0,099

2019 -0,040 0,660 0,320 0,103

2023 -0,090 0,573 0,334 0,099

Source: Processed by the authors using data from ArcGIS geo-database of 
GIS Center of Department of Geography, University of Sarajevo – Faculty of 
Science, 2023
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day in August 2013, the average daily air temperature was 
around 34°C, while in 2023, it was 35.2°C. Correlated with 
the average daily air temperatures is the emission from as-
phalted, dark surfaces that heat up more intensely com-
pared to the air. Sarajevo is highly urbanized, with large 
areas covered in concrete, contributing to the creation of 
a specific microclimate within certain locations, particu-

larly during the summer months (Fig. 5). It is recommend-
ed to mitigate UHI effects in the Sarajevo basin by imple-
menting cool roofs and increasing urban greenery.

The highest degree of surface heating is observed in the 
old part of Sarajevo, as well as in certain areas of the munic-
ipalities of Centar, Novi Grad Sarajevo, Ilidža, Vogošća, and 
Istočno Sarajevo. These areas, due to unplanned construc-

Figure 5. LST in Sarajevo basin in 2013., 2019. and 2023.
Source: Geo-database of GIS Center of Department of Geography, University of Sarajevo – Faculty of Science adapted by the authors using ArcGIS 
[GIS sof tware] Version 10.6.1. and Landsat 8 OLI/TIRS L2 C2 images

Figure 4. NDBI index for 2013., 2019. and 2023.
Source: Geo-database of GIS Center of Department of Geography, University of Sarajevo – Faculty of Science adapted by the authors using ArcGIS 
[GIS sof tware] Version 10.6.1. and Landsat 8 OLI/TIRS L2 C2 images
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tion and materials used, are predisposed to the formation 
of urban heat islands (UHI). Extremely high surface layer 
temperatures in the Sarajevo basin in August during the ten 
analyzed years (max. 52°C) indicate the predominant spa-
tial representation of concrete and asphalt surfaces that 
heat up intensively during the summer months, reaching 
temperatures up to 30°C higher than the surrounding hilly 
and mountainous areas rich in dense vegetation, which in 
this case act as cooler air oases. It is essential to note that 
these areas are mainly residential centers, as well as indus-
trial and commercial areas, predominantly built with ma-
terials that have a higher degree of heating and emissions, 

with sheet metal roofs that intensify heating during the 
summer months. Mulahusić et al. (2018) found that surface 
temperatures in 2015 correlated with areas with the highest 
population density and building density. The images were 
captured during the hottest summer month because sur-
face heating is most intense during that period, and tem-
peratures remain high for an extended duration. Landsat 8 
satellite captures the surface around 10 a.m. local time and 
only exceptionally at night. Therefore, monitoring urban 
heat islands during the most intense heat period or analyz-
ing the cooling degree between built-up and non-built-up 
areas during the night was impossible.

Discussion

Methodology aspect 
The widely used methodology has proven successful in 
identifying the Urban Heat Island (UHI) effect, as numer-
ous studies have established a correlative relationship be-
tween NDVI, NDBI, and LST, confirming their significance 
in monitoring changes and biophysical characteristics of 
plant communities, as well as the reduction of vegetative 
cover in favor of built-up areas (Bechtel et al., 2012; Chen et 
al., 2014; Geletič et al., 2016; Macarof & Statescu, 2017; Guha 
et al., 2017). Remote sensing products have found broad ap-
plication in almost all scientific fields and are a good foun-
dation for future studies of these phenomena in the Sa-
rajevo basin, given the limited number of studies on this 
topic (Mulahusić et al., 2018; Drašković et al., 2020). Typical-
ly, only LST has been analyzed as the basic indicator of the 
spatial distribution of UHI. This study confirms that the de-
gree of urbanization is highest in the city of Sarajevo (mu-
nicipalities of Stari Grad, Centar, Novo Sarajevo, and Novi 
Grad), i.e., in the central parts of the basin predisposed to 
UHI formation due to physical-geographical characteristics 
and anthropogenic changes. An enhancement of this study 
could be achieved by investigating the spatial representa-
tion and distribution of green areas in the central parts of 
the basin. The minimum area of urban greenery per capita 
should be 9 m2, and the ideal 50 m2 (World Health Organi-
zation, 2012). The number of inhabitants in the Sarajevo Ba-
sin according to the last population census from 2013 was 
354.030, which means that there should be a minimum of 
3.186.000 m2 of urban greenery in the analyzed area, or 318.6 
ha. Of the total area of the city (municipalities of Stari Grad, 
Centar, Novo Sarajevo, and Novi Grad Sarajevo), which is 
14.150 ha, about 25% should be covered by urban greenery, 
but the Sarajevo basin is far below the average because cur-
rently only Veliki Park has an area of about 3 ha and approx-
imately corresponds to the stated criteria. In other areas, 
green areas were repurposed. This allows urban planners 
to identify areas with spatial potential for planting trees, 
which are the best heat absorber (Yaşlı et al., 2023), and find 

solutions for the future spatial expansion of the basin. A 
more precise picture could be achieved by selecting and ex-
amining specific profiles in different seasons in both cen-
tral and peripheral parts of the basin to determine temper-
ature differences in micro-locations. Surface temperatures 
provide important information about the thermal behavior 
of the annual temperature cycle from thermal infrared im-
ages with an accuracy of about 1K. For this reason, urban 
thermal areas are described by multi-temporal thermal cy-
cles (Bechtel, 2012). A methodological improvement would 
involve analyzing ASTER satellite images of different spa-
tial resolutions to identify zones with the UHI effect con-
fidently.

Validity of results
One of the main drawbacks is the temporal coverage of 
Landsat 8 TIRS/OLI L2 C2 satellite images. Landsat 8 cap-
tures Earth’s surface at 10 AM local solar time, making it 
impossible to investigate the Urban Heat Island (UHI) ef-
fect during the period of most intense surface heating or 
to determine nighttime temperature differences between 
built-up and non-built-up areas. This limitation prevents a 
fully consistent or accurate representation of the actual sit-
uation. Satellite image data are processed and validated in 
ArcGIS software (Imbroane et al., 2014; Gémes et al., 2016) 
to obtain a more precise depiction of the current state. As 
remote sensing products are widely applied across scien-
tific disciplines, there is an essential need for an interdis-
ciplinary approach, combining multiple satellite images 
to detect changes at the local level. Various qualitative ap-
proaches, such as Thematic Mapper, Enhanced Themat-
ic Mapper, or Operational Land Imager, could reveal UHI 
behavior in different parts of the city and establish the in-
terconnection between land cover and surface temper-
atures in urban and suburban areas. This would provide 
crucial insights for a more in-depth understanding of the 
causes and patterns of UHI, as well as in formulating local 
policies and spatial planning documents.
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Conclusion

This study was based on the utilization and processing of 
multispectral remote sensing products to determine the 
dynamics of the spatial distribution of NDVI and NDBI in-
dices, as well as their associated Land Surface Temperature 
(LST) in the urban area of Sarajevo, specifically the Sarajevo 
basin, during three specific observed years: 2013, 2019, and 
2023. The results from the first set of Landsat 8 images indi-
cated significant changes in this area, particularly concern-
ing the NDVI index, whose values varied in August of 2013, 
2019, and the same month in 2023. While the urban center 
itself displayed the highest values across all analyzed pa-
rameters, it is notable that even the peripheral parts of the 
basin experienced significant changes, notably in the clear-
ance of forest communities for land reclamation purposes. 
Results from the second set of Landsat 8 images confirmed 
a correlational link between the NDVI and NDBI indices. 
Specifically, highly urbanized and densely populated are-
as exhibited predominantly positive NDBI values (up to 1), 
while areas with various types of vegetation communities 
and water bodies tended toward negative values. Due to its 
orographic and topographic position, Sarajevo has histori-

cally been densely populated, with intensified urbanization 
during the post-war period of urban renewal. Novi Grad Sa-
rajevo municipality ranks second in population density in 
the entire country. Multispectral Landsat 8 imagery and 
remote sensing, in general, have proven highly effective 
in studying urban agglomerations and the changes occur-
ring within them. The crucial input parameter for identify-
ing and analyzing urban heat islands in the Sarajevo basin 
was the data on Land Surface Temperature (LST), specifi-
cally the temperature of surface layers in August for 2013, 
2019, and 2023. This analysis revealed temperature varia-
tions, with extreme values in 2023 representing the highest 
and lowest values over the analyzed period, attributed part-
ly to increasingly pronounced global climate changes. In 
the future, more attention should be directed toward urban 
change patterns, especially urban ecology, through analyz-
ing and comparing satellite imagery from various sources. 
Such spatial information is invaluable for decision-makers 
and urban planners to develop appropriate urban and regu-
latory plans, ensuring sustainable urban expansion.

References

Alademomi, A.S., Okolie, C.J., Daramola, O.E., Akinnusi, 
S.A., Adediran, E., Olanrewaju, H.O., Alabi, A.O., Salami, 
T.J. & Odumosu, J. (2022). The interrelationship between 
LST, NDVI, NDBI, and land cover change in a section of 
Lagos metropolis, Nigeria. Applied Geomatics, 14, 299-314.

Amiri, R., Weng, Q., Alimohammadi, A. & Kazem Ala-
vipanah, S. (2009). Spatial–temporal dynamics of land 
surface temperature in relation to fractional vegetation 
cover and land use/cover in the Tabriz urban area, Iran. 
Remote Sensing of Environment, 113(12), 2606-2617. doi: 
https://doi.org/10.1016/j.rse.2009.07.021 

Aquilué, I. & Roca, E. (2016). Urban development after the 
Bosnian War: The division of Sarajevo’s territory and 
the construction of East Sarajevo. Cities, 58, 152-163. 
doi: https://doi.org/10.1016/j.cities.2016.05.008 

Bechtel, B., Zakšek, K. & Hoshyaripour, G. (2012). Down-
scaling Land Surface Temperature in an Urban Area: 
A Case Study for Hamburg, Germany. Remote Sensing, 
4(10), 3184-3200. doi: https://doi.org/10.3390/rs4103184 

Bhandari, A.K., Kumar, A. & Singh, G.K. (2012). Feature 
Extraction using Normalized Difference Vegetation In-
dex (NDVI): A Case Study of Jabalpur City. Procedia Tech-
nology, 6, 612-621.

Chen, A., Yao, L., Sun, R. & Chen, L. (2014). How many 
metrics are required to identify the effects of the land-
scape pattern on land surface temperature? Ecological 

Indicators, 45, 424-433. doi: https://doi.org/10.1016/j.ecol-
ind.2014.05.002 

Copernicus Global Land Service (2023). https://land.coper-
nicus.eu/global/index.html (20.09.2023)

Crippen, R.E. (1990). Calculating the vegetation index 
faster. Remote sensing of Enviroment, 34, 71-73.

Cvitanović, M. (2014). Promjene zemljišnog pokrova i nači-
na korištenja zemljišta u Krapinsko-zagorskoj županiji 
od 1991 do 2011. Hrvatski geografski glasnik, 76/1, 41-59.

Değerli, B. Ç. & Çetin, M. (2022). Evaluation from Ru-
ral to Urban Scale for the Effect of NDVI-NDBI Indi-
ces on Land Surface Temperature, in Samsun, Türkiye. 
Turkish Journal of Agriculture -Food Science and Technology, 
10(12), 2446-2452. doi: https://doi.org/10.24925/turjaf.
v10i12.2446-2452.5535

Drašković, B., Miletić, B. & Gutalj, M. (2020). Analysis of 
Land Surface Temperature at Sarajevo Canton using 
Landsat 8 data, GEA (Geo Eco-Eco Agro) Internation-
al Conference (2020), Book of Proceedings II (pp. 24-35), 
Montenegro.

Drešković, N. & Osmanović, M. (2024). Changes in land 
use/land cover in the Sarajevo valley from 2000 to 2018 
– CLC based analysis. Geographical Review, 49, 31-44.

Fabrizi, R., Bonafoni, S. & Biondi, R. (2010). Satellite and 
ground-based sensors for the Urban Heat Island analy-
sis in the city of Rome. Remote Sensing, 2(5), 1400–1415. 
doi: https://doi.org/10.3390/rs2051400

https://doi.org/10.1016/j.rse.2009.07.021
https://doi.org/10.1016/j.cities.2016.05.008
https://doi.org/10.3390/rs4103184
https://doi.org/10.1016/j.ecolind.2014.05.002
https://doi.org/10.1016/j.ecolind.2014.05.002
https://land.copernicus.eu/global/index.html
https://land.copernicus.eu/global/index.html
https://doi.org/10.24925/turjaf.v10i12.2446-2452.5535
https://doi.org/10.24925/turjaf.v10i12.2446-2452.5535
https://doi.org/10.3390/rs2051400


Geographica Pannonica | Volume 28, Issue 1, 34–43 (March 2024)Ádám Gyurkó, Zoltán Bujdosó,  
Al Fauzi Rahmat, Lóránt Dénes Dávid

| 42 |

Geletič, J., Lehnert, M. & Dobrovolný, P. (2016). Land Sur-
face Temperature Differences within Local Climate 
Zones, Based on Two Central European Cities. Remote 
Sensing, 8(10), 788. doi: https://doi.org/10.3390/rs8100788 

Gémes, O., Tobak, Z. & Van Leeuwen, B. (2016). Satellite 
Based Analysis of Surface Urban Heat Island Intensi-
ty. Journal of Environmental Geography, 9(1–2), 23–30. doi: 
10.1515/jengeo-2016-0004

Guha, S., Govil, H. & Mukherjee, S. (2017). Dynamic anal-
ysis and ecological evaluation of urban heat islands in 
Raipur city, India. Journal of Applied Remote Sensing, 11(3). 
doi: https://doi.org/10.1117/1.JRS.11.036020

Hadžić, E. & Drešković, N. (2014). Analysis of the impact 
of temperature and precipitation f luctuations on river 
f low in the Sarajevo valley. Vodoprivreda, 46, 65–75.

Hadžić, E., Lazović, N. & Mulaomerović-Šeta, A. (2015). 
The Importance of Groundwater Vulnerability Maps in 
the Protection of Groundwater Sources. Key Study: Sa-
rajevsko Polje. Procedia Environmental Sciences, 25, 104-
111.

Hafner, J. & Kidder, S.Q. (1999). Urban Heat Island Mod-
eling in Conjunction with Satellite-Derived Sur-
face/Soil Parameters. Journal of Applied Meteorolo-
gy and Climatology, 38(4), 448–465. doi: https://doi.
org/10.1175/1520-0450(1999)038<0448:UHIMIC>2.0.
CO;2 

Haji, G.Y., Hasan, S.K. & Hussein, L.T. (2023). Relationship 
of LST, NDVI, and NDBI using Landsat-8 data in Du-
hok city in 2019-2022. Journal of Planner and development, 
28(1).

Heaviside, C., Macintyre, H. & Vardoulakis, S. (2017). The 
Urban Heat Island: Implications for Health in a Chang-
ing Environment. Current Environmental Health Reports, 
4, 296–305. 

Howard, L. (1833). The Climate of London. Deduced from 
Meteorological Observations. Volume 2.

Hrelja, E., Sivac, A., Korjenić, A. & Banda, A. (2021). Spatial 
Planning of the Green Infrastructure of the City of Sa-
rajevo. International Conference Making Healthy Cities 
for People - Education, Research, Practice in Planning, 
Architecture and Engineering – HURBE, Conference Pro-
ceeding (pp.37-47), Sarajevo, Bosnia and Herzegovina. 

Imbroane, A., Croitoru, A.E., Herbel, I., Rus, I. & Petrea, 
D. (2014). Urban heat island detection by integrating 
satellite image data and GIS techniques. Case study: 
ClujNapoca city, Romania. 14th International Multi-
disciplinary Scientific GeoConference SGEM, Book 1 
(pp.359-366), Albena, Bulgaria.

Jackson, R.D., Idso, S.B., Reginato, R.J. & Pinter P.J. (1981). 
Canopy temperature as a crop water stress indicator. 
Water Resource Research, 17(4).

Johnson, G. T., Oke, T. R., Lyons, T. J., Steyn, D. G. & Wat-
son, I. D. (1991). Simulation of Surface Urban Heat Is-
lands Under “Ideal” Conditions at Night Part. 1: Theory 

and Tests against Field Data. Boundary-Layer Meteorolo-
gy, 56, 275-294.

Kim, H. H. (1992). Urban heat island. International Jour-
nal of Remote Sensing, 13(12), 2319-2336. doi: https://doi.
org/10.1080/01431169208904271

Lambin, E.F., Rounsevell, M.D.A. & Geist, H.J. (2000). Are 
agricultural land-use models able to predict changes in 
land-use intensity? Agriculture, Ecosystems & Environment 
82(1-3), 321-331.

Legrand, O. (2013). Sovereignty, Planning and Gray Space: 
Illegal construction in Sarajevo, Nicosia and Jerusalem. 
Planum The Journal of Urbansim, 1(23).

Le-Xiang, Q., Hai-Shan, C. & Jie, C. (2006). Impacts of 
Land Use and Cover Change on Land Surface Temper-
ature in the Zhujiang Delta. Pedosphere, 16(3), 681-689. 
https://doi.org/10.1016/S1002-0160(06)60103-3 

Macarof, M. & Statescu, F. (2017). Comparasion of NBI and 
NDVI as indicators of surface Urban heat island effect 
in Landsat 8 imagery: a case study of Iasi. Present Envi-
ronment and Sustainable Development, 11(2).

Manley, G. (1958). On the Frequency of Snowfall in Met-
ropolitan England. Quarterly Journal of the Royal Mete-
orological Society, 84, 70-72. doi: https://doi.org/10.1002/
qj.49708435910 

Martín-Díaz, J., Palma, P., Golijanin, J., Nofre, J., Oliva, 
M. & Čengić, N. (2018). The urbanisation on the slopes 
of SARAJEVO and the rise of geomorphological hazards 
during the post-war period. Cities, 72, 60-69. doi: https://
doi.org/10.1016/j.cities.2017.07.004 

Mulahusić, A., Tuno, N., Topoljak, J., Kolić, T. & Kogoj, 
D. (2018). Satellite thermography of Sarajevo. Geodet-
ski vestnik, 62(2), 173-187. doi: 10.15292//geodetski-vest-
nik.2018.02.

Myrup, O.L. (1969). A Numerical Model of the Ur-
ban Heat Island. Journal of Applied Meteorolo-
gy and Climatology, 8(6), 908–918. https://doi.
org/10.1175/1520-0450(1969)008<0908:ANMOTU>2.0.
CO;2 

Naserikia, M., Shamsabadi, E.A., Rafieian, M. & Filho, 
W.L. (2019). The Urban Heat Island in an Urban Con-
text: A Case Study of Mashhad, Iran. International Jour-
nal Environmental Research and Public Health, 16(3), 313. 
doi: https://doi.org/10.3390/ijerph16030313

Niclòs, R., Valiente, J.A, Barbera, M.J., Estrela, M.J., Galve, 
J.M. & Caselles, V. (2009). Preliminary Results on the Re-
trieval of Land Surface Temperature from MSG-SEVIRI 
Data in Eastern Spain. Proceedings for the 2018 EUMET-
SAT Meteorological Satellite Conference. Tallinn, Estonia.

Oke, T. R., Johnson, G. T., Steyn, D. G. & Watson, I. D. 
(1991). Simulation of Surface Urban Heat Islands under 
“Ideal” Conditions at Night Part 2: Diagnosis of Causa-
tion. Boundary-Layer Meteorology, 56, 339-358.

Prata, A.J., Caselles, V., Coll, C., Sobrino, J.A. & Ottle, C. 
(1995). Thermal remote sensing of land surface temper-

https://doi.org/10.3390/rs8100788
https://doi.org/10.1117/1.JRS.11.036020
https://doi.org/10.1175/1520-0450(1999)038%3c0448:UHIMIC%3e2.0.CO;2
https://doi.org/10.1175/1520-0450(1999)038%3c0448:UHIMIC%3e2.0.CO;2
https://doi.org/10.1175/1520-0450(1999)038%3c0448:UHIMIC%3e2.0.CO;2
https://doi.org/10.1080/01431169208904271
https://doi.org/10.1080/01431169208904271
https://doi.org/10.1016/S1002-0160(06)60103-3
https://doi.org/10.1002/qj.49708435910
https://doi.org/10.1002/qj.49708435910
https://doi.org/10.1016/j.cities.2017.07.004
https://doi.org/10.1016/j.cities.2017.07.004
https://doi.org/10.1175/1520-0450(1969)008%3c0908:ANMOTU%3e2.0.CO;2
https://doi.org/10.1175/1520-0450(1969)008%3c0908:ANMOTU%3e2.0.CO;2
https://doi.org/10.1175/1520-0450(1969)008%3c0908:ANMOTU%3e2.0.CO;2
https://doi.org/10.3390/ijerph16030313


Geographica Pannonica | Volume 28, Issue 1, 34–43 (March 2024)Ádám Gyurkó, Zoltán Bujdosó,  
Al Fauzi Rahmat, Lóránt Dénes Dávid

| 43 |

ature from satellites: current status and future pros-
pects. Remote Sensing Reviews, 12(3-4).

Roth, M. (2013). Urban Heat Islands. Handbook of Environ-
mental Fluid Dynamics, 2, 143-159. doi: 10.1201/b13691-13

Sherafati, S., Saradjian, M.R. & Rabbani, A. (2018). Assess-
ment of Surface Urban Heat Island in Three Cities Sur-
rounded by Different Types of Land-Cover Using Satel-
lite Images. Journal of the Indian Society of Remote Sensing, 
46, 1013-1022.

Solecki, W.D., C. Rosenzweig, L. Parshall, G. Pope, M. 
Clark, J. Cox & Wiencke, M. (2005). Mitigation of the 
heat island effect in urban New Jersey. Global Environ-
ment Change, 6, 30-49, doi:10.1016/j.hazards.2004.12.002

Song, B. & Park, K. (2014). Validation of ASTER Surface 
Temperature Data with In Situ Measurements to Evalu-
ate Heat Islands in Complex Urban Areas. Advances in Me-
teorology, 2014, doi: http://dx.doi.org/10.1155/2014/620410 

Srivanit, M. & Hokao, K. (2012). Thermal infrared remote 
sensing for urban and environmental studies: An appli-
cation for the city of Bangkok, Thailand. Journal of Archi-
tectural / Planning Research and Studies, 9(1), 83–100.

Sun, D. & Pinker, R.T. (2003). Estimation of land surface 
temperature from a Geostationary Operational Envi-
ronmental Satellite (GOES-8). Journal of Geophysical Re-
search, 108(D11), doi:10.1029/2002JD002422.

Voogt, J.A. & Oke, T.R. (2003). Thermal Remote Sensing of 
Urban Climates. Remote Sensing of Environment, 86, 370-
384. doi: https://doi.org/10.1016/S0034-4257(03)00079-8 

Wang, M. (2015). Characterization of Surface Urban Heat Is-
land in the Greater Toronto Area Using Thermal Infrared Sat-
ellite Imagery. Master thesis, University of Waterloo, 
Kanada.

World Health Organisation (2012). Health Indicators of 
sustainable cities in the Context of the Rio+20 UN 
Conference on Sustainable Development, available at: 
https://www.who.int/docs/default-source/environ-
ment-climate-change-and-health/sustainable-develop-
ment-indicator-cities.pdf?sfvrsn=c005156b_2, Novem-
ber 10, 2023.

Yao, X., Yu, K., Zeng, X., Lin, Y., Ye, B., Shen, X., & Liu, J. 
(2022). How can urban parks be planned to mitigate ur-
ban heat island effect in “Furnace cities” ? An accumu-
lation perspective. Journal of Cleaner Production, 330. doi: 
https://doi.org/10.1016/j.jclepro.2021.129852

Yasli, R., Yucedag, C., Ayan, S. & Simovski, B. (2023). 
The Role of Urban Trees in Reducing Land Surface 
Temperature. SilvaWorld, 2(1), 36–49. doi: https://doi.
org/10.29329/silva.2023.518.05

Zha, Y., Gao, J. & Ni, S. (2003). Use of normalized differ-
ence built-up index in automatically mapping urban 
areas from TM imagery. International Journal of Remote 
Sensing, 24(3), 583-594.

•
URL 1: United States Geological Survey, https://earthex-

plorer.usgs.gov/, October 09, 2023
URL 2: NASA Landsat Science, https://landsat.gsfc.nasa.

gov/, November 23, 2023

http://dx.doi.org/10.1155/2014/620410
https://doi.org/10.1016/S0034-4257(03)00079-8
https://www.who.int/docs/default-source/environment-climate-change-and-health/sustainable-development-indicator-cities.pdf?sfvrsn=c005156b_2
https://www.who.int/docs/default-source/environment-climate-change-and-health/sustainable-development-indicator-cities.pdf?sfvrsn=c005156b_2
https://www.who.int/docs/default-source/environment-climate-change-and-health/sustainable-development-indicator-cities.pdf?sfvrsn=c005156b_2
https://doi.org/10.1016/j.jclepro.2021.129852
https://doi.org/10.29329/silva.2023.518.05
https://doi.org/10.29329/silva.2023.518.05
https://earthexplorer.usgs.gov/
https://earthexplorer.usgs.gov/
https://landsat.gsfc.nasa.gov/
https://landsat.gsfc.nasa.gov/

	_Hlk160447231
	_Hlk160447255
	_Hlk160447278
	_Hlk160447297
	_Hlk160447385
	_Hlk160447419
	_Hlk160447448
	_Hlk160447571
	_Hlk160447628
	_Hlk160447660

