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Abstract: The phenomenon of urban heat islands is becoming increasingly pronounced and is one of the
main reasons for the increase in air temperature in cities. The thermal regime of urban areas is different
from peri-urban and rural areas, and is reflected in faster daytime heating and slower nighttime cooling.
There are two main approaches to the study of urban heat islands - direct measurements of air temperature
in the field and readings of temperatures from remote sensing products. The paper will analyze remote
sensing products from the Landsat 8 satellite in order to determine differences in thermal characteristics of
specific types of land use in the territory of the city of Trebinje. For the purposes of the analysis, a buffer
zone was defined within a radius of 10 km from the central point of the city (geographical coordinates:
42.7112° N, 18.3436° E), which enabled the inclusion of urban, rural and natural areas. A total of 12 sat-
ellite images were collected and a time frame covering the summer months of 2024 (June 1 to August 31)
was used. Given the sensitivity of thermal data to the presence of clouds, a cloud filter (CLOUD_ COVER
< 20%) was applied to ensure the quality of the input data. Additionally, a cloud mask and cloud shadows
were implemented using the QA PIXEL layer to remove contaminated pixels. The research results show
that built-up areas have higher temperatures compared to other land use classes by more than 2°C. All anal-
yses were conducted using open source software packages. The research results can be useful for various
sectors such as public health, spatial planning, energy, water management, forestry and similar areas. In
addition, the research results may contribute to future detailed studies aimed at defining local climate zones
and thermal variations within them.

Keywords: Urban heat island, Land surface temperature, Remote sensing, Landsat 8, Land use, Thermal
regime, Urban-rural gradient, Spatial analysis, Local climate zones, Trebinje.

1. INTRODUCTION (about 68% of the world’s population) will live in

urban areas by 2050 [4]. The built-up area of urban

Urbanization and climate change are two very
important phenomena, which are interconnected
and which will significantly affect the human pop-
ulation [1,2,3]. It is expected that 6.3 billion people

settlements is increasing faster than the population
in urban areas, which significantly affects land use
patterns, the environment, biodiversity, the hydro-
logical cycle and climate at local, regional and even
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global levels [5, 6]. According to Hopkins et al., ur-
ban areas emit up to 70% of global anthropogenic
greenhouse gases that negatively affect global cli-
mate change [7]. The effects of climate change, to
a greater or lesser extent, are evident in all urban
areas, regardless of their size [8]. Urban areas, or
built-up areas, with their characteristics affect the
local energy balance and create urban heat islands.
Although a large number of factors influence the cre-
ation of urban heat islands, it can be said that the
greatest influence is exerted by different land uses,
urban morphology, and the materials from which in-
frastructure and building structures are built [9, 10].
The above factors create specific thermal character-
istics of urban areas, which differ from the thermal
characteristics of rural areas in the surrounding area
[11, 12, 13]. In addition, reduced evapotranspiration
in combination with a large share of built-up areas
affects heat accumulation and heat radiation, which
ultimately results in increased air temperature [14,
15]. Urban heat islands negatively affect energy con-
sumption, thermal comfort, public health and certain
outdoor activities [16, 17]. Two approaches are most
commonly used to study urban heat islands. The first
approach refers to direct measurements of air tem-
perature, while the second approach refers to the use
of remote sensing products, more precisely thermal
images from which the thermal footprint of the sub-
strate is read [18, 19, 20]. The use of remote sensing
products has certain advantages, primarily if the spa-
tial coverage of certain images is taken into account,
the analysis of which can determine patterns of urban
heat islands [21].Pannja ucrpaxknBama cy moxaszana
Jla TIOCTOjU BHUCOK CTemleH Kopenanuje wu3mely
TEMIIepaTypa Ba3jyXa MEPEHUX JUPCKTHUM ITyTEM
W TeMIlepaTypa TMOJJIore Koje Cy MepeHe MeTojaMa
JAJBUHCKE JIETEKIUje, ali ca U3BECHUM pasirKaMa
y 3aBHUCHOCTH O] HaYMHA KOPHUIITEHa 3eMJBHUIIITA,
OomHOCHO Tomore [22, 23]. 3a wucTpakuBame
TEpPMaITHUX KapaKTePHCTHKA MOJJIOre, KOPUCTE Ce
Pa3IMYUTH CEH30pU TIOCTaBJLCHU HA CATEIUTCKE
miaropme. Hajmoznatuju ceH3opu 3a HaBeleHE
HAMEHE Cy CIIEKTPOPaIMOMETap CPEIHE PE30IyIje
MO/IUC (Moderate Resolution Imaging Spectrora-
diometer — MODIS), Jlaancar (Landsat TM, ETM+,
OLI/TIRS) u ACTEP [24, 25, 26].

The phenomenon of urban heat islands in larger
urban areas on the territory of the Republic of Srpska
is in the initial phase of research and has been con-
ducted only in the largest city - Banja Luka. Research

into bioclimatic conditions and thermal characteris-
tics of the urban part of the city of Banja Luka was
conducted using methods of direct air temperature
measurements with mobile and stationary sensors in
daytime and nighttime conditions [27, 28, 29]. The
results of the research for the City of Banja Luka indi-
cate different thermal characteristics within the urban
area itself during the summer, where differences in
air temperature of 5-6°C were recorded between the
densely built-up city center and the main city park.
The phenomenon of the urban heat island was ana-
lyzed using remote sensing methods for the cities of
Mostar [30], Sarajevo [31, 32] and Banja Luka [33].
In all three cases, the difference in ground tempera-
tures for the built-up urban area and the rural environ-
ment was analyzed. During the summer, significantly
higher ground temperatures were recorded in urban
areas compared to the surrounding area, and a larger
temperature amplitude was recorded in Mostar.

This paper aims to provide insight into the
thermal characteristics of different land uses in the
territory of the city of Trebinje, using remote sensing
products. For the purposes of the work, 12 satellite
images from the Landsat 8 platform were collected
and analyzed, and a time frame covering the summer
months from June 1 to August 31, 2024 was used. The
research results may be useful in the process of spa-
tial and urban planning, and in defining mitigation and
adaptation measures to climate change in the sectors
of public health, housing, civil protection, agriculture,
water management, and landscape architecture.

2. MATERIALS AND METHODS

Research Area

The research was conducted in the city of Tre-
binje, located in the southeastern part of the Republic
of Srpska. For the purposes of the analysis, a buf-
fer zone was defined within a radius of 10 km from
the central point of the city (geographic coordinates:
42.7112° N, 18.3436° E), which enabled the inclu-
sion of urban, rural and natural areas.

Satellite Data

For the purposes of estimating land surface
temperature (LST), optical and thermal data from the
Landsat 8 satellite (Operational Land Imager — OLI
and Thermal Infrared Sensor — TIRS) were used.
They were downloaded from the LANDSAT/LCO8/
C02/T1_L2 collection (Collection 2, Level 2) via the
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Google Earth Engine (GEE) platform. The time frame
used was the summer months of 2024 (from June 1
to August 31). Considering the sensitivity of the ther-
mal data to the presence of clouds, a cloudiness fil-
ter (CLOUD_COVER < 20%) was applied to ensure
the quality of the input data. Additionally, a cloud and
cloud shadow mask was implemented using the QA _
PIXEL layer to remove contaminated pixels.

Data processing and LST calculation

The calculation of land surface temperature
(LST) is based on a single-channel method, using
the thermal channel ST B10 (thermal infrared radi-
ation). The calculation was carried out through the
following steps:

1. Radiometric calibration: ST B10 was
scaled using a factor of 0.00341802 and an offset of
149.0 to obtain the brightness temperature in Kelvin.

2. Calculation of NDVI (Normalized Differ-
ence Vegetation Index): By combining the spectral
channels SR B5 (NIR) and SR B4 (RED), NDVI
was calculated as an indicator of vegetation coverage.

3. Surface emissivity estimation: Emissivity was
determined based on NDVI values, using the NDVI
Thresholds method in the range NDVI € [0.2, 0.5].

4. Calculation of LST: The final surface tem-
perature expressed in degrees Celsius was obtained

Hamjena 3emsbuiura/
Land use

Hsrpahene noBpunne/
Built-up areas
Hupycrpuja u nociioBame/
Industry and business
IloBpuinHe nocedHe Hamene/ A
Surfaces of special purpose j&
OopaauBo 3eM/bHIITE/

Arable land

JluBaje u nammanu/
Meadows and pastures

Bohmwauu n BuHOrpaan/
Orchards and vineyards

Forests

Makuja u x0ynacra Bereraumja/
Macchia and shrub vegetation

Ioapyuja ca ockyaHOM BereTaumjom/
Areas with sparse vegetation

by applying the Planck equation adapted for Landsat
8 and thermal channel B10, with correction for sur-
face emissivity.

Data Analysis and Export

For each Landsat scene that met the cloud
cover and time frame criteria:

— The LST and NDVI values were calculated
for each pixel.

— The results were visualized and exported as
GeoTIFF files at a spatial resolution of 30 meters in
the WGS 84 coordinate system.

Software Tools

All data processing was performed in the
Google Earth Engine environment (JavaScript API),
which allows access to large temporal-spatial ar-
chives of satellite data and parallel processing on a
server infrastructure. Export of results and post-pro-
cessing were realized using the open source software
package QGIS.

3. RESULTS AND DISCUSSION

For the purposes of the research, a detailed
map of land use in the analyzed area was made. A
digital orthophoto from 30.08.2024 was used as a ba-

Figure 1. Structure of land use in the research area
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sis for land use. The areas were digitized in the open
source software package QGIS 3.28.14. Due to the
large number of different land uses, a generalization
was made and a total of 9 classes were distinguished:
built-up areas, industry and business, special-pur-
pose areas, arable land, meadows and pastures, or-
chards and vineyards, forests, maquis and woody
vegetation, and areas with sparse vegetation.

Given the spatial size of the studied area, it
was determined that the morphological character-
istics of the terrain are diverse and that the altitude
variable should be included in the analysis of the
thermal characteristics of certain land use classes. As
is known, a change in altitude changes the tempera-
ture of the air and the substrate.

Data on altitudes were obtained by analyzing
a digital terrain model with a resolution of 5 meters.
The mentioned digital terrain model is a product
of the Republic Administration for Geodetic and
Property-Legal Affairs of the Republic of Srpska.
The entire area was separated into three altitude, or
hypsometric, zones by reclassifying the raster in the
GRASS GIS software package, using the “r.reclass”
option. The first altitude zone refers to areas up to
300 meters above sea level and occupies 60.6 km2.
The altitude zone, which covers areas between 300

Bucuncke 3one/
Height zones

301 - 500
501 - 700

701 - 900

901 - 1100

and 500 meters, covers 64 km2. The third zone cov-
ers areas between 500 and 700 meters, is the largest
territorially and covers 126.8 km2. The fourth zone
covers areas between 700 and 900 meters and has an
area of 48.3 km?2. The fifth zone covers a relatively
small area (from 900 to 11,000 meters) and covers an
area of 6.6 km2, while the smallest zone covers an
area of 0.3 km2 (above 1,100 meters).

To calculate the thermal characteristics of the
substrate, the products of the Landsat 8 mission were
used. The products, or images, were downloaded
from the geoportal “Earth Explorer” of the US Geo-
logical Survey (earthexplorer.usgs.gov). A total of 12
images, L1 processing level, from 2024 were down-
loaded.

Landsat 8 has one panchromatic channel with
a spatial resolution of 15 meters and eight multi-
spectral channels with a spatial resolution of 30
meters. In addition, Landsat 8 also has all the ther-
mal channels with a spatial resolution of 100 me-
ters, the data of which are downscaled to a resolu-
tion of 30 meters [34].TepmaHe KapakTepUCTHKE
noaJiore uspadyHare cy Ha ocHoBy HJIBU unnekca
(NDVI — Normalized Difference Vegetation Index) n
koedunujenta emucuHocTH nojyiore (LSE — Land
Surface Emissivity) [35].

Figure 2. Elevation zones in the study area
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LAND SURFACE
TEMPERATURE
30.08.2024.

H 47.3
H 19.6

BUILT-UP
AREAS

Figure 3. Surface temperatures (in °C) in the observed area, August 30, 2024 - with built-up areas

The QGIS 3.28.14 software package was used
to calculate the thermal characteristics of the sub-
strate. Within the aforementioned software package,
the Semi-Automatic Classification (SCP) plugin was
also used, primarily for preliminary processing of the
source images, i.e. for atmospheric corrections of the
images.

The first altitude zone (up to 300 meters) con-
tains the city’s inner urban area and most of the built-
up areas. The listed built-up areas include zones of
family and individual housing of various storeys,
business and housing, business and production, and
the central city zone. On average, the surface tem-
perature on August 30, 2024 for built-up areas was
40.01°C. A slightly lower average value was record-
ed in the polygons of urban greenery and water bod-
ies and watercourses (37.21°C). The reason for the
small difference in surface temperatures between
built-up areas and urban greenery is the high share
of greenery on plots where individual housing is
located and the significant areas of greenery along
roads that are associated with built-up areas due to
the level of detail. Other barren areas (cemeteries,
warehouses of loose construction materials, etc.) had
an average temperature of 38.75°C.

Agricultural areas in the first altitude zone
emitted an average of 37.97°C, while forests and for-
est land had an average temperature of 38.03°C. The
lowest temperature in the first altitude zone was ob-
served in watercourses and water surfaces (35.45°C).
On average, the thermal footprint of the solid waste
landfill was 38.23°C. It is important to emphasize
that the highest temperature in the first altitude zone
was 47.3°C, and was recorded in the pixel corre-
sponding to the built-up areas. The lowest tempera-
ture value in the first altitude zone was recorded in
water surfaces and was 35.45°C. A relatively large
range between the minimum and maximum surface
temperatures was also recorded in the studies con-
ducted for Mostar, Sarajevo and Banja Luka.

In the second altitude zone (from 300 to 500
meters above sea level), similar values were recor-
ded. Built-up areas emitted an average temperature
of 39.45°C, while urban greenery had an average of
38.5°C. On other barren surfaces, an average tempera-
ture of 38°C was recorded, while agricultural areas
had an average substrate temperature of 37.5°C. Low-
er average temperatures were recorded in the zone
covered by maquis and shrub vegetation (36.81°C).
The highest temperature in the second altitude zone
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Table 1. Surface temperatures by purpose and altitude zones (30.08.2024.)

Average surface temperature
= = = =
Category = b = & —_ 8
Pa) 1 1 1 | :
\/ — — — —
2 2 2 = /
Building land 39.42 39.45 37.25 349 32.01 -
Industry and business 39.87 40.55 38.68 - - -
Special purpose 40.59 38.58 36.85 36.73 36.52 32.85
Cemeteries 38.75 39.45 37.21 - - -
Quarries 37.24 38.09 35.54 - - -
Solid waste landfills 38.23 42.38 - - - -
Arable land 37.97 38.1 352 33.54 32.01 -
Meadows and pastures 37.14 37.29 34.93 33.40 30.10 -
Orchards and vineyards 41.14 37.50 39.53 - - -
Forests 39.07 38.08 36.28 34.87 32.46 29.65
Macchia and shrub vegetation 37.03 36.81 34.83 33.79 32.56 -
Areas with sparse vegetation 38.32 37.93 35.80 34.62 33.38 -
Bare rocks 37.23 38.03 35.70 37.41 33.53 -
Watercourses and water bodies 35.45 35.45 35.45 - - -
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Figure 4. Surface temperatures by purpose and altitude zones (30.08.2024.)

was recorded at the location of the solid waste landfill
and was 42.38°C, while the lowest temperature was
recorded on and water surfaces (35.4°C).

The third altitude zone has less pronounced dif-
ferences between the thermal footprints of different
uses. The highest average temperature was recorded
in the vineyard zone (39.5°C), and in built-up areas
where the temperature was 38.68°C. In the forest and
urban green areas, the average temperature was re-
corded at 36.2°C. In the water surface class, the tem-
perature was the same as in the previous two zones
(35.4°C).

Taken together, the average temperature of
the first (38.36°C) and second altitudinal zones
(38.40°C) is almost identical, while in the third al-
titudinal zone the average temperature is somewhat
lower (36.4°C). The average temperature amplitude
between different land uses in the first altitudinal
zone was 7°C, while in the highest zone (above 1100
meters) the amplitude was only 3°C. From the above,
it can be concluded that each land use class has its
own unique thermal footprint and that it has higher
values where different buildings are located. Also,
the influence of altitude on the thermal characteris-
tics of all analyzed land use classes is evident.

3. CONCLUSION

Urban heat islands are a phenomenon that is
present in medium and large cities. The study of the
aforementioned phenomenon is of great importance
for various sectors, of which we particularly high-
light: public health, housing, water supply, agricul-
ture, civil protection and landscape architecture. In
general, there are two approaches to studying the

thermal characteristics of urban environments. The
first approach refers to direct measurements of air
temperatures, while the second approach uses re-
mote sensing products to read surface temperatures.
In this paper, the products of the Landsat 8 mission
were used to determine the thermal characteristics
of certain surface uses. Analysis of the image from
the summer of 2024 revealed that there are clear dif-
ferences in the thermal footprint of different surface
uses in the wider urban area of Trebinje. The high-
est average temperatures were recorded in built-up
areas (40.59°C), orchards and vineyards (41.14°C),
forests (39.07°C) and areas with sparse vegetation
(38.32°C). Somewhat lower temperatures were re-
corded in watercourses and water ponds (35.45°C).
It is important to emphasize that the highest tem-
perature in the first altitude zone was 47.3°S, and it
was recorded on the pixel corresponding to built-up
areas. The lowest temperature value in the first al-
titude zone was recorded on the forest surface and
was 19.6°S. Apart from the thermal characteristics
of specific surface uses, the influence of altitude on
temperatures was also analyzed. It was found that
the average temperature was lower by 1°S for every
100 meters above sea level. This research can be the
starting point for further more detailed research that
focuses on determining local microclimate zones and
that investigates temperature differences within cer-
tain classes of surface uses in more detail.
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AHAJIN3A YPBAHOI TOIIJMIOTHOI' OCTPBA I'PAJIA TPEBUIBA
KOPUIIREIBLEM ITPOU3BOJA JAJBUHCKE JETEKIIUJE

Casxkerak: ®eHoMeH ypOaHUX TOIUIOTHUX OCTPBa MOCTaje CBE M3PAKECHHUJU | jeaH je OJ] IVIABHUX pa3-
yora moBehama Temreparype Ba3ayxa y TpajoBuMa. TepMUYKH pekuM ypOaHHUX MOApydYja je Apyradnju
OJ1 IeprypOaHuX M PypaTHUX IMPOCTOPa, U OTieNa ce y OpskeM THEBHOM 3arpHjaBamy W CHOPHjeM HOh-
HOM XJalery. Y UCTpaXuBamby ypOaHHX TOIUIOTHHX OCTpPBA ITOCTOjE ABa IIaBHA MPHUCTYIIA - AUPEKTHA
Mjepema TeMIepaType Ba3lyxa Ha TepeHY U OUMTaBambe TeMIepaTypa ca MPOM3BO/a JaJbHHCKE ACTEK-
muje. Y pany he Outn aHanm3upaHu MpOM3BOAM JaJbUHCKE JETeKIHje ca carenura Landsat 8 kako Om
ce YTBpAWIE Pa3IMKe Y TEPMUYKHM KapaKTepHCTHKaMa Crenn(UIHUX TUIIOBa KopHIThema 3eMIBHIITa
Ha TepuUTOpHju rpajia Tpebuma. 3a noTpebe aHanM3e AeUHNCAHA je TaMIIOH 30Ha y paaujycy on 10 km
OJ1 LIEHTpaJIHEe Ta4yke rpana (reorpadceke koopauHare: 42.7112° N, 18.3436° E), miro je omoryhuso o0y-
XBaTame ypOaHHUX, pypajHUX ¥ IPUPOAHUX MoBpInuHA. [IpuKkyIbeHo je ykymnHo 12 carenurcka CHUMKa
u xopuiheH je BpeMEHCKH OKBHP KOju 00yxBara JheTHe Mjecerie 2024, roguue (ox 1. jyna mo 31. aBry-
cra). C 003MpoM Ha OCjeTJbUBOCT TEPMAIHHX IOJaTaKa Ha MPHUCYCTBO 00JaKa, IPUMHUjereH je huirep
ob6magnoctu (CLOUD _COVER < 20%) kako Ou ce ocurypao KBaJIMUTET yJa3HHMX Tozaaraka. JlomaTtHo
j€ UMITIeMEeHTHpaHa Macka obmaka u cjeHe obnaka xopumrtemeM OA [THXEJI crnoja pagu yKiIamarmba
KOHTAaMHHHPAHUX THKceNa. Pe3ynrarn mcTpakmBama IMOKa3yjy Ja u3rpaljeHa moapydja MMajy BHIIE
Temmeparype y nopehemy ca ApyruM Kiacama Kopumhema 3eMibHInTa 3a mpeko2°C. CBe aHamm3e cy
cripoBeieHe KopumhemeM cOPTBEPCKHUX MaKeTa OTBOPEHOT KoJa. Pe3ynrtaT ucTpaxuBama MOTY OHTH
KOPUCHH 32 Pa3iIMYUTe CEKTOPE Kao IITO Cy jaBHO 3/IPaBJbe IPOCTOPHO IUIAHUPAHE, CHEPreTHKa, BOJIO-
MpUBpeEIa, IIyMapcTBO U cimyHe obmactu. [lopen Tora, pe3ynTati HCTpakUBarba MOTY JOTIPHHU]ETH
OynyhuM eTasbHUM CTyMjaMa yCMjepeHUM Ha Ie(UHUCAE JIOKATHUX KIMMATCKUX 30Ha U TEPMUYKHX
Bapujanuja yHyTap mbHX.

Kbyune pujeun: YpOana ToruioTHa ocTpsa, TeMIeparypa MOBPIIMHE 3eMJBHINTA, TaJbHHCKO OCMa-
Tpame, Landsat 8, HamjeHa 3eMJbHUILTA, TEPMATIHU PEXKUM, YPOAHO-CEOCKH TPAJMjEHT, IPOCTOPHA aHa-
JIM3a, JIOKaJIHE KIIMMaTcke 30He, Tpedume.
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