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ABSTRACT

The subject of the research paper is the use of remote sensing in monitoring and analyz-
ing the impact of climate change on the occurrence of extreme precipitation, and the cause-
and-ef fect occurrence of floods in the area of the Sana River Basin in Bosnia and Herzego-
vina. The goal is to process the “product” of remote sensing to identify the time intervals of 
occurrence of extreme precipitation, to assess their impact on water levels, and to map po-
tential floods in space. Spatial identification of zones that are at risk of flooding is an inte-
gral part of the aforementioned goal. Precipitation monitoring was performed by process-
ing Climate Hazards Group InfraRed Precipitation with Station Data through the Google 
Earth Engine platform. The observed 30-year period (1992–2022) was compared with the 
average precipitation for 2017, 2018 and 2019. The impact of extreme precipitation on the 
water level of the Sana River was analyzed. Flooding periods have been identified: February 
and December 2017, March 2018 and May 2019. Mapping of flooded areas was carried out 
by pre-processing and post-processing of Sentinel-1 radar satellite images. The total flood-
ed area is: 710.38 ha (February 2017), 496.79 ha (December 2017), 417.86 ha (March 2018) and 
422.42 ha (May 2019). Based on the identified flooded areas, a flood risk map was created 
on the main course of the Sana River. The research contributes to a better understanding of 
the changes that occur in the area under the influence of climate change, and the data pre-
sented are important for numerous practical issues in the field of water resource manage-
ment and flood protection.
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Introduction

Climate change poses a threat to people around the world 
(IPCC, 2021). Changes in the intensity and frequency of 
climate change lead to the occurrence of extreme events, 
such as heavy and intense precipitation, which have a ma-
jor impact on the management of water resources and 

f lood risks (Meresa et al., 2022). Extreme precipitation af-
fects the intensity and frequency of f loods, creating major 
problems for aquatic and terrestrial ecosystems, including 
human societies and economies (Tabari, 2020). The moni-
toring of heavy precipitation intensity and frequency ena-
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bles the tracking of climate change effects (Bucchignani et 
al., 2016; Dong et al., 2021).

Today, it is possible to monitor precipitation based on 
the comparison of data from several sources. Data from 
hydrological and meteorological stations, and satellite 
data can be considered (Michaelides et al., 2009; Bai et al., 
2018). Precipitation data obtained from hydrological and 
meteorological stations have high accuracy (Kidd et al., 
2017), but they are spatially limited (Brocca et al., 2019). On 
the other hand, data obtained from weather radars have 
limiting characteristics in terms of data quality due to 
signal distortion (Raghavan, 2013). Satellite precipitation 
data cover large regions with high spatial and temporal 
resolution. The mentioned type of data has its shortcom-
ings, which can be reduced to a minimum by post-process-
ing actions (Maggioni et al., 2016). Accordingly, it is nec-
essary to validate the satellite data on the estimation of 
precipitation based on the data of meteorological stations, 
to assess their precision and possibility of use (Loew et al., 
2017; Kumar et al., 2019).

Extreme precipitation can lead to f loods, which can re-
sult in big economic and human losses (Ward et al., 2013). 
For this reason, f lood mapping and modelling processes 
are very important, in order to adequately assess the f lood 
risk (Moel et al., 2009), but also the damage caused by this 
primary hydrological hazard (Amadio et al., 2016). Remote 
sensing “products” in the form of satellite images play a 
very important role in f lood mapping and modelling, as 
well as modern platforms whose purpose is the efficient 
processing of this data. One such platform for geospatial 

processing of satellite data is Google Earth Engine (GEE). 
The mentioned platform is based on the cloud technolo-
gy, and with it, it is possible to easily overcome the chal-
lenges and problems faced by traditional approaches when 
processing satellite images (Gorelick et al., 2017). There is a 
significant number of research whose focus is the analysis 
of climate change based on the processing of satellite im-
ages using the GEE platform (Pandey et al., 2022; Nghia et 
al., 2022; Rincón-Avalos et al., 2022).

The main objective of the present research paper is to 
monitor the impact of climate change on the occurrence 
of primary hydrological hazard in the form of f loods. An 
integral part of the aforementioned goal is the identifica-
tion of extreme precipitation that leads to f looding, and 
the identification of areas that are at risk of f looding. The 
research is based on the use of modern technologies, such 
as geographic information systems (GIS) and remote sens-
ing. Therefore, the general novelty and importance of this 
study are answering the following scientific questions 
(SQ): SQ1 – To better understand the impact of climate 
change on the occurrence of extreme precipitation and the 
cause-and-effect occurrence of f loods; SQ2 – To present 
the methodology that could be important for the identifi-
cation of f looded areas after a natural disaster, and can be 
useful for many practical issues, such as the timely action 
of the competent institutions in order to prevent a large-
scale disaster, assessing the consequences and identifying 
critical points for the construction of embankments and 
other protecting systems for preventing f loods in the fu-
ture.

Study area

The research area is the Sana River basin (SRB) located in 
Bosnia and Herzegovina (B&H) (Figure 1). The main geo-
graphical characteristics of the research area are given in 
Table 1. As part of the research, the emphasis was placed 
on the main course of the Sana River. The aforementioned 
river originates in Donja Pecka and is the largest tributary 
of the Una River. The source is located at 414 m above sea 
level, and the conf luence is at 122 m above sea level. The 
main course of the Sana River is 146 km long. It is charac-
terized by the Posavina variant of the pluvial-naval water 
regime, characterized by the highest water level in April 
and the lowest in August (Gnjato, 2018). According to the 
Köppen-Geiger climate classification (Kottek et al., 2016), 
the research area belongs to the Cf b climate type, which is 
characterized by moderately cold winters and warm sum-
mers.

Table 1. The main geographical characteristics of the SRB

Type of SRB geographical 
characteristic

SRB geographical information

Spatial distribution by 
municipalities

Novi Grad, Kostajnica, Prijedor, 
Oštra Luka, Bosanska Krupa, 
Banja Luka, Sanski Most, Ključ, 
Ribnik, Mrkonjić Grad, Krupa 
na Uni

Latitude 44.18ºN–45.09ºN

Longitude 16.29ºE–17.09ºE

Total geographic area (km2) about 3470 km2

Average altitude 505 m

Average slopes 10.9º

Population number (in the 
thousands)

454

Spatial share in Sava basin (in %) 3.55
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Data used

Several input data were used in the research. The bounda-
ry of the SRB was taken from the HydroSHEDS database 
(https://www.hydrosheds.org/). The river network with-
in the basin was taken from the EU-Hydro River Network 
Database (https://land.copernicus.eu/). Input data on pre-
cipitation were collected from meteorological stations Pri-
jedor (44.97º N–16.70º E) and Sanski Most (44.77º N–16.67º 
E), while data on water level were collected from hydrolog-
ical (HS) stations of the same name and location. The men-
tioned stations are not the only ones in the study area, but 
they are the only ones with complete, continuous and pub-
licly available data for the defined time period of the re-
search. The basis of the research is represented by satellite 
data on precipitation estimation called Climate Hazards 

Group InfraRed precipitation with Station data (CHIRPS). 
Mapping of f looded areas was performed by pre-process-
ing and post-processing of radar Sentinel-1 satellite images.

Since 2014 the University of California, Santa Barbara 
distributes CHIRPS precipitation estimation data at dif-
ferent time intervals (daily, 5-day, 10-day, and monthly) 
(Funk et al., 2015). The precipitation data set is of a glob-
al character, and has relatively high spatial resolution data 
(0.05º x 0.05º ~ 5.3 km) and a long-term time coverage (1981 
– almost real-time). The CHIRPS data processing algo-
rithm combines satellite and measured precipitation esti-
mates. All over the world, this type of data is subjected to 
the method of comparison with data obtained from me-
teorological stations. According to research, in terms of 

Figure 1. Location of the study area

https://www.hydrosheds.org/
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bias and Pearson correlation coefficient, the CHIRPS da-
taset performs relatively well at the regional and glob-
al scale compared to other modern satellite precipitation 
data (Beck et al., 2017; Bai et al., 2018; Dinku et al., 2018).

Sentinel-1 are radar satellite images with high spatial 
resolution (10 m) and relatively good temporal resolution 

(about 6 days). The specification of these radar satellite im-
ages includes high-resolution Ground Range Detected, 
SAR sensor with C band (5.405 GHz), Interferometric Wide 
swath, from 30.4º to 46.2º, wide bandwidth (250 km) and 
double polarization (VV and VH) (Tran et al., 2022; Plank 
et al., 2014).

Methods

The process of monitoring the impact of climate change on 
precipitation, as well as the process of mapping f looded ar-
eas, was carried out by processing satellite data. The GEE 
platform based on cloud technology was used for process-
ing. The research includes the processing and use of satellite 
data on precipitation, deviations in precipitation patterns, 
identification of extreme precipitation, assessment of the 
consequences on the water level, cause-and-effect mapping 
of f looded areas, and identification of spatial zones that 
are at risk of f looding. The research time period for precip-
itation is 1992–2022 year, and for the water level 2001–2019 
year. The identification of f looded areas was carried out for 
the reference years (2017, 2018 and 2019).

The process of validating satellite data on precipitation 
was performed by comparing the mentioned data with 
data obtained from meteorological stations. The data on 
the average amount of precipitation per month for the de-

fined time period of the research were validated. In order 
to find the interdependence between the impacts of cli-
mate change on precipitation, the 30-year average precipi-
tation (1992–2022) was compared with the reference years 
(2017, 2018 and 2019). The goal is to identify precipitation 
extremes during reference years that “bounce” from the 
30-year average precipitation. In parallel with this process, 
data on the average water level were also considered, in or-
der to establish the ref lection of extreme precipitation on 
the water level. Data on the average mean water level for 
the research period (2001–2019) were compared with the 
data of the reference years (2017, 2018 and 2019) (Figure 2). 
The goal of the presented approach is the spatial identifi-
cation of the f lood, which due to the extreme water lev-
el should occur first at the HS location, and then causally 
and consequently at other locations in the basin. The pe-
riods in which there is a clear difference in the amount of 

Figure 2. Algorithm for processing data on precipitation and water levels
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precipitation, and a clearly differentiated extreme level of 
water, represent temporal data for the mapping procedure 
and determining the spatial extent of f looding in the re-
search area.

The process of mapping f looded areas was carried out 
by pre-processing and post-processing of Sentinel-1 ra-
dar satellite images (Figure 3). The first step represents the 
filtering of satellite image characteristics (product type, 
polarization and sensor operation mode). Automated 
pre-processing of the filtered satellite image is then per-

formed (reducing the image to the study area, applying or-
bit file and thermal noise removal). A post-processing pro-
cess was performed on the pre-processed satellite images. 
For selected time periods within the reference years (be-
fore and during/after f loods), two mosaics are created in 
the form of raster data models – the first mosaic to map 
the permanent part of the watercourse, and the second to 
map the spatial extent of the f looded areas. A speckle fil-
tering procedure is applied to both mosaics, in order to re-
duce the possibility of incorrectly mapping areas that do 

Figure 3. Algorithm for processing satellite images for flood 
mapping
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not represent water bodies as water bodies. A filtered mo-
saic in the form of a raster data model is the basis for map-
ping. The mapping process is carried out on the basis of the 
numerical value of pixels, that is, through the definition of 
a numerical threshold value for distinguishing f looded ar-

eas from other areas. With this process, the final result is 
obtained in the form of a permanent water surface mask 
and a f looded surface mask, over which the process of de-
tecting and analyzing changes in space is performed, as 
well as the process of identifying zones at risk of f looding.

Results 

The validity assessment of CHIRPS satellite data on pre-
cipitation estimation was performed by comparing the 
same with data obtained from meteorological stations 
Prijedor and Sanski Most for a 30-year time period (1992–
2022). CHIRPS satellite data on spatial precipitation esti-
mates vary, where each pixel depicts a different precipita-
tion value for the area it covers. As part of this research, in 
order to evaluate the validity of CHIRPS data, algorithms 
were developed using the GEE platform. The CHIRPS av-
erage amount of precipitation per month at the level of the 
entire research area was calculated (one numerical val-
ue in the form of the average amount of precipitation for 
each month of the year for a 30-year time period). On the 
other hand, taking into account orography of the area (in 
accordance with the location of the stations), data from 
meteorological stations Prijedor and Sanski Most were 
combined. Based on the combined data of both meteor-
ological stations, the average amount of precipitation per 
month for the mentioned 30-year time period was calcu-
lated. The obtained results were compared with each other 
(Figure 4). During April and September, the CHIRPS data 
almost matches the meteorological data. January, Febru-
ary, March, May, June, July, August and October are char-
acterized by minimal deviation of CHIRPS data from real 
ones (< 8%). A significant deviation is visible during No-
vember and December. The reason for the deviation in 

the mentioned months is explained by the occurrence of 
snowfall, which caused a partial distortion of the satellite 
data. Likewise, the challenge of comparing “polygon” and 
“point” data needs to be considered. Namely, the CHIRPS 
data depict the average value of the amount of precipita-
tion per month in the entire basin area, while the data on 
the average amount of precipitation from meteorological 
stations refer to two locations in the area of the basin. In 
this respect, it is necessary to point out the lack of a mete-
orological station at higher altitudes of the basin. In ad-
dition to the meteorological stations Prijedor and Sanski 
Most, there are no other stations at the level of the study 
area that have continuous data for the defined time peri-
od of the research. Considered all the above mentioned, 
as well as the presented comparison results, it is conclud-
ed that the CHIRPS data are valid for the further research.

CHIRPS monthly average precipitation data (1992–
2022) are overlaid with monthly average precipitation for 
reference years (Figure 5). The goal for reference years is to 
identify months with a significantly higher amount of pre-
cipitation then the 30-year average. According to the au-
thors, months with a higher amount of precipitation rep-
resent those where the average amount of precipitation is 
> 20 mm in relation to the average amount of precipitation 
per month during the 30-year period. During 2017, a high-
er amount of precipitation than the 30-year average was 

Figure 4. Average precipitation by month (1992–2022) for study area
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recorded in February (> 21.2 mm), September (> 61.6 mm) 
and December (> 57.2 mm). A higher amount of precipita-
tion during 2018 is visible in February (> 40.1 mm), March 
(> 79.1 mm), May (46.2 mm) and June (> 28.7 mm). Dur-
ing 2019, a higher amount of precipitation was recorded 
in May (> 69.5 mm), November (> 45.6 mm) and December 
(> 42.4 mm). Indicatively, there is a well-founded suspicion 
that during the months with a higher amount of precipita-
tion than the 30-year average, f loods could have occurred 
at the level of the study area.

In order to more clearly differentiate the time periods 
of occurrence of f loods in the study area, the impact of re-
corded extreme precipitation on the water level of the Sana 

River was analyzed. For this reason, the data on the average 
mean water level by month (2001–2019) are overlaid with the 
average mean water level during the reference years (2017, 
2018 and 2019) (Figure 6). The goal for the reference years is 
to identify the months whose average mean water level is 
higher than the 18-year average. According to the authors, 
the months during which the average mean water level is 
> 25 cm compared to the 18-year average can be interpret-
ed as the time period when the f loods occurred, and when 
it can be clearly mapped in space by processing satellite im-
ages. It is possible to identify f loods in space even during 
smaller increases in the mean water level, but due to limi-
tations in terms of the spatial resolution of satellite images, 
it is not possible to map them accurate and precise. The ex-
treme amount of precipitation from February 2017 were re-
f lected in the average mean water level of HS Prijedor (115 
– 155 cm), and the same trend continued during the month 
of March (154.6 – 173 cm). During February 2017, a small 
difference in the increase of the average mean water lev-
el was noticeable on HS Sanski Most (172.2 – 176 cm). The 
extreme amount of precipitation in September of the men-
tioned year did not affect the average water level. The occur-
rence of extreme precipitation that did not affect the water 
level can be explained by the fact that during the previous 
months (May–August) the amount of precipitation was 
less than the 30-year average. During the mentioned peri-
od, the ground was not saturated with water, and therefore 
the precipitation that occurred during this period could not 
cause a higher water level, nor the potentional occurrence of 
f loods. Extreme amounts of precipitation in December 2017 
were ref lected in the average mean water level of HS Prije-
dor (105.4 – 133 cm) and HS Sanski Most (169.3 – 178 cm). 
The trend from December 2017 continued in January 2018, 
so during the mentioned period a higher level of the average 
mean water level was recorded at HS Prijedor (99.5 – 144 cm) 
and HS Sanski Most (166.1 – 169 cm). The precipitation in 
February did not significantly affect the average water level, 
which for this month was almost identical to the 30-year av-
erage at HS Prijedor, while at HS Sanski Most it was below 
the 30-year average. The extreme amount of precipitation 
from March 2018 was ref lected in the average mean water 
level of HS Prijedor (154.6 – 256 cm) and HS Sanski Most 
(196.5 – 239 cm). In addition to extreme precipitation, the 
melting of snow in the higher altitudes of the basin could 
potentially have contributed to the water level for March 
2018. The trend of higher precipitation in May and June 2018 
was not followed by a noticeably high average water level. 
Precipitation from May 2019 had a significant effect on the 
average mean water level of HS Prijedor (101.3 – 183 cm) and 
HS Sanski Most (172.4 – 186 cm). Due to the lower amount 
of precipitation in October, the precipitation from Novem-
ber did not leave a clearly visible mark on the average mean 
water level, while for the month of December the differenc-
es are negligible.

Figure 5. Comparison of the CHIRPS average amount of 
precipitation by month (1992–2022; 2017, 2018 and 2019)
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Based on the comparative analysis of the average 
amount of precipitation during the 30-year period and the 
reference years, and the comparative analysis of the aver-
age mean water level for the 18-year period and the refer-
ence years, it is concluded that the potential mapping of 
f loods with clearly separated spatial extents can be de-
termined for February and December (2017), March (2018) 
and May (2019).

By applying the remote sensing method, and by pro-
cessing and analyzing radar Sentinel-1 satellite images, 
f lood mapping algorithms were developed. Running the 

algorithms through the GEE platform, the mapping of 
f looded areas was carried out at the level of the study area 
for previously defined time periods (Figure 7). The mapped 
f looded areas from February and December 2017, as well 
as March 2018, have similar spatial extents. During the 
mentioned periods of time, there was a dominant over-
f low of the river Sana from the riverbed in its middle and 
lower course. Also, during all three mentioned periods, 
there was a significant overf low of the Japra River, which 
is a left tributary of the Sana River. The total f looded area 
of the f loods from February (2017) is 409.44 ha, December 

Figure 6. Comparison of the average mean water level of HS Prijedor and HS Sanski Most (2001–2019; 2017, 2018 and 2019)
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(2017) 497.10 ha and March (2018) 417.88 ha. The f loods of 
May 2019 were characterized by the dominant overf low 
of the Sana River in the lower reaches in the area of the 
municipality of Novi Grad and the city of Prijedor, while 
the overf low and f looding of the Japra were insignificant. 
The total f looded area in May 2019 was 422.54 ha. Given 
that the mapped f loods are characterized by a similar spa-

tial extent, it is concluded that the municipalities and cit-
ies that were most affected by the f loods were: Novi Grad, 
Prijedor, Oštra Luka, Sanski Most and Ključ.

The map of f looded areas from 2017, 2018 and 2019 was 
the basic input data for creating a map of f lood risk zones, 
and it was created for the main course of the Sana River, 
i. e. the cities and municipalities that were most affected 

Figure 7. Mapped flooded areas
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by f loods (Novi Grad, Prijedor, Oštra Luka, Sanski Most 
and Ključ) (Figure 8). Based on the successive overlapping 
of mapped f loods from the mentioned years and the sat-
ellite base, the ways of land use located in the f lood risk 
zones were identified, which include: built areas, forest ar-
eas, arable land and scrub & shrub.

In Novi Grad, the total area of the f loods risk zone is 
666.63 ha, of which 71.97 ha are built areas, 62.38 ha of for-
est areas, 488.33 ha of arable areas and 43.95 ha of shrub 
& scrub areas. Bulit areas that are at risk of f looding in-
clude the urban center of the municipality and settle-
ments: Blagaj Japra, Svodna, Blagaj Rijeka, Vitasavci and 
Trgovište. According to the last census from 2013, 11,923 

inhabitants live in the threatened area (Republika Srpska 
Institute of Statistics, 2017). The total area of the f lood risk 
zone in the city of Prijedor is 616.59 ha, of which 48.88 ha 
are built areas, 50.46 ha are forest areas, 500.23 ha are ar-
able areas and 17.02 ha are shrub & scrub areas. Built ar-
eas that are at risk of f looding include the urban center 
of the city and settlements: Rasavci, Brezičani, Čarkovo, 
Ništavci, Gomjenica, Miljakovci and Donja Dragotina. Ac-
cording to the last census from 2013, 34,636 inhabitants 
live in the threatened area (Republika Srpska Institute of 
Statistics, 2017). The municipality of Oštra Luka is smaller 
in area than Novi Grad and Prijedor, so its total area of the 
f lood risk zone (260.79 ha) is therefore smaller. The area of 

Figure 8. Flood risk zones
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land use that is at risk of f looding in Oštra Luka is 8.47 ha 
for built areas, 15.74 ha for forest areas, 225.32 ha for ara-
ble areas and 11.26 ha for shrub & scrub areas. Built areas 
that are at risk of f looding include the urban center of mu-
nicipality and settlements: Koprivna and Usorci. Accord-
ing to the last census from 2013, the total number of inhab-
itants who live in the threatened area is 1,725 (Republika 

Srpska Institute of Statistics, 2017). In Sanski Most, a to-
tal of 408.64 ha are at risk of f looding, of which 15.42 ha 
are built areas, 40.93 ha are forest areas, 339.67 ha are ara-
ble areas and 12.62 ha are shrub & scrub areas. Built areas 
that are at risk of f looding include the urban center of mu-
nicipality and settlements: Trnova, Vrhpolje and Sasina. 
According to the last census from 2013, 20,025 inhabitants 
live in the threatened area (Agency for Statistics of Bos-
nia and Herzegovina, 2019). Ključ is the municipality with 
the smallest area of risk of f looding compared to the oth-
er analyzed municipalities and cities. The total area of the 
f lood risk zone is 108.39 ha, of which 6.68 ha are built are-

as, 73.77 ha are forest areas, 26.16 ha are arable areas and 
1.78 are shrub & scrub areas. Built areas that are at risk of 
f looding include the urban center of municipality and set-
tlement Kamičak. According to the last census from 2013, 
the total number of inhabitants who live in the threatened 
area is 5,800 (Agency of Statistics of Bosnia and Herzego-
vina, 2019) (Table 2).

A total of 151.42 ha of built area, 243.28 ha of forest area, 
1579.81 ha of arable area and 86.63 ha of shrub & scrub ar-
eas are under the f lood risk zone in the observed area. The 
total area at risk of f looding is 2061.04 ha, of which 666.63 
in Novi Grad, 616.59 ha in Prijedor, 260.79 ha in Oštra Luka, 
408.64 ha in Sanski Most and 108.39 ha in Ključ. The total 
number of inhabitants of populated areas within which 
the zones of risk of f looding of built areas have been iden-
tified amounts to 74,109. Identified spatial areas located in 
the f lood risk zone should in the future represent priority 
areas for the construction of systems and infrastructure 
in the function of f lood protection.

Discussion

During the last decade, an increased frequency of years 
with extreme precipitation that resulted in catastroph-
ic f loods has been observed in B&H (Popov et al., 2017). 
Within this research, the occurrence of extreme precip-
itation in the area of the SRB is based on the processing 
of CHIRPS satellite data on precipitation estimation. Ac-
cording to Pacca et al. (2020), CHIRPS are characterized 
by homogeneous, standardized and continuous time se-
ries of data. The research results of the mentioned authors 
point out that CHIRPS data are significant for areas char-
acterized by a small number of meteorological stations. 
Given that there are only two meteorological stations with 
continuous data for a 30-year time period (1992–2022) in 
the area of SRB, CHIRPS data represent the optimal solu-
tion for monitoring and identifying extreme precipitation. 
Ciric et al. (2018) successfully ranked precipitation ex-
tremes according to duration (1, 3, 5, 7 and 10 days) for the 
Danube River Basin area based on CHIRPS data. Gao et 
al. (2018) investigated the long-term characteristics of pre-

cipitation in the Xinjiang region of China (1983–2014). Ac-
cording to the results of the mentioned authors, CHIRPS 
performs well with respect to monthly and annual precipi-
tation data. Zhang et al. (2022) conclude that CHIRPS data 
show high accuracy in precipitation estimation (coeffi-
cient of determination R2 < 0.92). Bai et al. (2018) compared 
CHIRPS data with precipitation data from meteorological 
stations in China (1981–2014). The results showed a good 
agreement of CHIRPS (compared to data from meteoro-
logical stations) in areas characterized by a higher amount 
of precipitation. However, according to Paredes-Trejo et 
al. (2020) CHIRPS has limitations in reproducing the oro-
graphic precipitation due to the adoption of a fixed IRP 
CCD threshold value (i.e., 235 K), leading to classify warm 
orographic clouds as nonprecipitating (Dinku et al., 2018). 
Even though orographic clouds are relatively warm, they 
can produce substantial amounts of rain (Correia Filho 
et al., 2019). Wu et al. (2019) conclude that CHIRPS data 
perform well in estimating average monthly precipita-

Table 2. Types of land use under the risk of flooding

Built areas (ha) Forest (ha) Arable land (ha) Shrub & Scrub (ha) Total (ha)

Novi Grad 71.97 62.38 488.33 43.95 666.63

Prijedor 48.88 50.46 500.23 17.02 616.59

Oštra Luka 8.47 15.74 225.32 11.26 260.79

Sanski Most 15.42 40.93 339.67 12.62 408.64

Ključ 6.68 73.77 26.16 1.78 108.39

Total (ha) 151.42 243.28 1579.81 86.63 2061.04
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tion, but also overestimate total annual precipitation. In 
the area of the SRB, a high degree of agreement between 
CHIRPS data and data from meteorological stations were 
established. However, looking at the months, a minimal 
overestimation of the CHIRPS data in relation to the data 
from meteorological stations is noticeable, and the same 
result is also visible on the summary average of precipi-
tation for the 30-year period (1006.7 mm [meteorological 
data] – 1089.71 mm [CHIRPS]). Katsanos et al. (2016) es-
tablished for the Cyprus area (1981–2010) a high degree of 
correlation of CHIRPS data regarding the identification of 
extreme precipitation. The mentioned authors emphasize 
the high correlation of CHIRPS extreme precipitation in 
relation to meteorological precipitation data in January, 
February and December. Their results indicate that me-
teorological stations at higher altitudes have a higher de-
gree of correlation with CHIRPS data. A similar matching 
pattern is also visible in the SRB, where January, February 
and March are characterized by matching CHIRPS data 
by > 92% compared to meteorological data. The smaller 
data match in December is explained by the lack of mete-
orological station at higher elevations of the basin, which, 
taking into account the results of the aforementioned re-
search, would affect the overall greater matching of pre-
cipitation throughout the year, and especially during the 
winter months.

As part of this research, thanks to CHIRPS data, the 
occurrence of extreme precipitation was observed three 
years in a row (2017, 2018 and 2019). In addition to extreme 
precipitation, in the area of the SRB, Ivanišević et al. (2022) 
established the number of days with higher water levels 
(2018 and 2019) that exceeded the emergency f lood protec-
tion elevation. The presented results indicate the regulari-

ty of the occurrence of extreme precipitation, which leads 
to higher water levels, and the cause-and-effect occur-
rence of f loods. The aforementioned results and research 
are supported by the successful mapping of f looded areas 
along the Sana River in 2019 (Sabljić & Bajić, 2021). Accord-
ing to Prokić et al. (2019) f looding is the most widespread 
natural hazard in Europe. Modern technologies and data, 
such as GIS and remote sensing, play a very important role 
in monitoring and identifying f looded areas. DeVries et 
al. (2020) developed algorithms for efficient f lood map-
ping in the area of Texas (USA), Greece and Madagascar by 
processing Sentinel-1 and Landsat satellite images using 
GEE platform. Vanama et al. (2020) successfully mapped 
f loods caused by extreme precipitation in August 2018 in 
India. The results of the mentioned authors in the form of 
mapped f loods based on the processing of Sentinel-1 ra-
dar satellite images are based on the application of a nu-
merical threshold value, and according to similar princi-
ple, by processing the same satellite images, f loods were 
successfully mapped in the area of SRB. In addition to the 
mapping of the f looded areas, it is necessary to look at the 
consequences that the f lood has on the environment. Ac-
cording to the results of Sarkadi et al. (2022) on the basis of 
satellite and other spatial data, f lood susceptibility maps 
on the territory of Hungary were created. Samuele et al. 
(2021) mapped the f loods in the area of northwestern It-
aly that were caused by the overf lowing of the Sessia Riv-
er. The result of research by the aforementioned authors 
determined that agricultural areas were the most affect-
ed by f loods. Similar to the mentioned results, on the basis 
of the mapped f looded areas in the SRB, a map of the risk 
of f looding of various uses was created, which established 
the vulnerability of agricultural areas in the first place.

Conclusion

Monitoring of climate changes at the level of the study area 
for a defined period of time identified extreme precipita-
tion, which was ref lected in the water level, and causal-
ly and consequently caused the appearance of a primary 
hydrological hazard in the form of f looding. The identifi-
cation of extreme precipitation three years in a row with 
catastrophic consequences in the form of f loods indicates 
the negative impact of climate change in the research area. 
Thanks to advanced technologies such as GIS and remote 
sensing, as well as pre-processing and post-processing ca-
pabilities of satellite data, recurring patterns of f loods 
with similar spatial characteristics during 2017, 2018 and 
2019 have been identified. It was established that the mu-
nicipalities through which the Sana River f lows are the 
most affected by f loods in the basin area, namely: Novi 
Grad, Prijedor, Оštra Luka, Sanski Most and Ključ. Giv-
en that f loods were repeated year after year with simi-

lar spatial contours, a map with f lood risk zones of differ-
ent types of land use (built areas, forests, arable land and 
scrub & shrub) was created based on their mapping.

The paper shows the importance of satellite data in the 
monitoring of climate change and the identification of haz-
ards that arise as a consequence of climate change. CHIRPS 
satellite precipitation data available from 1981 to near re-
al-time, enabled effective monitoring of changes over a 
wide time span (1992–2022). The limiting factor of the re-
search was the unavailability of data on precipitation from 
meteorological stations for the period before 1992 and data 
on water levels before 2001. The availability of this data 
would lead to a more accurate identification of time peri-
ods with the occurrence of f loods in the area. Also, satel-
lite data with a higher spatial resolution than the ones used 
would contribute to a more precise identification of f lood-
ed areas. The results of the research are significant for many 
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practical issues in the field of safety and f lood protection, 
and the presented data can be useful to competent institu-
tions when developing f lood protection strategies and pro-
jects, as well as assessing the damage and consequences of 
f loods. A further step forward in relation to the presented 
research would involve the determination of different sce-
narios that would include: the types of economic activities 

in the potentially affected area, industrial facilities that 
could cause sudden water pollution during f loods, and the 
identification of protected areas at the level research that 
may be affected by f looding. By integrating these aspects 
into the existing research, a more accurate and complete 
“picture” of the consequences that f loods can cause in the 
study area would be obtained.
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