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Abstract
The aim of this study is to conduct a risk analysis of fluvial and pluvial flood disasters, focusing on the vulnerability
of those residing in the river basin in coastal regions. However, there are numerous factors and indicators that need to
be considered for this type of analysis. Swift and precise acquisition and evaluation of such data is an arduous task,
necessitating significant public investment. Remote sensing offers unique data and information flow solutions in areas
where access to information is restricted. The Google Earth Engine (GEE), a remote sensing platform, offers strong
support to users and researchers in this context. A data-based and informative case study has been conducted to evaluate
the disaster risk analysis capacity of the platform. Data on three factors and 17 indicators for assessing disaster risk were
determined using coding techniques and web geographic information system (web GIS) applications. The study focused on
the Filyos River basin in Turkey. Various satellite images and datasets were utilized to identify indicators, while land use
was determined using classification studies employing machine learning algorithms on the GEE platform. Using various
applications, we obtained information on ecological vulnerability, fluvial and pluvial flooding analyses, and the value of
indicators related to construction and population density. Within the scope of the analysis, it has been determined that the
disaster risk index (DRI) value for the basin is 4. This DRI value indicates that an unacceptable risk level exists for the
807,889 individuals residing in the basin.
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1 Introduction

Disasters occur due to natural, human-induced, or techno-
logical hazards that may cause damage to society and the
environment at any time. Major natural disasters are floods,
earthquakes, landslides, hurricanes, volcanic eruptions, for-
est fires, storms, and droughts (IFRAC 2023; SAMHSA
2023). Some of the human-caused or technological ones
are nuclear and chemical accidents, major fires, illegal con-
struction, dam collapses, terrorist incidents, wars, and lack
of energy and materials (Dalezios et al. 2017; Teh and Khan
2021). Since loss of life and property often occur in soci-
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eties as a result of an undesirable hazard or event, it is
necessary to make assessments regarding the extent of risk
posed by these threats and to take precautions to reduce
the disaster risk (IRDR 2014). The United Nations Envi-
ronment Program reports that more than 2 billion people
have been affected by disasters and conflicts since the year
2000 and have witnessed more than 2500 disasters since the
beginning of this century (UNEP 2023). The report states
that these tragic events have destroyed infrastructures, dis-
placed populations, and fundamentally undermined human
security. They are also reported to increase poverty and tear
apart the fabric of sustainable development. Therefore, in
societies prone to disasters, determining the potential for
possible losses due to the vulnerability of the social sit-
uation and ecological system is an important issue (Peng
2018; Takamatsu and Abhas 2023).

Risk refers to the chance of a particular adverse event
happening within a certain timeframe; thus, it is impor-
tant to define the potential for harm resulting from haz-
ard. Risk assessment involves appraising and categorizing
the risks that arise from hazards, alongside the factors that
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can convert hazards into risks, in order to ascertain control
measures (Deck et al. 2009; Akcin 2021). Risk control can
be achieved by systematically assessing appropriate mea-
sures for each risk group. This process evaluates hazard
identification data and guides strategic decisions. Accurate
risk assessment, particularly of fluvial (river floods) and
pluvial flood (flash floods) in coastal regions, is essential.
However, the majority of disaster analyses primarily fo-
cus on economic losses by neglecting indicators associated
with exposure to hazards and characteristics of the disas-
ter (Peng 2018). Accessing information and data regarding
these indicators is challenging and requires considerable ef-
fort at high costs. Remote sensing-based solutions are the
only viable alternative that can provide a steady data and
information flow in geographies where access to such in-
formation is limited and laboriously obtained (Anaya et al.
2020; Takamatsu and Abhas 2023).

The main academic contribution of this research is to
conduct a disaster risk appraisal of the susceptibility of in-
habitants residing in the watershed of coastal areas to fluvial
and pluvial flood hazards. This appraisal is solely based on
datasets and remote sensing images acquired through the
Google Earth Engine (GEE) platform. The case analysis for
disaster risk assessment was carried out for the Filyos basin
in the western Black Sea coastal region of Turkey, shown
in Fig. 1. Coastal regions in Turkey exhibit various climatic
conditions. The country’s shores experience Mediterranean,
Black Sea, and transitional Marmara climates. On the coasts
where the Black Sea climate prevails, a substantial amount
of precipitation may occur, which requires protective mea-
sures against risks, including flooding (Buyuksalih et al.
2005, Seker et al. 2005; Akyüz et al. 2014; Şarlak 2014;
Sönmez and Kale 2020). In certain areas of the western

Fig. 1 Location of case study area: Filyos River basin

Black Sea ecosystem, several factors including forest fires,
deforestation, agriculture, industry, housing, tourism, and
transport development push the environment to rapidly de-
teriorate (TOD 2022). Turkey’s Filyos River and its basin
is one such location. In this context, a legal regulation has
been passed by the Ministry of Agriculture and Forestry of
the Republic of Turkey, General Directorate of Water Man-
agement, based on the European Union Flood Directive (Di-
rective 2007/60/EC of the European Parliament and of the
Council on the Assessment and Management of Flood Risks
2007). This regulation dated 12 May 2016 on the prepara-
tion, implementation, and monitoring of flood management
plans of the western Black Sea basin, which includes the
Filyos River basin, covers the measures to be taken, activi-
ties to be carried out, and distribution of responsibilities for
the management of flood risks in the basin. This directive
and legal regulation is the main reason why the Filyos basin
was selected and examined in this study.

The Filyos River has a length of 312km. Its catchment
area is 13,300km2 and covers five provinces. The annual
mean precipitation is 1200mm in the basin’s coastal regions
and 600mm at its internal areas (Küçükali 2019).

The area north of the basin, which is governed by the
legal regulations of the Filyos Valley Project, is currently
undergoing rapid development and turning into a vast in-
dustrial district which is at the risk of ecological degra-
dation as well as fluvial and pluvial floods. Within the
scope of fluvial and pluvial flood disaster risk assessment
of this basin belongs to the GEE platform, Climate Haz-
ards InfraRed Precipitation with Station data (CHIRPS),
climate reanalysis of Copernicus Climate Change Service
European Reanalysis (ERA), World Wildlife Fund (WWF)
HydroSHEDS Hydrographic Data, Space Filled Digital El-
evation Model (DEM) and Joint Research Centre (JRC)
Surface Water Mapping, NASA Socioeconomic Data and
Applications Center (NASA SEDAC) at the International
Earth Sciences Information Network Center, Fire Infor-
mation for Resource Management System (FIRMS) and
Landsat - Hansen Global Forest Change v1.9 medium res-
olution datasets, Landsat-8, MODIS and Sentinel-1 SAR
medium resolution satellite images considered as quantita-
tive indices for disaster risk assessment. First, datasets and
images were used to identify indicators of hazard exposure.
Then, vulnerability indicators were identified, followed by
disaster prevention indicators.

2 Methodology and Data for Risk
Assessment

The disaster risk index (DRI) method was chosen for the
factors and indicators determined by taking into account the
principles of fluvial and pluvial flood disaster risk formation
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and the physical and social characteristics of the study area.
In order to perform an evaluation with this method, a web
geographic information system (GIS) application was used
by writing code on the GEE platform, and the indicator
values to be used in DRI evaluation were determined.

2.1 DRI Method

DRI is a crucial indicator that shows the extent of risk ex-
posure on various scales for different hazards that regions
may face, whether large or small, as well as the level of risk
identification and management (Ramli et al. 2019). To de-
termine disaster risk arising from fluvial and pluvial floods,
the DRI model employs three selected factors. The first
one is the hazard factor. There are different indicators re-
garding the hazard factor that occur within the concept of
space and time. It is necessary to determine the scale and
impact of these indicators. The evaluation approaches vary
across countries and regions. The second factor chosen in
the DRI model is vulnerability (Chang and Chao 2012).
This is a factor that explains why different people who are
subjected to the same event may have high or low risk de-
pending on the physical and social situation. Another factor
is the ability to prevent and mitigate disaster risk, with indi-
cators that have varying impacts depending on the structure
of societies that are exposed to disasters and the approaches
adopted by countries to address this problem (Peduzzi 2006;
Karmakar et al. 2010; Islam et al. 2013; Bathrellos et al.
2016; Hernández et al. 2018). The potential risk value can
be determined using the Eq. 1 provided below (Hu et al.
2009; Ramli et al. 2019).

DRI = f .H; V;R/ = FH �WH +FV �WV +FR �WR (1)

In this function, “H” the hazard, “V” the vulnerability,
and “R” the capability of disaster prevention and reduction;
FH is the factor of hazard, FV the factor of vulnerability,
FR the factor of reduction; WH, WV, and WR are the factor
weights.

2.2 Data Requirement for Fluvial and Pluvial Flood
Hazard Analysis

Fluvial and pluvial flood hazards, which are among the
most common disaster types in the world, are also among
the most damaging natural disaster types. The indicators
determined for the hazard factor, vulnerability factor, and
disaster prevention factor will be used in fluvial and plu-
vial flood risk estimation. These indicators, which are so
important and have disaster-sized results, are as follows:

� Land use/land cover: Plants protect the soil, cover, and
regulate flow (Stefanidis and Stathis 2013). Destruction

of land covered by construction increases the flow vol-
ume (Kandilioti and Makropoulos 2012).

� Precipitation: Excessive rainfall occurring in a short pe-
riod of time is the most important indicator that causes
floods (Wang et al. 2015). For risk assessment, it is neces-
sary to determine standardized precipitation indices and
determine the number of precipitation repetitions through
time series analysis.

� Size and number of areas affected by floods in the past.
� The size of the decrease in forested areas.
� River flood index (RFI): RFI is an important indicator

in terms of hydrological applications, transportation, and
disaster risk management. This index was developed
by the Copernicus Climate Change Service as a 30-
year average river flood index (50-year flood recurrence
level) distribution using the E-HYPERGRID hydrolog-
ical model and a combination of eight climate models
for historical and future periods (Product user guide
European river flood explorer 2022).

� Relative sea level rise (RSLR) in river delta: If the area
where the flood occurred includes coastal areas and river
deltas, it is important to obtain the size of the sea level
rise. This dataset is based on reanalysis data available in
the Copernicus Climate Change Service (C3S) climate
data repository. Long-term time series of compiled ob-
servational and simulated index data were used for this
analysis (Product user guide European relative sea level
rise explorer 2022).

� Population at risk.
� Building density in the delta and on riverbanks: Building

density and quality (building types, building materials,
number of floors, maintenance level) are responsible for
the distribution of physical vulnerability (Thouret et al.
2024). Objects and structures that can be carried away by
floods are considered as vulnerable.

� Ecological vulnerability elements: Environmental el-
ements (ecosystems, protected areas, environmentally
sensitive areas, forests, wetlands, flora, fauna, biodiver-
sity, aquifers) can also be damaged by flood disaster (Van
Westen et al. 2008).

Weights for each factor and indicator covering the data
provided for fluvial and pluvial flood hazard assessment
by the DRI method are handled with two approaches. The
first of these is to determine the weights based on expert
opinion for factors and indicators specific to the region to
be evaluated, and the second is to determine the weights
based on analytic hierarchy process (AHP) analyses with
GIS (Schumann et al. 2011; Peng 2018).

While some countries such as Indonesia and Brazil
chose equal weights in the selection of these weights,
countries such as China, Pakistan, and Vietnam used dif-
ferent weighted values. In the USA, both are included in
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Table 1 Weighted values of the factors and indicators of the disaster risk index (DRI)

Disaster risk index

Factor level Indicator level

Factor Weighted value Indicator Weighted value

F WF I WI

Hazard 0.45 Number of flood recurrences (year) 0.20

Size of the flood affected area (ha) 0.20

SPI 0.20

Loss of forest areas (ha) 0.10

RFI (m3/s) 0.15

RSLR in river delta (cm) 0.15

– [ ]= 1.0

Vulnerability 0.40 Population (person) 0.16

SVI 0.10

EVI 0.10

LST (°C) 0.10

Temperature (°C) 0.10

AOD 0.10

AET 0.10

Number of forest fires 0.12

Building density in delta and riverside (%) 0.12

– [ ]= 1.0

Capability of preventing
and reducing disaster

0.15 Observation frequency (months) 0.50

Urbanization level (%) 0.50

[ ]= 1.0 – [ ]= 1.0

SPI standardized precipitation index, RFI river flood index, RSLR relative sea level rise, SVI standardized vegetation index, EVI enhanced vegetation
index, LST land surface temperature, AOD aerosol optical depth, AET actual evapotranspiration

Table 2 Evaluation of the risk result defined according to the factors and indicators

Value of DRI Assessment Activity

4 and 5 Unacceptable risk The municipalities and relevant ministry must immediately take action in relation to this risk

2 and 3 Remarkable risk The municipalities and relevant ministry should interfere as soon as possible

1 Acceptable risk It can be intervened in the longer term by keeping it under surveillance

the analysis (Ramli et al. 2019). In this study, weights were
determined with expert opinions, and different weighted
values are presented in Table 1. The categorical evaluation
to determine the level of DRI results is shown in Table 2.
According to the results of this evaluation, relevant lo-
cal governments, public institutions, and ministries will
quickly complete their preparations by issuing an action
plan to reduce the risk.

2.3 GEE Algorithmwith Images and Datasets

In the study aiming to determine indicator values for spatial
and temporal disaster risk assessment for the Filyos River
basin between 2000 and 2022 using the GEE platform, clas-
sification studies were firstly carried out to determine land
cover and use with Landsat 8 images. In the classification,
thematic classes were determined with random forest (RF)

unsupervised classification, which is a machine learning
(ML) algorithm. Using MODIS satellite data, SVI and EVI
vegetation indices, AET plant moisture content, LST land
surface temperature, and AOD air pollution parameters for
the basin were calculated for the time period of 2000–2022,
and time series analysis of these indices and parameters was
performed. Indicators for disaster assessment were obtained
using some datasets. Out of these, the SPI precipitation in-
dex was determined by the CHIRPS Daily Climate Hazard
Identification Group using satellite infrared measurements
and station data, and a time series analysis was also per-
formed. The population density of the basin was determined
and mapped with NASA SEDAC at the International Earth
Sciences Information Network Center datasets.

The FIRMS (Fire Information for Resource Manage-
ment System) dataset was used to determine the number
of detections of forest fires that occurred in the basin. The
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Table 3 Data used in the study

Data Dataset time
range

Dataset provider Data
Resolution

SPI 1981-01-
01–2022-10-31

CHIRPS Daily: Climate Hazards Group InfraRed Precipitation with Station
Data (Version 2.0 Final)

0.05°

2000-02-
18–2022-09-30

MODIS MOD13Q1.006 Terra vegetation indices (16-day global) 250m

EVI 2000-02-
18–2022-09-30

MODIS MOD13Q1.006 Terra vegetation indices (16-day global) 250m

Temperature, RFL
index, RSLR

1979-01-
01–2020-06-01

Copernicus Climate Change Service—European Reanalysis 5 (ERA5)
monthly temperature data

0.25°

Land surface tempera-
ture, LST

2000-02-
18–2022-11-01

MODIS MOD11A2.061 land surface temperature data (8-day global) 1000m

AOD 2000-02-
01–2022-10-01

MODIS MOD08 _ M3. 061 Terra atmosphere aerosol data (monthly
global)

1°× 1°

Evapotranspiration 2001-01-
01–2022-10-24

MODIS MOD16A2. 006 Terra net evapotranspiration data (8-days global) 500m

Fluvial and pluvial
flood

2014-10-
03–2022-11-19

Sentinel-1 SAR GRD: C-band synthetic aperture radar ground range data 10m

2000-02-
11–2000-02-22

WWF HydroSHEDS: hydrographic data, space-filled DEM. 3 arc seconds

1984-03-
16–2022-01-01

JRC surface water mapping 30m

Population 2000-01-
01–2020-01-01

NASA SEDAC at the International Earth Sciences Information Network
Center, GPWv411: UN adjusted population density data

30 arc second

Number of fires 2000-11-
01–2022-11-08

FIRMS (Fire Information for Resource Management System) data 1000m

Forest losses 2000-01-01 Landsat—Hansen Global Forest Change v1.9 data 1 arc second

2021-01-01

Building footprint 2014–2021 Buildings (Maxar, Airbu, and IGN France images) 15.4m/pixel

Landsat—Hansen Global Forest Change v1.9 dataset was
evaluated to determine the losses of forest assets in the
basin. The Building Footprints (Buildings; Maxar, Airbus,
and IGN France Images) dataset was used to determine
the urbanization level and building density. The data of the
study, the sources of the data, the time intervals, and the
resolution values are summarized in Table 3.

3 Results Obtainedwith the GEE Application

3.1 SPI Values of the Basin

SPI values range from -2 to +2. When conducted a drought
assessment using SPI values, a time period falling below
zero indicates drought, while values above zero suggest
thatdrought has decreased, meaning precipitation has in-
creased (McKee et al. 1993). Furthermore, if a value above
0.5 is observed during a dry season, it implies that there is
a possibility of floods caused by sudden rainfall. Between
2000 and 2022, the SPI was 0.1. The highest SPI read-
ing of 1.84 was recorded in June 2021 during the summer
period, while the lowest SPI of –1.16 was registered in De-
cember 2015 in the winter season. Figure 2 illustrates the

Fig. 2 Standardized precipitation index (SPI) time series graph be-
tween 2000 and 2022

SPI time series graph, indicating that flood disasters tend
to arise in biennial intervals when SPI values surpass 1.50.
Additionally, Fig. 3 depicts the SPI map of the basin dated
30 September 2022.

3.2 SVI and EVI Values of the Basin

To access mean variations in vegetation and drought during
a specific time period, SVI index values were obtained from
2000 to 2022, employing the Terra vegetation indices of the
MODIS satellite. As per the data, the maximum SVI value
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Fig. 3 Standardized precipitation index map dated 30.09.2022

Fig. 4 Standardized vegetation index (SVI) time series graph between
2000 and 2023

recorded between 2000 and 2022 was in 2018 with 1.51,
while the minimum SVI value was identified in 2008 with
–1.21. Upon examination of a 22-year general average, it
was discovered that the value was 0.00 and subsequently
determined to have no impact on drought occurrence in the
region. The Filyos River basin SVI time series graph is
displayed in Fig. 4, while Fig. 5 illustrates the SVI map
between January 17, 2023, and February 2, 2023.

To assess plant growth in the basin, we obtained EVI val-
ues from the Terra vegetation indices of the MODIS satellite

Fig. 5 Standardized vegetation index map between 17.01.2023 and
02.02.2023

Fig. 6 Enhanced vegetation index (EVI) time series graph between
2000 and 2022

Fig. 7 Enhanced vegetation index map between 14.09.2022 and
30.09.2022

between 2000 and 2022. These values enable evaluation of
biomass and drought conditions in the area. The peak EVI
value, which can fluctuate within the range of –1 to 1 in
the basin from 2000 to 2022, was ascertained to be 0.49
in both 2015 and 2021. The lowest was recorded in 2001
at 0.17. When considering the general average of 22 years,
a value of 0.30 is observed. This value corresponds to the
average density of the plant density class that has developed
in the region. Figure 6 presents the EVI time series graph,
while Fig. 7 depicts the EVI map between 14.09.2022 and
30.09.2022.

3.3 Temperature Values of the Basin

In the GEE application, temperature values, which were
among the factors causing climate change between 2000
and 2020, were obtained with ERA5 temperature data
within the Copernicus program. The average temperature
between 2000 and 2020 was 10.75°C. The lowest average
temperature was observed in 2011 with 9.95°C, and the
highest average temperature was observed in 2010 with
12.27°C.

During the study years, the highest temperature was seen
in August 2010 with 23.78°C, and the lowest temperature
was in January 2000 with –2.87°C. The monthly average
temperature time series graph between 2000 and 2020 is
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Fig. 8 Monthly average temperature time series graph between 2000
and 2020

Fig. 9 Monthly average temperature map between 2000 and 2020

given in Fig. 8. The average temperature map between 2000
and 2020 is shown in Fig. 9.

3.4 LST Values of the Basin

The present study acquired LST data of the Filyos River
basin spanning 2000 to 2022 through utilization of the
MOD11A1.061 module of the MODIS satellite. The av-
erage annual LST value for this time period was 16.81°C,
with the maximum annual average of 20.31°C occurring in
2000 and the minimum annual average of 15.38°C in 2011.
Based on the study months, the LST value reached its peak
in July 2007 at 34.18°C, and hit its lowest point in January
2012 at –4.40°C. Figure 10 displays the monthly average
LST time series chart from 2000 to 2022 according to the

Fig. 10 Land surface temperature (LST) time series chart between
2000 and 2022

Fig. 11 Land surface temperature map of basin between 2000 and
2022

data collected. Additionally, Fig. 11 illustrates the average
LST map of the basin from 2000 to 2022.

3.5 AOD Values of the Basin

The average AOD between 2000 and 2022 was 0.18 as
determined through an examination of satellite and atmo-
spheric data on harmful substance concentrations in the
air using the MODIS MOD08_M3.061 Terra module. The
highest annual AOD average was calculated in 2002 and
2011 (0.21), while the lowest was recorded in 2021 (0.16)
during the study period. On a monthly basis during the
study period, the highest AOD reading of 0.32 was recorded
in April 2008, while the lowest reading of 0.09 was ob-
served in January 2001 within the basin. The study has
revealed that the mean values are similar to those found in
Turkey. The time series graph depicting the average AOD
is illustrated in Fig. 12, whereas the average AOD map
ranging from 2000 to 2022 is presented in Fig. 13.

3.6 AET Values of the Basin

The investigation focused on the impact of AET values on
the climate, considering their representation of actual tran-
spiration and evaporation from water surfaces and plants.

Fig. 12 Average aerosol optical depth (AOD) time series graph

K



PFG – Journal of Photogrammetry, Remote Sensing and Geoinformation Science

Fig. 13 Aerosol optical depth map of the basin between 2000 and 2022

The obtained AET values between 2001 and 2021 indicate
an increase during summer and decrease in winter.

The study data reveal that the region experienced the high-
est total AET value for evaporation and transpiration in 2021,
with 16.75kg/m2/8 days. Conversely, the lowest total AET
value occurred in 2007 with 14.03kg/m2/8 days. The AET
average between 2000 and 2021 was 15.47kg/m2/8 days. On
amonthly basis, evaporation and transpiration peaked in June
2017 at 3.09kg/m2/8 days, while their minimum occurred in
December 2001 at 0.30kg/m2/8 days. The temporal change
of AET is presented in Fig. 14.

3.7 Fluvial and Pluvial Flood Values of the Basin

The aim of this implementation was to produce a flood map
that displays the affected areas due to the floods. Flooded
regions were identified by comparing Sentinel-1 SAR GRD
C-band synthetic aperture radar ground range satellite data
before and after the flood event in conjunction with WWF
HydroSHEDS hydrographic data. The study analyzed the
impacts of flooding and overflow events in the Filyos River
basin. Figure 15 presents the extent of flooding and the flood
event on 11 August 2021 in the affected areas. The analysis

Fig. 14 Temporal change of actual evapotranspiration (AET) in basin

Fig. 15 Areas of the region were flooded following the flood that oc-
curred on August 11, 2021

indicated that the excessive rainfall, flooding, overflows,
and landslides in the basin had the most significant impact
in the southwestern part of the Filyos basin. Moreover, the
affected areas were extensive, amounting to 57,559ha in
the region. Figure 16 illustrates the extent of the impact
of excessive rainfall, floods, and flash floods experienced

Fig. 16 The flooding event that occurred on June 27, 2022, resulted in
the flooding of various areas

Fig. 17 The time series graph of the number of fires in the Filyos basin
between 2000 and 2022
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Fig. 18 Map of the fire occurrence points within the basin

in the same region on June 27, 2022, which was found to
cover an area of 98,418ha.

3.8 Number of Fires, RFL Index, and RSLR Values in
the Basin

Fires in the Filyos River Basin was analysed using data of
FIRMS from the GEE platform. The basin experienced the
highest number of fires in 2020 with 171, and the lowest
number in 2002 with only 13. A time series graph showcas-
ing the fire occurrences between 2000 and 2022 is presented
together with the forest fire records from the General Direc-
torate of Forestry of Turkey in Fig. 17, and the locations of
the fire incidents within the basin are displayed on the map
presented in Fig. 18. The RFL value within the basin was
determined to be 372, while the RSLR value was measured
at 7.6cm according to the Copernicus Climate Change Ser-
vice.

3.9 Forest Lost Areas and Building Footprints in the
Basin

The global forest extent and change were analyzed via
the Hansen Global Forest Change study. Utilizing Land-

Fig. 19 The forest area change time series graph of the Filyos basin
between 2001 and 2021

Fig. 20 Forest lost areas in the basin between 2000 and 2021

sat satellite imagery, a time series analysis was undertaken
to scrutinize forest area alterations. Figure 19 illustrates the
time series graph depicting changes in forest area in the
Filyos basin from 2001 to 2021. Figure 20 represents a cor-
responding map. Based on the study findings, the greatest
annual loss of forest area between 2001 and 2021 occurred
in 2021, with a total of 1908ha. In contrast, the smallest an-
nual loss of forest area was observed in 2001, with a mere
39ha. The relationship of the building footprint density dis-
tribution shown in orange color on the satellite image with
the basin boundaries and the Filyos River is presented in
Fig. 21.

3.10 Population in the Basin

Population data for the Filyos Basin between 2000 and 2020
were analyzed using the GPWv411 product provided by
NASA.

Figure 22 illustrates the map showcasing the relationship
between population density and the Filyos River in the basin
for 2020. The population within the basin increased from
699,587 in 2000 to 807,889 in 2020.

Fig. 21 Building footprints (in orange) map
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3.11 Land Cover and Use in the Basin

For assessment of fluvial and pluvial flood risk indicators
in the Filyos River basin, the most suitable Landsat 8 satel-
lite images, captured by GEE and with a cloud coverage
of less than 10%, were chosen. These images were then
classified to determine the land cover and use of the Fi-
lyos River Delta and its environs. Random Forest (RF)
was selected as the machine learning algorithm for clas-
sification due to its proven success as stated in Rodriguez-
Galiano (2012), Du et al. (2021) and Abubakar et al. (2023).
The application identified forested areas, wetlands, artificial
features (highways, airport, seaports, railway, structures,

Fig. 22 Relationship map between the population density and the Fi-
lyos River in the basin

Fig. 23 Classified map of the Filyos River Delta and its environs dated
30.08.2022

etc.), dunes, cultivated and uncultivated land, dry areas,
and coastal structures. The resulting classification map is
presented in Fig. 23, and Table 4 provides the accuracy
percentage values of the algorithm.

3.12 Results for DRI Assessment

The assessment results for the DRI method, obtained us-
ing indicators of the Filyos River basin, are presented in
Table 5. According to this evaluation, the risk value for the
Filyos River basin was determined to be 4. This value ex-
ceeds the remarkable and acceptable risk levels according
to the assessments outlined in Table 2.

4 Discussion

Spectral indices can be utilized to determine the drought
conditions of the basin effectively through the GEE plat-
form. Additionally, burning rates of plants, water rates in
plants, and water areas can also be assessed. Evaluations
in terms of live and healthy vegetation can be carried out
using this platform. The higher-than-normal annual aver-
age values of drought-indicating SVI and EVI indices in
the Filyos River basin are perceived as a positive factor in
reducing disaster risks. Nonetheless, elevated SPI and RFI
values, chiefly during the dry season, imply that the basin
experiences river floods and pluvial floods during these pe-
riods. High AOD and AET values are believed to increase
the likelihood of disaster, while LST and atmospheric tem-
perature levels have been found to be within normal ranges.
Nevertheless, LST and atmospheric temperature levels are
expected to impact evaporation in the basin, leading to an
increase in precipitation.

It has been established that forest fires and losses in the
basin are more frequent than usual. It is a known fact that
plants and forests safeguard the soil cover and regulate flood
flow. Moreover, it is believed that the destruction of tissue
particularly amplifies the volume of the flow. Therefore,
the high levels of losses are deemed to enhance the risk of
disaster. Another finding in the basin is that there are higher
construction rates on both banks of the river and in the delta.
Buildings have various characteristics that make the people
living in them vulnerable to hazards. It is recognized that
these building features contribute to the unequal distribution
of vulnerability.

After the evaluation, it was concluded that areas with
high population density in the basin are at a heightened
risk of vulnerability. This is due to the potential destruction
hazard of buildings caused by floods.

Seventeen different indicators examined on the GEE
platform were used for the factors discussed in this study.
Some of the indicators, each with independent features,
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Table 4 Landsat 8 RF classifier accuracy assessment results of the delta and its environs for 2022

Classes evaluated with RF
classifier

User accuracy Producer accuracy Overall accuracy Kappa coefficient

Forest areas 0.99 0.98 0.85 0.78

Wetlands 0.97 0.96

Artificial areas 0.73 0.74

Dunes 0.75 0.65

Cultivated areas 0.94 0.93

Uncultivated areas 0.86 0.88

Dry areas 0.64 0.62

RF Random Forest

Table 5 Disaster risk index (DRI) result for fluvial and pluvial floods with values obtained from the GEE platform of the Filyos River basin

Index Grade and value

Factor level Indicator level Very high High Medium Low Very Low

Factor Weighted
value

Indicator Weighted
value

(5) (4) (3) (2) (1)

F WF I WI

Hazard 0.45 Number of flood recurrences
(year)

0.20 <2a 2–5 5–10 10–20 >20

Size of the flood affected area
(ha)

0.20 >50,000a 40,000–50,000 30,000–40,000 20,000–30,000 <20,000

Standardized precipitation
index (SPI)

0.20 >2.0 1.5–2.0a 1.0–1.5;
400–700a

0.0–1.0;
100–400

<0.0; <100

Loss of forest areas (ha) 0.10 >1000 700–1000 300–400a 200–300 <200

River flood index (m3/s) 0.15 >500 400–500 10–15 5–10a 0–5

Relative sea level rise in river
delta (cm)

0.15 20–25 15–20 10–15 5–10a <5

– [ ]= 1.0 – – – – –

Vulnerability 0.40 Population (person) 0.16 >600,000 450,000–600,000 300,000–450,000 150,000–300,000 <150,000

SVI 0.10 –2.5–(–1.6) –1.0–(–1.6)a –0.5–(–1.0) –0.2–(–0.5) 0.0–(–0.2)

EVI 0.10 <0.00 0.01–0.20 0.20–0.25 0.25–0.4a >0.4

LST (°C) 0.10 >40 30–40 20–30a 10–20 <10

Temperature (°C) 0.10 >40 30–40 20–30a 10–20 <10

AOD 0.10 >30 20–30a 10–20 5–10 <5

AET 0.10 >3 2.5–3.0a 2.0–2.5 1.5–2.0 <1.5

Number of forest fires 0.12 >100 80–100a 60–80 40–60 <40

Building density in delta and
riverside (%)

0.12 >70a 55–70 40–55 25–40 <100

– [ ]= 1.0 – – – – –

Capability of
preventing
and reducing
disaster

0.15 Observation frequency
(months)

0.50 >24 12–24 6–12 3–6 <3a

Urbanization level (%) 0.50 >70 55–70a 40–55 25–40 <25

[ ]= 1.0 – [ ]= 1.0 – – – – –

Disaster risk value for Filyos River basin

F1= (IH1×WH1+ IH2×WH2+ IH3×WH3+ IH4×WH4+ IH5×WH5+ IH6×WH6)= 4

F2= (IV1×WV1+ IV2×WV2+ IV3×WV3+ IV4×WV4+ IV5×WV5+ IV6×WV6+ IV7×WV7+ IV8×WV8+ IV9×WV9)= 4

F3= (IA1×WIA1+ IA2×WIA2)= 3

DRI=F1×WF1+F2×WF2+F3×WF3= 4× 0.45+ 4× 0.40+ 3× 0.15= 4

aThis is the severity class range for values obtained for the case study from the GEE platform
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were examined using satellite images of different resolu-
tions, and some were examined with data obtained from
the databases on the platform. In order to evaluate the
different characteristics of the indicators (especially reso-
lution differences) together in the DRI analysis, the data
were statistically averaged monthly, annually, and over
long periods. The score that the statistical average values
would receive from the disaster severity class was deter-
mined. The DRI index value, determined by the sum of the
scores obtained from the disaster severity class multiplied
by the weights, is four, and is considered as a categorically
unacceptable risk. Based on the evaluations and the DRI
method, it is apparent that the basin will face a significant
risk of high hazards in the near future.

5 Conclusion

It has been shown that by using remote sensing and GIS
together on the GEE platform for the application under
consideration, different indicators and especially physical
ecological indicators required for disaster risk assessment
can be easily obtained. Determining these indicators using
traditional methods is quite difficult and costly. It has been
determined that thanks to this platform, which is open to
development, large data storage is prevented, a large num-
ber of data and satellite images are obtained quickly, and
different analyses can be performed on them. It has been
determined that expanding the use of this platform will
contribute to many areas and will also provide significant
contributions to users in terms of time and cost.

It is known that the information obtained from the anal-
yses made through the GEE platform is of great importance
for land management (Long et al. 2019; Zeng et al. 2019;
Amani et al. 2020; Du et al. 2021; Shastry et al. 2023;
Abubakar et al. 2023; Waleed and Sajjad 2023). It has been
observed that important information can be obtained with
the findings obtained from the platform for this study, es-
pecially in terms of forest losses, control and supervision
of forest fires, and sustainable forest structure. Additionally,
the findings are vital for developing basin models, like flood
and flood losses and productivity in agricultural lands. It is
recommended that both urban and rural areas should adopt
advanced technologies like GEE and remain receptive to in-
novations as part of sustainable land management practices.
This approach can be useful in developing a comprehensive
disaster risk plan and system.

In this study, as stated in the studies of Buyuksalih et al.
(2005), Seker et al. (2005), and Akyüz et al. (2014), mean-
ders and disconnected meander features have been observed
in the Filyos River Delta and its surroundings. These fea-
tures can create fluvial and pluvial flood risks, which have
potential to damage nearby highways, airport, seaport, rail-

way, and areas with dense structures. Fluvial and pluvial
flood hazards within the basin are evaluated to pose a dan-
ger to the wellbeing, health, assets, and livelihood of indi-
viduals residing in the districts of Devrek, Çaycuma, and
Gökçebey located in the Zonguldak Province, as well as in
the Karabük Province and its Yenice district, in the context
of population density. The assessment results of DRI are
quite compatible with the findings of Seker et al. (2005)
and Akyüz et al. (2014) in their studies of the basin. In
these two studies, the parts of the Filyos River passing
through the settlements determined above were found to
be dangerous and risky. In addition, the technical analysis
results of fluvial and pluvial floods that occurred on two
different dates and were investigated within the scope of
DRI evaluations also confirm this. Hence, it is necessary
to adopt disaster management strategies and risk mitigation
measures for those inhabiting the aforementioned regions
of the basin.

As part of the DRI analysis conducted for the Filyos
River basin, steps must be taken to decrease the high DRI
score recorded in regions with high population density.
Such measures will effectively lower exposure to hazards,
protect individuals and their assets, enhance land and en-
vironmental protection, and prevent adverse events. Addi-
tionally, it is essential to acquire comprehensive disaster
response skills through training. Raising awareness about
disasters and implementing training and preparedness exer-
cises, alongside the development of forecasting and warn-
ing systems previously non-existent in the basin, would aid
in reducing risks. However, to decrease the potential haz-
ards, crucial measures like activating municipal services,
updating zoning plans according to the disaster in ques-
tion, reorganizing land usage, and constructing buildings in
accordance with appropriate regulations are necessary.
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