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Figure 2: Land use classification map for the spring and autumn seasons of the Samian watershed using the RF
algorithm in the Google Earth Engine environment
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Figure 3: Flood risk zoning map (spring and autumn) in the Samian watershed using the RF
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Abstract

This study aimed to evaluate seasonal land-use change scenarios and analyze their impact on flood
hazard zonation in the Samian watershed. The main focus was on assessing land-use variations in
spring and autumn and examining their influence on the hydrological behavior of the basin using
This study utilized Landsat-9 and remote sensing datasets within the Google Earth Engine platform.
Sentinel-2 (2024) satellite imagery, Dynamic World and GHSL products, the SRTM digital elevation
model, as well as geological and soil texture maps. Land-use/land-cover maps for spring and autumn
were generated using spectral indices and the Random Forest classifier, and their accuracy was
assessed through overall accuracy and the Kappa coefficient. To delineate flood hazard zones, the
modified Flash Flood Potential Index (MFFPI) was applied. Six parameters—including slope, flow
accumulation, curvature, soil texture, bedrock permeability, and land-use/land-cover—were weighted
and integrated within the ArcMap environment to produce the final flood hazard map.

The results indicated that seasonal variations in land use have a significant impact on flood potential. In
spring, dense vegetation cover and increased soil permeability placed a large portion of the watershed
in low and moderate hazard classes. In contrast, autumn exhibited the highest flood susceptibility due
to substantial reductions in vegetation cover following crop harvest and the onset of autumn
precipitation. During this season, the area classified as “very high hazard” increased to approximately
92 km?. The MFFPI model results further confirmed the high sensitivity of the index to seasonal land-
use changes.

The findings of this study demonstrate that flood risk in the Samian watershed is dynamic and strongly
influenced by seasonal land-use variations. Autumn was identified as the critical season for flood
susceptibility and should therefore receive prioritized attention in flood management and watershed
planning. Additionally, the study highlights that integrating multi-source remote sensing data with
Google Earth Engine—based processing provides an effective approach for rapid monitoring and
analysis of short-term changes affecting flood potential at the watershed scale.

Keywords: Land-use change; Flood hazard zonation; Modified Flash Flood Potential Index (MFFPI);
Google Earth Engine; Random Forest algorithm; Samian basin

Introduction

Natural hazards can occur without prior warning and at varying time intervals. Therefore, the speed of
onset and duration of these hazardous events can vary significantly — from the timescales of droughts
or global warming to those of earthquakes, volcanic eruptions, or flash floods (Slovic et al., 1977).
Compared to other natural disasters, floods, due to their high frequency and widespread impact, cause
considerable financial and human losses and are considered one of the most serious natural hazards
(Rezaei Moghadam et al., 2015; Ward et al., 2014).
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Methodology

In this study, to produce detailed land use/land cover (LULC) maps, multi-source satellite data from
Landsat 9 and Sentinel-2 for the year 2024 were used, specifically images from spring and autumn. To
eliminate the effects of cloud and cloud shadow cover, images with less than 10% cloud cover were
filtered, and then a final composite image was produced for each sensor by calculating the median
image. Spectral indices, including the Normalized Difference Vegetation Index (NDVI) to separate
vegetation from other classes, the Normalized Difference Built-up Index (NDBI) to distinguish urban
areas, the Modified Normalized Difference Water Index (MNDWI) to identify water bodies, and a
Digital Elevation Model (DEM) to derive slope, were calculated. For sampling and to reduce human
error, Dynamic World data were utilized. Since the residential class could not be adequately separated
within Dynamic World alone, Global Human Settlement Layer (GHSL) data were employed. Classes
with high building density were extracted as residential areas and added as a separate layer to the base
Dynamic World map. Finally, LULC maps were generated using the Random Forest algorithm. The
algorithm's accuracy was assessed using overall accuracy and the Kappa coefficient.

For flood hazard zoning, six information layers — slope, flow accumulation, land use/land cover, geology,
slope curvature, and soil texture — were used as effective criteria for flooding in the study area. First,
spatial data for each of the above factors were processed in the ArcMap software environment. Each
layer was classified into five classes indicating the hazard level or influence of that factor on flood
occurrence, ranging from very low to very high. To determine the relative importance of layers
effective in flood occurrence, the suggested weights from the provided table (Table 2) were used.
Weighted values were applied within the ArcMap environment using the Raster Calculator tool for
each layer; specifically, the class values of each layer were multiplied by their corresponding weights
to reflect the relative effect of that factor in the final index. Finally, the weighted layers were linearly
combined using the Raster Calculator tool to generate the final MFFPI index layer. This layer
represents the flood potential of the study area and was considered the final flood hazard zoning map.
The output map was then classified into five hazard classes: very low, low, moderate, high, and very
high.

Discussion and Results

To investigate the impact of seasonal variability on the hydrological condition of the basin, land use/land
cover (LULC) maps were generated for Spring and Autumn 2024 (Table 3). The results indicate
substantial changes in the hydrological, climatic, and biophysical components of the watershed. Snow
cover, as a natural water storage reservoir, decreased from 57.66 km? in spring to near disappearance
during summer and reappeared in the highlands in autumn (25.63 km?) with the onset of cold-season
Surface water precipitation. These dynamics play a critical role in regulating river discharge regimes.
bodies also fluctuated seasonally, decreasing from 18.58 km? in spring to 37.43 km? in autumn,
reflecting their sensitivity to seasonal precipitation patterns. Among vegetated classes, the most
pronounced changes were observed in irrigated agricultural lands and rangelands. Irrigated agriculture
declined from 1383.93 km? in spring to 1306.04 km? in autumn, primarily due to post-harvest
conditions. Dense rangelands also decreased markedly from 538.54 km? to 209.93 km?, while sparse
rangelands increased from 731.27 km? to 1063.35 km?, indicating vegetation stress induced by

In contrast, residential areas and forests exhibited relatively stable thermal and moisture deficits.
conditions with minimal seasonal variation. Overall, these seasonal dynamics, particularly the
reduction of protective vegetation cover during dry periods, can significantly enhance surface runoff
potential and increase flood susceptibility in the basin.

alidation of the Random Forest Algorithm

Based on Table 4, the accuracy assessment of the Random Forest classifier used for land use/land cover
(LULC) mapping was conducted. The results indicate that the overall accuracy and Kappa coefficient
for both Spring and Autumn 2024 reached 0.99 and 0.98, respectively. These values demonstrate the
high reliability and robustness of the Random Forest model in accurately classifying land use/land
cover types in the study area.

Flood Hazard Zoning Results

Using the MFFPI model, flood hazard maps were generated for different seasonal scenarios, revealing
distinct spatial patterns between Spring and Autumn (Table 5, Fig. 3).

Spring season (moderating phase):
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During spring, despite the presence of snowmelt-derived water, the watershed is predominantly classified
into low (927.58 km?) and moderate (936.61 km?) flood hazard classes. This is mainly attributed to
dense vegetation cover across the basin, which increases surface roughness and enhances soil
infiltration. Consequently, runoff concentration time is prolonged and peak discharge is attenuated,
indicating a clear moderating effect of vegetation on flood generation processes.

Autumn season (critical phase):

Autumn represents the highest flood hazard condition in the basin. This critical state is driven by two key
factors: (1) minimal protective vegetation due to post-harvest conditions and dried rangelands, and (2)
the onset of seasonal precipitation combined with declining temperatures. Under these conditions,
high-risk areas significantly expand, with the very high hazard class reaching 43.92 km?. Following
the dry summer period, soil surface sealing and potential water repellency further reduce infiltration
Overall, the results capacity, converting most effective rainfall directly into surface runoff.
demonstrate that flood susceptibility in the Samian watershed is highly dynamic and strongly
controlled by seasonal land use/land cover variations. In particular, the autumn period represents the
critical warning phase for flood risk management.

Conclusion

The aim of this study was to investigate the impact of seasonal land use/land cover change scenarios on
flood hazard zoning in the Samian watershed using the Google Earth Engine (GEE) platform and the
Modified Flash Flood Potential Index (MFFPI) model. The results obtained from applying diverse
data showed that changes in vegetation and land surface over short time periods can significantly
affect the hydrological behavior of the watershed and flood-prone areas. Evaluation of LULC maps
for spring and autumn, along with the validation results of the Random Forest algorithm, indicated
that the classification model has very high accuracy. Overall accuracy and Kappa coefficient were
0.99 and 0.98, respectively. These values demonstrate the high accuracy and reliability of the LULC
maps and their suitability for use in flood hazard analysis. Assessment of the spring and autumn
LULC maps reveals that Samian is a watershed with highly dynamic behavior, such that seasonal
changes in vegetation and land cover quickly alter the flood hazard pattern. In spring, the presence of
dense vegetation increases water infiltration and reduces runoff generation, placing most of the
watershed in low- and moderate-risk classes. This situation highlights the effective role of vegetation
in reducing flood potential. Conversely, autumn was identified as a critical period for the watershed.
The reduction in vegetation after harvest and the decline in rangeland condition, coupled with the
onset of autumn rains, have led to a significant increase in the flood hazard class. The expansion of
very-high-hazard areas to approximately 92 km? indicates that the watershed is more prone to flash
floods during this season. The MFFPI model, by combining parameters such as slope, flow density,
slope curvature, soil texture, rock permeability, and land use, was able to provide an accurate spatial
pattern of high-risk areas and demonstrate its sensitivity to land cover changes across different
seasons. Overall, this study emphasizes that flood risk assessment must go beyond single-season or
static analyses and incorporate the seasonal dynamics of land use/land cover. According to the results,
autumn is the most important warning period for flood management in the Samian watershed, and
watershed management, land management, and urban development planning need to focus on this
season. Furthermore, the use of multi-source remote sensing data and GEE-based processing showed
that this approach can be an efficient and accurate tool for monitoring and analyzing short-term
changes affecting flood risk.
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