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Objective: Land use/land cover (LULC) changes, as one of the main anthropogenic
drivers, significantly influence runoff patterns and intensify flood hazards. This study
aims to assess the impact of land use changes on flood hazard zonation over the period
2015 to 2024 in the Samian watershed, located in Ardabil Province, Iran.

Methods: To extract land use maps for the years 2015 and 2024, satellite imagery from
Landsat 7, Landsat 8, and Sentinel-2 was employed using the Google Earth Engine
platform. Land use/land cover classification was performed using the Classification and
Regression Trees (CART) algorithm, which was selected due to its high interpretability,
fast processing, and robust accuracy in class differentiation compared to other
classification methods. Subsequently, the Modified Flash Flood Potential Index (MFFPI)
model was applied by integrating key environmental layers, including slope, flow
accumulation, land use, geology, curvature, and soil texture, within the ArcMap
environment to generate flood hazard zonation maps. The MFFPI model was chosen for
its ability to directly incorporate physiographic indicators and produce precise flood
hazard maps, making it an effective tool for sustainable resource management and flood
risk mitigation.

Results: The results indicated substantial LULC changes between 2015 and 2024,
including an 18.47% increase in irrigated agricultural lands, a 9.38% increase in
residential areas, and a 25.85% rise in sparse rangelands. In contrast, dry farming lands
decreased by 25.21%, dense rangelands by 9.14%, and snow-covered areas by 98.61%.
These changes have led to a notable expansion of high-risk flood zones. The LULC
classification achieved a high overall accuracy and Kappa coefficient exceeding 0.98,
indicating reliable results.

Conclusions: The increase in impervious surfaces and the reduction of natural vegetation
cover have led to higher surface runoff, resulting in the expansion of high-risk areas. The
main novelty of this study lies in the integration of remote sensing data with the Modified
Flash Flood Potential Index (MFFPI) model and the assessment of land use changes over
an extended period, enabling more accurate identification of flood-prone areas. By
incorporating both environmental and anthropogenic factors, the MFFPI model has
proven to be an effective tool for flood risk prediction and management. Based on field
observations and validation of the maps, it is recommended that watershed management
strategies incorporate land use protection measures and urban development planning
while considering the flood hazard zonation maps to mitigate potential future damages.
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EXTENDED ABSTRACT

Introduction

Natural shocks worldwide cause direct damage to assets averaging over 300 billion USD
annually; when welfare (or consumption) losses are considered, this estimate rises to 520 billion
USD. While each country faces a unique set of natural hazards—including storms, earthquakes,
or wildfires—flooding remains one of the primary threats to livelihoods and significantly
impacts development prospects globally (Rentschler et al., 2022). Floods can be regarded as
one of the most complex natural disasters (Mehri et al., 2016). They are defined as hazardous
increases in river or stream discharge. This phenomenon has a long history in human
civilization (Madadi et al., 2020). Multiple factors influence flood occurrence in a region,
including the amount, intensity, spatial and temporal distribution of precipitation, which are
functions of meteorological events. Additionally, floods are affected by various watershed
characteristics such as land use and human interventions (Behnam et al., 2013). Land use
changes driven by population growth and economic development have contributed to an
increase in flood frequency over recent decades (Javidan et al., 2018).

Methods

To extract spectral features, Landsat 8-9 and Sentinel-2 surface reflectance images were
accessed via Google Earth Engine. To minimize cloud cover effects and seasonal variations,
the summer period (Khordad, corresponding to late May—June) was selected, during which the
greatest spectral variability among land use classes is observable. The selected images were
masked for clouds and cloud shadows and then averaged. Training samples were extracted from
the Dynamic World product, which provides an initial classification into nine land use classes
at 10-meter spatial resolution. These data were integrated with residential layers derived from
the Global Human Settlement Layer (GHSL) datasets for 2015 and 2024, serving as the base
map for training sample collection. Subsequently, using the Classification and Regression Trees
(CART) algorithm, eight land use classes were delineated: residential, water bodies, irrigated
agriculture, rainfed agriculture, dense and semi-dense rangelands, forest, and snow. For
validation, an independent sample set was used as test data. Model accuracy was evaluated by
confusion matrix metrics including overall accuracy and the Kappa coefficient.

For flood hazard zoning, input layers were prepared as raster data in ArcMap and classified into
five categories. Each layer was then weighted using the Raster Calculator tool based on their
relative importance in the Multi-factor Flood Potential Index (MFFPI) model. Finally, the
weighted layers were overlaid and integrated using Raster Calculator to generate the final flood
hazard zoning maps.

Results

The analysis of land use maps and flood hazard zoning reveals significant changes in the area
of land use classes, which have consequently led to a substantial increase in the extent of high
and very high flood risk zones. Expansion of irrigated agricultural lands by 18.47%, human
settlements by 9.38%, and sparse rangelands by 25.85% has resulted in reduced vegetation
cover, increased impervious surfaces, and consequently enhanced surface runoff. Conversely,
the area of dense rangelands and rainfed agricultural lands decreased by -9.14% and -25.21%,
respectively, alongside a drastic reduction in snow cover by -98.61%, exacerbating this trend
and diminishing the region’s capacity for water infiltration and retention. These land use
changes have caused the high and very high flood hazard zones to expand by 8.56% and 38%,
respectively. These high-risk zones are primarily located adjacent to rivers and developed urban
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and agricultural areas, posing a serious warning to planners and natural resource managers that,
without proper land use management, the risk of destructive floods will escalate.

The classification accuracy assessment using the Classification and Regression Trees (CART)
algorithm yielded high overall accuracy and Kappa coefficients—both exceeding 98% for the
years 2015 and 2024—indicating the reliability of the classification results and the employed
model. Furthermore, the application of the Multi-factor Flood Potential Index (MFFPI), which
integrates both environmental and anthropogenic factors in flood hazard zoning, enables the
prediction and analysis of potential impacts of future land use changes.These findings are
consistent with previous studies by Madadi et al. (2025), Rasai et al. (2025), and Abedini et al.
(2024).Despite these strengths, the study has certain limitations. The accuracy of the model
depends on the quality of input data. While CART demonstrated high accuracy in this study, it
remains sensitive to training data and prone to overfitting, potentially reducing the
generalizability of results. Therefore, future studies are recommended to employ higher-
resolution datasets, such as 12-m DEMs, to enhance the precision of topographic indices, and
to consider more advanced classification algorithms, including Random Forest, or methods
designed to improve stability and reduce overfitting. Additionally, future analyses should
incorporate climate change scenarios to provide more realistic flood hazard assessments. Based
on the findings, it is recommended that watershed management policies prioritize land use
planning and conservation strategies to preserve vegetation, enhance soil infiltration capacity,
prevent uncontrolled urban and agricultural expansion, construct flood control structures, and
develop runoff management infrastructure. Ultimately, this study emphasizes that without an
integrated and comprehensive approach to land and water resource management, current and
future land use changes could significantly exacerbate flood damages, threaten environmental
security, and impact local livelihoods. Accordingly, the findings provide a scientific basis for
formulating flood risk reduction strategies and sustainable development planning in flood-
prone areas.

Keywords: Dynamic changes, Flooding potential, Geographical information system, Remote
sensing, Water resources.
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