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Abstract  

The article investigates the assessment of water level and flood risk zones in the Lankaran 

River Basin using Geographic Information Systems (GIS) and the Digital Elevation Model (DEM). 

The study examines the role of remote sensing technologies in analyzing water resource dynamics 

and presents methodological approaches for identifying flood-prone areas. The basin mapping and 

the hydrological analysis were performed using ArcGIS software and the existing spatial databases. 

The distribution of flood risks was evaluated based on the intensity of previous flood events and 

their geographical causes. The proposed approach enables the analysis of influencing factors and 

the accurate delineation of hazard zones. As a result, it is concluded that the integration of DEM 

and GIS provides precise and effective mapping of flood risk zones in the Lankaran River Basin. 
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Lənkəran çayı hövzəsinin hidroloji modelləşdirilməsində Rəqəmsal 

Hündürlük Modelinin (DEM) tətbiqi 

N.X. Qasımova   

Bakı Dövlət Universiteti (Bakı, Azərbaycan) 

 

Xülasə  

Məqalədə Lənkəran çayı hövzəsində su səviyyəsinin və sel risk zonalarının coğrafi-

informasiya sistemləri (CİS/GIS) və Rəqəmsal Hündürlük Modeli (DEM) əsasında tədqiq olunması 

məsələsi araşdırılmışdır. Tədqiqatda məsafədən zondlama texnologiyalarının su resurslarının 

dinamikasının qiymətləndirilməsində rolu və sel risklərinin müəyyənləşdirilməsi üçün istifadə 

olunan metodoloji yanaşmalar təqdim olunmuşdur. İşdə ArcGIS proqram təminatı və mövcud 

verilənlər bazasından istifadə etməklə hövzənin xəritələşdirilməsi və hidroloji analizlərin 

aparılması həyata keçirilmişdir. Sel risklərinin paylanması əvvəlki hadisələrin intensivliyi və 

coğrafi səbəblər nəzərə alınmaqla qiymətləndirilmişdir. Təklif olunan yanaşma hər bir təsiredici 

amilin təhlilinə və təhlükə zonalarının dəqiq müəyyənləşdirilməsinə imkan yaratmışdır. Nəticə 

olaraq, DEM və GIS inteqrasiyası əsasında Lənkəran çayı hövzəsində sel risk zonalarının dəqiq 

xəritələşdirilməsinin mümkün olduğu müəyyən edilmişdir. 

 

Açar sözlər:  DEM, hidroloji modelləşdirmə, axın istiqaməti, axım yığılması, çay hövzəsi 

 

Применение цифровой модели рельефа (DEM) в гидрологическом 

моделировании бассейна реки Ленкорань 

Н.Х. Гасымова 

Бакинский государственный университет (Баку, Азербайджан) 

 

Аннотация  

В статье исследуется определение уровня воды и зон риска наводнений в бассейне 

реки Лянкяран на основе геоинформационных систем (ГИС) и цифровой модели рельефа 

(DEM). В работе рассматривается роль технологий дистанционного зондирования в оценке 

динамики водных ресурсов и представлены методологические подходы к выявлению зон 

риска наводнений. С использованием программного обеспечения ArcGIS и существующих 

баз данных выполнено картографирование бассейна и проведён гидрологический анализ. 

Распределение рисков наводнений оценивалось с учётом интенсивности предыдущих 

событий и географических факторов. Предложенный подход позволяет анализировать 

влияющие факторы и точно определять зоны опасности. В результате установлено, что 

интеграция DEM и ГИС обеспечивает эффективное и точное картографирование зон риска 

наводнений в бассейне реки Лянкяран. 

 

Ключевые слова:  DEM, гидрологическое моделирование, направление потока, 

накопление потока, водораздел
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Introduction  

  Water is a fundamental resource that 

plays a crucial role in maintaining healthy 

ecosystems and supporting socio-economic 

development. Among all renewable natural 

resources, water is the most critical, as it 

sustains all life processes and is vital for human 

well-being, including food security, public 

health, and livelihoods. Therefore, the effective 

assessment, management, protection, and 

utilization of water resources are essential 

prerequisites for sustainable development at 

both local and regional scales [1]. At the global 

level, the availability of rivers, lakes, and 

groundwater resources is increasingly 

threatened by declining precipitation, high 

evaporation rates, and anthropogenic impacts. 

Pollution and overexploitation intensify these 

challenges, adversely affecting ecosystems and 

human populations lacking reliable access to 

safe drinking water and basic sanitation 

services. In particular, the increasing frequency 

of disasters in vulnerable regions highlights the 

necessity of sustainable water resource 

management. 

      The Lankaran River Basin, with its 

unique topography and hydrological 

characteristics, is highly sensitive to variations 

in water quantity and quality. Understanding 

the spatial and temporal variability of water 

levels within the basin is critically important for 

flood risk management, ecosystem 

conservation, and regional development 

planning. In this context, advanced tools such 

as Geographic Information Systems (GIS), 

Remote Sensing (RS), and high-resolution 

Digital Elevation Models (DEM) offer effective 

capabilities for the assessment and management 

of water resources. This study aims to present 

the methodology for hydrological modelling of 

the Lankaran River Basin using DEM data [2]. 

The integration of geospatial data analysis and 

hydrological modelling facilitates opportunities 

for decision-makers to reduce flood risks and 

optimize the efficient use of water resources. 

 

 

Purpose of the work 

 The main objective of the study is to map 

the basin and identify flood hazard zones using 

ArcGIS software. 

 

Materials and Methods   

 In this study, the hydrological 

characteristics of the Lankaran River Basin 

were examined using Digital Elevation Model 

(DEM) data. The hydrographic network, flow 

direction patterns, topographic attributes, 

watershed boundaries, and other hydrological 

parameters of the study area were derived 

through ArcMap 10.8 software. Hydrological 

analyses were performed utilizing the tools 

available under ArcToolbox → Spatial Analyst 

→ Hydrology, enabling the systematic 

extraction and processing of spatial data for 

accurate basin characterization. 

 

Hydrological Modelling   

 Hydrological modelling enables the 

transfer of a river and its drainage basin into a 

digital environment, allowing the development 

of a model that closely represents real-world 

conditions [1]. This approach is not limited to 

the use of a single software application; rather, 

it encompasses a sequence of steps ranging 

from data acquisition to the presentation of final 

results. Hydrological modelling makes it 

possible to analyze the flow of water across the 

land surface and provides critical information 

on terrain characteristics for fields such as 

regional planning, agriculture, and forestry. In 

these sectors, it is essential to understand how 

water flows across the landscape and how 

changes occurring within the basin influence 

this flow. 

 Hydrological modelling is primarily 

based on precipitation, temperature, and 

potential evapotranspiration data. 

Alternatively, potential evapotranspiration may 

also be estimated using other hydromete-

orological indicators such as wind speed, solar 

radiation, and humidity. The implementation of 

atmospheric precipitation and runoff models 

requires datasets including topography (Digital 
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Elevation Model), soil physical properties, 

land-use characteristics, and the river network 

system [3]. 

 Objectives of Hydrological Modelling   

− Assessment of Water Resources: 

Analysis of the quantity and spatial 

distribution of available water resources 

within the region.   

− Flood Risk Prediction: Support for 

planning mitigation measures and 

reducing vulnerability to flood events.   

− Integrated Management: Optimal 

management of water resources and 

preservation of ecological balance. 

− River Flow Analysis: Determination of 

the dynamics and flow characteristics of 

the river network. 

− Early Warning Systems: Provision of 

forecasting and planning capabilities for 

emergency response and disaster 

preparedness. 

− Environmental Economics: Economic 

and ecological evaluation of water 

resources to support sustainable 

development. 

 

 Digital Elevation Models (DEM) 

provide high-resolution topographic data and 

are widely used in modern hydrological studies 

[4]. By offering a three-dimensional 

representation of the Earth's surface, DEMs 

enable precise analysis of the morphometry of 

river basins, the hydrographic network, and 

catchment areas. Through this data, irrigation 

channels, dams, roads, agricultural fields, and 

other anthropogenic features that influence 

flow variability can be identified. DEMs also 

facilitate the analysis of hydrological processes 

and dynamic landscape transformations, such 

as floodplain inundation, wetland and lake area 

changes [5]. Due to these capabilities, DEM is 

considered one of the primary input datasets in 

hydrological modelling, allowing accurate 

delineation of flow paths, river networks, and 

catchment areas within a basin [6]. For the 

study area, DEM data were obtained from the 

United States Geological Survey (USGS) 

database and imported into ArcMap 10.8. The 

data were aligned with the coordinate system of 

the study area and processed in preparation for 

hydrological analysis. 

 

Study Area   

    The study area is the Lankaran River 

Basin, located in the southeastern part of the 

Republic of Azerbaijan. The basin 

encompasses regions near the southern coast of 

the Caspian Sea and consists of a mix of 

mountainous and flat terrains. Characterized by 

a subtropical climate, the basin experiences 

high precipitation and relatively stable 

humidity. These climatic and topographic 

features make the basin hydrologically unique 

and contribute to the complexity of water flow 

processes.   

 The study was conducted solely using 

Digital Elevation Model (DEM) data. DEM 

datasets obtained from the United States 

Geological Survey (USGS) were imported into 

ArcMap 10.8, aligned with the coordinate 

system of the study area, and prepared for 

hydrological analysis. Using the DEM data, the 

hydrographic network, river catchments, basin 

boundaries, and terrain features were accurately 

delineated. The total area of the basin is 

approximately 1,080 km², with the main river 

network draining into the Caspian Sea via the 

Lankaran River [2,7]. The basin's relief and 

topographic characteristics are fully 

represented in the DEM data, enabling precise 

modelling of hydrological processes and flow 

pathways (Figure 1). 

 

 
Figure 1 – Location of the study area 
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Hydrology Tools   

 Hydrology tools are essential for 

modelling water flow across the land surface 

and analyzing hydrological processes. The 

topographic characteristics of the terrain are 

significant not only for hydrological modelling 

but also for regional planning, agriculture, 

forestry, and environmental management. In 

these fields, understanding water movement, 

flow distribution within river basins, and the 

impact of natural and anthropogenic changes on 

flow patterns is crucial.  Hydrological 

modelling tools provide methods to describe the 

physical components of the surface and to 

analyze various hydrological parameters. Using 

these tools with DEM data, depressions (sinks) 

are identified, flow directions are determined, 

flow accumulation is calculated, watersheds are 

delineated, and river (flow) networks are 

generated (Table). This approach enables 

precise digital modelling of the hydrological 

characteristics and flow pathways of the study 

area [8]. 

 The combined application of these tools 

ensures accurate modelling of the basin's 

hydrological structures, river networks, and 

catchment areas based on DEM data. 

Additionally, this approach allows for the 

visual and statistical analysis of potential flood 

zones, flow paths, inundated areas, and the 

hydrological impacts of land-use changes 

within the study area [9].   

 Thus, when integrated with DEM data, 

Hydrology Tools provide reliable and precise 

results for the analysis of both topographic and 

hydrological characteristics of the basin. This 

methodology establishes a robust foundation 

for regional planning, water resource 

management, and environmental monitoring 

[9,10]. 

 

Results and Discussion   

 Hydrological analysis of the Lankaran 

River Basin was conducted using DEM data, 

and the basin's hydrographic network, 

catchment areas, flow directions, and river 

network were delineated in ArcMap 10.8 using 

Hydrology Tools. The results of the analysis 

provided a detailed representation of the 

topographic and hydrological characteristics of 

the study area. 

     Fill. The Fill function was applied to remove 

depressions (sinks) identified within the DEM. 

This operation ensured a continuous terrain 

surface and enabled accurate determination of 

flow direction. The analysis demonstrated that 

small depressions present in the basin, formed 

as a result of both natural and anthropogenic 

processes, can be precisely modelled as local 

water accumulation areas. Without this 

preprocessing stage, the outputs of subsequent 

operations such as Flow Direction and Flow 

Accumulation could have produced erroneous 

results [8,9,10,11] (Figure 2). 

 

 

 

 

Figure 2 – The result for the DEM after the filling 

process 
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Flow Direction. Using the “Flow 

Direction” function, the steepest downslope 

direction of water flow was determined for each 

grid cell. This analysis illustrated the movement 

trajectory of water within the basin and enabled 

the initial delineation of the river network. The 

results also provided essential information for 

understanding the flow characteristics of sub-

basins and the topographically controlled 

pathways of surface runoff (Figure 3). 

 

 
Figure 3 – Outcome of the DEM flow direction 

procedure 

 

     Flow Accumulation. The “Flow 

Accumulation” operation calculated the 

volume of water flowing into each grid cell. 

The resulting output illustrated the 

development of the river network, primary flow 

paths, and catchment areas. The raster map 

visually identified the origin points of streams 

and the areas where surface runoff accumulates. 

This information is also valuable for 

determining potential flood-prone zones and for 

supporting effective water resource 

management (Figure 4). 

 
 

Figure 4 – Resulting build-up of flow following 

the procedure 

      Stream Order - The “Stream Order” 

function classified the tributaries of the river 

network using the Strahler method. This step 

determined the hierarchical structure of the 

drainage network and enabled detailed analysis 

of major rivers and their branches. The outputs 

improved the accuracy of hydrological models 

and facilitated a more precise representation of 

the flow dynamics within the basin (Figure 5,6). 

 
Figure 5 – Strahler stream ordering method 
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Figure 6 – Resulting build-up of flow following 

the Stream Order procedure 

  

 Stream Feature. The “Stream to 

Feature” operation converted the raster-based 

river network into vector format. This step 

ensured that the drainage network was prepared 

for visualization and mapping within the GIS 

environment. As a result, the geomorphological 

characteristics of the basin were analyzed with 

greater clarity, and integration with other 

ecological and hydrological models became 

feasible (Figure 7,8). 

 
Figure 7 – Comparing vectorizing stream 

network rasters methods 

 

  

Figure 8 – Stream to Feature 

      

Watershed. The “Watershed” operation 

identified the catchment areas and sub-basins 

within the study area. The analysis 

demonstrated that the Lankaran River Basin is 

divided into several sub-watersheds, each 

exhibiting distinct flow characteristics. This 

information is critically important for 

hydrological process modelling, ecological 

assessments, and agricultural planning (Figure 

9). 

 

 
Figure 9 – Watershed 
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Table – ArcMap Hydrology Toolset Overview [9] 

Tool Description 

Basin Creates a raster delineating all drainage basins. 

Fill Fills sinks in a surface raster to remove small imperfections in the data. 

Flow 

Direction 

Creates a raster of flow direction from each cell to its steepest downslope 

neighbor. 

Flow 

Accumulation 

Creates a raster of accumulated flow into each cell. A weight factor can 

optionally be applied. 

Stream 

Order 

Assigns a numeric order to segments of a raster representing branches of a 

linear network. 

Stream to 

Feature 

Converts a raster representing a linear network to features representing the 

linear network. 

Watershed Determines the contributing area above a set of cells in a raster. 

 Basin. The “Basin” operation was used 

to delineate the boundaries of the watershed 

[12]. The analysis resulted in the visual and 

statistical separation of the various sub-basins 

within the Lankaran River Basin, allowing for 

the hydrological characteristics of each basin to 

be examined in detail. This information is also 

significant for regional planning and water 

resource management (Figure 10).

 

Figure 10 – Basin 

 
Figure 11 – Lankaran River Sub-basin 
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Conclusion   

 The study successfully modelled the 

hydrological structure and river network of the 

Lankaran River Basin using DEM data. The 

application of the Fill, Flow Direction, and 

Flow Accumulation operations enabled the 

identification of flow pathways, sub-

watersheds, and water accumulation areas 

within the basin. Through the Stream Order and 

Stream to Feature tools, the main tributaries 

and branches of the Lankaran River were 

classified using the Strahler method and 

converted into vector format, making the river 

network suitable for visual and statistical 

analysis in a GIS environment. 

      The results demonstrated that the 

Lankaran River Basin consists of several major 

tributaries, each exerting a distinct influence on 

the hydrological behaviour of the watershed. 

These findings provide scientifically grounded 

information valuable for water resource 

management, flood risk assessment, and 

regional planning (Figure 11). 
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