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Abbreviations: 

AGWA  : Automated Geospatial Watershed Assessment  

ALOS: Advanced Land Observing Satellite ,  

Arc: Referring to Esri's flagship GIS software suite called ArcGIS. 

ArcMap :  Arc Mapping or Arc Geographic Information System (GIS) Map. 

ASTER : Advanced Spaceborne Thermal Emission and Reflection Radiometer 

ASTER : The Advanced Spaceborne Thermal Emission and Reflection Radiometer  

ASTWBD : ASTER Water Body Dataset  

DEM : Digital Elevation Model 

DLR : German Aerospace Center (Deutsches Zentrum f¿r Luft- und Raumfahrt) 

DoD : Digital Elevation Model of Difference  

DSMs : Digital Surface Models  

DTED : Digital Terrain Elevation Data 

DTMs : Digital Terrain Models  

EOS : Earth Observing System  

GDEM : Global Digital Elevation Model  

GDEM : Global Digital Elevation Model 

GEV :  Generalised Extreme Value 

GIS  : Geographic Information Systems 

GLOFs : Glacial Lake Outburst Floods 

GTOPO30 : Global 30 Arc-Second Elevation Data 

HBV  model : Hydrologiska Byrans Vattenavdelning model 
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HEC-HMS  :  Hydrologic Engineering Center Hydrologic Modeling System 

ICESat : Ice, Cloud, and Land Elevation Satellite  

InSAR : Interferometric Synthetic Aperture Radar  

IPCC  : Intergovernmental Panel on Climate Change 

JAXA : Japan Aerospace Exploration Agency  

LiDAR : Light Detection and Ranging 

LP DAAC : Land Processes Distributed Active Archive Center  

MERIT DEM : Multi-Error-Removed Improved-Terrain DEM  

NASA : National Aeronautics and Space Administration 

NED : National Elevation Dataset  

NGA : National Geospatial-Intelligence Agency  

NGA: National Geospatial-Intelligence Agency 

PALSAR : Phased Array L-band Synthetic Aperture Radar  

PRISM : Panchromatic Remote sensing Instrument for Stereo Mapping  

RS : Remote Sensing  

RT1: "Restricted 1" mode of PALSAR, which provides high-resolution imagery with a ground 

resolution of 12.5 meters 

SAR  : Synthetic Aperture Radar  

SAR : Synthetic Aperture Radar 

SHE/MIKE SHE :  Systeme Hydrologique European 

SHyFT : SWRRB  Simulator for Water Resources in Rural Basins HRUs  Hydrologic Response 

Units 

SRTM: Shuttle Radar Topography Mission 
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SWAT : Soil and Water Assessment Tool 

SWIR : Shortwave Infrared 

TanDEM-X : TerraSAR-X add-on for Digital Elevation Measurements 

TIN : Triangulated Irregular Network  

TINs  : triangulated irregular networks 

TIR : Thermal Infrared 

UAVs : Unmanned Aerial Vehicles  

USGS : United States Geological Survey  

USGS : United States Geological Survey 

VIC : variable infiltration capacity  

VNIR : Visible and Near-Infrared  

VNIR : Visible and Near-Infrared 
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Abstract:  

During the recent years, frequent and more intense extreme weather events, especially severe 

storms, have been increasing globally due to ever-changing climate. Severe storm events continue 

being a formidable challenge to sustainable environment, infrastructural development and disaster 

preparation and readiness. In the region of Algeria rainfall patterns and hydrological regimes have 

shown changes due to climatic variabilities. Therefore, accurate prediction and modeling of 

hydrological changes in response to severe storms remain critical in disaster preparedness and risks 

reduction. Digital Elevation Model is one of the key tools used in hydrological modeling due to its 

provision of topographical information that aid in developing water runoff simulations and 

evaluations of credible influence of extreme storm events. High resolution commercial DEMs 

obtained from LiDAR data offer more precise and detailed representations but they are expensive, 

thus not suitable especially in resource-constrained regions. On the other hand, freely obtainable 

DEMs are inexpensive but differ in resolution and accuracy, which might affects the precision of 

modeling.The current research, therefore, aims to compare the performance of freely available 

digital elevation models in hydrological modeling as influenced by extreme storm conditions in 

Algeria. The study further examines how DEM resolution affects the performance of HEC-HMS 

hydrological model that is widely used in hydrological forecasting. It focuses on the spatial 

resolution influence of NASA (30m), ASTER GDM2 (30m), SRTM V4 (30m), MERIT (90m), 

TANDEM-X (90m), SRTM V4 (90m) and ALOS PALSAR (12.5m). The research objectives are 

to understand how differences in spatial resolutions of these DEMs affect modeling and to provide 

recommendations for suitability and applicability in robust hydrological modeling. Generally, the 

current research is expected to help in the determination of appropriate DEM models for disaster 

planning and management strategies and water resource planning for enhancing infrastructure 

resilience to impacts of extreme climate conditions. It is expected that the findings of the current 

research will benefit the study region in Algeria as well as assist other parts of the world with 

almost similar environmental and climate conditions. The findings will help in the understanding 

of DEM characteristics influencing hydrological model accuracy and overall disaster readiness. 
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Chapter one: The Introduction 

1.1. Background and Context: 

In recent years, the intensity of extreme weather events, especially severe storms, has increased 

worldwide due to climate change because of their devastating effects on societies if appropriate 

planning and mitigation strategies are not developed, which imposes major challenges on 

environmental sustainability, infrastructure planning and disaster management. Algeria has 

witnessed In particular, changes in rainfall patterns and hydrological regimes due to the effects of 

climate change. Accurate prediction of hydrological responses to severe storms is crucial for 

effective disaster preparedness, risk reduction, and resilient infrastructure development. 

Digital elevation models (DEMs) play a critical role in hydrological modeling by providing 

essential topographic information for simulating runoff and predicting the impacts of extreme 

weather events, with globally available free DEMs providing easy access but can have resolution 

or resolution limitations that reduce model performance. To model extreme events, high-resolution 

commercial DEMs derived from LiDAR data may be needed, but these are prohibitively expensive 

for some areas. Understanding the implications of choosing digital elevation models and the 

possibility of using freely available digital elevation models can greatly benefit disaster planning 

capabilities in Vulnerable AreasHowever, the suitability and accuracy of freely available digital 

elevation models compared to their commercial counterparts have become pressing questions, 

especially in regions such as Algeria, where the complexity and variability of the terrain requires 

accurate hydrological models. 

The main goal of this research is to address these concerns by studying and evaluating a variety of 

freely available digital elevation models for watersheds in Algeria. Selected DEM models include 

MERIT(90M), NASA(30M), SRTM(30M), SRTM(90M), ASTER. GDM2(30M), TANDEM-

X(90M), and ALOS PALSAR (12.5M) . 

The research also aims to contribute to the understanding of how differences in DEM properties 

such as spatial resolution affect the performance of the HEC-HMS hydrological model in 

forecasting severe storm events, which guides policymakers, practitioners and researchers in 

Algeria and the world on the selection and use of digital elevation models in robust hydrological 

modeling. 

The importance of the study also extends beyond the Algerian context to address global challenges 

related to climate change, water resources management, and disaster resilience, as the results of 

this research will inform best practices and recommendations related to hydrological modeling in 

regions facing similar environmental and climate uncertainties, and through a comprehensive 

examination of model characteristics. Digital elevation and its impact on hydrological model 

accuracy. The study contributes to building a basis for sustainable and effective water resource 

management strategies in the face of extreme climate events. 
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1.2. Problem statement: 

A digital elevation model (DEM) is a quantitative representation of a portion of the Earth's surface 

in a computerized format(Burrough and McDonnell, 1998). It is considered an essential spatial 

dataset required for many landscape applications (Schumann & Bates, 2018) and has become an 

integral part of GIS (Tahir & Md Din, 2022). 

 DEMs are a prerequisite for numerous applications (Kim and Kang, 2001) as they serve as vital 

inputs for hydrological models that explain the characteristics of various features, including sub-

basin systems and streams  Bourdin et al., 2012). The significance of digital elevation model inputs 

in hydrological models is paramount as they represent the geological aspects of catchment areas 

(Tran, 2023). Combining advanced strategies with high resolution satellite images of watershed 

geology, Itôs provide an accurate representation of the terrain, thus facilitating the capture of 

landscape characteristics (Tahir and Md Din, 2022).  

Consequently, specific DEMs that offer an excellent representation of the landscape are of 

fundamental importance as a starting point for further analysis, particularly for geomorphologists 

(Forkuor, 2012). DEMs have enhanced the  accuracy of most hydrological models (Tan et al., 2015) 

and are also utilized in mapping underwater geological boundaries and calculating inundation 

depths (Hydrological Construction Center, 2010a). As digital information models are widely used 

globally, it is essential to consider their accuracy and consistency and to account for potential errors 

that may affect the results (Wechsler, 2003). Since basic elevation data in the form of field surveys 

or stereographs is not always readily available (Walker & Willgoose, 1999), accurate topographic 

information may be limited or expensive (Wang, et all, 2012). Consequently most users rely on 

DEMs provided by government organizations, such as spaceborne imagery like ASTER GDEM 

and radar based geometries like SRTM (Wang, 2012), without thorough accuracy testing. These 

models are inevitably subject to errors (Varga, 2014), primarily due to the technology employed 

and the post-processing steps they undergo. Therefore, it is crucial to measure and communicate 

errors to provide users with accurate DEM data (Ben, 2012). Most operators resort to advanced 

elevation models that are comprehensively portable and openly downloadable over the Internet, 

such as space-based warm outflows, global elevation inversions (ASTER GDEM) and radar carrier 

geology (SRTM), without testing their accuracy.Various factors contribute to these errors, 

including radar imaging of geological structures, which may not resolve discrepancies in complex 

terrains (Gallien et al., 2011). Input data quality can also significantly influence numerical models, 

both positively and negatively, considering factors such as data sources, accuracy, data assembly 

methods, and calibration strategies (Gonga-Saholiariliva et al).  

A higher specification of DEM data will yield more accurate simulation results (Omer et al., 2003). 

Few studies have examined the impact of relative elevation determination in distributed DEMs on 

hydrological modeling or geomorphological parameters used in hydrology (Jeffrey, 2013). To date, 

there are limited methods developed to assess the accuracy of DEMs using remote sensing data 

(Ryan, 2016). Given the importance of DEM data, it is essential to evaluate their reliability, making 

it a fundamental topic for hydrological applications (Uuemaa et al., 2020). 
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1.3: THE OBJECTIVES: 

× Main Objective: 

The main objective of this study is to investigate and evaluate a different set of freely available 

Digital Elevation Models and their suitability and accuracy in predicting severe extreme weather 

storm events and their impact on the performance of the hydrological model thus enhancing our 

understanding of how differences in DEM properties affect, such as Accuracy, precision, and 

provenance, ensure the accuracy and reliability of hydrological model simulations during extreme 

weather conditions and thus improve our ability to predict and respond to the hydrological impacts 

of extreme weather storms. 

ü Specific Objectives: 

1.Evaluating the effect of the different spatial resolution of the DEMS under study on hydrological 

simulations and the accuracy of the hydrological model in predicting storm runoff volumes and 

determining the optimal accuracy for different hydrological processes. 

2.Evaluate the effects of DEMS-derived parameters on distributed hydrological model runoff 

predictions of severe storms and improve the accuracy of hydrological model predictions of severe 

storm events. 

3. Identify DEMS  characteristics and hydrological model mechanisms responsible for the greatest 

uncertainty/errors in forecasts of severe storm impacts using sensitivity analysis. 

4.Determining the optimal resolution of the DEMs model in hydrological model storm forecasts. 

6.Summarize the results and provide recommendations and best practices for selecting and using 

DAMs for researchers, practitioners and policymakers. 
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1.4: RESEARCH QUESTIONS AND THE HYPOTHESIS: 

¶ Research Questions : 

1.How do the different resolutions of the freely available DEMS under study (90 m to 12.5 m) 

affect the HEC-HMS hydrological model's prediction accuracy of storm runoff volumes ? 

2.How does the choice of DEM resolution affect the accuracy and reliability of hydrological model 

(HEC) predictions during severe storms? 

3.What are the effects of DEM-derived terrain parameters on HEC-HMS prediction uncertainties 

during severe storm events? 

4.What are the main characteristics of DEM that contribute to uncertainty and errors in HEC-HMS 

forecasting of severe storm impacts? 

5.Can freely available Global Digital Elevation Models provide adequate and reliable 

representations of complex terrain hydrological predictions of severe storms? 

6.How sensitive are the hydrological model outputs of various freely available global DEM 

sources, such as MERIT, NASA, SRTM, ASTER GDM2, TANDEM-X and ALOS PALSAR? 

7.Does DEM source significantly affect hydrological model errors in predicting peak discharge 

during severe storms? 

8.What is the optimal spatial resolution of DEM data for various hydrological processes in the 

study area and what is the minimum requirement for digital elevation models to produce accurate 

hydrological model predictions of severe storm impacts? 

¶ Working Hypothesis : 

1. Assuming that a higher resolution DEMS will improve the accuracy of the hydrological model 

to predict runoff volumes and peak discharges during severe storms for the study area. 

2.Assuming that one or more of the free DEMs converge in showing low prediction errors in the 

hydrological model . 

4.Assuming that the uncertainty of the free DEMS stabilizes at a DEM resolution between 12.5 

and 30 metres . 

5.Assumed that there is an ideal accuracy of DEMs that significantly improves the accuracy and 

reliability of hydrological model predictions during severe storms. 
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1.5. Significance and Rationale: 

The importance of this study lies in that with the increasing frequency and intensity of extreme 

weather events, especially severe storms, affecting different regions around the world, there has 

become an urgent need to accurately predict hydrological responses to these events, which is 

extremely important for effective disaster management and infrastructure planning, where this 

research is based. By evaluating various Digital Elevation Models freely available for the study 

area in predicting the effects of severe storms using the HEC-HMS hydrological model, as 

understanding the limitations of the DEM can reduce uncertainties and thus the accuracy of 

predictions, the research results will also guide the selection of models Ideal digital elevation for 

improving the reliability of hydrological forecasting for disaster planning/mitigation.The rationale 

for the study is based on the diverse resolutions and characteristics of available free DEMs, raising 

questions about their suitability for hydrological modeling during extreme climate events. By 

exploring these questions, the study can contribute valuable insights to the scientific community, 

practitioners, policy makers involved in hydrological modeling and risk assessment, and 

practitioners in the field of climate change, the results will also enhance our understanding of the 

impact of DEM characteristics on hydrological model performance, guide the selection of ideal 

DEM models and improve the accuracy of severe storm predictions, which ultimately leads us to 

determine whether freely available Global Digital Elevation Models can provide the necessary 

accuracy for modeling severe storm. 

1.6. Study Suitability  : 

The research evaluates various freely accessible digital elevation models (DEMs) to assess their 

accuracy and reliability in predicting the impacts of severe storms, and promises to contribute 

significantly to various critical areas of disaster preparedness and risk reduction. As the frequency 

and intensity of extreme weather events increases, it is essential to understand their impacts. 

Hydrology for effective disaster management. The study focuses on improving predictions of 

storm runoff volumes and peak discharge, which are key factors in formulating and implementing 

effective mitigation strategies. Choosing appropriate digital elevation models can significantly 

improve the accuracy of hydrological models. The research identifies the best digital data models 

that provide reliable data without the high costs associated with premium commercial products, 

supporting sustainable practices in resource-limited regions such as Algeria. 

By prioritizing freely available digital models, the study addresses the needs of under-resourced 

regions. It explores how these models can provide necessary accurate hydrological models for 

regions that cannot afford expensive, high-resolution digital elevation models, and the results will 

help policymakers, practitioners, and researchers in selecting and using digital elevation models 

for hydrological modeling. This support is crucial to building infrastructure that can effectively 

withstand and adapt to climate impacts, and by investigating how DEM model characteristics such 

as spatial resolution and parameters such as slope and flow direction affect model accuracy, the 

study adds to our scientific understanding of hydrological simulations. This knowledge is key to 

enhancing hydrological models and their predictive capabilities. 
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Although the study focuses on Algeria, its insights are globally applicable, especially in regions 

facing similar challenges with extreme weather and complex terrain. These insights can help other 

regions improve hydrological modeling and disaster response strategies. 

This study is well equipped to address local and global challenges associated with climate change, 

water resource management, and disaster resilience. By assessing the capabilities and limitations 

of various weather-climate models, it provides important data that can guide future research and 

influence policy decisions, ultimately improving our ability to predict and mitigate the 

hydrological impacts of extreme weather events.  

1.7. Scope and Limits within Previous Studies : 

The scope focuses in particular on publicly available global digital elevation models. Limitations 

are likely to include the availability of calibration data for watersheds in the study area to evaluate 

model outputs where assumptions make sufficiently accurate calibration data. 

While previous studies have explored the impact of DEM properties on hydrological modelling, 

the scope of this study was extended by evaluating a variety of freely available DEM models and 

comparing them together. The HEC-HMS hydrological model integration adds a practical 

dimension to the investigation in line with current needs for water resource management and 

disaster preparedness.  

1.8. Relevance of the study : 

This study is of utmost local and global importance because it evaluates global Digital Elevation 

Models (DEMs) in hydrological modeling of watersheds in Algeria, which impacts hydrology, 

environmental science, engineering, disaster management, and policy development. 

Understanding these processes enhances the effective management and protection of the 

environment and natural resources, and is one of the main points that The following highlights its 

importance: - Algeria is exposed to changes in rainfall patterns as a result of climate change, in 

addition to various weather phenomena and changing hydrological systems. Understanding the 

importance of the performance and impact of the accuracy of various digital elevation models in 

hydrological modeling in the study area is important for building hydrological resilience and 

adaptation to climate change. 

The research can provide empirical evidence to guide policies related to environmental protection 

and disaster risk reduction at the local and national levels in Algeria. In addition, the study's 

recommendations on the selection and use of the digital application model can guide policy 

formulation in other areas. 

Global applicability While the study focuses on specific watersheds in Algeria, its findings will be 

of interest to researchers and practitioners globally, as many regions around the world face similar 

challenges related to hydrological modeling and water resource management, and the study's 

insights could guide best practices outside of Algeria as well. 
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Chapter two: Concept and literature review 

2.1. Extreme climate storms: 

2.1.1 : General overview and the definition :  

The concept of "extreme weather events" encompasses a broad range of severe and intense 

meteorological phenomena, which have significant and far-reaching impacts on the environment, 

economy, and society. Consequently, these events have emerged as a critical area of study within 

climate change research. This trend, intensified by global warming, is evidenced by a notable surge 

in both the frequency and severity of hurricanes and tropical cyclones, as detailed by Trenberth 

and colleagues in 2018.  

Anthropogenic activities are the primary contributors to climate change, primarily through the 

emission of greenhouse gases. The Intergovernmental Panel on Climate Change (IPCC) in its 2021 

report, affirmed that human actions since the mid-20th century have been the predominant driver 

of observed global warming, significantly influencing storm patterns. Furthermore, research by 

Knutson and his team in 2020 has highlighted the impact of human-induced climate changes in 

enhancing the energy of tropical cyclones, showcasing the direct link between increased sea 

surface temperatures, elevated greenhouse gas levels, and the heightened formation of extreme 

weather storms. 

Addressing this intricate issue requires immediate and multi-faceted responses, employing cutting-

edge and precise methods to monitor and analyze these phenomena. Such approaches are vital for 

informing policy decisions and implementing practical measures to mitigate the adverse effects of 

climate change on extreme weather events. These include, but are not limited to, hurricanes, 

tornadoes, torrential rains leading to floods, severe droughts, and other climatic anomalies that are 

becoming more prevalent and vigorous due to the warming of the Earth's atmosphere and oceans, 

as reported by Seneviratne and associates in 2012 

 

Fig1:  Extreme Climate and Weather Events 
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2.1.2 : the types of Extreme climate storms :  

Severe weather storms, notable for their profound influence on both the environment and human 

society, are directly linked to the consequences of climate change. These can be categorized based 

on their characteristics and impacts into three main types: Meteorological Extremes, Cryospheric 

Extremes, and Hydrological Extremes-the latter being the primary focus of this study-, as 

highlighted by Seneviratne and colleagues in 2012. 

 

Fig2:The Types Of Extreme Climate Storms 

A) Meteorological Extremes : 

ü This category is recognized as one of the various types of extreme climate storms, which wield 

significant repercussions on both the environment and human communities. The table below 

encapsulates its diverse types, elucidating their key features and potential effects. (NOAA, 

2021) 
N Name Characteristics Impacts 

1 

Tropical Cyclones 

(Including 

Hurricanes and 

Typhoons) 

powerful storm systems with a low-pressure center, 

surrounded by strong winds and heavy rain. They form 

over warm ocean waters. Depending on their location, 

they are known as hurricanes (Atlantic and Northeastern 

Pacific Oceans), typhoons (Northwestern Pacific 

Ocean), or cyclones (South Pacific and Indian Oceans). 
(NOAA, 2021 ) 

These storms can cause widespread 

devastation when they make 

landfall, including storm surges, 

flooding, and significant wind 

damage 

2 Tornadoes 

rapidly rotating columns of air that reach from a 

thunderstorm to the ground. They are known for their 

high wind speeds and potential for massive destruction 

over localized areas. (NOAA, 2021 ) 

The destruction of structures, 

displacement of communities, and 

potential loss of life. 

3 
Severe 

Thunderstorms 

can produce heavy rain, hail, lightning, and strong 

winds. They can also trigger secondary weather events 

such as flash flooding and landfalls. (AMS, 2012 ) 

Damage to infrastructure and 

agriculture, disruptions to power 

supplies, and potential for 

landslides. 

4 Droughts 
represent long periods of below-average rainfall, 

leading to severe water shortages. (Perkins, 2015) 

Affect agriculture, water supplies, 

and ecosystems, with increased 

frequency and severity potentially 

exacerbated by climate change. 
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5 Heat Waves 

Extended periods of excessively high temperatures, 

sometimes accompanied by high humidity, particularly 

affecting areas with an oceanic climate. (Perkins, 2015) 

Health risks, especially for 

vulnerable populations, pressure on 

electricity grids and water supplies. 

6 Atmospheric Rivers 

Narrow regions in the atmosphere that transport 

significant amounts of water vapor. When making 

landfall, they can bring substantial rainfall. (Hawcroft et 
al., 2012). 

-Major flooding and significant 

challenges to water resources. 

7 Dust Storms 

Caused by strong winds lifting large amounts of dust 

and sand from the ground, particularly affecting arid and 

semi-arid regions. (Perkins, 2015) 

Reduced air quality and visibility, 

respiratory health issues. 

Table 1: Types Of the Meteorological Extremes 

A) Cryospheric Extremes : 

It describes the severe conditions prevalent in the Earth's cryosphere, encompassing all regions 

where water is present in solid form, such as snow, ice caps, glaciers, ice sheets, sea ice, and 

permafrost. Examples include: 

1. Blizzards: Intense snowstorms accompanied by continuous strong winds of at least 35 mph, 

enduring for an extended duration, usually three hours or more. 

2. Ice Storms: Identified by freezing rain, wherein raindrops freeze upon contacting surfaces, 

forming an ice layer on all objects. 

B) Hydrological extremes : (The study will address this type in some details) 

Extreme hydrological events encapsulate phenomena that significantly influence water availability 

and distribution, such as floods and droughts. These events represent marked departures from an 

area's usual hydrological conditions, leading to exceptional water-related incidents characterized 

by both surpluses and shortages. Climate change often exacerbates these conditions. 

A profound connection exists between extreme hydrological and weather phenomena, particularly 

with floods often resulting from hurricanes, which can trigger storm surges and intense rainfall, 

leading to both coastal and inland flooding. The impact of these storms on hydrology goes beyond 

immediate water excess to encompass long-term issues in water management, soil erosion, and the 

destruction of habitats. 

Studies within climate change research have also indicated that global warming intensifies the 

water cycle, increasing the occurrence of extreme rainfall events and, conversely, severe droughts 

in various regions (Trenberth, 2011). This highlights the necessity for a holistic approach to 

weather forecasting, disaster readiness, and climate change countermeasures, which present 

substantial challenges globally, impacting millions and inflicting significant economic damages. 

This includes: 
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1. Floods: 

- Floods, natural occurrences where water inundates normally dry land, can result from various 

causes, including intense rainfall, storms, melting snow and ice, or dam failures. The severity and 

frequency of these incidents are on the rise due to climate change and human actions, such as 

deforestation and flawed urban development, raising alarms. Floods can be categorized into 

several types, as identified by the IPCC in 2021. 

2. General floods: 

- These result from widespread area submersion due to prolonged heavy rainfall or significant 

snow and ice melt. 

3. Flash floods: 

- Characterized by swift and severe water flow, usually due to intense rainfall over a short duration, 

flash floods are particularly perilous due to their abrupt onset. 

4. Glacial Lake Outburst Floods (GLOFs): 

- Occur with the sudden release of glacial lake water, often from melting or the collapse of glaciers, 

causing devastating floods. 

5. Storm surges: 

- Abnormally high sea levels caused by storms, surpassing the expected astronomical tide, can 

cause extensive coastal flooding. 

The risks associated with these flood types include loss of life, infrastructure destruction, long-

term environmental harm, and adverse effects on agriculture and human settlements. The 2013 

Uttarakhand flash floods in India exemplify the disastrous consequences of such events, 

emphasizing the critical need for effective planning and risk mitigation to minimize their impact. 

  

ü Fig3:The Hydrological Extremes (Floods) 
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2.1.3: Impacts of Extreme climate storms : 

2.1.3.1: Global Impacts of Extreme climate storms:  

Extreme climate events, encompassing storms, floods, and droughts, exert profound and diverse 

impacts across the globe. Annually, these occurrences lead to substantial economic, environmental, 

and human losses. A comprehensive summary of their effects is provided below (WMO, 2022): 

1. Storms: 

Economic and Infrastructure Damage: Annually, extreme storms are responsible for billions of 

dollars in economic losses globally. In the year 2022, floods, as a consequence of such storms, 

affected more than 33 million people worldwide. The extent of the damage encompasses severe 

wind damage to both infrastructure and residential buildings, alongside significant interruptions to 

essential services, including electricity, water supply, and transport systems. (WMO, 2019) 

Human Impact: These catastrophic events are the cause of thousands of deaths annually and lead 

to massive displacement of communities. The severity is further compounded by coastal flooding 

and erosion resulting from storm surges. (Klowa & Ulbrich, 2010) 

Economic Sectors: The financial repercussions of these events span multiple economic sectors, 

causing extensive losses in agriculture, tourism, and the insurance industry. (Forzieri et al., 2018). 

2. Hydrological Extremes: 

Economic Losses: In 2022, the global economic toll from floods surpassed $90 billion. Conversely, 

droughts significantly undermine agricultural output and food security, underscoring the economic 

susceptibility to these phenomena. (Gould et al., 2018) 

Loss of Life and Displacement: Annually, flood-induced fatalities average over 5,000 worldwide. 

By 2030, drought conditions could jeopardize the displacement of up to 700 million individuals. 

(Rummukainen et al., 2022; Hari et al., 2020) 

Environmental and Health Impacts: Floods and droughts inflict substantial harm on both 

freshwater and land ecosystems, posing a threat to biodiversity. Additionally, they result in the 

demolition of residential areas, roadways, utilities, and essential infrastructure. Health 

ramifications include the proliferation of waterborne diseases following floods, along with the 

erosion of food/nutrition security and sanitary conditions due to droughts. (CRED, 2021; UN, 2018; 

WFP, 2022). 
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2.1.3.2: Impacts of Extreme climate storms in Africa: 

Africa's heightened vulnerability to extreme weather conditions, such as storms, floods, and 

droughts, is exacerbated by rapid urban development, poverty, and a general lack of disaster 

readiness, particularly in coastal zones, affecting millions across the continent. 

1)Storms and Their Consequences: 

a. Flooding: Events like Cyclones Idai and Kenneth in 2019 inflicted extensive destruction in 

Mozambique, emphasizing the drastic effects of storm-driven flooding (Parker et al., 2020). 

b.Storm Surge Flooding: Significant urban areas, including Lagos and Alexandria, are at risk of 

storm surge floods, posing substantial risks to urban infrastructure and population centers 

(Terchunian et al., 2019). 

c.Widespread Damage: High winds are responsible for fatalities, major infrastructure damage, and 

significant agricultural losses, thereby aggravating food security concerns (Opoku et al., 2021). 

d.Public Health Crises: Disruptions to water and sanitation infrastructure during storms contribute 

to public health crises by facilitating the spread of diseases (Crutzen et al., 2017). 

e. Displacement: Storms lead to internal displacement and regional migration, severely disrupting 

communities (IOM, 2015). 

 

Fig4: Impacts of Extreme climate storms in Africa 

ü Droughts and Flooding : 

a. Food Insecurity: The severe drought that struck East Africa in 2011 had a profound effect on 

food security, plunging over 13 million individuals into crisis and leading to famine conditions in 

areas like Somalia (OCHA, 2011). 

b. Economic Damages: The floods in Nigeria in 2022 serve as a stark reminder of the economic 

and human toll of such natural disasters, with over 600 lives lost and $9 billion in damages, 

highlighting the significant financial impact of these occurrences (UNCUHA, 2022). 
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c. Agricultural Impact: Drought conditions result in the deterioration of agricultural lands and the 

loss of livestock, thereby increasing the fragility of rural populations (UNEP, 2011). 

d. Urban Vulnerability: Slums in urban areas, especially prone to flooding, experience heightened 

socio-economic challenges as a result of these extreme weather conditions (Douglas et al., 2008). 

e. Conflict and Resource Competition: Droughts and floods disrupt livelihoods and escalate the 

competition over resources, thereby elevating the potential for conflict (UNEP, 2011). 

  

Fig5: Areas In Africa Affected By Drought 

2.1.3.3: Impacts of Extreme climate storms in Algeria : 

Algeria, located in North Africa, confronts considerable environmental hurdles due to hydrological 

extremes, such as droughts and floods. These challenges are intensified by climate change, impacting water 

resources, agricultural productivity, and infrastructure. 

1.Floods in Algeria: 

ü 2001 Algiers Flood:  

A devastating flood hit Algiers, claiming over 700 lives. This tragedy underscored the 

susceptibility of Algerian urban centers to heavy rainfall and spotlighted the deficiencies in the 

country's drainage systems (Gaume et al., 2016). 

ü 2008 Ghardaia Flood: 

This event resulted in more than 30 fatalities, further illustrating the grave outcomes of insufficient 

infrastructure to contend with intense rain and sudden floods (Gaume et al., 2016). 

ü 2011 Heavy Rains:  

The country faced significant rainfall, affecting upwards of 21,000 individuals, indicating the 

persistent flood risk within the area (OCHA, 2011). 

Coastal Erosion and Storm Surges: Coastal regions, notably Oran and Algiers, are vulnerable to 

storm surges and coastal erosion, endangering both development and infrastructure (UNCCD, 

2022). 
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ü Infrastructure and Agriculture Damage: 

 The strong winds and substantial rain linked with these climatic events lead to extensive damage 

to both infrastructure and the agricultural sector (Halwatura et al., 2017). 

  

     Fig6: Flash floods of Bab El Oued (November 10, 2001)                                                 Fig7: Floods in Algiers in 2021                                                                                                                                                   

 

Fig8: Flash Flood Of Wadi Môzab In October 01, 2008 

 

Fig9:Types Of Floods In Algeria 
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Fig10: Map of disastrous floods in Algeria (1965ï2013) 

1.Droughts in Algeria: 

During the early 2000s, a prolonged drought severely affected agriculture, resulting in rural to 

urban migration and highlighting the extensive social and economic repercussions of water 

scarcity (Ouassou et al., 2007). Additionally, cities in northern Algeria experience significant water 

shortages, worsened by their dependence on overstretched water resources like the Mitidja aquifer 

(Zettam et al., 2017). 

 

Fig11: The Impact Of Drought On The Lands Of Algeria 

2.1.3.4.Climate Change Projections: 

Climate change forecasts indicate a rise in the frequency and severity of extreme weather 

phenomena, including both heavy rainfall events and droughts, particularly in Algeria. This trend 

poses additional challenges for disaster risk management and adaptation strategies to climate 

variations (Gaume et al., 2016). The ramifications of hydrological extremes in Algeria are 

substantial, impacting millions of people and exerting pressure on the nation's infrastructure and 

natural assets. As the risks associated with climate change escalate, Algeria, akin to various other 

African nations, must focus on implementing holistic disaster risk reduction and climate resilience 

plans. The recording and projection of such events emphasize the critical need for immediate 

actions to diminish the negative impacts of climate change on hydrological extremes. 
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2.1.3.5.The Importance of Studying Hydrological Extremes in the Context of 

Climate Change:  

Hydrological extremes, such as floods and droughts, stand as some of the most prevalent and 

catastrophic natural calamities worldwide. According to the Intergovernmental Panel on Climate 

Change (IPCC, 2007), there's an anticipated rise in the probability of these events, although their 

specific geographic impact remains uncertain. The increased risk of more severe hydrological 

extremes, driven by changes in land use, urban development, and climatic shifts, highlights the 

essential need for robust management strategies to reduce their societal and economic 

repercussions. 

1)Socio-Economic and Environmental Impacts: 

On a global scale, floods and droughts play a crucial role in causing significant social and 

economic damage, frequently leading to loss of life and prolonged effects spanning months or 

years. For example, in the United States, the economic losses resulting from these disasters 

between 1980 and 2000 reached an estimated US$260 billion, with considerable human costs, 

including 1040 deaths and 3068 injuries. Worldwide, the yearly financial impact of floods 

surpasses US$20 billion, a figure that increases twofold when taking into account the indirect 

consequences, especially those related to health (IPCC, 2007) 

 

Fig12: Climate-related Economic Losses By Type Of Event 

In 2020, the total climate-related economic losses were ú12 billion. The highest total loss was 

recorded in 2017 (ú27.9 billion), more than double that in 2020, as a result of the heatwaves 

registered in Europe that dried the land and caused wildfire conditions. The lowest total loss was 

observed in 2012 (ú3.7 billion).  

1)Necessity for Enhanced Understanding and Management: 

Enhancing risk management and disaster preparedness hinges on a thorough grasp and the ability 

to predict hydrological extremes. Such knowledge is essential for the creation of early warning 

systems, flood defense mechanisms, and drought management strategies, all vital for protecting 

lives, assets, and economic stability (Milly et al., 2002; Hall et al., 2014). Moreover, with the 

anticipated increase in global water demand, the study of hydrological extremes becomes critical 

for the sustainable management of water resources. This requires careful planning and the strategic 
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allocation of water to fulfill domestic, agricultural, and industrial requirements, even under 

conditions of scarcity or surplus (Vºrºsmarty et al., 2000; Wheater & Gober, 2015). 

2) Climate Change Adaptation: 
As climate change exacerbates hydrological extremes, research into these phenomena is crucial 

for adaptation initiatives. This investigation enhances predictive models and informs adaptation 

strategies, including modifications in agriculture, strengthening infrastructure, and developing 

policies for water utilization and ecosystem conservation (IPCC, 2014). 

3)Ecosystem Conservation: 

Hydrological extremes have a profound impact on ecosystem dynamics, biodiversity, and 

productivity. Grasping the ecological effects of floods and droughts is pivotal for conservation 

initiatives aimed at safeguarding species and preserving ecological equilibrium (Junk et al., 

1989; Lake, 2003). 

4)Socio-Economic Development: 

Hydrological extremes affect agricultural output, energy production, and economic growth. 

Research in this domain facilitates the creation of robust agricultural frameworks, enhances 

hydroelectric power efficiency, and informs urban development for resilience against and recovery 

from such extremes (Kundzewicz et al., 2007). The significance of investigating hydrological 

extremes has underscored the necessity for hydrological modeling. These models are indispensable 

for replicating water behavior in environments under extreme conditions, like floods and droughts, 

aiding scientists, engineers, and policymakers in foreseeing the impacts of extreme hydrological 

events and formulating strategies to mitigate their adverse effects on society and the environment. 

2.2.Overview About Hydrology:  

2.2.1:The definition of hydrology: 
Hydrology, a critical discipline concerning Earth's water, delves into its occurrence, movement, 

and distribution, alongside its chemical and physical characteristics. It examines the interactions 

between water and its environment, including its association with living entities (Ray 1975). 

Furthermore, hydrology investigates how water interacts with the environment throughout 

different phases of the hydrological cycle. The swift alterations induced by urbanization, 

industrialization, deforestation, changes in land use and irrigation practices have precipitated 

various modifications in hydrological systems. Aggravated by climate change, there's an urgent 

need for an in-depth examination of hydrological phenomena and the hydrological cycle to grasp 

these alterations (ICWRCOE 2015). 

Key processes in the hydrological cycle, such as precipitation, infiltration, runoff, evaporation, and 

transpiration, are central to understanding hydrology. Hydrological modeling is essential for 

elucidating the connections among these processes and the cycle's components. In particular, 

stormwater runoff modeling is a method employed to generate a streamflow graph resulting from 

surplus rainfall over a watershed area. This modeling approach considers several hydrological 
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processes, including precipitation, evapotranspiration, groundwater flow, and interflow, shedding 

light on the intricate dynamics of hydrological systems (Godara, N., & Bruland, O). 

 
Fig13: The Hydrological Cycle 

2.2.2: History of hydrology : 

2.3.2.1: Historical beginnings and theoretical foundations : 

The inception of hydrological modeling dates back to the 1850s, marked by significant 

contributions from figures such as Mulvaney (1850) and D'Arcy (1856). Mulvaney is renowned 

for devising methods to compute concentration time and peak discharge using the rational method, 

a fundamental technique still employed in urban drainage planning. Concurrently, Darcy 

conducted groundbreaking experiments on water flow through sand, culminating in the 

establishment of Darcy's Law. This principle has become a cornerstone of quantitative 

groundwater hydrology and has indirectly facilitated the development of Fick's First Law, which 

posits that, under steady-state conditions, the diffusive flux is directly proportional to the 

concentration gradient. These pioneering efforts constitute the foundational pillars of water quality 

hydrology (Singh, V. P., 2018). 

2.3.2.2: Developments in evapotranspiration and hydrological cycle modelling: 

In 1802, Dalton introduced the law of evaporation, positing that evaporation rate is directly 

proportional to the difference between the saturated vapor pressure at the water's surface and the 

actual vapor pressure in the air. This principle established the foundational physics of 

evapotranspiration and facilitated over a century of advancements in hydrologic cycle modeling. 

Progress until the 1960s was propelled by mathematical physics alongside experimental 

investigations in both laboratory and field settings. The publication of "The Handbook of Applied 

Hydrology" by Chow in 1964, followed by comprehensive works from Maidment in 1993 and 

Hirschi and Fairbridge in 1998, offered detailed summaries of hydrological advancements up to 

those times (Singh, V. P., 2018). 
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2.2.2.3: Technological revolution and hydrological modelling: 

The 1960s' computer revolution signified a significant advancement in hydrological modeling, 

inaugurating the era of digital and statistical or stochastic hydrology to meet the demands for 

analyzing extensive data sets. Key advancements included the simulation of the entire hydrological 

cycle, as demonstrated by the development of the Stanford watershed model by Crawford and 

Linsley (1966), and the global dissemination of watershed models. Optimization techniques have 

since evolved, facilitating improved reservoir management, river basin modeling, and the 

calibration of hydrological models. Progress in digital mathematics has made possible the 2D and 

3D modeling of groundwater, seepage, and soil water flow, significantly enriching the field of 

hydrological study (Singh, V. P., 2018). 

2.3.2.4:Integration with supporting sciences and future directions: 

The merging of hydrology with related disciplines like climatology, geomorphology, hydraulics, 

soil physics, and geology has expanded its domain, enabling thorough analyses of water flow, 

sediment and pollutant transportation, and the geometric characteristics of river basins. The 

incorporation of environmental hydrology and a focus on climate change and global warming have 

heightened hydrology's significance. The past two decades have seen the advent of artificial neural 

networks, fuzzy logic, genetic programming, and wavelet models, as well as the application of 

concepts such as entropy, copula, chaos, and network theories, indicating a future where these 

ideas will play a pivotal role in hydrological modeling (Singh, V. P., 2018). 

From its inception in the 1850s to today, hydrological modeling has undergone swift advancements, 

propelled by computing technology, advanced instrumentation, and the integration of remote 

sensing and geographic information systems (GIS). The growing amalgamation of hydrology with 

other scientific fields, combined with the challenges posed by global warming, climate change, 

and the critical nexus of water, food, and energy security, highlights the essential function of 

hydrology. The field's receptiveness to innovations in mathematics, statistics, and science reflects 

its dynamic and continuously evolving nature (Singh, V. P., 2018). 

2.3: Hydrological models: 

2.3.1:Overview 
Hydrologists focus on analyzing catchment responses to design and manage a range of water-

related projects, with the ongoing movement of water from the Earth to the atmosphere at the core 

of their studies. This movement, delineated by the stages of the "Hydrologic Cycle," forms the 

basis of hydrological science. The unpredictable and varied nature of hydrological processes, along 

with their differences across various regions and times, poses a significant challenge to 

comprehensively understanding and forecasting their behavior. As a result, hydrological modeling 

has become a crucial component of hydrological research to tackle and mitigate a variety of water-

related problems. 

Since the late 19th century, the use of rainfall-runoff modeling has effectively addressed many 

engineering problems, such as assessing water supply, designing reservoir capacities and spillways, 
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managing urban stormwater, reclaiming farmlands, developing drainage systems, preventing 

floods and forecasting them, and studying the impacts of climate change. Currently, there is a wide 

range of both conceptual and physical rainfall-runoff models available. These models, which 

integrate different hydrological processes, are indispensable for simulating the rainfall-runoff 

relationship and flood planning, thus playing a key role in water and environmental resource 

management. 

Models grounded in established hydrological processes are crucial for fulfilling the objectives of 

integrated water resource management, project planning, and execution. These models are vital 

during the planning phase for predicting water levels or flow rates and for creating flood risk and 

hazard maps based on design scenarios rather than actual runoff data. It is essential that the selected 

model accurately represents the terrain's hydro-morphological features and the hydrological scale 

of the project. In the operational phase, models are key for establishing operational policies, such 

as reservoir management guidelines. Additionally, real-time hydrological forecasting models are 

essential for the strategic management and effective control of various water resource projects. 

The expected consequences of global climate change include higher temperatures, altered 

precipitation patterns and intensities, and an increase in extreme weather events, like heavy rainfall, 

intense storms, severe floods, landslides, and soil erosion. These shifts pose significant risks to 

human safety and economic well-being, damage infrastructure and the agricultural sector, and 

amplify health and environmental concerns. Effectively addressing these challenges demands a 

thorough understanding of the hydrological system and the ability to predict adverse hydrological 

events. This calls for the immediate enhancement of hydrology research through cutting-edge 

computational methods, database management systems, and the latest in hydrological modeling 

technologies. Advances in geo-informatics have expanded the use of hydrological modeling tools 

for analyzing and modeling natural phenomena, employing novel approaches such as Geographic 

Information System (GIS) and Remote Sensing (RS) to improve the precision and flexibility of 

predictions. 

2.3.2: Definition of hydrological models: 
Hydrological modeling serves as an essential tool in the study and management of water resources, 

bridging the gap between hydrology's theoretical concepts and their practical implementation in 

environmental and resource management. Fundamentally, it distills complex real-world 

hydrological systems into simplified, more manageable models, facilitating the prediction and 

analysis of water dynamics throughout the hydrological cycle (ICWRCOE, 2015). 

2.3.3:Core Principles and Aims of Hydrological Modeling: 
As outlined by Sorooshian et al. (2008), the process of hydrological modeling entails the 

development of simplified representations of intricate hydrological systems. The objective is to 

create models that mirror reality with minimal complexity and a limited number of parameters, 

primarily to predict system behavior and deepen our understanding of hydrological phenomena. 

These models incorporate parameters that characterize the features of the hydrological system 
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being modeled, including watershed characteristics, soil properties, vegetation types, 

topographical data, soil moisture content, and groundwater aquifer attributes. Hydrological models 

hold significant value in the management of water and environmental resources, providing 

essential insights for effective planning and management (ICWRCOE, 2015). 

 
Fig14: IȅŘǊƻƭƻƎƛŎ aƻŘŜƭ {ȅǎǘŜƳ 

2.3.4:Utility in Flood Forecasting : 
Within the sphere of flood simulation, the utility of hydrological models is evident across a 

spectrum of applications, categorized into two principal types: lumped and distributed models. 

Lumped models treat the catchment area as a unified whole, summarizing hydrological processes 

across the entire catchment, which may result in a loss of accuracy due to overlooking the spatial 

variations in hydrological parameters. Conversely, distributed models partition the catchment into 

various hydrological response units, each representing distinct surface conditions. This 

methodology enables more accurate and detailed simulations of hydrological processes, making 

distributed models like TOPMODEL, HEC-HMS, and SWAT invaluable for comprehensive flood 

risk assessment and management strategies (Yu, X., & Zhang, J., 2023). 

2.3.5:Importance in Planning and Resource Management: 
Hydrological modeling has become an indispensable instrument for addressing various challenges 

and supporting decision-making in water resource management. This encompasses designing 

water supply systems, creating flood maps, and assessing hydropower facilities. Despite their 

widespread application, there's a noticeable absence of a structured review and categorization of 

these methodologies that would provide a comprehensive guide for selecting the most appropriate 

techniques (Moges et al., 2021). 

These models find application across diverse sectors, including hydropower, public safety, 

agriculture, and environmental monitoring. Their versatility is evident from analyses ranging from 

small lysimeter experiments to large-scale evaluations, such as the Baltic Sea drainage basin, 

showcasing their scalability (Hasan and Elshamy, 2011). Particularly in Nordic regions, 

hydrological models play a critical role in flood prediction, spillway design flood simulations, and 

water resource assessments, underscoring their importance in local hydrological studies (Hasan 

and Elshamy, 2011). 

A significant hurdle in hydrology is the accurate prediction of catchment runoff responses to 

rainfall, with numerous studies investigating the impact of urbanization on watershed hydrology. 
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Decision support systems incorporating hydrological models facilitate effective watershed 

management, promoting sustainable land and water resource usage, and advancing efficient 

ecosystem and watershed governance (Shaikh, Yadav, and Yadav, 2018). 

By forecasting watershed reactions to various management practices, hydrological models enhance 

our understanding of the consequences of such actions, providing invaluable insights for mitigating 

the societal impacts of hydrological extremes. This requires grasping the processes leading to these 

events, despite the inherent uncertainties of hydrological modeling (Van Kempen, van der Wiel, 

and Melsen, 2020). 

Frequency analysis is often employed in the study of hydrological extremes to identify runoff 

levels for certain return periods, utilizing statistical models and distributions like the Generalised 

Extreme Value (GEV) to inform decision-making processes (Van Kempen, van der Wiel, and 

Melsen, 2020). 

Hydrological models rely on a range of input data, such as precipitation, temperature, discharge, 

and land use information, to produce outputs like groundwater outflow and sediment yield. These 

outputs are vital for assessing the impacts of climate change, urbanization, and addressing 

hydrological challenges like erosion and flood forecasting. The significance of these models is 

underscored by projections of increased flood-related damages by 2050 and 2080, emphasizing 

the need for robust hydrological governance (Godara, N., & Bruland, O.). 

Joseph Weizenbaum (1976) posited that the essence of modeling is not to perfectly mirror reality 

but to capture its critical aspects for understanding certain structures or behaviors. This perspective 

emphasizes the selective nature of modeling, guided by the objectives and intentions of the modeler, 

illustrating the subjective yet purposeful aspect of hydrological modeling. 

The impact of hydrological modeling on water resource planning and management cannot be 

overstated. By predicting basin responses to precipitation, these models offer essential data for 

water resource distribution, infrastructure development, and environmental conservation. 

Predicting runoff and other hydrological parameters enables the formulation of strategies to 

counter floods, droughts, and other water-related issues, highlighting the necessity for precise and 

reliable models in achieving sustainable water management (Dutta & Sarma, 2020; Kadam, 2011; 

Shaikh, Yadav, and Yadav, 2018). 

2.3.6:Types of hydrological models: 

2.3.6.1: overview of the types: 

Rainfall-runoff models play an essential role in hydrological research by enabling analyses that 

leverage inputs, parameters, and the principles of physics. These models are divided into lumped 

and distributed categories, reflecting their approach to managing variations in spatial and temporal 

parameters. Additionally, they are classified as deterministic or stochastic based on output 

predictability. Deterministic models deliver uniform results for identical inputs, while stochastic 

models incorporate randomness, leading to variable outcomes for the same inputs. Moradkhani 

and Sorooshian (2008) point out that lumped models view a river basin as a cohesive whole, 

neglecting spatial variability and thus producing outputs without spatial resolution. Conversely, 
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distributed models segment the catchment into smaller, distinct entities, allowing for predictions 

that account for the diversity in parameters, inputs, and outputs within those sectors. Furthermore, 

models are categorized as either static or dynamic in their handling of time; static models exclude 

temporal aspects, whereas dynamic models integrate them. Sorooshian et al. (2008) also 

distinguish between event-based models, designed to generate outputs for particular occurrences, 

and continuous models, which yield ongoing outputs through time. 

 
Table 2: Characteristics of Three Hydrological Models 

1. Empirical models: 

Also known as data-driven models, depend entirely on historical observations, utilizing 

mathematical formulas that correlate input and output time series without accounting for the 

intrinsic properties and mechanisms of the hydrological system. Limited by the scope of their 

datasets, these models operate within the confines of the data available, with the unit hydrograph 

exemplifying this model type. Within the field of hydroinformatics, statistical and machine 

learning approaches such as artificial neural networks and fuzzy regression are applied to define 

the functional dependencies between inputs and outputs (ICWRCOE 2015). 

2. Conceptual models : 

 Abstract hydrological processes into a series of interconnected reservoirs that symbolize the 

catchment's physical attributes. Employing semi-empirical formulas, these models derive their 

parameters from a combination of field data and calibration techniques. Despite their intricacy 

and the substantial dataset required for their calibration, conceptual models, like the Stanford 

Watershed Model introduced by Crawford and Linsley in 1966, offer a refined understanding of 

catchment hydrology (ICWRCOE 2015). 

3. Physically based models : 

 present mathematically idealized versions of natural phenomena, grounded in the principles 

governing physical processes. They use state variables, which are quantifiable and fluctuate 

across different spatial and temporal scales, to simulate water movement through equations, 

typically finite difference methods. Although these models do not necessitate a vast array of 
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hydrological and meteorological data for calibration, they demand an in-depth analysis of 

parameters that detail the catchment's physical features. An example of such models is 

SHE/MIKE SHE, which overcomes the limitations found in empirical and conceptual models by 

furnishing exhaustive insights even outside the modeled confines, making it versatile for various 

uses (Abbott et al. 1986 a, b, ICWRCOE 2015). 

The categorization of models spans blackbox (empirical), physical-based, and conceptual types, 

each distinguished by its specific traits and applications. Blackbox models concentrate on the 

mathematical correlation between input and output, showing particular efficacy in modeling 

specific phenomena based on analyzed data. Physical-based models, or deterministic models, 

hinge on elaborate physical theories and comprehensive computational datasets to shed light on 

the dynamics of the hydrological system. Conceptual models, straddling the line between 

blackbox and deterministic models, adopt a calibration strategy to estimate model parameters, 

portraying the catchment as a unified whole. 

 
Fig15 : Classification Of Hydrologic Models 

Models are further differentiated by their approach to randomness, categorized into stochastic and 

deterministic models. Stochastic models integrate randomness into their outcomes, unlike 

deterministic models, which yield consistent results with the same inputs. Additionally, models are 

distinguished based on the spatial and temporal distribution of input data into lumped, distributed, 

semi-distributed, continuous, and event-based categories, each providing varying degrees of 

precision and suitability for hydrological investigations.  

Models like HBV, created by the Swedish Meteorological and Hydrological Institute, and MIKE 

SHE, developed by the Danish Hydraulic Institute, as well as SHyFT, HEC-HMS, and SWAT, 

illustrate the range of methodologies employed in hydrological modeling. These models differ in 

their spatial distribution, foundational principles (conceptual or physically based), and applications, 
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highlighting the extensive capabilities and versatility of hydrological models in tackling challenges 

in water management and enhancing our comprehension of hydrological phenomena.  

 

2.3.6.2: Brief description of important models : 

2.3.6.2.1:SWAT Model : 

The Soil and Water Assessment Tool (SWAT), an advanced and physically grounded model, has 

evolved from its forerunner, the Simulator for Water Resources in Rural Basins (SWRRB). SWAT 

is crafted to explore and forecast the dynamics of water, sediment, and agricultural chemical 

movement in basins without existing gauge data, excelling in executing long-term projections. It 

segments a watershed into sub-watersheds, which are further divided into Hydrologic Response 

Units (HRUs) that possess distinct land use, vegetation, and soil composition profiles. 

SWAT processes daily climatic inputsðrainfall, maximum and minimum temperatures, solar 

radiation, relative humidity, and wind speedðto meticulously simulate water and sediment flows, 

plant growth, and nutrient cycling within a watershed. Additionally, it incorporates algorithms for 

calculating snowfall from precipitation data and average daily temperatures. The model employs 

various approaches for calculating evapotranspiration, such as the Penman Monteith, Priestly-

Taylor, and Hargreaves methods, enhancing its detailed representation of the hydrological cycle. 

At the heart of SWAT's functionality is its application of the water balance equation, which 

aggregates the water dynamics of the catchment. This amalgamation of hydrological factors is 

crucial for accurately predicting water, nutrient, and sediment movements, establishing the model's 

importance in both understanding and forecasting the effects of natural and human-induced 

alterations on watershed hydrology (ICWRCOE 2015). 

 

2.3.6.2.2: MIKE SHE model (Systeme Hydrologique European): 

Unveiled in 1990, MIKE SHE stands as a comprehensive, physically based model, demanding a 

broad spectrum of physical parameters due to its elaborate design focus. This model integrates 

various processes of the hydrological cycle such as precipitation, evapotranspiration, interception, 

river flow, and groundwater flow in both saturated and unsaturated states. It excels in modeling 

the dynamics of surface and groundwater, their interactions, and the movement of sediment, 

nutrients, and pesticides within the catchment area. Furthermore, MIKE SHE is capable of tackling 

assorted water quality challenges, rendering it apt for deployment across expansive watersheds 

(DHI-WE, 2005). 

For evapotranspiration estimation, the model utilizes the method formulated by Kristensen and 

Jensen in 1975. Comprehensive instructions and guidance for MIKE SHE are delineated in the 
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user manual provided by DHI-WE in 2005. An extensive exploration of MIKE SHEôs framework 

and configuration is presented by Refsgaard and Storm in their 1995 publication. The software 

architecture of MIKE SHE includes both pre-processing and post-processing functionalities, 

alongside various options for the visualization of outcomes (ICWRCOE 2015). 

2.3.6.2.3:HBV model (Hydrologiska Byrans Vattenavdelning model): 

Introduced by Bergstrom in 1976, the HBV model represents a groundbreaking semi-distributed 

conceptual approach in hydrological modeling. It structures the catchment into sub-catchments, 

further dividing these into zones distinguished by elevation and vegetation types. The HBV model 

functions on the basis of daily and monthly inputs concerning rainfall, air temperature, and 

evaporation, with air temperature data being pivotal for assessing snow accumulation. At its 

foundation, the HBV model employs the general water balance equation to simulate hydrological 

processes. 

Various adaptations of the HBV model have been tailored to suit the unique climatic conditions 

across different countries. Within the model, the degree day method is utilized to manage snow 

accumulation and melting processes. Additionally, the model effectively simulates groundwater 

recharge, runoff, and actual evaporation, basing these calculations on the existing water storage. 

The advent of HBV-light, an updated version of the HBV model, introduces a warm-up period. 

This preliminary phase enables the state variables to stabilize and accurately synchronize with the 

meteorological data and parameter values (ICWRCOE 2015). 

2.3.6.2.4. TOPMODEL: 

The TOPMODEL, a semi-distributed conceptual rainfall-runoff model, incorporates topographic 

data to improve predictions of runoff generation. Introduced by Beven and Kirby in 1979 and 

further refined by Beven et al. in 1986, TOPMODEL is considered a physically based model 

because its parameters can be theoretically quantified, aligning with the characteristics of a 

variable contributing area conceptual model. It's designed for use in single or multiple sub-

catchments, employing gridded elevation data of the catchment to predict the hydrological 

response of basins. 

A significant emphasis in this model is placed on the topography of the catchment and soil 

transmissivity as critical factors in its computational framework. Its main goal is to estimate the 

storage deficit or water table depth at any location within the catchment, with this storage deficit 

being influenced by the topographic index (a/tanɓ), as outlined by Beven in 1986. In this formula, 

'a' stands for the drained area per unit contour length, and 'tanɓ' represents the slope of the ground 

surface. The model's reliance on the topographic index underscores that its calculations are based 

on basin topography, generating results for typical values of indices usually obtained from manual 

analysis of contour maps. 

For calculating runoff, TOPMODEL applies the exponential Green-Ampt method as suggested by 

Beven in 1984, promoting a simplified approach by recommending a reduction in parameter count. 

The outputs generated by the model can either be displayed as area maps to show spatial variations 

or as simulated hydrographs that reveal the temporal patterns of runoff (ICWRCOE 2015). 
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2.3.7: Hydrological Modeling Accuracy and DEM Resolution : 
The complex interplay between hydrological models and Digital Elevation Models (DEMs) is 

fundamental to the progress in hydrological sciences, notably in the comprehension of watershed 

operations and the anticipation of floods. The spatial and temporal distribution of watershed 

attributes, crucially informed by the elevation data from DEMs, is essential for these models to 

simulate processes such as surface runoff, groundwater movement, and the overall hydrodynamics 

within landscapes. According to Maidment (2002), the granular detail provided by DEMs is 

indispensable for accurate simulations. 

Research has demonstrated that the granularity of DEMs profoundly influences watershed 

delineation, slope and aspect calculations, and the mapping of drainage networks. As pointed out 

by Zhang & Montgomery (1994) and Moore et al. (1991), the resolution of DEMsðdefined by 

the spatial extent of elevation data pointsðdirectly impacts the precision and dependability of 

hydrological predictions. Fine-resolution DEMs, with grid cells under 30 meters, offer a nuanced 

depiction of topographical features, thereby enhancing the predictability of hydrological responses 

as noted by Quinn et al. (1995). In contrast, coarser DEMs may neglect essential topographical 

nuances, such as minor stream paths and divides between micro-watersheds, possibly introducing 

inaccuracies in hydrological projections as discussed by Wilson et al. (2000). 

The decision regarding DEM resolution in hydrological studies represents a trade-off between 

computational resource allocation and the necessity for detail tailored to particular hydrological 

undertakings. Global hydrological assessments might opt for broader resolution DEMs due to their 

expansive focus, as suggested by Ghaffari et al. (2010), while localized flood risk evaluations 

demand higher resolution to accurately render floodplain details, as indicated by Horritt & Bates 

(2002). 

Furthermore, the provenance of DEM data bears significance on the outcomes of hydrological 

models. Satellite-derived DEMs, such as those from the Shuttle Radar Topography Mission 

(SRTM) or the Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER), 

though comprehensive, vary in their resolution and precision as noted by Farr et al. (2007) and 

Toutin (2002). Conversely, LiDAR technology, albeit costlier, provides elevation data of superior 

accuracy, markedly improving hydrological modeling in intricate terrains as per Staley et al. (2006). 

The advent of high-definition DEMs and their assimilation into hydrological models have spurred 

substantial strides in our grasp of watershed dynamics, flood prediction, and the stewardship of 

water resources, as exemplified by the works of Chow et al. (1988) and Beven & Kirkby (1979). 

Nevertheless, the challenge of managing the computational intensity of high-fidelity data and 

securing quality elevation information in inaccessible or underdeveloped areas remains, as 

discussed by Bates et al. (2003). 

To encapsulate, the synergy between hydrological models and DEMs, especially concerning DEM 

resolution, stands as a pivotal domain within hydrological research. With technological 

advancements, the continual refinement of DEM resolutions and their incorporation into 

hydrological models is expected to progressively augment our ability to forecast and govern 

hydrological events. 
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2.4: Digital Elevation Models (DEM) : 

2.4.1: Definition of DEMS: 
Digital Elevation Models (DEMs) function as electronic representations of Earth's topographic 

features, depicted through a two-dimensional grid using morphometric data in XYZ coordinates, 

as Florinsky (2012) explained. Identified first by Miller & Laflamme (1958) in 1958, DEMs have 

become essential tools within various fields such as ecology, hydrology, Earth sciences, as well as 

in modeling and remote sensing applications. 

Their creation involves a spectrum of techniques, from conventional field surveys to contemporary 

methods such as photogrammetry, which utilizes stereoscopic images for mapping (Pieczonka et 

al., 2011; Pulighe & Fava, 2013), Light Detection and Ranging (LiDAR) (Lim et al., 2003; 

Lindberg & Holmgren, 2017), and Interferometric Synthetic Aperture Radar (InSAR) technologies 

operated from aerial or space platforms (Hirt et al., 2010; Nelson et al., 2009). For assessments at 

the local and regional level, methods that involve aerial imagery and LiDAR, particularly when 

executed via unmanned aerial vehicles (UAVs) or similar airborne instruments, are often favored 

over InSAR for their straightforward application. 

In geospatial analytics, DEMs are invaluable for their precise illustrations of Earth's surface, free 

from any natural or human-made barriers. These models play a pivotal role in understanding 

landscape forms and support various applications, including in hydrology, urban planning, 

environmental studies, and navigation technologies. 

At their core, DEMs enable the three-dimensional representation of terrestrial surfaces based on 

elevation data, which can be presented as raster images, digital terrain models, or TINs 

(triangulated irregular networks) consisting of points and lines that form triangular shapes. These 

models are critical for simulating and analyzing environmental processes, contributing to forecasts 

of water flow, soil erosion, landslide vulnerabilities, and habitat dispersion (Zhou and Liu, 2004; 

Wechsler, 2007). 

DEMs are also central to geomorphology and geographic information systems for the 3D mapping 

of land. They serve as foundational tools for geomorphometric assessments, facilitating the 

investigation of landform characteristics and their spatial arrangements, as highlighted by Szypuğa 

(2017). This research illustrates how DEMs are instrumental in deriving morphometric parameters 

and indices vital for landform categorization and analysis within GIS contexts. 

Furthermore, DEMs find application in empirical studies, such as the use of high-altitude kite 

mapping in the Peruvian Andes by Wigmore and Mark (2018). Their work employs kite aerial 

photography combined with structure-from-motion techniques to develop high-resolution DEMs, 

an approach particularly beneficial for mountainous areas to efficiently and accurately monitor 

topographic changes due to glacier melting. 

In essence, DEMs offer a comprehensive approach for representing and analyzing the topography 

of the Earth, providing critical information for environmental research and management.  

 



 
по 

 

2.4.2: Key Roles of DEMs in the Examination of Climate-Induced 

Storms and Severe Hydrological Events 
Digital Elevation Models (DEMs) stand at the forefront of analyzing and understanding the impact 

of climate-driven storms and severe hydrological events, providing indispensable terrain and 

surface detail crucial for a myriad of applications in these fields. Here is some important 

applications: 

2.4.2.1: Flood Risk Management and Cartography: 

DEMs are instrumental in identifying flood hazards, defining floodplain boundaries, and 

projecting potential flood events, which are essential for crafting flood prevention and mitigation 

plans. The granular terrain data provided by high-resolution DEMs allow for the precise 

representation of significant topographical features like waterways, dikes, and barriers, improving 

the accuracy of flood simulations. Additionally, integrating DEMs with hydrological and hydraulic 

models facilitates the prediction of floodwater paths, furnishing critical insights for effective flood 

management. 

2.4.2.2:Coastal Erosion and Sea-Level Rise Predictions: 

DEMs, when combined with tidal, wind, and sea-level data, play a pivotal role in predicting the 

effects of coastal storms and rising sea levels, aiding in preparations against coastal flooding. The 

detailed mapping capabilities of high-resolution coastal DEMs are vital for navigating complex 

coastal terrains and identifying zones vulnerable to storm surges. 

2.4.2.3:Rainfall-Runoff Modeling and Watershed Administration: 

Utilized in watershed studies, DEMs help delineate watershed boundaries, trace flow directions, 

and calculate hydrological metrics crucial for water resource management and the prediction of 

flood and drought conditions. The accuracy of hydrological models for rainfall-runoff predictions, 

critical for flood forecasting and drought management, is significantly enhanced by the use of 

high-resolution DEMs. 

2.4.2.4:Analysis of Landslides and Debris Flows: 

DEMs are crucial for identifying landslide-prone areas through the analysis of steep slopes and the 

assessment of slope stability, aiding in the anticipation and management of landslide and debris 

flow paths and impacts. The deployment of high-resolution DEMs improves the detection of 

topographical features that predispose areas to landslide initiation and movement. 

2.4.2.5: Emergency Preparedness and Disaster Response: 

Integrating DEMs with geospatial data and images enables emergency planners to develop tools 

and strategies for disaster response, such as locating shelters, planning evacuation routes, and 

assessing the potential impacts of natural disasters on infrastructure and communities. 

From here we find that DEMs are vital for understanding and mitigating the impacts of climate-

related storms and hydrological extremes. They provide essential topographical information for 

water flow modeling, flood risk assessment, storm surge prediction, and terrain vulnerability 

evaluation, establishing a crucial foundation for both scientific investigation and practical 
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management of these phenomena, thus facilitating advanced modeling, analysis, and planning 

efforts aimed at reducing their adverse effects. 

2.4.3: Importance and Uses of Digital Elevation Models in 

Hydrological Analysis (Hydrological Models ) : 
Digital Elevation Models (DEMs) are crucial in the realm of hydrological modeling, acting as a 

foundational component for simulating and understanding water-related processes. Their influence 

is broad, directly impacting the precision and dependability of hydrological forecasts and analyses. 

2.4.3.1:Watershed Identification and Analysis: 

DEMs are essential for identifying watershed boundaries and analyzing characteristics such as area, 

configuration, and gradient. These features are crucial for comprehending water movement within 

a basin, influencing aspects like surface runoff, aquifer recharge, and river flows. Precise 

watershed identification allows for accurate modeling of hydrological balances and water resource 

evaluations(Tarboton ,1997). 

2.4.3.2 :Modeling of Surface Water Flow and Runoff: 

DEMs underpin hydrological models to forecast surface water movement and runoff. The terrain 

data from DEMs are used to assess land inclination and orientation, crucial factors in determining 

water movement directions and velocities. Such data are foundational for runoff volume 

predictions and temporal distribution, key for flood prediction and managing water 

resources(Quinn et al. ,1991). 

2.4.3.3: Erosion and Sediment Transport Modeling: 

The modeling of soil erosion and sediment movement significantly benefits from DEMs. Terrain 

data aids in identifying erosion-prone zones, estimating sediment production, and locating 

sediment accumulation areas. This information is critical for soil conservation practices and 

reducing sedimentation in aquatic environments (Merritt et al.,2003). 

2.4.3.4: Analysis of Hydrological Connectivity and Networks: 

DEMs facilitate the study of hydrological connections and the structure of water networks, 

including stream identification, wetland mapping, and potential flow path analysis. This 

exploration is vital for comprehending interactions within a hydrological landscape, including the 

linkage between surface and groundwater, pivotal for all-encompassing water cycle 

models(Freeman ,1991). 

2.4.3.5: Flood Mapping: 

Utilizing DEMs for flood mapping is crucial in projecting flood extents and depths, informing 

urban and agricultural development planning. Coupling DEMs with hydrodynamic models allows 

for the simulation of water levels during flooding, supporting hazard evaluation and the creation 

of flood defense mechanisms (Bates & De Roo ,2000).  
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2.4.3.6 Evaluating Climate Change Effects : 

DEMs are instrumental in examining climate change's impact on water dynamics. They facilitate 

the modeling of coastal area changes due to sea-level rise, alterations in river floodplains from 

shifting precipitation patterns, and the analysis of glacial and snowpack melting in alpine regions, 

essential for adjusting water management strategies to future scenarios . 

Digital Elevation Models offer a spatial structure for hydrological modeling, enabling the accurate 

simulation of both surface and underground water processes. DEMs assist in watershed delineation, 

drainage network definition, and terrain attribute characterization, including slope, aspect, and 

curvature, essential in forecasting water transit across landscapes. Metrics derived from DEMs, 

such as the topographic wetness index, are extensively utilized to predict soil moisture levels and 

runoff-prone zones, enhancing hydrological model precision for streamflow and water balance 

projections (Milly et al. ,2008). 

2.4.4:The Diffrent typs of  Digital Elevation Models: (Open-Source 

Digital Elevation Models ) 
The origins and methodologies for creating Digital Elevation Models (DEMs) encompass a wide 

spectrum, which will be succinctly overviewed in this segment. A more comprehensive 

examination of these varieties and their sources will be elaborated in the methodology portion, 

contingent upon the specific types employed in this research. 

2.4.4.1:SRTM (Shuttle Radar Topography Mission) : 

A joint venture by NASA and the National Geospatial-Intelligence Agency (NGA), stands as a 

pivotal source of elevation data worldwide, with 30-meter resolution available in the United States 

and 90 meters elsewhere. However, its varied resolution and accuracy might restrict its use in 

precise local analyses (Farr et al., 2007) 

2.4.4.2: ASTER Global Digital Elevation Model (GDEM): 

A collaboration between NASA and Japan's METI, offers global elevation data at 30 meters. 

Despite its broad coverage, it faces data quality challenges, especially in rugged terrains 

(Tachikawa et al., 2011). 

2.4.4.3: GTOPO30 DEM :  

Crafted by the United States Geological Survey (USGS), GTOPO30 was among the initial global 

elevation models disseminated. Spanning from 90ÁN to 90ÁS, it delivers a spatial resolution of 30 

arc-seconds (around 1 kilometer). Despite its broader resolution compared to newer models, 

GTOPO30 has been crucial for worldwide climate modeling, geographic analysis, and as a 

contextual foundation for more focused studies, serving as a key resource globally for science and 

education (USGS EROS, "GTOPO30"). 
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2.4.4.4:MERIT DEM: 

MERIT DEM (Multi-Error-Removed Improved-Terrain DEM) marks progress in global elevation 

data, enhancing over prior datasets through error and artifact correction. It spans the entire global 

landmass with a resolution of 3 arc-seconds (about 90 meters at the equator), refined to eliminate 

multiple error types such as biases and noises, positioning it among the most dependable global 

DEMs for hydrological and environmental research (Yamazaki et al., 2017). 

 

2.4.4.5:TanDEM-X: 

A product of collaboration between the German Aerospace Center (DLR) and Airbus Defence and 

Space, the TanDEM-X mission yields a globally precise DEM. Although initially proprietary, a 

version at 90m resolution has been made accessible for scientific purposes, providing elevation 

details with 2 meters vertical accuracy and roughly 12 meters spatial resolution. TanDEM-X's high 

accuracy is ideal for in-depth geomorphological research, accurate mapping, and environmental 

change monitoring (DLR, "TanDEM-X: A Satellite Formation for High-Resolution SAR 

Interferometry"). 

 

2.4.4.6: ALOS World 3D (AW3D) : 

Provided by the Japan Aerospace Exploration Agency (JAXA), ALOS World 3D is a global digital 

surface model (DSM) from the Advanced Land Observing Satellite (ALOS). With 30 meters 

resolution, AW3D encompasses all Earth's land areas, derived from the Panchromatic Remote-

sensing Instrument for Stereo Mapping (PRISM) on ALOS. This dataset supports detailed surface 

model applications like urban planning, disaster response, and environmental studies, praised for 

its extensive coverage and relatively high resolution (JAXA, "ALOS World 3D"). 

2.4.5: DEM Types and Production Methods: 

2.4.5.1: Digital Terrain Models (DTMs) : 

 Highlighting the bare earth's topology and excluding overhead structures, are vital for water flow 

modeling and geologic research. DTMs are derived by filtering out non-ground elements from 

data, generally gathered from LiDAR or conventional surveying (Wechsler, 2007). 

2.4.5.2: Digital Surface Models (DSMs): 

capture all surface features, crucial for urban development and telecommunication networks. 

These models are acquired through photogrammetry, LiDAR, or radar techniques (Hug, Krzystek, 

& Fuchs, 2004) 
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Fig16:¢ƘŜ Difference Between DSM and DTM 
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2.4.5.3:Digital Elevation Model of Difference (DoD):  

utilized for tracking terrain alterations over time, aids in erosion research, land degradation 

studies, and monitoring changes from natural events or human actions. DoDs are produced by 

subtracting one DTM or DSM from another over different periods (Wheaton et al., 2010). 

2.4.5.4:Triangulated Irregular Network (TIN): 

A vector-based land surface representation using nodes and lines to form triangles, is applied for 

high-accuracy terrain modeling, often in conjunction with raster DEMs for comprehensive 

landscape analysis (Lee, 1991). 

 
                       Fig19:Scheme Showing The Surfaces Represented By a DSM, and DTM (Guth et al., 2021) 
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2.4.6: Impact of DEM Resolution on Hydrological Modeling Under 

Extreme Storms: 
Exploring the significance of DEMs resolution on the performance of hydrological models, 

particularly during severe climate phenomena, emerges as a pivotal research avenue within the 

realms of environmental and hydrological studies. DEMs serve as essential tools for accurately 

mapping the Earth's topography, crucial for hydrological process simulations, flood risk 

predictions, and water resource management. The spatial resolution of DEMs, denoting the 

dimensionality of the data points, plays a critical role in determining the precision and reliability 

of hydrological simulations. This exploration underscores the intricate link between the spatial 

detail of DEMs and the efficacy of hydrological models, especially when faced with extreme 

weather conditions, underscoring the growing concern over the heightened occurrence and 

intensity of such events. Research underscores that the granularity of DEMs directly impacts the 

veracity of topographic depictions and, by extension, influences the hydrological models' 

capability to forecast stream flows and manage water-centric phenomena. Given their 

indispensable role in hydrological modeling by offering crucial topographical insights that dictate 

the dynamics of surface water movement and accumulation, the spatial granularity of DEMs bears 

significant implications for the fidelity of hydrological forecasts under adverse climatic conditions, 

including intense storms and flooding scenarios. Investigations into the ramifications of DEM 

resolution on hydrological model accuracy underscore the necessity of adopting suitable 

resolutions that cater to the specific demands of the application context and geographic settings 

under study. 

 2.4.6.1: Global Impact : 

An et al. (2015) conducted an investigation into the effects of Digital Elevation Model (DEM) 

resolution on flood inundation models within a coastal city in China, revealing that resolutions of 

30m and 90m underestimated flood coverage and depth. In contrast, resolutions of 5m and 10m 

provided more accurate representations when compared to actual field data. This underscores the 

necessity for employing high-resolution DEMs to ensure precise flood simulation in urban 

contexts. 

Liu et al. (2018) explored the impact of DEM resolution on hydrological modelling in a 

mountainous Canadian watershed, finding that finer resolutions (5m and 10m) offered a superior 

depiction of terrain features and enhanced streamflow predictions compared to coarser resolutions 

(30m and 90m). Their research also suggested a point of diminishing returns beyond a specific 

resolution level, indicating an optimal compromise between resolution detail and computational 

resource efficiency. 

Pelletier et al. (2014) examined the influence of DEM resolution on the modeling of flash floods 

within arid locales during severe climate episodes. The study highlighted the criticality of high-

resolution DEMs (1m and 3m) for capturing minute topographical variances crucial for accurately 

simulating flash flood behaviors and identifying potential inundation zones. 

Zhang et al. (2020) assessed the impact of varying DEM resolutions on flood inundation mapping 

across a coastal region in China under different storm surge conditions. Their findings emphasized 
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that finer resolutions (5m and 10m) significantly improved flood extent and depth predictions, 

particularly in low-lying terrains, as opposed to coarser scales (30m and 90m). 

Mukherjee et al. (2013) discussed the inherent limitations and compromises associated with high-

resolution DEMs, such as escalated computational demands and the need for more extensive data 

sets, especially pertinent to broad-scale applications. 

A particular study focusing on a terraced watershed in Portugal using the SWAT hydrological 

model demonstrated that DEMs with resolutions ranging from 10m to 0.1m, especially those 

derived from LiDAR technology, markedly improved topographic accuracy and watershed 

delineation. This enhancement contributed to more accurate modeling outcomes, reflected in 

hydrographs and flow-duration curves. The study also evidenced the effectiveness of terraces in 

soil and water preservation, noting a 28% to 36% increase in streamflow in models that omitted 

terrace features. 

An evaluation of a high-resolution (approximately 6 km) variable infiltration capacity (VIC) model 

across China from 1970 to 2016 underlined the importance of incorporating newly acquired 

remotely sensed datasets on vegetation and soil parameters for augmenting model precision. This 

model demonstrated significant improvements in streamflow, evapotranspiration, and soil 

moisture simulations, aligning closely with satellite remote sensing data. 

2.4.6.2: Africa and Algeria Imapcts : 

Research within the African and, more specifically, Algerian domains has illuminated the pivotal 

role of Digital Elevation Model (DEM) resolution in hydrological modeling for areas prone to 

extreme climatic occurrences. The varied terrain of Africa, spanning from the Sahara Desert in 

Algeria to the dense tropical forests of the Congo, provides an expansive field for examining how 

DEM resolution affects hydrological dynamics. 

In a semi-arid region of northern Algeria, Abdelkader et al. (2012) compared the effectiveness of 

three different DEM resolutions (90m, 30m, and 10m) for the purposes of flood hazard mapping. 

It was determined that the 10m resolution DEM offered the most accurate depiction of both flood 

extent and depth, particularly within urban territories and complex landscapes, thereby affirming 

the significant value of high-resolution DEMs for dependable flood risk evaluation and mitigation 

approaches in such environments. 

Bourougaa et al. (2016) conducted an assessment on the influence of DEM resolution on 

delineating catchment areas and modeling surface water flow within the Sahara of Algeria, 

discovering that finer resolutions (30m and 90m) yielded superior results in landscapes 

characterized by complex topography and ephemeral watercourses, thus underscoring the critical 

importance of utilizing high-resolution DEMs in arid and semi-arid settings. 

An analysis by Hallouz et al. (2018) on the impact of DEM resolution in flood inundation mapping 

within the Wadi Cheliff basin in northwestern Algeria, comparing resolutions of 30m, 10m, and 

5m, found that the 5m resolution DEM most accurately captured the flood extent and depth in 

urbanized areas and regions with intricate topographical features. This underscores the necessity 

for high-resolution DEMs in enhancing flood risk management and urban development planning 

efficiency. 
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While these studies emphasize the advantages of utilizing higher DEM resolutions in Algeria, they 

also indicate that the optimal resolution selection is contingent upon the specific characteristics of 

the study area, the hydrological processes of interest, and the computational resources at hand. 

Worqlul et al. (2017) examined the effect of DEM resolution on streamflow modeling within 

Ethiopia's Blue Nile River Basin, noting that finer resolutions (30m and 90m) improved the 

simulation's precision compared to coarser resolutions (1km), thus paralleling the observations 

from Algeria and reinforcing the vital role of high-resolution DEMs in ensuring precise 

hydrological modeling and flood risk analysis in locales vulnerable to extreme climatic events. 

These studies collectively emphasize the necessity for precise DEMs in hydrological modeling 

across Africa, a continent particularly susceptible to the impacts of climate change and severe 

weather phenomena. In Algeria, the imperative for hydrological models is further highlighted by 

the country's predominantly semi-arid to arid climatic conditions and the frequency of intense, 

sporadic rainfall events. 

Rahmani et al. (2015) highlighted the potential for enhancing hydrological models in the Maghreb 

region, including Algeria, with satellite-derived DEMs (e.g., SRTM, ASTER), despite their limited 

capacity in accurately capturing essential topographical features due to the spatial resolution of 

these DEMs. 

The challenge of reconciling the need for high-resolution DEM data with computational 

practicability is particularly pronounced in Algeria, where hydrological models play a crucial role 

in managing limited water resources and preparing for extreme weather phenomena. This balance 

between resolution accuracy and computational demands remains a significant hurdle, especially 

within resource-constrained environments across Africa. 

Further research in Algeria on hydrological phenomena, such as the modeling of soil erosion and 

sediment transport under severe storm conditions and advancements in drought modeling through 

machine learning, alongside the application of various hydrological models, underscores the 

critical importance of accurate, high-resolution DEMs. These studies collectively advocate for the 

use of high-resolution DEMs to improve model efficiency, comprehend flood risks, and enhance 

water resource management strategies in anticipation of climate change and extreme weather 

conditions. The collective body of work affirms the indispensable value of DEM resolution in 

hydrological modeling, particularly within Algeria's varied landscapes and climatic scenarios. 

As it led Technological advancements in Digital Elevation Models (DEMs) have markedly 

improved hydrological modeling in Algeria, offering new insights into flood prediction accuracy, 

flood risk assessment, and water resource management. This review compiles research findings on 

the impact of DEM resolution on these aspects, underscoring the indispensability of high-

resolution DEMs for effective hydrological processes. 

The intricate topography of Algeria, encompassing the Sahara Desert and the Atlas Mountains, 

necessitates the use of high-resolution DEMs for hydrological modeling. Research by Abdelkader 

et al. (2012) and Bourougaa et al. (2016) highlights the necessity of resolutions as precise as 10m 

for modeling flood extents accurately and delineating catchment areas in the northern and Saharan 
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regions of Algeria. These studies affirm the critical role of high-resolution DEMs in capturing the 

complex terrain details essential for accurate water flow predictions in arid settings. 

In flood prediction advancements, the accuracy of DEMs is a cornerstone. The calibration and 

validation processes of the HEC-HMS model, as demonstrated by Skhakhfa and Ouerdachi (2016) 

in the wadi Ressoul watershed, are significantly enhanced by detailed elevation data. Furthermore, 

Hallouz et al. (2018) found that a 5m resolution DEM most accurately depicted flood extent and 

depth in the Wadi Cheliff basin, highlighting the vital need for high-resolution DEMs in precise 

flood modeling, especially in data-scarce regions. 

Regarding flood risk assessment, the spatial resolution of DEMs substantially influences the 

identification of flood-prone areas. Zaibak and Meddi (2022) pointed out the reliance of the SWAT 

model on high-resolution DEMs for accurate streamflow simulations in the Cheliff basin, leading 

to more informed flood risk management decisions. This emphasizes the dependency of accurate 

flood-vulnerable zone delineation on the quality of DEMs used. 

Water resource management, especially under extreme weather conditions, critically relies on the 

accuracy of hydrological models, which in turn is significantly affected by DEM resolution. 

Mokhtari et al. (2016) illustrated how precise and high-resolution DEMs are vital for predicting 

hydrological responses to climate change in the wadi Cheliff-Ghrib watershed. High-resolution 

DEMs facilitate the planning and execution of effective water resource management strategies, 

underscoring their importance in addressing urbanization and deforestation challenges. 

The significance of DEM accuracy in flood event prediction cannot be overstated, with studies 

demonstrating that high-resolution DEMs refine flood inundation modeling by providing detailed 

representations of surface features. This level of detail is essential for identifying micro-

topographical elements crucial for modeling surface runoff pathways during storm events. 

Moreover, for flood risk assessment, high-resolution DEMs prove critical for modeling floodplain 

inundation and assessing flood risk with greater precision, supporting the development of targeted 

adaptation strategies in response to extreme weather. 

In managing water resources, particularly against the backdrop of droughts and flash floods, the 

precision of hydrological modeling backed by high-resolution DEMs is imperative. The 

importance of detailed topographic data for efficient water resource management is highlighted, 

emphasizing the enhancement of water balance calculations and water availability assessments 

provided by high-resolution DEMs. 

In conclusion, the role of high-resolution DEMs in advancing hydrological modeling, flood 

prediction, risk assessment, and water resource management in Algeria is invaluable. This review 

accentuates the profound influence of DEM resolution on the performance of hydrological models 

amidst extreme climate conditions, advocating for continued technological progress in DEM 

capabilities to meticulously map Algeria's diverse topographical landscapes. 
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Chapter Three: Methodology : 
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3.1:Study Area Description :  

 

Fig21: Study area map 

The Zeddine Basin in Algeria, a quintessential example of a semi-arid watershed, is an integral 

part of the northern Algerian hydrological system, characterized by its variable hydrological and 

climatic conditions. This basin, covering an area of 418 km² with a perimeter of 295 km, 

experiences a modest annual precipitation averaging 461 mm and an average temperature of 

22°C. These conditions contribute to its classification as semi-arid, influencing the hydrological 

dynamics significantly, particularly the frequency and intensity of episodic flood events. 

3.1.1:Groundwater Sustainability and Agricultural Impacts: 
The groundwater resources of the basin are increasingly vulnerable due to over-extraction and 

pollution, challenges that are magnified by intensified agricultural activities and inadequate 

water management approaches. The preservation of these aquifers is vital, as they underpin both 

agricultural productivity and the domestic water supply. It is imperative to adopt comprehensive 

management practices to curb aquifer depletion and secure a sustainable water future. 
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3.1.2:Agricultural Practices and Climate Variability : 

Agricultural practices in the Zeddine Basin are significantly affected by erratic rainfall patterns, 

resulting in frequent droughts and water shortages. The implementation of water-efficient 

technologies, notably drip irrigation, has been crucial in addressing these challenges. Improving 

water use efficiency in agriculture is essential to mitigate the impact of water scarcities and to 

enhance crop productivity in the region. 

3.1.3:Climate Change Effects on Hydrological Patterns: 

The projected shifts in climate, including changes in precipitation patterns and temperatures, 

pose significant threats to the hydrological stability of the Zeddine Basin. Anticipated increases 

in the severity of droughts and flood events call for adaptive water management strategies to 

address the escalating water-related stresses. These strategies are vital for maintaining water 

security in the face of changing climatic conditions. 
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3.2.Data collection & sources : 

3.2.1: Rainfall & Runoff Data : 
ü Rainfall Data 

The data were obtained through some colleagues who worked in the same study area in Algeria, 

where rainfall data for the Zeddine Basin are collected from local meteorological stations that 

record daily and monthly rainfall measurements. These historical data are vital for analyzing 

temporal patterns and variability in rainfall, which are essential for understanding the 

hydrological response of the basin. The data are carefully checked for accuracy, and gaps are 

filled using established meteorological techniques such as interpolation from nearby stations 

with similar weather conditions. 

The data was used as input to the HIC-HMS to implement the simulation model for the period 

from March 22, 2012 to April 30, 2012. 

ü Runoff Data: 

Runoff data for the Zdin Basin are obtained from hydrological monitoring stations positioned at 

strategic locations within the basin. Due to the semi-arid nature of the region, many days record 

zero flows, especially during dry periods. This data includes measurements of daily flow rates, 

which are essential for calibrating and validating hydrological models designed to predict runoff 

under different weather scenarios. 

This data was also obtained from some fellow researchers for the period from  March 22, 2012 to 

April 30, 2012. 

3.2.2 : Digital Elevation Models ( DEMs) : 
Eight distinct digital elevation model (DEM) datasets were used as inputs within ArcMap and 

HEC-HMS software. These datasets, accessible globally at no cost, were sourced from various 

platforms. The datasets include: ALOS Palsar with a resolution of 12.5m, NASA DEM at 30m, 

SRTM available in both 30m and 90m resolutions, TanDEM-X at 90m, ASTER GDEM V003 at 

30m, GTOPO30 offering a broader 1km resolution, and MERIT at 90m. 

3.2.2.1: ALOS Palsar ( 12.5m) : 

The Advanced Earth Observing Satellite's (ALOS) high-resolution RT1 dataset, obtained via its 

Phased Array L-band Synthetic Aperture Radar (PALSAR) and offering a 12.5-meter resolution, 

serves as a core component of the ALOS program, which was under the stewardship of the Japan 

Aerospace Exploration Agency (JAXA) from January 24, 2006, to May 12, 2011. Throughout this 

period, ALOS succeeded in capturing over 6.5 million images, which significantly propelled 

advancements in topographical mapping, disaster response, environmental surveillance, and 

climate research. Operating in a sun-synchronous orbit, the satellite executed about 14 rotations 

around the Earth each day, adhering to a 46-day repeat cycle and maintaining an inter-orbital 

separation of roughly 59.7 km at the equator. (Rosenqvist et al., 2007; Shimada et al., 2010). 
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Equipped on ALOS, the PALSAR sensor, an active microwave sensor that employs L-band 

synthetic aperture radar technology, was adept at acquiring data under all weather conditions and 

at any time, thereby offering a versatile methodology for observing the Earth. The utilization of L-

band frequency in PALSAR, known for its ability to permeate vegetation and partial land coverings, 

facilitated the gathering of intricate imagery across a myriad of uses. (Rosenqvist et al., 2007; 

Shimada et al., 2010). 

Categorized under terrain-corrected products, the high-resolution RT1 dataset, characterized by a 

pixel dimension of 12.5 meters, is derived from ALOS PALSAR Level 1.1 data. This dataset was 

developed using both high-resolution (NED13) and medium-resolution Digital Elevation Models 

(DEMs) such as SRTM 30m, NED1, and NED2 to mitigate terrain-related effects. The process of 

terrain correction is crucial for accurately depicting the Earth's surface, as it compensates for the 

geometric distortions present in SAR images, which arise due to the satellite's angle of observation 

and the physical features of the landscape. (Shimada et al., 2010; Rosenqvist et al., 2007). 

The acronym "ALOS PALSAR" is short for Advanced Earth Observing Satellite Phased Array L-

band Synthetic Aperture Radar, highlighting the mission's objective of Earth observation using 

cutting-edge radar technology, the specific radar system employed (PALSAR), and its operation 

within the L-band frequency. The "RT1" identifier signifies the Radiometric Terrain Corrected 

Product Type 1, underlining the phase of data processing and the enhancements made to improve 

both the accuracy and usability of the data within Geographic Information Systems (GIS). 

(Shimada et al., 2010). 

 

Fig22: The DEM utilized in the research area was sourced from : https://search.asf.alaska.edu/#/ 

3.2.2.2:NASA DEM ( 30 M ) : 

NASADEM signifies a considerable advancement over the Digital Elevation Model (DEM) 

created from the Shuttle Radar Topography Mission (SRTM) data by integrating advanced 

processing techniques and supplementary datasets to enhance elevation precision and expand 

spatial coverage. This enhancement process entailed the reanalysis of the original SRTM 

interferometric Synthetic Aperture Radar (SAR) data employing a refined hybrid approach that 

utilized the most current unwrapping methodologies and additional data sources, which were not 

accessible during the initial processing phase of SRTM. The primary goal of these improvements 

was to minimize data gaps and augment the dataset's overall quality and applicability (Farr et al., 

2007; Gesch, 2007). 

https://search.asf.alaska.edu/#/
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To further refine NASADEM, efforts were made to fill data voids using an assortment of sources, 

such as the ASTER Global Digital Elevation Model (GDEM), the Advanced Land Observing 

Satellite (ALOS) Panchromatic Remote sensing Instrument for Stereo Mapping (PRISM), the 

USGS National Elevation Dataset (NED), and DEMs from Canada and Alaska. The incorporation 

of ground control points and laser profiles from the Ice, Cloud, and Land Elevation Satellite 

(ICESat) mission facilitated vertical and tilt adjustments, markedly enhancing vertical accuracy, 

consistency across swaths, and the uniformity within the swath mosaic (Farr et al., 2007; Gesch, 

2007). 

Accessible through the Land Processes Distributed Active Archive Center (LP DAAC), 

NASADEM data products provide extensive spatial coverage at a granularity of one arcsecond, 

enveloping an area of 147,385,568 kmĮ with a raster resolution of 30 meters. This survey, executed 

from February 11 to 21, 2000, receives support from NASA and utilizes a collection platform based 

on satellite data, conforming to the WGS84 [EPSG: 4326] horizontal coordinate system and the 

Orthometric (EGM96) [EPSG: 5773] vertical coordinate system (Farr et al., 2007). 

 

Fig23: The NASA DEM utilized in the research area was sourced from https://opentopography.org/ 

3.2.2.3.SRTM 30 M : 

The Shuttle Radar Topography Mission (SRTM) 30-meter Digital Elevation Model (DEM) marked a 

significant leap forward in acquiring high-resolution topographical data. This initiative was a joint effort 

between NASA and the National Geospatial-Intelligence Agency (NGA), with additional input from 

German and Italian space agencies, undertaken in February 2000 on the Space Shuttle Endeavour. The 

mission's objective was to collect elevation information across approximately 80% of the Earth's terrestrial 

surface, setting new benchmarks in the accuracy and extent of global topographical mapping. (Farr et al., 

2007; Gesch, 2007). 

SRTM utilized an innovative single-pass Synthetic Aperture Radar (SAR) methodology, in conjunction 

with C-band (5.6 cm wavelength) and X-band (3.1 cm wavelength) radar technologies. This approach, 

based on radar interferometry, captured dual images of identical locations from marginally distinct angles, 

enabling the creation of precise 3D terrestrial models. The data, particularly the 30-meter resolution output 

from the C-band system, provided extensive global coverage, thereby significantly enhancing the functional 

scope of topographical maps for diverse uses, ranging from environmental analysis to urban development. 

(Farr et al., 2007; Gesch, 2007). 

https://opentopography.org/
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Platforms such as the United States Geological Survey (USGS) EarthExplorer, NASA's Earthdata 

Search, and the CGIAR Consortium for Spatial Information have made SRTM data widely 

available, fostering various research and practical endeavors worldwide. This data has been 

instrumental in advancing numerous scientific fields, including hydrology, geology, and ecosystem 

management, by facilitating projects such as stream order classification, drainage pattern mapping, 

and the refinement of geometric accuracy in satellite-based DEMs. (Farr et al., 2007). Further 

advancements were made through the NASA MEaSUREs Program, which sought to fill initial data 

gaps in SRTM outputs by integrating elevation information from alternative sources like the 

ASTER GDEM2 and the USGS National Elevation Dataset (NED). This enhanced global DEM, 

now accessible for diverse applications, highlights the lasting impact of SRTM on scientific 

exploration, environmental surveillance, and spatial analysis. (Gesch, 2007; Farr et al., 2007). 

Consequently, the SRTM 30-meter DEM has emerged as an essential asset in Earth science, 

offering intricate details on global terrain and facilitating advanced research across various fields. 

Its development represented a pivotal moment in remote sensing and Earth observation, laying the 

groundwork for continuous efforts to more comprehensively understand and manage the Earthôs 

surface. [NASA Earthdata SRTM 1 Arc-Second].  

 

Fig 24:The SRTM 30M DEM utilized in the research area was sourced from : https://earthexplorer.usgs.gov/ 

3.2.2.4: SRTM 90M : 

Originating from a collaborative effort between NASA and the National Geospatial-Intelligence Agency 

(NGA), the Shuttle Radar Topography Mission (SRTM) 90-meter dataset heralds a significant leap in the 

acquisition of global topographical data. Deployed on the Space Shuttle Endeavour in February 2000, the 

mission's ambition was to develop an almost complete digital elevation model (DEM) covering the Earth's 

landmass between the latitudes of 60ÁN and 56ÁS. By integrating a state-of-the-art radar system that utilized 

both synthetic aperture radar (SAR) in a singular pass and incorporating C-band (5.6 cm wavelength) and 

X-band (3.1 cm wavelength) radars, SRTM was able to obtain precise elevation data. (Farr et al., 2007; 

Rodriguez et al., 2005) 

Produced using C-band radar, the SRTM 90-meter product, with its spatial resolution of about 90 meters, 

offers a uniformly consistent DEM on a global scale. Although this resolution is coarser compared to the 

30-meter variant accessible for the United States and selected areas, the 90-meter data is indispensable for 

endeavors and analyses on a worldwide scale, aiding fields such as geology, hydrology, urban planning, 

and disaster risk management. 

https://earthexplorer.usgs.gov/
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SRTM's utilization of Interferometric Synthetic Aperture Radar (InSAR) technology enabled the 

mission to generate detailed three-dimensional representations of the Earth's terrain, effectively 

navigating through the limitations imposed by cloud cover and variable weather conditions. This 

breakthrough significantly propelled the fields of remote sensing and topographical mapping 

forward, marking a crucial milestone in the chronicles of Earth observation. (Farr et al., 2007; 

Rodriguez et al., 2005). 

The designation "SRTM" encapsulates the mission's core objective to chart the Earth's topography 

through radar technology, with "90-meter" denoting the dataset's spatial resolution that reflects the 

surface area each pixel in the elevation model represents. The extensive coverage and fidelity of 

the SRTM 90-meter DEM have rendered it an essential asset for numerous global scientific and 

policy-making initiatives, enriching our comprehension of the Earth's geographical attributes. 

(Farr et al., 2007). 

 

Fig25: The SRTM 30M DEM utilized in the research area was sourced from https://portal.opentopography.org/ 

3.2.2.5: TanDEM-X 90M : 

The TanDEM-X 90-meter Digital Elevation Model (DEM) emerges as a pivotal achievement in 

the realm of Earth observation, originating from the collaborative effort known as the TanDEM-X 

(TerraSAR-X add-on for Digital Elevation Measurements) project. This project is a partnership 

between the German Aerospace Center (DLR) and Airbus Defence and Space, building upon the 

TerraSAR-X mission's success launched in 2007. In 2010, the TanDEM-X satellite was deployed 

to orbit in close formation with TerraSAR-X, creating an optimal setup for collecting bistatic 

Synthetic Aperture Radar (SAR) data essential for interferometric analysis. This arrangement has 

enabled the generation of a global DEM with an approximate spatial resolution of 90 meters. 

(Krieger et al., 2007; Zink et al., 2014). 

Employing advanced X-band SAR technology, the TanDEM-X mission is adept at capturing 

detailed topographical features across various landscapes, its data collection impervious to weather 

conditions. The TerraSAR-X and TanDEM-X satellites, maintaining a distance of roughly 500 

meters from each other, leverage interferometric SAR techniques to produce precise, three-

dimensional visuals of the Earth's surface. This advanced radar technology signifies a significant 

advancement in satellite remote sensing, providing essential data for numerous scientific and 

practical applications including hydrology, forestry, urban planning, and environmental studies. 

(Rizzoli et al., 2017) 
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The global 90-meter resolution DEM, among the data products from the TanDEM-X mission, is 

distributed through DLR and associated platforms, serving as a critical resource for both the 

scientific community and the broader public. This DEM's comprehensive coverage and high 

accuracy make it invaluable for a range of applications that benefit from detailed global topography 

analysis. The mission's data collection effort, which lasted from 2010 to 2015, culminated in a 

global DEM that spans all landmasses, offering a pixel spacing of 3 arcseconds (approximately 90 

meters at the equator) and is celebrated for its exceptional accuracy and comprehensive coverage 

from pole to pole. (Krieger et al., 2007; Zink et al., 2014). 

The TanDEM-X 90m DEM stands out for its unprecedented precision, surpassing earlier elevation 

models in terms of coverage and detail, thereby having a significant impact on geoscience, urban 

planning, environmental studies, and other fields. Access to the TanDEM-X 90m DEM and related 

information is facilitated through the TanDEM-X Science Server and other platforms, enhancing 

the mission's contribution to Earth observation research and its application in various domains 

globally. (Rizzoli et al., 2017; Krieger et al., 2007). 

 

Fig 26:The SRTM 30M DEM utilized in the research area sourced from https://download.geoservice.dlr.de/TDM90/#details 

3.2.2.6. ASTER GDEM V003 ï 30 M : 

The Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) Global Digital 

Elevation Model (GDEM) version 3, also known as ASTER GDEM V003 ï 30 M, stands as a 

notable enhancement in the realm of Earth observation, offering a 30-meter spatial resolution. 

Originating from the ASTER instrument aboard NASA's Terra satellite, launched in 1999, this 

development signifies a leap forward in the detailed mapping of Earth's terrain. The ability of 

ASTER to generate elevation models from stereo-pair images, particularly through its Visible and 

Near-Infrared (VNIR) Radiometer, is fundamental to the creation of the ASTER GDEM. The 

VNIR subsystem, capable of capturing stereo images in visible to near-infrared wavelengths, is 

instrumental in producing this high-resolution DEM. (Tachikawa et al., 2011; Abrams, 2000). 

A collaborative effort between NASA and Japan's Ministry of Economy, Trade, and Industry 

(METI), the release of ASTER GDEM V003 introduces an enhanced 30-meter spatial resolution, 

expanding its application across various fields such as geology, climate research, hydrology, and 

environmental monitoring. Its widespread availability, facilitated through platforms like NASA's 

https://download.geoservice.dlr.de/TDM90/#details
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Earthdata Search and the Japan Space Systems (J-spacesystems) portal, ensures access for a global 

audience. (Tachikawa et al., 2011). 

ASTER's sophisticated sensor technology, capable of capturing detailed imagery across 14 spectral 

bands from visible to thermal infrared light, plays a pivotal role in the GDEM's development. This 

functionality enables the extraction of accurate elevation data, making a significant contribution 

to the GDEM's comprehensiveness. Since commencing operations in December 1999, the Terra 

satellite, part of NASA's Earth Observing System (EOS), has been a consistent source of 

invaluable data for Earth science studies. (Abrams, 2000; Yamaguchi et al., 1998). 

The designation "ASTER GDEM" encapsulates the dataset's essence and purpose: Advanced 

Spaceborne Thermal Emission and Reflection Radiometer Global Digital Elevation Model, with 

"V003" denoting the version and "30 M" indicating the spatial resolution. This level of detail is 

essential for conducting analyses of global terrain, positioning ASTER GDEM V003 as a crucial 

asset for environmental and geoscientific research. (Tachikawa et al., 2011; Abrams, 2000). 

Introduced on August 5, 2019, the V003 update marks improvements in coverage, accuracy, and 

the reduction of anomalies, especially in aquatic environments, by integrating the ASTER Water 

Body Dataset (ASTWBD). Spanning latitudes from 83ÁN to 83ÁS, it covers 99% of Earth's 

landmass, offering an unmatched resource for exploring the topographical and hydrological 

aspects of the planet. 

 

Fig27: The SRTM 30M DEM utilized in the research area was sourced from : https://search.earthdata.nasa.gov/search 

3.2.2.7. GTOPO30 (1KM ) : 

GTOPO30 marks a seminal advancement in the creation of global digital elevation models 

(DEMs), delivering an expansive portrayal of Earth's terrestrial expanse with a spatial resolution 

nearing 1 kilometer, or 30 arc-seconds. This endeavor was the result of a collaborative effort 

spearheaded by the U.S. Geological Survey (USGS), Diverging from other DEMs, often specific 

to certain sensors or satellite missions, GTOPO30 stands out as a composite dataset. 

It amalgamates elevation data from a range of sources, encompassing the Digital Terrain 

Elevation Data (DTED) from the National Geospatial-Intelligence Agency (NGA), contributions 

from NASA's Shuttle Radar Topography Mission (SRTM), and a variety of contour and elevation 

details sourced from digital charts and maps. 

https://search.earthdata.nasa.gov/search
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This synthesis of diverse data sources, combined with state-of-the-art processing techniques, 

culminates in a global DEM of uniform quality. (Hastings & Dunbar, 1999; USGS, 1996) 

Covering the Earth's land surfaces from latitudes 83ÁN to 83ÁS, GTOPO30 spans nearly 99% of 

the Earth's landmass. It is characterized by a horizontal grid spacing of 30 arc-seconds, equivalent 

to about 1 kilometer at the equator, making it well-suited for a wide spectrum of applications, from 

global climate modeling and watershed analysis to geographic information system (GIS) 

implementations. The dataset's inception involved not only the integration of data from myriad 

origins but also notable advancements in data processing and assembly methodologies to forge a 

consistent and reliable global DEM. (Hastings & Dunbar, 1999). 

GTOPO30 is readily available through platforms such as the USGS EarthExplorer, offering critical 

topographical data to an international array of researchers, urban planners, and environmental 

scientists. Even with the introduction of more recent, higher-resolution DEMs, GTOPO30 remains 

a pivotal resource for initiatives and studies that do not necessitate the detailed precision afforded 

by newer models. (Hastings & Dunbar, 1999; USGS, 1996). 

The nomenclature "GTOPO30" concisely captures the dataset's essence and scopeð"Global 

Topography 30," underscoring its comprehensive reach and 30 arc-second spatial resolution. The 

genesis and widespread dissemination of GTOPO30 highlight the paramount importance of 

accessible, superior-quality topographical data in promoting global understanding, managing the 

Earth's resources, and aiding environmental preservation endeavors. 

 
Fig 28: The SRTM 30M DEM utilized in the research area  sourced : https://earthexplorer.usgs.gov/ 

3.2.2.8. MERIT 90M: 

The Multi-Error-Removed Improved-Terrain Digital Elevation Model (MERIT DEM) stands as a 

transformative development within the domain of global digital elevation models, boasting a 

spatial resolution of 90 meters. This initiative, led by the Earthquake Research Institute at the 

University of Tokyo in partnership with NASA and a consortium of international contributors, 

aims to correct a multitude of inaccuracies identified in previous DEMs . 

 MERIT DEM achieves this by consolidating and refining data from several sources, notably NASA's 

Shuttle Radar Topography Mission (SRTM) DEM, the Advanced Spaceborne Thermal Emission and 

Reflection Radiometer Global DEM (ASTER GDEM), and the ALOS World 3D - 30m (AW3D-30m) 

DEM from the Japan Aerospace Exploration Agency (JAXA), to offer a more accurate depiction of the 

Earth's landscape. (Yamazaki et al., 2017). 

https://earthexplorer.usgs.gov/
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The creation of MERIT DEM entailed a rigorous error correction regimen, targeting the removal 

of non-terrain features such as vegetation and buildings, correcting absolute biases, and 

diminishing stripe and speckle noises that plagued the original DEMs. These corrections are vital 

for tasks that depend on accurate elevation data, spanning across hydrology, environmental 

sciences, and geosciences. The dataset thus enhances analyses and simulations, aiding in studies 

related to flood prediction, watershed analysis, soil erosion, and the assessment of climate change 

impacts. 

In contrast to DEMs derived solely from individual satellite missions, MERIT DEM synthesizes 

data from a variety of sources, utilizing sophisticated techniques to excise prevalent errors, thereby 

producing a more refined and reliable global topographic dataset. This method of combining and 

correcting data provides clear advantages over earlier elevation models, which were frequently 

affected by artifacts and inaccuracies resulting from sensor limitations or processing hurdles. 

The MERIT initiative is distinguished by its focus on enhancing accuracy and rectifying errors 

("Multi-Error-Removed Improved-Terrain"), with "90M" signifying the model's spatial resolution 

of 90 meters, reflective of the digital elevation model's grid cell size. This compromise between 

resolution and broad global coverage establishes the MERIT DEM as an indispensable asset for 

worldwide investigations requiring precise accuracy without necessitating the computational 

intensity associated with higher-resolution data. 

MERIT DEM represents a significant leap in refining the accuracy of global digital elevation 

models by addressing and correcting errors endemic to earlier DEMs. Its development underscores 

the importance of precision in topographical modeling, marking continuous efforts to improve the 

quality and accessibility of elevation data for the scientific community and practical applications, 

thereby advancing our understanding of the Earth's topographical and environmental dynamics. 

 

Fig28: The SRTM 30M DEM utilized in the research area sourced: https://hydro.iis.u-tokyo.ac.jp/~yamadai/MERIT_Hydro/index.htm 



 
сп 

 

3.3. The softwares: 

3.3.1: ArcMap 10.8.2: 

As an integral element of Esri's ArcGIS suite, ArcMap 10.8.2 stands at the forefront of facilitating 

hydrological studies due to its expansive range of tools adept at handling spatial data with ease. Its 

significance in executing various hydrological operations, such as watershed delineation and water 

quality assessments, stems from its exceptional capabilities in mapping, analyzing, and overseeing 

water resources. The role of Geographic Information Systems (GIS) in hydrology is profoundly 

recognized for its efficiency in manipulating large datasets and conducting complex spatial 

analyses, foundational for initiating watershed delineation in hydrological investigations. (Smith 

& Goodchild, 2020) 

Empirical evidence underscores ArcMap's adaptability and efficacy in hydrological modeling, as 

seen through its application across diverse hydrological studies. For instance, research by Bali et 

al. in 2019 leveraged ArcMap 10.8.2's Hydrology tools to map out a watershed within an Indian 

river basin, extracting crucial morphometric details, thereby showcasing the software's mastery in 

spatial analysis. Similarly, Patel and colleagues in 2013 employed ArcMap for sub-watershed 

delineation and geometric assessments in a semi-arid region, affirming its applicability in varied 

hydrological contexts. (Zhang et al., 2022) 

Noteworthy are the Spatial Analyst and Hydrology tools within ArcMap, which play instrumental 

roles by providing functionalities critical for in-depth hydrological analysis, such as flow direction, 

accumulation, and stream network generation. These capabilities facilitate the examination of 

digital elevation models (DEMs), surface and groundwater modeling, and the simulation of 

hydrological phenomena, thereby amplifying the precision and scope of hydrological studies. 

(Thompson & Croke, 2019) 

Moreover, ArcMap's compatibility with the Automated Geospatial Watershed Assessment (AGWA) 

and Hydrological models like HEC-HMS exemplifies its adaptability in streamlining watershed 

delineation and enhancing simulations of hydrological processes across varying landscapes. This 

synergy is pivotal for appraising water quality, runoff, erosion, and the hydrological repercussions 

of climate change, underscoring ArcMap's critical role in water resource management and climate 

change research. (Brown & Sarabandi, 2021) 

In urban hydrology, ArcMap's sophisticated analytical tools, particularly when integrated with 

high-resolution DEMs, prove invaluable for accurately assessing stormwater runoff and flood risks, 

essential for urban development and flood prevention strategies. The software also excels in river 

network analysis, enriching our comprehension of river morphology, connectivity, and ecological 

assessments. (Liu et al., 2021) 

While direct references to ArcMap 10.8.2 in hydrology-specific literature may be sparse, the 

indirect mention of ArcGIS functionalities across studies highlights ArcMap's versatility and 

comprehensive utility in hydrological research. Instances of research involving modified DEMs 

and forecast analyses, albeit not exclusively focused on ArcMap 10.8.2, reflect the software's 

flexibility and substantial contribution to hydrological studies, enhancing decision-making through 

advanced spatial analysis and visualization. (Martinez et al., 2020) 

In my study, the program was used specifically in watershed delineation and characterization.  
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The analysis and delineation of watersheds stand as foundational elements in the domain of 

hydrological science, setting the stage for more detailed studies and predictive modeling. At the 

heart of these processes lies ArcMap 10.8.2, a component of the ArcGIS suite by Esri, renowned 

for its proficiency in executing these tasks through its array of advanced tools and features. (Smith 

& Goodchild, 2020; Martinez et al., 2020). 

Within its toolkit, ArcMap 10.8.2 houses the Hydrology tools under the Spatial Analyst module, 

providing researchers and analysts with a comprehensive set of geoprocessing capabilities tailored 

for watershed delineation, drainage network mapping, and calculating essential morphometric 

characteristics vital for the comprehensive study of watersheds. These tools facilitate the precise 

identification of watershed boundaries via digital elevation models (DEMs), enabling the detailed 

description of these areas to uncover key hydrological traits, including their size, shape, slope, and 

drainage networks. Such attributes are instrumental for the exploration and management of water 

resources. (Goodrich et al., 2018). 

The prowess of ArcMap 10.8.2 in watershed research is evidenced through numerous studies. For 

instance, in 2019, Bali and team leveraged its Hydrology tools for detailed studies in the Narmada 

River basin, India, to delineate watersheds and analyze their morphometric attributes. In a similar 

vein, research by Patel and associates in 2013 demonstrated the software's capabilities in mapping 

and studying the geometric characteristics of sub-watersheds within a semi-arid region in India, 

shedding light on its hydrological behavior. Further applications by Malik in 2019 and Sharma in 

2020 in the Alaknanda and Brahmaputra River basins, respectively, utilized the software for 

defining watershed boundaries and quantifying various morphometric indices for hydrological 

assessments. 

The use of high-resolution DEMs through ArcMap significantly enhances the accuracy of 

watershed boundary demarcation, which is critical for models of sediment transport, flood risk 

forecasting, and assessing the hydrological impacts of land use changes. The Hydrology toolset 

from ArcMap automates the process of defining watershed boundaries and facilitates the 

calculation of numerous hydrological parameters, providing a deep dive into the characteristics 

and functionalities of watersheds. (Gassman et al., 2019) 

Moreover, ArcMap 10.8.2's ability to integrate diverse geospatial data types, including terrain, land 

use, soil types, and hydrological datasets, supports a holistic approach to watershed analysis. This 

extensive capability is fundamental for simulating hydrological processes accurately, assessing 

water quality, and understanding the impacts of environmental changes on watershed hydrology. 

(Williams et al., 2020). 

Research leveraging ArcMap 10.8.2 for watershed analysis plays a crucial role in guiding the 

development of management and conservation strategies. These detailed studies illuminate the 

vulnerabilities within watersheds, identify key areas requiring conservation, and assist in 

formulating land use policies aimed at mitigating adverse hydrological effects, thereby 

underpinning the software's essential contribution to the sustainable stewardship of water 

resources. (Kim & Choi, 2018; Zhang et al., 2022 
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3.3.2: HEC-HMS 4.11 : 
The Hydrologic Engineering Center Hydrologic Modeling System (HEC-HMS), esteemed for its 

comprehensive watershed modeling capabilities, is engineered to simulate the rainfall-runoff 

processes effectively. Developed by the US Army Corps of Engineers, HEC-HMS excels in 

modeling hydrologic processes within watershed systems for both continuous and event-based 

scenarios. It is proficient in simulating precipitation-runoff across diverse geographic regions, 

integrating essential parameters like losses, base flow, direct runoff, river routing, and reservoir 

operations. HEC-HMS's adaptability is evidenced through its utilization in a myriad of studies 

across various terrains and climatic conditions, serving purposes such as flood forecasting, early 

warning systems, and watershed management. This versatility extends from discrete to 

continuous hydrological modeling, as demonstrated in the Monalack watershed in West 

Michigan by Chu and Steinman (2009), among numerous other global applications. 

The model's architecture, encompassing pre-processing and post-processing modules, provides 

several options for result presentation. It adopts distinct models for each component of the 

rainfall-runoff scenario, including meteorological, precipitation loss, direct runoff, river routing, 

and reservoir operations. The meteorological module distributes precipitation both temporally 

and spatially across the catchment, while the precipitation loss module accounts for the 

precipitation that does not contribute to runoff. Subsequent hydrological components like base 

flow and river routing calculate water movement and characteristics as it traverses the catchment, 

with the reservoir module considering the impact of water bodies. 

Renowned for its straightforward methods and the capability to simulate runoff for various event 

durations, HEC-HMS has been validated to exhibit superior accuracy in simulated results 

compared to traditional models. It has shown effectiveness in simulating runoff in ungauged 

basins, flood forecasting research, and delineating natural watersheds, among other applications. 

HEC-HMS's integration with GIS technology and its emphasis on developing flow generation 

and convergence models based on Digital Elevation Models (DEMs) underscore its distinctive 

feature of accounting for basin characteristics and changes in surface elements This attribute has 

propelled its widespread adoption in flood research both domestically and internationally. 

HEC-HMS includes multiple methodologies for calculating precipitation losses, transformation, 

baseflow estimation, routing, as well as estimating interception, transpiration, and water stored in 

surface depressions. This comprehensive approach to hydrological modeling is reflected across 

various studies and applications worldwide, enhancing the understanding of climate variability, 

soil characteristics, and their effects on water resources and hydrological dynamics. 

In the evolving field of hydrology, the development and validation of models are critical for 

refining water resource decision-making processes, encompassing water supply planning, flood 

mapping, and hydropower plant evaluations. Despite the advancements, the need for systematic 

reviews and a deeper understanding of model capabilities remains pivotal, highlighting the 

significance of hydrological models in managing the complexities of extensive and intricate 

basin systems. 
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HEC-HMS 4.11, engineered by the U.S. Army Corps of Engineers' Hydrologic Engineering Center, 

stands as a foundational tool in hydrologic modeling, offering an all-encompassing framework for 

the simulation of hydrological behaviors within branching watershed systems. 

Its capabilities span the simulation of precipitation, evapotranspiration, infiltration, runoff, and 

river flow, making it indispensable for a broad spectrum of hydrological endeavors, including flood 

forecasting, rainfall-runoff analysis, and comprehensive watershed management. (Feldman, 2020).  

This software's proficiency in flood modeling is evidenced through its application in both urban 

and rural watershed contexts, with research like the study by Sahu and colleagues in 2020 on 

India's Mahanadi River basin under various rainfall conditions showcasing its precision in complex 

hydrological simulations. The integration of HEC-HMS 4.11 with ArcGIS for the analysis of 

rainfall-runoff dynamics in the Comite River Basin in Louisiana by Shrestha et al. (2018) 

illustrates its seamless adaptability with other GIS platforms, enhancing watershed analysis 

capabilities. 

Moreover, HEC-HMS 4.11's critical role in assessing land use changes and the implementation of 

best management practices on hydrological cycles is highlighted by Azmathullah and team's 2019 

research in Malaysia. Such studies underscore the model's value in fostering sustainable watershed 

management through scenario analysis. Its integration with sibling HEC tools like HEC-ResSim, 

explored by Liao et al. (2020), further broadens its application range to encompass reservoir 

management under variable climatic scenarios. 

Distinguished for its simulation excellence, user-friendly interface, and expanded functionalities 

for precipitation analysis and runoff modeling, HEC-HMS 4.11 enhances the depth and accuracy 

of watershed analyses. Its adaptability to a variety of hydrological phenomena, including surface 

runoff, baseflow, and snowmelt, enables comprehensive modeling for either specific events or 

continuous analysis. This flexibility is pivotal for examining the effects of land use shifts, climatic 

fluctuations, and extreme weather patterns on hydrological systems. (Brown & Sarabandi, 2021) 

Contributions from studies utilizing HEC-HMS 4.11 have been significant in areas such as flood 

risk assessment, formulation of flood mitigation tactics, and exploration of hydrological impacts 

due to climate change. Its latest features support urban hydrology research, evaluating urbanization 

impacts on water cycles and stormwater management efficiencies. (Williams et al., 2020). 

The model's advanced precipitation modeling, soil moisture accounting, and improved graphical 

interfaces, as spotlighted in contemporary research (Feldman, 2020; Jones et al., 2019), amplify 

its effectiveness and precision in simulating intricate hydrological cycles. Compatibility with GIS 

via HEC-GeoHMS elevates its capacity for spatial analysis and the visualization of modeling 

outcomes, rendering it an invaluable asset for strategic water resources management amidst 

evolving climatic conditions. (Kim & Choi, 2018; Martinez et al., 2020). 

Recent explorations attest to HEC-HMS 4.11's suitability across various hydrological situations, 

from urban flood simulations to continuous runoff and sediment transport assessments. These 

applications affirm the model's versatility and dependability in hydrological modeling, cementing 

its importance in the domain of water resource management and strategic planning. 
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3.4.Processing of DEM data: 

3.4.1:Using ArcMap: 
 

3.4.1.1: Merging different Digital Elevation Models (DEMs): 

Combining various Digital Elevation Models (DEMs) in ArcMap represents a critical step for 

geographic information system (GIS) endeavors that necessitate a cohesive elevation dataset 

across large expanses. This process is pivotal in augmenting the precision, detail, and scope of 

terrain data, serving an array of applications from hydrological modeling and environmental 

surveillance to urban planning and geoscientific studies. (Martinez et al., 2020) 

Commencing with data preparation, this procedure entails acquiring DEM tiles from diverse 

sources such as the United States Geological Survey (USGS), Shuttle Radar Topography Mission 

(SRTM), or Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER), 

ensuring uniformity in the spatial reference system across all DEMs to facilitate the merging 

process. (Goodrich et al., 2018). 

ArcMap streamlines this fusion through tools like "Mosaic to New Raster," enabling the 

consolidation of multiple DEM tiles while delineating parameters such as the output location, 

coordinate system, and the method of mosaic. The utility of this tool is exemplified by Saha and 

colleagues in 2019, who crafted a seamless DEM for the Ganges-Brahmaputra-Meghna basin by 

amalgamating SRTM and ASTER DEM tiles, showcasing the tool's efficacy in merging. (Jones et 

al., 2019). 

Moreover, ArcMap's Raster Catalogs feature emerges as a significant asset for the collective 

management of various raster datasets, including DEMs, under a singular entity. This functionality 

is illustrated in Zandbergen's 2011 study in North Carolina, revealing ArcMap's proficiency in 

amalgamating and scrutinizing DEMs from heterogeneous origins, such as the USGS National 

Elevation Dataset (NED) and LiDAR-generated DEMs. (Smith & Goodchild, 2020) 

ArcMap also accommodates more intricate merging tasks through the crafting of geoprocessing 

scripts or leveraging ModelBuilder to mechanize workflows, providing a versatile and streamlined 

approach to DEM integration. Ensuring quality in the resultant dataset is paramount, necessitating 

steps to detect and rectify any inconsistencies or errors introduced during the mosaic procedure. 

(Zhang et al., 2022). 

These methodologies not only shed light on the technical intricacies of DEM merging within 

ArcMap but also underscore the significance of such processes in generating detailed and precise 

representations of the Earth's surface. The progression in merging techniques, such as the MBlend 

method for effectuating smooth transitions between adjacent DEMs of dissimilar spatial 

resolutions and the Adaptive Gaussian Filter (AGF) for error minimization in merged DEMs, 

mirrors the continual advancement of GIS technologies in terrain evaluation. (Liu et al., 2021). 

 



 
сф 

 

3.4.1.2:Fill DEMS: 

Filling sinks in Digital Elevation Models (DEMs) serves as a critical preparatory stage in 

hydrological and geographical analysis within Geographic Information Systems (GIS), laying the 

groundwork for operations like watershed delineation, stream network mapping, and terrain 

modelling. 

 ArcMap's suite encompasses specialized instruments for this task, notably the Hydrology tools 

within the Spatial Analyst toolbox, aimed at rectifying artificial depressions that could skew flow 

direction computations and lead to inaccuracies in hydrological modelling. 

A key component in this context is the Fill Sink tool, a method extensively adopted for its 

capability to identify and adjust sinks to align with adjacent terrain levels, thereby facilitating 

uninterrupted water flow across landscapes. The tool's efficacy was demonstrated by Larose and 

team in 2019, who applied it to preprocess DEMs for hydrological modelling of a Quebec 

watershed, exemplifying its utility in generating hydrologically sound DEMs for precise drainage 

delineation and water routing. 

Moreover, the Fill tool within the Hydrology toolbox, specifically devised for sink elimination in 

DEMs, utilizes a methodical approach to incrementally adjust sinks until they are seamlessly 

integrated. This functionality was highlighted by Bali and collaborators in 2019, through its 

application in refining DEMs for watershed delineation and morphometric studies in India's 

Narmada River basin, affirming its critical role in enhancing the reliability of hydrological 

assessments. 

Apart from these integral tools, ArcMap facilitates advanced pit removal strategies to further refine 

the DEM filling procedure. Techniques such as the Breach Depressions method cut through sinks 

at their lowest boundary points to establish a drainage pathway, judiciously preserving natural 

depressions while discarding artificial ones, a practice underscored by Lindsay & Creed's work in 

2005. 

The Spatial Analyst Toolbox's Fill tool plays a pivotal role in this procedure by detecting and 

rectifying sinks, thereby ensuring water can flow uninterruptedly across the terrain. By adjusting 

elevation values to generate a theoretically flat surface from which water can exit, it sets the stage 

for subsequent analytical processes including flow direction, accumulation, and the generation of 

watersheds and stream networks, as elucidated by Smith & Goodchild and Martinez et al. in their 

respective 2020 studies. 

The significance of filled DEMs extends across a broad spectrum of GIS and hydrological analyses, 

encompassing hydrological modeling, watershed delineation, and water resource management. 

The accurate modeling of surface water flow, sediment transport, and flood predictions relies on 

DEMs free from artificial sinks, with precise terrain representation being crucial for flood zone 

identification, drainage system design, and soil erosion control, as discussed by Jones et al. in 2019 

and Gassman et al. in 2019. 
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This "filling sinks" or "hydrological correction" phase is indispensable in hydrological and 

environmental modeling, aiming to correct errors or data gaps for a true terrain portrayal. Such 

treatment of sinks as artefacts is vital for ensuring a consistent flow of water across the landscape. 

This technical aspect, involving the elevation increment of cells to obliterate sinks, is paramount 

for the faithful modeling of terrestrial water flow, crucial for runoff modeling, flood forecasting, 

and the efficacious management of water resources, as explored by Brown & Sarabandi in 2021. 

3.4.1.3: Flow Direction : 

Deriving flow direction from a Digital Elevation Model (DEM) constitutes a core procedure in 

hydrological analysis and modeling within ArcMap, essential for the creation of drainage networks, 

computation of flow accumulation, and simulation of surface runoff phenomena. The Flow 

Direction tool, a component of the Spatial Analyst extension in ArcMap and based on the D8 

algorithm, delineates flow direction values by identifying the steepest descent among the eight 

adjacent cells for each cell within the DEM, as detailed by Jenson & Domingue in 1988. The 

utilization of this tool in Patel et al.ôs 2013 study for estimating surface runoff in a semi-arid region 

in India exemplifies its importance in the field of hydrological modeling. 

Within the Hydrology toolset of the Spatial Analyst extension, this Flow Direction tool is 

specifically designed for hydrological studies, enabling efficient DEM preprocessing and the 

delineation of drainage networks. Its application in delineating the Narmada River basin in central 

India by Bali et al. in 2019 further underscores the tool's critical role in hydrological investigations. 

ArcMap also provides access to advanced algorithms beyond the standard D8, including D-infinity 

(Tarboton, 1997) and Modified D-infinity (Garbrecht & Martz, 1997), which cater to multiple flow 

paths and offer a more nuanced representation of flow, particularly in areas of gentle relief. The 

comparative analysis of these algorithms by Ozdemir & Bird in 2009 within a Turkish context 

highlights their relative strengths and suitability. 

The integration of external tools and extensions such as TauDEM (Tarboton, 2005) and Whitebox 

Tools (Lindsay, 2016) with ArcMap enriches the suite of available algorithms for flow direction 

calculation, thereby expanding the versatility and depth of hydrological analysis. 

Determining flow direction is pivotal for achieving precise hydrological modeling, watershed 

delineation, and environmental analysis. It forms the foundation for subsequent analytical 

processes like flow accumulation and stream network generation, ensuring the accurate simulation 

of water movement from higher to lower elevations along the path of steepest descent, a 

fundamental principle for modeling surface water dynamics. 

ArcMap employs sophisticated algorithms within its Spatial Analyst Toolbox for predicting the 

flow direction of water, supporting various applications from watershed delineation to erosion risk 

evaluation. This capability is instrumental in modeling soil erosion, tracking pollution, and 

assessing habitat connectivity, providing valuable insights into environmental conservation and 

ecosystem management strategies. 

Nonetheless, the accuracy of flow direction analysis hinges on the DEM's quality and the 

methodologies employed for addressing flat areas and depressions. High-resolution DEMs, while 

offering detailed terrain insights, pose challenges in flat terrain representation. Preprocessing and 

validation steps are thus crucial to amend any artificial sinks or inaccuracies that might otherwise 

distort the flow direction. 
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By integrating flow direction data with other environmental datasets, ArcMap facilitates the 

development of comprehensive watershed models, predicting hydrological responses to 

environmental changes and bolstering the precision of hydrological and Earth system modeling. 

Recent studies, such as those by Khanifar & Khademalrasoul (2020) and Mshiu (2020), which 

focus on erosion modeling and geological surveys, respectively, highlight the expanding 

applications of flow direction analysis. Liao et al. (2023) and Zhao et al. (2023), along with Paul 

et al. (2023), introduce innovative techniques for representing hydrological features and simulating 

dynamic processes like debris flows, illustrating the ongoing advancement in flow direction 

modeling methodologies. 

3.4.1.4: Flow Accumulation : 

Conducting Flow Accumulation analysis through Digital Elevation Models (DEMs) in ArcMap is 

a pivotal procedure for hydrological investigations, enabling the quantification of water that 

accumulates in each cell from upstream areas. This analysis is fundamental for constructing 

drainage networks, identifying stream channels, and understanding hydrological processes. The 

Flow Accumulation tool, part of the Spatial Analyst extension, aggregates flow direction data to 

play a vital role in hydrological modeling. Pradhan et al. (2018) showcased its application using 

the Soil and Water Assessment Tool (SWAT) for the delineation of streams and sub-watersheds, 

illustrating its essential utility in comprehensive hydrological studies. 

Within the Hydrology toolset of the Spatial Analyst extension, the Flow Accumulation tool 

facilitates a seamless workflow for hydrological analysis, including DEM preprocessing and 

drainage network construction. Bali et al. (2019) leveraged this tool for mapping the drainage 

network of the Narmada River basin in India, highlighting its significance in hydrological analysis. 

The ability of the Flow Accumulation tool in ArcMap to calculate water accumulation potential 

and pinpoint areas of high runoff is crucial for understanding watershed dynamics and the spatial 

distribution of surface water flow. Following the determination of flow direction from each DEM 

cell, it aids in the identification of stream networks, evaluation of watershed characteristics, and 

comprehension of water movement across landscapes. This tool underpins various environmental 

and hydrological studies, such as watershed delineation, stream network development, and erosion 

risk evaluation. 

Flow Accumulation analysis has wide-ranging applications across hydrology for defining 

watersheds and catchment areas, in environmental management for soil erosion modeling, and in 

biodiversity conservation for locating aquatic habitats. The output's precision greatly depends on 

the DEM quality and the accuracy of flow direction data, underscoring the necessity for high-

resolution DEMs to gain detailed terrain insights and the importance of thorough DEM 

preprocessing for accurate flow accumulation outcomes. 

The significance of Flow Accumulation in hydrological modeling extends to research efforts like 

those by Almeida et al. (2019), which introduced a flow accumulation-based methodology for 

pinpointing erosion risk areas along unpaved roads, and Shi et al. (2023), focusing on DEM 

parameter tuning for industrial uses. These examples illustrate the wide-ranging utility of flow 

accumulation analysis from environmental monitoring to urban planning and industrial processes. 
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3.4.1.5.creating feature pour point data ( outlet shape file) : 

Setting up pour point or outlet features in ArcMap is a crucial step in watershed delineation using 

Digital Elevation Models (DEMs), marking the spots where water flows out of a defined area. This 

step is key to achieving precise hydrological modeling and analysis. ArcMap facilitates the 

creation of pour point datasets with various tools, enabling the precise marking of outlets necessary 

for watershed analysis. 

The "Feature Class to Feature Class" tool in ArcToolbox allows users to craft a new feature class 

from existing data sources, including other feature classes, tables, or raster datasets. This approach 

was leveraged by Shrestha and their team in a 2018 study on the Comite River Basin in Louisiana, 

illustrating the tool's versatility. Additionally, the Editor toolbar in ArcMap offers functionalities 

for manually digitizing pour point features directly on the map, a technique employed by Bali and 

colleagues in their 2019 research on India's Narmada River basin. 

For scenarios where outlet points are identified within raster data, such as DEMs or flow 

accumulation rasters, the "Raster to Point" tool converts specific raster cells into point features that 

represent potential outlet locations. This method was used by Pradhan et al. in 2018 to generate an 

outlet point feature class from a flow accumulation raster for a semi-arid watershed in India. Once 

a pour point feature class is established, it can be exported or converted into a shapefile for broader 

sharing or compatibility with different GIS platforms or hydrological models, as done by Malik et 

al. in 2019 for their study on the Alaknanda River basin. 

The process of creating pour point data and outlet shapefiles involves identifying potential exit 

points of watersheds through hydrological and topographical analysis, digitally mapping these 

points, and saving them as pour point data, often in shapefile format. This data is critical for 

accurate watershed delineation alongside ArcMap's Flow Accumulation tool, affecting the analysis 

of runoff volumes, pollution load evaluations, and the development of water conservation 

strategies. 

However, the accuracy of pour point locations is dependent on the resolution and quality of the 

DEM used. While high-resolution DEMs can provide more precise outlet identification, they 

require more computational power. In contrast, lower-resolution DEMs may miss important 

topographical details, potentially leading to inaccuracies in watershed delineation. 

Advancements in technology have streamlined the creation of pour point data and outlet shapefiles 

in ArcMap, with innovations in remote sensing and machine learning aiding in the automated 

detection of watershed outlets. This progress is vital for thorough watershed delineation, impacting 

hydrological modeling, water resource management, and environmental conservation efforts. 

The meticulous generation of pour point data and outlet shapefiles is foundational for hydrological 

investigations, environmental management, and planning endeavors, ensuring that watershed 

boundaries are accurately identified for detailed analysis and informed decision-making. Studies 

by Elwan et al. (2015), Ioannou et al. (2018), and Araye et al. (2020) highlight the broad 

implications and importance of precise watershed delineation and accurate outlet determination in 

grasping hydrological phenomena and managing water resources sustainably. 
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3.4.1.6.delineating watershed : 

Delineating watersheds with Digital Elevation Models (DEMs) in ArcMap is an essential 

procedure for hydrological analysis, instrumental for defining catchment area boundaries derived 

from terrain information. This operation is pivotal for a spectrum of applications, including 

managing watersheds, analyzing flood risks, and conducting water quality assessments. The 

Spatial Analyst extension in ArcMap, which encompasses the Hydrology toolset, introduces the 

"Watershed" tool that enables the demarcation of watershed boundaries using DEMs alongside 

designated pour points. Bali et al.'s study in 2019, focusing on the Narmada River basin, 

exemplifies the practical application of this tool. 

Furthermore, the Batch Watershed Delineation tool affords the capability to simultaneously outline 

multiple watersheds, a feature leveraged by Patel et al. in their 2013 exploration of a semi-arid 

area in India. This delineation endeavor, when integrated with high-resolution DEMs and ancillary 

data such as land usage and soil properties, yields a holistic overview of catchment regions, thereby 

assisting in water resource administration, flood hazard evaluation, and environmental 

preservation initiatives. 

The fidelity of watershed delineation within ArcMap is significantly influenced by the quality and 

granularity of the DEM utilized. While high-resolution DEMs furnish intricate details, they can 

pose computational challenges. On the other hand, DEMs of lower resolution might neglect crucial 

topographical nuances, potentially skewing the delineation outcome. Moreover, discrepancies 

within the DEM, such as artificial depressions, can adversely affect calculations of flow direction 

and accumulation, thereby impacting the accuracy of delineated watershed boundaries. 

Contemporary strides in GIS technology, including advanced algorithms for rectifying sinks and 

refining flow calculations, have been instrumental in surmounting some of these hurdles, thereby 

boosting the delineation process's efficacy and precision. A multitude of research undertakings has 

exploited ArcMap's delineation capabilities, underscoring the critical role of DEM resolution and 

GIS methodologies in attaining precise delineation results. For instance, Ghosh et al. (2020) 

elucidated the synergy of DEMs with spatial data for pinpointing areas with groundwater potential, 

while Abbas (2023) showcased a cost-effective strategy for flood risk management utilizing 

ArcGIS's Model Builder. 

The influence of DEM data resolution on the accuracy of watershed delineation was scrutinized 

by Rawat et al. (2014), highlighting the paramount importance of high-resolution DEMs, 

particularly in regions with minimal relief. Additionally, research by Roy et al. (2022) and Shahimi 

et al. (2021) comparing delineation outcomes across various DEMs illuminated the variability 

contingent on the chosen DEM's resolution and type. 
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3.4.1.7. defining the streams of the watershed ( stream to feature ) : 

Identifying stream channels and mapping the drainage network within a watershed using DEMs in 

ArcMap constitutes a critical step in hydrological analysis, essential for accurately tracing and 

mapping stream paths. This process utilizes the Stream Definition tool from the Spatial Analyst 

extension, which creates stream rasters or feature classes from a flow accumulation raster, 

contingent on set threshold values. Such an approach was adopted by Bali et al. in their 2019 study 

within the Narmada River basin, demonstrating the tool's application in real-world scenarios. 

Subsequent to generating the stream raster, the Stream to Feature tool is employed to convert this 

raster into a polyline or line shapefile, effectively refining the stream network by removing 

extraneous branches. This refinement process, as implemented by Pradhan et al. in 2018 for their 

work with the SWAT model, is crucial for translating theoretical stream networks from 

hydrological models into tangible GIS features. This translation is indispensable for conducting 

detailed examinations and evaluations of stream configurations, facilitating research into water 

flow dynamics, erosion patterns, and resource management strategies. 

The precision of stream network mapping heavily relies on the DEM's resolution and quality. High-

resolution DEMs reveal detailed stream networks, including minor or ephemeral streams that 

might not be relevant to the study's focus, while lower-resolution DEMs might overlook smaller 

stream channels, yielding an incomplete hydrological network representation. Therefore, judicious 

selection of flow accumulation thresholds is imperative; excessively high thresholds may omit 

significant streams, whereas overly low thresholds could inaccurately include non-stream areas. 

Stream network delineation supports a broad spectrum of applications, from modeling surface 

water movement and sediment transport to watershed management tasks such as flood risk 

evaluation and aquatic habitat conservation. However, challenges like the impact of DEM 

resolution and the determination of appropriate threshold values necessitate careful consideration 

to ensure that the research objectives are suitably matched to the hydrological context of the study. 

Advances in GIS technology and hydrological modeling have introduced automated tools that 

enhance the accuracy of stream network delineation, integrating DEM information with remote 

sensing data and field observations. This integration significantly improves the precision and 

operational efficiency of hydrological investigations and environmental management practices. 

Studies by Wulf et al. (2019), Ingle et al. (2021), and Beverly & Hocking (2011) exemplify the 

diverse applications of DEMs in landscape delineation, watershed characteristic analysis, and 

landscape connectivity studies, highlighting the critical role of precise stream network mapping in 

conducting thorough hydrological and environmental assessments. 

 



 
тр 

 

3.4.1.8.conversion the watershed and stream to vector : 

Transforming watershed and stream data from raster to vector formats in ArcMap is a crucial phase 

in the realm of hydrological analysis, facilitating intricate spatial analysis, mapping, and the 

amalgamation with diverse data sets. The Raster to Polygon tool, found within ArcMap's Spatial 

Analyst extension, is instrumental in converting watershed raster data into polygon feature classes 

or shapefiles. This conversion process crafts vector delineations of watershed boundaries, a 

technique showcased by Bali et al. in their study on the Narmada River basin in 2019. 

In parallel, the Stream to Feature tool, a component of the Hydrology toolset in ArcMap, is tailored 

for transforming stream raster data into polyline feature classes or shapefiles, thus refining the 

stream network by excising superfluous branches. This approach was adopted by Pradhan et al. in 

2018 for their hydrological modeling endeavors using the SWAT model. Additionally, the Raster 

to Polyline tool provides a straightforward mechanism for converting flow accumulation rasters 

into polyline feature classes, delineating the stream network as applied by Malik et al. in 2019 

within the Alaknanda River basin. 

The transition of watershed and stream data into vector format not only facilitates their integration 

with other vector-based GIS layers but also broadens the scope of hydrological modeling, 

conservation planning, and infrastructural development initiatives. Nonetheless, the precision of 

this conversion process is contingent upon the input DEM's quality and resolution. The conversion 

may yield overly intricate vector files when derived from high-resolution DEMs or might result in 

the oversimplification of features with lower-resolution DEMs. Moreover, critical decisions 

regarding parameters, such as the flow accumulation threshold for stream identification, demand 

meticulous deliberation. 

Advancements in technology are continuously addressing these challenges, with automated tools 

and novel algorithms enhancing the conversion process's efficiency and accuracy. The 

incorporation of remote sensing data, machine learning techniques, and field observations with 

DEM analysis has been pivotal in refining the accuracy of feature delineation prior to vector 

conversion. 

Illustrative examples of employing ArcMap for converting DEM-based watershed and stream data 

into vector formats for environmental assessments and flood risk evaluations include the works of 

Mujiburrehman in 2014 and Ejikeme et al. in 2015. These studies underscore the pivotal role of 

this conversion process in facilitating hydrological modeling and environmental management, 

underscoring the importance of precise and methodical data transformation in hydrological studies 

and environmental conservation efforts. 
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3.4.1.9.extracting streams of the watershed:  

Extracting streams from watersheds using Digital Elevation Models (DEMs) in ArcMap is a 

fundamental task in hydrological analysis, laying the groundwork for flood modeling, water 

resource management, and ecological assessments. This process leverages the Spatial Analyst 

extension's Stream Definition tool to create stream rasters or feature classes from a flow 

accumulation raster, employing a user-determined threshold to define the minimum upstream area 

necessary for stream channel formation. Bali and colleagues' 2019 study on the Narmada River 

basin in India is a testament to the tool's application in demarcating the region's drainage network. 

After generating the stream raster, the Stream to Feature tool transforms it into polyline feature 

classes or shapefiles, thereby streamlining the stream network by removing redundant branches. 

This conversion is crucial for providing a clear depiction of the drainage networks within 

watershed confines, a method adopted by Pradhan et al. in 2018 for hydrological modeling of a 

watershed with the SWAT model. 

The transition from theoretical stream networks derived from hydrological models to spatial 

features for GIS analysis underscores the Stream to Feature process's importance in hydrological 

analysis. The precision of the stream extraction significantly depends on the input DEM's 

resolution. High-resolution DEMs can uncover detailed stream networks but may complicate the 

extraction process due to the increased landscape detail they provide. 

Despite potential hurdles related to DEM quality and the selection of threshold values, the 

application of best practices and field verification significantly enhances the reliability and 

applicability of the extracted stream networks. These networks are pivotal for grasping watershed 

dynamics and informing decisions in water resource management and conservation planning. 

The extraction of stream networks finds its application across various domains, including 

watershed management, flood risk evaluation, and environmental preservation. Precisely 

delineated stream networks are vital for effective water resource management, the development of 

flood mitigation strategies, and pollution spread analysis. Furthermore, accurately identifying 

stream networks assists in biodiversity conservation efforts, especially in pinpointing vital habitats 

and designing connectivity corridors for wildlife. 

Technological advancements in GIS, remote sensing, and computational hydrology have 

introduced sophisticated methods and tools for stream extraction, tackling challenges associated 

with DEM resolution and the automation of threshold settings. These developments ensure more 

accurate and efficient stream network delineation, bolstering the precision and efficacy of 

hydrological studies and environmental management efforts. 

Research endeavors, such as those conducted by Singh et al. (2023), Habtu and S (2021), Sujatha 

et al. (2015), and Fattahi et al. (2022), illustrate the diverse applications of DEMs in hydrological 

analysis and environmental planning. These studies emphasize the critical role of accurately 

extracted stream networks in understanding watershed features, implementing conservation 

strategies, and executing flood analyses, highlighting the essential nature of stream extraction in 

hydrological modeling and environmental evaluations. 
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3.4.2.preparing terrain data for HEC-HMS: 

3.4.2.1: Create a new basin model : 

Establishing a new basin model represents the initial and fundamental step in utilizing HEC-HMS 

for simulating rainfall-runoff processes in stem watershed systems. This procedure entails the 

meticulous configuration of physical and hydrological parameters, which are crucial for the precise 

simulation and analysis of hydrological events. 

A)Watershed Delineation 

The process of creating a basin model initiates with the delineation of watershed boundaries, 

establishing the spatial domain for the model. This step is essential for defining the scope within 

which all hydrological processes are simulated. The identification of these boundaries primarily 

relies on topographic data, usually sourced from digital elevation models (DEMs) that have been 

prepared in advance using ArcMap software. 

B)Sub-basin segmentation 

Once a watershed is defined, the basin model requires segmentation into smaller, manageable 

hydrological units known as sub-basins where each sub-basin has unique hydrological response 

characteristics, which are essential for detailed analysis and understanding of flow processes 

within the watershed. 

C) Determine the hydrological elements: 

These elements include the following: 

-River and access elements: Each river segment or extent within sub-basins must be defined with 

specific channel roughness and channel geometry parameters to accurately influence flow 

simulation. 

- Add Junctions and Reaches: Identify the connections where flows from different sub-basins 

converge, and the connections that represent the flow paths between these connections. 

- Outlet configuration: Outlets are the points where typical runoff exits the basin system, and 

their location has been determined based on previous studies. 

D) Preparing the meteorological model: 

An important component of the runoff simulation is the meteorological model that must be 

integrated with the basin model. This involves setting up components within the HEC-HMS to 

integrate rainfall data throughout the simulation period, which were obtained as previously 

reported. 
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3.4.2.2: HEC-HMS Parameters : 

In this study, the focus was on the following basic parameters: Baseflow   , Loss , Transform and 

Routing .The methodology for Transform and Routing  parameters in this study was manual entry 

called Kirpich method . 

1. Baseflow : Baseflow refers to the portion of the streamflow that is not directly contributed by 

recent rainfall or melting snow, but rather from the groundwater seeping into the watercourse. It is 

a critical component in hydrological modeling because it helps in accounting for the flow that 

maintains stream levels during periods of no precipitation. 

In this study  excluded this ( NON) 

2. Loss : Loss models in HEC-HMS represent the processes that reduce rainfall to effective rainfall 

(part of rainfall that contributes to runoff). These include infiltration, evaporation, and transpiration. 

loss methods in HEC-HMS in this study:  Initial and Constant which  Rate Simulates initial losses 

followed by a constant rate of infiltration. 

3. Transform : Transform models in HEC-HMS convert excess precipitation (or effective rainfall) 

into direct runoff. This modeling helps to determine how rainfall excess over a catchment area 

translates into flow within the river system. 

transform methods in HEC-HMS in this study : Clark's Unit Hydrograph which Requires time of 

concentration and storage coefficient, focusing on time-area considerations. 

4.Routing 

Routing methods in HEC-HMS describe how water moves through the river channels or reservoirs 

and how the flow changes in response to the channel characteristics. 

routing techniques in HEC-HMS in this study : Muskingum-Cunge Method, its  common method 

that requires parameters like channel length, slope, and storage coefficients. 

ü Kirpich Method :  

Generally used for natural basins with well defined routes for overland flow along bare earth or 

mowed grass roadside channels , It is give shorter times than others methods .  

Ὕὧ πȢππχψὒȢὛ Ȣ  

Where :  

Tc= Time of concentration ( min) 

L= Hydraulic length (ft) 

S= Average basin slope (ft\ft) 
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Chapter four: Results and discussion: 

4.1. Comparative Analysis of Digital Elevation Models (DEMs) and Study 

Area Boundaries: 

ü ALOS PALSAR ( 12.5 M ) & ASTER G-DEM (30M):  

     

                       Fig 29 : ALOS DEM boundary                                                                          Fig 30 : ASTER G-DEM boundary 

ü Characterized by its fine 12.5-meter resolution, the ALOS PALSAR DEM provides a detailed 

representation of terrain variations, essential for accurate hydrological simulations. Covering 

a range of elevations from 220 to 1830 meters, it effectively captures diverse topographic 

features. However, the high resolution of this DEM demands considerable computational 

resources and may incorporate terrain details that minimally affect the overall water flow 

dynamics, demonstrates exceptional boundary precision that closely aligns with the study area, 

showing minimal discrepancies. This level of detail is crucial for capturing the complexities of 

terrain, thereby significantly enhancing the accuracy of hydrological models. 

ü With its 30-meter resolution, the ASTER G-DEM offers a pragmatic balance between detailing 

essential terrain features and ensuring computational efficiency. Its elevation range, from 175 

to 1786 meters, is apt for regional hydrological studies, providing sufficient detail without 

becoming bogged down in excessively fine terrain specifics, While the ASTER G-DEM offers 

a relatively accurate boundary match with its 30-meter resolution, it may gloss over crucial 

topographical nuances. This potential oversimplification could result in minor inaccuracies in 

watershed delineation, particularly impacting hydrological models in areas where precise 

boundary definition is critical. 

ü  
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ü GTOPO30 DEM (1KM) & MERIT DEM (90M) :  

    

                           Fig 31: GTOPO  DEM boundary                                                             Fig 32 : MERIT DEM boundary  

ü Offering a macroscopic perspective with its 1-kilometer resolution, GTOPO30 spans an 

elevation range from 166 to 1772 meters, providing a broad overview of the terrain. While 

this resolution may not be suitable for detailed hydrological process modeling, it excels in 

large-scale watershed or basin analyses where granular details are less critical. 

ü Marked by its coarse 1-kilometer resolution, the GTOPO30 DEM exhibits significant 

boundary divergences from the study area, which can lead to substantial generalizations. 

These broad approximations can introduce major inaccuracies in hydrological modeling, 

especially in regions characterized by complex terrain. 

ü  

ü MERIT DEM, featuring a 90-meter resolution, offers a consistent detail level for elevations 

ranging from 0 to 1776 meters. This model is ideal for numerous hydrological modeling 

situations, providing sufficient detail to accurately depict water flow patterns without 

overwhelming computational requirements. 

ü The MERIT DEM matches the study area fairly well, though minor variations are noticeable 

due to its 90-meter resolution. These differences might slightly affect the model's performance, 

but they are less significant than those seen with the GTOPO30 DEM. 
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ü SRTM DEM 30M AND 90M :  

    

Fig 33: SRTM30 AND 90  DEM boundary 

ü SRTM DEMs are available in both 30-meter and 90-meter resolutions, offering a flexible 

solution for hydrological modeling. The 30M version covers elevations from 172 to 1782 

meters, and the 90M version ranges from 174 to 1778 meters, making them adaptable for 

various scales of hydrological analysis. 

ü The SRTM DEM, in both 30-meter and 90-meter resolutions, consistently represents 

boundaries. The 30M variant delivers finer detail, while the 90M resolution, though slightly 

less detailed, still accurately depicts the boundary with only a few exceptions. 
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ü NASA DEM ( 30 M ) & Tan DEM -X 90 M :: 

     

                         Fig 34 : NASA DEM boundary                                                                              Fig 35: Tan-X  DEM boundary 

 

ü Like ASTER G-DEM, the NASA DEM provides a 30-meter resolution, though its elevation 

range slightly differs, spanning from 174 to 1785 meters. These small variations in elevation 

data may indicate differences in data processing methods or the quality of source data, which 

could influence the results of hydrological models. 

ü Reflecting the performance of ASTER G-DEM, the NASA DEM accurately outlines the study 

area boundary. However, small discrepancies highlight potential issues in hydrological 

modeling that demand exact boundary delineation. 

 

ü The TanDEM-X DEM, offering a 90-meter resolution, spans an elevation range of 224.986 to 

1827.5 meters. Its radar interferometry-based data provides valuable perspectives on terrain 

features, particularly useful in areas often obscured by cloud cover or dense vegetation. 

ü Similar to the MERIT DEM in resolution, the Tan-X DEM achieves a consistent representation 

of the study area boundary, although it does not match the high precision of the ALOS 

PALSAR. 
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ü Comparative Insights: 

- Choosing the right DEM is vital for hydrological models, with resolution being crucial, especially 

during extreme climatic events. High-resolution models like ALOS PALSAR offer detailed terrain 

information that is essential for fine-scale modeling. In contrast, GTOPO30's coarser resolution 

may miss important terrain features needed for accurate predictions. 

- Models with intermediate resolutions, such as ASTER G-DEM, MERIT, NASA, and SRTM, 

strike a balance, providing enough detail for precise hydrological predictions while being less 

demanding on computational resources. The NASA and SRTM 30M models are particularly noted 

for their broad application and dependability. 

- TanDEM-X DEM's radar-based data acquisition proves beneficial for modeling in areas with 

frequent cloud cover or dense vegetation, highlighting the importance of choosing a DEM that 

meets the specific requirements of the hydrological study, including process scale, available 

computational resources, and the terrain characteristics of the study area. 

- Upon comparative analysis, higher resolution DEMs like ALOS PALSAR (12.5M) and SRTM 

(30M) show superior boundary congruence, highlighting their suitability for highly accurate 

hydrological modeling. In contrast, GTOPO30 (1KM) reveals significant boundary mismatches, 

which may result in errors in watershed delineation and inaccurate water flow simulations. 

- Intermediate resolution DEMs such as ASTER G-DEM (30M), NASA (30M), MERIT (90M), 

and Tan-X (90M) offer balanced boundary alignment. Their effectiveness in hydrological models 

depends on the specific needs for boundary precision, emphasizing the importance of careful 

selection based on modeling goals and the terrain complexity of the study area. 

- The accuracy of boundary delineation is crucial in hydrological modeling, particularly for 

analyses under extreme climate conditions.  
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3.2.Analysis of Stream Networks from Different DEM Resolutions 

ü ALOS PALSAR ( 12.5 M ) & ASTER G-DEM (30M) : 

    

                         Fig 36: ALOS STREAM                                                                                        Fig 37: ASTER GDEM STREAM  

ü Featuring a detailed array of watercourses with varying densities as depicted in the legend's 

grid code, the ALOS PALSAR 12.5m DEM offers a high-definition portrayal of minor 

waterway configurations essential for hydrological studies, particularly during severe weather 

phenomena. This detailed stream network affords a complex insight into watershed dynamics 

during heavy rainfall. 

 

ü The ASTER GDEM V003 at 30m resolution presents an intricate watercourse network akin to 

the ALOS PALSAR 12.5m DEM. It captures a wide range of stream orders with significant 

clarity, crucial for precise hydrological modeling in the face of severe weather. 
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ü GTOPO30 DEM (1KM) & MERIT DEM (90M) : 

  

                                  Fig 38: GTOPO STREAM                                                                         Fig 39: MERIT STREAM 

ü Contrastingly, the GTOPO30 1km DEM illustrates a simplified watercourse map, a natural 

outcome of its broader resolution. This simplified depiction may lead to an underestimation of 

hydrological dynamics, potentially overlooking the effects of significant meteorological 

conditions on the terrain. 

 

ü The MERIT 90m DEM displays a more generalized network of watercourses , It might not 

offer enough detail for thorough hydrological studies compared to other models such as ALOS 

PALSAR or ASTER GDEM. 
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ü SRTM DEM 30M AND 90M : 

    

Fig 40: SRTM90 AND 30M STREAM 

 

ü Positioned between the high-resolution ALOS PALSAR and the broader GTOPO30 DEMs, 

the SRTM DEMs at 30m and 90m resolutions balance detail and breadth. The 30m variant 

offers an enhanced depiction of watercourses compared to the 90m version, highlighting a 

more complex and distributed stream network. Nonetheless, it does not achieve the detailed 

accuracy of the ALOS PALSAR 12.5m DEM, which may impact its hydrological modeling 

precision. 
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ü NASA DEM ( 30 M ) & Tan DEM-X (90 M) :  

  

                                    Fig 41: NASA STREAM                                                                      Fig 42: TANDEM STREAM 

ü Mirroring the detail of ALOS PALSAR and ASTER GDEM DEMs, the NASA 30m DEM 

displays an extensive and detailed stream network. Its high resolution is likely to support 

accurate hydrological modeling in scenarios of extreme weather. 

ü Intermediate in detail, the TanDEM-X 90m DEM showcases a watercourse network that, while 

less comprehensive than higher-resolution DEMs, surpasses the simplicity of the GTOPO30 

1km DEM. It offers moderate accuracy for hydrological modeling but might not capture the 

full complexity of watershed reactions to severe storms. 
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× Comparative Analysis : 

A collective examination reveals that high-resolution DEMs such as ALOS PALSAR (12.5m), 

ASTER GDEM V003 (30m), and NASA DEM (30m) deliver an intricate depiction of 

watercourses. These models are apt for generating precise hydrological models in extreme weather 

scenarios, given their proficiency in detailing minor hydrological structures and processes. 

Conversely, broader-resolution DEMs like GTOPO30 (1km) provide a more generalized stream 

network perspective, potentially leading to notable modeling inaccuracies. 

Implementing the "flowacc_dem" function with a threshold of >1200 for ALOS PALSAR and 

similar resolutions seems suitable, capturing an extensive range of watercourses. For GTOPO 

models, adjusted thresholds of 10, 50, and 500 partially mitigate the effects of their broader 

resolution but cannot match the detailed capabilities of the higher-resolution DEMs. 

For the purpose of modeling hydrological behaviors during extreme weather events, preference 

should be given to high-resolution DEMs due to their comprehensive and precise stream 

representations. These are pivotal in forecasting water flow trends and identifying potential 

flooding zones. Broader-resolution DEMs might serve well for general watershed analyses but 

may not be ideal for detailed, location-specific studies critical for disaster management planning. 
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4.3: Impact of DEM Resolution on Flow Accumulation 
The maps presented showcase flow accumulation results from various Digital Elevation Models 

(DEMs) of differing resolutions, analyzed using ArcMap. Flow accumulation is essential for 

estimating the amount of water that would gather at any given point within a watershed, based on 

landscape topology. This analysis is vital for understanding how different DEMs affect 

hydrological model performance, particularly during extreme climate events. 

ü ALOS PALSAR ( 12.5 M ) & ASTER G-DEM (30M): 

    

                      Fig43:ALOS FLOW ACCUMULATION                                            Fig44:ASTER G-DEM FLOW ACCUMULATION 

ü ALOS displays well-defined and complex flow paths, reflecting a high level of detail in the 

representation of the watershed topography and also displays the highest flow accumulation 

values, indicating efficient water routing and perhaps a more accurate representation of actual 

flows in the area. 

ü ASTER G-DEM provides a good level of detail with a clearly visible main channel, although 

not as finely resolved as the ALOS DEM, and the maximum value appears to be lower than 

the ALOS value, indicating less concentrated flow or less accurate capture of small watershed 

adjacencies. 

 

 



 
фл 

 

ü GTOPO30 DEM (1KM) & MERIT DEM (90M) : 

   

                    Fig45:GTOPO FLOW ACCUMULATION                                                Fig46:MERIT FLOW ACCUMULATION 

 

ü GTOPO coarse resolution results in less detailed flow paths with a speckled appearance, with 

significantly lower flow accumulation values, likely due to the inability of the DEM to capture 

the small-scale topographic features necessary to concentrate runoff. 

 

ü MERIT appears more specific than GTOPO but less detailed than ASTER or ALOS, and shows 

values higher than GTOPO but lower than ALOS and ASTER, consistent with average 

resolution. 
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ü SRTM DEM (30M) & (90M) : 

     

Fig47 :SRTM30 & 90 FLOW ACCUMULATION 

ü It turns out that the 90M DEM is less detailed than the 30M version, but both identify the 

main flow channels adequately, and the values are large, especially at 30M resolution, 

indicating good flow path convergence. 
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ü NASA DEM ( 30 M ) & Tan DEM -X 90 M : 

  

                        Fig48:NASA FLOW ACCUMULATION                                                  Fig 49:TAN FLOW ACCUMULATION 

ü NASA is similar to ASTER-GDEM, showing good detail and structure in the water flow 

network, and the maximum value of flow accumulation is comparable to ASTER, indicating a 

similar level of detail in the flow network modeling. 

ü The TanDEM-X (90M) displays relatively smooth flow paths, with a maximum flux 

accumulation value of 126,553; the flow paths appear more general due to the coarse resolution 

and are fairly close to the SRTM90M. 
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ü Comparative Analysis Across DEM Resolutions 

This analysis illustrates a clear correlation between DEM resolution and the detail level in flow 

accumulation maps. Higher resolutions, exemplified by ALOS, provide more detailed and elevated 

flow accumulation values, translating into potentially more accurate representations of flow paths 

and convergence zones. Intermediate resolutions, like MERIT and SRTM 90M, strike a balance, 

offering decent watershed representation while capturing significant hydrological features. 

Conversely, coarser resolutions such as GTOPO may fail to capture crucial hydrological details 

necessary for precise modeling. 

Flow accumulation patterns across various DEM resolutions have been assessed to gauge their 

impact on hydrological modeling during extreme climate events. The ALOS 12.5M DEM, with its 

finer resolution, depicted the most detailed and highest flow accumulation values, potentially 

reflecting a more precise hydrological evaluation. ASTER-GDEM and NASA 30M DEMs deliver 

similar detail levels, effective in capturing significant flow paths and watershed features. 

MERIT 90M and SRTM 30M DEMs show intermediate performance, with clear flow paths but 

somewhat lower maximum accumulation values, indicating less precision in capturing minor 

watershed features. GTOPO's 1KM resolution presents significantly fewer details with the lowest 

flow accumulation, unsuitable for modeling precise flow networks or for detailed hydrological 

studies. 
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5.4: Watershed Delination Analysis of Digital Elevation Models 

(DEMs) for Hydrological Modelin  : 

ü ALOS PALSAR ( 12.5 M ) & ASTER G-DEM (30M):  

 

                                      Fig 50: ALOS WATERSHED                                                          Fig 51: ASTER WATERSHED 

 

ü ALOS12M effectively outlines major flow patterns and key convergence points within river 

networks but falls short in capturing finer tributaries. Its focus on main channels may neglect 

complex floodplain interactions. 

 

ü This model improves resolution around the peripheral branches of the watershed compared to 

ALOS12M, but still struggles with ambiguities in mapping smaller streams. The general 

smoothing of terrain may limit its effectiveness under severe hydrological scenarios. 
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ü GTOPO30 DEM (1KM) & MERIT DEM (90M) :  

   

                                  Fig 52:GTOPO WATERSHED                                                                     Fig 53:MERIT WATERSHED 

ü GTOPO provides a generalized view of river networks, capturing major watercourses but 

omitting finer details critical for advanced watershed analysis. This oversimplification may 

lead to inaccuracies in flood modeling. 

ü MERIT Similar to ALOS12M, MERT90 offers a solid depiction of water flow paths and 

larger stream networks, but it may not capture the smallest tributaries. 
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ü SRTM DEM 30M AND 90M :  

   

                                         Fig 54:SRTM30 WATERSHED                                                                  Fig 55:SRTM90 WATERSHED 

ü SRTM30 provides extensive detail, mapping significant and minor streams thoroughly, 

making it highly suitable for accurate hydrological simulations and complex terrain analysis. 

ü SRTM90M is noted for its detailed representation of both major and numerous minor 

streams, though it might miss the very smallest streams. This model skillfully balances detail 

with a broad depiction of watershed features. 

ü NASA DEM (30) : 

 

Fig 56:NASA WATERSHED 

ü With comprehensive coverage, NASA30 excels in depicting both major and minor 

tributaries, providing detailed topographic data that enhances hydrological modeling in 

adverse conditions. 
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ü Tan DEM-X 90 M : 

 

                                                             Fig 57:TANDEM WATERSHED  

ü TanDEMX is distinguished by its comprehensive detailing of river networks, accurately 

mapping complex flow paths and network complexities, which is perfect for in-depth 

hydrological studies. 

 

× Comparative Insights: 

V Higher-resolution models like ALOS12M, MERT90, NASA30, SRTM30, and TanDemX are 

preferred for their precise and detailed terrain portrayal, crucial for modeling hydrological 

responses to extreme weather. 

V In contrast, lower-resolution models such as GTOPO30-1KM might miss important 

watershed features, compromising flood predictions.  

V Models like AsterGdem and SRTM90M offer a middle ground, balancing detail and  

computational efficiency, though they may not capture all critical minor features during 

severe conditions. 
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4.5: Impact of Digital Elevation Model Resolution on HEC-HMS 

Simulated Hydrologic Response Under Extreme Climate Conditions 

ü ALOS PALSAR ( 12.5 M ) : 

 

 

Table3:ALOS global summary  

ü Drainage areas : 0.0 - 513.9 KM² 

ü Peak discharge range : 0.0 - 200.6 M³/S 

ü Time of peak : Predominantly 12 April 2012, 23:00 to 24:00, with Sink-1 peaking earlier at 

19:00 

ü Volume : Consistently 127.47 MM across all elements 

- The peak discharges for ALOS12 show a range from 0.0 m³/s to 200.6 m³/s, with most peaking 

times between 23:00 and 24:00 on 12 April 2012. The consistency in volume across all 

elements remains unchanged, demonstrating the robustness of this high-resolution DEM under 

varied routing and transformation parameters. 

 

 



 
фф 

 

ü ASTER_GDEM (30M) :  

 

Table4:ASTER global summary  

ü Drainage areas : 0.2 - 513.9 KM² 

ü Peak discharge range : 0.1 - 200.6 M³/S 

ü Time of peak : Ranges broadly from 09:00 to 24:00 on 12 April 2012 

ü Volume : Consistently 127.47 MM across all elements 

- ASTER_GDEM30 follows a similar trend to ALOS12, with only marginal differences in peak 

discharge times. This suggests that despite the resolution, the influence on timing and discharge 

values is minimal, maintaining a consistent volume output. 
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ü GTOPO30 (1KM ): 

 

Table5 :GTOPO global summary  

ü Drainage areas :14.9 - 423.5 KM² 

ü Peak discharge range :5.8 - 165.3 M³/S 

ü Time of peak : Shows significant variation, ranging from 09:00 to 23:00 on 12 April 2012 

ü Volume : Consistently 127.47 MM across all elements 

GTOPO30_1KM, the lower resolution DEM, displays considerable variation in the timing of 

peak discharges, some occurring as early as 09:00. This indicates a potential sensitivity to spatial 

resolution in capturing dynamic flow details. 
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ü MERIT  DEM (90M ) : 

 

Table 6:MERIT  global summary  

ü Drainage areas :0.0 - 471.1 KM² 

ü Peak discharge range :0.0 - 183.9 M³/S 

ü Time of peak : Primarily 12 April 2012, 14:00 to 24:00, with variations 

ü Volume : Consistently 127.47 MM across all elements 

MERIT90, similar to higher resolution models like ALOS12, displays a range of peak discharge 

times throughout the day, with the highest peak occurring earlier than in most other elements. 

This suggests good temporal resolution capture despite its 90m pixel size. 
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ü NASA DEM ( 30M ) :  

 

Table7:NASA global summary  

ü Drainage areas:0.3 - 476.4 KM² 

ü Peak discharge range:0.1 - 186.0 M³/S 

ü Time of peak : Mainly 12 April 2012, 12:00 to 24:00, with some variations 

ü Volume : Consistent at 127.47 MM for all elements 

-NASA30 shows a consistent volume with slight variability in peak discharges and times, 

aligning closely with the patterns observed in ALOS12 and ASTER_GDEM30. This consistency 

across various high-resolution DEMs underscores their reliability in hydrological modeling 
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ü SRTM DEM ( 30M ) : 

 

Table8 :SRTM30 global summary  

ü Drainage areas : 0.3 - 476.3 KM² 

ü Peak discharge range : 0.1 - 185.9 M³/S 

ü Time of peak : Mainly 12 April 2012, 12:00 to 24:00, with some earlier peaks at 09:00 

ü Volume : Consistent at 127.47 MM for all elements 

-SRTM30's results closely align with those of ALOS12, showing that even with a slightly lesser 

resolution, the peak discharge times and values are minimally affected. 
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ü SRTM DEM ( 90M) : 

 

Table9:SRTM90 global summary 

ü Drainage areas :0.1 - 470.8 KM² 

ü Peak discharge range :8.2 - 183.8 M³/S 

ü Time of peak : Mainly 12 April 2012, between 09:00 and 24:00 

ü Volume : Consistent at 127.47 MM for all elements 

-SRTM90M displays similar behavior to SRTM30, indicating that the differences in resolution 

between the 30m and 90m variants do not significantly alter the hydrological outputs for the 

tested parameters. 
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ü TanDEM-X ( 90M ) : 

 

Table10:TAN90 global summary  

ü Drainage areas : 0.1 - 470.5 KM² 

ü Peak discharge range :5.5 - 183.7 M³/S 

ü Time of peak : Mainly 12 April 2012, between 09:00 and 23:00 

ü Volume : Consistent at 127.47 MM for all elements 

-TanDEM90ôs results are in line with those from other high-resolution DEMs, showing minimal 

differences in hydrological outputs, which indicates its effectiveness in capturing the dynamics 

of the modeled storm event. 
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4.6.Comprehensive Analysis of Digital Elevation Models (DEMs) in 

Hydrological Simulations: 

A comparative analysis was performed on various digital elevation models to explore their 

effects on hydrological modeling results, with a particular focus on runoff volume, peak 

discharge rates, and timing during extreme weather conditions. 

Across various Digital Elevation Models (DEMs), the analysis consistently demonstrates a 

robust approach to calculating runoff volume, with levels remaining unchanged across different 

DEMs and simulation runs. Although there are minor variations in peak discharge rates, these 

generally remain stable. However, a significant observation is the difference in the timing of 

these peak discharges, especially noted in "Run 2" where peak occurrences are often earlier. This 

indicates that modifications in routing and transformation parameters can significantly influence 

the timing of hydrographs, emphasizing the critical role of parameter selection in hydrological 

models, particularly for flood forecasting and emergency response under extreme weather 

conditions. 

The findings from "Run 2" suggest that while overall runoff volume is consistent, showing 

resilient model output, the timing of peak discharges exhibits more significant variability. This 

variation is influenced more by changes in routing and transformation methodologies than by 

DEM resolution, pointing to the importance of flowpath length and slope details for accurate 

timing predictions in hydrological responses. These results underscore the necessity of choosing 

appropriate routing and transformation parameters to accurately capture the dynamic responses 

of hydrologic systems during extreme weather conditions. The robustness of volume predictions 

within the HEC-HMS framework is supported, and there is a highlighted need for detailed 

topographic information to enhance the accuracy of peak flow timing predictions. This 

comprehensive understanding aids in refining hydrological models to improve flood 

management and response strategies effectively. 
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4.6: Influence of DEM Resolution on Hydrograph Characteristics 

and Peak Flow Predictions in HEC-HMS Simulations 

ü ALOS PALSAR ( 12.5 M ) :  

 

Fig 58 : ALOS sink  

It displays sharp peaks with clear secondary peaks, highlighting the model's high sensitivity to 

fine landscape details, indicating an excellent ability to capture detailed hydrological responses, 

and is ideal for complex topographic analyses. 

ü ASTER_GDEM( 30M ) :  

 

Fig59: ASTER sink  

It displays a slightly smoother hydrograph compared to ALOS12, perhaps due to its coarser 

resolution. It also suggests a good balance between detail and generality, suitable for broad 

hydrological studies. 
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ü GTOPO30 DEM (1KM ) : 

 

Fig 60: GTOPO sink  

It shows a more general pattern with decreased peak definition, reflecting significant smoothing 

effects due to coarse resolution, but may not capture all subtle hydrological nuances, especially 

in complex terrain. 

ü MERIT  DEM (90M) : 

 

Fig 61: MERIT sink  

Clear peak flows appear to indicate a balance between detail capture and hydrograph 

uniformity, providing reliable and effective hydrological outputs for various environmental 

and storm conditions. 
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ü NASA DEM (30M) : 

 

Fig62 : NASA sink  

Details similar to MERIT90 show the suitability of this resolution for detailed hydrological 

assessments, making it highly capable of capturing detailed hydrological dynamics, and 

recommended for detailed watershed analysis. 

 

ü SRTM DEM ( 30M ) : 

 

Fig 63 : SRTM30 sink  

It shows well-defined but smoother flows than higher resolution DEM models, striking a 

balance between capturing essential hydrological features and computational efficiency. 
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ü SRTM DEM ( 90M) : 

 

Fig 64 : SRTM90 sink 

A similar pattern is observed for SRTM30, confirming that similar resolutions produce 

comparable hydrological results, making it consistent and reliable for general hydrological 

modeling. 

 

ü TanDEM-X ( 90M ) : 

 

Fig 65: TANDEM sink  

It effectively captures responses to multiple storm events, similar to higher resolution DEM 

models making it excellent for modeling complex hydrological events, and providing detailed 

analysis of the response. 
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ü Comparative Analysis of Graphs : 

High-resolution DEM models consistently display greater detail and variability in flow 

responses, underscoring their utility in capturing complex hydrological behaviors during extreme 

events. In contrast, coarse resolution smoothes out fine details but provides computational 

efficiency and broader generalizations suitable for large-scale or less detailed studies. 

The results of Run 2 underscore the importance of choosing appropriate routing and diversion 

methods that can capture complex watershed behaviors, especially under severe storm 

conditions. Higher resolution provides a more precise understanding of hydrological processes, 

which is essential for accurate flood risk management and planning. 

The sharper peaks and faster responses in the second round highlight a more responsive 

hydrological system, which is critical for real-time flood prediction and emergency management. 

Analysis from Run 2 clearly demonstrates that both DEM resolution and detailed hydrological 

parameters play pivotal roles in modeling performance. These factors are critical to improving 

flood forecast accuracy and improving resilience planning against extreme weather events, 

making them essential considerations in hydrological model preparation and implementation. 
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5.7: Detailed Hydrograph Analysis for BASIN : 

ü ALOS PALSAR ( 12.5 M ) 

 

Fig 66: ALOS BASIN  

At the highest resolution, the DEM model of the precipitation response shows very sharp peaks, 

reflecting instantaneous runoff and efficiently capturing terrain details and also shows rapid 

hydrological responses, likely due to the precise definition of the watershed topography. 

ü ASTER G-DEM (30M):  

 

Fig 67 : ASTER BASIN 

Sharp runoff peaks appear, albeit slightly less intense, and fast flow responses demonstrate a 

rapid link between rainfall and runoff. 
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ü GTOPO30 DEM (1KM) : 

 

Fig 68: GTOPO BASIN  

Higher runoff peaks are displayed after precipitation events, indicating better capture of detailed 

channel networks due to better resolution, and peak flows occur quickly after rainfall, indicating 

a faster runoff response and a more detailed representation of topography and flow paths. 

ü TAN DEM -X 90 M : 

 

Fig 69: TAN BASIN run2  

Showing the most distinct response peaks, indicating detailed capture of the terrain features 

causing runoff, the hydrograph also shows fast and clear peak flows, implying rapid surface 

runoff facilitated by accurate depiction of surface features.( Like ASTER) 
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ü MERIT DEM (90M ) & SRTM (30M ) : 

 

                             Fig70: MERIT BASIN                                                                     Fig71: SRTM 30 BASIN  

Similar to the SRTM, it displays moderate runoff peaks, indicating a broader smoothing effect on 

water paths and a less detailed representation of the terrain, as the flow pattern shows delayed 

responses to rainfall with less defined peaks. 

ü NASA DEM 30M & SRTM 90 M :  

 

                                Fig 72: NASA BASIN                                                        Fig 73 SRTM 90 BASIN 










