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Abstract 
 

Surface water modelling is a process that involves creating mathematical or computer models 

to simulate the behavior of water in a given area. This article provides an overview of surface 

water modelling, its applications, types of models, data requirements, and challenges. Surface 

water modelling has applications in flood management, irrigation, environmental studies, and 

water resource management. There are two main types of surface water models: physically-

based models and empirically-based models. Some of the most commonly used models 

include HEC-RAS, SWMM, MIKE SHE, SWAT, HSPF, USLE, and SHE. Data 

requirements for surface water modelling include topographic data, soil properties, vegetation 

cover, climate data, and hydrological data. Surface water modelling presents challenges such 

as data availability, computational power, model complexity, calibration and validation, and 

uncertainty. 

 

Introduction 
 

Surface water modelling is the process of creating mathematical or computer models that 

simulate the behaviour of water in a given area. Surface water modelling is used in a variety 

of contexts, including flood management, irrigation, environmental studies, and water 

resource management. 

 

This article will provide an in-depth overview of surface water modelling, including its 

applications, types of models, data requirements, and challenges. We will also discuss some 

of the most commonly used surface water modelling software and tools. 

 

Applications of Surface Water Modelling 
 

Surface water modelling has a wide range of applications, including: 

 

Flood modelling: Surface water modelling is used to simulate the behaviour of rivers and 

other water bodies during heavy rain or snowmelt, helping to predict potential flood events 

and identify areas at risk. 

 

Irrigation planning: Surface water modelling is used to simulate the availability of water for 

irrigation purposes, helping to plan and optimize water use for agriculture. 

 

Environmental studies: Surface water modelling is used to simulate the impact of pollutants 

on water bodies, helping to understand the impact of human activities on the environment. 

 

Water resource management: Surface water modelling is used to simulate the availability of 

water resources, helping to plan and manage water resources for drinking, irrigation, and 

other purposes. 



 

Types of Surface Water Models 
 

There are two main types of surface water models: physically-based models and empirically-

based models. 

 

Physically-based models: Physically-based models are based on the physical laws governing 

the behaviour of water, including the laws of conservation of mass, energy, and momentum. 

These models use complex equations to simulate the behaviour of water in a given area, 

taking into account factors such as topography, soil properties, and vegetation cover. 

Physically-based models are typically more accurate than empirically-based models, but they 

require a significant amount of data and computational power to run. 

 

Empirically-based models: Empirically-based models are based on statistical relationships 

between input and output variables. These models use historical data to identify relationships 

between factors such as rainfall, water flow, and sediment transport. Empirically-based 

models are simpler and easier to use than physically-based models, but they are generally less 

accurate and cannot be used to predict behaviour outside the range of historical data. 

 

Surface Water Models 
 

There are several surface water models available, both physically-based and empirically-

based. Some of the most commonly used models include: 

 

HEC-RAS: The Hydrologic Engineering Center's River Analysis System (HEC-RAS) is a 

physically-based model that simulates water flow in rivers and streams. HEC-RAS is widely 

used for floodplain management, bridge and culvert design, and other applications. 

 

SWMM: The Storm Water Management Model (SWMM) is a physically-based model that 

simulates the behaviour of urban drainage systems, including stormwater runoff and 

wastewater flow. SWMM is widely used for stormwater management and water quality 

studies. 

 

MIKE SHE: The MIKE SHE model is a physically-based model that simulates the movement 

of water and energy through the soil and vegetation. MIKE SHE is widely used for 

groundwater recharge studies, water resource management, and environmental impact 

assessments. 

 

SWAT: The Soil and Water Assessment Tool (SWAT) is a physically-based model that 

simulates the movement of water, sediment, and nutrients in large watersheds. SWAT is 

widely used for water resource management, environmental impact assessments, and 

agricultural planning. 

 

HSPF: The Hydrological Simulation Program - FORTRAN (HSPF) is a physically-based 

model that simulates the movement of water, sediment, and nutrients in watersheds. HSPF is 

widely used for water quality studies, environmental impact assessments, and watershed 

management. 

 



USLE: The Universal Soil Loss Equation (USLE) is an empirically-based model that predicts 

soil erosion due to water and wind. USLE is widely used for soil conservation planning and 

land use management. 

 

SHE: The Spatially distributed Hydrologic modelling of Erosion and sedimentation (SHE) 

model is a physically-based model that simulates the movement of water, sediment, and 

nutrients in watersheds. SHE is widely used for water quality studies, environmental impact 

assessments, and soil conservation planning. 

 

These models vary in complexity, data requirements, and the types of applications they are 

suited for. Choosing the appropriate model for a given application depends on factors such as 

the scale of the system being modelled, the available data, and the specific research questions 

being addressed. 

 

Data Requirements for Surface Water Modelling 
 

Surface water modelling requires a significant amount of data, including: 

 

Topographic data: Topographic data is used to create a digital elevation model (DEM) of the 

area being modelled. This data is typically obtained through LiDAR or satellite imagery. 

 

Soil properties: Soil properties, such as soil type and hydraulic conductivity, are used to 

simulate the movement of water through the soil. 

 

Vegetation cover: Vegetation cover affects the infiltration of water into the soil and the rate 

of evapotranspiration. 

 

Climate data: Climate data, such as rainfall and temperature, is used to simulate the input of 

water into the system. 

 

Hydrological data: Hydrological data, such as streamflow and water levels, is used to 

calibrate and validate the model. 

 

Challenges in Surface Water Modelling 

 

Surface water modelling presents several challenges, including: 

 

Data availability: Surface water modelling requires a significant amount of data, which may 

not always be available or of sufficient quality. 

 

Computational power: Physically-based models require a significant amount of 

computational power to run, which can limit their use in some applications. 

 

Model complexity: Physically-based models are complex and require significant expertise to 

develop and use effectively. 

 

Calibration and validation: Surface water models must be calibrated and validated using 

hydrological data, which can be time-consuming and difficult. 

 



Uncertainty: Surface water modelling involves significant uncertainty, due to factors such as 

data quality, model simplifications, and natural variability in the system 

 

Conclusion 
 

Surface water modelling is a useful tool in various fields, including flood management, 

irrigation planning, environmental studies, and water resource management. Choosing the 

appropriate model for a given application depends on factors such as the scale of the system 

being modelled, the available data, and the specific research questions being addressed. 

While surface water modelling presents several challenges, its benefits outweigh the 

difficulties, and with continued advancements in technology and data collection, surface 

water modelling will continue to play a critical role in the management and understanding of 

water resources. 

 

 

 

 

 

 

 

 

 

 

 

 


