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Abstract 
 

Unsaturated flow modelling is a valuable tool for understanding and managing water 

resources in the unsaturated zone of soil and rock. This article provides an overview of 

unsaturated flow modelling, including the principles of unsaturated flow, mathematical 

models used to simulate unsaturated flow, data requirements for unsaturated flow modelling, 

and applications of unsaturated flow modelling in water resources management. The article 

highlights the importance of unsaturated flow modelling for predicting the movement of 

water through the soil which can help in evaluating the effectiveness of water management 

strategies, and mitigating the impacts of natural disasters such as floods and droughts. 

 

Introduction 
 

Unsaturated flow modelling is the process of simulating the movement of water through the 

unsaturated zone, or vadose zone, of the soil. The unsaturated zone is the area between the 

ground surface and the water table, where the pores in the soil are partially filled with water 

and partially filled with air. Understanding unsaturated flow is important for managing water 

resources and mitigating the impacts of natural disasters such as floods and droughts. 

Unsaturated flow modelling can help predict the movement of water through the soil, 

including the infiltration, percolation, and evapotranspiration processes. It can also help 

evaluate the effectiveness of various water management strategies, such as irrigation, 

drainage, and infiltration practices. 

 

Unsaturated flow modelling requires detailed information about the soil properties, such as 

soil texture, porosity, and hydraulic conductivity, as well as the climate conditions, such as 

rainfall, temperature, and humidity. Field measurements, such as soil moisture content, soil 

water potential, and soil hydraulic conductivity, are also important for calibrating and 

validating the model. 

 

The outputs of unsaturated flow modelling include the spatial and temporal distribution of 

water content, water potential, and flow velocity in the soil. These outputs can be used to 

evaluate the impacts of different scenarios, such as changes in land use, climate conditions, or 

water management practices. Unsaturated flow modelling can also be used in combination 

with other models, such as groundwater models and surface water models, to create a 

comprehensive water resources management system. 

 

Principles of Unsaturated Flow 
 

Unsaturated flow occurs when the moisture content in the soil or rock is less than the 

saturation level, and the water in the soil is held by capillary forces. The movement of water 

in the unsaturated zone is governed by the hydraulic conductivity and the water retention 

properties of the soil or rock. Hydraulic conductivity is the measure of the ability of the soil 



to transmit water, while water retention properties describe the relationship between the 

moisture content and the pressure of the water in the soil. 

 

The hydraulic conductivity and water retention properties of the soil or rock can vary widely 

depending on the soil type, texture, structure, and other factors. The unsaturated zone is also 

influenced by other factors such as rainfall, evapotranspiration, temperature, and land use. 

 

Mathematical Models of Unsaturated Flow 
 

There are several mathematical models and software packages available for simulating 

unsaturated flow, including the Richards equation, the Green-Ampt model, and HYDRUS. 

These models differ in their complexity and the type of data required for input. The Richards 

equation is a partial differential equation that describes the flow of water through porous 

media, and is the most commonly used model for unsaturated flow modelling. The Green-

Ampt model is a simpler model that is based on the concept of infiltration, and is often used 

for estimating infiltration rates in agricultural and urban areas. HYDRUS is a software 

package that uses the Richards equation to simulate unsaturated flow, and is known for its 

user-friendly interface and visualization tools. 

 

Unsaturated flow modelling involves the development and application of mathematical 

models to simulate the movement of water in the unsaturated zone. The most commonly used 

models are based on the Richards equation, which is a partial differential equation that 

describes the conservation of mass and momentum in the unsaturated zone. 

 

The Richards equation can be solved using numerical methods such as finite difference, finite 

element, or boundary element methods. These methods divide the unsaturated zone into 

discrete elements or nodes and calculate the water content and pressure at each location based 

on the hydraulic conductivity and water retention properties of the soil or rock. 

 

The Richards equation is highly complex and requires significant computational resources 

and expertise. To simplify the model, several assumptions are often made, such as assuming 

that the soil is homogeneous or neglecting the effects of root water uptake. 

 

Data Requirements for Unsaturated Flow Modelling 

 

Unsaturated flow modelling requires a significant amount of data, including soil properties, 

soil moisture retention characteristics, meteorological data, and hydrological data. Soil 

properties such as texture, structure, hydraulic conductivity and retention curve can be 

obtained from soil surveys and laboratory tests. Meteorological data such as rainfall, 

temperature, and evapotranspiration can be obtained from weather stations or satellite data. 

Hydrological data such as groundwater levels and streamflow can be obtained from 

monitoring wells or gauges. 

 

The accuracy and reliability of unsaturated flow modelling depend on the quality and 

quantity of the data used for model calibration and validation. Model calibration involves 

adjusting the model parameters to match the observed data, while model validation involves 

testing the model using independent data sets to ensure that the model performs well under 

different conditions. 

 

 



Applications of Unsaturated Flow Modelling 

 

Unsaturated flow modelling has numerous applications in water resources management, 

including: 

 

Contaminant Transport: Unsaturated flow modelling can be used to simulate the transport and 

fate of contaminants in the unsaturated zone, such as pesticides or pollutants from landfills. 

Contaminant transport models can help authorities to develop strategies to manage and 

control water pollution. 

 

Irrigation Management: Unsaturated flow modelling can be used to optimize irrigation 

management practices by simulating the movement of water in the soil and the uptake of 

water by plants. Irrigation management models can help farmers to minimize water use and 

maximize crop yields. 

 

Soil Conservation: Unsaturated flow modelling can be used to evaluate the effectiveness of 

soil conservation measures, such as terracing or vegetative cover, in reducing soil erosion and 

improving soil health. 

 

Groundwater Recharge: Unsaturated flow modelling can be used to evaluate the potential for 

groundwater recharge by simulating the infiltration of rainfall or surface water into the soil. 

Groundwater recharge models can help water resource managers to identify suitable locations 

for artificial recharge facilities and estimate the potential recharge rates. 

 

Climate Change: Unsaturated flow modelling can be used to assess the impacts of climate 

change on water resources by simulating changes in rainfall patterns, temperature, and 

evapotranspiration. Climate change models can help water resource managers to develop 

adaptation strategies to cope with changes in water availability and quality. 

 

Unsaturated Flow Modelling Codes 
 

Unsaturated flow modelling codes are widely used to simulate water movement in 

unsaturated soils. These codes are critical tools in various fields, including agriculture, 

environmental science, and geotechnical engineering, where the accurate modelling of water 

movement is essential. Unsaturated flow modelling codes help scientists and engineers to 

predict the impact of various factors such as precipitation, irrigation, and groundwater 

recharge on soil moisture content, plant growth, and water resource management. An 

overview of few widely used unsaturated flow modelling codes is gen below. 

 

SWAP 

 

Soil, Water, and Plant (SWAP) is widely used unsaturated flow modelling code developed by 

the Alterra Research Centre in the Netherlands. SWAP simulates water movement, solute 

transport, and root water uptake in unsaturated soils. SWAP includes several soil hydraulic 

models, including van Genuchten, Brooks-Corey, and Campbell. The code has been used for 

various applications, including irrigation management, land-use planning, and soil 

remediation. 

 

 

 



VS2DHI 

 

The Vadose Zone 2D Hydrological Model with Inverse Estimation of Hydraulic Properties 

(VS2DHI) is a two-dimensional unsaturated flow modelling code developed by the Waterloo 

Hydrogeologic Inc. VS2DHI simulates water flow, heat transfer, and solute transport in 

unsaturated soils. The code uses finite difference methods to solve the governing equations of 

flow and transport. VS2DHI includes several soil hydraulic models, including van 

Genuchten, Mualem, and Brooks-Corey. The code has been used for various applications, 

including groundwater recharge estimation, land-use planning, and irrigation management. 

 

HYDRUS-1D/2D/3D 

 

HYDRUS-1D/2D/3D is a suite of codes developed by the Czech Technical University in 

Prague. The codes simulate water movement, heat transfer, and solute transport in 

unsaturated porous media. The codes use finite element methods to solve the governing 

equations of flow and transport. HYDRUS-1D simulates one-dimensional flow, while 

HYDRUS-2D and HYDRUS-3D simulate two-dimensional and three-dimensional flow, 

respectively. The codes have been extensively used for various applications, including crop 

water management, vadose zone hydrology, and contaminant transport. 

 

Unsaturated flow modelling codes are essential tools for predicting the movement of water, 

heat, and solutes in unsaturated soils. These codes offer a variety of soil hydraulic models and 

functions for various environmental conditions, which allow scientists and engineers to 

simulate various applications, including crop water management, vadose zone hydrology, and 

contaminant transport.  

 

Challenges and Future Directions 
 

Despite its many applications, unsaturated flow modelling faces several challenges and 

limitations. These include the complexity and uncertainty of the models, the availability and 

quality of data, and the high computational requirements. 

 

To overcome these challenges, there is a need for further research and development of 

unsaturated flow modelling techniques. This includes improving the accuracy and reliability 

of the models, developing new data sources and collection methods, and exploring new 

approaches such as machine learning and artificial intelligence. 

 

Conclusion 
 

Unsaturated flow modelling is a powerful tool for understanding and managing water 

resources in the unsaturated zone. The use of mathematical models to simulate unsaturated 

flow can help to predict the movement of water and solutes in the soil and rock, evaluate the 

effectiveness of management practices, and assess the impacts of climate change on water 

resources. 

 

However, unsaturated flow modelling faces several challenges and limitations, including the 

complexity and uncertainty of the models, the availability and quality of data, and the high 

computational requirements. Further research and development of unsaturated flow 

modelling techniques are needed to overcome these challenges and enhance the effectiveness 

and efficiency of water resources management. 


