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1. Introduction 

 
This report documents adaptation of the HYDRUS-1D numerical model (Šimůnek et al., 2007, 
2008), intended to simulate variably-saturated water flow and solute transport in the subsurface, 
to simulate overland flow and solute transport over impervious surfaces. The overland flow can 
be generated either by an inflow into the transport domain (from uphill) or by precipitation. 
Precipitation can occur over an entire transport domain or over only a certain part of the transport 
domain. Both inflow and precipitation can vary in time. Solute can enter the transport domain 
either with inflow, with precipitation, or by desorption from the impervious surface. The 
computational module of HYDRUS-1D was modified so that it can consider the processes 
discussed above and so that it can be run from the HYDRUS-1D graphical user interface 
(Šimůnek et al., 2008). The adapted computational module of HYDRUS-1D was tested using 
multiple examples described in this report. 
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2. Implementation of Overland Flow into HYDRUS-1D. 
 

2.1. Theory 
 
Hortonian overland flow is usually described using the diffusion wave or kinematic wave 
equations that are simplifications of the de Saint Venant equations and that are an excellent 
approximation for most overland flow conditions (Woolhiser and Liggett, 1967; Smith and 
Woolhiser, 1971; Morris and Woolhiser, 1980; Smith et al., 1995, Woolhiser et al. 1990). The 
mass balance equation for surface water flow is given as follows: 
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where hs is the unit storage of water (or a mean depth for smooth surfaces) [L], Q is the 
discharge per unit width [L2T-1], Us is the depth-averaged flow velocity [LT-1] t is time [T], x is 
the distance coordinate over the soil surface [L], and qs(x,t) is the rate of local input [LT-1].  
 
The momentum equation is given using the Manning-Strickler uniform flow formula: 
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where Sf is the friction slope [-], n is a Manning’s roughness coefficient for overland flow [-], 
e.g., 0.01, and k is a unit conversion factor [L1/3T-1]. The Manning coefficient n is dimensionless 
when the unit conversion factor is used. If it is not then it has units of [TL-1/3] (s m-1/3). The Unit 
Conversion Factor k can be also used to convert the equation between SI and English units. It 
can be left out if consistent units are used throughout. However, it is standard practice to use k=1 
(m1/3s-1) for SI units, and k=1.49 (ft1/3s-1) for English units (Note that 1 m1/3s-1 = 3.2808399 ft1/3s-

1 = 1.4859 ft1/3s-1). 
 
In the diffusion wave approximation, inertia terms are neglected and the friction slope Sf,i is 
reduced to: 
 

 ( )s l
f

h z
S

x
∂ +

= −
∂

 (3) 

 
where zl is the land surface elevation [L]. Assuming that the water depth gradient is much smaller 
than the surface elevation gradient, we get (Hromadka et al, 1985; Wasantha Lal, 1998): 
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where S is the mean local slope [-]. 
 
When this equation (5) is compared with the variably-saturated water flow (Richards) equation: 
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where σ(h) is the specific volumetric storativity [L-1], K(h) is the hydraulic conductivity [LT-1], 
and q is the sink and/or source of water [T-1], it becomes apparent that these two equations are 
similar and differ only in the definition of coefficients σ(h) and K(h) (Weill et al., 2009). While 
in the Richards equation these coefficients are defined as follows: 
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where Ksat is the saturated hydraulic conductivity [LT-1], Kr(h) is the relative hydraulic 
conductivity [-], S* is the specific volumetric storage [L-1], and C(h) is the soil capillary 
(hydraulic) capacity [L-1], in the diffusion wave approximation these coefficients are defined as 
follows: 
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where the runoff layer thickness e [L] (=1) was introduced in order to have the same units of the 
two equations. Similar numerical solution can then be used for both Richards and diffusion wave 
equations. 
 
Description of solute transport is given in the HYDRUS-1D technical manual Šimůnek et al. 
(2008), except that the water content, θ, in the convection-dispersion equation is replaced with 
the unit storage of water (the depth of surface water layer), hs. All considered processes in the 
standard HYDRUS-1D code can be considered also in the overland flow module. 
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2.2. Numerical Implementation 
 
Since the governing overland flow equation (5) was formulated so that it has formally the same 
notation as the subsurface flow (Richards) equation (6), with only the different definitions of the 
capacity and conductivity coefficients, the same Picard linearization scheme can be used to solve 
the overland flow equation. 
 
The HYDRUS-1D graphical user interface (GUI) is used without any modifications to support 
the overland flow module. Several input parameters required for the subsurface flow module are 
not needed for the overland flow module. Other parameters are interpreted differently in the 
overland flow module. For example, Figure 1 shows the Water Flow Parameters dialog 
window, in which the surface slope (S) and surface roughness (n) are specified in the Alpha (red) 
and Ks (blue) columns, respectively, while the other parameters (i.e., Qr, Qs, n and l) from this 
window are not needed and are ignored. 
 

 
 

Figure 1. Water Flow Parameters dialog window (for the Overland1b project). 
 

 
 

Figure 2. Time-Variable Boundary Conditions dialog window (for the Overland6 project). 
 

Figure 2 shows the Time-Variable Boundary Conditions dialog window, in which parameters for 
inflow (the inflow head, hTop, in the hTop column) and rainfall (the Transp. Column; note that 
this value needs to be negative) are specified. 
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The overland flow module uses original subroutines (with few minor modification, such as 
allowing zero water depth, which was not possible with the original code) simulating solute 
transport in HYDRUS-1D. In these routines (and the governing transport equations), the water 
content is replaced with the water depth. Consequently, all transport and reaction processes that 
are considered by HYDRUS-1D can also be considered in the overland flow module. 
 
To use the code, you can simply replace the h1d_calc.exe file in the HYDRUS installation folder 
(first, make a backup of the original file, so that you can return to it for other applications, in 
which you do not want to consider this new option), or you can place it anywhere else and run it 
outside of the GUI (see FAQ4). 
 
When h1d_calc.exe is run directly from the Hydrus GUI, the GUI will send it as a parameter the 
path to the folder, in which the input and output files are located (the working folder; the path to 
the working folder is displayed in the project manager). When the program is run outside of the 
Hydrus GUI, it does not receive a path as a parameter and it will look for the text file called 
Level_01.dir that needs to be located in the same folder as the computational module. This file 
can be written using any text editor, such as Notepad. This file must have one line, which 
provides the path to the (working) folder, in which the input and output files are located. 
 
 

http://www.pc-progress.com/en/Default.aspx?hydrus-faq�
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3. Test Examples 
 
A large number of test example (Table 1) was used to verify the newly developed overland flow 
module. These examples are briefly described below.  
 
Table 1. Testing Examples. 
 
Project Name Comment 
Overland1 Constant head inflow (hTop=1 cm); also the overland flow recession. 

Parameters: 100 m, N=101, T=360 s, Tend=1200 s, slope=0.01 (α=0.57o), n=0.01.* 
Overland1(ab) The same conditions as for Overland1, but with variable surface roughness.  

a: n=0.01 in the top half and 0.05 in the bottom half of the profile 
b: n=0.05 in the top half and 0.01 in the bottom half of the profile 

Overland1s The same conditions as for Overland1, but additionally with solute inflow. 
Overland1s(abc) The same conditions as for Overland1. 

a: solute inflow and retardation (Kd=1 cm3/g). 
b: solute inflow and attachment/detachment (ka=0.01 s-1, kd=0.001 s-1). 
c: solute desorption from an impervious surface (α=0.0001 s-1). 

Overland2 The same conditions as for Overland1, but with variable head inflow (hTop=0.5 cm 
for T<180 s and hTop=1.0 cm for 180<T<360 s). 

Overland3(ab) Overland flow generated by rainfall; also the overland flow recession. 
Parameters: 100 m, N=101, T=3600 s, Tend=7200 s, slope=0.01 (α=0.57o), n=0.01, 
q=0.00666 cm/s.* 

a: rainfall aver entire profile 
b: rainfall at the upper half of the profile. 

Overland3s The same conditions as for Overland3, but additionally with solute in rainfall. 
Overland4(ab) The same conditions as for Overland3, but without overland flow recession and 

with variable surface roughness. T=7200 s. 
a: n=0.05 in the top half and 0.01 in the bottom half of the profile. 
b: n=0.01 in the top half and 0.05 in the bottom half of the profile. 

Overland5(ab) The same conditions as for Overland3, but without overland flow recession and 
with variable surface slope. Tend=6000 s. 
a: Slope=0.01 for the top 50 m and 0.05 for the bottom 50 m.  
b: Slope=0.05 for the top 50 m and 0.01 for the bottom 50 m. 

Overland5(cd) The same conditions as for Overland1, but without overland flow recession and 
with variable surface slope. Tend=6000 s.  
c: Slope=0.01 for the top 50 m and 0.05 for the bottom 50 m. 
d: Slope=0.05 for the top 50 m and 0.01 for the bottom 50 m. 

Overland6 An example combining rainfall and time-variable inflow with variable surface 
roughness. 
Parameters: 100 m, N=101, Tinflow=360 s (hTop=1 cm), Train=3600 s (q=0.00666 
cm/s), Tend=7200 s, slope=0.01 (α=0.57o), n=0.05 in the top 50 m and n=0.01 in the 
bottom 50 m. 

 

* q - rainfall, N - number of nodes, T - duration of the rainfall/inflow, n – surface roughness, Tend 
– simulation time, hTop – inflow head. 
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3.1. Overland flow due to uphill inflow (projects Overland1 and Overland2) 
 
In the first example, the overland flow is generated by an inflow from uphill. Such inflow is 
described by specifying the pressure head at the top boundary. The flow domain was considered 
to be 100 m long and it was discretized into 101 finite elements. The pressure head at the upper 
boundary (hTop) was assumed to be constant and equal to 1 cm for 360 s (T). The overland flow 
was simulated after inflow stopped until 1200 s (Tend). The slope was assumed to be 
0.01(α=0.57o) and the surface roughness n=0.01. 
 

 
Figure 3. Water depths at different times (left) and at different locations (right) for an example with a 

constant uphill inflow (project Overland1). 
 

Figure 3 shows water depths at different times (left) and at different locations (right) for an 
example with a constant uphill inflow. Water inflow is kept constant for a duration of 6 minutes. 
The outflow at the bottom of the profile starts at about 200 s.  
 
Figures 4 and 5 show water depths at different times (left) and at different locations (right) for an 
example with a constant uphill inflow and with a variable roughness along the profile. Water 
inflow is kept constant for a duration of 6 minutes. While Figure 4 shows water depths for 
conditions when surface roughness is lower (n=0.01) in the top half than (n= 0.05) in the bottom 
half of the profile, Figure 5 shows water depths for reverse conditions, i.e., n=0.01 in the top half 
and 0.05 in the bottom half of the profile. 
 
 



HYDRUS-1D, Overland Flow 
 

   
 

13 

  
Figure 4. Water depths at different times (left) and at different locations (right) for an example with a 

constant uphill inflow and variable roughness (n=0.01 in the top half and 0.05 in the bottom half of the 
profile) (project Overland1a). 

 

 
Figure 5. Water depths at different times (left) and at different locations (right) for an example with a 

constant uphill inflow and variable roughness (n=0.05 in the top half and 0.01 in the bottom half of the 
profile) (project Overland1b). 

 
Time-variable inflow was considered in the Overland2 project. In this project the inflow head 
hTop was initially set at 0.5 cm and then at T=180 s increased to 1 cm. The inflow then stopped at 
T=360  s. Figure 6 shows water depths at different times (left) and at different locations (right) 
for this example with a time-variable uphill inflow.  

 
Figure 6. Water depths at different times (left) and at different locations (right) for an example with a 

time-variable uphill inflow (project Overland2). 
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3.2. Overland flow and solute transport due to uphill inflow (projects Overland1s) 
 
The Overland1 project has been rerun multiple times considering different solute transport 
processes. First, solute inflow and retardation (Kd=1 cm3/g) were considered in the Overland1sa 
project. Solute inflow and attachment/detachment (ka=0.01 s-1, kd=0.001 s-1) were considered in 
the Overland1sb project. Finally, kinetic desorption (α=0.0001 s-1) of solute from an impervious 
surface was considered in the Overland1sb project. Concentrations and solute mass (hsc) at 
different locations for these three scenarios are displayed in Figures 7 and 8, respectively. Liquid 
and sorbed concentrations for these three scenarios are then shown in Figures 9, 10, and 11. 
 
 

 
Figure 7. Concentrations at different locations for an example with an uphill water inflow (T=360 s). 

Solute inflow and retardation are considered on the left (project Overland1sa), solute inflow and 
attachment/detachment are considered in the middle (project Overland1sb), and no solute inflow and 

kinetic desorption from an impervious surface are considered on the right (project Overland1sc). 
 
 

 
Figure 8. Solute mass (hsc) at different locations for an example with an uphill water inflow (T=360 s). 

Solute inflow and retardation are considered on the left (project Overland1sa), solute inflow and 
attachment/detachment are considered in the middle (project Overland1sb), and no solute inflow and 

kinetic desorption from an impervious surface are considered on the right (project Overland1sc). 
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Figure 9. Concentrations at different times for an example with an uphill water and solute inflow (T=360 

s) and solute retardation (project Overland1sa). 
 

 
Figure 10. Liquid and sorbed concentrations at different locations for an example with an uphill water and 

solute inflow (T=360 s) and solute attachment/detachment (project Overland1sb). 
 

 

 
Figure 11. Liquid and sorbed concentrations at different locations for an example with an uphill water 

inflow (T=360 s) and solute kinetic desorption from an impervious surface (project Overland1sc). 
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3.3. Overland flow due to rainfall (projects Overland3 and Overland4) 
 
Overland flow due to rainfall (q=0.00666 cm/s) was simulated in projects Overland3 and 
Overland4. While in the Overland3a and Overland3b projects, rainfall was applied either at the 
entire profile or only the upper half of the profile, respectively, while the entire profile had a 
constant surface roughness, in the Overland4 projects, rainfall was applied at the entire profile, 
which had variable roughness. Figure 12 shows water depths at different times (left) and at 
different locations (right) for an example with a constant rainfall applied at the entire profile. 
Rainfall is kept constant for a duration of 60 minutes. Figure 13 then shows the same information 
when a constant rainfall is applied only at the upper part of the profile. 
 
 

 
Figure 12. Water depths at different times (left) and at different locations (right) for an example with a 

constant rainfall for 3600 s applied at the entire profile (project Overland3a). 

 
 

Figure 13. Water depths at different times (left) and at different locations (right) for an example with a 
constant rainfall for 3600 s applied at the upper part of the profile (project Overland3b). 

 
Figure 14 shows water depths at different times for an example with a constant rainfall applied at 
the entire profile, which has a variable surface roughness. In the figure on the left, the surface 
roughness is higher in the upper half of the profile, while in the figure on the right, the surface 
roughness is higher in the lower half of the profile. 
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Figure 14. Water depths at different times for an example with a constant rainfall applied at the entire 

profile with a variable surface roughness. On the left, n=0.05 in the top half and 0.01 in the bottom half of 
the profile (project Overland4a). On the right, n=0.01 in the top half and 0.05 in the bottom half of the 

profile (project Overland4b). 
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3.4. Overland flow on a surface with a variable slope (projects Overland5) 
 
The effect of the variable slope of the profile is evaluated in projects Overland5. The first two 
projects (Overland5a and Overland5b) consider a constant rainfall, while the second two projects 
(Overland5c and Overland5d) consider a constant inflow from uphill. The slope is considered to 
be 0.01 in the top half and 0.05 in the bottom half of the profile in projects Overland5a and 
Overland 5c. The reverse arrangement, i.e., with the slope of 0.01 in the top half and 0.05 in the 
bottom half of the profile, is considered in projects Overland5b and Overland 5d. Figure 15 
shows water depths at different times for an example with a constant rainfall applied at the entire 
profile of variable slopes. Figure 16 then shows water depths at different times for an example 
with a constant inflow and a profile with variable slopes. Some results show small numerical 
oscillations in the obtained solution. 
 

 
Figure 15. Water depths at different times for an example with a constant rainfall applied at the entire 
profile with variable slopes. On the left, slope=0.01 in the top half and 0.05 in the bottom half of the 

profile (project Overland5a). On the right, slope=0.05 in the top half and 0.01 in the bottom half of the 
profile (project Overland5b). 

 
 

 
Figure 16. Water depths at different times for an example with a constant inflow from uphill and for a 
profile with variable slopes. On the left, slope=0.01 in the top half and 0.05 in the bottom half of the 

profile (project Overland5c). On the right, slope=0.05 in the top half and 0.01 in the bottom half of the 
profile (project Overland5d). 
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3.5. Overland flow due to a combined effects of uphill inflow and rainfall (project 
Overland6) 

 
A capability of the code to consider combined effects of inflow and rainfall on overland flow is 
demonstrated using the Overland6 project. In this project, inflow of 6 minute duration and a one-
hour rainfall is applied on a profile of a constant slope and variable roughness. Roughness is 
higher (n=0.05) in the upper part of the profile than in the lower part (n=0.01). 
 

 

 
Figure 17. Water depths (top left) and fluxes (top right) at different times and water depths at different 

locations (bottom) for an example with an inflow of 6 minutes and a rainfall of one hour. The upper part 
of the profile has higher roughness (n=0.05) than the lower part (n=0.01) (project Overland6). 
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4. Future Plans 

 
The future modifications that are currently planned are as follows: 
 

1. Implementing an infiltration model (e.g., Green-Ampt or Horton infiltration models) to 
extend the applicability of the overland flow module to permeable surfaces. 

 
2. Implementing functional relationships for various reaction coefficients (such as the 

distribution coefficient Kd, attachment (ka) and detachment (kd) coefficients, etc), relating 
their values to flow velocity or the thickness of the overland layer. 

 
3. Implementing an option to distinguish between hydraulically active and passive regions. 

 
4. Implementing an option to consider a particle bound solutes (similarly to the subsurface 

colloid-facilitated transport). 
 

5. Reviewing the numerical approaches or implementing stability criteria (for time and 
space discretization) with the goal of eliminating minor numerical oscillations, which, for 
example, appeared in Figures 15 and 16. 

 
6. Reviewing currently implemented solute transport processes and whether they provide 

sufficient support for potential applications. 
 

7. Developing a two-dimensional version of this module using the same conceptual and 
numerical approach. 

 
 



HYDRUS-1D, Overland Flow 
 

   
 

22 



HYDRUS-1D, Overland Flow 
 

   
 

23 

5. References 
 
Morris, E. M. and D. A. Woolhiser, Unsteady one-dimensional flow over a plane: Partial equilibrium and 

recession hydrographs, Water Resour. Res., 16(2), 355-360, 1980. 
 
Hromadka II, T. V., Ch. Lai, Solving the two-dimensional diffusion flow model, In: Proceedings: ASCE 

Hydraulics Division Specialty Conference, Orlando, Florida, pp. 555–562, 1985. 
 
Šimůnek, J., M. Th. van Genuchten, and M. Šejna, Modeling Subsurface Water Flow and Solute 

Transport with HYDRUS and Related Numerical Software Packages, In: Garcia-Navarro & Playán 
(eds.), Numerical Modelling of Hydrodynamics for Water Resources, An International Workshop, 
Centro Politecnico Superior, University of Zaragoza Spain, June 18-21 2007. Taylor & Francis 
Group, London, ISBN 978-0-415-44056-1, 95-114, 2007. 

 
Šimůnek, J., M. Th. van Genuchten, and M. Šejna, Development and applications of the HYDRUS and 

STANMOD software packages and related codes, Vadose Zone Journal, doi:10.2136/VZJ2007.0077, 
Special Issue “Vadose Zone Modeling”, 7(2), 587-600, 2008. 

 
Šimůnek, J., M. Šejna, H. Saito, M. Sakai, and M. Th. van Genuchten, The HYDRUS-1D Software 

Package for Simulating the Movement of Water, Heat, and Multiple Solutes in Variably Saturated 
Media, Version 4.0, HYDRUS Software Series 3, Department of Environmental Sciences, University 
of California Riverside, Riverside, California, USA, pp. 315, 2008. 

 
Smith, R. A., D. C. Goodrich, D. A. Woolhiser, and C L. Unkrich,  KINEROS - A Kinematic Runoff and 

Erosion Model, In: V. P. Singh (ed.) Computer Models of Watershed Hydrology, Water Resources 
Publication, Highlands Ranch, Co,  697-732, 1995. 

 
Smith, R. A., and D. A. Woolhiser, Overland flow on an infiltrating surface, Water Resour. Res., 7(4), 899-

913, 1971. 
 
van Genuchten, M. Th., and J. Šimůnek, Integrated modeling of vadose zone flow and transport 

processes, Proc. Unsaturated Zone Modelling: Progress, Challenges and Applications, Eds. R. A. 
Feddes, G. H. de Rooij, and J. C. van Dam, Wageningen UR Frontis Series, Vol. 6, Chapter 2, pp. 37- 
69, x-xi, Kluwer Academic Publishers, Dordrecht, The Netherlands, 2004. 

 
Wasantha Lal, A. M., Weighted implicit finite-volume model for overland flow, ASCE J. Hydraul. Eng., 

124, 941–950, 1998. 
 
Weill, S., E. Mouche and J. Patin, A generalized Richards equation for surface/subsurface flow modelling, 

Journal of Hydrology, 366, 9–20, 2009. 
 
Woolhiser, D. A. and J. A. Liggett, Unsteady, one-dimensional flow over a plane- the rising hydrograph, 

Water Resour. Res., 3(3), 753-771, 1967. 
 
Woolhiser, D. A., R. E. Smith, and D. C. Goodrich, KINEROS, A Kinematic Runoff and Erosion Model: 

Documentation and User Manual, USDA, ARS, ARS-77, 130 pp., 1990. 
 
 


	Table of Contents
	List of Figures
	1. Introduction
	2. Implementation of Overland Flow into HYDRUS-1D.
	2.1. Theory
	2.2. Numerical Implementation

	3. Test Examples
	3.1. Overland flow due to uphill inflow (projects Overland1 and Overland2)
	3.2. Overland flow and solute transport due to uphill inflow (projects Overland1s)
	3.3. Overland flow due to rainfall (projects Overland3 and Overland4)
	3.4. Overland flow on a surface with a variable slope (projects Overland5)
	3.5. Overland flow due to a combined effects of uphill inflow and rainfall (project Overland6)

	4. Future Plans
	5. References

