UDG Autumn Conference November 2018

Innovative approaches to modelling runoff and losses
Presenter: Daniel Hartmann (RPS)
Authors: Daniel Hartmann (RPS) & Martin Spiers (RPS)

1. Introduction
Surface runoff is governed by precipitation, infiltration and evapotranspiration, this paper will review
alternative approaches to the representation of infiltration losses in 2D overland modelling of rural areas,
based on experience of modelling large scale rural/urban catchment interactions.
Infiltration is the rate at which a soil absorbs rainfall and surface runoff. Fixed or constant losses can be used
to represent infiltration in Infoworks ICM. However, infiltration capacity reduces exponentially as the soil
becomes wet, resulting in a reduction in infiltration rate and a corresponding increase in surface runoff during
a rainfall event (Horton, 1933). This study will discuss the methods available and focus on the Modified Horton
Infiltration Model, including initial selection and calibration of input parameters in the absence of soil test
results.
Although used primarily to reproduce rural runoff, the chosen approach is also considered to have benefits for
the representation of runoff from un-sewered areas within the urban boundary, which can generate 2D
overland flow to affect nearby properties or to enter the sewerage network through local gully connections.

2. Modelling losses in 2D
No losses
The simplest methodology for modelling losses on the 2D mesh is to ignore them. This will result in an overprediction of flows, no representation of changes in infiltration during event and pooling of flows in low spots
where water would normally infiltrate. Evidently this is not a suitable methodology for modelling surface
runoff and should be avoided where possible.
Fixed Losses and Scaled Rainfall
Modelling fixed losses involves losing a certain percentage of rainfall. This can either be achieved by applying a
fixed loss to the mesh or by applying a reduction factor to the rainfall to account for infiltration to the mesh,
typically 30% (EA, 2012). This allows for some representation of infiltration into the 2D mesh, can provide a
coarse representation of the reduction in infiltration as the soil becomes saturated but does not model
infiltration from surface runoff, potentially resulting in an over-prediction of flows on the 2d mesh.
Constant losses
Modelling constant losses involves identifying a maximum infiltration rate, typically 12mm/hr in urban areas
(EA, 2012), where any additional precipitation above this rate results in surface runoff. Again this allows for
some representation of infiltration into the mesh but does not provide any representation of the reduction in
infiltration as the soil becomes saturated.
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Green-Ampt
The Green-Ampt method uses porosity, hydraulic conductivity, soil suction head and time to calculate
infiltration. The Green-Ampt method represents changes over time and is a suitable method for modelling
infiltration. It is not considered as part of this paper.
Horton’s Infiltration
Horton’s infiltration model (Horton, 1939) is one of the oldest
and most widely used infiltration equations. It describes how
infiltration capacity decreases with rainfall to a minimum
infiltration rate; and provides a methodology of calculating the
infiltration rate based upon the length of time that the
infiltration capacity has been exceeded and allows a
representation of varying infiltration rates over time (Figure 1
and Equation 1).
Equation 1)
Where:
f = infiltration capacity (in/hr)
f0 = initial infiltration capacity (in/hr)
fc = final infiltration capacity (in/hr)
k = empirical constant (hr-1)
t = equivalent infiltration time (s)

Figure 1: Horton Infiltration
(Horton, 1939)

The Horton method only models a decrease in infiltration when the infiltration capacity is exceeded. ICM
employs the Modified Horton Method. This allows for the representation of both wetting and drying of soils
and the respective decrease and increase of infiltration.
Horton’s infiltration model uses empirical values to calculate the infiltration capacity within the soil, both
laboratory and field tests can be used to estimate the specific parameters for a certain soil type. Innovyze
provide default values for different soil types but acknowledges that the values are “highly variable”
depending upon the catchment and soil type. It is therefore considered that using these values without any
consideration to the suitability to the catchment may result in significant over or under predictions of
infiltration rates. This paper is concerned with estimating these parameters in the absence of soil tests, given
that these may be time consuming and expensive to complete.

3. Methodology
The USDA Soil Classification System details four hydrological soil groups, A-D (USDA, 2009). The USDA Soil
Classification System does not directly correlate with the Wallingford Winter Rainfall Acceptance Potential
classes. The hydrological soil group were correlated to specific soil types within the catchment and used as the
basis for the different infiltration zones.
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Four parameters are required for Horton infiltration in ICM: Initial Infiltration Rate, Final Infiltration Rate,
Decay Rate and Recovery Rate. These are shown on Figure 2 below. This section discusses the methodology
used to estimate these values in the absence of field measurements.

Initial Infiltration Rate
De
ca
y
Ra
te
Recovery Rate
Final Infiltration Rate
Figure 2: Horton infiltration parameters
Initial and Final Infiltration Rates
The Initial Infiltration Capacity is the maximum amount of infiltration possible in the soil. This can be measured
using an infiltrometer, in the absence of measurements there is a wealth of infiltration rates for different soil
types in the literature. Verification indicated that the default ICM values were too high and these were
reduced by half.
The Final Infiltration Capacity is essentially the Saturated Hydraulic Conductivity of the soil (Table 1). It is
directly related to the soil and underlying strata and can vary from 450mm/hr in sandy soils to effectively
0mm/hr in clay soils. Verification indicated that the median values were too high and values were reduced
within the observed range of soil types.
Table 4-4 Values of f∞ for Hydrologic Soil Groups
f∞
(Musgrave, 1955) Hydrologic Soil Group
(mm/hr)
A
11.43 - 7.62
B
7.62 - 3.81
C
3.81 - 1.27
D
1.27 - 0.00
Table 1: fc values used in the model

fc (mid)
(mm/hr)
9.525
5.625
2.540
0.635

Fc (25%)
(mm/hr)
8.5725
4.7625
1.9050
0.3175

Decay Rate (Kd)
The decay constant controls how quickly infiltration rates decay from the maximum infiltration rate to the
minimum infiltration rate. The decay constant is specific to the soil and can vary greatly. SWMM (2016)
suggest that it can vary from 0.67 to 120hr-1 with a typical value between 3 and 6hr-1, and suggests a value of
4hr-1 should be used where no field data was available (SWMM 2016).
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Recovery Rate (Kr)
The recovery rate is the rate at which infiltration capacity is regenerated during dry weather. The rate is
directly related to the length of time that the soil takes to dry and can be tested using soil samples from site.
Equation 2a and b can be used to calculate Kr values (SWMM 2016).
Equation 2a)
Equation 2b)
Where:
Ks = Soil Saturated Hydraulic Conductivity
Tdry = Time to Dry (days)
kr = Horton recovery rate
Soil Saturated Hydraulic Conductivity (Ks) for each soil classification is available in the SWWM guidance
documents, these values were matched up to the soil groups and used to calculate Horton recovery rates
(Table 2).
Soil Type
Group A
Group B
Group C
Group D

Ks range
Time to Dry (days)
kr (hr-1) Range
4.74-0.13
1.44-8.67
0.1132-0.0188
0.25-0.13
6.25-8.67
0.0261-0.0188
0.26-0.04
6.17-15.63
0.0264-0.0104
0.02-0.01
22.10-31.25
0.0074-0.0052
Table 2: Horton recovery rates from SWMM guidance

kr (hr-1)
0.050
0.019
0.016
0.007

4. Comparison of values
The values produced in the study vary compared to the default values specified in Infoworks ICM (Table 3),
however, this should be expected as these values are based upon the specific catchments that were modelled.
The modelled values result in the catchment staying wetter for longer and less surface runoff infiltrating, as
observed during the verification. Horton Infiltration parameters will vary between catchments and this study
has shown that research should be conducted into the infiltration from a catchment before applying values to
a model as these could have a large impact upon the runoff generated.
SCS Soil
Group
A
B
C
D

f0 (mm/hour)
fc (mm/hour)
Kd (1/hour)
Kr (1/hour)
Default
Study
Default
Study
Default
Study
Default
Study
250
125
25.4
8.6
2
4
2
0.05
200
100
12.7
4.8
2
4
2
0.019
125
62.5
6.3
1.9
2
4
2
0.016
76
38
2.5
0.3
2
4
2
0.007
Table 3: Horton Infiltration, default parameters vs calculated parameters
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5. Calibration
Given the potential variance of parameters for different soil types any model should ideally be calibrated to
real data to ensure that the predicted surface runoff generated is within suitable tolerances. Verification in 2d
presents a number of additional difficulties to verification in 1D, this is only increased with the addition of
Horton Infiltration.
Flow surveys can be planned to monitor inflows to the 1D system from the 2D domain. Given that short term
flow surveys will generally capture short return period events this allows the user to calibrate the Initial
Infiltration Rate as smaller events will generally not cause the soil to become fully saturated. In the calibration
period runoff rates from the rural catchments were too low at the start of the event and the Initial Infiltration
Rate was reduced in line with the observed runoff, allowing an improved match between observed and
predicted surface runoff. Short term flow surveys can also be used to calibrate the Decay and Recovery rates,
where runoff rates can be analysed over successive events as the soil becomes more or less saturated.
Infiltration rates were observed to decay too quickly, based upon runoff across the calibration period, and the
Decay Rate was altered as discussed above. Infiltration rates also recovered too quickly, with runoff from
successive events observed to increase but not predicted to, the Recovery Rate was decreased as above.
Short term flow surveys will not always capture the magnitude of events required to fully saturate the soil,
especially in freely draining areas. Historical verification using historical rainfall and recorded flood
depth/extents can provide a greater understanding of Horton’s Infiltration in the catchment, especially the
Final Infiltration Rate. Large events generally cause the soil to saturate quickly and the main control on surface
runoff and flooding is therefore the Final Infiltration Rate.
Given that Horton infiltration changes over the period of rainfall, using a combination of large historical events
and smaller events from short term flow data allows the model user to calibrate the parameters across a range
of events and gives a greater understanding of the mechanisms.

6. Limitations
Horton’s Infiltration model is a representation of infiltration within a catchment, which improves upon simple
modelling methodologies. However, there are a number of limitations regarding both its use and the
methodology used to calculate the required parameters presented in this paper.



Although the parameters used in the model are physically measurable, it is unlikely that sufficient
samples would be available to accurately represent variations in infiltration across a catchment.
In most cases, no physical measurements may be available. Although considerable guidance on values
is available, this is mostly in a North American context and these values may need to be adjusted in
calibration.

7. Conclusions
This study provided a methodology to estimate the parameters required for Horton infiltration without
conducting soil tests in the catchment. Horton parameters are specific to each catchment and work needs to
be conducted to determine what these values should be and an attempt should be made to calibrate the
parameters by verifying interactions between the 1D and 2D network and through historical flooding depths
and extents. Through this an improved representation of surface runoff can be achieved.

Page 5

CIWEM Autumn UDG Conference 2018

References
Environment Agency. (2012). Guidance on surface water flood mapping for Lead Local Flood Authorities.
Horton RE. (1933). The role of infiltration in the hydrologic cycle. Transactions, American Geophysical Union 14:
446–460.
Horton RE. (1939). Analysis of runoff-plant experiments with varying infiltration capacity. Transactions,
American Geophysical Union 20: 693– 711.
Musgrave, G.W. (1955). How much of the rain enters the soil? In Water: U.S. Department of Agriculture.
Yearbook. Washington, DC. pp. 151–159.
SWMM. (2016). Ref Manual Vol1 – Hydrology.
USDA. (2009). Chapter 7 Hydrological Soil Groups National Engineering Handbook.

Page 6

CIWEM Autumn UDG Conference 2018

