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1. Background on the Infiltration Process on Pervious Surfaces

2. EPA SWMM Single-Layer vs Two-Layer Infiltration Modelling

3. LID Control Parameters and Methods for Two-Layer Infiltration 
Modelling 

4. Case Study (Nose Creek Watershed Hydrological Model) 
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• Precipitation, irrigation, 
and run-on applied to 
pervious surfaces 
infiltrate into the soil.

• Infiltration capacity 
decreases as soil 
moisture content 
increases.

• If the applied water rate 
exceeds the infiltration 
capacity, excess water 
cannot infiltrate.

• The excess water either 
ponds on the surface or 
becomes surface runoff.

Infiltration Process on Pervious Surfaces
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Calgary's Pre-development

In reality … 

Single-Layer

May-October 2020

• By default, EPA SWMM models 
pervious areas as one uniform soil 
layer in which:

o Only one set of infiltration 
parameters is defined

o No ET from the soil layer

o No lateral flow 

• A single-layer approach is usually 
acceptable when the main focus 
is on flood control for extreme 
events. 

• Yet, for continuous simulation, the 
overall soil water balance is poorly 
represented by this approach

Single-Layer Infiltration Modelling
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❖ The soil water balance can be better represented using 
two-layer infiltration methods. 

❖ One way → EPA SWMM Bioretention Cell LID control. 
Sounds a bit "odd“, but necessary to allow the following :

o Better control of vertical water fluxes.

o Define thickness for infiltration control; a single-layer 
overlooks this option.

o Allow ET from the soil layer.

o Physically meaningful and defensible parameters.

❖ Alternative Approach → Groundwater Routine:

o Requires additional calibration parameters.

o Provides less transparent control over soil moisture fluxes

o May experience numerical instability under certain 
configurations.

Two-Layer Infiltration Modelling
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❖ The storage layer is not a 
physical layer but represents 
the interflow component of 
urban hydrology.

Bioretention Cell LID Control Parameters for 
Two-Layer Infiltration Modelling 
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LID Controls & Methods 
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❖ Because there is now no “pervious” area 

as known by SWMM Subcatchment, the 

following should be noted:

o The impervious area of each subcatchment needs to be 100% 

to ensure that all infiltration processes are handled solely by 

the LID layers.

o Pervious area parameters (Dstore Perv, N Perv) and Percent 

Routed to Pervious areas will not be used

o Alternative parameters to pervious area parameters (N Perv & 

Dstore Perv) exist in the LID control editor in the surface layer 

tab (Berm Height, Surface Roughness). 

o Routing from impervious to pervious areas now must be done 

completely within the LID usage editor (% of impervious area 

treated) 
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Case Study
Nose Creek Watershed
Hydrological PCSWMM Model
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Source of map: Nose Creek Watershed Water Management Plan (2018) 
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❖To make the soil water balance representative 
of Nose Creek's condition. 
o Semi-arid climate and tight glacial tills
o Calgary’s pre-development mass balance is as 

follows:
▪ ET = 92%

▪ Seepage = 2%

▪ Runoff = 6%

❖To account for the Interflow or the lateral 
movement of infiltrated water within the 
unsaturated soil zone
o In urban areas, interflow can make its way into 

weeping tiles and utility trenches and eventually 
enter the stormwater system, resulting in a slow, 
continuous flow response, which has been observed 
in monitoring data collected in Calgary.

Objectives of the Two-Layer Infiltration Modelling  
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Extents of the Existing PCSWMM Models
Nose Creek Watershed
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Calibration Sites
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62WPA

246WPA

174WPA
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Example of a Model Domain for Calibration
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The model was calibrated 

and validated against 

observed pond water depths

West Nose Creek Catchment

Selected areas to be calibrated 

were extracted from the main model 

for calibration purposes

May-October 2020 for Calibration 

May-October 2019 for validation
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174WPA - 

Model

Parameters Sensitivity Analysis
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Sensitive if relative 

change in NSE is ≥ 10%

Observed
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The most sensitive parameters are:

Parameters Sensitivity Analysis (cont.)
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❖ Calibration of 2020 water depth in the ponds

❖ Model calibration aims to maximize the Nash–Sutcliffe 
Efficiency (NSE) for simulated versus observed pond water 
depths.

❖ Calibration is done using KWL’s machine learning calibration 
tool for open-source models called Parallax.

❖ Parallax allows a modeller to leverage parallel cloud 
processing to achieve more accurate and efficient model 
calibrations than a human can.

Local Calibration - 62 WPA pond
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❖ The top five calibration parameter sets, ranked by maximum NSE in 2020, were selected 
for validation between May and October 2019 to evaluate reliability and parameter 
transferability. 

❖ Validation performance is assessed using NSE for pond water depths and relative error 
in outlet flow volumes derived from rating curves.

Local Validation - 62 WPA pond

www.kwl.ca | (Feb 26, 2026) 16



Presentation Title

Multi-objective rescoring – Pond 62 WPA
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❖ The top five calibrated parameter sets were re-scored for both calibration and validation 

using a multi-objective framework based on NSE for pond water depths and relative error 

in outlet flow volumes.
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Multi-objective rescoring – All ponds
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Pond 62 WPA 126 WPA 174 WPA 176 WPA 246 WPA
Optimum RUN ID 265 995 10481 212 202
Berm Height 13.750 18.563 15.000 5.500 11.750
Soil Thickness 174.000 268.560 129.206 182.000 178.000
Porosity 0.455 0.471 0.415 0.551 0.449
Wilting Point 0.289 0.132 0.267 0.054 0.275
Conductivity 30.242 8.421 6.176 6.848 1.810
Suction Head 3.300 168.432 125.491 115.500 204.600
Drain Coefficient 0.008 0.013 0.003 0.002 0.004
Drain Exponent 0.120 0.010 0.124 0.060 0.180
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Global Set Infiltration Parameters
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Pond 62 WPA 126 WPA 174 WPA 176 WPA 246 WPA
Global Set

(All ponds avg)
Berm Height 14 19 15 6 12 13

Soil Thickness 174 269 129 182 178 186

Porosity 0.455 0.471 0.415 0.551 0.449 0.468

Wilting Point 0.289 0.132 0.267 0.054 0.275 0.203

Conductivity 30.24 8.42 6.18 6.85 1.81 10.7

Suction Head 3 168 126 116 205 124

Drain Coefficient 0.008 0.013 0.003 0.002 0.004 0.006

Drain Exponent 0.120 0.010 0.124 0.060 0.180 0.1
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Global Parameters Validation –
Storm Drain Flows (N27)
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Water Balance Results
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Why internal process representation matters (even if runoff is similar):

•Models with incorrect internal fluxes may match current runoff but respond 

unrealistically to future scenarios (climate change, land use change, LID usage).

•A physically consistent model is more defensible, transferable, and robust for 

scenario analysis and design.

May-October 2020 May-October 2020 
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Evidence from Flow Duration Curves:
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• The distribution of the middle part of the flow 

duration curve is mainly controlled by the 

permeability, extent, and distribution of the 

subsurface materials.

• In the Single-Layer model, underestimation 

of mid-range flows indicates infiltrated water 

is drained or lost too quickly rather than 

being stored and slowly released.

• In the two-layer model, sustained mid-range 

flows indicate more realistic soil moisture 

storage and gradual release, improving 

baseflow representation.
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❖ The default EPA SWMM single-layer infiltration approach is usually acceptable when 
the main focus is on flood control for extreme events. 

❖In continuous simulation, single-layer infiltration poorly represents the overall soil 
water balance.

❖ Two-layer infiltration approach improved the water balance results for continuous 
simulations, compared to the single-layer approach.

❖ In our case study, the two-layer infiltration method decreased seepage and increased 
ET, yielding an overall water balance that is more representative of typical Nose Creek 
Watershed conditions.

Conclusion
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