
Automation of HSPF Procedures for Event Selection and Model Calibration

IAFSM Conference 2022 – March 8th, 2022



Presentation Overview

1. County Overview

2. History of the Department

3. Watershed Characteristics

4. Hydraulic & Hydrologic Methodology

5. Hydrology Procedures

6. Automation



DuPage County, Illinois



History of our Department

Illinois Stormwater 
Legislation

1986 1987 1988 1989 1991

Flood of 1987





History of our Department

Illinois Stormwater 
Legislation

1986 1987 1988 1989 1991

Flood of 1987

Planning Committee 

and Stormwater Division 
formed

Stormwater and 
Floodplain Ordinance

Stormwater 
Management Plan



DuPage County, Illinois

Watershed Characteristics

• Urbanized

• Very flat, numerous flow paths

• Backwater effects

• Flood control facilities – pump & gate operations

• Offline storage



DuPage County Methodology

Hydrology

Hydrological Simulation Program - FORTRAN (HSPF)

• Continuous simulation

• Land cover types (eg. Impervious, grass, forest, agriculture)

• Recalibrated approximately every 10 years

Rain & Stream Gage Network

• Used to drive the hydrology model

• NOAA Gages: Wheaton, O’Hare, Elgin, Aurora, Argonne

* Continuous rainfall record since 1949

* Thiessen Polygons

• 28 additional rain gages

• 12 streamflow gages



DuPage County Methodology

Hydraulics

Full Equations (FEQ)

• 1-D, Unsteady flow

• Historical storm data – 157 Events

• Regulatory model

(Credit: Lake County Stormwater Management Commission)



Procedures Overview

Hydrology Procedures

• Continuous simulation vs design storm

• Data collection & Processing

• HSPF modeling

• Calibration

*Event selection

*FEQ modeling

Precipitation Evaporation/PET

Adapted from AquaTerra
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Hydrology Procedures

Data Collection & Processing

• NOAA precipitation

• USGS precipitation

• Argonne meteorology

• Wastewater facility discharge

• USGS Streamflow

• Precipitation Disaggregation



Hydrology Procedures

Data Collection & Processing

USGS Streamflow

Argonne Meteorologic 

Data

NOAA Daily 

Precipitation

USGS Hourly 

Precipitation



Pre

Precipitation

Disaggregation



Hydrology Procedures

HSPF Modeling

• Six Land Covers

• Two parameter sets

• Five Precipitation gages

• Flow accumulation at streamflow gages
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Hydrology Procedures

Calibration

• Hydrograph Output

• Annual & Monthly runoff comparison

• Event Calibration

• Event selection

• Event runoff comparison

• Event Peak flow and stage 

comparison

• FEQ modeling
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Hydrology Procedures

Calibration

• Hydrograph Output

• Annual & Monthly runoff comparison

• Event Calibration
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Figure 1

MONTHLY S/R RATIO BY MONTH

EAST BRANCH AT BOLINGBROOK
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Figure 2

SIMULATED VS RECORDED MONTHLY FLOWS
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Figure 3

MONTHLY S/R RATIO VS MONTHLY FLOW
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Figure 4

MONTHLY S/R VS TIME
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• Event selection

• Event runoff comparison

• Event Peak flow and stage 

comparison

• FEQ modeling
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Hydrology Procedures

Sawmill Creek near Lemont Event Runoff Volumes

Runoff Volume Statistics

Number of Events

Number of Events Simulated High

Number of Events Simulated Low

Average Simulated/Recorded Ratio

Correlation Coefficient

Average Absolute Error

Number of Events within 10%

Number of Events within 25%
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Figure 5

EVENT SIMULATE/RECORDED RATIO BY MONTH

SAWMILL CREEK NEAR LEMONT
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Figure 6

SIMULATED VS RECORDED EVENT VOLUMES
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SIM/REC RATIO VS EVENT VOLUME
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Figure 8

SIMULATED & RECORDED EVENT PROBABILITY

SAWMILL CREEK NEAR LEMONT

RECORDED SIMULATED

• Event selection

• Event runoff comparison

• Event Peak flow and stage 

comparison

• FEQ modeling

Calibration

• Hydrograph Output

• Annual & Monthly runoff comparison

• Event Calibration



Hydrology Procedures

Calibration

• Hydrograph Output

• Annual & Monthly runoff comparison

• Event Calibration

Sawmill Creek near Lemont Event Runoff Volumes

Runoff Volume Statistics

Number of Events 20

Number of Events Simulated High 9

Number of Events Simulated Low 11

Average Simulated/Recorded Ratio 0.99

Correlation Coefficient 0.79

Average Absolute Error 18.2%

Number of Events within 10% 45.0%

Number of Events within 25% 75.0%

• Event selection

• Event runoff comparison

• Event Peak flow and stage 

comparison

• FEQ modeling



Hydrology Procedures

Calibration

• Hydrograph Output

• Annual & Monthly runoff comparison

• Event Calibration

• Event selection

• Event runoff comparison

• Event Peak flow and stage comparison

• FEQ modeling



Hydrology Procedures

Calibration

• Hydrograph Output

• Annual & Monthly runoff comparison

• Event Calibration

Sawmill Creek Near Lemont Event Statistics

Peak Flow Statistics
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Figure 6

SIMULATED VS RECORDED EVENT PEAK FLOW
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SIM/REC RATIO VS EVENT PEAK FLOWS
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Figure 8

SIMULATED & RECORDED EVENT PROBABILITY
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Sawmill Creek Near Lemont Event Statistics

Peak Stage Statistics

Number of Events

Number of Events Simulated High

Number of Events Simulated Low

Average Simulated-Recorded Difference

Median Simulated-Recorded Difference

Average absolute Difference

Number of Events within 0.2 feet

Number of Events within 0.5 feet
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Figure 5

EVENT SIMULATE - RECORDED DIFFERENCE BY MONTH
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Figure 6

SIMULATED VS RECORDED EVENT PEAK ELEVATION
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Figure 7

SIM-REC DIFFERENCE VS EVENT PEAK ELEVATION
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SIMULATED & RECORDED EVENT PROBABILITY
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Peak Flows

Peak Stages
• Event selection

• Event runoff comparison

• Event Peak flow and stage

comparison

• FEQ modeling



Automation

Decision to Automate

• Obsolete, unsupported programs

• Data formatting

• Allow DPC to update the TSF more frequently

• Complete work in-house

Automation Overview

• Collaborative effort with ECT and USGS

• Command-line interface utilizing python scripts and 
input files

• Generated graphs

• Next steps: Graphical User Interface (GUI)
Event Hydrographs Auto-Generated at Stream Gage





Interface Mockup

Data Collection Data Processing HSPF Modeling HSPF Calibration FEQ Modeling FEQ Calibration

DuPage County Watershed Modeler X
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Data Collection
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Interface Mockup

Data Collection

Collection Period

NOAA Precipitation

USGS Precipitation

Argonne Meteorology

Wastewater Flow

USGS Streamflow

DuPage County Watershed Modeler X

Data Processing HSPF Modeling HSPF Calibration FEQ Modeling FEQ Calibration
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Interface Mockup

Data Processing

Precipitation Disaggregation

Evapotranspiration

Wastewater Flow
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O’Hare

Wheaton

Elgin

Aurora

Argonne

Automation

Data Processing

Precipitation Disaggregation

Evapotranspiration

Wastewater Flow

DuPage County Watershed Modeler X

Data Collection HSPF Modeling HSPF Calibration FEQ Modeling FEQ Calibration

Select Gages

Disaggregate

Review Results
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Interface Mockup

Data Processing

Precipitation Disaggregation

Evapotranspiration

Wastewater Flow

DuPage County Watershed Modeler X

Data Collection HSPF Modeling HSPF Calibration FEQ Modeling FEQ Calibration

Select Gages

Disaggregate

Review Results

x



Interface Mockup

HSPF Modeling

DuPage County Watershed Modeler X

Data Collection Data Processing HSPF Calibration FEQ Modeling FEQ Calibration



Interface Mockup

HSPF Modeling

Simulation Period

Precipitation Gages

Land Covers

Streamflow Gages

Land Use

Model Parameters

DuPage County Watershed Modeler X

Data Collection Data Processing HSPF Calibration FEQ Modeling FEQ Calibration



Interface Mockup

HSPF Calibration

Calibration Period

Annual & Monthly

Event Selection

Event Calibration

TSFNOAA Creation

DuPage County Watershed Modeler X

Data Collection Data Processing HSPF Modeling FEQ Modeling FEQ Calibration



Interface Mockup

FEQ Modeling

Select Watershed

Select TSF

DuPage County Watershed Modeler X

Data Collection Data Processing HSPF Modeling HSPF Calibration FEQ Calibration



Interface Mockup

FEQ Calibration

Peak Flows

Peak Stages

DuPage County Watershed Modeler X

Data Collection Data Processing HSPF Modeling HSPF Calibration FEQ Modeling
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