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Disclaimer

Any opinions expressed in this presentation are those of the 

author and do not necessarily reflect the views of the Agency, 

therefore, no official endorsement should be inferred but it has 

been through USEPA’s official clearance process.  Any mention 

of trade names or commercial products does not constitute 

endorsement or recommendation for use.
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Outline

Combination of Computer Science and 
Environmental Science

• Environmental Protection ‐ History

• Intersection with Computer Science

• Conclusions and Discussions
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National Parks – March 1, 1872
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Grand Canyon ‐ 1919
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The Silent Spring – Rachel Carson 1962 
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Polluting the Environment

By Antandrus at English Wikipedia, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=16365110

New York City veiled in smog in 1973 
National Archives

Gene Daniels/U.S. National Archives
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Cuyahoga River Fire – 1952, 1969

The Cleveland Press Collection



United States Environmental Protection Agency

Mission 
To protect Human Heath and the 

Environment
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EPA Impact on Air Quality
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https://gispub.epa.gov/air/trendsreport/2018/#growth



Economic, Population Growth and 
Environmental Impact 
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https://gispub.epa.gov/air/trendsreport/2018/#growth_w_cleaner_air



Clean Water Act Impact 
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https://pdfs.semanticscholar.org/bbd9/ef58e916bc76ae3c036767047e24a0e8512f.pdf
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Watershed
https://www.visualcapitalist.com/maps-worlds-watersheds/
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https://www.washingtonpost.com/videonational/animation-shows-
the-mississippi-watershed-the-largest-drainage-basin-in-north-
america/2016/12/08/e294b76a-bd6b-11e6-ae79-
bec72d34f8c9_video.html?utm_term=.5262214d85fc

Watershed Flow Animation
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Flooding

https://www.aquaterra.com/resources/pubs/fiftyyearconfproceedings/02-Gochis.pdf
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Calculations for Dams

https://www.aquaterra.com/resources/pubs/fiftyyearconfproceedings/CI-WATER_50yrs_26Sept12.pdf
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Nutrient Runoff – hypoxia zone
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US Watersheds
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https://cfpub.epa.gov/watertrain/pdf/modules/WshedModTools.pdf

Watershed Model Strategy 
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Conceptual Model for Watershed 
Modeling

https://slideplayer.com/slide/5161814/
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How SWMM, HSPF, SWAT, and WASP Relate
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WASP
HSPF

SWAT

https://cfpub.epa.gov/w
atertrain/pdf/modules/
WshedModTools.pdf

https://www.aquaterra.com/resources/pubs/fiftyyearwatershedconferencePrograms.php

SWMM
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Over All Model Deveopment

https://www.aquaterra.com/resources/pubs/fiftyyearconfproceedings/LAR_50-
yrs%20Modeling_Integrated%20Urban%20Water%20System.pdf
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Either you measure it or you download it

• Soil Infiltration from a Soil database (SSURGO or STATSGO)

• Land Use – Land Cover 

• National Land Cover Dataset – (NLCD)

• Climatic Data – find closest NOAA station 
• (use Stormwater Calculator)

• Site Configuration
• Subcatchment area
• Topography

Data Requirements 
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Data Management
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GUI + Data Extracting and Loading

https://www.epa.gov/ceam/basins-framework-and-features



https://datagateway.nrcs.usda.gov/
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CUASHI Hydrologic Data Share System

https://www.cuahsi.org/

https://www.aquaterra.com/resources/pubs/fiftyyearconfproceedings/01-Tarboton.pdf



Modeling process

Mathematical Abstraction
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Convert Math to Code
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https://www.openswmm.org/SWMM51013/lidproc-c/trenchFluxRates



Numerical Methods
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Finite Difference

Analytical Element

http://utdallas.edu/~brikowi/Teaching/Applied_Modeling/GroundWater/LectureNotes/analytic_element.pdf

https://en.wikipedia.org/wiki/Finite_difference#/media/File:Finite_difference_method.svg



New Solver 



Hydraulic Animation
(Courtesy of Robert Dickinson, Innovyze)
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Old Computers
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https://www.computerhistory.org/timeline/1980/

https://www.eadt.co.uk/property/computers-i-ll-give-them-five-years-shows-how-wrong-you-can-be-1-4445178



— Development tools and tricks 
— Technical Support – OPENSWMM
— GitHub

• Track Code versions and changes
• Developmental Tools, e.g., CI, doxygen
• Debugging
• Code testing 

• Unit Testing
• Feature Testing
• Result Regression Testing
• Coverage Testing

— Uncertainty\ground-truthing
• PEST – Suraj Kamble, Xuanyi Lin
• Calibration

Developmental Actions



Technical Support ‐ OPEN SWMM
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https://www.openswmm.org/
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Innovations – Cloud Computing 

https://www.aquaterra.com/resources/pubs/fiftyyearconfproceedings/03-Haire.pdf



39https://www.aquaterra.com/resources/pubs/fiftyyearconfproceedings/07-Quigley.pdf

The Future



TMDL Tool Demonstration
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https://owml.vt.edu/tmdl/



The scientific software we are releasingSWMM2PEST
An integration of the SWMM and PEST scientific programs

Dynamic rainfall-runoff 
simulation model

Version 5.1.013 was 
released in 2018

About 45,500 LoC

Model-Independent 
Parameter Estimation and 
Uncertainty Analysis

Version 15 was released in 
2018

About 210,000 LoC
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Linking SWMM and PEST



Metamorphic testing on SWMM2PEST

Our ongoing work
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Yang Yang’s Dissertation 
Machine Learning and SWMM
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https://www.google.com/search?q=watersheds+of+china&tbm=isch&source=iu&ictx=1&fir=9W1dCrQwG_QGoM%253A%252CQGs
tx7B0bcCxGM%252C_&vet=1&usg=AI4_-kSx2vt2GtcUfpUaalV3OsispvQaCQ&sa=X&ved=2ahUKEwi0-
_DB39_iAhXsmuAKHQGaBMoQ9QEwAHoECAAQBA#imgrc=9W1dCrQwG_QGoM:

Watersheds of China
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https://www.google.com/search?q=watershed+maps+for+united+states&tbm=isch&source=iu&ictx=1&fir=ZkNi
RfrbEcHuHM%252CwhzOPkPOVAca6M%252C_&vet=1&usg=AI4_-
kRTT47t4ZdMIPaIksf1SNWhsA6fFg&sa=X&ved=2ahUKEwi9qfnz4tDiAhXDmeAKHT50DUcQ_h0wFHoECA0QCA&
biw=1527&bih=809#imgrc=qd7DXfEaH2KF-M:&vet=1

Watersheds of the World



Thank You!

Michelle Simon
U.S. EPA Office of Research and Development (ORD)

513‐569‐7469  Simon.michelle@epa.gov
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