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Speaker Introduction

Michelle Stmon, Ph.D., P.E.
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Water Systems Division, .
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Any opinions expressed 1n this presentation are those of the

author and do not necessarily reflect the views of the Agency,
theretore, no otficial endorsement should be mterred but it has
been through USEPA’s ofhicial clearance process. Any mention
of trade names or commercial products does not constitute

endorsement or recommendation for use.



Combination of Computer Science and
Environmental Science

* Environmental Protection - History

* Intersection with Computer Science

e Conclusions and Discussions



National Parks — March 1, 1872




Grand Canyon - 1919




The Silent Spring — Rachel Carson 1962
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Polluting the Environment

.
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extentof . Obispo

New York City veiled in smog in 1973 observed

oil on beach

National Archives e R s R

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

Gene Daniels/U.S. National Archives




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

Declining National Air Pollutant Concentration Averages
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https://gispub.epa.gov/air/trendsreport/2018/#growth
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Economic, Population Growth and

Environmental Impact

Comparison of Growth Areas and Declining Emissions
1970-2017
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https://gispub.epa.gov/air/trendsreport/2018/#growth w cleaner air
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Clean Water Act Impact

Figure 2. Water Pollution Trends, 1962-2001

Panel A. Dissolved Oxygen Deficit Panel B. Share Not Fishable
-\
£ z
X :
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1962 1972 1952 1992 2001 1262 1972 19682 1932 2001

Notes: Graphs show year fixed effects plus a constant from regressions which also control for monitoring site fixed effects,
a day-of-year cubic polynomial, and an hour-of-day cubic polynomial, corresponding to equation (2) from the text.
Connected dots show yearly values, dashed lines show 95% confidence interval, and 1962 is reference category. Standard

errors are clustered by watershed.

https://pdfs.semanticscholar.org/bbd9/ef58e916bc76ae3c036767047e24a0e8512f.pdf
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Watershed

s://www.visualcapitalist.com/ma s-worlds-watersheds/




Watershed Flow Animation

https://www.washingtonpost.com/videonational/animation-shows-
the-mississippi-watershed-the-largest-drainage-basin-in-north-
america/2016/12/08/e294b76a-bd6b-11e6-ae79-

bec/72d34f8¢c9 video.html?utm term=.5262214d85fc
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Flooding

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

Glen Canyon Dam:
The Upper Basin States' bank account

* Pre-1963 average inflows 12,963,000 AF
* Post-1963 average inflows 10,701,000 AF

https://www.aquaterra.com/resources/pubs/fiftyyearconfproceedings/CI-WATER 50yrs 26Sept12.pdf
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Nutrient Runoff — hypoxia zone




US Watersheds
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Watershed Model Strategy

. Stressr.:rrs, systems to
be considered

* Types of loading,

receiving, models
avallable

®* Processes considered
by model(s)

® Space and time

* Questions to be
answered

1940 Land Use

Box

(= Low Density Residential

[J Medium Density Residential
High Density Residential
Commercial and Industrial
Open Urban Land
Crop Land
Pasture
Forest Land

= Viater o
Bamen Areas

g Field Lots and Ag. Building

i ‘ »'e
8.

https://cfpub.epa.gov/watertrain/pdf/modules/WshedModTools.pdf

Figure 10
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Conceptual Model for Watershed

Modeling
Typical Input
& - Topography
4 - Soil Characteristics
- -
* Shidiari  Land cover
* {1 - Land use

- Meteorological data

v g by ]
Evapots arur ation

Typical Output
» Streamflow
« Subsurface Flow

https://slideplayer.com/slide/5161814/
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MODELS 8- |
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= ] — 1960 _ = /M
WATERSHED - DIGITAL
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How SWMM, HSPF, SWAT, and WASP Relate

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

https://www.aquaterra.com/resources/pubs/fiftyyearwatershedconferencePrograms.php
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Over All Model Deveopment

Watershed
(QH-WATERSHED)

Receiving waters Version o - Q4/2011
G SRRy salance) (Test Release)
BMP-o
(Extended Detention:
Cu, Bactii, TS5(5)

(Added types and params) er BMPs) =
il e Version 1- Q2/2012
I

5 - -
s (TMDL (First Production

Release)
Receiving Waters
(Extended Stream Model)
Watershed
(HSPF, SELECT) 5
Version 2 - Q4/2012

Receiving Waters

(WASP ?) ! - Spans (Expanded Capability
' : : Release)

BMP-2
(Additional BMPs/parameters)

Yersion 3

{ Future Extension)

https://www.aquaterra.com/resources/pubs/fiftyyearconfproceedings/LAR_50- )
yrs%20Modeling_Integrated%20Urban%20Water%20System.pdf 4




Data Requirements

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 I ¢
* Subcatchment area [51 .................
e Topography ﬂ
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Data Management

NSF vision

“enabling software systems A VISION /AND T
are needed to create an FOR; S@FT;\‘NA?RE" FOR
environment in which the .ENGINEERING*
barrier to access is low for ' G |
innovation and new
discovery”

* Data Management and
Preservation

* Software Sustainability

CYBER%F_ _
FRAMEW,

http://www.nsf. gov/pubs/ZOlZ/nsle113/n5f12113 pdf
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GUI + Data Extracting and Loading
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https://datagateway.nrcs.usda.gov/

Natural
USDA Resources
i Conservation

Service

rl
United States Department of Agriculture "’

Geospg}lal Data Gateway

Home { Login | Check Order | Status Maps | News { DataPolicy | FAQ | Help | NAIP Download | Contact Us

\_(_q_u are here: Home / GDGHome.aspx
Welcome to GDG

System Status:
Welcome to GDG 6.0.4.7481. All products and services are
running normally.

Natural Resources
Conservation Service

I Farm Services Agency

PLEASE NOTE: As of April 21, 2017 the NAIP datasets are only
available through the "NAIP Download" option on the home page
and are no longer be available through the Gateway ordering

, Aerial Photography Field process. Also note, NAIP images are titled by county FIPS codes.
Offica (ADEC FIPS codes may be referenced by clicking on the "county FIPS"

Off APFO
Office (APFO). link on the Dlrect Download page.

I Web Soil Survey g = .,_y -

I Rural Development

National Geospatial Center
of Excellence (NGCE)

I eFOTG

I Geo.Data.Gov

USGS Maps, Imagery and
Publications

I National Atlas

I National Map Viewer 2.0
US Census Bureau
Geography
, Download TIGER/Line
Shapeﬁles

b Download Public Land
Survey System Data

the one stop source for environmental and natural resource data

The Geospatial Data Gateway (GDG) provides access to a map library of
over 100 high resolution vector and raster layers in the Geospatial Data
| Warehouse. It is the One Stop Source for environmental and natural
“'resources data, at any time, from anywhere, to anyone. It allows you to
choose your area of interest, browse and select data, customize the
format, then review and download.

Unlted States Elevation
Inventory

This service is made available through a close partnership between the
three Service Center Agencies (SCA); Natural Resources Conservation
Service (NRCS), Farm Service Agency (ESA) and Rural Development
(RD).

Data Order

I Want To...

> NAIP Download
o Direct Download

o Order by County/Counties
o Order by State
o Order by Place

Order by entering

o Latitude/Longitude

Bounding_Rectangle
Order by Interactive Map

o using_custom Area Of

Interest
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CUASHI Hydrologic Data Share System

https://www.cuahsi.org/

HydroShare

Collaboration

[ Visualiza';ion ] , Social Media ]

Data.gov @ Earth
— Exchange

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

Your favorite ...

L
CUAHSI @m
=

HydroServer
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Modeling process

Mathematical Abstraction
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Convert Math to Code

// Storage layer properties
double storageThickness = theLidProc->storage.thickness;
double storageVoidFrac = thelLidProc->storage.voidFrac;

//... retrieve moisture levels from input vector
surfaceDepth = x[SURF];
storageDepth = x[STOR];

//... convert moisture levels to volumes

SurfaceVolume = surfaceDepth * thelLidProc->surface.voidFrac;
SoilVolume = 0.0;

StorageVolume = storageDepth * storageVoidFrac;

/]... get ET rates
availVolume = (storageThickness - storageDepth) * storageVoidFrac;
getEvapRates(SurfaceVolume, 0.0, 0.0, StorageVolume, 1.0);

https://www.openswmm.org/SWMM51013/lidproc-c/trenchFluxRates
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Numerical Methods

(d}

(a)
Analytical Element
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http://utdallas.edu/~brikowi/Teaching/Applied Modeling/GroundWater/LectureNotes/analytic element.pdf

Finite Difference

Al@) = £ (a+ 3h) — £ (2~ 1h)

A backward-difference

&

f(x)

central-difference

forward-difference

X—Ax

https://en.wikipedia.org/wiki/Finite difference#/media/File:Finite difference method.svq

X

X+ Ax
Ax
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New Solver

time n+1
3rd order upwind with / \ RK step 2
flow dlrecllon unknown
| e—o— | W. face reconstruction
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Why?

Processors aren't getting
faster, they are just
getting more parallel

Flamm, K. (2017) "Has Moore's
Law been repealed? An
economist's perspective",
Computing in Science &
Engineering, Mar-Apr. 2:29-40
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Hydraulic Animation

(Courtesy of Robert Dickinson, Innovyze
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Old Computers

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

- e

A
S

T

https://www.computerhistory.org/timeline/1980/
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Developmental Actions

— Development tools and tricks
— Technical Support - OPENSWMM O v s s s =
- GitHUb [J USEPA / SWMM-EPANET _User_Interface @Watch 45 destar 54 Yok 36

» Track Code versions and changes o [0ie® nusewe Brioe B ke

Ej Join GitHub tod e
* Developmental Tools, e.g., Cl, doxygen

and review code, manage projects, and build software together.

- Debugging —
o CO d e te S ti n g No description, website, or topics provided.

1,521 commits 18 branches © 7 releases 28 7 contributors
1
. .
° U n |t Te Stl ng e T
&S Tongzhai Merge pull request #278 from USEPA/dev-ui Latest commit £76748a on Jun 20
Y F e atu re Testi n i .idea change move_distance into dx, dy 2 years ago
g i doc update note about undo-redo capability ayear ago
. . . src Merge pull request #278 from USEPA/dev-ui 6 months ago
° Resu |t Regressmn Testmg — Po—
B .gitignore Start Python-friendly wrapper of SWMM output AP, similar to EPANET's... 3 years ago
) [E) EPANET_UI_Example.png screen grab legend update ayear ago
o Cove rag e Testl n g [ READMEmd Update README.md 2 years ago
E) SWMM_UI_0.png screenshot0 update 3 years ago

— Uncertainty\ground-truthing B
« PEST - Suraj Kamble, Xuanyi Lin
. . SWMM-EPANET User_Interface
» (Calibration



Technical Support - OPEN SWMM

® OPEN SWMM KNOWLEDGE CODE RESEARCH RESOURCES O\ g

PA #SWMMS Tut: X (Z) Home - Welcome = X (£)) Cincinnati Bell We! X @3 Introductionto SV X« [} SWMMM 5User ¢ x [ R1842ndEd dated X , @ About OPEN SWN X

/www.openswmm.org/Forum/About#swmm-userslistserver

Q OPEN SWMM KNOWLEDGE CODE RESEARCH RESOURCES @ O\ E]

[ £]9]inkH

13531 4778 1509 -

pUSTS THREADS CONTR|BUTORS Mission and Intent

SWMM-USERS list server

About OPEN SWMM Conditions for subscribing

Guidelines for posting

Collapse all

Fl n d da nd " — Mission and Intent Digital curation Sh dare

I t- The SWMM Knowledge Base is intended to function as an online learning resource Disclai
S 0 u IO n S - for users of the public domain EPA SWMM program. It consists of digitally curated ISClaimer
content from the SWMM-USERS list server, organized in an easily readable format.

Fully searchable, the SWMM Knowledge Base provides a high signal-to-noise ratio,
and promotes content discoverability through related topic suggestions. Terms of use

Together with the open access Journal of Water Management Modeling, the annual
SWMM KNOWLE International Conference on Water Management Modeling, and the SWMM-USERS
list server, the SWMM Knowledge Base rounds out a group of high quality

resources that supports, promotes and encourages development of SWMM by the
EPA and the user community.

An easy—to—search | The SWMM Knowledge Base continuously solicits feedback from the community in ect al'ld engage
making the presentation and content as accessible and useful as possible. Please
for EPA SWM M LISt send any comments and questions to staff at info@openswmm.org. The SWMM wr resea rCh -

Knowledge Base is hosted and moderated by the staff of CHI.

years of shared knc search projects

1,500 contnibutors ¢ s with project
— SWMM-USERS list server

posts.
The SWMM-USERS list server is an email-based forum for users of the public-
domain US EPA SWMM program to share ideas and ask questions on issues related
Connect With Us About Open SWMM Join Open SWMM Site map
Mission and intent SWMM-USERS list server Home

< info@openswmm.org About 37

Knowledge Base

Digital curation How to subscribe

147 Wyndham St. N., Ste. 202 Disclaimer Conditions for s1ihscribing




Innovations — Cloud Computing

Figure 4 is an example of accessing services In the cloud through Web 2.0 and media control interface APIs.

Application Server controls
Media Server through Media
Control APls or Web 2.0

Media and
Signaling

Application
Server

Figure 4. Accessing the Communications Capabilties from Within the Cloud

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

Overview

Background:

— Initial Research Problem

— The Internet-of-Things (loT)
— Types of Cloud Computing

— Development of the 10T for Infrastructure Monitoring
and Control (DRTC/OptiRTC)

Modeling-as-a-Service (Maa$)
What does all of this look like in the real world?
Closing thoughts
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Linking SWMM and PEST

SWMM2PEST
An integration of the SWMM and PEST scientific programs

\

~ Model-Independent
Parameter Estimation and
Uncertainty Analysis

]
LY J

EPA SWMM

Dynamic rainfall-runoff
simulation model |

Version 5.1.013 was : :
eloased in 2018 ot egratef/ \Z/S%mn 15 was released in
About 45,500 LoC l SWMM2PEST About 210,000 LoC

— — — — — — — — — —
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Metamorphic testing on SWMM2PEST

Hierarchical Metamorphic Relations for Testing Scientific
Software

Xuanyi Lin Michelle Simon Nan Niu

Exploratory Metamorphic Our ongoing work
Testing for Scientific

\ -/

e e X
Xuanyi Lin Resultless  Decreased Unchanged Increased Bug Mismatch  Constraint
University of Cincinnati,

USA

Michelle Simon FS10 24.4% 16.0% 4.7% 54.9% ©) ©) ©) 0.
Environmental Protection (N=275) 4 4 V4
Agency, USA

Nan Niu Villanova 1 1 C
University of Cincinnati, (N=194) 264 2l 6:2% b2 J J y Z
USA
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Yang Yang’s Dissertation

Machine Learning and SWMM
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Watersheds of China

DB39 _iAhXsmuAKHQGaBMoQIQEWAHOECAAQBA#imgre=9W1dCrQwG QGoM:




Watersheds of the World

: . . ?q=watershed+maps+for+united+states&tbm=isch&source=iu&ictx=1&fir=ZkNi
RfrbEcHUHM%252CwhzOPkPOVAcabM%252C &vet=1&usg=Al4 -
kRTT47t4ZdMIPalksf1SNWhsA6fFq&sa=X&ved=2ahUKEwi9qgfnz4tDiAhXDmeAKHT50DUcQ_hOwFHoECAOQCA&
biw=1527&bih=809#imgrc=qd7DXfEaH2KF-M:&vet=1




Thank You!

Michelle Simon
U.S. EPA Office of Research and Development (ORD)
513-569-7469 Simon.michelle@epa.gov
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