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A s spring greets us with the latest 
issue of The SAFL Channel, we 
look back at a busy and produc-

tive semester here at the lab. With major 
building renovations underfoot, SAFL is 
looking better than ever. Completed proj-
ects include a new office for post-docs, 
a remodeled library, a renovated break 
room, and a brand new conference room. 
Painting crews are scheduled to arrive this 
month to give the building a face lift in-
side and out. As the reputation of the lab continues to grow, 
and with it the number of new students, post-docs, staff, and 
visiting researchers, we have been working hard to make the 
lab look as welcoming as it feels.

Appropriate to the spring roar of the St. Anthony Falls, the fo-
cus of this issue is water quality and management, a topic near 
and dear to many of us at the lab. As global warming and urban 
development continue to loom large as environmental threats, 
research at SAFL has become even more relevant and signifi-
cant to all forms of life. We are fortunate to have on our faculty 
someone like James L. Record Professor Heinz Stefan, who 
began researching the effects of climate change on Minnesota 
water long before it became the hot topic it is in today’s media. 
Also highlighted is the innovative computational tool created 
by SAFL researchers to help reduce the impact of urban devel-
opment on trout streams. Yet another team of researchers, led 
by Joseph T. and Rose S. Ling Professor and Head John Gulliv-
er, is working with government agencies to help understand and 
test the best techniques for storm water runoff management. 

And we look forward to an equally productive and exciting 
summer, with the June opening of Xcel’s new public park ad-
jacent to the lab on Hennepin Island. Stay tuned to our website 
for updates on the opening of the Outdoor StreamLab. We are 
very excited about the growth and direction that SAFL is under-
going, and hope that you will enjoy reading about it in this and 
future issues of The SAFL Channel.
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The St. Anthony Falls Laboratory is a research unit of the University 
of Minnesota’s Institute of Technology in the Department of Civil 
Engineering. The laboratory is also closely affiliated with the 
Department of Geology and Geophysics, and the Department of 
Ecology, Evolution, and Behavior.

The Director’s Perspective

Cover: James L. Record Professor Heinz Stefan. 
Photo courtesy of Jayme Halbritter.

—Fotis Sotiropoulos
Professor and Director, SAFL
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announcements

honors & awards  
Chris Paola was named one of the Founding Fellows of 
the Institute on the Environment. Established in 2006, the 
Institute on the Environment will bring the university’s 
wide-ranging environmental experts closer together, help-
ing to trigger even greater discoveries and further enhance 
the university’s reputation as an environmental leader.

Prof. Paola was also named a Fellow of the American 
Geophysical Union.

Claudia Neuhauser, professor and head of the Department 
of Ecology, Evolution & Behavior, was named a UMN Dis-
tinguished McKnight University Professor. The purpose of 
the Professorship is to recognize and reward outstanding 
mid-career faculty. Recipients are granted $100,000 to be 
expended over five years.

Announcements continued on p. 4

Efi Foufoula-Georgiou, in conjunction with NCED col-
leagues, was awarded funding from NASA to study how 
Global Precipitation Measurement observations can be cou-
pled with earth-surface models to predict landslide hazards.

Prof. Foufoula-Georgiou has been elected as a fellow of 
the American Meteorological Society, and was also elected 
to be a member of the executive council of the Consortium 
of the Universities for the Advancement of Hydrologic Sci-
ence.

Fotis Sotiropoulos, professor and director of SAFL, will 
join the National Center for Earth-surface Dynamics as a 
principal investigator for its second 5 year term beginning 
in August 2007. 

Prof. Sotiropoulos was also appointed to the board of direc-
tors of the Hydro Research Foundation, which works to ad-
vance knowledge and build public awareness of the benefits 
of hydroelectric power.

news
>>  NCED receives National Science Foundation renewal
The National Center for Earth-surface Dynamics (NCED) will continue its research on the processes that sculpt Earth’s 
surface with the renewal of its National Science Foundation grant. The Center, consisting of 10 partner institutions from 
around the country, begins its second five-year term on August 1, 2007. According to NCED Director Chris Paola, “If you 
put biology together with physical, chemical, and social processes, you can predict how Earth’s surface will respond to 
change and evolve over time. Therefore, we’re delighted that NCED will be able to continue its integrative work in support 
of a sustainable surface environment.”

>>  Xcel Energy park to open June, 2007
This June, sightseers will be able to enjoy walkways, bike paths and three scenic overlooks at the new Xcel Energy park. 
The $2.5 million park on 3 acres of Hennepin Island will enable the public to stroll from Main Street on the east bank of 
the Mississippi across a crushed limestone  path and over an arched bridge to the edge of St. Anthony Falls. The adjacent 
Outdoor StreamLab, where two former flood bypass channels have been planted with grasses for SAFL to use in experi-
ments, is tentatively scheduled to open this fall. “In a nutshell, we’re going to provide the public with two views: an 
educational view and a spectacular river view,” said Susan Larson, Xcel’s director of project services. As a private park, it 
will be open from dawn to dusk and closed December-March. 

>>  Building Renovations
Since the last issue of The SAFL Channel, three major renovations have been completed at the lab. The Lorenz G. Straub 
Memorial Library has been renovated to allow a new office room for post docs, as well as much-needed updates to the 
library itself. The lab’s break room (aka Riverview Cafe) has been remodeled and displays a fresh clean look. In addition, 
room 211 is now a brand new conference room, and includes a classy display of historical lab documents.
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SAFL awards

Eric Novotny (PhD ‘09) is this year’s Edward Silberman 
Fellowship recipient. At the award ceremony, Novotny gave 
a summary of his presentation, “Salty Lakes in Minnesota? 
How road salt applications are affecting our lakes.”

The Silberman Fellowship was established to reward aca-
demically outstanding students who perform their research 
at SAFL.

Wonsuck Kim (PhD ‘07) has been awarded the 2007 Alvin 
G. Anderson Award. Kim gave a presentation at the award 
ceremony on his thesis “Coupled fluvial and shoreline dy-
namics.”

This award was established by the family and friends of Dr. 
Alvin G. Anderson, former Director of SAFL. The award is 
available annually to a student pursuing graduate studies in 
water resources. 

congrats grads

Matt Carper (PhD ‘06) 
Advisor: Fernando Porté-Agel

Feng Wan (MS ‘07) 
Advisor: Fernando Porté-Agel

Amer Al-Homoud (PhD ‘06)
Advisor: Miki Hondzo

Wonsuck Kim (PhD ‘07) 
Advisor: Chris Paola



5SAFL ChannelSpring 2007 

Anadarko Petroleum Corp. 
Jane Arndt 
Roger Arndt
Jill Bagenstos 
Barr Engineering Co. 
Sharon Bartlett
Curtis Bauers
George Bugliarello 
ConocoPhillips Co.
ChevronTexaco Corp.
Chengwei Ding 
John Erdmann
Karen Erickson
ExxonMobil Corp. 
Xing Fang 
Efi Foufoula-Georgiou 
Abigail Ginsberg 
Jeffrey Glass 
Stacy Glass
Cuiling Gong 
David Grier 
Carlton Gutschick
George Hebaus 
Heinz Nixdorf Museums 
Forum
Miki Hondzo 
Harry Howe
Fred Hsiao
Thomas Johnson 
Anne Hoska Jones

I would like to take a brief moment to intro-
duce myself and to mention some of the 
initiatives we are undertaking at the Saint 

Anthony Falls Laboratory. My name is Ken Schae-
fer and I am a new development officer at the Insti-
tute of Technology. Since last August I have been 
working with the faculty, staff, alumni, and friends 
of SAFL as we move forward with our campaign to 
renovate the lab inside and out, update instrumen-
tation, and construct a new Outdoor StreamLab. 
We also continue to seek support for our students 
via fellowship funding. These are some very ambi-
tious goals and I believe we can reach them with 
your help. Over the past several months I have wit-
nessed the family atmosphere here at SAFL, and 
it is testament to the dedication of the faculty and 
staff to making the world a better place in which 
to live. I very much look forward to meeting the 
friends and alumni of the lab, and discussing how 
you can become involved in the important work 
here at SAFL. If you’d like to discuss designat-
ing a gift for any purpose, please feel free to con-
tact me by telephone at (612) 626-7637 or email at 
schaef@umn.edu.

John Killen 
Mary Killen 
Peter Kitanidis
Salvatore La Bella
Karin Margolis 
Laurence Margolis
Omid Mohseni
Mostafa Family Trust 
M. Gamal Mostafa
Nels Nelson
Joseph Orlins 
Amreek Paintal 
Christopher Paola 
Michael Riley
Frank Schiebe
Key-Fen Shih
Heinz Stefan 
Frank Tsai
Shell Int’l Exploration 
& Production Inc.
Syan-Lin Shih
Cyril Silberman
Edward Silberman
Fotis Sotiropoulos
Uni-Systems Inc.
Vaughan Voller
Venugopal Vuruputur
Catherine J Wetzel
Ivy Yates
Alwin Young

SAFL launches new 
development initiatives

We gratefully acknowledge the following 
donors, who have generously provided 
support during this past fiscal year.

Ken Schaefer 
Associate Development Officer

Institute of Technology
University of Minnesota
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influence your perception of the 
importance of science in society?
SAFL gave me the opportunity as a student to appreciate the 
importance to society of the challenging and varied research 
that was conducted at the Lab.

How do you feel the field of fluid 
mechanics has changed in your 
lifetime?
The introduction of computers (I designed with my graduate 
students HYDRO, a large scale computer language for 
hydraulic engineering); the widespread application to 
many fields, e.g., biological fluid mechanics and geo- and 
environmental hydrodynamics.

In addition to your current teaching 
duties at Polytechnic University, are 
you also conducting any research 
studies? 
I do research and write on urban sustainability; the synthesis 
of biology, society and machines; the resilience of urban 
complexes to terrorism.

Do you feel your roles as professor, 
scientist, editor, and administrator 
have informed one another? 
They form a seamless continuum. I endeavor to bring to the 

SAFL graduation year: �95� 
Degree: Masters 
Advisor: Ed Silberman 
Thesis title: “The Resistance to 
Accelerated Motion in Spheres 
of Water”

George Bugliarello, 
a summa Cum laude graduate of the University 
of Padua, holds a Doctor of Science degree in 

Engineering from MIT, and several honorary degrees, and 
has been honored for the creation of Metrotech, the nation’s 
largest urban university-industry park. He is currently 
President Emeritus and University Professor at Polytechnic 
University, where he previously served as president for 21 
years and chancellor for nine years. He is a member of the 
National Academy of Engineering and of the Council on 
Foreign Relations, a National Associate of the National 
Academies, and a founding member of the American Institute 
of Medical and Biological Engineering. He was president 
of the Sigma Xi, the scientific research society, and of the 
National Association of Science, Technology and Society, of 
which he is an honorary lifetime member. He has published 
and lectured extensively, has founded and co-edits Technology 
In Society: An International Journal, and is interim editor-
in-chief of The Bridge, the journal of the National Academy 
of Engineering. In 2003 he was elected Foreign Secretary of 
the National Academy of Engineering for a four year term, 
and in 2007 reelected to a second four year term. 

Who were your mentors while you 
were at SAFL?
Professor Edward Silberman

What was your biggest challenge and/
or triumph as a graduate student?
Conducting a challenging hydrodynamic experiment and 
constructing the equipment for it. Also, immersing myself in 
the American culture.

How did your experiences at SAFL 

Alumni Spotlight: 
George Bugliarello
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classroom what I am learning from my other activities and, 
in turn, to bring to those activities the insights that teaching 
provides.

In addition to scientific papers, 
you have written a number of books 
on topics ranging from computer 
systems and water resources to global 
intellectual property rights. Do you 
have any future publications planned 
at this time?
Not planned but hoped-for, time permitting, a publication 
on urban sustainability and its importance to global 
sustainability.

If you could invent anything in the 
world, regardless of physical or fiscal 
limitations, what would it be?
An intervention on the human brain, to remove the ancestral 
trait of aggressiveness, which is now threatening the very 
survival of our species.

What do you like to do in your spare 
time?
Read extensively, particularly history; travel to interesting 
places.

Do you have any words of advice for 
current or future students?
Learn in depth the essence of what you are studying; widen 
your cultural background and connections with students 
in other fields; do not be afraid to think out of the box, to 
express your convictions, and to act on them.

“Do not be afraid 
to... express your 
convictions, and 
to act on them.”

In Other News

“Earthshocks- The Meteor That Made the Dinosaurs,” a 
documentary filmed partly at SAFL with the help of Craig 
Hill (Jr. Scientist) and Prof. Chris Paola (NCED Director), 
aired this April on the National Geographic Channel. 

SAFL staff presented three demonstrations (captured on 
high-speed film) to the film crew to illustrate the effects of 
energy transfer and impact, similar to what occurs in the 
event of a meteorite hitting the Earth.

Prof. Heinz Stefan was featured in a February FOX9 News 
special on global warming. Stefan, whose research focus is 
on climate change effects on fish habitat in Minnesota and 
nationwide, was one of four University experts interviewed 
for the half-hour special.

SAFL appeared not once, not twice, but three times in the 
Star Tribune this winter. Feature articles on the lab were 
written by Tom Meersman, staff reporter, and introduced 
the research and facilities that were unknown to many 
locals— until now. To read the archived articles, go to www.
startribune.com.
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Minnesota in Hot Water

THE RECENT BLAST OF MEDIA COVERAGE 
concerning global warming seems to indicate it’s 
a late-breaking, newly discovered story, but James 
L. Record Professor Heinz Stefan could tell you 
differently. Twenty years before Al Gore released 
the Academy Awarding-winning “An Inconvenient 
Truth,” the U.S. Environmental Protection Agency  
(EPA) approached Stefan and asked him to study 
effects of atmospheric temperature change on Min-
nesota’s lakes and streams. Since then, he and his 
students have examined, recorded, and projected 
climate change effects on bodies of water both lo-
cally and nationally. And in case there is anyone left 
who remains doubtful, their projections of global 
warming effects on Minnesota water are already 
beginning to come true. 

Based on a 25 year history of recorded atmospheric 
measurements, and current levels of emissions, it  
is projected that atmospheric carbon dioxide lev-
els will double (2xCO2) in this century. Using these 
parameters, Stefan and his students projected wa-
ter temperatures and dissolved oxygen (DO) lev-
els over the next 100 years. Following this model, 
Earth would experience an average air temperature 
increase of a mere 3-6° C, but the implications of 
this change for our aquatic environment are much 
more significant and ominous. 

Global Warming 101
Long before the widely-publicized 2007 report from 
the Intergovernmental Panel on Climate Change 
provided the strongest evidence yet of global 
warming, Stefan and his colleagues knew that the 
environmental effects of this increase are complex 
and interdependent. Under a 2xCO2 climate sce-
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In the land of 
10,000 lakes, global 
warming brings a 
measured threat to 
the fish that live in 
Minnesota waters

THE RECENT BLAST OF MEDIA COVERAGE 
concerning global warming seems to indicate it’s 
a late-breaking, newly discovered story, but James 
L. Record Professor Heinz Stefan could tell you 
differently. Twenty years before Al Gore released 
the Academy Awarding-winning “An Inconvenient 
Truth,” the U.S. Environmental Protection Agency  
(EPA) approached Stefan and asked him to study 
effects of atmospheric temperature change on Min-
nesota’s lakes and streams. Since then, he and his 
students have examined, recorded, and projected 
climate change effects on bodies of water both lo-
cally and nationally. And in case there is anyone left 
who remains doubtful, their projections of global 
warming effects on Minnesota water are already 
beginning to come true. 

Based on a 25 year history of recorded atmospheric 
measurements, and current levels of emissions, it  
is projected that atmospheric carbon dioxide lev-
els will double (2xCO2) in this century. Using these 
parameters, Stefan and his students projected wa-
ter temperatures and dissolved oxygen (DO) lev-
els over the next 100 years. Following this model, 
Earth would experience an average air temperature 
increase of a mere 3-6° C, but the implications of 
this change for our aquatic environment are much 
more significant and ominous. 

Global Warming 101
Long before the widely-publicized 2007 report from 
the Intergovernmental Panel on Climate Change 
provided the strongest evidence yet of global 
warming, Stefan and his colleagues knew that the 
environmental effects of this increase are complex 
and interdependent. Under a 2xCO2 climate sce-

nario, summer surface temperatures in many Min-
nesota lakes are projected to rise by an average of 
3° C. Specific temperature changes below the water 
surface will depend on an individual lake’s depth, 
wind exposure, and water clarity. 

Extreme Measures
To make their projections, the water resources en-
gineers at the St. Anthony Falls Laboratory (SAFL) 
began by taking recordings from 209 weather sta-
tions across the country which they used to simu-
late lake temperature and dissolved oxygen changes 
under a 2xCO2 scenario. Stefan then worked with  
John Eaton, Howard McCormick, and the late Ken 
Hokanson, all fish biologists from the EPA who 
helped develop criteria for habitat conditions nec-
essary for adult coldwater, coolwater, and warm-
water fish. He and his students focused, with help 
from the EPA, on hydrologic parameters such as 
water temperatures, evaporation from water surfac-
es, and dissolved oxygen, and related them to adult 
fish survival and good growth of fish in streams and 
lakes. Simulations of climate warming effects dem-
onstrated what they should expect to find: increased 
water temperatures, reduced ice coverage, less dis-
solved oxygen, and therefore a drastically changed 
fish habitat. With these results, the significance of 
global warming on freshwater fish habitat began to 
emerge.

Less Ice, More Water
After the projections were completed, former SAFL 
graduate student Stephanie Johnson worked with 
the Minnesota Pollution Control Agency (MPCA) 
and state climatologists to research records of ice 

“There is 
no doubt 
we will 
need to 
adapt.”

Maia Homstad

– Heinz Stefan
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covers on lakes, specifically noting the dates of 
fall formation and spring ice-out. She found a clear 
trend of earlier ice-out dates for the past 20 years. 
She also examined streamflow records, focusing on 
the timing of snowmelt runoff in streams. Johnson 
found that although spring runoff was occurring 
earlier, runoff amounts were smaller, and yet there 
was an increase in overall stream flows throughout 
the year.  

Going with the Flow
In an analysis of data from the U.S. Geological Sur-
vey, SAFL graduate student Eric Novotny discov-
ered some interesting trends in annual stream flow 
records of five river basins: Minnesota River, Red 
River, Rainy River, Mississippi River, and tributar-
ies to Lake Superior. Information was extracted on 
flow duration and mean annual flow, examining av-
erage parameters, as wells as peaks and lows. What 
he found was an upward trend in stream flow over 
a 90 year period. But the next question remained: 
“How is this related to the weather?” It appears that 
the overall increase in annual flow is attributable to 
higher annual precipitation, but not correlated with 
spring snowmelt runoff.

One Big Cycle
Although warmer winters lead to an earlier and 
smaller spring melt, an increase in summer floods 
is the result of an increase in overall precipitation. 
Contributing to higher precipitation are warmer air 
temperatures. Higher precipitation levels result in 
a greater base flow in the summer, and frequent 
snowmelt produces greater baseflow in the winter.

A Fish Out of Water
Stefan and his group have worked to apply their 
studies on these hydrological parameters to im-
plications of climate change on cold-, cool-, and 
warmwater fish in Minnesota. The minimum re-
quirements for a basic fish habitat were defined 
by the EPA as suitable water temperatures and dis-
solved oxygen (DO) levels. Increased temperatures 
on a lake’s surface in summer, combined with de-
creased levels of DO in deeper waters, are creating 
a squeeze effect on summer fish habitat, narrowing 
it to a reduced layer of livable water, or none at all. 
Coldwater fish are particularly affected since they 
are less tolerant of the warmer temperatures near 
the surface, and will be forced to the bottom of a 
lake in order to survive. 

The findings are complex, but definite: Under a 
2xCO2 climate scenario, coldwater fish, such as 
trout or cisco, will be all but eliminated from many 
free flowing streams. Exceptions are streams in 
northern Minnesota that have and can maintain 
strong shading or groundwater input. Lakes in the 
southern part of the state are projected to suffer the 
same loss of coldwater fish, with northern lakes 
experiencing a severely reduced population. Lakes 
that are temperature stratified throughout the sum-
mer are likely to maintain cold water near the bot-
tom, but depleted levels of dissolved oxygen will 
make those cold waters unsuitable as fish habitat. 
Lakes that are vertically mixed by storm events 
throughout the summer will have sufficient dis-
solved oxygen, but their temperatures will become 
too high for coldwater fish.

Coolwater fish, like walleye and yellow perch, will 
see an increase in growth potential, particularly in 
the deeper lakes. 

Warmwater fish, such as bass, will have unchanged 
growth conditions in the Mississippi River and 
improved ones in more shaded streams. In lakes, 
warmwater fish will find increased growth potential, 
depending on the availability of their food source. 
If the food source is a coldwater fish that has disap-
peared, predatory warmwater or coolwater fish may 
not benefit from a warmer climate.

Although coldwater species are projected to lose 40 
percent of their habitat for good growth potential, 
total habitat for good growth of fishes in Minne-
sota lakes is projected to increase, with warm- and 
coolwater species experiencing all of the gain. For 

Fisheries biologists 
from the EPA helped 

SAFL researchers 
establish the criteria  

for adult fish 
habitat.
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Minnesotans, this may mean a significant shift in 
the types of fish available in local waters, which has 
implications for the overall aquatic environment, as 
well as for human consumption and recreation.

Sunny Skies Ahead
Stefan emphasizes that while we work to reduce 
emissions of greenhouse gases into the atmosphere, 
we should also focus on preventive measures and 
adaptation of freshwater systems. For instance, 
shading water surfaces with various plants would 
protect fish from the impending danger of future 
increased water temperatures. Selectively aerating 
deep and cold water in lakes would help increase 
oxygen levels. Installing larger storm sewers will 
help avoid future flooding problems. And it’s not 
all bleak, as Stefan says, “There are actually some 
advantages for cool- and warmwater fish in the cli-
mate warming scenario. Overall fish productivity in 
Minnesota is likely to go up, except for the coldwa-
ter fish populations which may become drastically 
reduced.” A shorter ice cover season will result 
in fewer fish succumbing to winterkill in shallow 
lakes, due to a lack of dissolved oxygen. 

Spreading the Word
Taking his results out of the field and onto the road, 
Stefan has recently given presentations to various 
environmental groups and government agencies 
across the state. One positive result of the focus on 
global warming is that state funding for continued 
work is forthcoming, allowing Stefan and other 
researchers at the University to continue their in-
vestigations of global warming. Stefan hopes that 
sharing his findings will motivate Minnesotans to 
think about how climate change affects the way we 
live, and motivate us to take steps to protect our 
environment.

“We should focus 
on preventive mea-
sures in protecting 
the future of our 
freshwater systems.

FOR MORE INFORMATION see www.safl.umn.edu.
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The diagram at left 
explains the basic 
processes repre-
sented in a lake 
simulation model.

– Heinz Stefan
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SAFL 
researchers 

work with 
government 
officials to 

improve 
methods of 

handling 
storm water

IN A RECENT MINNESOTA POLLUTION 
CONTROL AGENCY (MPCA) assessment of 
Minnesota lakes and streams, 2,250 impaired water 
bodies were identified, including 1,013 lakes and 
approximately 1,162 streams. Excluding those im-
paired by mercury, approximately 938 water bodies 
were listed due to common storm water pollutants 
such as nutrients, turbidity, chloride, temperature, 
bacteria, etc. Of those bodies, 118 are impaired lakes 
located within municipalities. The response of urban 
officials has been to implement, with the help of 
University researchers, improved storm water Best 
Management Practices (BMPs). The initiatives are 
designed to reduce runoff peaks, runoff volumes, 
and pollutant loads. 

Measure by Measure
A necessary first step in improving the management 
of urban runoff is to assess the performance of ex-
isting storm water BMPs, and correspondingly, op-
timize their operation. The MPCA found that there 
were actually few standard methodologies for as-
sessing storm water BMPs, and soon turned to John 
Gulliver, Omid Mohseni, and Ray Hozalski at the 
St. Anthony Falls Laboratory (SAFL); Jim Anderson 
and Larry Baker from the Water Resources Center; 
and John Nieber and Bruce Wilson from the Depart-
ment of Bioproducts and Biosystems Engineering, to 
develop and test a guidance document for the State 
of Minnesota. This document, intended to provide 
a range of assessment recommendations for use by 
municipalities, counties, engineering firms, and oth-
er entities, is anticipated to set a standard for refining 
storm water management and pollution prevention. 

Charting the Way
As part of the guidance document project, students 
and scientists from SAFL have been working to 
categorize assessment techniques into four levels 
of increasing effort and duration: 

Visual Inspection: The primary purpose of visu-
al inspection is to identify, record, diagnose, and 
schedule maintenance for non-functional storm 
water BMP devices.

Capacity Testing: Used to evaluate the primary 
function of a storm water BMP, capacity testing 
assesses infiltration or sediment storage capacity 
using spatially distributed, relatively rapid, and 
simple point measurements. The SAFL-led group 
identified this as a viable assessment technique, 
and are developing effective uses of the concepts

Simulated Runoff Testing: Simulated storm water 
runoff is used to assess storm water BMP effective-
ness under controlled conditions. Controlling dis-
charge and pollutant concentrations allows for ac-
curate evaluation of BMP effectiveness for runoff 
volume reduction or pollutant removal from storm-
water runoff.  The SAFL-led group also identified 
this as a viable assessment technique, and are de-
veloping the necessary testing techniques.

Monitoring: The most comprehensive form of 
assessment, this method relies on natural rainfall 
or snowmelt runoff. Discharge measurement and 
sample analysis are required to determine the mass 

Storm water: 
The quest for more 
accurate, cheaper, 
and faster methods 
of assessment
Andy Erickson
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of water and pollutants entering and leaving the 
system, which is then used to estimate overall ef-
fectiveness. 

Muddy Waters
Historically, assessing storm water BMPs has been 
done through monitoring, because it is the most 
comprehensive form of assessment and can provide 
an estimate of performance within a given water-
shed. Monitoring programs, however, also require 
costly effort for a relatively long period (often 14 
or more continuous months) in order to sample a 
range of storm sizes. And unfortunately, the results 
of monitoring studies are often uncertain because 
of poor characterization of discharge into and out 
of the storm water BMP device, pollutant sampling 
problems, or both. Despite these drawbacks, moni-
toring accuracy and efficiency can be greatly im-
proved if used in conjunction with the other three 
levels of assessment techniques.

Rain or Shine
Since monitoring programs measure the response 
of storm water BMP devices to natural rainfall 
and runoff events, they can therefore be variable 
and unpredictable. One of the primary advantages 
of capacity testing and simulated runoff testing is 
their independence of actual rainfall, as they are 
achieved through controlled field tests using water 
from containers or fire hydrants. In addition, these 
controlled tests do not rely on installing monitoring 
equipment in the field where it becomes suscepti-

ble to damage from weather, aging, and vandalism. 
Monitoring still remains the most comprehensive 
method of assessment and is the only method that 
measures watershed characteristics directly. 

The Real World
With funding provided by the Metropolitan Coun-
cil Environmental Services and the Minnesota Lo-
cal Road Research Board, researchers from SAFL 
were able to take their studies to the field, focus-
ing on two specific BMPs: rain gardens and under-
ground sedimentation devices. Visual inspection 
was undertaken to avoid assessing those that were 
not functioning or that needed maintenance. Re-
searchers then applied capacity testing and simulat-
ed runoff testing to several rain gardens to estimate 
infiltration rates. Simulated runoff testing was also 
used to estimate the efficiency of sediment removal 
by the underground proprietary devices. To supple-
ment their field work, researchers are conducting 
laboratory calibrations of several infiltrometers 
and permeameters, which will help reach a better 
understanding of how storm water BMPs can con-
tinue to be improved in the future. 

On the web
The project team has developed a website for infor-
mation about this ongoing project including helpful 
links, contact information, newsletters, and pre-
sentations. More information and downloads will 
be added as they become available. The website is 
hosted by the Water Resources Center at http://wrc.
umn.edu/outreach/storm water/bmpassessment.

LEFT:
The Simulated Runoff 
Testing assessment 
method is used 
to determine the 
infiltration rate of a 
rain garden.

BELOW:
Rebecca Nestingen 
uses the Capacity 
Testing assessment 
method on a rain 
garden to measure 
infiltration rates 
with a Philip-Dunne 
permeameter.
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IN AN ONGOING STUDY AT THE ST. ANTHONY FALLS 
LABORATORY (SAFL) that beautifully demonstrates basic 
and applied research joining together in a symbiotic part-
nership, researchers are collaborating with state agencies to 
help predict and reduce the impact of urban development on 
neighboring coldwater streams. 

Based on Prof. Heinz Stefan’s temperature modeling of lakes 
and streams (see article p.8), researchers concluded that 
global warming wasn’t the only thing capable of affecting 
changes in local stream temperatures. Another human activ-
ity was thought to have a more immediate impact— that of 
urban development. The rise of cities brings with them an 
increase in impervious surfaces, such as parking lots, roads, 
driveways, and sidewalks. Associate Director of Applied 
Research Omid Mohseni realized that without a perme-
able surface to absorb and filter rainwater, nearby coldwater 
streams (which are critical habitat for fish like trout) could 
be expected to experience a potentially detrimental increase 
in temperature. This thermal impact has been measured di-
rectly in coldwater streams in highly developed watersheds, 
such as Miller Creek in Duluth, MN.

With funding from the Minnesota Pollution Control Agency 
(MPCA), a team of SAFL researchers set out in February 
2005 to simulate storm water surface runoff and groundwa-
ter flow, and temperatures. While modeling runoff of storm 
water is common practice in the design of urban develop-
ments, current software tools for this purpose do not con-
sider the temperature of the runoff.  

Research associate Bill Herb and graduate student Ben Jan-
ke, both mechanical engineers, developed a series of models 
for storm water runoff and the heat transfer processes that 
determine the temperature of the runoff. These models can 
predict the temperature of runoff from impervious surfaces 
such as asphalt, concrete, and rooftops. The simulation can 
also estimate runoff temperatures for vegetated surfaces like 
lawns, row crops, and prairies. Herb and Janke ran six years 
of measured climate data through the models, over 280 storm 
events, to study the relationships between storm character-
istics, land use, and the quantity and temperature of surface 
runoff from these events.

A mere two years later, Stefan, Herb, Janke, and Mohseni, 
completed a series of reports describing their models for pre-
dicting rainfall runoff temperatures and rates. To help mea-
sure the thermal impact of storm water runoff, they calcu-
lated the heat energy transferred to a stream for each storm 
event. The change in temperature of the stream due to the 
surface runoff is directly related to the quantity of heat it 
receives. The SAFL team found that the rainfall events with 
the highest thermal impact on streams tend to occur mostly 
in the afternoon hours, have runoff temperatures significantly 
above 20°C, and have relatively low total precipitation. The 
highest runoff temperatures tend to occur for smaller storms 
where the initial runoff from warm surfaces is a significant 
fraction of the entire storm event. Paved surfaces produced 
the highest temperature runoff because they have both high 
surface temperatures and high thermal mass, whereas vege-
tated surfaces tend to add very little heat energy to the runoff.  

Parking Lots
Threaten Trout
Researchers work 
to understand and 
reduce impact of 
urban development
Bill Herb

A storm water inlet 
to the Vermillion 

River, a designated 
trout stream in 

Farmington, MN

Model for rainfall scale effects of a single urban development
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However, they also found storms with rainfall temperatures 
above 20°C. For these storms, runoff from any land surface 
(paved or unpaved) has the potential to have a thermal im-
pact on a stream, because the rainfall itself can be at a higher 
temperature than the stream.

SAFL researchers also studied how standard storm water 
management practices affect thermal impact. Currently, 
storm water handling systems for new developments are 
often required to include detention ponds to help trap sedi-
ment and nutrients before the storm water reaches a lake or 
stream. Herb developed a thermal model for storm water 
detention ponds, and showed that these ponds are often of 
no benefit for reducing thermal impact. This is because the 
water absorbs solar radiation as it stands in the pond. Infil-
tration ponds and rain gardens show much more promise to 
reduce thermal impact, as they allow runoff from impervious 
surfaces to be channeled back into the soil to recharge the 
groundwater system.  

Infiltration of rainwater has a double benefit— not only does 
it reduce the flow of storm water from the development, 
it also helps maintain the local flow of groundwater to lo-
cal streams. Coldwater streams maintain low temperatures, 
even during warm months, because they receive a constant 
flow of cold groundwater from shallow or deep aquifers.  
Impervious surfaces reduce infiltration of rainwater and re-
charge of groundwater aquifers, and can reduce the flow of 
groundwater to local streams. Stefan and his graduate stu-
dents have completed several reports on infiltration, ground-
water recharge, and the flow of groundwater to streams, 

which will be used to develop a methodology for evaluating 
these groundwater-related thermal impacts in regional aqui-
fer-stream systems.

Herb, Janke, Stefan, and Mohseni have recently met their 
original goal of creating a user friendly tool that will allow 
the MPCA to assess the thermal impact of new developments 
on coldwater streams. By working with outside software en-
gineers to create a graphical user interface, the models that 
SAFL researchers created will soon be accessible to consult-
ing engineers and technical staff at state agencies. Using 
this software tool, design engineers will be able to predict 
the storm water runoff temperature and quantity based on 
the land uses and the storm water handling systems planned 
for residential and commercial developments. By analyzing 
thermal impact prior to construction, developments found 
to produce thermal impacts can be modified to include ad-
ditional mitigation, such as infiltration ponds and rain gar-
dens.

Eventually, the end goal is for consulting engineers to use 
this software as part of the permit process when planning 
future developments. For now, the MPCA will be using it 
to help set standards for future regulations. With urban de-
velopment on the rise, the collaboration between basic and 
applied research at SAFL has provided a valuable tool to 
understand - and possibly reduce- its future impact on the 
environment.

Maia Homstad contributed to this article.

Model for rainfall scale effects of a single urban development
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RAIN GARDENS are being evaluated by SAFL researchers hoping to 
establish improved methods of managing storm water runoff.
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