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Participants used input from the May forum during the “What Can Be Done”
work group sessions to devise possible approaches for stormwater infrastructure
adaptation. Major themes identified in work groups are listed below.
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•

Education, Outreach, and Stakeholder Engagement: the need for
more cooperation, better dissemination of information, to capitalize on crisis
events as opportunities to upgrade or change practices, and promote success
stories.
Land Use Planning and Policy: using cost and benefit analysis to guide
adaptation, evaluate costs of extreme storms, and use applied research to
disseminate current knowledge.
Stormwater Infrastructure (Gray/Green) and Low Impact
Development: assessing our communities for vulnerability, incorporate most
current data into planning, establish green spaces to be used for storage as a
project standard.
Sustainable Funding for Stormwater Infrastructure: setting standards
and making rules to reset the status quo. Disseminate information on funding
sources and economic analysis of adaptation measures.

This input will be used at the next work group: “How to Proceed” on January
22nd, 2013. Participation of community members is essential to producing the most
pertinent data possible. Join us!
Watch the video of the study update presented at the meetings!

For more information, please contact:
Co nn e c t w i t h u s:
• ht t p: //minnehahac reek.org
• fac ebo ok.c om /minnehahac reek
• t wit ter.c om / M inhahaCk W D
• youtube.c om / M innehahaCreek W t shd

Leslie Yetka • Education Manager • Minnehaha Creek Watershed District
Ph: 952-641-4524 • Lyetka@minnehahacreek.org
Telly Mamayek • Communications Director • Minnehaha Creek Watershed District
Ph: 952-641-4508 • Tmamayek@minnehahacreek.org
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Research Update
By Trisha Moore, Post-Doctoral Research Associate, St. Anthony Falls Laboratory, University of Minnesota
This study aims to quantify the impacts of projected precipitation trends on stormwater
infrastructure in the Minnehaha Creek watershed and explore viable adaptation
strategies. Technical information, including cost analysis of adaptation strategies, is
being combined with a community-led public planning process to provide a framework
for developing local adaptation plans. Questions being addressed by the research team
include:
• How is the design storm expected to change in the Twin Cities area?
• Will the capacity of existing stormwater infrastructure be sufficient to convey this
future design storm? If not, to what degree is flooding expected to increase?
• To what degree will land use changes in developing suburbs amplify effects of
predicted climate patterns on stormwater runoff and management?
• What options are available to adapt stormwater infrastructure to manage predicted
climatic changes? What are the costs of these options?
Photo Credit: Diane Desotelle,
Minnesota Sea Grant

Damage from the extreme event in
Duluth, MN.

Current climate trends
indicate that floods,
such as the June 2012
event in Duluth, MN,
are occurring with
greater frequency.

How are Precipitation Trends Changing?
Downscaled, regionalized global climate models were used to develop future rainfall
probability distributions for the Twin Cities region. Figure 1 presents modeling results
for the A1b (“optimistic”) and A1fi (“moderate” to “pessimistic”) emission scenarios.
Stormwater pipes are typically designed to convey runoff associated with the current
10-yr storm (4.1 inches in Minneapolis), or the storm that occurs, on average, once every
10 years. Modeling results clearly show increases in the frequency of larger storms will
shift the 10% probability storm upward, with its magnitude more than doubling in the
“pessimistic” climate scenario.

Figure 1. Rainfall probability distribution for Twin Cities region based on the recent climate
record (3.9 in., “1982-2012”) and future projections based on the A1b (4.35in., “mid-21st cent.
optimistic”), A1fi (5 in, “mid-21st cent. moderate”), and the upper 95% confidence interval of the
A1fi (9.8 in, “mid-21st cent. pessimistic”) emission scenarios. Modeling in SWMM indicate storm
sewer networks are more likely to be overwhelmed with respect to the design storm frequency for
which they were designed for all climate scenarios.
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Evaluating Stormwater Infrastructure
By Trisha Moore, Post-Doctoral Research Associate, St. Anthony Falls Laboratory, University of Minnesota
Is Existing Stormwater Infrastructure Adequate?

Photo Credit: Angie Hong, Washington
Conservation District

Ongoing modeling
in SWMM will be
used to examine the
interplay of land use
and climate change
as well as to assess
the efficacy of various
adaptation strategies.

The EPA’s Stormwater Management Model (SWMM) is being used to answer if current
infrastructure is adequate in Minneapolis and Victoria. The model was first used
to develop a relationship between the percent change in the current, 4.1-in design
storm and the percent of undersized components in the pipe network as indicated by
predictions of surface flooding in SWMM. Modeling in EPA SWMM indicates that existing
stormwater infrastructure in a built-out pipeshed of South Minneapolis will experience
increased surface flooding with projected climate trends. Under the “moderate” climate
scenario (10-yr storm = 5.1 in), about 17% of the pipes in the network were undersized;
for the “pessimistic” (10-yr storm = 9.2 in) climate scenario, over 40% of pipes were
under capacity. The progression of undersized components under the current design
storm and mid-century “moderate” and “pessimistic” scenarios is illustrated in Figure 2.
SWMM results clearly show that flooding is expected to increase throughout the study
area.
Figure 2. Adequacy of stormwater pipe
network in S. Minneapolis study site as
simulated in EPA SWMM for the 10-yr
return frequency storm under recent
conditions (4 in) and for “moderate”
and “pessimistic” mid-century climate
predictions. Green areas indicate pipes
are adequate, yellow shading indicates
pipes are surcharging but have not
resulted in surface flooding, and red
shading indicates surface flooding will
occur due to pipe surcharging.

Land Use Change and Changing Precipitation Trends
To address how land use change and changing precipitation trends interact we are
modeling Vicoria’s stormwater network under existing and future land use scenarios.
In contrast to Minneapolis, Victoria’s existing stormwater network is dependent upon a
system of surface conveyance and storage
and is far less prone to flooding. As Victoria’s
population continues to grow the combined
hydrologic stresses of climate and land use
changes may overwhelm the resiliency of
the existing system. As seen in Figure 3,
the majority of land use
change to take place
in Victoria is on the
south side of the city.
We are now running
SWMM simulations to
determine if increased
runoff from future
developments may be
handled by downstream
wetland and pond
networks
to which
Figure 3. Existing and planned (2030) land uses in Victoria. The effects of the planned
existing
developments
conversion of agricultural and, to a lesser extent, forested land, to single family residential
in Victoria drain.
throughout the southern half of the watershed is being investigated in SWMM.
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Low Impact Development for Adaptation and Water Quality
Michael H. Simpson, Co-Principal Investigator, Antioch University New England

The state of the earth’s climate has been a topic of extreme
debate. However, now there is unparalleled consensus
that climate change is expected to continue through the
21st century, and that the magnitude of warming will
disproportionately impact rainfall rates closer towards the
poles, as opposed to the equatorial latitudes. For many
regions of North America projections are for an increase in
the depth, frequency and duration of precipitation events.
For the Upper Midwest, we are projected to experience
longer drought lengths, but when it does rain, the amounts
will be more extreme than what has been experienced.

Photo Credit: Minnehaha Creek
Watershed District

The Minnehaha Creek is already
severely impacted by polluted
runoff. Many stormwater sewers
discharge directly into the creek
with no treatment. The creek is
impaired for bacteria, chlorides, and
biotic community. Efforts are being
taken to improve this urban water
way.

A changing climate
and land use changes
pose a threat
to our waters if
precautions are not
taken to ensure our
infrastructure can
mitigate higher acute
concentrations of
pollutants, and handle
larger volumes of
water.

Michael Simpson
presenting at the May
forum.

Water Quality
As watersheds develop, the corresponding increase in impervious surfaces results
in a decrease in the ability of precipitation to infiltrate into soils. Then considering
the projected dynamics of climate change in conjunction with watershed buildout, we can expect longer periods between storm events, allowing longer
periods for the build-up of non-point source pollutants on the impervious
surfaces. But when the storm events do occur, they will tend to be more intense
resulting in higher concentrations of pollutants in stormwater, increased erosion
potential and higher levels of flood waters. The result will be both a greater
risk to surface and ground water supplies and increased vulnerability to built
infrastructure.
Low Impact Development and Planning
Many communities are looking for
information as to how to allocate funds
and how to implement guidance for
incorporating climate change projections
into their planning. First, municipal
planners need to identify and maintain
the resilience of their natural landscape
so to maximize the watershed’s ability to
absorb and rebound from both weather
Green Roof at Target Center in Minneapolis, extremes already being experienced and
MN. The roof manages 1,000,000 gallons
the climate variability projected. Second,
of stormwater per year, and can handle 0.9
municipal officials should incorporate Low
inches of rainfall without runoff1.
Impact Development (LID) approaches
into any future development. LID is one type of climate change adaptation tool
for stormwater management that can add run-off storage capacity to built
landscapes and contribute to maintaining the robustness of natural systems. In
short, LID approaches can play a key role to reduce the scale of impact from
projected increased run-off due to climate change. The option of not building
municipal and watershed resilience to projected climate change through
incorporation of LID only increases the risk for the community and its citizens.
1. Krista Bergert, Greening of Target Center Roof is Complete! City of Minneapolis. 2009 September
15. Online. 29 November 2012. < http://www.minneapolismn.gov/www/groups/public/@cped/
documents/newsarticle/wcms1q-067033.pdf >
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Work group participants used the input from the forum as a guide to expanded on the
list of consequences and barriers related to increased volumes of stormwater. The goal
was to identify specific approaches to address barriers to adaptation.

Education, Outreach and Stakeholder Engagement
Work Group A, Click here to see the full summary

increase stakeholder awareness, level of interest and ownership
of stormwater management issues, including transparency of
water use fees and costs; identify strategies to educate local
policy makers about stormwater vulnerabilities, long-term
needs, and options; identify strategies to inform developers of
alternative stormwater management methods and techniques;
identify strategies to develop consensus and cooperation
among different stakeholder groups for addressing stormwater
management and adaptation planning.

Most feasible approaches with the greatest impact:
1. Showcase studies to demonstrate need for adaptation.
Photo Credit: Minnehaha Creek Watershed District

Themes that came out of this work group include the need
for more cooperation, better dissemination of information,
to capitalize on crisis events as opportunities to upgrade
or change practices, and promote success stories. The
objectives of the Education, Outreach, and Stakeholder
Engagement work group were to: identify strategies to

Land Use Planning and Policy
Work Group B, Click here to see the full summary

Themes that came out of this work group include using cost
and benefit analysis to guide adaptation, evaluate costs of
extreme storms, and use applied research to disseminate
current knowledge. The objectives of the Land Use Planning
and Policy work group were to: incorporate changes in
rainfall patterns into stormwater infrastructure design;
create guidelines for future development, including changes
in planning and policies related to stormwater management;
identify and encouraging proactive strategies for managing
stormwater, including green infrastructure, low impact
development and stormwater reuse; foster dialogue and
cooperation among stakeholders around planning issues
and stormwater adaptation to changing precipitation
patterns and land use.

2. Capitalize on recent crisis moments and/or current flooding
issues to create sense of urgency.
3. Publicize and disseminate the data and science we already
have, and do it in an effective way that makes use of
media, case studies and recent crisis events.
4. Highlight success stories and publicize good projects to
make innovation the norm among developers.

Most feasible approaches with the greatest impact:
1. Do a market analysis to determine what people are willing
to pay for ‘sustainable’ design for stormwater management
and demonstrate that this type of development is an
asset.
2. Demonstrate the cost of repairing blown-out systems
versus installing and upgrading the necessary stormwater
infrastructure.
3. Incorporate climate adaptation in the THRIVE MSP Met
Council 2040 plan.
4. Host alternative design tours of functioning Stormwater
Best Management Practices to highlight success and
lessons learned.
5. Demonstrate the benefits of systems (Low Impact
Development, reuse, etc.) through life cycle analyses.
6. Continue applied research and distribute up to date
information to stakeholders.
7. Run different design storm scenarios and determine
management implications for different types and intensities
of storms
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Stormwater Infrastructure (Gray/Green) and Low Impact Development
Work Group C, Click here to see the full summary

Before

reuse in urban areas; protect and enhance vegetative cover
and natural areas to reduce flooding and improve water
quality; identify key messages to educate stakeholders on the
stormwater infrastructure (gray/green) and the role of low
impact development techniques in stormwater adaptation
planning.

Most feasible approaches with the greatest impact:
Top Priority:
1. Update the TP40 with predicted changes.

After
Photo Credit: Lois Eberhart, City of Minneapolis

37th Avenue North, Minneapolis. Street
reconstruction was completed to increase
flood water storage. Street was removed;
a trail and raingardens were installed to
aid in water quality improvements.
Themes that came out of this work group include assessing our
communities for vulnerability, incorporate most current data
into planning, establish green spaces to be used for storage
as a project standard. The objectives of the Stormwater
Infrastructure (Gray/Green) and Low Impact Development
work group were to: assess needed infrastructure upgrades
to accommodate current and predicted stormwater runoff;
reduce and disconnect impervious surfaces; identify
strategies to increase stormwater storage capacity and

2. Determine the existing risk/tolerance and resiliency of
communities.
3. Include assessment procedures
communicate to communities.

in

planning

and

High Priority:
4. Educate city staff, public officials and other stakeholders
about adaptation options, including costs.
5. Manage water levels in water bodies to sustain biodiversity
and maintain storage capacity, not just for recreational
purposes.
6. Include alternative vegetation education as part of
professional standards during planning and implementation
of projects.
7. Change MnDOT specifications for vegetative cover.
8. Highlight development that incorporates LID and
Conservation Design principles to illustrate that this is a
more attractive approach and can allow more land to be
available for development (e.g. – using storage cisterns
versus storage ponds).

Sustainable Funding for Stormwater Infrastructure
Work Group D, Click here to see the full summary
Themes that came out of this work group include setting
standards and making rules to reset the status quo.
Disseminate information on funding sources and economic
analysis of adaptation measures. The objectives of the
Sustainable Funding for Stormwater Infrastructure work
group were to: assess funding needs for costs of updating
stormwater infrastructure (gray/green); evaluate immediate
vs. long-term economic impacts of stormwater management
issues; find funding opportunities for proactive stormwater
management, including reviewing current water use and
stormwater utility fees and costs.

Most feasible approaches with the greatest impact:
Top Priority:
1. Use planning agencies like Met Council to set standards
for policy changes for cities to follow.
2. Use students and interns to keep current programs working
while staff focuses on managing change.
High Priority:
3. Economic analysis should look beyond infrastructure
upgrades to other private costs (e.g. flood proofing, lower
property value and lower tax revenue).
4. Change rules and planning to account for an increased risk
of flooding.
5. Participate in national flood insurance programs.
6. Set up clearing houses of information for stakeholders to
draw from regarding funding sources and opportunities.
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Of Cards and Climate: Visiting the Role of Risk in Planning
Latham J. Stack, Co-Principal Investigator, Syntectic International, LLC

We’re gamblers from before birth,
playing the odds that all will go wellenough through gestation and birth.
And we remain such throughout our
lives, rolling dice thousands of times a
day, little attending to the risk-decisions
we make.

Photo Credit: US Geological Service

Rushing waters of a trout stream in
northern Minnesota after an extreme
rain event.

What’s uncertainty, and how
do we communicate it?
In everyday life uncertainty
represents something we are
unsure of, have doubt about,
or is not definite. But in science
uncertainty is not simply “a
lack of information”, but the
acceptance that there is a
range of potential possibilities
within a given data set. It is the
statistical likelihood of X, Y, or
Z happening based on if A, B,
or C happens. Complicated?
Well, natural systems are
complex with many variables.
We can use scenario planning
to reflect on how stormwater
will be managed based on
future built-out plans and
climatic conditions.

When I was a child,
my parents taught
my siblings and me
pinochle, Chicago
firehouse
cutthroat rules. Over
the years we came
to understand risk
and odds, moste n t e r t a i n i n g l y Latham Stack, Coby spectacularly Principal Investigator.
over-bidding our
hands. And we learned the importance
of playing by the rules, because these
provided a reliable basis for estimating
risk, and made the game fair for
everybody.

For more formal decisions we weigh risks
explicitly. Interest rates and engineering
design are two games of chance in which
we attempt to minimize the unknowns
in our decisions about acceptable risk.
It’s impossible, in either gestation and
birth, or engineering design to eliminate
all risk. For the latter, engineers weigh
the cost of a bad outcome and the
chance that it will
occur against the cost
show that
It’s impossible to eliminate Records
of prevention. For a
Mother Nature no
stormwater
drainage all risk. We must weigh the longer plays by
system, a reasonable likelihood of a particular
the old rainfall
“design storm” is used
rules. We’re not
event
occurring
against
to base capacity on.
worried
about
For example, the design the cost to prevent it or
the
previously
storm might be the to recover after it. The
ten-year
storm
amount of rainfall that
more
question is how much risk happening
records show happened
often, but such
once-every-ten years. can we afford to take, and
extreme events
That
is,
engineers what actions can we take
as the torrential
and planners decided
rains in Duluth,
to
reduce
our
risk
most
cost
their community could
and in Hokah
bounce-back
from effectively? The goal is to
during 2007. To
damage that would design resilient cities, and
what extent can
occur from the relatively
communities
in
have strong communities
minor flooding that
our Twin Cities
would have occurred that quickly bounce back
region prevent or
once every ten years. from an extreme event.
absorb the losses
Moreover, their standard
from such extreme
implicitly accepted the risk that an
and more-frequent events? Our work
extreme storm, for example a “hundredis helping leaders understand the rate
year event”, would continue to occur
and extent to which Mother Nature is
rarely enough that the community could
changing the rules, so that informed
bounce back from the resulting losses.
planning decisions can be made.
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Thanks to the WET project team:
This project is funded
through Syntectic
International, LLC,
under a grant from The
Climate Program Office
of the National Oceanic
and Atmospheric
Administration.

Photo Credit: Minnehaha Creek Watershed District

Timeline

Study up!

Helpful Resource Guide:

Completed

• Develop future precipitation and land
use models
• First Forum: Are We Ready?
• Complete analysis of stormwater
management systems
• Work Group Meeting: “What Can Be
Done?”

Winter 2013

• Develop cost-analysis for stormwater
management system adaptation
• Work Group Meeting: “How to
Proceed”
• Host Second Forum: Stormwater
Adaptation – Planning

Spring 2013

Green Infrastructure has a website on the topic with case studies, resources,
and a peer to peer information exchange: www.greeninfrastructure.net
The Low Impact Development Center gives great insight into on projects
across the country ranging from stormwater management, rooftop gardens,
impermeable surfaces, green highways, etc. The website gives information
both on a federal and state level, providing information on USEPA research,
developments and fact sheets, as well as state projects and publications. It is
worth spending time exploring the publications provided on this website: www.
lowimpactdevelopment.org/index.html
The Climate Adaptation Knowledge Exchange (www.cakex.org) is a
website dedicated to sharing state or local adaptation strategies in the form of
case studies. CAKE is also a great reference for looking up climate adaptation
plans across the United States. The case studies dealing with low impact
development are listed on this website: www.cakex.org

• Host community workshops to share
findings and strategies

The University of Minnesota Extension’s page on stormwater is located
at: www.extension.umn.edu/stormwater/

Summer 2013

NOAA’s Climate Program Office page has links to different climate
resources and funding opportunities. Explore more on climate education, data
and products, and more: www.climate.noaa.gov/

• Host Third Forum: Regional
Stormwater Adaptation Symposium
• Share research findings, adaptation
strategies, resources, and next steps

“How to Proceed” Work Group Meeting and Adaptation Bake Off
Tuesday, January 22nd, 2013
6:00 PM – 9:00 PM
Eisenhower Community Center
Please join us to get an overview of the study outputs thus far, discuss work group input received, and to hear from
local experts. We will develop and prioritize the specific next steps for adaptation planning.
• Learn about the WET study and receive an update on technical data and findings
• Receive the outputs from Work Group Session 1
• Participate in developing priorities for next steps, and identify resources needed to move forward
• Build opportunities for cooperation and partnerships

Register: www.minnehahacreek.org/adaptationbakeoff

