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Webinar Overview

• Wisconsin’s changing climate 

• Stormwater management

• Impacts and adaptation



WICCI
Identifying impacts

and adaptation strategies

Evaluate potential effects on 
industry, agriculture, tourism, 
and other human activities.

Develop and recommend 
adaptation strategies.

Mission:
Assess and anticipate climate change impacts on specific Wisconsin 
natural resources, ecosystems and regions.

WICCI was created by a partnership of
the UW-Madison Nelson Institute for Environmental Studies

and the Wisconsin Department of Natural Resources.

www.wicci.wisc.edu



What about climate concerns us?

Humans 
experience 
climate as 
weather



High water impacts
June 1-15, 2008

38 River gauges broke records
810 Square miles of land flooded
161 Communities overflowed 90 million gallons raw sewage

2,500 Drinking water wells tested - 28% contaminated

$34M in damage claims paid Source: FEMA, WEM

DNR



We’ve been measuring temperature and rainfall 
in Wisconsin since 1870

Wisconsin’s  Changing Climate

WI Cooperative Weather Stations



Indicators of a changing climate

J. Magnuson

Source: IPCC 2007

Potter, et al.

A longer record
is better!



Annual average temp
+1.5°F (-1° to +3°)

Winter days   +2°F

Winter nights +3°F

Summary of recent historic climate 
1950-2006 (based on NWS records)

Change in below 0°F Nights
(days) 1950 to 2006



Change in annual average 
precipitation (inches) 1950 to 2006

↑7” to ↓4” (drought)

Increase in 2” rainfalls 
(days/decade) 1950 to 2006

↑3.5 days to ↓1.5 days 
(regionally variable)

Summary of recent historic climate
1950-2006 (based on NWS records)



Using climate models to understand the future

IPCC 2007

General Circulation Models (GCMs)
simulate the effects of incoming and 
outgoing thermal radiation on global 
climate, and include:

Atmosphere
Clouds
Oceans
Topography
Rainfall

Etc.



Downscaling:
Focus global 
projections to a 
scale relevant to 
climate impacts 
in Wisconsin

WICCI Climate Working Group
• Used 14 General Circulation Models (GCM’s)  from 

IPCC 2007 assessment

• Verified using historical Wisconsin weather station data

• Result: a statistical range of probable climate change

GCM grid Downscaled (8x8 km) grid

D. Vimont, UW-Madison



Temperature
(°F)

Significant warming is projected

Change in average annual temp
1980 to 2055 Mid-Century mean 

across all GCMs

<10% and >90% are outliers



Projections are less certain further into the future
2090 annual mean +10ºF [± 4ºF] 

>10th probability <90th probabilitymean



Precipitation
Change in annual average 

1980 to 2055 (inches)

1.25” to 2.25” and 2-3 days/decade = modest future increase

Increase in 2” rainfalls 
1980 to 2055 (days/decade)



Winter precipitation
1980 to 2055

Precipitation as snow reduced by 20% by mid-century

= 30% decrease in midwinter snow depth

Notaro et al. 2010

Reduced Snowfall  (%)Increasing (water inches)



Warming results in more rainfall in winter

Schuster



• Warming nighttime and winter temperatures

• Significant increase of rain during winter

• Reduced snowcover

• Moderate increases in frequency and intensity of
precipitation

Summary of projected Wisconsin climate

Impact on short term variability (i.e. weather) not understood



Changing patterns of precipitation 

More frequent and intense 
rainfall in winter and spring.

= More high water events

= More groundwater recharge

Gordy Stephenson

Cottle

Vulnerability is already high 
during winter and spring



Spring rainfall and sanitary sewer overflows
Milwaukee metropolitan area 2000-2010

Source:  McClellan Lab,
MMSD

Spring CSOs



Changing patterns of rainfall

Recent increase 
in records storms

A decadal cycle, 
or persistent trend?

Potter, et al.

Schuster
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Are we designing for historic climate?

Hydrologic design is based on experience
(i.e. history)

The record we use may actually reflect 
a drier period (TP40, 1938-1958).



Our ability to predict  precipitation 
is limited by uncertainty

Which 100-year event 
do you prefer ?

6”or 9”

Projected size of 100-year 24-hour storm 
for Madison, WI, based on 14 GCMs

Schuster, et al

? Wetter or drier in summer ?



NOAA Atlas 14 
Midwest States - due May 2012

http://www.nws.noaa.gov/oh/hdsc/current_projects.html



NOAA Atlas 14- Updating TP-40

Provides data for locations 

vs. TP-40 isohyetal maps

South Beloit. IL

More stations

TP-4 0  vs.  NOAA Atlas 14 
Record n Years (avg)

Hourly Stations      200 vs. 994         14 vs. 40

Daily Stations       1350 vs. 2846       16 vs. 63

Longer period of record

Revised statistical method



Davis Todd, et al 2006

NOAA Atlas 14 – Updated design storms
Davis Todd, C.E., J.M Harbor, B. Tyner, Increasing Magnitudes and Frequencies of 

Extreme Precipitation Events Used for Hydraulic Analysis in the Midwest, 
Journal of Soil and Water Conservation, (61)4:179-184, 2006

Is this adequate for infrastructure planning and design?



Schuster & Liebl

Historic occurrences
of

intense rainfall

Note low frequency
in east-central

Are these communities
prepared for

>100 year events?



Schuster & Liebl

Historic occurrences
of 

persistent rainfall

Are any communities
prepared for

these events?

Note the accumulation
from single storm events

>9" Over 7 Day
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Managing Stormwater  
in a Changing Climate

• Historic statistics must be updated to reflect recent 
climate change.

• Uncertainty in precipitation projections constrains future 
infrastructure design.

• Confidence in seasonal changes raises concerns about 
spring high water events.

• Understanding impacts and vulnerabilities is a 
reasonable first step toward adaptation.



WICCI on Adaptation
Mitigation is the idea that we can avoid, prevent or minimize undesirable 

things happening in the future. 
Adaptation is the idea that changes are occurring or will occur, and we 

can manage the impacts of those changes. 

Climate presents hazards of varying severity and likelihood.

WICCI recommends a risk management approach 
to impacts and adaptation.



Soil Loss from Changing Precipitation
Impact

“Soil conservation and water quality are compatible with 
current and emerging expectations of Wisconsin’s 
farmlands, provided that practices we largely know
how to do are widely implemented by our farmers.”

- WICCI Soil Conservation Working Group

Figure 3. Wisconsin Buffer Initiative estimates of 
sediment delivered to watershed outlet.
(1 t/acre = 224 tonnes/sq km)          - Diebel et al. 2005



Conservation tillage 
and other low-impact ag practices

Dick WolkowskiWolkowski

Adaptation



Groundwater flooding from increased recharge
Impact

Madeline Gotkowitz



Mapping hydric soils

Adaptation

“We recommend that WDNR develop an 
approval process for prior converted 
wetlands that are being removed from 
agricultural use, that will encourage their 
restoration and prevent development in 
flood-prone areas. 

We also encourage county and municipal 
governments to adopt an approval process, 
or place land use controls on development 
over hydric soils in areas that will experience 
future flooding.”

– WICCI Stormwater Working Group

Managing flood risk

Ken Bradbury



Damage from high-water events

Joe Koshollek, Milwaukee Journal Sentinel

City of Antigo

Impact

Liebl

DNR



Building long term resilience

• Planning for impacts 25 or 50 years out is challenging

• Adaptation to low-risk high-cost events requires political support

• Use hydrologic simulation to understand high water impacts

Adaptation



“Build upon the experiences of communities that 
have experienced recent extreme rainfalls to guide 
a state-wide evaluation of vulnerabilities…..”

- WICCI Stormwater Working Group

Adaptation
Vulnerability assessment

Assess:
• Floodplains and surface flooding

• At-risk road-crossings

• Stormwater BMPs

• Emergency response capacity

• Wells and septic systems

• Hazardous materials storage



75% of WI SSOs result from precipitation
● Inflow (surface runoff)
● Infiltration (groundwater seepage)

Impact

Sanitary Sewer Overflows
Microbial pathogens
Oxygen depleting substances
Total suspended solids(TSS)
Toxics
Nutrients
Floatables and trash

Source:  McClellan Lab,
MMSD



Adaptation

SSO and CSO

• Disconnect stormwater inputs

• Tighten systems to prevent infiltration

• Provide temporary storage

• Educate homeowners
Runoff inflow
Sump pump discharge

• Plan for extreme events



Great Lakes Coastal Vulnerabilities

Wisconsin has about fifty 
communities on Lakes 
Michigan and  Superior.

Runoff impacts from 
contributing watersheds 
are likely the greater 
source of risk.

City of Green Bay watershed 



Vulnerabilities

Economic -
Upland impacts, including degraded beach health and aesthetics, 
may impact tourism in coastal communities.

Environmental -
Plant and animal communities along the Great Lakes, including 
coastal wetlands, degraded by nutrients and sediment

Source: Michigan Sea Grant



Land Use -
Residential and commercial structures 
and property on the coast are 
vulnerable to bluff recession, erosion 
and high water. 

Lowering of the Ordinary High Water 
Mark during extended periods of low 
lake levels may encourage 
development in flood prone areas.

Vulnerabilities

Source: WI Sea Grant



Research and professional education:
• Periodically re-evaluate and revise climate 

and resource management models and 
criteria.

• Develop tools to distinguish the effects of 
human activities from those of climate 
change.

• Evaluate and improve strategies for 
managing heat and high water.

• Establish curriculum to build professional 
long-term capacity among resource 
managers.

Filling the Gaps



Data and Monitoring:

Fine scale rainfall data

Real time stream-flow data

Update estimates of flood profiles

Identify at-risk road-crossings

Robust groundwater monitoring

Models to predict groundwater impacts

Impact of events on wastewater treatment capacity 

Locate flood-prone/at-risk areas; wells and septic systems; 
hazardous materials and petroleum storage

Filling the Gaps
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Savannah Valley Subdivision - Sun Prairie, WI
Well 1

well is 34 feet deep, finished in sand and gravel



To Learn More

Changes:
Climate Trends in Wisconsin
Understanding Adaptation

Impacts:
Water Resources
Natural Habitat and Biodiversity
Agriculture and the Soil Resource
Coastal Resources
People and their Environment

Actions:
Implementing Adaptation
Moving Forward

Funding provided by NOAA-SARP, Wisconsin Sea Grant, 
UW-Extension and UW-Madison College of Engineering

www.wicci.wisc.edu


