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Adapting to Wisconsin’s 
Changing Waters

Tim Asplund, WDNR Lakes and Wetlands Section
Co-Chair, WICCI Water Resources Working Group 

Rock River Forum, June 9, 2011

Anvil Lake Association

Frank Koshere

FEMA

Warming of the 
climate system is 
unequivocal, as is 
now evident from 
observations of 
increases in global 
average air and 
ocean temperatures, 
widespread melting 
of snow and ice, and 
rising global mean 
sea level.

IPCC, 2007

“

”
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Source: J. Magnuson, UW-Madison

Decrease in 
duration of ice 
cover on lakes 

One of many 
signs of 
warming in 
Wisconsin...

Observed Change in Average Temperatures
°F from 1950 to 2006

(from Serbin and Kucharik 2009)

Winter temperatures 
have warmed more 
than any other 
season in recent 
decades, especially 
in northwestern 
Wisconsin.
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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)

Crystal Lake groundwater flooding
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Fallison Lake, Vilas County

R. Lathrop

Trends in observed stream flows generally corresponded  
to changes in precipitation across Wisconsin.

Annual Stream Flow Trends and Precipitation 
Change from 1950 to 2006

Source: Greb et al., WICCI Water Resources & Climate Working Groups
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Extreme events: June 2008 storms

• Stormwater infrastructure was 
overwhelmed

• Massive flooding (810 sq. mi)

• Water from private wells 
contaminated (28%)

• Raw sewage overflows (90 million 
gallons from 161 wastewater 
treatment plants)

• FEMA paid $34 million in flood 
damage claims 

Few communities even today can handle these 
kinds of extreme events!

… and such events are projected to become 
more frequent in a warming climate.

Total Precipitation (inches), June 1-15, 2008

Map: NOAA Midwestern Regional Climate Center

WICCI Stormwater Working Group

Water connecting rivers to ponds to lakes and back again

Photo by Jean Unmuth, WDNR SCR Incident Command Team
Rock Springs

Flood depth map is of downtown
Reedsburg, Wisconsin. Map 
prepared by Marie Peppler, U.S. 
Geological Survey, June 2008. 
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Should we call it
“Global Weirding”?

“I prefer the term 'global weirding,' coined by Hunter 
Lovins, co-founder of the Rocky Mountain Institute, 

because the rise in average global temperature is going to 
lead to all sorts of crazy things — from hotter heat spells 
and droughts in some places, to colder cold spells and 

more violent storms, more intense flooding, forest fires and 
species loss in other places.”

THOMAS L. FRIEDMAN – NY Times
Published: February 17, 2010
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WICCI’s First Adaptive 
Assessment Report -
released Feb 2011

30+ Authors

10 Editorial Team Members

22 Science Council Members

22 Chairs/Co-Chairs of 15 
Working Groups

220 Working Group Members

http://wicci.wisc.edu

WICCI’s Mission
 Assess and anticipate climate change 

impacts on specific Wisconsin natural 
resources, ecosystems and regions

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

 Develop and recommend adaptation 
strategies

A.B. Sheldon

WDNR
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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

• Advisory Council makes the 
science behind WICCI relevant to 
the citizens and stakeholders of 
Wisconsin.

• Represents businesses, NGOs, 
cities, agencies, recreation, 
agriculture

• Science Council identifies critical or 
emerging scientific questions related to 
the mission of WICCI

• Provides leadership on climate change 
impact issues in Wisconsin

• Organizes and coordinates Working 
Groups

• Working Groups identify potential risks 
and vulnerabilities pertinent to working 
group topic area or geographic region

• Summarize existing information on 
climate change impacts 

• Identify data and research needed to 
assess future impacts

• Recommend adaptation strategies

• Outreach Group works to increase 
awareness of climate change and 
help build capacity to adapt

• Primary audiences are K-12 
educators, decision-makers and the 
general public

WICCI’s Structure



6/16/2011

9

Over 200 Collaborators

Water 
Resources

Human 
Health

Milwaukee

Coldwater 
Fish

Stormwater

Wildlife

Green 
Bay

Coastal 
Communities

Forestry
Central Sands 

Hydrology

Agriculture

Adaptation

Climate

Plants and 
Natural 

Communities

WICCI Working Groups

Soil 
Conservation
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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

Annual Temperature Change

Wisconsin will 
warm by 4 – 9 °F by 

mid-21st Century

Probability Distribution of 14 Global 
Climate Model Projections

Projected Change in Annual Average 
Temperature (°F) from 1980 to 2055

Source: Adapted from  D. Vimont, UW-Madison

90% chance of 
exceeding this 
temperature

10% chance of 
exceeding this 
temperature

50% probability 
temperature 
(plotted on maps)
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Projected Change in Seasonal Temperatures
1980 to 2055 (°F)
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More “very hot” days..... 
fewer “very cold” nights

Projected Change in Precipitation from 1980 to 2055

Change in Annual Average (inches) Probability Distributions of 14 
Climate Model Projections by Month

Source: Adapted from D. Vimont, UW-Madison

Models predict winter and 
early spring will be wetter 
(0-40% increase).

Models uncertain about 
amount of summer rainfall
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Winter Precipitation Projections for mid-21st Century
• Precipitation statewide is projected to increase about 25%.

• Snow depth and snow cover are projected to decline due to 
warmer temperatures causing more melting as well as increased 
proportion of precipitation falling as rain rather than snow.

Source: Notaro, et al. 2010Source: WICCI Climate Working Group

Modern

Future

Source: Nataro et al., 2010

•Roughly a 25% 
increase in 
frequency.

• Recurrence 
intervals 
decrease from 
once every 10 
months to once 
every 8 months 
in southern 
Wisconsin

•Once every 17 
months to once 
every 14 months 
in northern 
Wisconsin. 

Number of days with intense precipitation is projected to 
increase across Wisconsin in 21st century.
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2.42 inches

5.6 days/yr

1.0 days/yr
0.2 days/yr

Steve Vavrus

Increase in Intense Precipitation 

Increasing in frequency Moderate increase in intensity

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
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Warming results in more rainfall in winter

Schuster

http://www.wicci.wisc.edu/climate-map.php
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Major Drivers of Climate Change 
Impacts on Water Resources

 Thermal Impacts (Increased air and water 
temps, longer ice-free period, more ET)

 Changing rainfall patterns (seasonal and 
spatial variability, + or – water, less precip
in the form of snow)

 Increased storm intensity (more frequent 
large precipitation events)

Water Resources Working Group
25 members
•UW System - Center for Limnology, Sea 
Grant Institute, Water Resources 
Institute, Nelson Institute for 
Environmental Studies; Department of 
Civil and Environmental Engineering; 
Geosciences (UW-M)
•UW-Ext - WGNHS
•DNR – Lake and Wetland Management, 
Lake Research, Groundwater, Fisheries 
•USGS
•USFS
•GLIFWC
•Wisconsin Wetlands Assoc.

Charge to Working Groups
• Identify potential risks and vulnerabilities pertinent 

to working group topic area or geographic region

• Summarize existing information on climate change 
impacts 

• Identify data and research needed to assess future 
impacts

• Recommend adaptation strategies

Working Groups

Climate

Water 
Resources
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Wisconsin’s Water Resources

• 800 miles of Great Lakes 
coastline: Lake Michigan 
and Lake Superior

• Mississippi River (200 miles)
• 15,000 lakes (1 million acres)
• 13,500 miles of navigable 

rivers and streams
• 5.3 million acres of 

wetlands
• 1.2 quadrillion gallons of 

groundwater

Development of Impacts, Adaptation Strategies 
and Research Needs
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 Based on the latest climate projections for  Wisconsin, 
and your professional expertise, what are the most 
likely impacts to water resources and/or hydrologic 
processes that are important to communicate to the 
people of Wisconsin?

 What are the information gaps in our understanding 
of how climate change will affect our state’s water 
resources based on the new downscaled data?
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Key Water Resource Impacts

 Increased flooding
 Increased frequency of harmful blue-

green algal blooms
 Conflicting water use concerns
 Changes in water levels
 Increased sediment and nutrient 

loading
 Increased spread of aquatic invasive 

species

Buildings, roads and 
water/sewer systems are 
not currently designed for 
challenges from future 
climate changes.

Photo: Michael Kienitz Photo: Steve Zibell

WICCI Stormwater Working Group
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Photo: http://photogallery.nrcs.usda.gov/

Photos: R. Lathrop, WDNR

Photos: R. Lathrop, WDNR

Photo: Melvin McCartney, Lake Monona, June 2006

Photo: R. Lathrop

Photo: R. Lathrop

Warmer temperatures and 
increased runoff from large 
storm events causes water 
quality problems, blue-green 
toxins,  eutrophication, etc

Source: USGS

Water loss through evapo-
transpiration associated with 
warmer temperatures could 
exacerbate recurring drought 
effects in the future, 
especially in lakes and 
wetland systems high in the 
landscape.

Source: USGS

Anvil Lake (Vilas Co.)

WICCI Water 
Resources Working 
Group
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Changing Thermal Structure 
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 Earlier thermocline onset

 Warmer surface temp

 Greater temp gradient
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Source: Mitro and Lyons, WDNR
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4,800 km

-73%

16,000 km

+28%

Present
Gain
Loss

Present
Gain
Loss

+1°C +1°C

Source: Mitro and Lyons, WDNR

0 km

-100%

500 km

-96%

Present
Gain
Loss

Present
Gain
Loss

+5°C +5°C

Source: Mitro and Lyons, WDNR
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Areas of uncertainty

 Timing, amount, and form of spring precipitation 
events relative to spring thaw

 Balance between increased precipitation and 
increased evapotranspiration on groundwater 
recharge, and subsequently lake levels and 
stream baseflows

 Short term (years to decades) vs long term 
(decades to century) processes

Consensus Statement

“Our working group cautions that not all portions of 
Wisconsin are expected to respond in a similar manner 
in hydrologic responses to climate change.”

Differences in state:
- Climate projections
- Land Use
- Soil type/surface deposits
- Groundwater characteristics
- Runoff/seepage
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“Stationarity is dead.” Science 2008

“Traditionally, hydrologic design rules have 
been based on the assumption of 
stationary hydrology, tantamount to the 
principle that the past is the key to the 
future…

…This assumption is no longer valid.”

Kundzewicz et al 2007. Contribution of Working Group II to IPCC

If stationarity is dead…
Many water‐related decisions are affected by 
our changing climate.

• Water infrastructure projects

• Dam safety

• Permit decision 

Is it a wetland or not?

Is it above the ordinary high water mark?

Joe Koshollek, Milwaukee Journal Sentinel
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Schuster & Liebl

Historic occurrences
of

intense rainfall

Note low frequency
in east-central

Are these communities
prepared for

>100 year events?

So where do we go from here?

Adaptation!

IPCC  “… adjustment in natural or 
human systems in response to 
actual or expected climatic stimuli 
or their effects, which moderates 
harm or exploits beneficial 
opportunities.”

WICCI:  How humans will respond 
to climate change in a way that 
will make our natural and human 
systems more resilient.
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Adaptation: “- adjustment in natural or human 
systems in response to actual or expected climatic 
stimuli or their effects, which moderates harm or 
exploits beneficial opportunities.” IPCC

Risk management is the framework to discuss 
adaptation to climate change impacts.

Risk = (probability of impact occurring) X 
(degree of harm or benefit)

Photo: John MagnusonWICCI Adaptation Working Group

Adaptation Goals for Water 
Resource Management

 Minimize threats to public health and safety 
by anticipating and managing for extreme 
events (floods and droughts)

 Increase resiliency of aquatic ecosystems to 
buffer the impacts of future climate changes 

 Stabilize future variations in water quantity 
and availability by managing water as an 
integrated resource 

 Maintain, improve, and restore water quality 
under a changing climate regime



6/16/2011

25

Stabilize future variations in 

water quantity and 
availability by managing 
water as an integrated 
resources (by keeping water 
local) and supporting 
sustainable & efficient water 
use

Maintain, improve or restore water 
quality by promoting actions to 
reduce nutrient and sediment loading

Increase resiliency of aquatic 
ecosystems to buffer the impacts 
of climate change by restoring or 
simulating natural processes, 
ensuring adequate habitat availability, 
and limiting impacts of human health

Protect public health by 
anticipating and managing 
for extreme events, including 
floods and drought

Adaptation Goals: 
From WDNR Water Division’s 

Climate Change Strategy

Key Water Resource Impacts

 Increased flooding

 Increased sediment and nutrient 
loading

 Increased frequency of harmful blue-
green algal blooms

 Changes in water levels

 Conflicting water use concerns

 Increased spread of aquatic invasive 
species
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Impact: Increased flooding will impact  
infrastructure and agricultural land

Adaptation Strategies:

•Identify and map and prioritize 
Potentially Restorable Wetlands 
(PRW’s) in floodplain areas

•Restore prior‐converted wetlands 
in upland areas to provide storage 
and filtration

•Resize culverts, stormwater 
conveyance systems, etc. to 
accommodate increased storm flows

•Inspect, reinforce or remove dams, 
levees, water control structures Photos - WDNR

Areas in red 
show overlap 
between 
PRWs and 
100 year 
floodplain

Note:  floodplain 
delineations not 
complete for some 
counties.
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“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

Impact: Sediment and nutrient loading will 
increase due to earlier and more intense spring 

runoff events

Adaptation Strategies:
• Resize infrastructure such as 
manure storage and wastewater 
treatment facilities to accommodate 
increased precipitation

•Restore wetlands to provide 
storage and filtration

•Promote the use of nutrient 
management planning

•Reduce overland flow by 
improving infiltration  Ca
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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

Photo: Mark Kuether

Photo: Milwaukee Metropolitan 
Sewerage Dist.

Maintain and improve 
water quality to 
withstand changing 
climate – improved 
BMPs, manage for 
future conditions 

Flooding at Reedsburg (WI)
SewageTreatment Plant, June 2008

Photo: Steve Zibell

Combined sewer overflow 
from Milwaukee entering 
Lake Michigan
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Adaptation Strategies:

• Enhance and restore shoreline habitat to 
withstand variations in water levels

• Enhance infiltration by reducing 
impervious surfaces in urban/riparian 
areas and changing land management 
practices

• Build flexibility into planning and zoning 
for lakeshore and riparian development to 
account for changes in water levels

• Adjust and modify expectations –
variability is the norm!

Photo - WDNR

Photo – Janesville Gazette

Impact: Water levels will change due to variable 
precipitation, recharge, and increased evaporation

• Protect groundwater and promote land conservation
and conservation tillage methods for improving
groundwater recharge

Adaptation Strategies for Climate Change
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• Encourage large water users to locate in 
areas with adequate (sustainable) water 
sources (e.g. large rivers/Great Lakes).

• Encourage water conservation (rural and 
urban) through incentives and regulation 

• Promote Integrated Water Management: 
Planning water use based on long term 
projections of supply and demand

Photo - Mark Rozin/Capital Press

Impact: Demand for water and groundwater will 
increase with warmer temperatures

Adaptation Strategies:

Groundwater Management Areas!

Kraft & Mechenich, 2010
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• Identify ways in which climate change 
processes may increase the occurrence of  
exposures to HABs

• Create a HAB surveillance program to 
improve predictive capacity

• Develop statewide standards for blue‐green 
algal toxins and take appropriate action to 
protect public health.
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Impact: Harmful blue‐green algal blooms will 
occur more frequently with increased summer 

temperatures

Adaptation Strategies:

Carolyn Betz

• Identify potential pathways for invasive 
species migrations and take preventive 
action

• Encourage regulatory activities aimed at 
preventing future invasions of exotic and 
invasive species

• Continue exotic and invasive species 
education/awareness programs for boaters, 
anglers, and others

• Develop rapid response planning and 
implementation methods to improve 
existing aquatic invasive species control 
programs

Photo – WDNR

Photo – Don Bush, WDNR

Impact: Aquatic invasive species are likely to 
spread due to flooding and warmer temperatures

Adaptation Strategies:
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What’s Next for WICCI?

 WICCI Advisory Committee – June 15

 WDNR embarking on natural resources 
adaptation planning effort

 Outreach and education activities

 Adaptive management workshops

 Facilitate new working groups and 
collaborative efforts

 Working toward 2nd adaptive assessment!

How can Rock River Coalition be 
involved?

 Help spread the word about WICCI report

 Participate in/sponsor future adaptation 
workshops

 Participate in citizen monitoring and 
phenology networks

 Incorporate climate scenarios and 
adaptation strategies into TMDL

 Your idea here!


