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Climate Change in the Great Lakes Regiol
Starting a Public Discussion

Tonight:
Climate Change and Potential

Impacts on Wisconsin’s Lakes,
Streams and Groundwater
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Below normal 7-day avg. streamflow
(Aug. 2, 2007)

| http://water.usgs.gov/
s waterwatch/
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Northwest Wisconsin (CD 47017) Average Precipitation
Departure from 1971-2000 Normals

Preliminary Data for last 3 months
Data valid as of 4 Jun 2007
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U.S. Drought Monitor X352

Midwest

Orowght Condifions [Percent Area)
Mone |D0-D4 | 01-D4 | D2-D4 EekEk St

Current d24 |676 | 443 123103 | 0.0

Las! Weaek
(0772007 mag | 393 | 64.7 | 38.0 [ 8.1 03 | 0.0

3 Months Ago
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Intansify:
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The Drought Monitor focuses an broad-scala conditions.

Local condittons may vary. 5ee accompanying text summary _l__;LS___El"d_"‘ fﬂ_

for forecast statemenits

http://drought.unl.edu/dm
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Huron Lake; Waushara County



Long Lake Waushara County



Anvil Lake Stage Record
(1936 — 2006)

Anvil Lake, Vilas County, WI
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Some lakes are dropping over the long term Source: UsGsS
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Shell Lake (WI) June 2002

But remember this?

Krohelski 2003



Shell Lake Stage Recorad
(1936 — 2006)

1226
1224
1222
1220

1218 {0 W

1216

1214
1/1/30 1/1/40 1/1/50 1/1/60 1/1/70 1/1/80 1/1/90 1/1/00 1/1/10

Source: USGS



BT-0002: Webster, WI

azUSGS
USGS 455224092215601 BT-39/16W/17-0002
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Devil's Lake Stage Record
(1935-2006)

Source: USGS




Step Increase In Lake Stage, Stream Flow,
and Groundwater Levels after 1970

Groundwater Well
Lake Stage
Stream Flow

Gray = step increase
Red =no step increa

5 Lake

USGS Data
Magnuson et al. 2003




Which one Is the future?




Presentation overview

¢ Climate Change evidence

¢ Projections for Wisconsin

¢ Impacts to water resources
¢ Understanding water levels
& Case Studies

¢ PUtting It all together

¢ \What 6 de?
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Climate Change in the Great Lakes Region: Starting a Public Discussion

Global Warming Is Unequivocal:

* The recent IPCC report has clearly stated that
“warming of the climate system is unequivocal” and it is
“very likely” caused by human activities.

- Moreover, most of the observed changes are now
simulated by models over the past 50 years, adding
confidence to future projections.

Trenberth, 2007



he Greenhouse Effect

Some solar radiation Some of the infrared

is reflected by the radiation passes through
Earth and the the atmospﬁere, and sor?le
atmosphere. is absorbed and re-emitted

in all directions by
greenhouse gas
molecules. The effect of
this is to warm the Earth's
surface and the lower
atmosphere.

Solar radiation
passes through
the clear
atmosphere

Most radiation is

absorbed by the Earth's

surface and warms it. Infrared radiation is
emitted from the

Earth's surface.

Source: OSTP


Presenter
Presentation Notes
The Greenhouse Effect and Global Warming

 Greenhouse Analogy:  Anyone who has visited a greenhouse for growing plants or sat in a parked car with the windows closed on a warm summer day has experienced the principle behind global warming. The sunlight goes through the glass and the heat is trapped inside.  

 The gases in the atmosphere surrounding the earth act much the same way.  Incoming solar radiation passes through the atmosphere to the earth’s surface, but most of the outgoing radiation emitted from the surface of the Earth is absorbed by the greenhouse gas molecules in the atmosphere and reradiated back towards the earth. In other words, the greenhouse gases trap heat as it is reradiated from the earth back to space. The effect of this is to warm the earth's surface. 

Water vapor and carbon dioxide are the 2 most abundant natural greenhouse gases.
  
 This natural greenhouse effect keeps the earth about 60°F warmer than it otherwise would be. Without the greenhouse effect, life as we know it would not be possible.




Variation in Earth Surface Temperatures
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Greenhouse Gas Concentrations

Carbon dioxide
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Simulated Annual Mean Surface Air Temperatures
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Temperature Change in IPCC Scenarios
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Evidence of Climate Change in
the Great Lakes Region*

e Temperatures are rising, especially in
winter.

* Extreme rainfall events (24-hr and 7 day)
are becoming more frequent. -

e Winters have become shorter.
e Spring is coming earlier. - ol
e Duration of ice cover is shorter, --r =

especially on smaller lakes.

sAemAg 21uad§ ssaulap|IM aqll}o 28p3 ‘e0inog

*http://www.ucsusa.org/greatlakes



Presenter
Presentation Notes

Climate scientists agree that climate change is now underway; all over the world we’re observing the early signs of a warming climate. Here in the Great Lakes region, such signs are also being recorded:
* Average temperatures, especially in winter and at nighttime, are rising.
* Extreme rainfall events (24-hour and 7-day) are becoming more frequent.
* Winters have become shorter.
* Both data from smaller lakes and the Great Lakes point toward shorter ice cover duration.
* In addition, there are a number of signs that spring is coming earlier: trees are leafing out earlier, spring flowers bloom earlier, migrating songbirds arrive earlier, other birds breed earlier, and so on.

In short, climate change is already having an effect on our region. We’re now on the threshold of a period when these types of changes will happen more rapidly and become more apparent in the years and decades to come.

http://www.ucsusa.org/greatlakes

Projected Climate Changes in
the Great Lakes Region by 2100

e Temperature
— Winter 5-12 °F (3-7 °C)
— Summer 5-20 °F (3-11 °C)
— Extreme heat more common
— Growing season several weeks Ionger

® Precipitation
— Winter, spring increasing

. R LETSEN v?’ i
— Summer, fall decreasing Source: Bob Allan, NREL

— Drier soils, more droughts

e More extreme events — storms, floods
— Could be 50-100% more frequent than now

e |ce cover decline will continue UCS/ESA 2003


Presenter
Presentation Notes
In this report we used the two mid-range emissions scenarios shown earlier, and ran them on the latest version of two state-of-the-art general circulation models [or global climate models] – the HadCM3 and the National Center for Atmospheric Research’s PCM. We combined them with 100 years of historical climate data gathered from 300 stations in the Great Lakes region to ensure that the global model output is calibrated by the regional historical record. In the future, we expect regional climate modeling and other statistical downscaling methods to improve regional projections, but until such methods are more sophisticated, this is the best approach available at present. The climate projections for ~2100 are as follows:
Temperatures will increase overall, with winter warming by  5-12°F (3-7 ° C), and summers by 5-20°F (3-11°C). This will produce more heat waves and the growing season  will expand by several weeks. 
Average precipitation may not change much, but the main story lies in the seasonal shifts: during winter and spring precipitation could increase, while during summer and fall, rainfall could decrease. Together with the higher temperatures, this would mean drier soils, and possibly more droughts.
More extreme events – such as storms and floods. These events could be 50-100% more frequent by 2100 than now; the change in frequency varies some across the region.
Ice cover decline will continue. 
Taking all these changes together, future summers and winters will feel radically different than they do today. [use arrow down keys to show migrating climates] E.g., within three decades, a summer in IL may feel like a summer in Oklahoma and by the end of the century more like one in east Texas today. For MI, summers in 2030 could be like those in Kentucky, while by the end of the century, they may feel like ones in Arkansas today.
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UCS/ESA 2003
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Presentation Notes
Need to find ouit what this slide means


Moving States - Going to Arkansas?

UCS/ESA 2003



Increase
0.7 F/decade

Magnuson: Data from State Climatology Office
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What happened to precipitation
In Wisconsin?

Median = 30.2 In. Median = 33.2 In.
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Magnuson 2006: Data from Wisconsin State Climatology Office



Decreased ice duration on inland lakes and
rivers

Changes In species distributions (natives
and exotics)

Impacts to water quality of lakes, streams,
rivers, and wetlands

Altered hydrologic regimes at watershed
scale (more extremes)



Changes in the Hydrologic Cycle

Krohelski 2003



Frequency of Heavy Precipitation Events
in the Great Lakes Region

(a) 24—Hour Events
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 Doubling of heavy
precipitation events

e Seasonal shifts in
precipitation --
* More rain in

winter and spring
(planting season)

* Less rain during
the summer and fall
growing seasons

UCS/ESA 2003
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Presentation Notes
[This slide can be inserted in talks for audiences interested in the finer details of the modeling results. For some lay audiences, this may not be appropriate, or require more time to explain.]
In general, climate modelers have less confidence in projections of changes in precipitation than in those of temperature. So, we need to keep in mind that future climate research will help us refine these projections and gain greater confidence.
What is apparent is that changes in precipitation will–like temperature–vary across the region, by season, and by the emission scenario. 
There is a clear gradient across the Great Lakes region, with less rainfall than at present expected in the southwest and increases expected in the northeast of the region.
Moreover, summers will likely to become drier overall while winters are expected to become wetter. These effects are more pronounced in the higher-emissions scenario than in the lower-emissions scenario.



 Certain processes of the surface water
balance are heavily influenced by rainfall
Intensity

* The rate of percolation of water into the soil
IS limited

 As rainfall intensity increases, soil moisture

recharge tends to decrease and runoff tends
to Increase

Source: Kunkel, ISWS
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Water Levels — Scenario #1

Shorter duration of ice
cover will increase
evaporation in winter

Warmer air
temperatures will
Increase
evapotranspiration

Lower precipitation in
summer will decrease
soll moisture

Lakes may go down

SOURCE: UCS/ESA 2003




Water Levels — Scenario #2

e Warmer, wetter winters

* Enriched CO, In
atmosphere Increases
water use efficiency

and Increases runoff
AND Infiltration

e Long-term trend may
be increased baseflow
and groundwater levels S5

o Lakes may go up

Source: John Magnuson, 2007



Factors affecting lake water levels

¢ Lake morphology and hydrology

¢ Landscape position

+ Natural variability (weather)

¢ Short term drought (and wet) cycles
¢ Climate change

¢ Human water use (I.e. pumping)



Lake Hydrology

Drainage Seepage

groundwater table

~A
GWaut GWin GWout

Flowthrough Discharge

P E m PE

Magnuson et al. 2006




Groundwater Discharge

¢ Natural Lake

¢ \Water Source
— Grounadwater Q@
U R

— Precipitation " ' PRECIPITATION ERRTYAINN
— Limited Runoff

s May have
SPrings

¢ Has Stream
Outlet

GROUNDWATER
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Water levels vary naturally
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Natural variability

Period of Average Maximum Minimum
record annual annual annvual

(f1) () (f1) ()

Ground-water 2.5- 0.8- 1.2- 0.3-

flow-through 10.5 2.7 5.5 1.4

Surface-water 2.6- 1.0- 2.1- 0.5-
flow-through 7.8 2.6 4.7 1.2

Ground-water 1.4- 0.6- 0.9- 0.2-
discharge 3.8 1.4 2.9 0.6

“A statistical analysis of data in table 1 indicates that
9 out of 10 natural lakes in the State will fluctuate
within the following approximate ranges during
periods of 20 years or longer.”

Source: USGS/WGNHS, “WI Lake Levels”



Landscape Position

Highin
Landscape

Landscape

Magnuson et al. 2006



Response of Lakes to Drought
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Are we In a drought now?

Total Precipitation Departure frem Mean in Inches
January 1, 2

Wisconsin Statewide Average Palmer Drought Severity Index
Jan 1895 - Dec 2006

Wisconsin State Climatology Office

er Drought Severity Index

Palm

Severe Drought

Extreme Drought

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010
Years

State Climatology Office
http://www.aos.wisc.edu/~sco/ T vesiom Bagional Cliate Cemtar

Mingis Stata Watar Surver

Chemypeign, Nlincis



@ Northwest Wisconsin (Div 4701) Palmer Drought Severity Index
Jan 1895 - May 2007

— Wisconsin State Climatology Office
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Presenter
Presentation Notes
The Palmer Hydrological Drought Index maps show hydrological (long-term cumulative) drought and wet conditions, which more accurately reflect groundwater conditions, reservoir levels, etc. The animated maps to the right show the geographical pattern of the long-term (hydrological) moisture anomalies for the last 12 months. On these maps, the red shading denotes dry conditions while the green shading indicates wet conditions. 



Wisconsin Statewide Average Palmer Drought Severity Index
Jan 1895 - May 2007
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Step Increase In Lake Stage, Stream Flow,

and Groundwater Levels after 1970
© Groundwater Well
(O Lake Stage

(=7 Stream Baseflow

% Anvil Lake

Shell Lake—@@

3

0@
o iy R A
Red = no step increas Q

e
Q Devils Lake
@ USGS Data

Magnuson et al. 2003




LANDSCAPES OF
WISCONSIN







Well AS-0054: Glidden




AS-0054: Glidden, WI

USGS 461109090373001 AS-43/02W/21-0054
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Anvil Lake Stage Record
(1936 — 2006)

Anvil Lake, Vilas County, WI
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Trout Lake, Vilas County
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Crystal Lake, Vilas County
Big Muskellunge Lake, Vilas County







Soils of nodiharn and eastem Wisconsin SOIL REGIONS OF WISCONSIN
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Response of lakes to changing
climate

¢ Landscape position and lake type affects
response of lakes to changes In climate

¢ LLakes higher In the landscape (lboth
seepage and headwater) respond to
changes In precipitation and evaporation

¢ LLakes lewer In the landscape are buffered
from short term dry perieds and respoend
to longer term changes In groundwater
recharge

¢ LLocall conditions' are Imporktanit!



Which one Is the future?




Climate Change Impacts Will
Not Occur In a Vacuum

e Population growth

® [ncreasing urbanization
and sprawl

e: Peter J. Schulz

e Fragmentation of the
landscape

Sourc

i SI e [ndustrial pollution of
' Sl air and water
¢ Social challenges
e Geographic variability
and limits

UCS/ESA 2003
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Presentation Notes
Of course, climate change will not occur in a vacuum. The current regional population of 60 million is expected to continue to grow, leading to more urbanization and sprawl into natural areas. In turn, these changes will likely lead to greater fragmentation of the landscape, disconnecting previously continuous ecosystems. Add to that industrial pollution of our air and waters, but also social inequities and problems, which will impact how ecosystems and people can cope with the changing climate.
What is also important to keep in mind are some geographic variation and limits. We cannot expect that the impacts of climate change will manifest uniformly across any particular state or the Great Lakes region as a whole. This is due to the varied legacy that the glaciers left behind when they retreated some 10,000 years ago.
Moreover, we cannot expect that species and ecosystems will simply be able to move north. First, the species that make up one ecosystem will react differently to the same amount of temperature increase or precipitation change. This means that future ecosystems will be composed of different species, and scientists do not yet fully understand and cannot predict with great confidence how these species will interact, and whether they will thrive or diminish as a result.
Second, there are a number of geographic barriers, both natural, such as the Great Lakes and the Canadian Shield, and human, such as built or highly developed environments, that will hinder the northward migration of species. We will come back to this later on.


Exacerbation of Existing Problems
Water Resources

e Groundwater recharge
reduced, small streams
likely to dry up

e Declines expected in
average lake levels

® Pressure to increase water
eXt raCtl O n fro m th e G reat Lakes Source: Dave Hansen, MN Extension Service

e More reliance on irrigation to grow crops

UCS/ESA 2003
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Presentation Notes
How will these different pressures on the environment interact with climate change? We expect many of them to result in a worsening of some of the problems we already have. Let’s look at our important water resources, for example.
With lower rainfall in the summer, our groundwater aquifers will be recharged at reduced rates. [Winter and spring precipitation may runoff too quickly to make up the difference.] Small streams, especially headwater streams, could run dry in summer.
With reduced ice cover in the winter and higher evaporation from lakes in the summer, we also can expect that average lake levels will decline, year-to-year variation notwithstanding.
With greater population and at least in summer a drier climate, we can also expect demand on water extraction from our lakes and water resources in the Great lakes basin to increase. Together with greater demand on these same resources from outside the region, we should expect some challenging times in terms of deciding how to allocate our scarce water resources.
And as mentioned already, declining wetlands will lead to growing problems with flooding, erosion, and runoff from agricultural fields and urban areas into our streams and lakes.


Human water use and lakes
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Presenter
Presentation Notes
Multiple high caps, as well as individual impacts in a rural setting
Loss through ET
Seepage lakes, lake levels, drought
Historical water level fluctuations
Role of irrigation
Water quality, fisheries, navigation issues
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Distribution of High Capacity
Wells in Wisconsin

Hicap Wells

per Square Mile
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Waushara County Lakes
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NW Waushara County Lakes
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Waushara County Lakes
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Implications of low water levels
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Implications of low water levels
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Implications of low water levels
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Worst Impacts Are Not Inevitable
No-regrets solutions available now

A three-pronged approach to deal with climate change:

1. Reducing our emissions

2. Minimizing pressure
the environment

3. Planning and preparing to my Sy e v
of a changing climate

UCS/ESA 2003

Source: Claude Grondin
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Presentation Notes
Fortunately, there is good news here as well. Many of these projected impacts don’t have to happen. There a number of common-sense solutions available now.
In this report we propose a three-pronged approach to dealing with climate change in a comprehensive manner. If we do so, we can avoid the most severe impacts.
The three approaches that we propose comprise an end-to-end approach, that involves reducing the risk of climate change on the front end, reducing the vulnerability to its impacts, and getting ready for those impacts we can’t avoid on the other end.
First, reducing the amount of heat-trapping gas emissions will slow down and curb the pace and eventual magnitude of climate change.
Second, minimizing existing pressures on the environment will leave our ecosystems, species, and communities in a better position to deal with the additional stresses from a warmer climate.
And third, even if we stopped all emissions today, we would still see some additional impacts from global warming on the environment. The reason is that many of the heat-trapping gases stay in the atmosphere for decades, some even for centuries. So our emissions of yesterday and today have already committed us to some degree of additional change. Thus it is wise to plan ahead and prepare, so that we can manage the impacts without major ecological, economic or social disruptions.
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Reducing our emissions must be tackled at the source. Over 60% of Great Lakes states’ heat-trapping gas emissions come from energy production and use (including the commercial, residential, industrial, utility sectors and other minor sources), over 20%  comes from transportation, and the remainder from waste, agriculture, and industry.
Energy solutions: The region could increase the production of electricity from renewable sources, especially wind energy. Establishing a  renewable electricity standard and more clean energy investment funds could help toward that end. States can also strengthen their energy efficiency standards and provide incentives for cleaner fossil fuel power generation.
Transportation solutions: The region is the center of North America’s automobile industry. Innovation and commitment to producing vehicles with increased fuel economy standards will create jobs and boost the industry. States could also provide incentives for hybrids and other fuel-efficient vehicles. States can also set efficiency requirements for state vehicle fleets, support research and demonstration projects and provide incentives for low-carbon fuels. Finally, across the region, states and communities could do more to pursue smart growth projects, thereby reducing sprawl and vehicle miles traveled.
Agricultural and forestry solutions: Improved soil management, methane capture from livestock operations and waste, and expansion of states’ nutrient-trading program could help reduce emissions from agriculture, while forest protection, reforestation and afforestation of unproductive farmland – especially in the northern part of the region - could help avoid heat-trapping gas emissions and store carbon in biomass.
Integrated solutions: A number of US and Canadian Great Lakes communities already participate in the Cities for Climate Protection campaign of the International Council of Local Environmental Initiatives (ICLEI). These communities inventory their emissions, set reduction targets, develop and implement emission reduction strategies and then monitor their implementation. These plans integrate many of the solutions suggested here.


Minimizing Pressure on Our
Environment

e Air Quality Improvements
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To minimize existing pressures on the environment, we can employ many of the best practices already known in environmental management. The greatest benefit of these actions, besides lowering vulnerability to additional future climate stresses, is that both we and our environment benefit now.
Improving air quality, for example, will be immediately better for human health, reduce acid rain, and lower the risk of bad air situations as the climate warms.  
Similar gains are made with the protection of our water supplies and maintenance of high water quality. We improve conditions in aquatic habitats, we increase the reliability of water supplies if we use this scarce resource more efficiently. This is particularly important for drinking water uses but also for industries that rely on a steady supply of high-quality water for their operation. Upgrading of sewer and septic systems, containment of non-point source pollution from roads, farmlands and other sources are good examples.
Particularly valuable in terms of habitat protection would be the rehabilitation of riparian and floodplain forests which will help shade and thus cool streams, reduce flooding, and provide recreational opportunities. Continued strong measures to protect habitats from invasions of non-native species are also needed.
Urban and land use planning can reduce sprawl, which not only reduces emissions from driving, but also reduces habitat destruction and fragmentation and reduces the amount of paving. The immediate benefit is reduced spending for communities on services to outlying areas, as well as avoidance of further loss of valuable farmland.


Managing Climate Impacts

® Emergency Preparedness

e Agricultural and Forestry
Adaptations

e Public Health Improvements
e [nfrastructure Adjustments

e Education
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Finally, we need to plan and prepare to be in a better position to manage the unavoidable impacts from climate change.
One important area would be our emergency response system–ensuring that it is robust and ready to deal with a higher frequency of extreme weather events, but also doing more through long-term planning to avoid exposure to risk, educating about natural hazards, and updating recovery plans. 
Agriculture (and to a lesser extent forestry) is often assumed to be able to adapt to a changing climate rather readily since farmers already adjust to year-to-year variability. Some of the options include changing to different crops, adjustments in planting and harvesting dates, shifts to more efficient irrigation technology, etc. In forestry different forest tree species can be grown, fire management improved, rotation length adjusted, etc.
We must also ensure that our public health system remains or becomes available to all of us, especially the poor, elderly, and children. Better surveillance, education, and prevention will also go along way to avoid significant increases in the incidence of diseases.
Infrastructure adjustments related to our water system, along lake shores, and in our harbors were mentioned previously. The main goal would be to ensure functioning under a generally more variable climate, and especially under drier summer and wetter winter conditions.
Finally, education about the region’s valuable ecosystems and their services to society as well as about climate change will help people understand the changes occurring around them and to take that knowledge into account in their actions and decisions in daily life and for the long-term.


“| hope | have justified the conviction, shared by many
thoughtful people from all walks of life, that the problem
can be solved. Adequate resources exist. Those who
control them have many reasons to achieve that goal, not
least their own security. In the end, however, success or
failure will come down to an ethical decision, one on
which those now living will be defined

and judged for all
|rations to come.”

E.O. Wilson (2001)
The Future of Life

Source: Rick Lindroth
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