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Climate Ready Great Lakes

Module 1:
What am | adapting to?
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Climate Ready Great Lakes

"’challenge reqwres an
unprecedented need for
climate information and
services.”

-Dr. Jane Lubchenco
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Climate Ready Great Lakes

Presentation Objectives

« To provide information on climate
change in the Great Lakes, based on
peer-reviewed science.
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Climate Ready Great Lakes

This training should help you to...

« Understand that climate change is a relevant issue
for planning professionals.

« Understand that there will be similarities and
differences between climate change impacts
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Climate Ready Great Lakes

Part 1: Fundamentals of Climate Change

Climate Science

Observed and Projected Global Changes
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Climate Ready Great Lakes

Part 2: Climate Change Impacts in the Great Lakes

- Lake Levels

Ice Cover
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Climate Ready Great Lakes
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Weather and Climate

Weather is the state of {0040
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the atmosphere at any
given time and place
(temperature, humidity,
precipitation,
cloudiness, wind, etc.).

Worldwide Climate Zones
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Weather and Climate

Or... put another way...

Meteorologists Climatologists are
are most most interested in
interested in the long- term trends
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Climate Change: The Fundamentals

- Climate describes how Weather varies at a
particular location over a longer period of time.

v

- Climate Variability describes fluctuations in the
Climate itself over time. These changes are
usually natural and brief.

- Climate Change describes long-term (decades
or longer) and persistent changes in Earth's
Climate.




Global Climate Change: The Science

 The Greenhouse Effect is a
vital process that helps Earth
retain an appropriate amount
of heat from the sun.

AMPLIFIED
WARMING

« Greenhouse gases (such as
carbon dioxide and water
vapor) absorb heat and then
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Climate Ready Great Lakes

Part 1:
Observed and Projected
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Global Climate Change:
The Observations

Carbon dioxide in the
atmosphere is increasing:
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Global Climate Change:
The Observations

There has been a significant increase in globally-
averaged surface temperatures over the last century.
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Global Climate Change: The Observations

* Global sea level has risen 4-8 inches over the past century.

« Arctic sea ice has decreased nearly 10% (in its areal extent) each
decade between 1973 and 2007.

« Climatologists have observed increases in northern latitude
precipitation and decreases in southern/subtropical regions.
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Since 1979, more than
20% of the Polar Ice Cap
has melted away.
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Global Climate Change:
The Projections

2020-2029 2090-2099

0 05 1 15 2 25 3 3.5 4 45 5 5.5 6 6.5 7 7.5

(°C)
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Global Climate Change:
The Projections

Projection of CO; and Temperature to 2100
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A Valuable Tool: Climate Models

Climate — —
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Climate Models

» Computer models are essential for
understanding the complexities of
climate change.
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Climate models are
scientific tools, not
crystal balls.




Downscaling: Climate Change
at a Regional Level

« Climate change is global in its nature;
however, its precise impacts will
undoubtedly vary on a regional level—and
the Great Lakes region is no exception.
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Downscaling: Climate Change
at a Regional Level
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Climate Ready Great Lakes

Part 1:

Climate Change in the
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Climate Change in the Great Lakes Region:
Projected Changes in Climate

Temperature Change - 20th & 21st Centuries

Temperatures in the Midwest have
increased, with the largest observed
changes for the region in Minnesota
and the Upper Peninsula of Michigan.
Model scenarios suggest further
increases over the 21st century from
near 5...F (Hadley model) to more than
10...F (Canadian model).

Winter Minimum Temperature Change
21st Century Average

Canadian Model Hadley Model

Canadian Model 21st Hadley Model 21st
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Both climate models indicate that the northern part of the
Midwest will experience the largest increases in winter
temperatures. The Canadian Model suggests the greatest
increases, approaching 15...F in Minnesota and the Upper
Peninsula of Michigan.
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Precipitation Change - 20th & 21st Centuries

Observed 20th Canadian Model 21st Hadley Model 21st

On average, g 100% . ‘ 1 - g 100% S The Hadley model indicates
Midwest 5% o that this trend will continue,
precipita- 0% prioy resulting in increases of
tion over 5% 2% about 25% from the present.
the 20th 0 0 The Canadian model suggests
century has | %% o that these increases will be
increased. = ™ 6% confined to the northern and

':::‘ ?3 western parts of the region.
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The Impact of the Great Lakes
on Regional Climate Change

Lake Breeze Circulation

Heat and Moisture

Frictional
Convergence

©The COMET Program

Lake-effect precipitation may
become increasingly
common in late fall and
winter (as cool wintertime
air flows over warm lake
waters).
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In summer, lake breeze
circulation keeps shoreline
areas cooler (as compared
to surrounding inland
areas).




Projected Changes in Great Lakes Weather

The following changes are likely over the next century:

« Number of days with low temperatures below 0°F
will drop by 50% or more

« Number of days with high temperatures above 90°F
will more than double
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Climate Ready Great Lakes

7 \
Part 2:

Climate Change
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CLIMATE CHANGE IMPACTS

(\ Lake Levels

. Ice Cover }
D:
Vv

" Severe Weather

Y
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Lake Levels
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Great Lakes Water Level Variability

Lake Superior Water Levels in Meters (IGLD85)
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= Annually Averaged Water
Lewvels {through 2009)

— Long-Term Mean Level
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What are the climate variables
for lake levels?

Solar
radiation

A P 4 \

{ Wind speed

Precipitation

Temperature }-‘

G

: Humidit
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THE HYDROLOGIC CYCLE

PRECIPITATION TRANSPIRATION
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Impact on Shipping and
Shoreline Infrastructure

Shipping is important in the Great Lakes region:

« 15 major international ports and
approximately 50 smaller, regional ports in
the Great Lakes-St. Lawrence River System
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Lake Levels Summary

« There is a range of predicted lake levels, but the
likely overall trend is downward.

« Natural variation in lake levels already occurs, but
it will be amplified by climate change.
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CLIMATE CHANGE IMPACTS

(\ Lake Levels ]

- Ice Cover }
-
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"7 Severe Weather
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Observed Changes in Great Lakes Ice Cover
Seasonal Maximum Coverage, 1973 to 2008
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CLIMATE CHANGE IMPACTS

(\ Lake Levels }

- lce Cover }
-
NI

" Severe Weather
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Severe Weather

« Relationship between climate change and
ocal-scale weather is complex, which limits
ong-range predictability of predominant
weather patterns.

« However, we ca ak me generalize

Intro | Climate | Lake Levels | Ice | Severe Weather | Ecosystems | Humans sea%‘



Daily precipitation amount (inches)
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Severe Weather: Flooding

More
Frequent

More
Severe

More

Damaging Milwaukee, Wisconsin
Summer 2010
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Case Study: Milwaukee, WI

« Public/private partnership to promote green infrastructure.

« Comprehensive watershed management approach that
helps address cross-jurisdictional issues.

« Projects include a land acquisition program, promoting
downspout disconnection, and installing rain gardens.

Rain Garden in a ncighborl"loocl setting




U.S. Drought Monitor Sz 209

s < D1A
O
D3A
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infensity: Draught impact Types,

|| DO Abnormally Dry r~' Delineatas dominant impacts

[ | D1 Drought - Moderate A = Agricultural (crops, pastures,

I D2 Drought - Severe grasslands) ﬁ::?

B D3 Drought - Extreme H = Hydrological (water)
B C4 Drought - Exceptional

The Drought Manitor focuses on broad-scale conditions. S =N oo sangaton cocter 00 NV

Local conditions may vary. See accompanying text summary

for forecast statements Released Thursday, September 24, 2009
www.drought.gov Author: David Miskus, JAWF/CPC/NOAA




Severe Weather Summary

- Likely increase of heavy precipitation
events

- More severe - DA
- More frequent ’
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CLIMATE CHANGE IMPACTS

(\ Lake Levels }

Ice Cover }
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"7 Savere Weather
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Lake Stratification

In winter, less dense water
below 4°C floats to the surface
where ice forms.

Seasonal winds cause vertical
movement of water, bringing
nutrients up from sediments
and oxygen to deeper water.

The bottom of the lake remains
unfrozen.

.............................

Thermal stratification develops
in summer and prevents mixing
between the epilimnion and
hypolimnion.

Figure 4.12
The Economy of Nature, Sixth Edition
© 2010 W.H.Freeman and Company

Summer

The depth at which
temperature changes most
rapidly is the thermocline.
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%-) Increased Duration of Thermal Stratification

Currently 135 Days in
Lake Michigan

In the future, up to
225 days in Lake
Michigan
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« Zooplankton

* Phytoplankton
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Case Study: Conservation Resource Alliance

Public/private
partnership
working to
protect regional
watersheds
through:
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Ecosystem Changes Summary

« Lake stratification changes due to
warming temperatures will affect the
biogeochemistry and ecology of lakes.

 Plant and animal habitats will shift to
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CLIMATE CHANGE IMPACTS

N
(\ Lake Levels ]
[ Ice Cover Sz
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Human Health Concerns
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Chicago Tribune, July 13, 1995
The 1995 Chicago heat wave:

Record temperatures and humidity
result in a deadly weekend
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The elderly were especially susceptible to the hot
weather of the 1995 heat wave. This 101-year-old
woman was overcome by heat later in the summer
when an electrical fire knocked out the power in her
apartment building. (Tribune photo by Walter Kale)
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Heat Waves In Cities

Number of 1995-like Chicago Heat \Waves

@ Even higher emissions scenarios
Lower Emission Scenario
@ Observed

1970-1999 2010-2039 2040-2069 2070- 2099
Years
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Air Quality in a Changing Climate

Air Temperature

+

Air Staghancy

+

Emissions
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Combined Sewer Overflows
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Combined sewer
overflows cause:

« Water quality
problems

VALV [
POLLUTED WATE
Swim at
your own risk
wgroe MRicalOffcerf Heath
NO DOGS
ALLOWED
ON THE BEACH
BY-LAW 129-92

« Beach closures

« Human health
risks




Agriculture Impacts

Changes in crop Observed and Projected Changes in
distribution: Plant Hardiness Zones

Lower Emissions Scenario?’
About every e o 2080

Increasing Temperatures ———>»

30 years, plant

1990 2006

l 1

Higher Emissions Scenario®
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Impacts on Business

Increased energy and raw product market
volatility

* |ncreased insurance premiums

« Reduced heating demand/costs in winter

ncreased cooling demand/costs in summer

UNDER
CONSTRUCTION



Impacts on Community Operations

« Reduced winter recreational activities, but
increased warm-weather activities

« Reduced ice cover and varying lake levels will
impact shipping/boating operations

« Shifts in resources for city operations:

AN B e
NG Seate e




Human Health and Economy
Summary

* Increased number and intensity of
heat waves

« Reduced air quality
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Climate Ready Great Lakes

So how we know...

e Climate change uniquely impacts the Great Lakes

d Lake levels Q Ecosystems

d Ice cover d Human health
d Severe weather



Climate Ready Great Lakes

So... how might
climate change affect

S






Range Expansion Species To Date

Native to Lake Erie, expanding

northward

Native to Lake Erie and Huron,

invading Lake Michigan




Recreation and Tourism

Shoreline infrastructure impacts
shoreline and water quality.

« Water infrastructure in the Great Lakes is
aging and in poor condition, increasing
the risk of waterborne outbreaks of

Seabt
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Dealing with Uncertainty

This is IPCC’s

likelihood scale. o |

When IPCC Table 4. Likelihood Scale.

decl likel

irﬁgaacrf sofa G’Cg,y Terminology Likelihood of the occurrence/ outcome
it indicates a Virtually certain > 99% probability of occurrence

66% or greater -

chance of Very likely > 90% probability

Likely > 66% probability
About as likely as not 33 to 66% probability
Unlikely < 33% probability
Very unlikely < 10% probability

Exceptionally unlikely < 1% probability




