Climate Change Impacts to the Great Lakes

Lessons from Lake Superior and the Apostle Islands
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National Climate Assessment (2014)
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National Climate Assessment (2014)

Key Message: Increased Risks to the-Great " akes

Climate change will exacerbate a range of risks to the Great Lakes, including changes in the
range and distribution of certain fish species, increased invasive species and harmful blooms
of algae, and declining beach health. Ice cover declines will lengthen the commercial

navigation season.
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Today’s Plan

« Climate change is
already happening
here

* Climate change
projections for the
Great Lakes

e Exploring the impacts
— and what we can do
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Case In Point

Lake Superior and Apostle Islands National Lakeshore
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Case In Point

Lake Superior and Apostle Islands National Lakeshore
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5 Minute Video

Adapting to Climate Change in the Apostle Islands: Opportunity in a Crisis

Adapting to Climate Change in the Apostle Islands: Opportunity in a Crisis
Apostle Islands MNational Lakeshore staff discuss the impacts of climate change on
' the park and how the Mational Park Service is responding in a S minute video

‘—I.)

produced by the NPS Climate Change Response Program
Apostle Islands
National Lakeshare

Grpaninity in o Crists
[ 2 5'

& Aposte mands Mational Lakeshone

To see video, click here:
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http://vimeo.com/71343031

The Heat is Already On

Lake Superior States Rank #2,3, and 4 in Temperature Change Per Decade

The Heatls On

U.S. Temperature Trends

Every State Has Warmed Since 1970
Table 2. Since 1970, every state has experienced a warming and the rates of warming were faster than they were over the
past 100 years.

Temperature Change
Rank State (°F per decade)
Arizona 0.639
Michigan 0.622
Minnesota 0.620
Wisconsin 0.616

CLIMATE

D
CENTRAL @ :_

|
[June 2012] T Change (°F per decade )
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http://www.climatecentral.org/news/the-heat-is-on

Temperature & Phenological Changes

Spring Is Coming Earlier in Wisconsin

. Average Average
+ Nina Leopold Bradley

repllcated her father Aldo’s Robin arrival March 20 March 12
i Hepatica first bloom April 15 April 8

phenology studies at “The House wren arrival May 4 April 23
” Columbine first bloom May 19 May 10
Shack” near Baraboo, WI. Baptisia first bloom June 14 | May 29

e Spring has arrived 1.2 days earlier per decade since the
1930s, correlating with a gradual Increase Iin
regional temperature.

. * “ashland

Wisconsin
* Baraboo

From the Proceedings of the National Academy of Sciences
96:9701-04 (1999) at

and the newsletter of the Aldo Leopold Foundation at
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http://www.pnas.org/cgi/reprint/96/17/9701
http://www.aldoleopold.org/Publications/newsletters/winter2003.pdf
http://www.aldoleopold.org/Publications/newsletters/winter2003.pdf

Great Lakes Water Temperature Increases

Lake Superior is Warming Rapidly

Air temip: ~0.06 Ciyr
*— Waler temp: ~0.12 Chyr
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Lake Superior water
temperature is rising at twice
the rate of air temperature
since 1980.

This correlates with
decreasing ice cover over the
same period.rom _

(Austin and Colman, 2007)

A similar pattern has been
noted in Lake Baikal (Russia).

From

Lake Michigan surface water
temps are also rising rapidly.

(many media reports)
= =



http://www.d.umn.edu/~jaustin/ICE.html
http://www.planetark.org/dailynewsstory.cfm?newsid=48179
http://www.planetark.org/dailynewsstory.cfm?newsid=48179
http://minnesota.publicradio.org/collections/special/columns/statewide/archive/2011/06/lake-superior-warming-is-global-trend.shtml
http://minnesota.publicradio.org/collections/special/columns/statewide/archive/2011/06/lake-superior-warming-is-global-trend.shtml
http://minnesota.publicradio.org/collections/special/columns/statewide/archive/2011/06/lake-superior-warming-is-global-trend.shtml
http://minnesota.publicradio.org/collections/special/columns/statewide/archive/2011/06/lake-superior-warming-is-global-trend.shtml
http://minnesota.publicradio.org/collections/special/columns/statewide/archive/2011/06/lake-superior-warming-is-global-trend.shtml
http://minnesota.publicradio.org/collections/special/columns/statewide/archive/2011/06/lake-superior-warming-is-global-trend.shtml
http://minnesota.publicradio.org/collections/special/columns/statewide/archive/2011/06/lake-superior-warming-is-global-trend.shtml
http://minnesota.publicradio.org/collections/special/columns/statewide/archive/2011/06/lake-superior-warming-is-global-trend.shtml
http://minnesota.publicradio.org/collections/special/columns/statewide/archive/2011/06/lake-superior-warming-is-global-trend.shtml
http://minnesota.publicradio.org/collections/special/columns/statewide/archive/2011/06/lake-superior-warming-is-global-trend.shtml
http://minnesota.publicradio.org/collections/special/columns/statewide/archive/2011/06/lake-superior-warming-is-global-trend.shtml
http://minnesota.publicradio.org/collections/special/columns/statewide/archive/2011/06/lake-superior-warming-is-global-trend.shtml

Great Lakes Water Temperature - Lake Superior

Early Turnover & Record Warm Surface Water in 2010
- Lake Superior

Lakmnnde Axrprage Lake Superlﬂr
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Chart from Jay Austin,
University of Minnesota-Duluth

University of Minnesola Dululh, Large Lakes Observatory
Data I‘runm NOAA NDE!C

May Jun Jul Aﬁg Sép D'ct
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http://www.seagrant.umn.edu/news/2010/07/09

Great Lakes Water Temperature - Lake Superior

Early Turnover & Record Warm Surface Water in 2012
° Tem pS in eal’|y summer Great Lakes Average GLSEA Surface Water Temperature

2012 Were 15'200 F above Currant time: Mon, 02 Jus 2014 (02:48:4] GMT

ake Sup. Lake M Lake Hugzés Lake Erie Lake Ont.
norm al — bthaUSGI t'h ey O{‘ake Superior Average GLSEA [1&) Surface Water Temperature
were a month early!

Swimming anyone? Lake Superior
water temps warmest in a century | (h"//cosstwatchglerlnoaa.gor)

o 2012/ M, A\

- 2012
- 2014

Filed under: Climate change, Lake Superior

- Warm lake in summer
Increases chances of lake
effect snow the next winter
... > 50" after April 1, 2013!

- Compare: Lake Michigan L. N7
was “UnpreCEdented" 80°F _ = — Sun Jun 1 06:40:03 2014
On 7/6/2012 Jan F.;h Mar Ap;' I_ ‘];_Iay Jun  Jul Aug Sep QOet Nov Dec

{Irom Great Lakes Surface Environmental Analysis)

|
&n

Graphic from
Headline from
Quote from National Weather Service on
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http://coastwatch.glerl.noaa.gov/statistic/avg-sst.php?lk=s&yr=0
http://minnesota.publicradio.org/collections/special/columns/updraft/archive/2012/07/balmy_70s_2012_lake_superior_w.shtml
http://www.climatecentral.org/news/great-lakes-water-temperatures-at-record-levels

Great Lakes Water Temperature - Lake Superior

2014.

- Brutally cold winter

- Near record ice conditions
. Started well below normal
- But it's already caught up!

— Average 1992 — 2013
— 2014

Sun Junn 1 06:40:08 2014

o - .
Jan Fab Maa Apr May Jumn Jul Aug Sep Oct Mow Dac
Day of the Year

Graphic from
Headline from

VICE |
.
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http://coastwatch.glerl.noaa.gov/statistic/avg-sst.php?lk=s&yr=0
http://minnesota.publicradio.org/collections/special/columns/updraft/archive/2012/07/balmy_70s_2012_lake_superior_w.shtml

Current Lake Temperatures

GREAT LAKES SURFACE ENVIRONMENTAL ANALYSIS (GLSEA)

Analysis Date: JD 155 06/04/2014
Percent Pixels with Data within +/-10 Days: 99.5%

Date of last ice analysis: 6/4/2014
NOAA CoastWatch

Great Lakes Total Ice Cover: 0.2%

Marquette, ll g _ Median lce Concentration

Sault Ste. Ma
Water Temperature

Milwaukse Ff
llwau Buffalo

Toledo,

Cleveland

Great Lakes Environmental Research Laboratory
National Ice Center
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http://coastwatch.glerl.noaa.gov/webdata/cwops/webdata/glsea2/glsea_cur.png

Record Storm & Unprecedented Warm Water

'ﬁ "E"-‘.i:.

jume c. 6/26/2012 |

Issue Brief

BAYFIELD, WI - Sam
G reat La kes Netwo rk Inventory & Monir.olring :-Sngum Corn M
National Park Service

us

Blue-green Algae Create Temporarily Toxic Waters

NATIONAL PARK SERVICE

e APOSTLE ISLANDS NATIONAL LAKESHORE

Jay Austin: “It’s pretty safe to
say that what we’re seeing
here is the warmest that we've
seen in Lake Superior in a

ce ntury.” (July 25, 2012)

Leads to first-ever blue-green
algal bloom on Lake Superior,
late July 2012

en scum”

algae. By July 15 the algae bloom had broken up.



http://www.climatecentral.org/
http://dnr.wi.gov/news/BreakingNews_Lookup.asp?id=2440
http://science.nature.nps.gov/im/units/GLKN/monitor/InlandLakesWQ/docs/WQ_Cyanobacteria_2013.pdf

As the Lake Warms...

e Lessice Iin winter =
 More evaporation -
e Lake level declines

From

« Warm water in summer -
 More evaporation in fall >
e More heat loss 2

* More ice 4 S
e But still, lake level declin€s wenersetazois.

« Winter evaporation, related to the amount and duration of ice
cover, affects lake levels more than precipitation. wogeneta. 200
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http://www.seagrant.umn.edu/news/2010/07/09

Ice Decline on the Great Lakes g o

Madeline Island Ice Road, Lake Superior

APOSTLE
[SLANDS

OF J..‘LH E SUPERIOR

NATIONAL PARK SERVICE e APOSTLE ISLANDS NATIONAL LAKESHORE \\?f’;



lce Decline on the Great Lakes —

Madeline Island Ice Road, Lake Superior
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Ice duration HERE

has declined:

» 3.4 days/decade since 1857
» 14.7 days/decade since 1975
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y = -0.3382x + 752.58 - From Howk, 20
R2 = 0.3296 ¢ Changes in ice cover at Bayfield, Wisconsin.

0 : : : : : . Journal of Great Lakes Research
1850 1875 35(1):159-162

Ice cover has declined on Lake Superior 79% since 1973

Wang et al, 2012
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http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B984D-4VH33D5-1&_user=6828291&_coverDate=03/31/2009&_rdoc=20&_fmt=high&_orig=browse&_srch=doc-info(

National Climate Assessment (2014)
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Lake Superior Water Level is Declining

As Temperature Has Increased Since ~ 1970s

Duluth Water Level, corrected
- - - Water
Level

Decreases

~~

Water Level, m ASL

1920 1940 1960

Sault Ste Marie WT, JAS average

Temperature
Increases

L
=
.
=
<
g
=
i
2
5
=

Slide from Jay Austin presentation at Apostle Islands National Lakeshore Climate Friendly Parks Meeting (17 July 2007)
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Lake Superior Water Levels

Have They Been Declining for Years?
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http://www.glerl.noaa.gov/data/now/wlevels/dbd/

Today’s Plan

« Climate change is
already happening
here

* Climate change
projections for the
Great Lakes

e Exploring the impacts
— and what we can do
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Climate Change Projections for the Great Lakes

 Warmer, drier summers
 Warmer winters

« Shorter cold season

 More winter precipitation as rain
« Warmer water

e Lessice

o Later freeze-up, earlier ice-out
 More evaporation from lakes

e Lower lake levels

 lrregular, higher intensity storms

e More rain-on-snow events Outer Island
. . : Gaylord Nelson Wilderness
* |V|0re f|00d|ng, eSp IN Spl’lng Apostle Islands National Lakeshore
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Climate Change Projections for the Great Lakes

 Warmer, drier summers (IPCC, 2001)

« Warmer winters (IPCC, 2001)

« Shorter cold season (International Joint Commission, 2003)
 More winter precipitation as rain  (Wuebbles and Hayhoe, 2004)

« Warmer water (Lehman, 2002)

e Lessice (International Joint Commission, 2003)

o Later freeze-up, earlier ice-out (International Joint Commission, 2003)
 More evaporation from lakes (Nat'l Assessment Synthesis Team, 2000)
e Lower lake levels (Nat’l Assessment Synthesis Team, 2000)
« Irregular, higher intensity storms (International Joint Commission, 2003)

e More rain-on-snow events (Notaro et al., 2010)

 More flooding, esp. in spring (Kling et. al, 2003)
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Great Lakes Water & Ice Levels In 2100

Projections Vary

 Models have inherent scientific uncertainty but are limited by
non-scientific uncertainty over future emissions, making it
seem like the models are less precise than they are. o, 2007

e 11 of 12 models project significant reductions in levels of the
Great LakeS, ranglng Up tO 5 feet (National Assessment Synthesis Team, 2000)

* More recent published models project lesser declines. wackayan

Seglenicks, 2012; Lofgren et al., 2011)

e Lake Superior, by 2090:
> Evaporation will increase up to 39%.
° Ice cover will decrease to only 2-11%
of current February average levels.

(Lofgren et al. 2002)

@; -'
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Today’s Plan

Climate Change and Lake Superior

« Climate change is
already happening
here

* Climate change
projections for the
Great Lakes

e Exploring the impacts
— and what we can do
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Winter Recreation Opportunities Are Changing

Skiing, dog sledding, ice i b
fishing, and exploring -
unigue winter scenery are
likely to be constrained to
shorter and shorter
seasons — and in poor ice
years, severely limited.

(Notwithstanding 2014!)
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Lake Superior Fisheries Impacts

Important for the Economy, Recreation, & Environment

 Warmer water:
> "[t's forcing us just to run farther, we’re going out
farther into the lake to find colder water," [Commercial
fisherman Craig] Hoopman says. "You have to go . *
where the [white]fish are, it's not where you want to go, i~
it's where they are.”  rrom v

L] John Lyvons

« Habitat Changes over the last 27 years:

> Walleye, salmon, and lean lake trout habitat have increased e et
> Siscowet (fat) lake trout have lost 20% of their preferred thermal habitat | -2

> Quotes from lead author Tim Cline from UW-M:
v “People should be paying attention to Lake Superior. It's warming at one of the
fastest rates of any other lake observed on Earth”
v “... [O]ur biggest message is that these are changes that have already happened.
They are not projections of temperatures years from now.”

NATIONAL PARK SERVICE e APOSTLE ISLANDS NATIONAL LAKESHORE


http://www.wbez.org/frontandcenter/2011-07-13/climate-change-hits-mightiest-great-lakes-89058
http://www.wbez.org/frontandcenter/2011-07-13/climate-change-hits-mightiest-great-lakes-89058

Adaptation Will be Essential

One Example: Low Water Levels in Lake Superior __

 Recreational infrastructure: fixed
docks will be too high, ramps will
need to be extended, more
navigational hazards will be exposed.

 Commercial shipping: locks and
berths will be too shallow. Ships will
have to carry less to float higher. ($3$)

 Ephemeral wetlands (e.g. the
Kakagon Sloughs south of the
Apostle Islands), hugely important
biological areas, may dry up, affecting |
wild rice beds, fisheries, and possibly _ Syt R
tribal communities. B '
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Adaptation Will be Essential

One Example: Low Water Levels in Lake Superior _

Bad River wild rice harvest cancelled
By li:ﬁih:ad_EZI:_=4||'_-.-'. A

The fears of many Ba

AOdD-acre I«

=0
talk abo
need to pro tl-|

. Ephemeral wetlands (e g the
Kakagon Sloughs south of the
Apostle Islands), hugely important
biological areas, may dry up, affecting o
wild rice beds, fisheries, and possibly ST,
tribal communities.
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Lake Level Decline Has Affected Infrastructure

Adaptation at Little Sand Bay, Apostle Islands National Lakeshore

ﬂhr-f Tt 7y Al " -.-l"_- VR et i m——— 1
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Lake Level Decline Has Affected Infrastructure

Adaptation at Little Sand Bay, Apostle Islands National Lakeshore
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Bird Die-offs & Beach Closures

* Avian botulism outbreak starting 2006-7 at Sleeping Bear Dunes National
Lakeshore (and elsewhere in northern Lake Michigan)

* Not caused by climate change... but conditions leading to outbreak are
likely to be more common as climate warms (Lafrancois et al. 2010)

e 6000 dead/dying birds documented at Sleeping Bear Dunes 2006-12
« 584 dead loons in 2012

SLBE 2012 Sick and Dead by Species

Slides from

o 2012: First ever beach closure due to high bacteria counts in Marquette, Ml

(Lake Superior Climate Adaptation, Mitigation, and Implementation Plan, 2013)
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http://www.miseagrant.umich.edu/downloads/habitat/botulism-workshop/MichCoordMtg-2007-Bird-Die-off.pdf
http://www.miseagrant.umich.edu/downloads/habitat/botulism-workshop/MichCoordMtg-2007-Bird-Die-off.pdf
http://www.miseagrant.umich.edu/downloads/habitat/botulism-workshop/MichCoordMtg-2007-Bird-Die-off.pdf
http://www.miseagrant.umich.edu/downloads/habitat/botulism-workshop/MichCoordMtg-2007-Bird-Die-off.pdf
http://www.miseagrant.umich.edu/downloads/habitat/botulism-workshop/MichCoordMtg-2007-Bird-Die-off.pdf
http://www.miseagrant.umich.edu/downloads/habitat/botulism-workshop/MichCoordMtg-2007-Bird-Die-off.pdf
http://www.miseagrant.umich.edu/downloads/habitat/botulism-workshop/MichCoordMtg-2007-Bird-Die-off.pdf
http://www.miseagrant.umich.edu/downloads/habitat/botulism-workshop/MichCoordMtg-2007-Bird-Die-off.pdf
http://www.miseagrant.umich.edu/downloads/habitat/botulism-workshop/MichCoordMtg-2007-Bird-Die-off.pdf
http://www.miseagrant.umich.edu/downloads/habitat/botulism-workshop/MichCoordMtg-2007-Bird-Die-off.pdf
http://www.miseagrant.umich.edu/downloads/habitat/botulism-workshop/MichCoordMtg-2007-Bird-Die-off.pdf

Warming May Doom Moose in the Northwoods

« Moose at Isle Royale and Voyageurs are at the southern |
limit of their range, and moose are intolerant of heat L Lenarz

* RIising temperatures correlate with declining populations

e "There's more and more evidence suggesting it's related to climate." —
Mark Lenarz, Minnesota DNR

 "The changes [at Isle Royale] are dramatic. Humans have made
temperatures increasingly hot, which exacerbates the number
of ticks." — John Vucetich, MTU N

Features

End of the Reign?

Minnesota's moose herd is declining. Is this
the beginning of the end ror this classic north

woods h?Wh n be done to keep
oselnM esota :
-Mnnqp in Mlnnesota -
Isle Royale moose photos by George Desort from , used with permission
NATIONAL PARK SERVICE e APOSTLE ISLANDS NATIONAL LAKESHORE @;"


http://www.startribune.com/local/83827702.html
http://www.isleroyalewolf.org/wolfhome/press_ticks.html
http://www.dnr.state.mn.us/volunteer/julaug08/moose.html
http://www.nrri.umn.edu/moose/information/temperatures.html
http://www.isleroyalewolf.org/photo_essay/photo_essay/wintermoose.html

So What Do We Do Now?
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Mitigation
Linking Climate Change to Sustainability — Ramping Up — Leading by Example

M | Park Sery
Apostle Islands National Lakeshore e i !‘a
b o

Superintendent's Order # 31

Safety, Environmental

Management, and Sustainability

Effective Date of this Order:

Apostle Islands National Lakeshore
2006 Greenhouse Gas (GHGE) Emission Inventory Results

}___1_;3_;:;ﬂﬂ :J_Je-l

b
b
= L CLMATE Friendty PARKS
X

)
Apostle slands National
Lakeshore Action Plan
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Increase Commitment to Sustainabllity

and then Lead By Example

“Without vigorous and persistent
leadership ...the goal of sustainability can
not be achieved... A way to make
environmental problems appear to be
less daunting is to relate them to our
communities and convey their relevance
to our daily lives — as they ungquestionably
are relevant.”

| P £ Geo neson - Gaylord Nelson

[F—— E !
i Beyond Earth Day
y40]0)%

‘v

i
Wit :-lr'h Ir|'P.ﬂ"| F. Kiffebdy Ji
F
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Communication

Educate Ourselves, then Deliver a Clear, Credible, Consistent Message

NATIONAL PARK SERVICE e APOSTLE ISLANDS NATIONAL LAKESHORE



Communication

Key Interpretive Messages

Climate change is happening and Climate change is happening here
human activities are contributing to and
accelerating it.

Changing climate has consequences Climate change is affecting the Apostle
for parks, people, and the planet. Islands and Lake Superior ecosystems
and the people who live here.

The NPS is responding with practices Apostle Islands is a climate-friendly
that address climate change. park and is trying to “walk the talk.”

The choices we make now may helpto We can make a difference.
avoid catastrophic impacts in the future.
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http://oceanservice.noaa.gov/education/pd/climate/teachingclimate/nps_communicationbrief.pdf

Adapting Faclilities and Infrastructure
Planning with Climate Change in Mind

National Park Service
U.S. Department of the Interior
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Adapting Facilities and Infrastructure
Implementmg Change That We Planned For
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Adaptation Requires Changing the Paradigm

« Climate change is not simply about the
changes to natural environments and regional
ecosystems...or some other place

 We need to consider changes to, and rethink:
> Experiences & expectations
° Facilities & infrastructure
> Human health and safety
> Livelihoods
> The role of government agencies
> This place

« Climate change is not just a natural resource

ISsue
° It's a quality of life & economic issue
> Especially for our area(s), where the sense of identity
IS so tied to the land and waters
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Working to Make Sure Apostle Islands Deserves to be
Called “The Most Sustainable National Park” in the US

’ I ..l_ - QUESTIONS? FOR MORE INFORMATION

‘ ' F‘ BOB KRUMENAKER e SUPERINTENDENT
Ui ) ' 415 WASHINGTON AVENUE e BAYFIELD WI 54814
(715) 779-3397 x101

bob_krumenaker@nps.gov
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