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Why Here?

National
Geographic
Traveler
named
Apostle
Islands
National
Lakeshore
= | the nation's
most
sustainable
national
park in
2005.

It's a lot to
live up to.

Photo by William Cronon
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Weather vs. Climate in the National Parks

Traditional Ecological
Knowledge (TEK) is
found in many places

 Weather is indicated by
what grey shirt | wear
today

o Climate is indicated by
the ratio of short to long
sleeve shirts in my closet

Both were rather different at
Everglades from the
Apostle Islands...
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Today’s Plan

Climate Change and Great Lakes National Parks

« Climate change and
national parks

e Climate change is
already happening
here

 Climate change
projections for the
Great Lakes

« Exploring the impact
on the park
experience — and
what we can do
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The National Park System

 There are 417 units of the National Park System, in all 50 states
e Conservation, recreation, communities, and economies
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The National Park Service Mandate

 The National Park Service was established by an
Act of Congress in 1916 (16 US Code 1)

o “...toconserve the scenery and the natural and
historic objects and the wild life therein and to
provide for the enjoyment of the same in such
manner and by such means as will leave them
unimpaired for the enjoyment of future
generations.”

b g LT

« What are the roles of the national parks and other
protected areas In the face of climate change? i) V=
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The National Parks are Changing - Fast

« Glacier National Park is likely to have
no glaciers by ~2030 or sooner...

From

o “Our initial projection has proved too
conservative. They're going faster than we
thought." — USGS ecologist Dan Fagre 10/1/07

From

e 2015: Historically low snowpack. Broke 7 high
temp records by mid July — DF, pers. Comm. 7/13/15

And more recently:

e Shrinking glaciers cause:

> Less water in streams > Major vegetation shifts
> Warming water > Loss of alpine habitat
> Changes in aquatic biota and fish ° Increase in fires

> Declines in species that depend on fish

e Mountains are heating faster than lowlands, globally
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http://www.bioone.org/perlserv/?request=get-abstract&doi=10.1641/0006-568(2003)053%5B0131:MCIGCI%5D2.0.CO;2&ct=1
http://www.bioone.org/perlserv/?request=get-abstract&doi=10.1641/0006-568(2003)053%5B0131:MCIGCI%5D2.0.CO;2&ct=1
http://www.bioone.org/perlserv/?request=get-abstract&doi=10.1641/0006-568(2003)053%5B0131:MCIGCI%5D2.0.CO;2&ct=1
http://www.missoulian.com/articles/2007/10/01/outdoors/out61.txt
http://ecowatch.com/2015/11/05/glacier-national-park-melting/

The National Parks are Changing - Fast

e Joshua Tree National Park is likely
to lose its Joshua Trees under the
predicted 215t century doubling of
CO, scenario

From
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http://photo.itc.nps.gov/storage/images/jotr/jotr-Thumb.00001.html

The National Parks are Changing - Fast

 Much of Everglades Nat’l Park will be flooded under predicted
215t century sea level rise scenarios (which do not include
possible rapid melting of Greenland or Antarctic ice sheets).

Everglades National Park | Emissions Temperature  Sea Level

7 Inch Sea Level Rise

Scenario Increase (°C) Rise (m)
Constant

Minimum 18 0.18 -0.38
Likely ' (7-15in)
Maximum 40 0.26 — 0.59

Likely ' (10-23in)

IPCC 2007 (IPCC, 2007)
(NPS/Everglades National Park) PrOJeCUOnS
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http://www.ipcc.ch/SPM2feb07.pdf

The National Parks are Changing - Fast

 Much of Everglades Nat’l Park will be flooded under predicted
215t century sea level rise scenarios (which do not include
possible rapid melting of Greenland or Antarctic ice sheets).

Everglades National Park | Emissions Temperature  Sea Level

23 Foch Sea Level Rise

Scenario Increase (°C) Rise (m)
Constant

Minimum 18 0.18 -0.38
Likely ' (7-15in)
Maximum 0.26 — 0.59
{ 4.0 :
Likely (10-23in)

IPCC 2007 (IPCC, 2007)
(NPS/Everglades National Park) PrOJeCUOnS
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http://www.ipcc.ch/SPM2feb07.pdf

The National Parks are Changing - Fast

 Much of Everglades Nat’l Park will be flooded under predicted
215t century sea level rise scenarios (which do not include
possible rapid melting of Greenland or Antarctic ice sheets).

Everglades National Park
23 Inch Sea Level Rise

3 to 61~ feet

http://www.sciencemaq.org/cgi/content/abstract/321/5894/1340
UN Climate Change Science Compendium 2009

(NPS/Everglades National Park)
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http://www.ipcc.ch/SPM2feb07.pdf
http://www.sciencemag.org/cgi/content/abstract/321/5894/1340
http://www.unep.org/compendium2009/

The National Parks are Changing — Faste tan we tougnt

o Everglades under the 2007 IPCC report ... up to 23" rise
 Everglades under the 2014 IPCC report ... up to 39" rise

o Emissions  Sea Level
Scenario Rise (m)

Minimum 0.28 - 0.61
Likely (11-24 in)

Maximum 0.52 -0.98
Likely (20-39 in)

http://www.realclimate.org/index.php/archives/2013/09/the-new-ipcc-climate-report/

http://www.evergladesrestoration.gov/content/bbrrct/minutes/2015 _meetings/011415/misconceptions_on_sea_level_rise_in_sf.pdf
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http://www.realclimate.org/index.php/archives/2013/10/sea-level-in-the-5th-ipcc-report/

Wildfires are Increasing
Affecting National Parks and Other Public Lands

CoA'N A D A

 Warming and
earlier springs
are increasing PREGON . Skl o
fire activity

(Westerling et al. 2006)

WYOMINGS

UNITED STATES
., NEVADA

2 )

Uraud
CALIFORNIA |3

Graphic from

e “Snow is melting much earlier in the year at very regular
Intervals now, and we’re getting much longer fire seasons.

It dries out much more than before.” — Anthony Westerling, Scripps
Institute of Oceanography, quoted by ABC News 6/21/06
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http://www.economist.com/daily/chartgallery/displaystory.cfm?story_id=9688989

€he New JJork Eimes

The Preservation Predicament

Tuesday, January 29, 2008

The Preservation
Predicament

“We have over a 100-year investment
nationally in a large suite of protected
areas that may no longer protect the
target ecosystems for which they were
formed,” said Healy Hamilton, director
of the California Academy of
Sciences. “New species will move in,
and the target species will move out.”

}mte tr=:11.1nd rap:- mh pltablet pn zed
species.
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Case In Point

Lake Superior and Apostle Islands National Lakeshore
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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

phen()l()gy 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.

Wausau %

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

Sheet1

				Average		Average

		Event		1936-1947		1976-1998

		Robin arrival		March 20		March 12

		Hepatica first bloom		April 15		April 8

		House wren arrival		May 4		April 23

		Columbine first bloom		May 19		May 10

		Baptisia first bloom		June 14		May 29






The Heat is Already On

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

The Heat Is On
U.S. Temperature Trends [Average Daily Temperatures]

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 @ :_

I
[June 2012] T Change (°F per decade )

[=]
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http://www.climatecentral.org/news/the-heat-is-on

It Is Now the Warmest Here in Over a Century

@.PLOS | OMNE Subject Areas For Authors About Us
Temperature

3,979

mate Exposure of US National Parks in a New Era of Change
am B. Monahan [@, Micholas A Fisichel

 “The recent average temperature of
summer months at Apostle Islands
... IS at the highest point measured
over the last 112 years (1901-2012);
any continued increase Iin
temperature will push the park’s
summer temperatures higher than it
has experienced since 1901.”
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http://www.plosone.org/article/info:doi/10.1371/journal.pone.0101302

Great Lakes Water Temperature Increases
Lake Superior is Warming Rapidly

- o Lake Superior water
Areme: 0o o : | temperature is rising at twice

| ’ the rate of air temperature
since 1980.

* This correlates with
decreasing ice cover over the
same period. From

(Austin and Colman, 2007)

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

From

&
=
=
=3
&
=
=

NATIONAL PARK SERVICE e APOSTLE ISLANDS NATIONAL LAKESHORE


http://www.d.umn.edu/%7Ejaustin/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

Lakewide Average, Lake Superior

17 ” : i as e :
turned over’” much Aerage (19752009 emp. o 0912 13.0C | [_IObserved range
. 19792009 max Ial‘np.lﬁl.? I::_?n 14-Aug-1394 | — 19?9_29“9 Average
2010 may lamp: 20.4°C on D&M 2 |
earlier and warmed | i

up much faster than
usual, breaking the
surface water
temperature record
(68°F) set in 1998.
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Chart from Jay Austin,
University of Minnesota-Duluth

University of Minnesola Dulih, Lerge Lakes Observatory
Data from NOAA NDBEC

May  Jun -Ji.ll Al;lg 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 2010

. Lake Superior
“turned over” much
earlier and warmed
up much faster than
usual, breaking the
surface water
temperature record
(68°F) set in 1998.

ool (Lttpi//coastwatoh glerl.noaa.gov)
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From = ' sun Dec 26 06:40:10 2010

Chart from Jay Austin, Jan Feb Mar Apr Mer Jun Jul  Aug  Sep Ot Nov  Dec
University of Minnesota-Duluth

End of Year Graph from
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http://www.seagrant.umn.edu/news/2010/07/09
http://coastwatch.glerl.noaa.gov/statistic/gif/avgtemps-s_1992-2009.gif
http://coastwatch.glerl.noaa.gov/statistic/gif/avgtemps-s_1992-2009.gif
http://coastwatch.glerl.noaa.gov/statistic/gif/avgtemps-s_1992-2009.gif
http://coastwatch.glerl.noaa.gov/statistic/gif/avgtemps-s_1992-2009.gif
http://coastwatch.glerl.noaa.gov/statistic/gif/avgtemps-s_1992-2009.gif
http://coastwatch.glerl.noaa.gov/statistic/gif/avgtemps-s_1992-2009.gif

Great Lakes Water Temperature - Lake Superior

Early Turnover & Record Warm Surface Water in 2012

- Temps in early summer
2012 were 15-20°F above ap|— {bitp://coastwatch glerl.noaa.gov)
normal — because they - dverage 1992 2011 [
were a month early!

Swimming anyone? Lake Superior

water temps warmest in a century

Posted at 9111 AM on Julv 25, 2o12 by Paul Huttner (3 Comments)

Filed under: Climate change, Lake Superior

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

May Jun Jul Ang Sap Oet MNovw
Day of the Yeer

Smrface Water Temperature [degrees F}

Surfoce Woater

Graphic from
Headline from
Quote from National Weather Service on
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http://coastwatch.glerl.noaa.gov/statistic/gif/avgtemps-s_1992-2011.gif
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
2015

« Normal winter air temps {http: //coastwatch.glerl.noaa.gov}
after a cold start

. Lots of ice (again)

. Spring water temp started
well below normal

. It caught up... and the
warm fall has put us above
average going into winter
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— Average 1992 — 2014

- 2015
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Graphic from
Headline from
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http://coastwatch.glerl.noaa.gov/statistic/gif/avgtemps-s_1992-2014.gif
http://minnesota.publicradio.org/collections/special/columns/updraft/archive/2012/07/balmy_70s_2012_lake_superior_w.shtml

Comparing Water Temperature & Ice Cover

How Does Autumn Water Temperature Influence Winter Ice Cover?

The Importance of Spring and Autumn Atmospheric Conditions for the Evaporation Regime of Lake
Superior

C. Spence

Environment Can

Department of

Abstract

» be important for Lake Superior evaporation
direct measurements of evaporation
trols on La.l e Hupenor

ween ice extent and evaporation have long bee:
ri.tlg autumn and winter when latent heat fl i
hthouse have provided new information on the p!

pnr:mon can react within hours to day

se. The.rc 1sa «..'\rnplezx interaction
heric conditions in the spring and

ice cover, by itself, does 3
1 and warm spring air temperatures, .adi.n_g to an earl}-‘ brr:al\-:up= car
ason and cause greater cumulative water loss the subsequent vear The influence of

: North America, Energy budget'balance, Evaporation, Hydrometeorology, owth, Radistive fluxes

Recerved: November 26, 2012; Final Form: June §, 2013
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“Small changes in conditions in
November and March caused
by synoptic-scale events can
have profound impacts on
annual evaporation, the extent
of ice cover, and the length of
the ice-covered period. Early
winter air temperatures in
November and December
dictate the nature of ice
formation and much of the
winter evaporative flux.”

From C. Spence, P. D. Blanken, J. D. Lenters, and N.
Hedstrom, 2013: The Importance of Spring and Autumn
Atmospheric Conditions for the Evaporation Regime of
Lake Superior. J. Hydrometeor, 14, 1647-1658.



http://dx.doi.org/10.1175/JHM-D-12-0170.1
http://journals.ametsoc.org/doi/abs/10.1175/JHM-D-12-0170.1
http://journals.ametsoc.org/doi/abs/10.1175/JHM-D-12-0170.1
http://journals.ametsoc.org/doi/abs/10.1175/JHM-D-12-0170.1
http://journals.ametsoc.org/doi/abs/10.1175/JHM-D-12-0170.1
http://journals.ametsoc.org/doi/abs/10.1175/JHM-D-12-0170.1
http://journals.ametsoc.org/doi/abs/10.1175/JHM-D-12-0170.1
http://journals.ametsoc.org/doi/abs/10.1175/JHM-D-12-0170.1

Comparing Water Temperature & Ice Cover

How Does Autumn Water Temperature Influence Winter Ice Cover?
Water Temp 2012 Water Temp 2013 Water Temp 2014

ace Emlrunm? l, 1 ~\.n ly s (GLSEA)

ap| (bitp://coastwatch. glerl.noaa.gov) mpared to Cu

{http://constwatch.glerl.noaa.gov,
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Comparing Water Temperature & Ice Cover

How Does Autumn Water Temperature Influence Winter Ice Cover?
Water Temp 2015 Water Temp 2016

s Surf: nvironmental Anal 1 s (GLSEA) ake Superio rage Great L k 5 rface Environmental Ana ly s {GLSEA)
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Ice Caves Closed 2016 Ice Caves Closed 2017
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As Lake Superior Warms...

Ice Cover and Lake Levels It's Complicated!

« Winter evaporation, related to the amount and duration of ice
cover, affects lake levels more than precipitation. wogeneta. 2002

-~ -
& T y "
W - gl N

Less ice In winter =2
More evaporation -
Lake level declines

From

« \Warm water in summer -

 More evaporation in fall >

« More heat loss 2

 More ice

o But still, lake level declines

From Lenters et al 2013. Summarized in
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http://www.seagrant.umn.edu/news/2010/07/09
http://phys.org/news/2014-01-great-lakes-evaporation-dispels-misconceptions.html

Ice Decline on the Great Lakes gy commm

Madeline Island Ice Road, Lake Superior

APOSTLE
[SLANDS

OF J..‘LH E SUPERIOR
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Ice Decline on the Great Lakes
Madeline Island Ice Road, Lake Superior

—Days

[  =—320Yr Moving Avg

‘ Linear Trendline

Ice duration HERE

has declined:

» 3.4 days/decade since 1857
e 14.7 days/decade since 1975

From

Da.yS WI'[hOU'[ BOa'[ NaV|gat|0n Changes in ice cover at Bayfield, Wisconsin.

1857-2016 Journal of Great Lakes Research
35(1):159-162

Chart updated since 2009 by NPS staff

Ice cover has declined on Lake Superior 79% since 1973 wangeta. 202
Especially since the El Nifio of 1997-98! '
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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(
http://www.limno.com/pdfs/2014_Lenters_EdV_Climate.pdf

Lake Superior Water Levels

Have They Been Declining for Years?

Data downloaded 7/13/2015
Dashboard portal HTML 5 Great Lakes Water Level Dashboard

IZ Superior El Mic higan-Huron I:l St. Clair I:l Erie I:l Ontario

Legend and menu | Cearal

Observations

Trend lines approximate  [uenm e =

Forecasts {multi-decadal)
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Lofgren et al. (2011):

To meters Teggle fullscreen

—
o

=
o
o
=]

w

are from same paper. Click

Which is the ‘real” p’a(t"t‘é'_rn? e e

| Info on multi-dec adal forecasts

Palecclimate reconstructicns

| Default ¢ olors || Flip series

1918 1922 1926 1930 1934 1938 1942 1946 1950 1954 1958 1962 1966 1970 1974 1978 1982 1986 1990 1994 1998 2002 2006 2010 2014 l:IChSF[bS:kSFOU"ﬂO'OF
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http://www.glerl.noaa.gov/data/now/wlevels/dbd/

Lake Superior Water Levels
Have They Been Declining for Years?

Data downloaded 7/13/2015
Dashboard portal e Great Lakes Water Level Dashboard

To meters Teggle fullscreen Contacts About 7 E Superior |:| Mic higan-Huron I:l St. Clair I:l Erie I:l Ontario

Trend lines approximate

—
o

=
o
o
=]

w

Which is the “real” pattern?f === === =

| Info on multi-dec adal forecasts |

Palecclimate reconstructicns

| Default ¢ olors | Flip series
l:l Chart background color

Do we even know what normal
IS any more?

http://www.sciencemaq.org/cgi/content/abstract/302/5651/1719
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http://www.glerl.noaa.gov/data/now/wlevels/dbd/
http://www.sciencemag.org/cgi/content/abstract/302/5651/1719
http://www.sciencemag.org/cgi/content/abstract/302/5651/1719

Today’s Plan

Climate Change and Great Lakes National Parks

« Climate change and
national parks

e Climate change is
already happening
here

 Climate change
projections for the
Great Lakes

« Exploring the impact
on the park
experience — and
what we can do
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National Climate Assessment (2014)

i :.?ﬁ’ 5 E 3
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National Climate Assessment (2014)

Key Message: Increased Risks totheGreat-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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Temperature Change by Mid-Century (2041-70)

Great Lakes States -- Compared to 1971-2000

Mean Annual Temperature

From
Temperature Difference (°F) @

41 44 4T 50 = National Climate Assessment
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Difference in Number of Days
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Climate Change Projections for the Great Lakes

 Warmer, drier summers
 Warmer winters

e Shorter cold season

e More winter precipitation as rain
 Warmer water

e Lessice

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

« Lower lake levels

 Irregular, higher intensity storms
e More flooding, esp. in spring

Outer Island, Apostle Islands National Lakeshore
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Climate Change Projections for the Great Lakes

 Warmer, drier summers (IPCC, 2001)

 Warmer winters (IPCC, 2001)

e 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)
 Lower lake levels (Nat’l Assessment Synthesis Team, 2000)
* Irregular, higher intensity storms (International Joint Commission, 2003)

« 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

« 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. wackay an

Seglenicks, 2012; Lofgren et al., 2011)

o 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 Great Lakes National Parks

« Climate change and
national parks

e Climate change is
already happening
here

 Climate change
projections for the
Great Lakes

« EXxploring the impact
on the park
experience — and
what we can do
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More boats & boaters ill prepared for
the cold, treacherous waters of Lake t" ST
Superior. =%

“Shoulder” seasons will begin earlier,
end later, and see more activity.

Warm waters will change the cold
water fishery.

Increased turbidity and algae.

Shipwrecks and other submerged
cultural resources will deteriorate
faster.
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http://photos.jetski.com/showphoto.php?photo=25&size=big

More Intensive Storms
More Dangerous Boating

Coupled with warmer
temperatures, there will likely
be more boaters unprepared
for storms on the lake,
leading to more groundings,
capsizings, and more need
for rescues.
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Winter Recreation Opportunities Are Changing

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

(Notwithstanding 2014-15!)
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Visiting the ice caves may be an endangered experience...



Bird Die-offs & Beach Closures

« 2006-7 Botulism outbreak at Sleeping Bear Dunes National
Lakeshore on 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)

and Shorebirds
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Bird Die-offs & Beach Closures

e 2006-7 Botulism outbreak at Sleeping Bear Dunes National
Lakeshore on 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)

Fish-eating Birds, Diving Ducks, and Shorebirds

-

r-fr.

wonn
..........

| FIRST EVER Blue-green algal
g% bloom on Lake Superior in 2012I

SLEEPING BEAR DUNES

Slides from http://www.miseagrant.umich.edu/downloads/habitat/botulism-workshop/MichCoordMtg-2007-Bird-Die-off.pdf

NATIONAL PARK SERVICE e APOSTLE ISLANDS NATIONAL LAKESHORE :‘g’j’



So What Do We Do Now?
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Mitigation

U5, Departmen of the interior

Apostle Islands National Lakeshore Matcral Park Sarvice !‘a
gt

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 Sustainability

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 unguestionably
are relevant.”

| P cfiGeo neison - Gaylord Nelson

[F—— E !
i Beyond Earth Day
2002

‘v

i
Wit :-lr'h Ir|'P.ﬂ"| F. Kiffebdy Ji
F
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Communication
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Adapting Facilities and Infrastructure
Planning with Climate Change in Mind

National Park Service
U.S. Department of the Interior

Apostle Islands National Lakeshore = Wisconsin

CLIMATE CHANGE
in the 2011
APOSTLE ISLANDS NATIONAL LAKESHORE
GENERAL MANAGEMENT PLAN / WILDERNESS MANAGEMENT PLAN'

CHAPTER 1: BACKGROUND

SCOPE OF THE GENERAL MANAGEMENT PLAN! WILDERNESS MANAGEMENT PLAN
Planning lssues and Concemns Addressed

Climate Change’

Climate change refers to any significant changes in average climatic conditions {such as mean temperature,
precipitation, or wind) or vanability (such as seasonality and storm frequency) lasting for an extended period
(decades ar longer). Recent reparts by the U.S. Climate Change Science Program, the Mational Academy of
Seciences, and the United Nations Intergovernmental Panel on Climate Change provide clear evidence that
chmtechmgehmm:amiwlﬂau:demremﬂnumngm While chimate change is a global
phenomenon, it manifests differently depending on regional and local factors.

Climate change is expected to result in many changes fo the Lake Superior region and Apostle Islands National
Lakeshare in particular. Some of these changes are already ocomring. There are documented increases in air
and lake temperature and reductions in ice cover locally, and evidence that spring events are happening earlier
regionally. Changes that are expected to ocowr in the futwre in the area include hotter, drier summers; warmer
winters; less winfer ice; warmer water; lower lake levels; rapidly increasing range of nommative species like
Evpsy moths; increases in the fraquency, size, and infen=ity of forest fires; reductions or disappearance of
species at the edges of therr ranges (which includes almost all of the umque species on the Great Lakes
islands), among other changes (Schramm and Loehman 2010).

APOSTLE ISLANDS
NATIONAL LAKESHORE

Genaral Management Flan
‘Wilderness Management Plan
Summiary Document

Climate change will also affect the visitors” park exparience in a vanety of ways, including * chanpes in
wildlife-dependent activities, such as
burd-watching
lomger swmmer season
shorter winfer recreation season
infrastruchure problems 2.z, fixed docks may be too high and water may be too shallow to access
some docks)
new navigational hazards (e g, sand bars)
increasing frequency and intensity of severe storms, which may lead to more rescues
longer mosquito and black fly seasons
changes to recreational fishing opportumities due to fish habitat changes as water warms, the season
length changes, and the depth of warm surface waters expands

Clirmate change may have potential impacts on cultal resources. For example, lower water levels in Lake
Supeniar could result in the exposure of submerged archeological resources near the shorelines of the islands.
chiding bistorie shipwrecks and currently umdent fied prebistone sites, could

Managanenl Plan summar',l Document (hittp:, 5
Additional baclgmlnd dimate change information lsfound in Chapter 4 (affected Enuronmenlluflhe full
.gov/apis/upload /APIS-FINAL-GMP-WMP-EIS-April-2011-Chapters-1-6.|
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Adapting Facilities and Infrastructure
Planning with Climate Change in Mind

National Park Service
U.S. Department of the Interior

Apostle Islands National Lakeshore = Wisconsin CLIMATE CHANGE
in the 2011
APOSTLE ISLANDS NATIONAL LAKESHORE
GENERAL MANAGEMENT PLAN / WILDERNESS MANAGEMENT PLAN'

tNESS MANAGEMENT PLAN

pditions (such as mean temperafure,
+ Program, the National Acadenry of
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While clhimate change is a global
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APOSTLE ISLANDS
NATIONAL LAKESHORE
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Design /
Practices

Genaral Management Flan
‘Wilderness Management Plan
Summiary Document
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Climate Change
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Lake Level Decline Has Affected Infrastructure
Adaptation at Little Sand Bay, Apostle Islands National Lakeshore
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Summer 2007
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Lake Level Decline Has Affected Infrastructure

Adaptation at Little Sand Bay, Apostle Islands National Lakeshore
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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

“w= _ + Climate change is not just a natural resource
. Issue
> Communities, both human and natural
° |t’'s a quality of life & economic issue
> Especially for this area, whose sense of identity Is so
tied to the land and waters

> Parks, protected places, and the communities they
are part of will be different places in the future
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Climate Change and the National Parks

“For the past 25 years, | have been doing field work at high elevations in the ...
premier national parks, including Glacier, Yellowstone, Mt. Rainier, Yosemite, and
Sequoia. In all of these parks, we are seeing the fingerprint of global climate
change. Glaciers are disappearing and plants, animals and insect pests are
moving upslope at unprecedented rates.

“Our national parks can no longer be protected from human influence by building
a fence or hiring park rangers. Recall that national parks are an American
invention. In fact, the writer Wallace Stegner often remarked that the idea of
national parks was the best idea that we ever had. It's my fervent hope that we
find the will to address global climate change in order to ensure that the parks
and wild places ... continue to delight and inspire future generations. “

bone fosteres g sk shymaithng s dbesl preis  anchime el

& i Lisa Graumlich
1 Eﬁ”h-_'bk}' Former Director, School of Natural Resources

University of Arizona
From
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Opportunity in a Crisis

NPS Climate Change Case Study — Apostle Islands

A ,Jf)JHﬂ Islands
Nationai A:J.«;—r*nurvi

opporiuny In aGisis
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Working to Make Sure Apostle Islands Deserves to be
Called “The Most Sustainable National Park” in the US

QUESTIONS? FOR MORE INFORMATION
BOB KRUMENAKER o« SUPERINTENDENT
415 WASHINGTON AVENUE ¢ BAYFIELD WI 54814
(715) 779-3397 x101

bob_krumenaker@nps.gov
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Working to Make Sure Apostle Islands Deserves to be
Called “The Most Sustainable National Park” in the US

1 l

4 3 QUESTIONS? FOR MORE INFORMATION

) *'/ BOB KRUMENAKER o« SUPERINTENDENT

A ¥ 415 WASHINGTON AVENUE  BAYFIELD WI 54814
(715) 779-3397 x101

bob_krumenaker@nps.gov
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