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The Water Lens




If we are concerned about life
and systems of life, this is key:

“The water cycle and the life
cycle are one.” - Jacques
Cousteau




“No water, no life.
No blue, no green.”
— Sylvia Earle



Water Connects Us

To landscapes and each other
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Water Integrates

+ Everything we do,
make, and dispose
of is reflected in
our watersheds
and receiving
waters.

« “Catchments.”
They catch things.
Good recorders of
change.




The Lake Superior Catchment 047
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A vast network of tributaries.
A circulatory system.
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New Climate Expectations

National Climate Assessment

The National Climate Assessment summarizes the impacts of climate
change on the United States, now and in the future.

A team of more than 300 experts guided by a 60-member Federal
Advisory Committee produced the report, which was extensively
reviewed by the public and experts, including federal agencies and a
panel of the National Academy of Sciences.




New Climate Expectations

Key Message: Increased Risks tcthe-GCreatFakes

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.




Climate Change Projections
for the Great Lakes

Warmer, drier summers

Warmer winters

Shorter cold season

More winter precipitation as rain
Later freeze-up, earlier ice-out
More evaporation from lakes
Warmer water

Less ice

Lower lake levels

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

Outer Island, Apostle Islands National Lakeshore




* Climate projections and
observed impacts

+ Unexpected climate
cascades



Warmer Water




Lake Superior States Are Warming Fast

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.

CLIMATE

CD

CENTRAL © o o o

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



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

The Apostle Islands Are Warming

@'PLOS | one Subject Areas | For Authors | About Us

Temperature
& OPEN ACCESS B PEER-REVIEWED 3,979 100

RESEARCH ARTICLE VIEWS

Climate Exposure of US National Parks in a New Era of Change

William B. Monahan [@, Micholas A Fisichelli

~J
(4]

Collections

# “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 in e .
temperature will push the park’s S
summer temperatures higher T &
than it has experienced since o & &
1901.” & MR

Percentile
(9]
o
|
L — —

http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0101302


http://www.plosone.org/article/info:doi/10.1371/journal.pone.0101302

Lake Superior Temps Are Rising Fast(er!)

o] |~ Woter o 017 i ' _ « Lake Superior wa

temperature is rising at twice
the rate of air temperature
since 1980.

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

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

From http://www.d.umn.edu/~jaustin/ICE.html

(Austin and Colman, 2007

From http://www.planetark.org/dailynewsstory.cfm?newsid=48179,
http://minnesota.publicradio.org/collections/special/columns/statewid
e/archive/2011/06/lake-superior-warming-is-global-trend.shtml



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

Surface Waters Are Reaching Record Temps

Swimming anyone? Lake Superior
water temps warmest in a century

Posted at 9:11 AM on July 25, 2012 by Paul Huttner (3 Comments)
Filed under: Climate change, Lake Superior

* Temps in early summer
2012 were 15-20°F above
normal — because they
were a month early!

* Warm lake in summer
increases chances of lake
effect snow the next
winter ... >50” after April
1, 2013!

Surface Woter Temperature (de

20— {hitp://coastwatch.glerl.noaa.gov)
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http://coastwatch.glerl.noaa.gov/statistic/gif/avgtemps-s_1992-2011.gif
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http://www.climatecentral.org/news/great-lakes-water-temperatures-at-record-levels

Water Temp Side Effect -
Brook Trout Habitat Loss

Current climate

Moderate case Worst case
+4.3°F = 94% loss +1.2°F = total loss

Predicred distribution of brock trour in Wisconsin streams under current climate conditions and
predicted losses under three climate-warming scenaries for Wisconsin by mid-cemtury.

I

Several Lake
Superior tributaries
prioritized for
restoration and
adaptation

WICCI 2011



Water Temp Side Effect -

A Windier Lake

Stronger winds over a large lake in response to

weakening air-to-lake temperature gradient \
. - _

Ankur R. Desai'*, lay A. Austin?, Val Bennington® ani

The impacts of climate change on the word's large |shes am a a 5 D
cause for concemn™ . For example, ovir the past decadis, mean g
surface water bemperatures in Lake Superior, Morth America,

have warmed faster than air bem perstwre dring the thermally

stratified summer season, becsuse decreasing ice cover has

led to incressed heat input®®. However, the effects of this B
change on large lakes have not been studied extensively®. 5.5—
Here we anayse observations from buoys and satellites = -
well as model reanalyses for Lake Superior, and find that
increasing temperstures in both air and surface water, and a
reduction in the tempersture gradient between air and water
are distabilizing the atmospherd ¢ surface layer sbove the lake. 5 D
As a result, surface wind speeds sbove the lake are increasing L
by neady 5% per decade, exceading trends in wind speed over
land. A numerical model of the lake circulation suggests that
the increasing wind speeds lead to increases in current s peeds,
and long-term warming causes the surface mixed layer to
shoal and the sesson of stratification to lengthen. We conclude
that climate change will profoundly affect the biogeochemical
cycles of large lakes, the mesoscale stmosphere circulation at
lake-land boundares and the transport of & rbome pollutants
in regions that are rich in | akes.

Since 1970, global average temperatures hawe increased at 4[}
0.2 =C decade—!, largely, it 15 hypothesized, owing to anthropogenic :
emissions of gresnhouse gases'. Temperate mid-continent reglons
such as the Midwest United 5tates of America, not insulated by
the buffering effacts of ocean heat capacity or tropical modsture,
have warmed even faster, and impacts on ecosystems and large
lakes are starting to be falt’. Lakes, and espectally large lakes, 35
arg known to be an important component of regional and
passibly global bogeochemical cycles™. Yet, little 15 known abowt
the tmpact of climatic warming on large lake physical and
biological environments.

The Laurentlan Great Lakes contain over 20% of the world's
non-frozen frash water, and Lake Superior, 1s the kargest freshwater
lake in the world by ares®. The impact of warming temperatures
an the dynamics of Lake Supersor is poorly understood. Omne

4.5

Surface (ms™)

1985 1990 1995 2000 2005

Faggwaamd
T

Figure 2 | Increasing regional wind speeds. a, Buoy (solid line) and fEﬂ r
satellite scatterometry (grey line) agree on the magnitude and trend of

wind speed (0.22£0.09 ms~' decade™") since 1985. This increase is 64%

faster than reanalysis wind speed trends (0.14 +£0.05m s~ decade™) over

land within a 3.75° latitude by 9° longitude area surrounding Lake Superior,

suggesting that lake destabilization is causing the change in lake wind

speeds. b, The wind speed trend (0.15£0.17 m s~ decade~") in the free

troposphere at 850 hPa is similar to the land trend, strengthening

arguments for surface-based forcing.



Wind and Shoreline Change -
Outer Lagoon Breach

300-400 year old lagoon

Storm-related

September 10, 2014




Less Lake Ice




Lake Temps Affect Lake Ice




Lake Temps Affect Lake Ice

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

C. Spence

Environment Canada, Saskatoon, Saskatchewan, Canada

P. D. Blanken
Department of Geography, University af Colorado Boulder. Boulder, Colorado
J1.D. Lenters
School of Natural Resources, University of Nebraska—Lincoln, Lincoln, Nebraska
N. Hedstrom

Environment Canada, Saskatoon, Saskatchewan, Canada

Abstract

Feedbacks between ice extent and evaporation have long been suspected to be important for Lake Superior evaporation
because it 15 during autumn and winter when latent heat fluxes are highest. Recent direct measurements of evaporation
made at the Stannard Rock Lighthouse have provided new information on the physical controls on Lake Superior
evaporation, in particular that evaporation can react within hours to days to a change in synoptic conditions. However, the
large heat capacity of the lake creates a strong seasonal cycle of energy storage and release. There i3 a complex interaction
among heat storage, evaporation, and ice cover that 1s highly dependent on atmospheric conditions in the spring and
Enit i o gl small changes m 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 m November and December dictate the nature of ice formation and much of the winter
ac:reased ice cover, by itself, does not necessarily lead to enhanced annual evaporation losses. Rather, a
combmation of low ice cover and warm spring air temperatures, leading to an early breakup, can significantly lengthen
the next evaporation season and cause greater cumulative water loss the subsequent vear. The influence of individual
synoptic events on annual evaporation is notable enough that the research community should ensure that their role 1s
properly captured in numerical models to provide sound predictions of future Laurentian Great Lakes evaporation
fegimes.

Keywords: North America Energy budget'balance, Evaporation, Hydrometeorology, lee loss/growth, Radiative fluxes

Recerved: November 26, 2012; Final Form: June 6, 2013

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.”

24



Lake Temps Affect Lake Ice
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Lake Temps Affect Lake Ice

Madeline Island Ice Road, Lake Superior

APOSTLE
[SLANDS

oF LAKE SUPERIOR




Lake Temps Affect Lake Ice

Madeline Island Ice Road, Lake Superior

160

140

120 A

100

—Days
— 20 Yr Moving Avg
Linear Trendline

20

—

0

1857 1867 1877 1887 1897 1907 1917 1927 1937 1847 1957 1967 1977 1987 1957 2007

Van Cleave et al., 2014

b’

Ice duration HERE has

declined:
3.4 days/decade since 1857
14.7 days/decade since 1975

From Howk, 2009
Changes inice cover at Bayfield,

Wisconsin. Journal of Great Lakes
Research

35(1):159-162

Chart updated since 2009 by NPS staff


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

Lower Lake Levels




Lake Superior Water Level is Declining

As Temperature Has Increased Since ~ 1970s

Duluth Water Level, corrected
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Lake Superior Water Level is Declining

As Temperature Has Increased Since ~ 1970s

Duluth Water Level, corrected
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Winter 2006-7

Summer 2007 Winter 2007-8
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Water Out

S

WATER DIV,

. Over-lake precipitation . Through the S5t. Marys River
(876,564 ft3/sec) (957,732 ft3/sec)

. Rivers and streams

. Evaporation (mainly in winter)
(667,428 ft3/sec)

(650,796 ft3/sec)

Diversions redirecting water
that would normally flow into
Hudson Bay (65,364 ft>/sec)

http://www.seagrant.umn.edu/superior/facts


http://www.seagrant.umn.edu/superior/facts

Precipitation Changes




Precipitation Has Increased

Change in Annual Average Precipitation (inches) from 1950 to 2006
N

Sources Center for Climatic Research & Center
fior Sustainability and the Global Environment,

| Melsen Institute, University of Wisconsin-Madison

2
2
1.
1

0

“Both the frequency
and magnitude of
heavy rainfall events
have been increasing in

WISCONSIN

INITIATIVE on
CLIMATE
CHANGE
IMPACTS

Wi in.”
From 1350 to 2006, Wisconsin as a whole has become wetter, with an increase in ISCOﬂSIn.
inches. This observed increase in annual predpitation has primarily cccumed

Wisconsin, while northemn Wisconsin has experienced some drying. (WI CCI 201 1)



Frequency of Intense Storms Has Increased

.
s X
B S #

Climate Change likely ‘juiced’ Duluth
flood of 2012

Paul Huttner June 20, 2013, 10:00 AM

=

July11 2016

10+ lnches in <24 hours —>




1868

Discharge, cubic feet per second

168

U565 84827686080 BAD RIYEE HMEAR ODAMAH, HI

‘ﬁ‘ﬁﬁaaaaﬁﬁ

~200 cfs (on par with
long-term average for
this date) to 40,000 cfs -
increased 200x

Jul Jul Jul Jul Jul
ar a9 11 13 15
2016 2016 2016 2016 2816

==== Provizional Data S5Subject to

£ Hedian daily statistic (76 ye
— Discharge
— Discharge at Hational Heather

Water rose on the gage
from <5 ft to over 25 ft

overnight!
Jul Jul Jul
17 19 21
2816 2816 2816
Revizion ——-—-
USG5 84027088 BAD RIVER HEAE ODANAH, HI
29
F]
B
w 28
.
Fe]
)
@ 15
[:H]
£
o 18
]
[ -]
L]
Jul Jul Jul Jul Jul Jul Jul Jul
a7 ag 11 13 15 17 19 21
2016 2816 20816 2016 2016 2016 20816 20816

==== Prowizional Data Subject to Revision =—=-=-=-

— Gage height
— HNational Heather Service Floodstage
— Hational Heather Service Bankfull Stage



Climate Cascade #1

Altered |an!scape ——

+

Increased precipitation/flow

Increased nutrient and sediment loading

+

Warmer Waters

l

Increased algal blooms
Decreased water clarity



I




June 21,2012 — 1 day after 2012 flood event




June 30, 2012 — 10 days after 2012 flood event



Algal bloom detected

BAYFIELD, WI - July 25, 2012
“...Samples of a ‘green

scum’ reported by visitors
to Lake Superior beaches
from Cornucopia to Little
Sand Bay on July 14-15 were
configmed to contain a
specfes of bluegreen algae




“...Bluegreen algae blooms

are extremely unusual in
Lake Superior because the

water is generally very low in
nutrients and cold. However,

the floods in June

flushed nutrients and
- - sedinent from the land
i into the lake... Combined

withébe warm weather,

~ conditions may have been
just right for the algae to
multiply.”
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Algal bloom detected
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July 14, 2012 — 3 ¥ weeks after 2012 flood event
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Periodically sampling along plume transects

Figure 4: Proposed study area in L ake Superior depicting the five major tributaries (Brule,
Iron, Flag Siskiwit. and Sand; shown in blue) and the cross-shore transects {solid red line) [
I aswell asthe alongshore transect (dotted red line).
) 1

=t L)

© = continuous nearshore monitoring stations




ike Lake Erie here?
Not anytime soon.

But perception that
Lake Superior is
totally immune has
waned.

Continued attention
needed.




Climate Cascade #2

* Zebra and Quagga Mussels — o

- Increase water clarity; move nutrients to bottom
- Increase growth of algae on bottom

e Algae slough and decompose
— Create anoxic conditions
- Facilitate growth of Clostridium botulinum; toxin production

e Toxin makes its way through food web to birds
- Massive bird die-offs
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=———  (limate change is real

It’s affecting waters in Apostle Islands and other
parks right now

Some effects are expected/easily anticipated

Others are complex, interactive, and hard to
anticipate



All hands on dk...




...or on shore







Follow the Drop

22PN 11783W
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