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Challenges for Science/Policy:
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* Data
* Uncertainty
Risk

» Collaboration
The Bottom line
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$4 billion sports fishery industry.



Inland Seas — not mere “lakes”:
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* Evolutionarily “young” - Simple food webs

highly susceptible to non-native spp.
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2 ports of call away
from 99% of the world

Global system | e.\

Source: Millennium Ecosystem Assessment
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anthropogenic Drivers

- 34 different threats
+* Habitat alterations
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Climate change

» Coastal Development
*» Fisheries management
* Invasive species

NPS runoff

Toxic substances
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triggered passage of ., .,
CWA in 1972 Lake Erie declared “dead



Annual load, metric tons

— phosphorus abatement ~ 60% reduction
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The “Suess effect”
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Pr. 56055
7301 Encelia Drive
La Jolla, California 92037

January 27, 1986

Dear Claudia Melear and Margie Pless:

You must think me terribly rude for not
answering your very pleasant letter of
December 6. The fault, however, is not
mine. It just arrived this morning,
having been somewhat circuitously
forwarded from New York via pony express.,

Although I will be unable to accept your
kind invitation to come to Cleveland, I
do agree with you that my 1971 statement
in the Lorax about the condition of Lake
Erie needs a bit of revision. I should
no longer be saying bad things about a.
body of water that is now, due to great
civic and scientific effort, the happy
home of smiling fish.

I can assure you the process of purifying
my text will commence immediately.:
Unfortunately, the purification of texts,
like that of lakes, cannot be accomplished
over night. The objectionable line will be .
S y : / : . removed from future editions. But it could
= : : o : pos51b1y take more than a year before the

" . . . existing stock of books has moved out oOf the
You're glumping the pond where the Humming-Fish hummed!  £oc stares: P

: : In th t » thank let
No more can they hum, for their gills are all gummed. = fgrmgg i gregré ng‘;xfgi ey
. . . . have been doing.
So I'm sending them off. Oh, their future is dreary. A
. \ N
They'll walk on their fins and get woefully weary D Y. Seuss

. . 8 Theodor S. Geisel
in search of some water that isn't so smeary.

+
- - . A

— the Lorax, by Dv. Seuss



Lake Erie: 9 October 2011
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ProcCesses resulting in hypoxia in Green Bay

o

The Green Bay Dead Zone



concurrence of several conditions:

v' Over “fertilization” = Excessive loading of nutrients — usu. from the watershed
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v" Highly productive — nutrient loading stimulates excessive algal blooms




v' SEQUESTRATION - seasonal stratification

e & Ice cover
’ ‘ \ Temperature String Profile 8/18 - 8/30/2011
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Future climate??

» dissolved oxygen availability is limited by thermal stratification
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-100 km?
~ 20,000 acres

~ 25




Changes in
milk density
2001-11

: ) Green P
Changing face of agriculture —

* ‘industrialization’ > 10,000 head
* Increasing no-till

\

B 1992

60-80% of P and N fed is excreted
+ soil P maybe 2-3x higher than needed

o SCHEN,

Y 57 J. Dairy Sci. 96:5405-5425

3 g http://dx.doi.org/10.3168/jds.2012-6354
LS ® American Dairy Science Association®, 2013.

Invited review: Sustainability of the US dairy industry

M.A. G.von Keg,rserlingk,“1 N. P. Martin,t E. Kebreab,} K. F. Knowlton,§ R. J. Grant,# M. Stephenson,
C. J. Sniffen,{J. P. Harner Ill,** A, D. Wright,tt and S. |. Smithif



THE WALL STREET JOURNAL. S

SO BUSINESS AUCTIONS

Home World .S Business Tech Markets Market Data  Your Money Openion Life & Culture

oo » News » |leadne:
News Sports Culture Real Estate

TOP STORIES IN NEW YORK

A Lead Built Across
Wide Swath of City

~

City Opera in Most
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Scientists: 'Dead zone' showing up in Green Bay
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& Ribble entreats stakeholders to "Save the Bay
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Changes in S - , NUTRIENT POLLUTION April 1, 2015

America's Dairyland

foul tHE e = e Farmers vow to reduce phosphorus,
Green Bay : B S . .
bane of Green Bay

Wisconsin cities, mills told to cut even
more while farms remain largely free T'm part of the p roblem ... But I'm also part of the solution,” dairy

from regulation

farmer says at summit led by U.S. Rep. Reid Ribble

By Kate Golden

/

* Target = 40-50% reduction

An early summer storm flushes loads of sediment off farmlan

By Dan Egan of the Journal Sentinel staff



other non-conventional pollution threats

N/

** spills — highly vulnerable

‘0

«* emerging contaminants

21



Trans

Burnaby &

Anacortes
Kinder Morgan
TM Expansion (TMX)

Alberta Clipper Expansion

J= Bakken Expansion

TransCanada East Coast Project St John &
/lrving il Refinery
Cloarbroot! [~ SutIEmAccess Expansion _s uebec
TransCanada = . iontréal o
Keystone XL — ontréal
.
5 | 9 Portland
. Guemsey‘*. Portiand - Montreal Pipe Line (PMPL)
. &
Salt Lake City® i
TransCanada Keystone
Spoarh sad SOt ‘Spearhead North Expansion
o, Soutl Mustang Canadian and U.S. Oil Pipelines
Conturion Pipefine — Enbridge Pipelines and connections
1o the U.S. Midwest and E. Canada
ElPaso Seaway Reversal Kinder Morgan Express
& Twin Line™ 4 e Canada Gulf Coast = Kinder Morgan Trans Mountain
Crane®*+.,, E = TransCanada Keystone
Magelian Houston to—— >*vey EY P't:r.t.Anhm sss  Proposed pipelines to the West Coast
El Paso (former Longhorn) Fiouston /G lew Orlean¥ — [ = Existing / Proposed pipelines to PADD Il
- partial conversion  Freepor / St.James

Shell Ho-Ho

BY LAND ...

Enbridge is seeking to nearly double the capacity of oil
shipped on its Line 67, or Alberta Clipper, pipeline to
880,000 barrels per day. That's more capacity than the
controversial Keystone XL pipeline proposed from
Canada to Texas.

... AND SEA

Calumet Specialty Products Partners, a Superior, Wis.,
refinery operator, is considering construction of a crude
oil loading dock, where oil barges would take up to

13 million barrels of oil per year for shipment via the
Great Lakes. Company officials say the project could be
operational by 2015.

SOURCE: Enbridge

THE OIL INDUSTRY AND
THE GREAT LAKES

Two separate oil transportation projects are in the
works that would greatly expand the amount of oil
shipped near — and on — the Great Lakes.

Pipelines

Enbridge Line 67 Other Enbridge lines () Pumping

CE—— stations

Proposed oil ONTARIO
MANITOBA barge dock

Lake Superior
Sault Ste. Marie

M
Viking v Lake
(), Clearbrook Huron
~ F
Deer River <
MINN. “‘ Lake
Superior 2 Erie
. ' o’
W A
4
From Enbridge Line 67, .’ Cleveland
oil is shipped on a led
pipeline network to Lo
refineries throughout the OHIO

Midwest and other parts
of the U.S., including to
the Marathon oil refinery
in Detroit.

DAVID PIERCE and MARTHA THIERRY/DETROIT FREE PRESS
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SUNKEN HAZARD

Aging oil pipelines beneath the Straits of Mackinac
an ever-present threat to the Great Lakes

Prato crwdite: NDOT Phota"fideo Unt, Stk Phok.

two pipelines, called Line 5, carry a
total of 20 million gallons of crude
oil and natural gas

fluids each day from Superior,
Wisconsin to Sarnia, Ontario.

19 -1 geal 03RS
= R  12:38

built 1953



Eric Anderson & David Schwab
J. Great Lakes Res (2013)

ur release (center)

= Near-surface
» Mid-depth
* Near-bottom

09/23/1990 06:00
0.2 days after release

Simulated Sp||| trajectories — St. Mackinac — up to 20 days post spill



Talmadge Creek, tributary to the Kalamazoo River, is overcome with toxic tar sands oil during the
2010 Enbridge oil spill on Line 6B. Photo credit: MIDEQ.

What’s the risic

2010 Kalamazoo River — 1,000,000 gal tar sands oil
Enbridge Energy pipeline

The 2010 Kalamazoo River tar sands oil spill, by Enbridge Energy, was the largest and most
costly inland oil spill in U.S. history due to 17 hours passing before Enbridge reported the spill
and inadequate response plans. Photo credit: MIDEQ.




. probability ? ~ v. small

J 12 hour release (center)

* Mid-depth . Al
Simulation -- 11 days post spill
10/04/1990 03:00

11.1 days after release

RlSk 2 > potential damage in the multiple billions + remediation ~ decades (if ever)

Eric Anderson & Dave Schwab, GLERL & MWC




Legacy & traditional contaminants: Pathogens, PCBs, DDT, Hg, etc
- 43 Areas of Concern, Fish consumption advisories, beach closings

Emergmg classes of contaminants: pharmaceuticals,
caffeine, personal care products, pesticides, flame retardants,

plasticizers, nanomaterials

EOuRE

On the Need for a National (U.S.) Research Program to Elucidate the
Potential Risks to Human Health and the Environment Posed by
Contaminants of Emerging Concern

P. J. Novak,*" W. A. Arnold," V. S. Blazer,' R. U. Halden,® R. D. Klaper,™ D. W. Kolpin," D. Kriebel,”

N.G.Love,’ D. Martinovié—Weigelt,% H. B. Patisaul,® S. A. Snyder,” F.S.vom Saal,” A. V. Weisbrod,§§ and
D. L. Swackhamer™*




Major unknowns:

what’s there ? = detection (not routine)

where do they go? = source, distribution & fate

do they have an impact?

¥ Scot Sea Scout
=

1;\,.'
J» . >

i Discharge from South

Shore Treatment Plant

Pioneer 3

Discharge (kg/year)
Metformin 6400
Caffeine 1700
Acetaminophen 450
Paraxanthine 450
Naproxen 200
Sulfamethoxazole 120
Sulfanilamide 120
Ofloxacin 100
Trimethoprim 90
Triclosan 90
Diltiazem 80
Ampicillin 70

(Blair, Klaper et al. 2013)




e.g. presence = input/persistence

South Shore
Water Reclamation @
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e Highest input of any drug to environment
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Short lived, Radioactive

~ 8 day half life
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New York

New York Sea Grant

229 Jarvis Hall

SUNY at Buffalo

Buffalo, NY 14260-4400
Phone: 716.645.3610
Fax: 716.645.3612
E-mail: hmdd@cornell.edu

Web: www.nyseagrant.org

Plastic Microbeads
in the Great Lakes

By Helen M. Domske

Photo: 5Gyres.org

For years people have worried about the environmental impacts from
plastics left behind in the oceans and Great Lakes. Pictures of birds
tangled in six-pack rings or turtles choking on plastic bags have
documented the danger of discarded plastics that linger in the
environment. Recently, attention has turned to the Great Lakes and small
plastic particles and microbeads that have been found there. Some plastic
particles result from the breakdown of larger plastic items, but others are
small plastic spheres known as microbeads.

These minute plastic beads are typically used as scrubbing agents or
exfoliants in personal care products. They are often brightly colored and
can been seen suspended in the body washes, facial scrubs and
toothpastes that contain them. As these products are used by
consumers, microbeads are rinsed off and go directly down the drain with
water that eventually makes its way to waste water treatment plants.
Although some of the particles are captured through treatment, many are
not and sewage treatment overflows can also dump these microbeads
directly into the ecosystem.

Although harmless in appearance, microbeads have the potential to
cause environmental damage. Some of the microbeads are about the
size of certain fish eggs, so these small plastic particles can be ingested
by Great Lakes fish and other aquatic organisms. Once eaten the plastic
material could deprive these organisms of nutrients supplied by food or
possibly get lodged in their stomachs or digestive systems. Additionally,
plastics can absorb toxins, such as polycyclic aromatic hydrocarbons
(PAHSs) and polychlorinated biphenyls (PCBs), making these harmful
substances more readily available within the food web. These toxins
remain in fish where they can move up the food chain, as smaller fish are
eaten by larger predators.
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Highly perturbed ecologies

alewife

Sea lamprey

-

Dreissenid mussels
== s | :

Round goby

Spiny water flea



Dreissenid mussel invasion: zebra (1990’s) — quagga (2000’s)

QuaggaMussel

1994/95 2005 2010

Quaggas replaced zebras in ~ 2 generations — 4 years



Dreissenid mussel invasion:

QuaggaMussel
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Dreissenid mussel invasion: zebra (1990’s) — quagga (2000’s)
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Collapse of the food chain in < 10 years
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Bottom trawl Lake Michigan offshore



a re-engineered ecosystem

Quagga mussels: 950 trillion tiny time bombs in our
lakes?

By Jeff Alexander | Muskegon Chronicle
on April 15, 2011 at 8:00 AM, updated April 15, 2011 at 9:26 AM & Print

“The water is gin clear, you can see 90 feet down
— parts are now clearer than Lake Superior”

A crew of government scientists
was measuring water clarity
recently in Lake Michigan,
several miles offshore of
Frankfort, when they saw
something none had thought
possible.

“The water was gin clear ... you
could see g0 feet down,” said
Gary Fahnenstiel, a senior

i onior . 500 million pounds of quagga mussels
ecologist at the National Oceanic 2 A . . .
i e i o e = 4 x weight of all prey fish species

Administration’s Great Lakes Green is not always good: Smelly, slimy blooms like this on the tip of

X I South Fox Island in Lake Michigan are directly related to the explosion
field station in Muskegon. of quagga mussels

Lake Superior is now the 3" clearest in the Great Lakes

1995-98 — 2007-08

87% decline in phytoplankton biomass
70% decline in phytoplankton primary production



Ancillary (unforeseen?) impacts of Increased water clarity

beach

Post Dreissenid mussels Lake level

/—\ nutrients Deeper

= o mussels

t Expanded Zone of Clad. growth S

| ——m) T

+ Quagga mussel colonization of deep water







Nearshore Lake Michigan: Round gobies feeding on mussels




Ancillary impacts cont.
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Unprecedented nearshore HABSs,
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Climate change

 CHANGING PLANET

The U.S. Climate Change Science Program
for Fiscal Years 2004 and 2005

f ange Science Program and
ttee on Global Change Research

lake effect show




A # days > 100°
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% change in annual precip., A1B 2081-2100

D. Lorenz UW-Madison

A warmer region

nearly 2 months over 90°

nearly 2 weeks over 100°

v' +4-9 F. hotter by 2090
v Reduced ice cover
v" Prolonged stratified period ~ 6 weeks

also wetter

v' 10-20% increase in ppt
v 50-100% increased freq intense events

& changing climatology ?

44



Surface water temperatures
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Summertime water temperatures have increased over 8°F since 1980



Bayfield Harbor, L Superior:
Last boat in fall, 15t boat in spring

1.6 days earlier / decade

120
Green Bay — ice cover

days of 90% or greater ice cover
160 1 upper middle Green Bay 1973-2002
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~ 5 days per decade decrease

o
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year

Decreasing ice cover — rising water temps 2x > air



Evaporation has increased about 25% since 1980

/ Precipitation-driven

Outflow-removed

Meters
N

Summer evaporation

Fall evaporation?

Meters

B

1920 1930 1940 1950 1960 1970 1980 1990 2000

% of increase is during summer
months alone

Fig. 19 (a) Outflow-removed lake level (red), precipitation-driven lake level (black),

(b) difference between the curves. Air temperatures have remained

near constant

Hanrahan & Roebber 2011

Falling levels — not rising
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The Past <>  the Future —
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Lake levels
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50-100% increase in intense rain events

Percent (%)

1920

Trend in Heavy Rainfall

Contiguous U.S. Extremes in |-Day Precipitation (Step 4*)
Annual (January-December) 1910-201 1
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Binamial
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1930
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News Opinion Communities Photos Diversions Schools
Fixing sewage problem carries sticker shock
May 16 =
Karen Dillon {

The Kansas City Star

Brace yourself: The cost to prevent (=5 9

raw sewage from spilling into area cea"ﬁﬂgpwﬁ'ﬁ?f'mgg ==
o ) SALES EVENT

Meun ll. Pescent

1950

Actial

o
1960 1970 1960 1590 2000 2000
Year

Leaky pipes: Researchers find sewage
in most Milwaukee stormwater
discharges

AUG162011  SHAHEEN KANTHAWALA 4 COMMENTS
ElLike 48| W Tweet |16 g0 9

A recent study found
almost 90 percent of
storm water outfalls
tested in Milwaukee
contained human
sewage. Almost a
third were rated as
contaminated at
serious levels.

pses—IT

Researchers found
hacteria specific only
to people in starm
water sampled over
four years.

The tests do not
react with fecal
matter from other

Stormwvater outfall in Milwaukee. Image: McLellan Lab, Great Lakes Water Institute.

Aging

50



Change in Frequency of Intense
Precipitation Events (inches/day)

70

' High
60 | g

50 |

40
30+
20

Change in Frequency (%)

10

0
2046 - 2065 2081 - 2100

#1 runoff - highly event driven

~ 70-80% of loading in 10 days

-- Timing can be critical




the major challenge of the 215t century:

¢ to reconcile the inherent conflict between human
activity and environmental sustainability and to preserve
this asset for future generations

our challenge & a major opportunity for us to demonstrate how it is done

Science — Policy — Law



\ SEARCH €he New Work Times

PP EDITORIAL ROGER COHEN THOMAS L. FRIEDMAN
= | v Standing With ’ In Brussels, Europe Does Obama Have
Y Brussels Against... {-‘{: Is Struck at Its Heart This Right?
S - COMMITMENTS TO ACTION ON BUILDING A
The Opinion Pages ' op-ED cONTRIBUTOR SUSTAINABLE WATER FUTURE

Water Is Broken. Data Can Fix It.

By CHARLES FISHMAN MARCH 17, 2016

The Executive Office of the President

THE WHITE HOUSE
WASHINGTON

March 22, 2016

Sprinklers in an agricultural field in California. Max Whittaker for The New York Times

Cannot manage something if you do not know how it works



ecosystem management
Data driven

“ \

Assessing progress
Forecasting the future

Indicators & vital signs

“the 20 year question”



Data - models - forecasts - policies - action (remediation, mitigation, protection)

actions data

Adaptive

Management Coordinated efforts

policies models

- forecasts '

implemen
tation



(@) @)S> INTEGRATED OCEAN DBSERVING SYSTEM

@ GREAT LAKES OBSERVING SYSTEM

GLOS HOME  DATAACCESS WHATWEDO  ABOUTGLOS  NEWS & EVENTS

T .‘) 3 i

dedicated to connecting data
users with data providers in ways
that are supportive of policy and
decision making.

— T
A \%é GLOS IShS
Se®

= What we do

= Our Focus

FisHeERIES TOoOL PROMOTES COLLABORATION AMONG RESOURCE ;
MANAGERS AND RESEARCHERS = LEARN MORE

N2 B * W L TR b7 ) LN - J,
[ ]
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|
3 Data Portal Sign up for our e-newsletter,
33 - The GLOS Data Portal provides access to near- Lake Views.
g realtime and archived observations and to model
forecasts for the Great Lakes. News & Events _
¢ a
GLOS Strategic Planning GLOS Annual Meeting
m Visit this tool August 12 Nov 17 2014 (All day) - Nov
. 18 2014 (All day)
The Board of Directors of
See all data & tools the Great Lakes Observing Please Save-the-Date for
System invite your the GLOS Annual Meeting
comments on our draft in November in Ann
ol e " Arbar NI

Monitoring is essential



the bottom line

Needed investment ~S100-300M/yr
just for the data challenge

< 0.003% annual value GL



assessing RISK

combines uncertainty + magnitude of harm

High
probability x g
potential harm §
g Climate
5
8
2
o
Low

Low Impact of Risk High



“Water: the next oil” - but no substitute at any price

’0

» not a free good — costs include treatment & distribution but also
include ‘ecological costs’ —almost completely ignored

= > S$1 trillion invested in US infrastructure

= EPA est. $S350B over next 20 years in US to rehabiliate

= more public works SS than any other single item

** The most essential, yet cheapest commodity we use

= pay more for cable than water ~ S1/day
= < 1% of the water that enters your home is ingested

= |ittle incentive to conserve, or use water at its true value, e.g.

the 2 fastest growing states in the U.S., Arizona and Nevada
— are also the driest

“water bill” —is a misnomer — b/c the water itself is treated as free

Source: Jud Hill, Summit Global, Milwaukee Water Summit Il



“* Oh - and one other big problem

Water - for Free !! ... not!

B (-)l')illi(’)ll Home » News » Opinion

A cost at both ends of the pipe

By 1. Val Kiump

Posted: Sept. 19, 2009

The issue of our "water bill" has been headline news. What gets lost in this discussion is the fact that

while we pay for pumping, filkering, treating and disposing of the water we use, the water itself costs us
nothing. This is wrong, because a readily available, abundant supply of fresh water is not free,



One suggestion:

2¢ per 100 gal. “to pay back the lakes”

~1 ¢ per person per day < 10 cents a week

< $12/yr ave. household -- Milwaukee — $4-5M per year

- basin wide —> $200M/yr

B Opinion Home » News » Opinion

Put in your 2 cents to pay back the lake
By 1. Val Klump Oct. 10, 2012

W Tweet <3 EiRecommend | 8 e Submit B9 EMAaIL  Z, PRINT @ (10) COMMENTS

When it comes to fresh water, economist and entrepreneur Paul Hawken was right on the money when he



The Vital

Good news!

Wolume Three - Number Two
February 2008

CREDLES Clean Water, Healthy Future
Research Funders Asset Management for Regional Prosperity
The Brico Fund

Clean and abundant water is a strategic asset - central to the Milwaukee area’s
The Joyce Foundation history andl its future, and to the region’s quality of Life and global competitiveness,
Unlike counties and villages, however, water knows no boundaries, making man-
agement of this asset extremely complex. Early in 2005, the Public Policy Forum
et e assembled a panel of leackrs with various backgrounds from across southeastern

Public Policy Forur. Wisconsin in an effort to reach a consensus on this difficult problem. This is the
water advisory panel’s consensus:

Greater Milwaukes Foundation

Water Policy Advisory Panel . . ;
e + We face urgent problems, lise dropping water tables and declining qualiy,
D Ly Bt . overlaps, policy gaps. and lack of data hamper solutions,

e

ey SO, + Leaders must think strategically and regionally about water resources.

‘Preston Cole, City of Milwahes Exviran- Recommendations

et v
[ — The advisory panel calls on state legislators to-adopt a goal of achieving inte-
D Nancy Pk UW-Aétwankee groted water resource management and to request the Joint Legilative Council

An Harnngin, Gy & K convene a stucy committee to address the pancls policy optiens:

Daa Le, e Eners 1.Vision and goals - We need an integrated water strategy recognizing the rela-

tionship between surface waters and groundwater. It must addlress quality and

) quantity, link o other types of planning and be grounded in scientific data,

o . Clyof Mie ultimately leading to a “no-net loss” concept of replenishing the water we use.

2 based solutions - There is no one-size-fits-all answer to complex water —
Do Ryan s, HaesConers sues. Many options are available to help commurities manage the region’s oy — Al
Ao Schis, QuadGrphic water resources in an integrated fushion. 1€ rlI'cd dke

Dan ot dry amer
s 3 Regional water management models - Integrated management options:

+ Regional Water Resource Commission - Cooperative council of water manag-

states and the federal
government should

Full eport availabl at ets appointed by municipalties/countis Lo ereate and implement plans
swww. publicpalicyforum.org ! ;
+ Compact among Local Govemments - Contract that specifcs goals, actions
o o be perfomued, and fanding mechamim,
:’%‘W Forum + Wisconsin Department of Natural Resources - State provides guidelines for

local govemments, which adopt plans and opticns to meet objectives.

+ Regional Water Resource Authority - Appointed body with professicnal staff -
to plan, set pricritics, and implement and enforce policics.

633 West Wisconsin Avenue

Milwaukee, Wisconsin. 53203 4.Policy and law - To achieve the regional vision and goals and implement po-
wwwpublicpolicylorum or lices, programs, and governance models, it will be necessary to clarify centain

Phone (414) 276-5240 Taws, change others and create new state water kiws as needed. 1

assets of its water-
heds as an e

driver f

) th-::t region.

“apitalize on the Great
Lakes and the natural

our future depends upon freshwater

“The Great Lakes
and its waterways
offer a tremen-
dous opportuni;
for reinvigorating
the economy of

the region, and

boosting the

competitiveness
of the nation as

a whole.”

MeETrROPOLITAN PoLicY PROGRAM

THE BROOKINGS INSTITUTION

Healthy Waters,

Strong Economy:
The Benefits of Restoring
the Great Lakes Ecosystem

By John C. Austin, Soren Anderson, Paul N. Courant, Robert E. Litan*

Jooked. 1

The Great Lakes are one of America’s most i d oft
features. Together, they account for 90 percent of the United Slmes and 20 percent of
the world’s suface fresh water. The Great Lakes also directly impact the lives of the
roughly 35 million people who live in the cities, states, and Cmmdum provinces sur-
rounding them, providing drinking water and
and both tangible and intangible quality of life benefits.

However, the Great Lakes and surrounding areas face numerous threats to their health
and wiility. This report summarizes the major findings of @ more in-depth study—Devel-
oping America’s North Coast: A Benefit Cost Analysis of a Great Lakes Infrastructure
Program—of the benefits and costs of the federal-state Great Lakes Regional Collabora-
tion (GLRC) Strategy by the same authors. It begins by outlining the major elements of
the restoration srategy, and the costs of cleaning and preserving the Great Lakes ecosys-
tem. It then describes the yesuhs of a rigorous analysis of the GLRC Srmregy lnghhghmxg
the economic benefits of its imple ion. The report ludes by the pol-
icy implications of this analysis, arguing that, because the restoration plan outlined in
the GLRC Strategy is likely to produce economic benefits well in excess of its costs, fed-

eral and state policy makers should act on its recommendations.

Introduction

he Midwestern states that surround the Great Lakes ar in @ time of cconomic transi-
tion—from an agricultural and industrial cra that relicd on the Great Lakes and its
waterways for transportation and industrial production, to @ global knowledge ceon-
omy in which the lakes are both an increasingly valuable resource, and an important

amenity. Outside the region, the United States and other nations around the world arc increas-

ingly looking for ways to move beyond economic growth patterns that diminish natural
resources to those that support long-term sustainable development.

The Great Lakes and their abundant fresh water offer a doorway to this new cconomy.

In 2005, the Brookings Institution joined with academic, public policy, business, education,
cnvirenmental, and civie organizations to launch the Great Lakes Lonomie Initative-.a malti-
year rescarch and policy development cffort focused on supporting cconomic growth and
change in the Great Lakes region.? A pillar of the initiative’s agenda is to leverage the region’s

SEPTEMBER 2007 ® THE BROOKINGS INSTITUTION  GREAT LAKES ECONOMIC INITIATIVE -

S50-80B return



final thought

Fundamental Fact:

“* Great Lakes are CLOSED Systems



v if you dump it in today - you will drink it tomorrow



Water is:

, oy

'“V', Pyour brain

(70% de tu cerebro)

80% of your blood

(80% de tu sangre)

60% of your body



and .. if youlive around here

YOU ARE Lake Michigan'!







** the ultimate bottom line:

the future is our responsibility



















7384 City of Toledo

T B August 2, 2014

URGENT NOTICE TO RESIDENTS OF TOLEDO & LUCAS COUNTY WHO
RECEIVE WATER FROM THE CITY OF TOLEDO

DO NOT DRINK THE WATER
DO NOT BOIL THE WATER

Chemists testing water at Toledo’s Collins Park Water Treatment Plant had

two sampie readings for microcystin in excess of the recommended “DO NOT
DRINK™ 1 micro-gram per liter standard. This notice applies to ALL customers

of Toledo water
Most important .. See More 500’000 W/ o water

Why Lake Erie is Under Attack from
Algae Blooms

| Hae fun on the water, but I(nov’lll_thaf
" blue-green algae are in many Ohio
" lakes. Their toxin?lbnay be, too.

Be Alert! Avoid water that:

« looks like spilled paint

« has surface scums, mats or films
«is discolored or has colored streaks
« has green globs floating below the surface 3

a “CUYAHOGA
moment”

Avoid swallowing lake water

|
For more infor, i
. ‘mati isi
ohioalgaeinfo, com of isit

or call 1-800-0HBEACH



