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Challenges  for Science/Policy:

v Data
v Uncertainty
v Risk
v Collaboration
v The Bottom line



$4 billion sports fishery industry.

drinking water for 40 million people

100 million Lake Trout in L. Superior

Regional economy  = 4th largest in the world

“priceless”



Inland	Seas	– notmere	“lakes”:	



Yet, despite their size these systems are surprisingly fragile



• Evolutionarily “young”  - Simple food webs

\ highly susceptible to non-native spp.



Global system

2 ports of call away 
from 99% of the world



v Habitat alterations
v Climate change
v Coastal Development
v Fisheries management
v Invasive species
v NPS runoff
v Toxic substances

Þ cumulative	environmental	stresses

anthropogenic Drivers

U.	Michigan	GLEAM	project

- 34 different threats

. . . and constantly changing



1969

triggered	passage	of	
CWA in	1972 Lake	Erie	declared	“dead”



The	“Suess effect”	

Lake	Erie	Target	Phosphorus	Load,	11,000	MT

→		phosphorus	abatement	~	60%	reduction	





Lake	Erie:			9	October	2011

smeary	again



Milwaukee	Journal	Sentinel	9-18-14

v Expanding Dead Zones 

vHABs



The	Green	Bay	Dead	Zone

processes resulting	in	hypoxia	in	Green	Bay

What	drives	this
drives	this



ü Over	“fertilization”		=	Excessive	loading	of	nutrients	– usu.	from	the	watershed

concurrence	of	several	conditions:



ü Highly	productive	– nutrient	loading	stimulates	excessive	algal	blooms

Fox	River	@	DePere

Open	bay	waters

8/29/13



ü SEQUESTRATION		- seasonal	stratification	

v dissolved	oxygen	availability	is	limited	by	thermal	stratification	

O2 is	‘sequestered’	
- must	last	the	summer

Ice	cover

Future	climate??



The	Green	Bay	Dead	Zone

~	25-100	km2	

~	20,000	acres

hypoxia	duration

=	hypoxic,	dead	zone	conditions

hypoxic

below	std



Changing	face	of	agriculture	–

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

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

Dairy	cows,	1	dot	=	1500

Changes	in	
milk	density	
2001-11
Green	↑
Red	↓



v Encouraging signs

v Target = 40-50% reduction
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other	non-conventional	pollution	threats	

v spills	– highly	vulnerable

v emerging	contaminants	





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.	

built	1953



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

Simulated	spill	trajectories	– St.	Mackinac	– up	to		20	days	post	spill



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

~$1	B	clean	up		~	6	years	

What’s	the	risk?



Simulation	-- 11	days	post	spill	

Eric	Anderson	&	Dave	Schwab,	GLERL	&	MWC

Risk ?   →			potential	damage	in	the	multiple	billions	+	remediation		~	decades	(if	ever)

probability	?			~	v.	small



Emerging classes of contaminants: pharmaceuticals, 
caffeine, personal care products, pesticides, flame retardants, 
plasticizers, nanomaterials

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



(Blair,	Klaper et	al.	2013)

Major	unknowns:

• what’s	there	?	=	detection	(not	routine)

• where	do	they	go?	=	source,	distribution	&	fate

• do	they	have	an	impact?	

Discharge	from	South	
Shore	Treatment	Plant	



Metformin	(yellow)

Iodine	– 131
Short	lived,		Radioactive	
~	8	day	half	life

e.g.  presence Þ input/persistence

• 7th most	prescribed	drug	in	US
• Highest	input	of	any	drug	to	environment



#2050



Highly perturbed ecologies

alewife

Round	goby

Sea	lamprey

>	180	spp

Dreissenid	mussels	

Spiny	water	flea



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

mussels	

Quaggas replaced	zebras	in	~	2	generations	– 4	years



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

mussels	

Amphipods	¯



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

mussels	

Amphipods	¯

Collapse	of	the	food	chain	in	<	10	years



3-4	minute	trawl	off	Fox	Point	@	45	meters,		2011

1 fish



Bottom	trawl	Lake	Michigan	offshore



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

500	million	pounds	of	quagga	mussels
=	4	x	weight	of	all	prey	fish	species

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

a	re-engineered ecosystem

1995-98	® 2007-08

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



beach

Deeper
Photic		zone

Lake	level

mussels

Expanded	Zone	of	Clad.	growth

nutrients

Avian	botulism

+	Quagga mussel	colonization	of	deep	water

Ancillary	(unforeseen?)	impacts	of	Increased	water	clarity

Post Dreissenid mussels



Today’s	nearshore,	formerly	exposed	cobble	



Nearshore	Lake	Michigan:		Round	gobies	feeding	on	mussels



AVIAN BOTULISM

Ancillary	impacts	cont.



Unprecedented	nearshore HABs,	

unprecedented	offshore	clarity



Climate change  
lake	effect	snow
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A	warmer	region
nearly	2	months	over	90o

nearly	2	weeks	over		100o

D.	Lorenz	UW-Madison

also	wetter	

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

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

&	changing	climatology	?



1992 2012

Surface water temperatures

Summertime water temperatures have increased over 8°F since 1980



Decreasing	ice	cover	® rising	water	temps	2x	>	air

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

Green	Bay	– ice	cover

Bayfield	Harbor,	L	Superior:
Last	boat	in	fall,	1st boat	in	spring



Outflow-removed

Precipitation-driven

Summer	evaporation

Fall	evaporation?

Fig.	19		(a)	Outflow-removed	 lake	level	(red),	precipitation-driven	lake	level	(black),	
(b)	difference	between	the		curves.			

A

B
• ½	of	increase	is	during	summer	

months	alone
• Air	temperatures	have	remained	

near	constant

Hanrahan &	Roebber 2011

Evaporation	has	increased	about	25%	since	1980

Falling levels	– not	rising



Long	term	average

Lake Michigan-Huron levels last 20 years 

today

2000 2005 2010 2015



The	Past					« the	Future		® ??

Lake	levels

4	ft

1910 1960 2010 2060
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Aging	
infrastructure

50-100% increase in intense rain events



#1	runoff		→			highly	event	driven	

~	70-80%	of	loading	in	10	days

-- Timing	can	be	critical

 50-100%



the major challenge of the 21st 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



Cannot manage something if you do not know how it works



ecosystem management
Data driven 

Assessing progress
Indicators & vital signs Models 

Forecasting the future

“the	20	year	question”



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

data models forecasts policies implemen
tation

data

models

forecasts

policies

actions

Coordinated efforts

Adaptive 
Management



http://glos.us

Monitoring is essential



the	bottom	line

Needed	investment	~$100-300M/yr
just	for	the	data	challenge

<	0.003%	annual	value	GL	



assessing RISK   
combines uncertainty + magnitude of harm

probability	x	
potential	harm

spills

NPS

Climate	
impacts



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

v not	a	free	good – costs	include	treatment	&	distribution	but	also			
include	‘ecological	costs’ – almost	completely	ignored
§ >	$1	trillion	invested	in	US	infrastructure
§ EPA	est.	$350B	over	next	20	years	in	US	to	rehabiliate
§ more	public	works	$$	than	any	other	single	item

v The	most	essential,	yet	cheapest commodity	we	use	
§ pay	more	for	cable	than	water		~	$1/day
§ <	1%	of	the	water	that	enters	your	home	is	ingested

≡	little	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	III



vOh – and one other big problem

Water – for Free !!  . . . not!



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



our	future	depends	upon freshwater

$50-80B	return

Good	news!



Fundamental Fact:

v Great Lakes are CLOSED Systems

final thought



ü if you dump it in today – you will drink it tomorrow



Water is:

60%	of	your	body



and \ if you live around here

YOU ARE Lake Michigan !



?
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v the	ultimate	bottom	line:

the	future	is	our	responsibility



Thank you











Why Lake Erie is Under Attack from 
Algae Blooms

August	2,	2014

500,000	w/o	water

a	“CUYAHOGA
moment”


