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the people of the Great Lakes region are justifiably proud of their beautiful lakeshore beaches. 
However, these beaches are threatened by pollution and major environmental stresses that can 
contaminate beach water and make people sick. In 2013, the Great Lakes region had the highest 
exceedance rate of regions with coastal and Great Lakes beaches, 13 percent, of the environmental 
protection agency’s most protective benchmark for assessing swimmer safety, known as the Beach 
action Value, or BaV. 

ProTEcTinG SmALL And SEASonAL STrEAmS And WETLAndS 
By removing pollutants from water that passes through them, and by retaining stormwater that often causes pollution 
problems, wetlands and small streams help ensure that the Great Lakes remain safe for swimming and fishing.  For years the 
Clean Water Act protected all wetlands and tributaries in the Great Lakes region—those by lakeshores and those inland. As 
detailed elsewhere in this report, those protections were cast in doubt as a result of Supreme Court decisions in 2001 and 2006 
and subsequent agency guidance issued by former President George W. Bush. The Obama administration recently released 
a draft rule to address this lack of clarity and ensure that important surface waters are protected from pollution by the Clean 
Water Act. 

Unfortunately, the Great Lakes region has already lost approximately 66 percent of its historic wetlands. Ohio has lost 90 
percent, the second-highest loss rate in the nation; Illinois has lost 85 percent of its wetlands. Moreover, an estimated 90 
percent of the wetlands remaining in the Great Lakes are at increased risk due to the uncertainty over whether they are subject 
to Clean Water Act safeguards. Because about 50 percent of the streams in Ohio, Michigan, Illinois, Wisconsin, and Minnesota 
do not flow all year, they too have been at risk of increased pollution and destruction because of a lack of clarity about their 
status under the law. 

This uncertainty has taken its toll, slowing permitting decisions for responsible development and reducing protections for 
drinking water supplies and critical habitat. 

Protecting these water bodies is not only important to beach water quality, but also critical to the goals of the Great Lakes 
Regional Collaboration Strategy and the Great Lakes Restoration Initiative. The former’s goals, to restore a million acres of 
high-quality wetlands in the region and increase natural buffers for rivers and streams, would be significantly undermined 
by leaving the region’s remaining intact wetlands and streams at risk. The Great Lakes Restoration Initiative has successfully 
invested hundreds of millions of dollars across the basin to restore degraded habitats. Those investments depend on healthy 
upstream waters. 

ThE ToLL of cLimATE chAnGE 
According to the National Climate Assessment, “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.”1 

The impacts of climate change on water systems—changes in precipitation patterns and intensity, greater incidence 
of drought, increasing evaporation and water temperatures, reductions in lake and river ice, changes in soil moisture and 
runoff—are increasingly evident in the Great Lakes region.2 These shifts are magnified by other factors, including aging and 
failing infrastructure, runoff pollution, and invasive species.

The National Climate Assessment finds that the frequency of extreme storms—those delivering more than 3 inches 
of precipitation in 24 hours—will continue to increase in both number and intensity.3 In southern Wisconsin, extreme 
precipitation events are projected to become 10 to 40 percent stronger; in Illinois, heavy downpours are already twice as 
frequent as they were a century ago; and Ohio is projected to have 30 percent more winter and spring precipitation, which 
could increase flooding risks to floodplain communities. 4,5,6
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Water levels in the Great Lakes are expected to return to almost normal levels in 2014, due to the near-record ice cover 
caused by below-normal winter temperatures. But lower water levels remain a long-term concern because of the irregular 
weather patterns over the past decade. The average annual maximum ice coverage from 2003 to 2013 was less than 43 percent, 
far lower than the 1962–2013 average of 52 percent.7 

Reduced ice cover can have large impacts on the health of the Great Lakes. Less ice means more light penetration, which 
promotes algae growth and the survival of invasive species. Without ice and snow coverage, the lakes also suffer from water 
loss due to increased evaporation. Stable ice that once prevented shoreline and wetland erosion is disappearing—and, with 
it, parts of our beaches.8 Known for its signature perched dunes, Michigan’s Sleeping Bear Dunes National Lakeshore is one of 
many Great Lakes parks vulnerable to increased erosion. The loss of winter ice and snow cover renders the dunes’ sands more 
vulnerable to wind and exposes the bluffs to undercutting waves.9 

fAiLinG infrASTrUcTUrE
The Great Lakes region also faces threats from outdated and failing infrastructure. The American Society of Civil Engineers’ 
2013 Report Card for America’s Infrastructure gave the nation’s aging wastewater system a grade of D-plus. In the eight Great 
Lakes states, the report says, $100.6 billion in wastewater infrastructure investment is needed over the next 20 years to achieve 
a basic level of functionality.10 This infrastructure is especially susceptible to the impacts of climate change because its design 
is based on historical patterns of precipitation and streamflow, which are no longer reliable indicators of future needs.11

Crumbling and outmoded infrastructure causes several problems that can pollute Great Lakes beaches. For one, aging 
sanitary sewer systems can leak or allow stormwater to infiltrate, causing overflows or treatment facility bypasses. These 
system failures often lead to human waste in our waterways. Beyond that, many cities have stormwater systems that simply 
dump polluted runoff from buildings, streets, and parking lots into nearby water bodies; this stormwater commonly picks 
up fecal matter, pesticides, and other pollutants before flowing into the sewers. As high-intensity storm events occur more 
frequently, heavy rainfall will flush even more pollutants into waterways.12

In addition, there is the problem of combined sewer systems. In dry weather and small storms, combined sewers collect 
sanitary sewage and stormwater runoff within a single pipe system and route the mixture to sewage treatment plants. When 
heavier rainfall overwhelms these systems, they are designed to discharge untreated wastewater from outfall locations into 
local waterways. Although this approach can prevent sewage from flooding homes and businesses, it also causes serious 
contamination problems that can threaten public health. More than 70 percent of all combined sewers in the United States are 
located in the Great Lakes region.13 Of the five states with the highest number of outfall locations, four of them—Ohio, Indiana, 
Pennsylvania, and Illinois—have Great Lake shorelines.14 In 2010, these outfalls, along with those in Michigan, Wisconsin, 
Minnesota, and New York, released 18.7 billion gallons of combined sewage and storm runoff into the Great Lakes.15 

Unless infrastructure improvements are made to capture stormwater, the instances of combined sewer overflows will 
increase with increased extreme rainfall event frequency.16 In southern Wisconsin, the frequency of combined sewer overflows 
is expected to rise 50 to 120 percent by the end of the century.17 The problem of increasing volumes of combined sewage is so 
acute in Chicago that runoff has caused the Chicago River to reverse its flow. In the past six years, the river has reversed eight 
times, sending more than 20 billion gallons of contaminated water into Lake Michigan.18

ThrEATS To hUmAn hEALTh
Despite the size of the Great Lakes, pollution pouring into lake waters is a threat to human health. Untreated sewage can 
contain more than 120 viruses, two of which, giardia and cryptosporidium, can cause intestinal illnesses and even death.19  
These viruses and pollutants don’t simply disappear under the lakes’ surface. For example, in a study of four Ohio beaches, 
researchers frequently found Arcobacter, a pathogen associated with human and animal fecal contamination, at each 
beach. Arcobacter is known to cause gastrointestinal disease in humans.20 
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Pollutants released into surface waters in the Great Lakes Basin increased by 12 percent from 2010 to 2011. Most of these 
were nitrates and pesticides from municipal wastewater treatment plants and agricultural sources. Primary metals facilities—
such as iron and steel mills and smelters—and food and beverage manufacturers can also contribute nitrate pollution.21 

As increasing temperatures reduce water levels and increasing storm events dump more pollutants into the Great Lakes, it 
is expected that climate change will increase the concentration of pollutants in the Great Lakes as well as instances of beach 
contamination and closings in the future.22 

inVASiVE SPEciES And ALGAE
The National Climate Assessment identifies increasing numbers of invasive species as one of three primary threats to the 
Great Lakes Basin’s natural ecosys tems.23 More than 180 invasive plants and animals are in the basin; the Aquatic Nuisance 
Species (ANS) Task Force estimates that the 15 most recent introductions of invaders could cost the United States $134 billion 
by 2050.24 The fight to limit zebra mussels in the 1990s took $4.9 billion from the regional economy.25 But far more costly are 
the potential threats to the lakes themselves. There is growing evidence that broad changes in the freshwater environment of 
the Great Lakes brought about by invasive species are promoting conditions that nurture bacteria, including E. coli, thereby 
deepening the threat.26

Healthy lakes are often murky, but efficient filter feeding by quagga and zebra mussels have eliminated so much 
phytoplankton and other microorganisms that they have quite literally cleared the water in many Great Lakes. Though that 
sounds good, it has allowed sunlight to penetrate to the bottom of the lakes, encouraging aquatic plant growth on formerly 
barren lake beds. 

The most public invasive species threat to arrive in the region comes from Asian carp, which could reach the lakes from the 
Mississippi River Basin via Chicago’s waterways and other connected bodies of water. Asian carp feed in a fashion similar to 
quagga and zebra mussels. Millions of dollars have been spent to keep the fish at bay, but at this time an electric barrier in the 
suburbs outside Chicago stands as the Great Lakes’ last defense, despite a troubling and ineffective history.27,28 Researchers 
are concerned that populations of Asian carp could establish themselves in portions of the Great Lakes, decimating native fish 
populations and compounding the ecological damage already inflicted by quagga and zebra mussels.29 There is also the safety 
threat posed by 60-pound fish prone to jumping out of the water when startled.30

Temperature increases associated with climate change, including both rising overall temperatures and more extreme 
temperature fluctuations, also contribute to nutrient-fueled algal growth in the Great Lakes.31 Cladophora, a green alga found 
in the Great Lakes, thrives in warmer temperatures. When toxic clumps of Cladophora wash onto beaches, they become 
smelly breeding grounds for bacteria such as E. coli, enterococcus, and type-B botulinum, creating high pathogen counts 
and triggering beach closures.32 Cladophora is also a threat to wildlife that depends on the Great Lakes. In the fall of 2012, 
nearly 900 loons died while migrating south across Lake Michigan. Scientists believe that botulism fostered by the algae-rich 
environment worked its way up the food chain from tiny worms and invertebrates to the loons. Low water levels and high 
temperatures intensify these botulism outbreaks.33

Cyanobacteria (blue-green algae), which produce the hepatoxin microcystin, pose another health threat. Acute exposure to 
the toxin can lead to gastrointestinal illness, while chronic exposure can result in liver disease and damage and possible tumor 
promotion.

Unfortunately, monitoring harmful algal blooms and their toxins is difficult, and methods for doing so are still under 
development.34 None of the Great Lakes states currently have harmful algal bloom monitoring in place to protect swimmers.35
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GrEAT LAkES BEAch WATEr moniTorinG for 2013

Table GL-1: how Great Lakes States compare nationally by Percentage of Beach Water Samples received Exceeding  
the BAV safety threshold in 2013

national rank
(of 30 States) Percent Exceedance State 2013 Total Samples

Beaches with reported 
monitoring results

7 6% michigan 9,704 237

9 8% minnesota 1,212 53

15 10% Illinois 4,358 49

20 13% new York 10,189 360

21 13% Indiana 2,905 32

22 14% pennsylvania 1,042 10

23 14% Wisconsin 3,512 101

30 35% Ohio 2,726 60

In 2013, Great Lakes states reported 902 coastal beaches. Across the region, 13 percent of all reported beach monitoring 
samples exceeded the Beach Action Value (BAV) of 190 E. coli bacteria colony forming units (cfu) per 100 ml freshwater 
in a single sample. NRDC considers all reported samples individually (without averaging) when calculating the percent 
exceedance rates in this analysis. This includes duplicate samples and reported samples taken outside the official beach 
season, if any.

The beaches with the highest percent exceedance rates of the BAV in 2013 were in Ohio: Lakeview Beach in Lorain County 
(76%), Bay View West in Erie County (70%), Whites Landing in Erie County (62%), Edgecliff Beach in Ohio County (62%), 
Clarkwood Beach in Cuyahoga County (61%), and Sims Beach in Cuyahoga County (61%). Other beaches with exceedance 
rates of at least 50% included two beaches in New York, Wright Park East Beach in Chautauqua County (50%) and Copiague 
Harbor Beach in Suffolk County (50%); and one in Indiana, Jeorse Park Beach I in Lake County (52%). 

GrEAT LAkES WATEr QUALiTY TrEnd 2009-2013
Table GL-2 below illustrates the general beach water quality exceedance trend in the eight Great Lakes states over the past five 
years. Note that only samples from a common set of beaches monitored each year from 2009 to 2013 are included in the table. 
Percent exceedance rates in 2009–2012 are based on the national single-sample maximum standard for designated beach 
areas of 235 E. coli bacteria cfu/100 freshwater that was in place during those years. For comparison purposes, exceedance 
rates for 2013 are shown based on the historical national standard of 235 E. coli bacteria cfu/100 ml freshwater, as well as on 
the EPA’s new Beach Action Value of 190 E. coli bacteria cfu/100 ml freshwater.
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Table GL-2: Great Lakes Water Quality Exceedances 2009-2013

STATE
# of common 

beaches

2009 % 
Exceeding 
national 

Standards

2010 % 
Exceeding 
national 

Standards

2011 % 
Exceeding 
national 

Standards

2012 % 
Exceeding 
national 

Standards

2013 % 
Exceeding 

former 
national 

Standards

2013 % 
Exceeding 

BAV

IL 48 16% 14% 13% 9% 8% 10%

In 27 14% 17% 11% 12% 11% 14%

mI 156 11% 14% 8% 6% 5% 6%

mn 46 5% 5% 9% 12% 7% 8%

nY 336 10% 9% 10% 9% 9% 12%

OH 58 15% 22% 22% 20% 32% 35%

pa 9 6% 6% 7% 10% 9% 13%

WI 96 8% 10% 10% 13% 12% 15%

Economic imPAcTS
If the Great Lakes St. Lawrence River region (including the United States and Canada) were a country, it would have the fourth-
largest economy in the world.36 More than 1.5 million jobs in the United States are directly tied to the Great Lakes, with 200,000 
jobs supported by recreation and tourism. Clearly, any damage inflicted on the Great Lakes has not only severe environmental 
and human health impacts, but wide-reaching economic effects as well.37 Closing all the beach sites on Lake Michigan alone 
could cost local economies as much as $2.7 billion.38

Spending on boats and boating activities in the Great Lakes states totaled nearly $16 billion and directly supported 107,000 
jobs in 2003.39  Yet, in 2012 and 2013, increased evaporation due to early springs and hot summers lowered lake levels to a 
point where the recreational boating industry felt the impact of climate change. Low water levels made it difficult to move 
ships from deeper lake waters to shallow ports. They also shortened the boating season, impacting the livelihood of those who 
depend on Great Lakes recreation.40

Low water also has serious implications for Great Lakes–St. Lawrence Seaway shipping, a $34 billion industry that affects 
commodity and manufacturing costs as well as consumer prices. To cope with low water levels, ship owners are forced to 
lighten the loads on their boats, making each shipment less efficient and less profitable.41 In December and January, extreme 
drought reduced water levels on the Mississippi River and nearly halted the shipment of $7 billion worth of grain, coal, crude 
oil, and other products moving between the Great Lakes and the Gulf of Mexico.42 

Failing infrastructure, algal blooms, and climate change threaten more than regional and national economies—the Great 
Lakes are the source of 20 percent of the world’s freshwater and the drinking water source for more than 30 million people in 
the United States alone.



PAGE 7 Great Lakes Supplement natural resources Defense Council Testing the Waters 2014

EndnoTES
1 s.C. pryor et al., “mid west,” chapter 18 (p. 419) in Climate Change Impacts in the United States: The Third National Climate Assessment, 
J. m. melillo, terese (t.C.) rich mond, and G. W. Yohe, eds., u.s. Global Change research program, 418-440. doi:10.7930/J0J1012n, 2014, 
available at nca2014.globalchange.gov/report/regions/midwest.

2 Ben Chou, Ready or Not: An Evaluation of State Climate and Water Preparedness Planning, natural resources Defense Council, april 
2012, available at www.nrdc.org/water/readiness/files/Water-readiness-full-report.pdf.

3 s.C. pryor et al., “midwest,” p. 424.

4 Jonathan a. patz et al., “Climate Change and Waterborne Disease risk in the Great Lakes region of the u.s.,” American Journal of 
Preventive Medicine 35, no. 5 (2008), available at http://www.ajpmonline.org/article/s0749-3797(08)00702-2/abstract.

5 Ben Chou, Illinois state summary, in Ready or Not: An Evaluation of State Climate and Water Preparedness Planning, natural resources 
Defense Council, april 2012, available at www.nrdc.org/water/files/ClimateWaterFs_ChicagoIL.pdf. 

6 Ben Chou, Ohio state summary, in Ready or Not: An Evaluation of State Climate and Water Preparedness Planning, natural resources 
Defense Council april 2012, available at www.nrdc.org/water/readiness/files/water-readiness-OH.pdf 

7 s.C. pryor et al., “midwest,” p. 426.

8 nOaa Great Lakes environmental research Laboratory, Ice Cover on the Great Lakes, available at www.glerl.noaa.gov/pubs/brochures/ice/
ice.pdf.

9 stephen saunders et al., Great Lakes National Parks in Peril: The Threats of Climate Disruption, the rocky mountain Climate Organization, 
July 2011, available at www.rockymountainclimate.org/images/GreatLakesparksInperil.pdf

10 american society of Civil engineers, 2013 Report Card for America’s Infrastructure, 2013, available at www.infrastructurereportcard.org/.

11 s.C. pryor et al., “midwest,” pp. 424-425.

12 Ben Chou, Ready or Not.

13 Great Lakes Commission, The Federal Wastewater Infrastructure Deficit in the Great Lakes Region, 2010, available at www.glslcities.org/
publications/CitiesInvest-Wastewater-FInaL.pdf.

14 american society of Civil engineers, 2013 Report Card.

15 Olga Lyandres and Lyman C. Welch, Reducing Combined Sewer Overflows in the Great Lakes: Why Investing in Infrastructure Is Critical to 
Improving Water Quality, alliance for the Great Lakes, June 19, 2012, available at www.greatlakes.org/document.doc?id=1178.

16 s.C. pryor et al., “midwest,” p. 425.

17 Jonathan a. patz et al., “Climate Change and Waterborne Disease risk.”

18 metropolitan Water reclamation District of Greater Chicago, “reversals to Lake michigan (1985–present),” 2013, available at www.mwrd.
org/irj/go/km/docs/documents/mWrD/internet/protecting_the_environment/Combined_sewer_Overflows/pdfs/reversals.pdf. 

19 stephen saunders et al., “Great Lakes national parks in peril: the threats of Climate Disruption,” the rocky mountain Climate 
Organization, July 2011, http://www.rockymountainclimate.org/images/GreatLakesparksInperil.pdf.

20 Cheonghoon Lee et al., “arcobacter in Lake erie Beach Waters: an emerging Gastrointestinal pathogen Linked with Human-associated 
Fecal Contamination,” Applied and Environmental Microbiology, 78(16): 5511-5519, august 2012, http://www.ncbi.nlm.nih.gov/pmc/articles/
pmC3406108/.

21 us environmental protection agency, “epa’s 2011 toxics release Inventory shows Increase in Great lakes Basin pollution,” January 16, 
2013, yosemite.epa.gov/opa/admpress.nsf/6427a6b7538955c585257359003f0230/da29d0429ffa5d9385257af5007c9172!OpenDocument.

22 s.C. pryor et al., “midwest,” p. 419.

23 s.C. pryor et al., “midwest,” p. 422.

24 Gail krantzberg and Cheryl DeBoer, “a Valuation of ecological services in the Laurentian Great Lakes Basin with an emphasis on Canada,” 
Journal of the American Water Works Association 100, no. 6 (June 2008): 108, available at www.academia.edu/1556159/a_valuation_of_
ecological_services.

25 Gail krantzberg and Cheryl DeBoer, “a Valuation of ecological services in the Laurentian Great Lakes Basin with an emphasis on Canada,” 
p.108.

26 see, generally, andrea Leontiou, “Destruction of Giant Doughnut threatens Lake michigan,” LiveScience, september 8, 2010, available 
at www.livescience.com/8592-destruction-giant-algae-doughnut-threatens-lake-michigan.html; marcia Goodrich, “Death of the ‘Doughnut’: 
How Quaggas are Casting a pall on the Lake michigan Fishery,” Michigan Tech News, september 9, 2010, available at www.mtu.edu/news/
stories/2010/september/death-doughnut-how-quaggas-casting-pall-lake-michigan-fishery.html; Charity smalls, “Quagga mussels Disrupt 
Lake michigan ecosystem,” Lake Scientist, april 27, 2011, available at www.lakescientist.com/quagga-mussels-disrupt-lake-michigan-
ecosystem-112/.

http://www.nrdc.org/water/readiness/files/Water-Readiness-full-report.pdf
http://www.nrdc.org/water/files/ClimateWaterFS_ChicagoIL.pdf
http://www.nrdc.org/water/readiness/files/water-readiness-OH.pdf
http://www.glerl.noaa.gov/pubs/brochures/ice/ice.pdf
http://www.glerl.noaa.gov/pubs/brochures/ice/ice.pdf
http://www.rockymountainclimate.org/images/GreatLakesParksInPeril.pdf
http://www.infrastructurereportcard.org/
http://www.greatlakes.org/document.doc?id=1178
http://www.mwrd.org/irj/go/km/docs/documents/MWRD/internet/protecting_the_environment/Combined_Sewer_Overflows/pdfs/Reversals.pdf
http://www.mwrd.org/irj/go/km/docs/documents/MWRD/internet/protecting_the_environment/Combined_Sewer_Overflows/pdfs/Reversals.pdf
http://www.rockymountainclimate.org/images/GreatLakesParksInPeril.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3406108/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3406108/
http://yosemite.epa.gov/opa/admpress.nsf/6427a6b7538955c585257359003f0230/da29d0429ffa5d9385257af5007c9172!OpenDocument
http://www.livescience.com/8592-destruction-giant-algae-doughnut-threatens-lake-michigan.html
http://www.mtu.edu/news/stories/2010/september/death-doughnut-how-quaggas-casting-pall-lake-michigan-fishery.html
http://www.mtu.edu/news/stories/2010/september/death-doughnut-how-quaggas-casting-pall-lake-michigan-fishery.html


PAGE 8 Great Lakes Supplement natural resources Defense Council Testing the Waters 2014

27 asian Carp regional Coordinating Committee, “Obama administration releases 2013 asian Carp Control strategy Framework,” undated 
press release, available at www.asiancarp.us/news/2013framework.htm.

28 see, generally, Jennifer Delgado, “asian Carp still a problem in Illinois Waterways,” Chicago Tribune, July 28, 2013, available at articles.
chicagotribune.com/2013-07-28/news/ct-met-asian-carp-20130728_1_asian-carp-chicago-area-waterway-system-illinois-waterways; Dan 
egan, “Videos show Fish swimming through Barrier meant to stop asian Carp,” Milwaukee-Wisconsin Journal Sentinel, February 8, 
2014, available at www.jsonline.com/watchdog/watchdogreports/videos-show-fish-swimming-through-barrier-meant-to-stop-asian-carp-
b99198591z1-244565641.html.

29 “tiny number of asian Carp Could Be Big problem for the Great Lakes,” University of Waterloo News, september 11, 2013, uwaterloo.ca/
news/news/tiny-number-asian-carp-could-be-big-problem-great-lakes.

30 thomas Carannante, “Dangerous Fish: asian Carp posing threat to Boaters in mississippi river Waters,” Science World Report, February 
19, 2014, available at www.scienceworldreport.com/articles/12992/20140219/dangerous-fish-asian-carp-posing-threat-boaters-mississippi-river-
waters.htm.

31 stephen saunders et al., Great Lakes National Parks in Peril.

32 Great Lakes science Center, Algal (Cladophora) Mats Harbor High Concentrations of Indicator Bacteria and Pathogens, u.s. Geological 
survey, 2009, available at www.glsc.usgs.gov/_files/factsheets/2009-1%20Cladophora.pdf.

33 Dan kraker, “scientists suspect Great Lakes Invaders in Loon Deaths,” Minnesota Public Radio, march 11, 2013, available at www.
sctimes.com/article/20130311/spOrts05/303110057/scientists-suspect-Great-Lakes-invaders-loon-deaths?nclick_check=1.

34 Deane L. erdner et al., “Centers for Ocean and Human Health: a unified approach to the Challenge of Harmful algal Blooms,” 
Environmental Health Journal 7, no. 2 (2008), supplement: proceedings of the Centers for Oceans and Human Health Investigators meeting, 
available at www.ehjournal.net/content/7/s2/s2.

35 robert magnien, Harmful Algal Blooms and Hypoxia in the Great Lakes Region, nOaa Center for sponsored Coastal Ocean research, 
available at www.cop.noaa.gov/stressors/extremeevents/hab/habhrca/GL_fact_09-06.pdf.

36 World Business Chicago, Great Lakes and St. Lawrence Region, march 2011, available at www.worldbusinesschicago.com/files/data/
GLsL_economy_update_2011%20(2009%20data)_1.pdf.

37 37 Julie mida Hinderer et al., Feast and Famine in the Great Lakes: How Nutrients and Invasive Species Interact to Overwhelm the Coasts 
and Starve Offshore Waters, national Wildlife Federation, October 4, 2011, available at www.nwf.org/~/media/pDFs/regional/Great-Lakes/
GreatLakes-Feast-and-Famine-nutrient-report.ashx.

38 Feng song, Frank Lupi, and michael kaplowitz, “Valuing Great Lakes Beaches,” presentation at the agricultural & applied economics 
association 2010 aaea, Caes, & Waea Joint annual meeting, Denver, CO, July 25-27, 2010, available at ageconsearch.umn.edu/
bitstream/61791/2/Beachpaper-submit-10may5.pdf.

39 Great Lakes Commission, “Great Lakes recreational Boating’s economic punch,” available at www.glc.org/files/docs/2007-rec-boating-
economic-punch.pdf.

40 saodat asanova-taylor, “Low Water means Low revenue for Great Lakes Boating Businessses,” Great Lakes Echo, september 24, 2012, 
available at greatlakesecho.org/2012/09/24/low-water-means-low-revenue-for-great-lakes-boating-businesses/.

41 John schwartz, “Water Levels Fall in Great Lakes, taking a toll on shipping,” New York Times, June 10, 2013, available at www.nytimes.
com/2013/06/11/us/great-lakes-shipping-suffers-as-water-levels-fall.html?nl=todaysheadlines&emc=edit_th_20130611.

42 karl plume, “shippers seek White House’s Help to keep mississippi river Open,” Reuters, november 27, 2012, available at articles.
chicagotribune.com/2012-11-27/news/sns-rt-us-usa-barges-mississippibre8aq17u-20121127_1_mississippi-river-karl-plume-water-releases.

http://articles.chicagotribune.com/2013-07-28/news/ct-met-asian-carp-20130728_1_asian-carp-chicago-area-waterway-system-illinois-waterways
http://articles.chicagotribune.com/2013-07-28/news/ct-met-asian-carp-20130728_1_asian-carp-chicago-area-waterway-system-illinois-waterways
http://www.scienceworldreport.com/articles/12992/20140219/dangerous-fish-asian-carp-posing-threat-boaters-mississippi-river-waters.htm
http://www.glsc.usgs.gov/_files/factsheets/2009-1 Cladophora.pdf
http://www.sctimes.com/article/20130311/SPORTS05/303110057/Scientists-suspect-Great-Lakes-invaders-loon-deaths?nclick_check=1
http://www.sctimes.com/article/20130311/SPORTS05/303110057/Scientists-suspect-Great-Lakes-invaders-loon-deaths?nclick_check=1
http://www.ehjournal.net/content/7/S2/S2
http://www.cop.noaa.gov/stressors/extremeevents/hab/habhrca/GL_fact_09-06.pdf
http://www.worldbusinesschicago.com/files/data/GLSL_Economy_Update_2011 (2009 data)_1.pdf
http://www.worldbusinesschicago.com/files/data/GLSL_Economy_Update_2011 (2009 data)_1.pdf
http://www.nwf.org/~/media/PDFs/Regional/Great-Lakes/GreatLakes-Feast-and-Famine-Nutrient-Report.ashx
http://www.nwf.org/~/media/PDFs/Regional/Great-Lakes/GreatLakes-Feast-and-Famine-Nutrient-Report.ashx
http://ageconsearch.umn.edu/bitstream/61791/2/BeachPaper-Submit-10May5.pdf
http://ageconsearch.umn.edu/bitstream/61791/2/BeachPaper-Submit-10May5.pdf
http://greatlakesecho.org/2012/09/24/low-water-means-low-revenue-for-great-lakes-boating-businesses/
http://www.nytimes.com/2013/06/11/us/great-lakes-shipping-suffers-as-water-levels-fall.html?nl=todaysheadlines&emc=edit_th_20130611
http://www.nytimes.com/2013/06/11/us/great-lakes-shipping-suffers-as-water-levels-fall.html?nl=todaysheadlines&emc=edit_th_20130611
http://articles.chicagotribune.com/2012-11-27/news/sns-rt-us-usa-barges-mississippibre8aq17u-20121127_1_mississippi-river-karl-plume-water-releases
http://articles.chicagotribune.com/2012-11-27/news/sns-rt-us-usa-barges-mississippibre8aq17u-20121127_1_mississippi-river-karl-plume-water-releases

