
 

 

 

 
THE VULNERABILITY OF THE GREAT 

LAKES REGION TO WATERBORNE 
DISEASES IN THE WAKE OF CLIMATE 

CHANGE 
 

A LITERATURE REVIEW 

 

 

 

 

 

 

 
EMMA TÄLLÖ 

Examensarbete grundnivå 
Naturgeografi, 15 hp 

NG 60 
2017 

Institutionen för naturgeografi 



 

 

  

  

  

  

  

  

  

  

  



 

 

    
  

  

  

  

  

  

  

  

  

Förord  

  

  

Denna uppsats utgör Emma Tällös examensarbete i Naturgeografi på grundnivå vid 

Institutionen för naturgeografi, Stockholms universitet. Examensarbetet omfattar 15 

högskolepoäng (ca 10 veckors heltidsstudier).   

  

Handledare har varit Anders Moberg, Institutionen för naturgeografi, Stockholms universitet. 

Examinator för examensarbetet har varit Peter Jansson, Institutionen för naturgeografi, 

Stockholms universitet.  

  

Författaren är ensam ansvarig för uppsatsens innehåll.  

  

  

Stockholm, den 27 juni 2017  

  

  
  

Steffen Holzkämper  

Chefstudierektor  



 

 

  

  

  

  

  

  

  

  

 



 

1  

  

 

Abstract   
  

Clean drinking and recreational water is essential for human survival and contaminated water cause 
1.4 million deaths worldwide every year. Both developing and developed countries suffer as a 

consequence of unsafe water that cause waterborne diseases. The Great Lakes region, located in the 

United States is no exception. Climate change is predicted to cause an increase in waterborne disease 
outbreaks, worldwide, in the future. To adapt to this public health threat, vulnerability assessments 

are necessary. This literature study includes a vulnerability assessment that describes the main 

factors that affect the spreading of waterborne diseases in the Great Lakes region. Future climate 
scenarios in the region, and previous outbreaks are also described. The study also includes a 

statistical analysis where mean temperature and precipitation is plotted against waterborne disease 
cases. The main conclusion drawn is that the Great Lakes region is at risk of becoming more 

vulnerable to waterborne diseases in the future, if it does not adapt to climate change.           
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1. Introduction  
The importance of water cannot be stressed enough; it is a necessity with countless purposes. 
Humans use water for drinking, cooking, cleaning, and sanitation; to mention a few examples. If the 

water used for these purposes is not clean, human health is put at risk. In 2000 the UN set 15 

Millennium Development Goals (MDGs), one of which was to halve the proportion of people living 

without access to safe drinking water by 2015 (UN, 2000). This goal was met in 2012 (WHO, n.d.).   

Despite this, unsafe drinking water and contaminated recreational water, still cause a major threat to 

human health in many developing countries. For example, diarrhea caused by waterborne pathogens 

is the cause of 20 % of the deaths of children under 5 years old worldwide. It has also been estimated 

that diarrheal infections, is the cause of about 1.4 million deaths per year worldwide (Prüss-Üstün et 
al., 2016). In 2015 it was seen as the eighth leading cause of death in the world (“WHO | The top 10 

causes of death,” n.d.). Nevertheless, the diarrheal death toll has almost halved in the last 15 years 

(Prüss-Üstün et al., 2016).  

The burdens of waterborne diseases are mainly felt by developing countries, but developed countries 

are not exempt (Prüss-Üstün et al., 2016). This includes the United States of America. While the 

deaths caused by waterborne pathogens annually in the country is negligible compared to the global 

figures, the number of people that have contracted waterborne diseases is not. Messner et al. (2006) 
estimate, that the number of cases of acute gastrointestinal illness caused by waterborne pathogens 

in the United States can range between 4.26 million to 32.9 million, annually.    

Historically, the Great Lakes region, located in the United States, has been heavily impacted by 

waterborne disease outbreaks. In 2012, the region was responsible for 59 % of the United States’ 
combined outbreaks, which constitutes 63 % of all individual cases (CDC, 2015a). As climate change is 

predicted to cause an increase in waterborne disease outbreaks, the region could be at a greater risk 
of outbreaks occurring more frequently (Smith et al., 2014, p. 713). In order to adapt to the public 

health threat caused by climate change and the waterborne diseases that could follow, assessing 

vulnerability is essential.   

The aim of this literature study is to describe the main factors that affect the spreading of 

waterborne diseases in the Great Lakes region, as well as, the factors that might hinder this 
spreading, to answer the research question, how vulnerable is the population of the Great Lakes 

region to the spreading of waterborne diseases as an effect of climate change?    

The research question is answered by, first, reviewing literature and previous studies that have linked 

climate change to waterborne diseases in regions with similar and different climate regimes as 

compared to the Great Lakes region. Second, I have reviewed knowledge about large previous 

outbreaks in the region; looking at what could have caused them as well as the adaptation and 

coping measures that were implemented at the time of the outbreak. Third, I studied climate 
scenarios developed for the region. To see how projected climate change effects, with emphasis on 

those proved to have an impact on the spreading of waterborne diseases (e.g. flooding), are 
predicted to change in the future. Fourth, I drew knowledge from different vulnerability assessment 

frameworks to assess the vulnerability of the population of the Great Lakes region to contamination 

of water sources and waterborne diseases. Lastly, to see if temperature and/or precipitation has a 
linear correlation with waterborne disease cases reported in the region during 2000 – 2005, I 

gathered data about the reported cases and plotted it with monthly average temperature and 

precipitation data in the region during that same time. The main conclusion drawn from this 
literature study is that the Great Lakes region will have to adapt to climate change in order to reduce 

vulnerability to waterborne diseases.   
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2. Method   
The literature used in this literature review was found using the database EBSCO host. Peer reviewed 
articles published from 1980 – 2017 were included in the search – which was made using relevant 

search terms such as “Climate Change and Waterborne Diseases”, “Great Lakes Region”, and 

“Waterborne Pathogens”. In addition to peer reviewed articles, governmental and organizational 

reports and websites were used based on their relevance to the research question and the overall 

aim of the study.   

The literature review was complemented by elementary statistical analysis of selected data. The 

disease data used in the analysis was gathered from the Centers for Disease Control and Prevention’s 

(CDC) Morbidity and Mortality Weekly Reports (MMWR). The temperature and precipitation data 
was taken from the Midwestern Regional Climate Center’s  

“cliMATE: the MRCC's Application Tools Environment” database. The temperature and precipitation 

data were previously expressed in °F and inches. I have converted these units to mm and °C.   

To test the hypothesis (the number of waterborne disease cases per month is linear to temperature 

and precipitation), I plotted the number of cases occurring every month with the mean temperature 

and precipitation that corresponded to that month and year.  After plotting these two factors, I 

continued to investigate during what months waterborne diseases were more frequently occurrent, 

as well as what contaminated water source was the root of the outbreaks. This was done as a way of 

explaining why certain months had more outbreaks than others – given that temperature or 

precipitation did not have a linear relationship with waterborne disease cases.   

3. Background   
3.1 The Vulnerability Concept    
When it comes to climate change vulnerability, numerous definitions exist. One was formed by the 
Intergovernmental Panel on Climate Change (IPCC) in 2001: “Vulnerability is the degree to which a 

system is susceptible to, or unable to cope with, adverse effects of climate change, including climate 

variability and extremes. Vulnerability is a function of the character, magnitude and rate of climate 

change and variation to which a system is exposed, its sensitivity, and its adaptive capacity” (White et 

al., 2001, p. 21). This is the definition that will be used in this study.   

To assess vulnerability one should look at the problem from a coupled human-environment system 

perspective; remembering the relationship between human and biophysical vulnerability. By doing so 

we can look at systems from a more comprehensive point of view and include various connections 

that otherwise are at risk of being missed (Turner et al., 2003).   

As the definition of vulnerability implies, there are three key components that must be identified, 

besides the hazard in question. As with the definition of vulnerability itself, these three key 
components have several different definitions. Here, exposure will be defined as the place or 

element at risk of being exposed to a hazard, this includes the number of people that will be affected 

by it. Second, sensitivity depend on both human and environmental conditions. It describes the 
susceptibility of the elements at risks to suffer harm due to the hazard in question. Lastly, the 

concept of adaptive capacity focuses on the capability of a system to maintain its reference state.  

The concept is similar to the ecological concept of resilience. Adaptive capacity can be seen as 
ecological systems’ ability to bounce back from a disaster and social systems’ ability to cope with and 

learn from disasters (Achieng Onyango et al., 2016; Birkmann et al., 2013; Brown et al., 2014; Turner 

et al., 2003). Apart from these three key components, there are several other dimensions that should 

be considered when assessing vulnerability. The dimensions are social, economic, physical, 

http://mrcc.isws.illinois.edu/
http://mrcc.isws.illinois.edu/
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environmental, and institutional. They are important factors to understand a system’s exposure, 

sensitivity, and adaptive capacity (Birkmann et al., 2013; Turner et al., 2003).   

A standardized vulnerability assessment framework does not exist (Lissner et al., 2012). Therefore, 

this study will draw definitions, and assessment concepts from several frameworks.    

3.2 Study Area  
The Great Lakes region, (Fig 1., modified from “Depositphotos” (2017)) located in USA, consists of 

eight states; Illinois, Indiana, Michigan, Minnesota, New York, Ohio, Pennsylvania, and Wisconsin, 
that all border the Great Lakes. The population of the Great Lakes region, consist of a total of 10% of 

the whole country’s population (Grady, 2011). Illinois, Indiana, Michigan, Minnesota, Ohio, and 
Wisconsin are also a part of the Midwest region, while New York and Pennsylvania are not.      

The study area is characterized by its five great 
lakes, Lake Superior, Lake Michigan, Lake Huron, 

Lake Erie, and Lake Ontario and by its tens of 

thousands of small lakes covering the area. The 

total shoreline of the lakes is 17 017 km long 

(Fuller et al., 1995, p. 4).   

The lakes were once covered by continental 

glaciers, and because of this, uplift still occurs in 

the Northern parts, causing a continuously 

changing basin. The Great Lakes, as we know 
them today, were formed 10 000 years ago 

(Fuller et al., 1995, p. 7). The Great Lakes 

watershed is vast about 540 000 km2 (in 
comparison, Sweden is  

447 435 km²) and it is a combination of the five 

individual watersheds. These lakes contain 95% of North America’s freshwater supply; which 

constitutes 20% of the world’s obtainable freshwater supply (Norton and Meadows, 2014). Water 

from the lakes is used for drinking, crop irrigation, creating electricity, cleaning, and for 

recreational purposes (Grady, 2011).  

Around 9% of the region is classified as developed land. Large metropolitan cities such as, Chicago, 
Detroit, Cleveland, and Milwaukee can be found in the region (Méthot et al., 2015). 32.5% of the 

region is forest, 27.5% is agricultural land, 17.3 % is wetland, and 9% is water (NOAA, 2010). The 

Southern parts of the region is mainly urbanized while the Northern part is characterized by forests 

(Zhang et al., 2016).      

Because of the region’s size, its Köppen climate classification varies from location to location. 

However, the most dominant type is Dfb (warm, humid, continental climate), followed by Dfa (hot, 

humid, continental climate) (Kottek et al., 2006). Representative climographs of these climate 

classifications can be seen in figure 2 and 3 (NOAA, n.d., n.d.).     

The weather is changeable, and the region experiences seasons. The weather is dependent on warm, 

humid air coming from the Gulf of Mexico and cold, dry air coming from the Artic. In January, daily 

mean air temperature range from 0°C – -22.5°C. In July daily mean air temperature range from 7.5°C 
– 25°C (Fuller et al., 1995, pp. 8–9). The Great Lakes influence the climate in the region by for 

example, causing temperature inversion during summer months that sometimes result in smog in 

particularly industrialized parts of the region. Furthermore, the lakes make winter temperatures in 

certain areas milder as warm air is trapped in surface water during summers that is released during 

winter. In the fall, air temperature decreases while storms and precipitation increases. During the 

Figure 1. Map of USA. The lighter blue color is the Great Lakes 

Region. Numbers indicate states: 1. Minnesota, 2. Wisconsin, 3. 

Illinois, 4. Indiana, 5. Michigan, 6. Ohio, 7. Pennsylvania, 8. New York. 

The red star is Duluth, MN. The yellow star is Chicago, IL (modified 

from “Depositphotos” (2017)).  
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winter, precipitation falls as snow and the lakes are covered by ice. Only Lake Erie is completely 

covered. The lakes prolong winter since water warms slower than air. The ice cover melts during 

spring and thunderstorms are for example common during spring season (Fuller et al., 1995, p. 9).   

 

 

Figure 2. Climograph of Chicago, IL showing average monthly temperatures and precipitation 1971-2000 
(source: NOAA, n.d.,)  

  

Chicago experiences cold winters and warm summers (Fig. 2). Precipitation falls throughout the year, 

slightly less during winter months, and higher values during summer, and especially August. Duluth 
experiences cold winters and cool summers (Fig. 3). Precipitation falls throughout the year, with a 

slight increase during summer months. It is not represented in the climographs but the annual 

maximum temperature in Chicago was 40.0 °C, the annual minimum temperature was -32.8°C 

(NOAA, n.d.). In Duluth those values were 36.1°C and -39.4°C (NOAA, n.d.).  
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Figure 3. Climograph of Duluth, MN showing average monthly temperatures and precipitation   1971-2000 
(source: NOAA, n.d.,).   

  

3.3 Waterborne Pathogens and Diseases    
Waterborne diseases are caused by waterborne pathogens; primarily by different types of bacteria, 

viruses, and parasitic protozoa (Ramírez-Castillo et al., 2015). These pathogens cause different types 

of diseases that vary in severity and transmission rate (WHO, 2011). Bacteria such as Escherichia coli 

cause acute diarrhea, bloody diarrhea and gastroenteritis. Vibrio cholerae cause gastroenteritis and 

cholera. Shigella spp can cause bacillary dysentery or shigellosis. Virus, for example Enteroviruses and 

Rotavirus both cause gastroenteritis, while Hepatitis A virus cause hepatitis. Moreover, protozoa 

such as Cryptosporidium cayetanensis and Giardia intestinalis both cause diarrhea (Ramírez-Castillo 

et al., 2015). Waterborne diseases can also arise from chemical pollution (WHO, 2011).     

This study will not distinguish between the different types of pathogens (or chemicals), nor the 

diseases they cause. “Waterborne diseases” will therefore be used as an umbrella term for all 
different types of waterborne infections and pathogens, unless otherwise indicated.   

There are a number of traits that harmful waterborne pathogens have in common. They are either 
especially infectious in low doses, or occur in high numbers. They might be able to survive water 

treatment completely, alternatively they may be able to stay infectious and alive for long periods of 

time in treatment plants. Pathogens that can multiply and survive without a host, are also especially 
dangerous to humans (Funari et al., 2012).     

Humans are normally infected with waterborne pathogens by being exposed to contaminated 
drinking water, contaminated food, and contaminated recreational water. This can happen if 

pathogens are ingested, inhaled, or dermally absorbed. Moreover, exposure to pathogens can occur 

through, for example, swimming as well (Rose et al., 2001). It is usually animal or human feces that is 

the source of contamination, which in turn come in contact with surface water by runoff, or by 

discharge of both treated and untreated waste water into freshwater or saltwater bodies.  

Furthermore, waste can be disposed to the subsurface and in turn leach into groundwater. Dumping 
or burial of waste is also a source of microbial contamination of water. Additionally, sewage from 

different sources (sewage overflows, sewage spills, sewage treatment plants) remain a big source of 

water contamination. Furthermore, urban and agricultural storm water runoff contaminate water as 
well (Funari et al., 2012; James and Joyce, 2004; Rose et al., 2001). The pools where waterborne 
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pathogens can exist and the pathways they can take to their new human host are shown in Figure 4 

after Funari et al. (2012).     

Several factors must coincide at the same time for humans to become ill due to contaminated 

drinking water. A water body has to be contaminated, the pathogens have to be transported to a 

drinking water source, this drinking water has to be insufficiently treated, and lastly, humans have to 

be exposed to the contaminant (Rose et al., 2001).   

Although the majority of the human population can be infected with waterborne pathogens, and 

become ill, certain sub-populations are more sensitive and susceptible to them. These include, the 

immune-compromised (suffering from HIV and AIDS for example), the young, the old, and pregnant 
women (Hynds et al., 2014).   

  
Figure 4. Conceptual diagram showing the pools in which waterborne pathogens can exist. The arrows show the pathways that 
the pathogens may take during their lifetime (modified from Funari et.al. 2012).  

3.4 Climate Change and Health   
It is concluded in the fifth assessment report by the IPCC that the environment (hence, climate 

change) impacts human health in three ways (Smith et al., 2014, p. 741). The first is direct exposure 

to the effects of climate change, such as drought and extreme heat. The second way human health 
can be affected by climate change, is by effects that are worsened by human systems. For instance, 

undernutrition caused by disruption of economic systems. Last, indirect exposure to the effects of 
climate change, can also affect human health. This is referred to as “health effects mediated through 

natural systems” (Smith et al., 2014, p. 716). Health effects facilitated by climate change include 

spreading of vector borne and waterborne diseases (Coffey et al., 2014).   

Because of the nature of waterborne pathogens (they need an external host to survive for example)  

– the pathogen group is highly susceptible to changes in climate and the global hydrological cycle 
(Confalonieri et al., 2015; Patz et al., 2014). The effects of climate change that have been correlated 

with spreading of waterborne diseases are primarily due to changing meteorological conditions that 

cause extreme weather events, such as flooding, heavy precipitation, drought, as well as changing 

temperatures (Levy et al., 2016; Patz et al., 2014).     



 

10  

  

Increasing temperatures can favor transmission of certain pathogens; while it at the same time may 

hinder others. As very pathogen is different, one cannot say that all waterborne pathogens will be 

affected by climate change in the same way (Altizer et al., 2013). Heavy precipitation events will 
increase runoff, which in turn will increase the risk of water supply contamination (Guzman Herrador 

et al., 2015). Droughts can, according to Guzman Herrador et al. (2015) and Levy et al. (2016), 

increase outbreaks of waterborne diseases as the pathogen to water ratio becomes higher. Flooding 
may destroy or overwhelm infrastructure, and consequently water can be contaminated (Levy et al., 

2016).     

3.5 Future Emission Scenarios  
IPCC has created different emission scenarios based on future greenhouse gas (GHG) emissions and 
radiative forcing (RF) called Representative Concentration Pathways (RCP). There are 4 RCPs; RCP 2.6, 

RCP 4.5, RCP 6.0, and RCP 8.5. RCP 2.6 and 4.5 are lower emission scenarios, RCP 6.0 and 8.5 are 

consequently higher emission scenarios (IPCC, 2013a, pp. 147–148). These are somewhat equivalent 
to the old emission scenarios called SRES, with the exception of RCP 2.6, which is a new scenario. The 

main difference between RCP and SRES scenarios, is that under RCP scenarios, mitigation scenarios 

and other anthropogenic forcings like land use are considered (Rogelj et al., 2012). RCP 4.5 can be 
compared with SRES B1, RCP 6.0 can be compared with SRES B2, and RCP 8.5 can be compared with 

A1F1. These scenarios will have similar median temperature increase by the end of the century. 

However, the projections are not exactly the same (Rogelj et al., 2012). The RCP scenarios are named 

after their estimated RF value at 2100. This is expressed in W/m2 (Collins, M. et al., 2013, p. 1045).   

RCP 2.6 has a peak and decline pathway – it declines to 2.6 W/m2 after peaking at 3.0 W/m2. This 

scenario demands radical GHG reductions and it would require the world population to be no more 

than 9 billion people (by 2100), declining oil usage, reducing methane emissions by 40%, and low 

energy intensity. Furthermore, CO2 emissions would have to become negative in 2100 – and remain 

at around 400 ppm in the atmosphere (Moss et al., 2010; Vuuren et al., 2011). Global mean surface 
temperature under RCP 2.6 could increase with 0.3°C to 1.7°C by the end of the century (IPCC, 2013b, 

p. 20).   

Under RCP 4.5 reductions of GHGs are also rather ambitious. RF is stabilized at 4.2 W/m2 in 2100. In 
this scenario, the future is consistent with reforestation, lower energy intensity, stable methane 

emissions, and strict climate policies. CO2 emissions should decline around 2040, and only increase a 

little before that. By 2100 the CO2 concentration would be around 650 ppm. The pathway is 
stabilization without overshoot (Moss et al., 2010; Vuuren et al., 2011). Global mean surface 

temperature under RCP 4.5 could increase with 1.1°C to 2.6°C by the end of the century (IPCC, 2013b, 

p. 20).    

Under RCP 6.0, RF is stabilized at 6 W/m2 shortly after 2100. The future is consistent with 

intermediate energy intensity, stable methane emissions, and heavy reliance on fossil fuels. This 
scenario is reliant on technological solutions and strategies in terms of GHG reductions. CO2 

emissions peak in 2060, and the concentration stabilize at around 850 ppm after 2100. The pathway 

is stabilization without overshoot (Moss et al., 2010; Vuuren et al., 2011). Global mean surface 
temperature under RCP 6.0 could increase with 1.4°C to 3.1°C by the end of the century (IPCC, 2013b, 

p. 20).     

RCP 8.5 is also called the “business as usual” scenario, because there are no climate policy changes to 

reduce GHG emission in this scenario and therefore no implementation of any polices. The future is 
also consistent with increasing methane emissions, high energy intensity, heavy reliance on fossil 

fuels, and increased used of croplands and grassland. The world population would be 12 billion 
people. The pathway is rising, and in 2100 RF is 8.5 W/m2; CO2 concentration is at least 1370 ppm 
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(Moss et al., 2010; Vuuren et al., 2011). Global mean surface temperature under RCP 8.5 could 

increase with 2.6°C to 4.8°C by the end of the century (IPCC, 2013b, p. 20).   

3.6 Federal Regulations    
The basic protection designed to prevent waterborne disease outbreaks are enforced in the United  

States as well as in the Great Lakes region. This protection includes laws and regulations such as the 
Safe Drinking Water Act (SDWA) and the Clean Water Act (CWA). SDWA regulates water intended for 

drinking, as well as water that could be intended for drinking; this includes surface water and 
groundwater. The United States Environmental Protection Agency (EPA), has the authority to enforce 

the SDWA (EPA, 2004). The CWA regulates pollution of water from various sources, such as 

wastewater. It ensures clean water for wildlife and fish; as well as clean recreational water for 
humans. CWA is also enforced by the EPA (Clayton et al., 2015). Because of these regulations, the 

country has drinking water treatment plants and management of these in every state as well as 

sanitation and wastewater systems. Despite these actions that have been made to ensure safe 
drinking and recreational water in the region and throughout the country, outbreaks still take place.     

4. Literature Review    

4.1 Climate Change and Waterborne Disease     
Under all RCP scenarios, it is expected that the risk of further spreading of waterborne diseases will 

worsen across the globe (Smith et al., 2014, p. 713). However, there is little data available on how 

climate change will affect waterborne diseases. The lack of data correlating climate change with 

waterborne disease outbreaks makes predicting future outbreaks difficult (Semenza et al., 2012b). 
Then again, heavy precipitation events and increased temperatures have been linked to the 

spreading of certain waterborne pathogens in Europe and the United States. For example, in addition 

to heavy rainfall, sewage discharge and runoff can lead to infiltration of Cryptosporium in drinking 
water reservoirs – which if the pathogen is persistent enough could lead to disease outbreaks 

(Semenza et al., 2012a). In the United States, heavy rainfall preceded more than half of the reported 
waterborne disease outbreaks (Curriero et al., 2001).  

Parts of Canada have similar environmental conditions as the Great Lakes region (with parts of the 
country bordering the Great Lakes). Studies have linked heavy precipitation, drought, flooding and 

coastal erosion to greater risk of waterborne diseases in the country. Precipitation is linked to 

flooding and erosion – which could cause contamination of both surface and groundwater. It could 
also affect water treatment, making it less efficient. Flooding often cause contamination of wells and 

surface water. Drought followed by heavy rainfall is widely recognized to be a combination that can 

cause outbreaks, and neither Canada nor the Great Lakes region (see example of New York outbreak 

below) is any exception to this (Charron et al., 2004).   

Studies observing waterborne diseases in Arctic and Subarctic areas of the world also conclude that 
there are not enough studies investigating the correlation between waterborne diseases and climate 

change in these climatic conditions. However, there is evidence of waterborne diseases and certain 

climatic conditions being linked; such as increased air temperature and extreme precipitation. The 
authors also concluded that living in areas with lacking infrastructure makes populations more 

vulnerable (Hedlund et al., 2014). Furthermore, there have been instances where colder lake 

temperatures combined with increased river flow have been linked to increase risk of waterborne 
disease outbreaks (Greer et al., 2009).      

In parts of the world where water is scarce, in arid and semi-arid places, it, by itself, can be an 

underlying cause of illness that does not exist in the Great Lakes region. However, both temperature 

and rainfall have been linked to waterborne diseases in these areas. Under higher emission 
scenarios, the morbidity due to waterborne diseases could increase with up to 42% by 2050 (El-Fadel 
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et al., 2012). Factors like urbanization and population growth can lead to increasing emissions of 

certain pathogens to surface water. Which in turn can lead to increased occurrence of waterborne 

disease outbreaks in these areas (Hofstra, 2011).   

4.2 Previous Waterborne Disease Outbreaks in the Great Lakes Region    
There have been occasional outbreaks in the US that have affected hundreds of thousands of people, 
with fatalities in excess of 50. One such example is the 1993 outbreak that occurred in Milwaukee, 

Wisconsin (Connelly and Baeumner, 2012). 403 000 people out of 1,6 million were infected (Gradus 

et al., 1994). The outbreak was preceded by heavy rainfall events and thus caused heavy runoff. This 

has been proven to have played a part in the spreading of the harmful pathogen Cryptosporidiosis 

(Auld et al., 2004). Mac Kenzie et al. (1994) and Morris et al. (1996) have correlated the outbreak 
with increased turbidity of treated water caused by spring storms. Turbidity can be  seen as an 

indicator for particles passing through the plant that are not supposed to (Fox and Lytle, 1996). 

Another factor that may have contributed to the severity of the outbreak was the lack of detection 
procedures for the specific pathogen; it was detected 60 hours after authorities had realized the 

seriousness of the situation (Gradus et al., 1994). Eisenberg et al. (1998) conclude that had there 

been a working surveillance system in place to detect the pathogen around 85% of the individual 
cases could have been prevented. Furthermore, one of the water treatment plants filtering water 

from Lake Michigan was not working the way it was supposed to and turbidity was, for example, only 

measured every 8 hours. Procedures and processes might have been in place at the time of the 

outbreak, but it is clear they did not work properly (Fox and Lytle, 1996). This pathogen,  

Cryptosporidiosis, can also spread via contact, which in this case has been estimated to have been the 

root of about 10% of all cases. However, this is not considered to be the sole reason for the severity 

of the outbreak. Modelling disease transmission scenarios also suggests that closing the treatment 

plant prevented 19% of the cases that could have arose if the plant had not been closed. 

Furthermore, the entire outbreak could have been prevented, had the wastewater effluent and the 

drinking water influent been further apart (Eisenberg, 2005). Cryptosporidiosis alone did not cause 

the deaths associated with the outbreak. Everyone who died suffered from a disease that made them 

more susceptible to waterborne pathogens. For example, 85% of the people who died suffered from 

AIDS (Hoxie et al., 1997).   

The largest reported waterborne outbreak of waterborne E.coli occurred in the state of New York in  

1999; similar to Milwaukee, this endemic was preceded by heavy rainfall and furthered by a drought 

prior to that (Auld et al., 2004). The outbreak occurred at a state fair, and has been linked to a 

contaminated well that was used to supply unchlorinated water to customers. Around 1000 people 

were infected with the pathogen; two died, one child and one elderly from complications brought on 

by the pathogen. Steps were taken to minimize secondary transmission, these included sending 
letters to schools, hospitals, and nursing homes, educating about the importance of hand washing. 

Furthermore, laws and regulations regarding water and fairs were being reviewed in proximity to the 

outbreak. There was also an order issued, demanding the usage of disinfected water at public events 
(CDC, 1999).  

One of the largest outbreaks in the Great Lakes region occurred in 2004 on an island in Lake Erie, 

Ohio. 1450 people were infected, no one died. The source of the outbreak was fecal contamination; 

waste water from two different sources ended up in the lake and the subsurface though runoff. 
Because of extreme precipitation it is thought that the water table was raised and that the 

subsurface was saturated. This along with one day of strong currents in the lake caused surface water 
and groundwater to interchange rapidly all over the island. This contaminated the groundwater 

which was the island’s drinking water source. Both organic material and turbidity were high before 

the outbreak (Fong et al., 2007). Another important factor in this case was the variety of treatment 
plants that were present on the island at the time, and the lack of municipal treatment plants. 
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Furthermore, an illegal sewage disposal site on the island had contaminated the aquifer for years. 

The disposal site was shut down as an effect of the outbreak. Additionally, physical characteristics of 

the island are possible contributing factors to the contamination, such as the karst aquifer geology 
and the soil type which made it unsuitable for sewage filtration. The number of new cases decreased 

after steps were taken, by the local government, to reduce the exposure of the contaminant. These 

included recommendations to drink bottled water as well as recommendations to not drink public 
well water. Additionally, the island was a tourist island, and following media coverage the number of 

visitors on the island decreased. Short term strategies to reduce the risks of waterborne disease 
outbreaks were taken on the island. As well as long term improvements to water and wastewater 

infrastructure (O’Reilly et al., 2007). Moreover, monitoring and disinfection of groundwater (used for 

drinking water) on a regular basis became mandatory as an effect of the outbreak (Fong et al., 2007).     

4.3 Future Climate Projections, the Great Lakes Region   
The effects of climate change that will cause further spreading of waterborne diseases increase in 
heavy precipitation events, flooding, rising temperatures, and droughts (Levy et al., 2016). All of 

which (to some degree) will increase in the Great Lakes region (Hayhoe et al., 2010). Depending on 
scenario, the effects of climate change will be more or less severe. With higher emissions increasing 

the severity (IPCC, 2013a).      

Rising temperature has been a trend since the 1960s with winter temperatures warming fastest 

(Hayhoe et al., 2010). This trend is predicted to continue; and winter temperatures will continue to 

rise rapidly. This will shift by the end of the century and greater summer temperature changes will be 
felt in the region. Increasing temperatures will be greater in the southern parts of the region 

compared to the northern parts (Hayhoe et al., 2010). In lower emission scenarios, annual 
temperatures can rise almost 2°C – 2.5°C by the middle of the 21st century, and 3°C – 3.5 °C by the 

end of the century. In projections for higher emission scenarios, temperatures are expected to rise 

3°C – 3.5°C and 4°C – 5°C by the same time (Charron et al., 2004).    

Precipitation is projected to increase during winter and spring along with a slight decrease in 

precipitation during summer months by the end of the century (Hayhoe et al., 2010). The frequency 

of heavy precipitation events is projected to increase in the region. Under lower emission scenarios 
heavy precipitation events could occur twice as often compared to today; this number increases to 

five times as often under higher emission scenarios (Walsh et al., 2014).   

In newer emission scenarios, the average annual temperature increase in the Great Lakes region by 

the end of the century is predicted, by the IPCC, to be (RCP 2.6) 1.5°C – 2.5°C, (RCP 4.5) 3°C – 4 °C, 
(RCP 6.0) 3°C – 5°C, and (RCP8.5) 5°C – 7°C (IPCC, 2013c, pp. 1334–1337). The annual relative 

precipitation change in the region is predicted to be (RCP 2.6 and RCP 4.5) 0% – 10% and (RCP 6.0 

and 8.5) 10% – 20% (IPCC, 2013c, pp. 1334–1337).  

Flooding events are very much correlated with increasing precipitation in the region. Since 
precipitation is projected to increase during spring, it may cause flooding of rivers when combined 

with snow melt in spring (Cherkauer and Sinha, 2010). Furthermore, risk for flooding events also 

increase as heavy precipitation increases (Changnon and Kunkel, 1995). Flooding in Chicago has, for 
example, occurred when rainfall events have exceeded 6 cm in 24 h (Wuebbles et al., 2010). The 

southern parts of the region will be more susceptible to droughts than the northern part (Cherkauer 

and Sinha, 2010).         

Even though these are projections for the future, much of what can be expected to happen, has 

already begun. This means we can already see much of the consequences that climate change is 

expected to cause in the region today (Hayhoe et al., 2010).     
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5. Statistical Analysis   
The hypothesis tested in this elementary statistical analysis is: the number of waterborne disease 
cases per month is linear to mean temperature and mean precipitation.  

Both the precipitation and temperature data was based on monthly means from the years 2000 – 

2005 and thus n = 72. The average temperature and precipitation for the entire region is based on 

each state’s monthly values for the years 2000 – 2005. I used the number of individual cases per 

month and year. For the months where there was more than one outbreak I added them together. All 

outbreaks, individual cases, and source water can be found in Appendix A. In total, there were 110 

outbreaks causing 8180 individual cases during the period. The period was chosen as a representative 

period for the region.   

The results of the elementary statistical analysis made conclude that plotting monthly mean 

precipitation from 2000 – 2005 and cases per month for the same period, show no linear connection 

(Fig. 5). Nor does plotting precipitation after some sort of threshold value, for example 100 mm. No 
precipitation threshold seems to exist in this dataset.    

Plotting monthly mean temperature and cases per month show no association between the two 
variables (Fig. 6). There are more cases during June, July, and August – and when temperatures are 

≥16.4°C, than during the rest of the year. In fact, 89% of the cases can be found when temperatures 

were ≥16.4°C. However, plotting only temperatures ≥16.4°C and cases does not show a linear 
connection. Nor does any of the temperatures over 16.4°C and number of cases.     

Yet, most cases are still found in June and July (Fig. 7) – the warmest months (along with August).  

There are cases of outbreaks in every month – the highest number of cases is found in June, 3306 

cases. The month with the lowest number of cases is April, with 29 cases. Figure 8 shows the 

percentage of cases being caused by contaminated recreational (e.g. swimming pools, hot tubs, and 

lakes) and drinking water. It shows that nearly 100 % of the cases in May and June were caused by 

contaminated recreational water. The percentage is slightly lower in August but it is still in the 90th 

percentile. In February and March the origin of the waterborne disease cases is also nearly 100 % 
recreational water. In the colder months of October, November, and January most cases were caused 

by drinking water. This could indicate a correlation between cases caused by contaminated 

recreational water and temperature. However, plotting this does not show a simple linear 

correlation.    
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Figure 5. Scatter plot showing the total number of cases in the Great Lakes region from 2000 – 2005 and the corresponding 
precipitation value.     

  

  

  

 

Figure 6. Scatter plot showing the total number of cases in the Great Lakes region from 2000 – 2005 and the corresponding 
temperature.    
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Figure 7. Graph showing the total number of waterborne disease cases for each month of the year during 2000 – 2005 in the 
Great Lakes region.    

 

Figure 8. Graph showing the percentage of cases being caused by contaminated recreational and drinking water for each 
month during 2000 – 2005 in the Great Lakes region.   

6. Vulnerability Assessment   
6.1 Sensitivity  
Sensitivity describes the susceptibility of the people of the Great Lakes region to suffer harm due to 

contaminated water. Sensitivity depend on several factors, including environmental, economic, 
social, and physical. Here, sensitivity factors caused by various social and environmental dimensions 

are listed and explained. Both the sensitivity and adaptation capacity (factors) described in 6.1 and 

6.2 are shown in Figure 9.   

There has been a slight shift in the demographic of the region, in terms of an increasing aging 

population. Which can be explained by both a decrease in fertility of the U.S. population and by an 

increase in life expectancy. By mid-century it is expected that the region will have experienced a 

population growth of about 13 % (since 2010). The population size will then be about 35 million 
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people (Méthot et al., 2015). A larger population increases the risk for secondary disease 

transmission, which, as seen in previous outbreaks could worsen outbreaks (Eisenberg, 2005). 

Additionally, it will also have a negative impact on the water quality of the Great Lakes basins as 
more contaminants will be released (Great Lakes Science Advisory Board et al., 2009).     

Living with HIV and AIDS makes people more susceptible to waterborne diseases (Hynds et al., 2014).  
The Great Lakes region does not suffer greatly from HIV and AIDS compared to the rest of the 

country. In 2015 rates of HIV diagnoses were the lowest in the Midwest1 – with only 7.6 per 100 000 
people. New York and Pennsylvania have a slightly higher rate, which could be explained by their big 

metropolitan cities (New York and Philadelphia for example). It has been proven that the risk of being 

infected with HIV is higher in bigger cities. The lifetime risk of being infected with HIV in New York is 1 
in 69, which is one of the highest numbers in the country (CDC, 2016). Since HIV is now a lifelong 

disease, future projections show that by mid-century we will see an increase in the number of people 

living with HIV in the country – but the annual growth rate will decrease. Moreover, there will be an 
increase in older people living with HIV throughout the country (Hood et al., 2017).   

Land use patterns affect water quality and the spreading of waterborne pathogens. Land use policies 

are decided by local governments, and the region is heavily reliant on zoning – which increases the 

volume of impermeable surfaces (Patz et al., 2008). These policies create urban sprawl, the 

geographical expansion of cities. Urban sprawl is one of the biggest threats to good water quality in 
the Great Lakes basin. Partly due to discharge from wastewater treatment plants and partly due to 

increased runoff from impermeable surfaces. Furthermore, urban sprawl increases contaminant 

discharge and creates the need for more wastewater treatment plants (Great Lakes Science Advisory 

Board et al., 2009). Large metropolitan cities in the region are located along river and lake shorelines, 

which also puts a strain on water quality (Méthot et al., 2015).   

In areas with greater urban land cover, the concentration of waterborne pathogens is greater. The 

same goes for areas with agricultural practices. Other than land cover, the occurrence of waterborne 

pathogens in water sources also depend on seasonal patterns and hydrology. Studies have shown 

that both human and bovine virus occurrence and concentration is greater during spring and winter 

compared to summer and fall. Several factors could explain this, for example, virus survive easier in 
colder temperatures, increased soil-moisture content, shorter photoperiod, and ice cover. The last 

two both protect virus against UV-radiation. Increased runoff and flow during spring also cause 

greater turbidity (Corsi et al., 2016; Lenaker et al., 2017). Runoff during spring and winter could 
worsen as frozen or saturated soils can hinder infiltration; causing higher discharge of contaminants 

(Vavrus and Behnke, 2014). Furthermore, Great Lakes basins tend to flood during spring. This 
phenomenon will worsen in the future, thus, further the spreading of waterborne pathogens and 

diseases (Saharia et al., 2017).   

An increasing population equals increasing water demand. The water that will be used as drinking 

water in the future will most likely be groundwater – as is the case today in for example Minnesota. 
However, groundwater contamination is a problem throughout the country, and certain pathogens 

can be persistent. This means that future generations could have to deal with contaminated 

groundwater sources polluted by this generation. Increasing groundwater outtakes also decreases 
the amount of water and therefore increases the concentration of pathogens in aquifers (Minnesota 

Department of Health, 2015). The demand and consumption of water will also increase as 

temperature increases. Increased consumption of water means an increase in exposure to 
waterborne pathogens, and vulnerability to waterborne diseases (Levy et al., 2016).   

Outbreaks originating from federally regulated water sources is declining (as a consequence of said 

regulations). But troubles with non-regulated water sources, called noncommunity systems, still 

                                                           
1 The geographical region that Illinois, Indiana, Michigan, Minnesota, Ohio, and Wisconsin are a part of.    
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exist. Private wells are one such example; and groundwater contamination in particular is a large 

problem in the United States. Most importantly, the EPA does not have jurisdiction over private wells 

and cannot regulate them. If an unregulated private well is contaminated, there is a risk that it will 
lead to a waterborne disease outbreak. With correct design of noncommunity systems as well as 

compliance with regulations, outbreaks of this kind can be prevented  (CDC, 2015b). However, 

studies have shown that most private well owners do not test their drinking water, and hence are at 
greater risk of becoming ill due to waterborne pathogens. In 2015, around 1 million people got their 

drinking water from private wells in the state of Minnesota (Minnesota Department of Health, 2015). 
In the state of New York that number was 1.1 million households (New York Department of Health, 

2015).    

The Great Lakes region has many combined sewage systems. Systems made to take both storm water 

and sewage water to wastewater treatment plants. These systems are mainly used in smaller 

communities (serving less than 10 000 people). Yet, they are also used in big cities, such as New York 
and Philadelphia. The problem with combined sewage systems is that when they are overwhelmed, 

for example due to heavy rainfall, untreated waste water may mix with storm water. Rainfall events 
of more than 7,5 cm in 24 h can lead to overflow, and contamination of water bodies. It is predicted 

that by the end of the century, this problem could increase with 50 – 120 %. Despite changes being 

made to the combined sewage systems that have been proven to decrease the number of sewage 
overflows, it has been difficult to manage extreme precipitation events. It is possible that 

improvements to the infrastructure will be slower than the effects of climate change, and therefore 

not make a significant difference (Patz et al., 2014, 2008; Rose et al., 2001).   

With climate change comes the risk of new pathogens being introduced to the region. That could 

happen if the distribution of waterborne pathogens change. Pathogens could be introduced to the 

region by tourists, immigrates, or refugees (Charron et al., 2004). As seen with previous outbreaks, 

both in the region, and in the rest of the world, the risk of not detecting new harmful pathogens in 
time is always present (Radin, 2014). As is the risk of pathogens being resistant to treatment 

(Nwachcuku and Gerba, 2004).      

Economic decisions, such as the development of Concentrated Animal Feeding Operations (CAFOs) 

produce large amounts of manure, and are becoming more common in for example Michigan. Thus, 

causing more agricultural runoff. The risk of water contamination increases because of this, and 

people living around these areas will be at greater risk of exposure to these contaminants (Cameron 
et al., 2015).    

El Niño Southern Oscillation (ENSO) affect the region by decreasing winter precipitation and ice 

cover. This reduces runoff in the spring and increases evaporation of lake water. On one hand this 

reduces the risk of flooding, but on the other hand, the concentration of waterborne pathogens in 

the region’s water bodies increases as water levels decline (Whan and Zwiers, 2017; Xuebin Zhang et 

al., 2010). It is important to remember that it is difficult to predict exactly what consequences each 

ENSO event will bring. But, projections state that decreasing winter precipitation during ENSO events 
will continue (Meehl et al., 2007).  

Rising temperatures could result in lower water levels in the Great Lakes basins, which, just like 

during ENSO events, affects water quality. Furthermore, low water levels could affect water 

treatment plant intake, and the risk of having to relocate said treatment plants increases (Charron et 

al., 2004).    
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Figure 9. Conceptual diagram that summarize the information provided in section 6.1. and 6.2.    

6.2 Adaptive Capacity   
Adaptive capacity is a systems’ ability to bounce back from a disaster (contamination of water and 

outbreaks) and its ability to cope with and learn from disasters. Here, the Great Lakes region’s 

adaptive capacity, in relation to water contamination, is explained.     

The region’s adaptive and coping capacity can be seen in how previous outbreaks have been handled. 

For example, both boiling water issuing and recommendations to drink bottled water have been 
formulated by local governments. As well as closing malfunctioning treatment plants. The adaptive 

capacity can be seen in implementing new procedures at treatment plants, as well as surveillance 

systems throughout the states. Surveillance systems exist in each state due to the nationwide 

surveillance system controlled by the CDC. It works as one more barrier between waterborne 

pathogens and the population of the Great Lakes region. Other adaptation strategies include 

separating combined sewage systems. For example, the city of Grand Rapids, Michigan completed 

their separation of sewage and treatment system in 2015. This has completely stopped sewage 

overflow caused by heavy rain in the city (Cameron et al., 2015).     

As of May 2017, Michigan, Minnesota, New York, Pennsylvania, and Wisconsin all have a public 

health and climate change preparedness plans or assessments in motion, and Illinois has one in the 
works. However, neither Indiana nor Ohio does. Pennsylvania’s assessment plan contains statements 

on how to minimize the risk of waterborne pathogens contaminating water sources, for instance, by 

control of agricultural runoff. The state of Wisconsin provides toolkits for the public in case of 
flooding; they include ways to disinfect your private well after such events. The majority of the states 

have adaptation plans that reduces vulnerability (Cameron et al., 2015; Grossman, 2017; ISDH, n.d.; 

Minnesota Department of Health, 2015; New York Department of Health, 2015; Ohio Department of  

Health, 2017; Shortle et al., 2015; “Wisconsin Department of Health Services,” n.d.)   

Since flooding in one of the biggest threats to the Great Lakes region in terms of spreading of 

waterborne diseases, effective flood management and control is an essential adaptation strategy.  

The states of Great Lakes are different geographically, and therefore the flooding risk in these areas 

are different. The Federal Emergency Management Agency (FEMA) monitors the region’s floodplains 
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at risk of flooding (FEMA, 2016). Local flood control is present in the region and serves as another 

barrier against the spreading of waterborne diseases. Previous events of flooding have caused cities 

to develop flood control infrastructure. This happened in Minnesota after one of the worst floods 
seen in the state at the time, for example. This can be seen as an example of the adaptive capacity 

and resilience in the region (Hansen, 2004).   

7. Discussion and Conclusions  
The IPCC has a very high confidence that there is an increased risk for waterborne diseases if climate 

change proceeds as predicted in all RCP scenarios across the globe (Smith et al., 2014, p. 713). One 
could assume that vulnerability to waterborne disease in the region will increase with increasing 

GHGs emissions. Under all scenarios it is predicted that temperature in the region will increase, how 

much depends on what scenario is being considered. It is probable that the vulnerability of the 

region will be lower under RCP 2.6 than under RCP 8.5 for example. Under RCP 2.6 climate change 

policies are implemented and they are not under RCP 8.5 – if those policies include local policies 

regarding public health – vulnerability could be reduced or increased depending on scenario in the 
region.  Under every RCP scenario extreme weather events will take place, both globally and locally. 

Which approach the local governments should take regarding climate change adaptation and 
mitigation depend on what scenario is being considered. Under RCP 2.6, the climate change effects 

will not be as severe as under the other scenarios – and thus, adaptation and mitigate measures will 

not have to be as radical. Under both RCP 4.5 and RCP 6.0 the climate change effects will be greater, 
and thus the adaptation measures against these effects should be greater. Under RCP 8.5 adaptation 

measures should be even greater.   

Annual mean temperature increase in the region is slightly above the global mean. Which could mean 

that the region could become more susceptible to the effects of climate change than other parts of 

the world where the mean temperature increase could be slightly lower than the global mean. Yet, 
most climatic regions in the world could experience an increase in waterborne disease outbreaks, 

and it is difficult to say whether the Great Lakes region is more or less vulnerable to waterborne 

diseases than other parts of the world. It is most likely less vulnerable than parts of the world that 

lack any water laws and regulations. However, it could also be more vulnerable than areas that lack 

several of the sensitivity factors present in the Great Lakes region.       

The question remains if the steps that are being taken in the region today (see section 6.2) to reduce 
vulnerability to waterborne disease are enough under every future emission scenario or not. With 

the social changes that are occurring in the region right now and the ones that are predicted to arise 

– such as increased urban sprawl, population growth, and increasing susceptible population (to 

mention a few) – vulnerability will most likely be increasing. Adaptation plans for every scenario 

should be drawn up to reduce vulnerability and ensure clean, safe drinking and recreational water for 
future generations.    

In conclusion, higher emission scenarios will most likely increase vulnerability as higher amounts of 

GHGs in the atmosphere will increase the extreme weather events that have been linked to 

waterborne disease outbreaks in the past. It is still important for the region to prepare for every 

possible future scenario to be able to adapt.    

Since the reasons for waterborne disease outbreaks are complex, it has been, and will continue to be, 

difficult to predict when and where they will occur, as well as how severe they will be. However, if we 

are aware of the environmental conditions that increase the risk of outbreaks, it will be easier to 

prevent them. There are some things we cannot affect in terms of sensitivity factors that we have 
seen being factors behind previous outbreaks in the region. Examples of such factors are geology, 

other environmental factors, and population growth. At the same time, almost all the social and 

human factors are things we can change. Many are caused by unsustainable policies, and they tend 



 

21  

  

to not only affect public health, but other parts of society too; zoning and urban sprawl are examples 

of this. By, for example, implementing sustainable urban planning, we could reduce the risk of water 

contamination, as well as producing other positive outcomes.     

One could argue, that the most responsible thing is to expect that it is very much possible that 

contamination of both drinking water and recreational water will happen after flooding or heavy 

rainfall events, for example. Taking this risk into account when developing new policies in both local 
and federal governments could be the difference between life or death for some people. Though, 

arguing for the precautionary principle is always difficult, and in most cases, impossible.   

Once again, previous outbreaks in the region has been preceded by extreme weather events that are 
predicted to increase as an effect of climate change. However, an extreme weather event does not 

automatically result in an outbreak; and contamination itself is not dangerous or a guarantee for an 

outbreak. As mentioned above, several things must happen at the same time, as we can also see in 

the examples mentioned in section 4.2. Because of the complex nature of disease outbreaks, there 

are also ways to prevent the spreading of pathogens along the causal pathways. For example, water 

treatment plants, personal hygiene, and flood control (Levy et al., 2016). Nevertheless, the region is 
still subjects to outbreaks. What the outbreaks described above have in common (besides extreme 

weather) is the presence of humans. First, without humans, contamination of water sources would 
not be such an issue. Second, mistakes made, worsened, and in some cases caused outbreaks, and 

will most likely continue to do so. Kot et al. (2015) conclude that implementation challenges and 

other human factors (such as complacency) are major factors that threaten the safety of our drinking 
water.   

In conclusion, the region should learn from previous outbreaks, and work from the assumption that 

waterborne disease outbreaks could occur if measures are not taken to reduce the sensitivity factors 

that can be changed.       

Temperature itself does not correlate with disease cases in the Great Lakes region according to the 

results from this study (both the statistical analysis and the literature review). In terms of 
vulnerability, this result could be positive. As it is possible that increasing temperature, while not 

considering any other factors, would not increase vulnerability in the region. Especially since we 
know that temperatures will increase across the region and that it could increase vulnerability in 

other climatic regions. There is a possibility that a temperature and precipitation threshold exists, 

and that if it is reached, outbreaks will be more frequently occurrent. However, based on this data, 

those hypothetical thresholds have not been reached. Even though almost 90 % of the outbreaks in 

the region during 2000 – 2005 were reported when temperatures were ≥16.4°C. This could be 

explained by other factors that increase sensitivity and vulnerability – such as exposure to 

contaminants. Most people go swimming, fishing, or boating, during summer months. This is a 

behavior that is not solely dependent on temperature – but other social factors. Most importantly, it 

increases exposure to possible waterborne pathogens and thus increases the risk for waterborne 

disease outbreaks. Additionally, factors like lower water levels in lakes also increase the 

concentration of pathogens in, for example, lakes. Moreover, it is possible that during the summer 
months – people tend to drink more water and are more exposed to possibly contaminated drinking 

water because of that.   

The reason for plotting temperature and precipitation against cases was that they are two factors 

that are predicted to increase in the region. However, there are other factors that could cause 

waterborne disease outbreaks and that could have a better correlation with disease cases. Not 

testing those factors is a limitation in this study. Furthermore, even though I have only plotted the 

data graphically it is clear that there is no correlation between the factors and therefore no further 

testing of the data was made.    
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In conclusion, while average temperature and precipitation does not have a direct linear correlation 

to waterborne disease cases, it is very likely that other factors play a bigger part in why we continue 

to see waterborne disease cases in the region. Increased exposure to recreational water during the 
summer months of May, June, July and August, could be one factor.   

Average temperature might not be associated with waterborne disease outbreaks; but it is still 

possible that extremely high temperatures could have a positive correlation with outbreaks. Which is 
something that should be investigated further. Especially since number of extreme heat days are 

predicted to increase (Hayhoe et al., 2010). The same argument goes for precipitation, where we 
know that extreme precipitation correlates with outbreaks. Furthermore, mean temperature and 

precipitation values may not show possible extreme weather events that could have taken place 

during a certain month. Which, in theory, could influence the result of the analysis. There is also a 

possibility that some waterborne diseases have a lag time, and the actual time of the infection could 

have occurred during another month than the one it was reported in. Which if that is the case should 

have been considered when performing the statistical analysis – however it was not. Additionally, it 
is possible that there are more cases of waterborne diseases in the region that are not reported to 

CDC – and if they had been could have resulted in a different result here.    

As can be seen in figure 9, the number of sensitivity factors outnumbers the number of adaptive 

capacity factors in the study region. But, does that mean that the region is very vulnerable to 

waterborne diseases, or is it still capable of adapting and reducing the number of outbreaks that 

climate change could lead to? Since this paper is mainly descriptive and not quantitative it is difficult 

to give a definitive answer, however, had it only been quantitative a lot of factors would have been 

missed.   

The biggest non-environmental issue in the region, of relevance for this study, is its combined sewage 

systems. The other sensitivity factors are present in most parts of the country. However, combined 

sewage overflow is mainly a problem located to the Great Lakes region. The fact that separating 

systems might be a slower process than climate change is a problem. But not a reason not to do it. 

We have seen that separating combined sewage systems works very well, and it should be executed 
everywhere they still exist and operate. However, there are other factors in play, such as politics and 

increased taxes that hinder the separation of these systems – and therefore stands in the way of the 

necessity that is clean drinking water.  

Even though there are laws and regulations in place that are supposed to protect water in the U.S. 

and the citizens of the country. There will always be people and organizations that bypass these laws 
and put people and the environment at risk. We saw that in the Ohio outbreak in 2004, and will most 

likely continue to see those sorts of things happening. Economic gain is often considered more 

important than human health, which is something that is continuously seen in the world. Even today, 
in the Great Lakes region, local governments choose economic gain over public health – the ongoing 

problem with Flint’s, Michigan water is one example (Jurkiewicz, 2016). Incidents like this are not a 

problem throughout the region. But can still serve as an example where money is prioritized over 
public health. How vulnerable the population is to waterborne diseases is, to some degree, going to 

be determined by how serious a threat it is considered by local governments; something that could 

vary between states and political affiliations. It is difficult to speculate in such matters, and, as we 

have seen previously, sometimes outbreaks that takes lives might have to happen before we see 

some results in terms of adaptation and mitigation.    

As has been the case with the Great Lakes region, humans tend to act on a problem after a crisis has 

already happened, even though they have been aware of the threat beforehand. There are examples 

of this happening in Canada to mention one example (Plummer et al., 2010). But we have seen the 

same thing happen in the Great Lakes region, multiple times. This, on one hand, shows a 
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wellfunctioning adaptive society and; on the other hand, a society that might not be as prepared as it 

should be; thus, one that does not mitigate the effects of climate change    

The region seems to be resilient – despite reoccurring events of waterborne disease outbreaks. Based 

on previous outbreaks it is capable of coping with outbreaks – and there has not, for example, been 

another outbreak causing over 400 000 cases of illness, which could indicate a well-functioning 

adaptive capacity as well.  Most states in the region also take the matter seriously by setting up 
preparedness and assessment plans. The fact that Indiana and Ohio does not take such actions, 

makes the population of those states more vulnerable than the remaining states’ populations. 
However, the question remains if the sensitivity factors outweighs the adaptive capacity in the 

region. The evidence points to that they do. Which could mean that adding climate change on top of 

these sensitivity factors could make the population more vulnerable to waterborne diseases.    

To summarize, the region must adapt to the numerous expected and unexpected climate change 

effects and increasing number of sensitivity factors that it will be subject to during the years to come. 
If not, the population of the Great Lakes region could become more vulnerable to waterborne 

diseases in the future.    
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Appendix A   
  

Month/Year # of Cases  Source Water   

jan-00  9  treated recreational    

mar-00  2  treated recreational    

jun-00  12  drinking water  

jun-00  700  treated recreational    

jul-00  220  untreated recreational    

jul-00  51  treated recreational    

jul-00  15  untreated recreational    

jul-00  7  treated recreational    

jul-00  6  treated recreational    

aug-00  25  untreated recreational    

aug-00  4  treated recreational    

aug-00  15  untreated recreational    

aug-00  29  drinking water  

dec-00  16  treated recreational    

jan-01  14  drinking water  

feb-01  2  drinking water  

mar-01  17  untreated recreational    

maj-01  6  treated recreational    

maj-01  2  treated recreational    

maj-01  42  treated recreational    

maj-01  20  treated recreational    

jun-01  3  treated recreational    

jun-01  19  drinking water  

jul-01  20  untreated recreational    

jul-01  358  treated recreational    

jul-01  40  untreated recreational    
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Month/Year # of cases Source Water 

aug-01  10  drinking water  

aug-01  4  untreated recreational    

sep-01  4  drinking water  

sep-01  2  drinking water  

sep-01  20  treated recreational    

okt-01  79  drinking water  

nov-01  28  drinking water  

nov-01  7  treated recreational    

feb-02  18  treated recreational    

mar-02  36  treated recreational    

mar-02  31  treated recreational    

mar-02  15  treated recreational    

apr-02  6  drinking water  

jun-02  11  untreated recreational    

jun-02  20  treated recreational    

jun-02  12  drinking water  

jul-02  52  treated recreational    

jul-02  20  untreated recreational    

jul-02  44  untreated recreational    

aug-02  41  treated recreational    

aug-02  68  treated recreational    

aug-02  68  treated recreational    

aug-02  16  treated recreational    

dec-02  32  treated recreational    

jan-03  52  treated recreational    

feb-03  3  treated recreational    

mar-03  3  treated recreational    
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Month/Year # of cases Source Water 

mar-03  4  drinking water  

jun-03  4  drinking water  

jun-03  6  untreated recreational    

jul-03  3  untreated recreational    

jul-03  14  treated recreational    

jul-03  180  drinking water  

sep-03  4  drinking water  

nov-03  5  drinking water  

nov-03  57  drinking water  

jan-04  2  drinking water  

jan-04  82  drinking water  

jan-04  70  drinking water  

feb-04  16  treated recreational    

mar-04  57  treated recreational    

apr-04  3  drinking water  

maj-04  2  drinking water  

jun-04  9  untreated recreational    

jun-04  174  drinking water  

jun-04  22  treated recreational    

jul-04  1450  drinking water  

jul-04  18  untreated recreational    

jul-04  37  treated recreational    

jul-04  119  treated recreational    

jul-04  9  treated recreational    

jul-04  160  treated recreational    

jul-04  37  treated recreational    

aug-04  3  treated recreational    

aug-04  6  treated recreational    
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Month/Year # of cases Source Water 

aug-04  6  treated recreational    

sep-04  8  treated recreational    

sep-04  8  treated recreational    

dec-04  5  treated recreational    

dec-04  20  drinking water  

mar-05  8  treated recreational    

apr-05  20  treated recreational    

maj-05  32  treated recreational    

jun-05  3  untreated recreational    

jun-05  4  untreated recreational    

jun-05  2307  treated recreational    

jul-05  12  untreated recreational    

jul-05  22  water of unknown intent    

jul-05  19  treated recreational    

jul-05  3  water of unknown intent    

jul-05  9  treated recreational    

jul-05  27  untreated recreational    

jul-05  15  untreated recreational    

aug-05  3  treated recreational    

aug-05  8  untreated recreational    

aug-05  59  drinking water  

aug-05  97  treated recreational    

aug-05  523  treated recreational    

aug-05  13  untreated recreational    

okt-05  22  treated recreational    

nov-05  4  drinking water  

dec-05  2  drinking water  

dec-05  8  drinking water  

 


