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Abstract

This researciproposes #&olistic frameworko help understand and mitigate thterrelatedand
successiveonflictsthat occuroverwater resourceis the Great Lakes and the rivers flowing

into them.Local Canadian governments, in addition to many public and private companies, are
heavy water consumemho extract vast amounts of water from wageurces such as the Great
Lakes Moreover, temperata changes, andcreasingstorm water in the past few decades,

added to pollutants such as phosphorous pouring into the Great Lakes from various origins, place
more pressure on these valuable, yet vulnerable water sources. Various NGOsstatdstaand
provinces surroundintipe Great Lakes strive to protect the Great Lakes from excessive water
extractions and pollutants. The different priorities of the aforementioned stakeholders have

become sources ghriousdisputes

Traditional conflict resolutiopublicationstend to focus on investigating each of the conflicts
independently from the other disputes existing among the stakeholders. However, a holistic view
is required to understand the conflicts, acknowledging theque disputeswhich have

transpired in the past when analyzing each conflict. This broader perspective approach presents a
better ability to study potential future conflictsnce it enhances the predictability of the

scenarioswhich might occur lateduring other disputes.

In the first step, féer identifying the relevant stakeholders associated with the Great Lakes,
conflicts among them are analyzesing the Graph Modébr Conflict Resolution (GMCR)
approachHowever, the input for each conflicGMCR model is highly influenced by the
previous conflicts' outputddodeling and analyzing this influeneeeaccomplished through
intricatdy assessing the results of the previous conflicts' GMCRs and linking them to the

gathered inform&n on thecurrentconflict of interest
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In the next step, major external variables that affect the cistesdystatesystem are
investigatedPolitical happenings, economic factors, social trends, technological advances, legal
changes, and environmehtaisesare some of the key variables that are investigated. Then,
several scenarios based on this external analysis of the system are proposed and utilized for

enhancing future decisiemaking.

The aforementioned steps are showcased using three case studies of disputes among the Great
Lakes stakeholder$he main studied case is the Lake Erie pollution conflict wisich

investigated in two instances of 1970s and 2010s. It is concluded in disttief the 1970s

dispute had been investigated using the causal loops, GMCR, external analysis, and scenario
analysis, the stakeholders, especially local authorities in the Lake Erie watershed, would have

been able to make better decisions in the megzent dispute in 2010s.

This research with the current holistic framework shalsdenhance understanding of the
interrelated conflicts over essential topics such as financial, health, and environmental concerns
caused by pollution (specifically algakoms) in the Great Lakes and the rivers flowing into

them. The developed understandimgaddition to the results of the conducted external analysis,
should help decisionmakers, especially water utility providers, who carry a huge responsibility
towards millions of water users, predict and prevent potential water disputes with other
stakeholdersAlthough the case studies in this research focus on the Great Lakes and their

stakeholders, the proposed framework is applicable in other contexts as well.
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Chapter 1 Introduction

1.1. Background and Motivation

TheNorth AmericanGreat Lakegmentioned as Great Lakes hereinafteg critical to Canada

and theUS as they are a drinking water source for more than 33 million Canadians (from eight of
Canada's 20 largest cities) and Americans (Mehta 2016). However, various threats such as
increased local populationn the Great Lakes watershddading to mordéocal water usage
(Matheny2017), toxins, invasive specieand other pollution accumulating in tGxeatlLakes

(e.g. 22million pounds of plastic garbage each yedgkowski2016, and also climate change
which is warming the water&dlQAA 2016), threaterthis world's largest source of surface
freshwater. Anotheihteat is the need for water extraction frima Great Lake® US and
Canadiarcities outside othe Great LakewatershedFor examplethe city of Waukeshan
Wisconsin has fought hard to pipe water from Lake Michigan, due to its currently radium
contaminated water wells (Mehta 2018Jso, the increased water demand in other parts of the
world other than the US and Canaslhich imposs pressures on Canada and US to export water
from this freshwater sources yet another threat affecting the Great Lakes from a global

perspective

These threats have been a major incentive for funding suble &reat LakeRestoration
Initiative (GLRI) (Great Lakes Restoration Initiative, 202hd joint initiatives such ghe Great
Lakes- St. Lawrence River Basin Sustainable Water Resources Agreesreantt(bringing
together eight statdsom the USand two Canadiaprovinces adjoininghe Great LakeandSt.

Lawrence Riversigned on 18 of December, 2005)Great Lakes and St. Lawrence Governors


http://www.freep.com/staff/27693/keith-matheny/
https://ecowatch.com/community/Dan_Zukowski

and Premiers, 2005Thesesupportivenitiativeshave contributed tprotectingthe Great Lakes

from the damaging effects of external thr§&seger2007).

All of these factors (i.e. threats on one side and supporting initiatives on the other), and the
associated conflicts among the stakeholders who have a sthikeeGneat Lakeshave together
formed a complex dynamic systemhich should be investigatedrough a holistic perspective

In thisresearchabroader frameworkor investigatingthis complex systens developed.

Moreover, with the management of natural resources beimgpaincial responsibility (Section

92A of the Constitution Act), and the Canadian federal government having authority over topics
such as trade, commerce, and inland fishemesicipalitiesincluding localutility managers

have been put in a fragile ptish regarding the ability to deal with concerns and conflicts
regarding their water supply systefRonan, 2016)Thisbrings about a knowledge gap which
needs to be filled; to provide clearer perspectives to these local authorities for better landling

water management conflicts.

This thesisattemptgo answetthe following research questions:

- What are the maiwater relateconflicts surrounding th&reat Lake®

- Which decisionmakerare involved in the conflicts associated viltle Great Lakes

- What arethe currensituationsof each of these stakolder® (Note: the word
Astakehol derso is used i not eamefedbtaindividugorl v wi t
institutionrs who affect or are affected hyhe Great Lakes

- How do these stakeholders interact in the real wadidt other words, why are they in

conflict with each other?



- How could wehelp resolvehe multiple conflicts among these stakeholders in a
systemati@and sustainableay?And, which method(s) caoontributeto achieving this?

- How can studying previous conflicts among the stakeholders help in understanding the
currentandpotential futureconflicts among them? Through which approach can this be
done?

- How do external factors affect the currstatesof each of the stakeholdesisd also, the
existing disputes among them?

- How do each of the stakeholdegspecially local municipalities including Cities and
Regional Municipalitiesand alsadhe Great Lakeas a valuable water resource, benefit

from such a research?

1.2. ResearchGoal and Objectives

Themaingoalof thecurrent study is tpropose a framework fdhoroughly studyingomplex
water resourceonflicts associated witthe Great LakewatershedThis necessitatesome

objectives to be met:

1

Investigatingexisting conflicts in thatatesprovincesregions, andities, surrounding

the Great Lakes.

2- ldentifying the involveddecisionmakers the conflicts related to the Grdadkes.

3 Studyi ng t hemweterescesatkeditfeeht dngaing éonflicts.

4- Developing a set of options for each of these stakeholders based on primary and
secondary data collected throughout the research.

5- Analyzing different possibleutcomes of the interactions among the stakeholdeng

the Graph Model for Conflict Resolution (GMCRiethod(Fang,Hipel, & Kilgour,

1993 Kilgour, Hipel, and Fandl987). These analyseshould considestudyingthe
3



various conflicts among the stakeholdassa wholginstead oinvestigatingthem
independent from each other.

6- Shedding light on the external variabl@gich are not controllable by the stakeholders.
These external factors hugely affect the status atehpal conflicts among the
decisionmakers

7- Outline different scenarios developkedsed on the occurrence of shocks relatédeo

external variables

1.3.Research Methodology

This thesigncludesfour phasesThe first phas¢Chaptes 1 and 3 focuses on identifying and
clarifying the problem at hand and theeviously mentionedesearch questionshe literature on
the Great Lakes water confligssdiscussed in depth, outlining some of the conflicts currently
affecting the stakeholder.is alsoin this section that the knowledge gap is identifiEuls is

crucial to the research since it brings all there is to bear on the complex situation of interest.

In the second phag€hapter 3) methodologies to model and analyze the cuttestis datare
investigated. These methods include Causal Loop step of tHeystem Dynamics approach,

Graph Modefor Conflict Resolution GMCR), External Analysis, and Scenario Analy3ike

Causal Loops approach provides an initial broad perspestivéhe dynamics of each of the
conflicts. The GMCR approachs used to delve deeper into the
and also the relationships among involdedisionmakersExternal Analysis investigates the
environment in which the conflics taking place in. This step, added to Scenario Analysis, helps

to study different possible outcomes of the conflict in the future. This is to aid in enhanced

decision making for the stakeholders of the conflicts.



The information gathering ithefirst and seconghase happened through primary and

secondary data collection from various sources. In the primary data collection, various
individuals were interviewed to gather differ
ongoing conflictsamong themThe details of the intervieprocessearediscussed in the

upcoming sectionsSecondary data collection was conducted thraeglewing hundreds of

articles, journal papers, governmental and private websites, and news sources.

The third phaséocuses on using the previously discussed methocstégorize independent

and interrelated conflicsnd to developnsights andolutions for those disputeBhree case
studiesareselected and investigated through the methodologies discussed inlPWatidation
involves stability and sensitivity analyses as well as functional demonstration and stakeholder
evaluation And finally, the fourth phase of the researsla broad overview of the contributions,

proposed future studieandlimitations of the research.

Although the focus of this thesis is tire Great Lakes and the states, provincegions, and
citiessurrounding them, it attengto develop a broader freework for systematically

investigating water related conflicts. In other words, the cases studied in different sections of the
thesis, are all linked to the Great Lakes, however, the procedures and methodology used, can be
implemented in othegeographiclhcontexts andlisputes other thaBreat Lakesonflictsas

well.

1.4. Structure of the Thesis

After the current introduction chapt@hapter 1)in Chapter2, a literature review othe Great
Lakesand its stakeholders amghjorconflictsis provided. It is in this chapter that the different

conflicts surroundinghe Great LakearediscussedMoreover, the knowledge gap to be filled



through this researdh alsooutlined.Then, inChapter3, the methodology of analyziribe
conflictsis discussedThe results of invegjating the chosen casthroughsystemdynamic
causal loops an@MCR aredescribedn Chapter 4Chapter5 coversa case using causal loops,
GMCR, external analysisand scenario analysis showcase the propospdrspective in this
thesis And finally, Chapters, focuses oithe conclusionf the researchndthe discissions
regarding the conflicl.imitations and future research is also discussed in this final ch@pter.

differentphases andtepsof the projectaredepicted in Figure 1.



Phase |
Literature Review and Knowledge G.

(Chapters 1 and 2)

Phase IV
Conclusions

Phase Il
Modeling and Analysi$Chapters 4 and 5)

(Chapter 6}

Conduct Literature
Review

Identify the Problem |-

Conduct Literature | _
Review

Identify the Great
Lakes Stakeholders

Conduct Literature
Review

Identify theExisting
Methodoloaies

Develop Current
Status Diagrams

Initiate Modeling

Conduct Stability

Analysis (Standard |---

Solution Concepts)

Conduct Sensitivity
Analysis

Conduct Interrelated
Conflicf
Holistic Analysis

Discussions and
Conclusions

Knowledge Gap

Conflicts
Identification

Methodology
Selection

Causal Loops
Analysis

Graph Model for Conflict
Resolution (GMCR)

ExternalAnalysis

Scenario Analysis

Future Research

Figurel.1: Structure of the Thesis
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Chapter 2 Literature Review

2.1. Global Water Crises

More than 2.2 billion people throughout the globe, lack accesaféty managed drinking water
(WHO/UNICEF, 2019. Thisnot only affects their physical health, but also indirectly influences
their mental health, education levels, employment, and other aspects b¥ds€vidal,

Harrington & Fisher, 204 For examplein many developing nationgomen have to walk long
distances to reachater, and this prevents them frapending time on school or wofilolle
andMollinga, 2003. Drinking water scarcity puts people in a poverty cyohaking it difficult

for them to care for other important aspects of(IB&VTF, 2006) These destrctive cycles
negatively affecpeople, and in turn, their families, their villages, and their countriesvasla

(Molle andMollinga, 2003.

People are dependent on water sources for their basic drinkets WWater access is also a
necessity for agricultural, manufacturing, industrial grqoythwer generation (through water

dams), job creation, and overall economic developr{igdt 2019)

About 260 rivers are currently flowing through more than one country around the globe. And the
water in these riversnustbe shared among millions of people (Postel, 2000). Thus, each of
these shared rivers is a potential ground for instability or digpntngdifferentdecisionmakers
(PeterserPeriman Veilleux, & Wolf, 2017). Therefore gffective shared water resources
management requireseativeapproaches to ensungn-win resolutions amongariousinvolved

decisionmakergPostel, 2000)


https://www.who.int/news-room/fact-sheets/detail/drinking-water
https://scholar.google.ca/citations?user=oToOr3UAAAAJ&hl=en&oi=sra
https://scholar.google.ca/citations?user=DQveKuoAAAAJ&hl=en&oi=sra
https://scholar.google.ca/citations?user=oToOr3UAAAAJ&hl=en&oi=sra
https://scholar.google.ca/citations?user=DQveKuoAAAAJ&hl=en&oi=sra

2.2.Great Lakes

TheGreat Lakesreamong the internationally shared rivers and lake$e world.Unique

aspects make this shared water resource interestohghallengindgo investigate. Firstly, 20%

of the globeds fr esh lriagsavarioesxopportusitidarthe t hese | a
neighboring provinces and citigget presentsts ownchallengess well (Becker and Easter,

1999) One of the unique challenges wid be the increasing interest in other watepleted

nations to accedbe Great Lakege.g. through impoimg water from Canada or US).

Secondly, the Great Lakasesurrounded by two of the most powerful and influential countries

in the world, the U&nd Canada (Becker and Easter, 1999). Therefore, the actions that these two
countries take would be considered intricately by other countries around the world. The approach
these governments or relatdelcisionmakes seeko solve their conflicts might turn into action

models for others, and thus, it is necessary to act as wisely as possible to avoid major global
conflicts as wellStandardized conflict resolution frameworks can be developed by these

influential countries tguide the resolving of similar conflicts worldwide.

The third unique aspect of the Great Lakes istthey aresurrounded by eight statéem the
US, two CanadiarProvincestens of municipalities, commerciebmpaniesandenvironmental
NGOs, and millons of peopléDagenais an@ruikshank 2016) This high number aflecision
makingauthorities and other typesiofluential decisionmakes substantiallyncrease
controversial preferences and thus, disputes regarding topics relatedredticakes Figure
2.1 depicts a map diie Great Lakesurrounded by statéom the US Canadian provinceand

their relative share of th@reatLakes).


https://scholar.google.ca/citations?user=hAC3BGcAAAAJ&hl=en&oi=sra
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Figure2-1: The Great Lakeand the Surrounding States and Provinces (Wikimedia Commons,
All of these unique aspects regarding Great Lakesecessitate a thorough understanding of

this valuable wateresourceTo develop suchraunderstandingthe first step is to study the

governmental institutiongompaniesandotherdecisionmakerassociated witthe Great Lakes

This ensures that wenderstandheir preferences and stakes in @reatLakes, which in turn,
helps us bettasnalyzetheir associatedonflicts.

2.3. The Great LakesStakeholders

2.3.1.Residents ofGreat Lakes Watersheds
Residents oGreatlLakes watersheds general are the initial stakeholders of the Great Lakes

since they are directly affecting and being affected byaiieatLakes. Residents are dependent

10



on theGreatlLakes, which are providing them with fresh drinking water, in addition to their
water sipply for other uses. Moreover, any water saving initiative, or search and development of
other water sources infrastructure, would also benefit or harm this important stakeholder

(Environment and Climate Change Canada, 2017).

2.32 Canadianand US Federaland Provincial and Statewide Governments

Canadian and US Fedegdvernments, in additontoh e  Gr e aetghbariagerevindal

and Statevide governments are major stakeholders regattieGreat LakesTheir
responsibilitytowardsmaintaining thesreatLakes,substantiallyincreases their involvement
withtheGreatL ak e s 6 wat er ma (Eavgoameatrand Cliimate Charge Ganadas
2017) Theyhave power over regulating water edtion, treatment of wateenteringand
exiting the GreatLakes, or other activities that affect these major water sources in any way. One
of the other influences they have is the money they can allocate towafaietie a k e s 0
restoration Overall, they are consideredatremely influentiaktakeholders with high bargaining

power because of their authority over regulations and bsidget

2.33. Cities, and RegionsSurrounding the Great Lakes

Citiesand Regiongre in an interesting situati@mce they have some authority over policy
makingatthe local level and aldaavelimited budget allocatiorHowever they also have
responsibilities ovetheimplementation of policies (sewage or drinking water treatment
standards) set by higher regulating authorities such as provincial or federgidesaments.
Moreover, they are responsible foteracting witheach other as well, since many of the
Provincial or even local initiatives, require multiple cities to cooperate closatyplement
projects(anonymous interviewee #4, personal commurocat2020) This complicates the

Citiesand Regiond r opfteservingof theGreatLakes as it brings them some power, but at

11



the same time, thaypustanswer to higher authoritiemd other municipalitiegegarding their

responsibilities owonducting initiativegRonan, 2016)

The morecomplexcasesre the Citie®r Regionsvhich are in the Great Lakes watershed, but at

the same time, are natriparian zone tthe Great Lakes. For example, Waterloo, a Senth
Ontarocity,isi n Lake Eried6s watershed, hdaswaterer , it i
needs frongroundwater anGrand River(which flows into Lake Erie after passing through the

Cityof Waterloo) Thi s hugely increases t howideavaterforor i t i e

the growing population of the Cifanonymous interviewee #1, personal communication, 2020).

2.3.4. Agricultural Water Users

With climate changeagricultural practices ateeing placed undehe spotlight by different
decisionmakerge.g. NGOs, community activists, and governments) to become more effactive
decreasinghe amount ofvaterused and also in lessening their negative effects on polluting the

GreatLakes

Agricultural water usés one of the majoconsumers ofvater resourcesor example,

agricultural water usage accoadfor about 20% of the total daily water consumption in Ontario
in 2001(De Loé Kreutzwiser& Ive 2001). Much of the agricultural water usage in Ontario
occursin Southern Ontarifor livestock watering, fruits and vegetables growing, and also
irrigation. Since water demand is already very high in Southern Ontario argiredso

agricultural water usagesspecially the irrigation subategory are usually seasonal, it is
important to understand how these water drawings affect or impose peesstire Great Lakes

in different times of the yeaAnother major concern with these stakeholders is their use of

fertilizers which hugely contributes to increased levels of phosphorous @réla¢l_akes, which

12



in turn increases algal bloor{Shin, 2013) Negative effects of algal bloomasediscussed

further inChapter 5Section 5.1

Variablessuch as climate changéfectsin recent yearsvhich might change governmental
regulations on water usagead agricultural fertilizer applicatiomvould mostprobablychange

this stakehal derdés status quo

2.3.5. Manufacturing Industries

Surface freshwater resources such as rivers and lakes hawtireety providing about 75% of

the water used in manufacturing industries in Canada. Another 14% is suppliadifiies

associated with public municipalities which also originally source their supplies from freshwater
resourcegStatistics Canad2009) In C a n a thandfacturing industries, most of tivater

usage is by paper manufacturing companies (46%), followed by metal industries (about 35%).
Most of this freshwater usage by manufacturing industries has been occurring in Ontario (about
45%) followed by Quebec (about 24%) and British Columbia (about 1S3éf)eof this water is
discharged (about 3500 million cubic metpesyeai), and most of it (about 75%) is returned

back into freshwater sources. However, more than 38% of the discharged water is not treated in

any capacity, beforbowing back into surfae freshwater bodig§tatistics Canad2009)

2.3.6. Water Bottling Companies

The bottled water business has been expanding over the receniearsiustry was valued at
185 billion USD in 2015, and isxpected to grow to 334 billion USD by 20@3arket Reports
World, 2020Q. This businesgrowth has sounded alarms for many stakeholders, introducing a
potentially major conflict among the madgcisionmakes in the water management field. Signs

of this upcoming conflict can be traced in the daily news in more recent years. For example,

13



Nestk is pumping water fronaquifers that feed Lake Michigan (in Mecosta County) (Goodman
2017) oris attempting to get into lng-term contract with the Ontario Provincial Government to
buy a 116meter deep well near the City of Guelph, Ontario, raised many speculations regarding

the future othe GreatLakeand Sout hern Ontariods drinking

2.37. Fisheries

Fisheries are one of the other stakeholders which are vulneraibiartiges in the Great Lakes

status High levels of water usage by the other stakeholders, less sewage water treatment, more
agricultural water runoffs, in addition to higher temperaturgmsed by climate change effects,

are all variables which put more pressure onGheatL a k e 6 s high s tusmpmegatiwvely

affectf i s her i e s($hinR018)Fisheriessae sisually strong supporters of imposing

strict standards on water tream, water usage, agricultural fertilizer application, or other

limiting rules and regulations.

2.38. NGOs

NGOsare other stakeholders which affect and are affected by the Great Eakes of hese
NGOsprovide grants, share information, and offaining and consulting to businesses and
other stakeholders of the Great Lakeg (Freshwater Future Cana(020 andAlliance for the
Great Lakes (2020 Some of these NGQsgceive funding from governments and communities

to run initiatives or programs to save more w@Bovernment of Canada, 2015

Someother NGOscontribute to Great Lakenservation througfocusng on ensuring full
implementation of local and internatiorggdvernmentaécts and agreementsevant to the

Great LakesAn example includes the Great Lal&stection Act Alliance (2020which

14
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monitors and encourages government progress towards impéementon of t he Ont ar i

Lakes Protection ActGovernment of Canada, 2015

2.3.9. Developers and Contractors

The oher group of Great Lakes stakeholders affecting the dynamics of the water management
system, are developers and contractAisiost allwater and wastewater infrastructure

construction and maintenance projeathich should bepproved by municipalities and other
governmenbodies are conducted by this group of stakeholdatlhough a minimum quality

and budget is usually sismed by thgovernmental bodies for implementing the projects, i

many instances, the work done by the contractosdtsetstandard for governmental

infrastructure budget approvdEnonymous interviewee #4, personal communication, 2020)
Therefore,th&e ont r act or sé6 and devel operso6 decisions

required water and wastewater project budgets, but also in the quality of the conducted projects.

24. The Great LakesConflicts

2.4.1. Pollution ofthe Great Lakes

TheGreat Lakes are a source of wadtarmany commerciadecisionmakersand drinking water
for millions of people and thus, tinealth of theGreatLakes is criticato many. However,
populationgrowth, climate change, revitalization in farming experiene@s, many other
variables have all contributed to a serious risditierent pollutants inthe GreatLakes. In
addition to point source and ngoint source pollutantshich affect theGreat Lakeslirectly,
rivers flowing into theGreatLakes arealso a major souraaf pollution which have been focused
on more recently regarding their effects on the quality oteatLake® w aRhesphsrous

levels, and rare recently, pollutants such as artificial sweeterteseconsiderably incresed in
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the GreatLakes(Government of Canada, 2018)has been shown in a study from 2013 that
Lake Eriewasfilled with about 72 metric tons of artificial sweetengr2013(Spoelstra, Schiff
& Brown,2013.Lake Eri edbds pWhweesegimaied tw besdll8 metvcadrssn

2018(Environment and Climate Change Canada, 2020

Many stakeholders play direct or indirect rolasncreasingor deceasing pollutantevels in the

GreatLakes. Agricultural and livestodiarmers andndustrial manufacturer@re main

contributors to increased phosphorous levels irGieatLakes. However, governments (at all

levels) are main contributors to phosphorous decreasing initiatives which adute the

negative effects of pollutanis the GreatLakes(Government of Canada, 2018)though, local
governments such as municipalities are in charge of maintaining sewage systems ane thus,
respnsible for the phosphorous thikw intotheGreatL ak es fr om ci t iBats 0 s e we
again,these local governmengse vulnerable to the negative consequences of high phosphorous

levels in theGreatLakes. For example, algal blooms which are a consequence of high

phosphorous levels, could clog intgkpes which are used for drinking water and other uses

(Shin, 2013TidesCanada, 20}5

As discussed abovmany stakeholders are involved withtBeeatL ak e s 6 pol I ut i on |
Although some contribute to a higher quality water supply through invettraed increased

regulations, some other stakeholders, through the nature of their business or astviéase
pollutantlevels in theGreatLakes. And some other, such as municipalities, have both positive

and negative effects. All of these issuempbcate the conflict.
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2.42. Conflicts between RegionaGovernments and Local Municipalities

In some of the Great Lakes watershd®isgional governments are responsible for finding
maintainingand treatingvater sources for their regions. However, local municipaliti¢bese
regionsdeliver the retail water to final customefey also have the responsibility of returning
the used water to regional governments for treatifi®egion of Waterloo, 2020aTherefore,
there is less incentive for thelocal municipalities to actively take part in water conservation
initiatives, since they are not directly responsible for finding alternative water sofinokalso
that they do not have to spend more money if more water has been used, since treatitsent pl
are owned and operated by the regional governniantsyymous interviewee #3, personal
communication, 2020Moreover thesdocal municipalitiesell the water to the customers,
generating revenues for their operations, and structure. This meaifishtegtsell less, at the

end of the day, they are making less money. This is yet another reason why they might not be so
eager to take part in water efficiency programs, run bsetRegional governmen{gnonymous

interviewee #2, personal communicati@f20)

The other concern is thatater consumption metered d&aeither not errefree,not sent to the
Regions in timeor not collected at the local municipalitidevel at all. The complexity of the
billing system has also been mentioned as another, isbiegh makes understanding and

analyzing the bills harder by the Regional Governments.

Moreover,in someregions water is sold to the local municipalities, abaér price than the
water sold to the final customeiBor examplethe Region of Waterloo sells water at a price of
$1.0953per cubic metréo the City of Waterloo, and the City, sells the water with a higher rate

of $1.97 per cubic metre to the final us€fde City of Waterloo, 202Region of Waterloo,

17



202). Although this price increase is mostly for the City to cover its distributidrbéling

costs, the amount of the price increasght raise a conflict between the two

Also, since the local municipalities are separate entities working with consumers, the Region
might not have permission from the other entitiegeely use the gathered water datad this

results in less clarity when analyzing and making decisions.

Several other communicationssues have also been happening which could result in conflicts
between the Region and local municipalitifkese communication issues have been occurring
in instances oémergencysuch as watenainbreakscaused by construction projects

(anonymous interviewee #5, personal communication, 2020)

2.4.3. Conflics among Neighboring Municipalities
Water fights involving different cities surrounding the Great Lakes is one of the other seemingly
unavoidableGr e at Lakes d ¢ oWaukesha,tWssconsih was faeed witmp | e ,

shortage of fresh water in 2014 due to its

levels of naturally occurringcanecerausi ng radi umdé (Mehta 2016) .

for permission from theightstates surrounding the Great Lakepipe water from Lake

Michigan as an alternate source of water. Howether City was faced with fierce opposition
from many, including thMayor of Thunder Bay, who was concerned about@neatL a k e 6 s
vulnerable situationThis issue has yet to be resoharutlis discussed imoredetail in Section
4.1.5.This is one example of the many foreseeable conflicts which will most likely arise in the
near future among states and cities surroundingteatL akes. The anxieties among these

cities concerning their diminishing water supplies are understandablelaciny conflict
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resolution initiative has to take into consideration all their fears and panic over the water

shortage concern.

Another ongoing conflict among the municipalities is seemirtgmnot willing to share data

and information with each other. These neighboring authorities cooperate in a lot of water
projects and are either recipients or providers of services to eachTdtiserequires them to
communicate frequently, through high gtiathannelsuch as more face to face meetings
However, this is not always the case. Cooperaimgany projectsranslates in sharing limited
resources. Thus, these neighboring municipalities feel worried to share all their information, in
fear of leaking valuable data, which might make them vulnerable to their competitors in

accessing water sourc@sonymous interviewee #5, personal communication, 2020)

2.44. Conflicts between Municipalities and Developers/Contractors

Municipalities outsource thegonstruction projects to developers, who cooperate with the
municipalitiesthrough agreements. Howevbegsed on one of the interviews conducted during
this research, it seems thhése projects are not always propedynducted orrispected before
being used. For examplithe pipes going undergrounaight not besealed properly to begin
with. The connections are bad, or the way the backiitslone on the construction leads to
basically cracked pipes or leaking pipes that then immediatelytestkimg just as mucasold

infrastructure, if not moke(anonymous interviewee #3, personal communication, 2020)

24.5. Conflicts betweenGovernmentsand Businesses

Anothermajor conflict which is affecting most of the aforementioned stakeholders, is the
issuance of water extraction permissions ftbeGreat LakesThis conflict is not only

important for the authorities (the states and provinces surroutigir@reat Lakesand water
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related NGOs, since they have the responsibility of presetvenGreat Lakesut also crucial
for businesses (e.g. water bottling, manufacturing, agriculture) and other stakeholders (e.g.
municipalities seeking more water sources) whichraereésted ithe Great Laket expand or

improve their operations.

Regional governments push for less water usage through new regulatiopscamacreases.
However residents, and specially, heavy watensuming businessdsave concerns over the
increasing water prices over the years. Businesses have tried to adapt to the situation through
private onsite water treatment systems, to be able to reusewhstavatera few timesefore
sending it back to public treatment facilities. Businesses are also always looking for ways to
reduce water usage through incorporating new technologies in their supply chain procedures

(anonymous interviewee #3, personal communication, 2020)

Regbnal governmentalso try to regulate quality standards of the water coming into their water
treatmenplants For example, the water received from businesses must meet certain
requirements to be acceptmadtsThisis toprevemteloggieggi on s 6
in filters andpipes, or additional costs incurred by the treatrpéaritto treatthe uncleanused

water. This brings more pressure on business to adapt themselves to high standards set by these

regional and local governmer{nonymousnterviewee #3, personal communication, 2020)

2.4.6. Water Transportation Conflicts

If and when water permission related conflicts are resphledmethod of extraction would be
another potential topic of dispu&onveyingwaterwith ships, pipelines, interbasin diversions,
and water bottles are all different approaches whale beeronsideredy stakeholders such

as Region of WaterlodHowever, each of these methadhdasfinancial, social, technological, and
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other types of advantages and disadvantages. These positive and negative aspects make each of
these methods more or less preferable for the various involved stakeholders. For example,
budnesses might focus more on financial advantages of the approaches as compared to
municipalities, which must consider lotgrm social effects as weBut NGOs might solely

stress the environmental consequenddsf these differentopposing perspectivesm water

extraction methods is anoth&wurce ofpotential disputeregardingthe Great Lakes

2.47. Regionaland Local Water Utiltes 6 Fr agi |l e Position in Conf |l
Municipalities (which include all local water utility managernauathorities such as Townships,

Cities, Regional Municipalitie®tc.), carry a huge responsibility regarding tens of millions of

p e o pwarGupply. However, their influence and authority to manage conflicts surrounding

water resources has been prot@belimited. This conclusion stems from many indicators

which portrg a challenging position for local water management authorAgan example,

with over 79% of Ontario populationds water r e
local authorities still struggle to maintain their technifiagncial, institutional, and political

authority over their water systemb Kinkead Consulting, 2008reutzwiserl and de Loe,

2001).

These challenges are intensified through numerous agreements and acts su20l&sreat
Lakes Protection AdtGovernment of Canada, 201%)eBoundary Waters Treatyf 1909
(International Joint Commission, 202the Great Lakes Water Quality Agreem@at WQA)
first signed in 1972nd amended in 2012 (Government of Canada)@0the Great Lakes
Charter andAnnex(Council of Great Lakes Governors, 198ind the Canad@ntario
Agreement on Great Lakes Water Quaiihd Ecosystem Heal{covernment of Canada,

2020b) These initiatives, many of which have precedence logat municipal bylaws,
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municipal official plans and provincial laws (Mann, 201gye been passed by higher level
Canadian and internationgécisionmakey(Ronan, 2016). Although Ontario has approved
regulations such as the Ontario Water ResourcesfA®90 (Government of Ontario, 2080
andalsothe 1990Public Utilities Act(Government of Ontario, 2020ty support municipalities

in managng their own water supply systems, federal and provincial power over water resources

still remain intact and dominant (Kreutzwiserl and de Loe, 2001).

This superiority of various jurisdictions over local water utilities leaves a gap-ttepth

investigdion to analyze the approaches these regional authorities could deploy to gain a more
balanced position in conflicts and dispuf€kis thesigrovides a clearer perspective of the

existing and potential conflicts for these lodatisionmakes to better understand théigher

levelaut hori tiesdé6 options, and preferences. This
decisions when dealing with the other involved stakeholders. These informed decisions lead to
sustainably enhanced asset managenrisk management, and relationships management with

the customers (Rehan, Knight, Unger, & Haas, 2&ktian, Unger, Knight, & Haas, 2014

2.4.8. Complexity of the Conflicts

The conflicts surroundinthe Great Lakebave developed a complicated dynamsystem of

different optionsand preferences for each of the involetakeholders. To add to the
aforementioned complexity, recent devel opment
global economic, technological, and social trends, are maja@bles that make this dynamic

system prone to considerable changes in its status quo. For example, one of the main new

external factors affecting the current statasDonald Trump becoming the U.S. President for a
period of f our enteeavpoints onlklimatengh@dnge odothér Enwironmental

challenges posed extensive pressures on environmental initiatives. Soon after he was sworn in as
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the45" U.S. Presidenthe White House Office of Management and Budgetposed funding
cuts tothe Great LakeRestoration Initiative (GLRI) (from $300 million a year to about $10
million) (Matheny2017), which raised serious concerns regardireyGreat Lakdgsconservation
and restoation programs. Thesternalchanges sbuld also be incorporated into thenflict

for further insight into the disputes.

2.5. Knowledge Gap Lack of an Overall Solution

As mentioned above phonly water extraction frorthe Great Lakeagainst other alternatives

such asvaterdesalination, rain barrels, or customer awareness for less water usage, can be a
heated controversial dispute, but also the extraction details such as the timingsipkrmis

amount, or methods of water extraction will soon become a serious debate among the
stakeholders. Using pipelines instead of diversions, or other alternatives such as water shipping
are different approaches with advantages and disadvantages whichtuigger various

technological, political, financial, and social concerns among activists, businesses, governments,
and othedecisionmakers the water management fieldlfter the conflict on the extraction

itself, and the details of watektraction have been resolved, the involved stakeholders might fall
into anothedisagreement regarding setting water treatment standards before pouring the used

water back into th&reatLakes (Figure2.?2).

The same applies to conflicts which are extenideime. For example, théreatLakes being

polluted is a concern which has been the center of attention for several decades. There have been
peaks of high phosphorous levels in Lake Erie and disputes on this matter in 1970s and also in
2010s. Thereforghe more recent increase in pollutant levels and the disputes surrounding it,

should be investigated with having those previous conflicts in mind.
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Figure2-2: Inter-relatedConflicts Diagram forthe Great Lakes

These various conflictsvhich come one after another, and also the numerous uncontrollable
external variables affecting tls¢ability of thecurrentstatus, develop a multiphase seirér-
relateddisputes which complicate matters among the stakeholders, making them moué diffi

to resolve or predicOne approach to conflict resolution is to provide independent solutions for
each of the different conflicts occurring among stekeholder#n the various phases they
interact. Various methods apply this approackdiwing the conflicts independently from each
other. For examplesome have investigatédh e s t a kehdvior$ tdreuglgsiroe theory

(e.g.Madani 2@.0).

Dealing with each of these conflicts separately carries several disadvantagepofant

limitation is that some scenarios in a conflict might not even have to be investigated since they
are infeasible based on the previous conflicts, but without knowledge of the previous éonflicts
details, one cannot understand or eliminate thofe@asible scenarios. One other limitation of
analyzing the disputes independent of each other is that preferences and behavior of the
stakeholdersnaynot be understood in deptiihen the researcher is solely focused on one single

conflict. The roots of deated conflict might actually lie somewhéeyondthe current
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conf | i ct 6 Anotheoaoncetrain thedraditional approach is that a new option might be
added to a conflict becauseasf evenin the previous conflicts. Although these new options o
hidden infeasible scenarios might be researched and recognized when using the previous
methods, if the conflicts are analyzed together, thrgseaciescould be investigated easier and
with less effortMoreover, going through each conflict separatigs not guaranteesightful

perspectives toward future conflicts.

In sum, the existing conflict resolution methods do not consider the various conflicts among the
involveddecisionmakes as a continuous thread of dispyeg.SchlagerandHeikkila, 2009.

They focus on each conflict independent from other disputes and try to describe the situation or
predict approaches to resolve the issue at hand without considering the other disputes among the
decisionmakes. Theseapproacks clearly hawmany limitations and thus, in the current line of
research the objective is to provide an overall solution to the long line of conflicts happening or
to-be-happening among thaecisionmakes. This brings advantages to the involved stakehqlders
as they wuld become aware of the different scenandsch might occur in different phases of

their interactions with the other stakehold&isreover, the uniqueness and importancthef

Great Lakesas mentioned before, necessitates a comprehensive apprabhahdsetails and
smallerconflicts are investigatedtricatdy. Many have studiethe Great Lakeés di sput es,
however, depicting all the conflicts in osmgle fram&vork carries an addakvalue that should

be sought.

To furtherillustrate the valughatthis thesis is adding to the literaturaultiple papers were
selectedrom the large body of literature reviewed, and they were anatgzaadre clearly
illustrate the knowledge gap being filled by this thésig.,Kodikara et al., 2010; Kuang, 2015;

Martin-Ortega and Berbel, 2010; Matrosov, Woods, & Harou, 2013; Yan et al., 2017; Yin,
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Huang, & Hipel, 1999)T h e s e @atrbtions @rasummariedin Table 2.1 Thepapers
analyzedwverecategorized into four topic€reatLakes, water conflicts, conflict analysis
methods, angapers including studies of interconnectedes of conflictsMost of the papers
have coverednore than two of the aforementioned topics, excegiferwhich providein-depth
insight into either conflict analysis methodologies or water conflies Hakvoort 2010;
Osman and Nikbakht, 2018chlageand Heikkila 2009;Walk, 2011; Zeitounand Warner
2006. The previously discussed knowledge gap can be better undengteadoing through
Table 2.1 Each of thementionedpapers discuss one or a couple offthe dimensions of the
greater problem discussed in fireceding paragraphsonehas addressedll the key problem

dimensionsas the synthesis at the core of this thesis attempts to do
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Table2.1 Summary of Investigated Peys Réated to tlis Thesis

Authors, : Great  Water I
Date Title Lakes Conflicts Contribution
Using different gameheoryapproaches
. . . ~ (with 1, 2, and 10decisionmakes) to
Water Diversions in the Gree .
Becker N., & L akes Basin Analvzeih a modeland analyzevater extraction
Easter W, Game Theor Fra);nework V V conflictsamong 8States of US and 2
1995 y Provinces of Canada based on economi
factors
International Water Conflict Baseq on co_mblng pastreaty .
Wolf A.T., o negotiationsinvestigatingcase studies
Resolution: Lessons from V . 4 )
1997 , . V andreviewingforums on international
Comparative Analysis . .
waters, offesinsights for water conflicts.
lllustrates different kinds of ater resource
Madani K, Game Theory and Water i problems and reviewthe applicatiors of
2010 Resources V game theory methods through a series o
non-cooperative water resource games.
Vieiraa Using onflict theory concepts, analyzes
ZM.C.L.,& A Methodology for kst and >SIng ry pts, analy
. ) first-order (water resources scarcity) and
Ribeirob SecondorderWater Conflicts - . .
: V secondorder(social resources scarcity)
MMR., Analysis water conflicts
2010 '
The Conflict Rramid: A , . . .
Hakvoort I,  Holistic Approach to i i ?versc,)t;%?]tebs ﬁgg;?gg;}g“g;ﬂ:m'd
2010 Structuring ©nflict bp y '

Resolution in 8hools

conflicts in education programs.
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Conflict

Authors, Title Great  Water Analvsis Series of Contribution
Date Lakes Conflicts Y Conflicts
Methods
Becker N.. & Conflict and Cooperation in Uses the gme theory approach to
6 Easter K Ww. Managing International Wate vV i demonstrat¢he potential forcooperative
1999 " Resources Such as the Gree V V management of open access water
Lakes resources.
Schlager E., Resolving Water Conflicts: A Explores different types afiterstate water
7 & Heikkila Comparative Analysis of - V - - agreementand how theyontribute to
T., 2009 Interstate River Compacts resolving or exacerbating water conflicts
Hipel K.W. Adaptive Systems Thinking i
Obeidi A. " Integrated Water Resources Discusseshe application of GMCR in
8 Fang L. & Management with Insights - V V - multiple participant, multiplecriteria
Kilgour ’ into Conflicts over Water conflicts regarding water export.
D.M., 2018 ~ EXports
Zeitoun M., Hydro-hegemony a , Using a hydrehegemonybulk framework
Framework forAnalysis of ;
9 & Warner - V - - to analyze and leadership transboundary
37. 2006 Transboundary Viéter fi
o Conflicts water conflicts.
Kreutzwiser Municipal Capacity to Assessefinancial, structural, political and
10 R.D., & de Manage Water Problenand V i i other types of abilities of local
LoéR.C., Conflicts: The Ontario V municipalitiesto resolve water related
2002 Experience conflicts
., Hipel KW,  Multiple Objective Decision ~_ y . Conductsathorough investgation into
1992 Making in Water Resources V ) g

techniguesn water resources.
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Conflict

Authors, Title Great  Water Analvsis Series of Contribution
Date Lakes Conflicts y Conflicts
Methods

Madani K., & gggni?oonpse;(?:gﬁa?éa?él'ty Reviewsstability definitions which are
12 Hipel K.W, Analvsis of Generic ?Nater - V V applicable in nofcooperative water

2011 y . resources games.

Resources Conflicts

Walk S.R A New Fast, Reliable Usesfiltering of alternatives approacdh

13 2011 o Filtering Method for Multiple - - V investigatecomplex conflicts (multi
Criteria Decision Making criteria decision environmes)t

Cai X Group Decision Making in Investigatecombinatiors of multi-

Lasdc;,n L., & Water Resources Planning Obje.Ct'V.e a_nalys!s_and mlﬂhartlupant
14 Michelseﬁ’ Using Multiple Objective - \V/ V multi-criteria decisioamakingmethods for

) group decisions in wateesources

A.M., 2004  Analysis olanning.

Mirchi A., .

Madani K., gy?lg]ne“séz 9;;3’:;5:%0”8% Discusses the application of system
15 Watkins Jr. C)(;nce tualization of Water - V V dynamics insystems thinking regarding

D., & Ahmad Resoufces Problems water resources systems

S, 2012

Investigates usingon-cooperative game

Madani K., ?hl\e/zlgpefﬁccglcr)oiiw f% " theay concepts (e.g. the dhteCarlo
16 LundJ.R, Multi-Criterig Decision - V V approach) to model and solve midtiteria

2011 decisionmaking problems without

Making Under Uhcertainty

requiring weighting for any criteria.
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Conflict

Authors, Title Great  Water Analvsis Series of Contribution
Date Lakes Conflicts y Conflicts
Methods
A GameTheoretic Mbdelfor Propogsa game theatic framework that
Osman H., o . .
. Roadway Rrformance guantitatively analges he interaction
17 Nikbakht M., . - - V - : .
ManagementA Socioc between sociand physical networks of
2014 :
Technical Aoproach assets.
Conducts dahoroughliterature review
Talukder B., Diagnosis ofSustainability of which showsa positive relationship
18 Hipel K. W., TransBoundaryWater V V - - betweenTransboundary water governanc
2020 Governancen theGreat andreducingtensions an@chieving
LakesBasin sustainability goals ithe Great Lakes

basin.
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Chapter 3 Methodology

3.1. Methodology Background

In this section, m introductionis provided regardingausal loop diagrams Bystem Dynamics
(SD) analysisand alsoGraph Model for Conflict Resolutiof5(MCR), external analysis,
scenario analysigndMulti-Participant MultiCriteria MPMC) method. Then,the proposed
method for the current projeethichis a combination of thaforenentionedapproachess

discussed.

3.1.1.Causal Loop Diagrams

System dynami¢SD) analysis is based on thetiont hat compl ex structur esa
continuous, and in many caséme-delayed relationships which affebeir behavior(Forrester,

1961). Usingwell-researched qualitative and quantitative causal loops and equations, an SD

analysis depicts a map of tbemponents of a system, providing a better understanding of their
relationships (i.edynamic$, which in turn, sheds light on the past, currant] possible future

actions of the various components of the system

The initial step in an SD analyssthe development of causal loop diagrams. In this phase, the
interactions among thaecisionmakes and other components of the system are shown in a
simple graphical representation. The influence of each component on other components can be
positive or negative, developiggcombinatiorof positive and negative feedback lopp$ich
arelinked togethein a broader systenCausal loop diagrams are developed qualitatively and do
not provide the detailed sight required for an wlepthanalysis of the systerfor this, stock

and flow diagramsredevelopedwhichquantitativelystudyaccumulation and depletion thfe

systemb6s c¢ o mf{Nasmietmalt 2013) n t i me
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This thesiautilizes thefirst step of theSD approaclii.e. development of the causal loop

diagrams)to initially investigatethe interactions among the componentevat er conf | i ct s
complex systemdhe causal loop diagrams of the conflicts assist in investigating

decisionmakesy 6 opti ons, and e addtisiampakesdonéastebhecasadol
The output of eachausal loop diagram analysssthen employed to conduct a we#lsearched

GMCR analysis on each of the conflicts of interest.

3.12. The Graph Model for Conflict Resolution Method (GMCR)

The Graph Modefor Corflict Resolution MethodGMCR) (Fanget al, 1993 Kilgour et al,

1987 is a conflict resolution method developed to enhance understanding of complex disputes
occurring among two or moaecisionmakes. It consists of two parts: modeling and analysis

(Figure 3.1)Hipel, Fang, & Kilgour, 2020)

In the first step of the modeling stage, the situation is thoroughly investigated, and the main
decisionmakes playing a role in the conflict are identified. Each system has several stakeholders
who directly or indirectly affect or are affected by the iohfHowever, only the most

influential decisionmakes are brought into the model to avoid eeemplicating the modelled

system(Hipel and Fang2021;Hipel et al.,2020.

The next step is to understand the available option(s) fordeaisionmakerThese options are
the different possible decisionglacisionmakecan select and act upon. The different

combinations of theecisionmakes & opt i ons f (Fangetal,d993.ous st ates
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Figure3-1: Standard Graph ModéFang et al., 1993

For example, if there are twiecisionmakes and each of them have three options, there would

be¢ stateswhich equals to 64 states in total. Although the total number of states developed

from the different combinations of the options sum up to 64, not all of these states are feasible in

the reaworld. Tonarr ow down the states
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decisionmakehas two options: to repair the pipeline, and to change the mp#together, iis

i mpl e

not feasible to simultaneously choose both options in the real world. Therefore, the states that
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have both of these chosen options as happening togethefeasible andvould be eliminated

from the mode(Hipel et al.,202Q Xu, Hipel, Kilgour, & Fang, 2018

After identifying all possiblend feasiblestates which could occur in the conflict, each

deci si oprefeeckcesrwowdd be ranked ordinally, from the most preferred state to the least
preferred state. So, a state whpelts adecisionmakein an undesirable position is ranked lower

in thedecisionmaker s pr e f e r e decisionhakewould sathet not tharesition to that

state from another more preferred s(atgel and Fang2021;Hipel et al.,2020.

If a decisionmaketransitions from a state to another state which is more preferred for that
particulardecisionmakerit has gone through a unilateral improvement (Ul). The most preferred
situation for adecisionmakeis when it prefers to stay in that state, and nosttiam (i.e.

unilaterally improve) to any other stgtéanget al, 1993 Hipel and Fang2021).

Aftert he di fferent options, states, preferences,
decisionmakeyareidentified, a visualizing technique called the Graph Form camdadtter

investigaingt he confl i ct déds di {Hipeletal.lRd20)pot enti al outco

The above definitionsan be ®ndardized and formulated as bel@\W definitions areextracted

fromFang et al(1993.

3.1.2.1 Definition 1. The Graph Model for Conflict Resolution (GMCR)

G=[N,S(0 (6 )] andis called atandard graph model
The set of altecisionmakes (DMs) isN, where]N| 20
The set of all feasible or distinguished states in the confl&t(80 ), where 20 §| NQAlso

Y is specified fothe status quo (current state).
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For each DM N N, 8 O Sx Sis the set of state transitions or set of all arcs controllédiby

other words,0 is the set of unilateral available moves Bim .

(i ,i )isanarcinDM6 s di r e ct e dcangeachprha,orsiep tranBifidn, staie

from statd .

DMi6s preference on S is shdwp }onSwherepair of
i n i means DM prefersi toi ,andi * i means DM equally prefers andi . The

relationshipi & i means that DM prefers staté toi or equally prefers andi .

In a standard graph model, basedon@DMs el i ci t ed pr chnebe ganitoed over

into two sets, relative to a particular state S(i.e.,sis being assessed for stability), as follows:
i ={i ~S:i n s}isthe setof all states that Dijprefers to statg;and i ={i

S:s6 i }isthe set of all states that DiMinds equally or less preferred to state

(1) n is asymmetric; hence, forall,i ¥ S,i n i andi n i cannot hold simultaneously.

(2)x is reflexive; thus, forany N S,i x i .

(3)x is symmetric; i.e, forall ,i ~ S,ifi x i theni x i .
(4) {n ,x }is complete; thus, forall ,i ~ S,exactlyonedf n i ,i n i ori x { is
true.

3.1.2.2 Definition 2. Reachable List
Forivn N,ands® SDMi 6s reachable | i &t Y@M dPnd denaied by s

'Y (s) O S.When individual DMs unilaterally cause transitions (unilateral move (Ums)) among
states from an initial state, status quoto a final state that is stable for all DMs.
3.1.2.3.Definition 3. Unilateral Improvement (UI) List for Each Decisionmaker

In the Graph Model, the set of all states that Dddn unilaterally reach from stad® Sin one

step is the reachable list(s). A Ul from a particular state for a specific DM ipeeferred state
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for that DM to which he or she can unilaterally move inone St€p)0 s t wo sYilspet s
='Y(s)z i isthe set of all Uls from statgfor DM i; and’Y (s)="Y (s) i isthe set of

all unilateral disimprovements and equally preferred states fromsstat®M i.

Now that acomprehensivenodelof the situations developed, the researclstrouldhave a

thorough understanding of the dispatel can initiate the analygfase

In the first step othe analysis section, possible stable statesdohdecisionmakeare
determinedThis step is called Individual Stability Analysis. Initially comprehensive

examination of possible moves and countermoves bgiegbisionméersin the conflictis

providedl ndi vi dual Stability Anal ysi Bordxampls, out
what happens iDecisionmakeA changes its decision on Option 1, and thus, the conflict
changes from State 1 to State 3? Then,asisionmakeB unilaterally improve from State 3 to
State 5? And if that happens, is State 5 less or more preferf@ddmionmakeA, who initially
decided to move from State 1? Each of these scenarios are examined in the Stability Analysis
phase, and all possible outcomes are developed thtbaglse of mathematically developed

solution conceptsThe definitions of these solution conceistprovidedbelow in Tabé 3.1.

Through the use of the$eur solution concepts, stable states for edetisionmakeare
determined. Thisefers toa statewhichis not advantageous for tdecisionmaketo move away
from. At the end othe Stability Analysis, tateswhich are stablender each solution concept
all decisionmakes, are called equilibrium states and woldproposed as a possible resolution
to the disputeA Nash or SEQ stable state for @dcisionmakerss a strong equilibriumThese
equilibriareflect actual outconsavhich occur in reality However, aGMR or SMR state foall
decisionmakersonstitutes a weak equilibriurithese equilibria depictutcomea which areless

36

ar



likely to happe (He, 2015) Therefore although all the four solution concepts are calculated and
presentedn the appendicedNash and SEGtatesare presented as the final equildin the

results sectionf this thesis

Table3.1 SolutionConceptgFang et al. (1993

Solution Concepts Stability Description

A A f deadsehmakecannot unilaterally move to

Nash stability (R \
ash stability (R) more preferred stateo

AAl | of detisikoemakegiosc auni | at e
improvements are sanctioned by subsequent unila
moves by otherso

General Metarationality
(GMR)

AAl | of detisioemakgiosc auni | at e
improvements are still sanctioned even after a
possible response by thdgcisionmakey

Symmetric
Metarationality (SMR)

AAl | of detisikoemakegiosc auni | at e
Sequential stability (SEQ’ improvements are sanctioned by subsequent unila
i mprovements by other sc

The abovesolution concepdlefinitionscan bestandardized and formulated as beléw

definitionsareextracted fronfFang et al(1993.
3.1.2.4 Definition 4. Nash Stability (Rationality)
Fori N N, a statesN Sis Nash stable for DM, denoted by~ Y ff Y (s) = @. Under the

Nash solution concept, a DM will move to a more preferred state whenever possible, without

regard to any possible countermoves by the opponent.

3.1.2.5.Definition 5. Generd Metarationality (GMR)

ForiN N, a statesN Sis general metarational stable for DMlenoted by~ Y, iff for

everytN Y (s) there exist¥ (t) Z i I T . Th s genesal nsetaratioral stable for
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DM i iff for every Uli can take advantage of, the opponent, Pban subsequently move to a

state that is at most as good ifas the original state

3.1.2.6.Definition 6. Symmetric Metarationality (SMR)

ForiN N, a statesN Sis symmetric metarational stable for Oivdenoted by~ Y | iff for
everytN 'Y (s),’Y (t) Z i I 1T, armdYiter a)Y(h)z i =@. A
statesis symmetric metarational stable for DMf not only every Ul fori from sis sanctioned
by the opponent, but no unilateral counterresponse by €dvi leave it better off than the

original states.

3.1.2.7 Definition 7. Sequential Stability (SEQ)
ForiN N, a statesN Sis sequentially stable for DM denoted by~ Y | iff for everytn 'Y

(s) there existy (t) Z i I 1. Aisseduentialy stable for DMiff every Ul fori

from s, statesis credibly sanctionethy the sanctioner DN

After equilibrium statesreidentified, sensitivityanalyss can beconducted to evaluatnd
validatethe robustness of the analysis resufighis phase, changes in the model parameters are
applied to examine the model. These changes can varydfoisionmakepreference changes,

to adding or modifying their options. Analyzing the effects of these changes on the new

equilibrium states wodl help the researcher validate the previodslyeloped model

To employ the GMCR, a comprehensive decision support system t@l&MCRII Fang,

Hipel, Kilgour, & Peng, 2003a; Fang, Hipel, Kilgour, & Peng, 2003b; Hipel, Kilgour, Fang, &
Peng 199Yis used in this thesiT§he GMCRII implementslelicatelydesigned data structures
and algorithmgo generate possibEatesgliminateinfeasible states, and specfgtentialstate

transitionslt alsodevelops a comprehensive graph model of the confliotutih the use of
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algorithmswhich rankpreferencesf the decisionmaker3his decision support system
contributes to better studying real world conflicts based on the GMCR methodBloyyet al,

2003a; Fangt al, 20031).

3.1.3. ExternalAnalysis
After aconflictis studied with previous related conflicts analyses acting as its inputsdaptim
understanding of the stakeholders, and their current and previous options, preferences, and

relationships with other stakeholders playing & inlthe conflict in interess developed

This thorough set of informatiagives us valuable insight into the current status of the system.

However, the current status quo awlilibria(future possible stable states for all

decisionmakes), aremostp ased on t he stakehol dersdé relati o
are highly influenced by their options and preferences. In other words, GMCR builds a system
which is developed internally, depending on t
equilibriado not factor in the possible, yet important, external variables when predicting the

future of the conflict.

Non-sudden changes might be considered by the stakeholders when making decisions, but in
most cases, sudden changes or external shocks migtih hugely affect the status quo, or
significantly change the equilibriums are not examined when conducting SDs or GMCRs. This is
the reason why conducting an external analysis and scenario aisgbysigosed in the current

presented framework, to close the gap when predicting future possible happenings in a conflict.

As discussed previously, the external environment has a huge effect on ongoing conflicts among
the stakeholders. These external vagaldffect, and are affected by the stakeholders, but cannot

be controlled by thentor example, flooding, changes in the higher political ranks of the
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country, a national economic recession, unprecedented population growth, are all external
variables whiclegatively or positively affect all the stakeholders such as the government,
businesses, and NGOs, yet none of tliestsionmakersan completely prevent them from

happening.

These external variables change the dynamics of the relationships in & cesylecially when

they occur instantly, and act aswddershock to the system. In these instances, the stakeholders
are not prepared for the occurrence, and their status in the system changes suddenly. This might
raise even more conflicts among the staiderssince they are suddenly confronted by more

issues to process and resolve, on top of the prdyiexstingdisputes.

Suchexternal variables have been categorized in various models. One of the more common
models used imvestigating externalariables forstrategy formulation, is the PESTI(Eguilar,
1967 Perera2017). The letters of the model name stand for: Political, Economic, Social,
Technological, Legal, and Environmental variables. In this model, possible occurrences within
each ofthese six categories and their effects on the related situation are $agliddr, 1967,

Perera2017).

For example, what will happen if a president or prime minister of a country is replaced by

another, different in perspective from the previous dt@® will this political changaffect the

dynamics of the conflictunderstWo ul d t he st akehol dersdé option
light of the new political environment? Would this change be in their favor, enhancing their

position in the disputesi¢y have with others? Moreover, would this political change bring with

itself a legal shock as well? Would laws or regulations relevant to the dispute also change? How

would this | egal change i nf Legachanges iifjiieciease cur r e
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or decrease operational costs of deeisionmakersvolved in the dispute. A legal change
might also increase the time and effort omgstcontribute for a certain performance level. A
|l egal change might also change alAgulbarol®6iit y powe

Perera2017).

In addition to the external political and legal variables, social and demographic changes can also
influence a conflictds system. For exampl e, s
When people of the society become aware of environmental crises or climate change
consequences, they change their buying and consuming behaviours, whathraféyant

businesses in a positive or negative way.

A huge flood mightlsoincrease or decrease the resources available to a business, and this
affects its power over other stakeholders in relation with that business. This represents the

external envionmental variable of the PESTLE model.

Using PESTLE as an external variable analysis in the current proposed framework, provides us
with the external perspective, required after conducting the GMCR. After studying the various
external factorsvhichmigh  af f ect t he conflictds system dyn

discuss possible future happenings.

3.1.4. Scenario Analysis

Decision making regarding natural (e.cqates) resourcesnanagement usually involve various
uncertain variables, presentdamplexsocialsystems with profound uncertaintig$arwood &
Stokes 2003; Kujala, Burgman, & Moilanen 20L8dwig, Hilborn, & Walters 1998 Although

data collection inconsistencies, and other issues exist when making decisions, the failures in
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natural resources management interventions can be explained, to a high extent, by these

uncertain variable@unt & Donovan 2007)

Because of this, veous support tools have been develofgeeduce these uncertainties,

increase system dynamics transparency, and asslistisionmaking. These tools enhance
system dynamics exploratipstakeholder investigation, and potential future predicBaké¢sy
andSelinske 2017. One of these tools is scenario analysis, in which multiple points of view are
gathered and shared to create alternative views of the fGitgaario planning as a method of
investigating shocks in socidécisionmaking systems, has been frequently usetiemecent

literature.

Scenarios are used to come up with enhanced plans to act in face of different possible situations.
Scenarios alsorpvide flexibility for the management of conflicts. In developing scenarios, a

focus question is asked, and the different scenarios are developed in an attempt to answer that
guestion. The focus question acts as an initial anchor before proceedingralyiséesasection,

since it establishes the main question to be answered during the analysis process.

The most important benefit of scenario planning is that it helps the stakeholders to be proactive
in the face of uncontrollable external variables. Beeagtive, as opposed to being proactive to
problems when they arise, limits the ability of the decisionmaker to spend time on strategizing
and planning before implementing any solutions to the problem. Being able to project returns or
losses of different @sible futures, before they occur, saves time, and increases the quality of the

decisiongsince they have been developed in calm ansdtress conditions.

The scenarios analyzed in tiesisared e vel oped based on a Abottom

been used in a few previous resedrely.,Bizikova et al. 2011, Gidley et al. (2009Kok et al.
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(2007), Svenfelt et al. (2010), Hojer et @008, and Burch (2010)). One of the main features of
this approach is that the stakeholders ottdipéc-of-interestplay a major role in constructing the
key scenariogChermack 2004; Shaw et al. 200%he idea behind this, is that since the
stakeholders will be the madecisionmakes should any of thoseesnarios turn into reality, it is
best that they are involved in the process of investigating them, so that the stakeholders are
engaged in tailemaking the scenarios built around their concerns. This approach prevents
conforming to global perspective s@ios which have already been developed by other
institutions. For example, several climate change scenarios have been constructed by
international institutions such & UN, however, investigating customized scenarios for

specific regions or system dynamitssmuch more effective in understanding certain situations.

A major limitation of using the bottomp approach when developing scenarios is that it is
generally timeconsuming and/or costly, since stakeholder involvement (i.e. data collection
through interviews) requires more time and effort than merely gathering information through
secondary data gathering methods. Howeysng interview guidelines proposedo speed up

the scenario development process

In this thesisthe PESTLE modes$ used as a starting point in developing the scenarios. In this
approach, the interviewees are askpédreended questions, to gather their input on different
possible occurrences thin each of the six PESTLE model factors. For example, questions
might follow a similar flow to thdollowing: In thinking about uncontrollable economic factors,
what might be a reason for you to wake up in the middle of the nigh#2 are the biggest

uncertainties relevant to this issue which cause you contfem® economic issue does actually

occur, how dg/ou think yoursandt he ot her stakehol dersé positio
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dispute? What options would you think you might harelwhat key decisions do you think

you should makeshould this economic shock/change occur?

After gathering all information from the stakeholders, scenario narratives should be toritten
developa thorough perspective on each possible scenario. The purpose here is to tie all the ideas
and previous information into one or a few scenario narafiles scenario narratives provide

support for thelecisionmakes to take different courses of action in different conditions.

3.15. The Multi ple Participant Multiple Criteria Decision Making

The MPMC(Multiple Participant Multiple Criteripapproach is a methagedto analyze
situations in which multiplelecisionmakeswith multiple objectives or preferences are involved
(Hipel, Radford, & Fang, 1993Figure 3.2) This means that eadecisionmakeconsiders
multiple criteria when trying tdecideupona course of action when faced with other

decisionmakes.

An example for a Single Participant Multiple Criteria (SPMC) decision can be when one person
is trying to select and buy a camong other carhaving in mind different colors, makes,

models, and other factofise. different criteria)A Multiple Participant Single Criteria (MPSC)
occasion is when four family membemuistrank their preferred cars using one single criterion
(i.e. the color of the carpn MPMC situation,howeveris when thdour family membersare to
decide abouthe car as a grouypising various criteridNeedless to mention that each individual
(decisionmakeérhas a different preference and thus, different opinion idéeesionmaking

process.
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The followingare components of the meth@dipel et al, 1993)

A set ofDecisionmakes DMs), {O0,i=1,2,...,n},

A set of states, Y, j=1,2,. .., m}, resulting from possible actions by ths,
A set of criteria, § ,k=12,...,a},forDMi,i=1,2,...,n,

A set of evaluations,f{ ,J=21,2,...,m} forDMi,i=1,2, .., n,and criterionk, k=2, ..,

&, with respect to the set of state® {j = 1,2, ..., m}.

States

S ST T T

' ° / 5 / é / 5 / Participant 1

8 T T 7 7

o T T o S
e e Lo S S S

0 / 6 / 5 / e / o / Participant 2

Cl)’é/é'/é'/é'/é/
0 / ° / ’ / ¢ / s / Participant n

Figure3-2: Multiple Participani Multiple Criteria Decision MakingHipel et al, 193)
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Although eachdecisionmakeris confronted by an SPMC situation when dealing with their own

criteria, the MPMC attempts to resolve the conflict considering ati¢lsessionmakes 6

objectives as compared to onlgeoThen usingMultiple Criteria Decision Analysis (MCDA),
eachpartipant 6s deci si on i s f i nddcisianreafies. Therd@e enden't
various MCDA methods whicban be usetb solve such caseBor examplethe Analytic

Hierarchy Proces®aHP)s y st emat i cal |l y ranks the participan
to each other two at a tim€he resulis a prioritized list of states for each participant based on

the different criteria each of them hold for themsel\reshis thesis however, MCDA&

conducted using theéraph Modefor Conflict ResolutiofGMCR) preference tables, whicre

discussed more in detail later &fter anMCDA is conductedeither through AHPGMCR

preference tablesy other methoddpr each single participara final rankingof the available

stateds developedo investigate the situation as a whole (Hipel et al., 1993).

3.2.Methodology Used for thisThesis

As mentioned previouslygonflicts over the Great Lakes are complex eadloccur
simultaneously or amafter another. One approach is to provide solutions for each of those
conflicts independently from the other disputes. However, another approachjsuisel here,

is to investigate each conflict having in mind the previous and future cojHigisre3.3).

Figure3-3 Analyzing Interrelated Conflicts
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For examplethe 2010s conflict over increasing pollutants in Lake Eranalyzed with having
the 1970s conflicts ancbntextin mind. Possible biases and previous preferences that each of the
decisionmakes had in the previous disputaebroughtinto accountand this givesiseful

insight into the next phasesdé conflicts, prov

For a better understanding of this method, the different phases of data collection and analysis are
discussed herd-igure 3.4. Initially, to get to an overall viewf, and hence solution f@a

conflict, thecurrent dynamicarestudied and shown in a causal loop diagram. The development

of the diagranfeedback loopgrovidesinsights into the relationships among thexisionmakes.

This is an important, yet challemgj phase of the projedkeliable valid information regarding

each of thelecisionmakes is hard twbtain,andunderstanding relationships between each of

them is another difficult part of this phasethis phase, the multiple interrelated conflicts

among the decisionmakers are extracted using the information review process.

After thecurrentstatus diagraris created using the gathered information, preferences and
options of the stakeholdeaseinvestigated and categorized. Then, the various potential conflicts
among thalecisionmakeraredetermined and analyzed in detail. Tisislone through the

GMCRII dedgsion support system which is based on the GMCR methododdtgy. this phasés
completed not only the current status of each of theolied decisionmakers are assed, but

also thé relationships andhterrelatedconflicts, plus the suggested soluigi.e. equilibria for

the stakeholderd$dr each of thesand futuredisputesaredetermined.

After this initial conflict investigation has concluded, the same process is applied to the next

conflict in interest. However, the previous conflict analgsisclusions are also used as
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information inputs for the next conflict analysissing ths approachthe history of the conflicts

are also thoroughlinvestigated to provide a broaderspective of theystem

Conflict (t)

Causal.oops and
Status Qus(t)

GMCR &
Equilibrium (t)

l

External Changes
(PESTLE)(t)

l

Insight (1)

l

Scenario Analysis

Figure3.4 Phases of the Currently Used Methodology
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The external variables affecting the current status ofifaesionmakes, and the ongoing and

future conflicts among theshouldalso beconsideredThese external variablesestudied

using the PESTLE analysis approach. This tool gives us insight into external factors in the
following six categories: political topics (e.g. governmental instabilities), economic concerns

(e.g. inflation rates), social trends (e.g. water awargneesfinological happenings (e.g. water
extraction techniques), legal changes (e.g. water treatment standards), and environmental issues

(e.g.floods) (Aguilar, 1967 Perera2017).

Each of these external factors develop shqoétentiallygreatly changing the current status of
thedecisionmakes, and the dynamics of the current systems. The ongoing confiiceso
likely change due to these external happenings. Discussingetkteseal variables provide
different scenarios regarding each of the conflicts, better preparidg¢isonmakes to deal

with them.In this phase, all possible consequences of a coafictetermined.

3.3. Data Collection

3.3.1. Secondary Data Collgion

Information regarding the current status of the stakeholders (and other parts of thissthesis)
collected from multiple sources, varying from peer reviewed publisheztpapverified med
articles. These sourcebed light on the previous and ongoing disputes among the
decisionmakex involved in the Great Lakes. Moreover, reviewing and bringing in relevant
journal articleswhich describe the methodologies used ia thesisare also of high

importance.

49



3.3.2.Primary Data Collection: Interviews

Another sourcewhichis used to collect data aradsoto verify the already gathered informatjon

is interviewng stakeholders involved in the Great Lakes conflicts. These interamire|pful

in gaining insight into thedecisionrmakes 6 pr ef er ences and roots of

conflicts among theecisionmakers

3.3.2.1.Interview Process

The below procss took place regarding each individual selected for interviewing.

- Through thorough investigation of the secondary data from the previous step, potential
interviewees were identified. Some bése individuals were introduced by the current
thesi sd Supervi sor s, Thedetails gn selectimg tleetpdtemtral | nt er
interviewees to be approachisdliscussed later in this section.

- Arecruitmentemail wasinitially sent to the potdial interviewes. In this email, the
individual was asked to participate in a®0 minute interview on topics related to the
Waterloo regiorwater management systems.

- After and if the individual accepted to take part in the interview, a letter of iatmm
and a consent form was sent to the interviewee to read and sign before the meeting. The
letter of information includea little information about the study, and the processes to
give the individual assurance thhé process and communicated inforim@tvould be
handled in accordance with the Universigearctethics guidelines.

- The intervievg took place either in person, or through phone calls. In twta{6)
interviews took place.

- A set of questions were prepared for these meefigsprepared questions were used as

a broader guideline to discuss different aspects of the water management system. Issues
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such as relevant stakeholders, existing and potential conflicts among time &yste
stakeholders, or external variables affecting the system were some topics covered in the
interviews.

- After each interview, an appreciation email was sent to the interviewee to thank the
interviewee for their participation in the research project.

- Ead interview was then transcribed, and the materialim@gporatednto different

sections of the thesis.

All forms related to the interviewaeprovided in AppendiA.

3.3.2.2. Interview Questions

As mentioned previouslyhe interviews with thenain decisionrmakes 6 r epr evere nt at i v e
based on a set of questipndich areprovided in Appendix BHowever, asemistructured

framework was usefibr the interviews meani ng t hat based on the ir

interview took different direcbins.

3.3.2.3.Identifying Interviewees

The interviews took place after secondary data collection, and before finalizing modelling and
analysis of the result$he potential interviewees were identified and asked to take part in the
research project based on secondary data collection, Supsréisggestions, and other

interviewees® opinions.

Attempts were mad® get in contact with different types of stakeholdeyschieve some
diversity ando reducethe impact ofiny biased perspectisen gathering and categorizing the
data.Overall,six (6) individuals were interviewed in 3 montligom thesesix people, two were

high level executives of the Region of Waterloo, two were from the City of Waterloo, and the
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other two were researcheatthe University of WaterlooThreeof thesesix individualswere
interviewedmultiple times andverein frequent communication with tteithorthroughout the

data collection and analysis phases of this thesis. In addition to these six individuals, insightful
discussions with more than 20 peopledawntributed to thevestigation andhterpretation of

the conflicts discussed in this thesis.

Sincet hi s thesis is focused on conflicts among w
discussed topias the interviewswvere of a sensitive natureor examplewater is distributed

and sold by Waterloo Municipalities to consumers, however, befrbanded over to the

municipalities, it has to be extracted, treated, and distributed by the Region of Wd&edauose

of thissituation themunicipalities might not be that willing to support water conservation

initiatives, since firstly, they are not in charge of finding water sources, and secondly, the more

they sell, the morenoneythey make.Thisissuewas discussed in one of the interviews

However,naming the interviewee might risk his/her position. For this redBersix

interviewesand al so, t he odenitiesare RQo8pedficaflytraferebcadt or s 6

throughout the thesis.
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Chapter 4 GMCR Casesand Resuls

Tobetteri nt r oduce G odesseamdigdt @ lmbtfessense of the Great Lakes water
management sy, s ease@reanayaedrf thisicltapterising GMCR, however,
the complete external analysis and scenario ptanpiocedurearenot conductedhiere A full
analysis of aelevantcase including external and scenario analispeesentedn the 5"

Chapter.

4.1. Case |: Great LakesWater Extraction Permissions

The first analyzed conflict in theéhesisis the conflict over Great Lakes water extraction
permissionskor the sake ahtroducing theGraph Model for Conflict ResolutiofsMCR)
method(Fanget al.1993 Kilgour et al, 1987, the GMCRII decision support systdiffanget
al., 2003a; Fangt al, 2003b; Hipekt al.,1997), and to develop a simpler and more sensible
model, only twadecisionmakes (The Great LakeBrotectors andhe Great Lake®Vater
Seekersarefocused on as the mailecisionmakes of the conflictln a sense, these are
abstractionshatserve to conceptually represeaalclasses oflecisionmakesto explore and

demonstrate key concepts developed as part of this thesis.

The Protectors try teeduce water demand and prevent everyoneoeitstde the watershdrbm
accessinghe Great Lakeas much as possible. They not only have the authority over permission
issuance, but also oversee water extraction operations should permissions bél®seeel,

Water Seekerare the category of stakeholders which seek accels tereat Lakewater

source. Theyequireenormous amounts @faterto runtheir businesses and thus, search for

water sources either frothe Great Laker from aternative sources such as wells or

53



desalination. Thisnformationis determined by collecting data from various sources regarding

previous and current statuses leésedecisionmakes.

4.1.1. Causal Loop Diagram

Thecausal loop hgramfor the current conflicis providedin Figure 41.

Economic Downturn

opulation

K

Social Awareness

+

Nater Avall

. * Water Usage
nvestment in the Water Seekers' Campaigns
Water Business Revenue +r-

+ T Water Protectors’
* Revenue
+
Application for
Water Extraction
+ -
Water Protectors’
Budget
Water Extraction -
Permits + Water Resource
\ = Quality
Climate"Ghange Water Treatmeng = -

Standards

+

nternational Regulations

Figure4-1. Case I: Initial Causal Loop Diagram
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For example, a negative feedback loop in the system starts with increased water extraction
permits being issued by authorities (i.e. Wat
revenues since they wouttkpand their businesses based on the new water extraction permits.

This would in turn, pour investments into the businesses which require water permits. When

more investment is initiated, more applications would be submitted to benefit from the permit
issuance process. However, the applications coming in, gradually decrease the permit issuance

rate.

4.1.2. Decisionmakes 6 Opti ons

After initially investigatingthesituationt hr ough t he syst e,thé gssiblaus al
options of eacldecisionmakeare determine@Table4.13. All GMCRII phases for this set of
analysisareshown in Appendix CWe have focused on four options in totalo for each

decisionmaker

Table4.1 Case IDecisionmakes and Their Option

1 Issue Permissions for Water

The Great Lakes Extraction
Protectors 2  Allow for Exceptions Under Strict
Limitations

3  Seek Access tthe Great.akes
Water Resource

4  Seek Alternative Water Supplies
(Well Water Treatment, Desalinatiot
Rain Barrels, and efc.

The Great LakesWater
Seekers

TheProtectors considéwo options The first is to issue more permissions for water extraction
to any stakeholder such as citasd region®utside ofthe Great Lakewatershed, or different
heavy water consumers. Another option for the Protectors would be to impose tight restrictions

but allow some exceptions regarding water extraction fiteenGreat Laked=or example, in
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most situationsvhere strict limitations existhedecisionmakewhich extracts water must not

only release the used water back into@neatLakes, but also treat it before doing so.

An option forthe Great Lake®Vater Seekerss toseek access the Great Lakethrough the
regulatorsThis is importantsince thesdecisionmakes require this permission to be flexible
regarding their chosen water supply strategy. However, they can also seek alternative approaches
to supply their required water. They can treat and use well or surface Wasase cases,
althoughmore costly, hey canalsomove towards more technologically advanced methods such

as desalinationfhe Region of Waterloo suggested rain barrels to its clients as a method to

satisfy their water shortageghese alternatives are a way of maintaining caaus and reliable

sources of water for these water dependent organizations.

Each of the fouoptions can be chosen or nby thedecisionmakes. The combinations of
decisionmakey @decisiongchosen optiongjevelopdifferentstates Therefore, the four options
in the current conflict, produce sixteen (B8tes which represetite combinations othe
options thammight occur(Table 4.2) Each state refers to a combination of decisibias could be
chosen by thdecisionmakes. Inthe below tablefi N means that the optiaa notchosen by the

decisionmakerAnd 0 Y mmeans that the option has been chosen bgi¢bisionmaker

Table4.2 Case | States

States 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Options

1 N Y NNNY Y Y Y N N N Y Y Y N

2 N N Y NNY Y NNY N Y Y N Y Y

3 N NN Y NY NY NY Y N Y Y N Y

4 N N NN Y Y NNY N Y Y N Y Y Y

56



As anexampleof the statesStatel is a condition in which none of the mentioned options is
chosen by the twdecisionmakes. This means that th&otectorswill not issuemore permits
Moreover, theProtectors danot allow anyexceptions for water extractiohhe WaterSeekers
would alsonot seek access the Great LakedVloreover, they would bgatisfiedwith their

current supplies, meaning that they would not seek alternative methods for increasing their water
supply.Another example iState 16(the current situatiowhichis titled as the status qamdis
shaded in Table 4)2wherethe Protectorswould only issue permits for rare exceptions, and
imposemanymore restrictions on water withdrawal and water treatment standards and other
water extaction related issuds.g. the city oWWaukeshavhich was mentioned in the
introduction) However, Water &kersvould actively seek permission to extracaterfrom the
Great Lakesn spite of tight restrictions. They would also seek alternatives to guarantee their
water suply from other resourced his means thahe Water &ekersvould adapthemselveso

the challenging restrictions imposed by Bietectorsto expandheir water resource reach

4.1.3. Feasible and Infeasible States

In the next step,feer identifying thedecisionmakes and their options, states that ientified
asimpossible taccurbased onogicalinterpretation®f the statgresented by the particular
combination of options are called infeasible states and removed from the madker words,
combinations of options that are mutually exclusive create logically infeasible outddipek (

and Fang2021)

From the 16 possible statgwted in Tablel.2), four states are deemed infeasi{@tates 6, 7, 13,
and 15). This is becae in these statethie Protectorschoose option numbene(to issuemany

more permits) and option number two {mposemuchmore restrictions on heavy water
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consumers regarding water extraction, water treatment, and other issues) at the same time

however, this is not feasible in the real woilthus,thesestates are removed from the analysis

Table4.3 Case | Feasible and Infeasible Stasbsifled cells represent infeasible states)

States 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Options

1 N Y NNNY Y Y Y N NN Y Y Y N

2 N NY NNY Y NNY N Y Y N Y Y

3 N NNY NY NY NY Y N Y Y NY

4 N NN NY Y NNVY N Y Y N Y Y Y

All feasible states arenumbered as shown in Tall8. The status quo is State 12 whish

shaded in Table 4.4

Table4.4 Case | Feasible States

States 1 2 3 4 5 6 7 8 9 10 11 12
Options
1 N Y N N Y N N Y N N Y N
2 N N Y N N Y N NY N N Y
3 N NNY Y Y NNNY Y Y
4 N N NNNNY Y Y Y Y Y

4.1.4. Decisionmakess 0

Preferences

Decisionmaked preferences are ranked from the most preferred to the least preferred state for

eachdecisionmake(Table 44 and Table4.5). Table4.4 showsthat theProtectors prefestate

number7, as they do not have to perraitynewwater extractions and theysodo not approve

of any exceptions. Moreover, in this state, the Water Seekers are interested in alternative water

sources instead of seeking acceghéoGreat Lakes

The

Protectoroés | east

5, in which they issue more permissions to anyone who applies. Moreover, the Water Seekers are

interested in seeking accesghe Great Lakedut not any alternative water sourd®serall,
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the Protectors are in favof not permitting more water extractions t@radecisionmakerswith

more restrictions on possible exceptions.

Tabled5Pr ot ect or s 6

Preferences

States 7 1 10 4 9 3 12 6 8 2 11 5
Options
1 N NN N NN NNY Y Y Y
2 N N NN Y Y Y Y N N N N
3 N NY YNNY Y NN'Y Y
4 Y NY N Y NY NY N Y N
Table4 .5 shows preferences for the Water Seekersn t h e

Seeker s most

Water Seekers are interested in accessiagsreat Lakeand also other alternativeBhe least

preferred state for them would be State 1 in which there anextey extractiopermissions and

p r asthere is pemnissoh fartmere waser eStitactiagmethel 1

AnPref eWaten c e

Vect G

no exceptions. And also, they are stuck with theeruwater sources, not seeking access to any

additional water sources.

Tabled6Wat er

Seeker sb

Preferences

States11 5 8 2 12 6 9 3 10 7 4 1
Options
1 Y Y Y Y NNNNNN N N
2 N NN N Y Y Y Y N N N N
3 Y YNNY Y NNY N Y N
4 Y N Y NY NY NY Y N N
As can be seen from the above taBiates 11, 5,8,and2t and hi gher

preference tablthan the otheeightstates This is because in all of these states Rfaectors

havealreadychosen to issue permissions for water extracii@psion 1 is selected), making

t

h e

Water Seekers position much more relaxed. The Water Seekers can extract as much water as

theyrequire(Option 3 is selected; States 11 and 5), without the Protdaorsly opposing

t hem. And i n

t

h e

case
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additional amounts of water, they can simply stop extracting more Wzggof 3 isnot

selected; States 8 anjl 2

The next four preferences for Water Seekers are States 12, 6, 9, and 3, in which @ption 2
selected by the Protectomsstead oOption 1.In these states, the Protectors are not openly
issuing approvals for all extraction applicationst onlyallow for limited and strictly regulated
exceptions to be considered. This might not be an ideal situation for Water Shekerger, it

is still much better than not having the chance of extracting @tates 10, 7, & 1).

4.1.5. Stability Analysis

In the next step of the graph model technique, stability analysis using logical rules (i.e. solution
concepts Table3.1) that describelecisionmakes étrategic interactions are applied to every
outcome in the conflictmodel The result is shown in a table

and Hipel,1979 Fraser and Hipel,984) (Table4.7).

Table4.7 Case | Preferences and Stability Analysis

The Great LakesProtectors

Overall X X E X X X X X X X X X
Stability

Decisionmaker R R R R U U U U U U U U
Stability

Preference 7 1 10 4 9 3 12 6 8 2 11 5
Vector

Uls 7 1 10 4 7 1 10 4

9 3 12 6

The Great LakesWater Seekers
Decisionmaker R S S S R S S S R U U U

Stability
Preference 11 5 8 2 12 6 9 3 10 7 4 1
Vector
Uls 11 11 11 12 12 12 10 10 10
5 5 6 9 7 7
8 6 4

* E: Equilibrium, R: Rational, S: Sequentially sanctioned, U: Unstable for a partimdégsionmakerX:

Unstable for at least ortecisionmakerUls: Unilateral Improvements
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For example, based on the Nash Stability solution concept (R), the mostquretate foeach
decisionmakeis always rationalThis is because rationally, tdecisionmakewould not move

from it to a less preferred state.

States i ndicat @rdprebent uristdide states fol eaparticednisionmaker
These states are considered unstable siemecisionmakehas the opportunity tonilaterally

improve to anothemore preferredtateinstead of remaining in that less preferred status

For examplethe Protectorshangeheir option selections from &e 9(N, Y, N, Y) to State 7
(N, N, N, Y). Through this move, thaynilaterallyimprovetheir statugrom a less preferred

state(9) to a more preferred staf€), without any required interventions from the Water Seekers

(Table 4.8)
Table4.8. Example of a Unstable State
State 9 7 10
N N N
Protectors Ul
Y N N
N N Y
Water Seekers ul >
Y Y Y

Then,theWater Seekergould unilaterally improve (without any actions required from the
Protectors) from State(N, N, N, Y)to Statel0O(N, N, Y, Y) to enhance their status in the
conflict. However, going through the preference table for Protectors, it is known that State 10
more preferredhan State ®or Protectos. So, the Protectoisitial unilateral improvement from
State qto State 7)results in the conflict to end up in State 10, which is more preferred for the

ProtectorsThus,State 9 is considerdd bean unsable state (U) for thErotectors.
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In some cases, although tthecisionmakey sue intention is to improve to a better state, the
consequence of its unilateral improvement may not be in its favor since it may give the
opportunity to the othatecisionmakrsto unilaterally improve despite ithsagreementAs
mentioned before in Table 3.1nder the solution concepts, these initial states are called

sequentlly sanctionedHipel et al., 1993andares h o wn ih Vabléi4S70

As an example, the Water Seekeasunilaterallyimprove from State @N, Y, Y, N) to State 12

(N, Y, Y, Y). Then,the Protectorsvould unilaterally improveérom State 120 State 10since it

is a more preferred state for them. But StatesBéss preferred state than State 6 for Water
Seekers. In these situations, it is rationaltf@decisionmakes to stay at their current state

rather than unilaterally improve to begin with. Therefore, State 6 is considered to be sequentially

sanctionedor Water Seeker§lable 49).

Table4.9 Exampleof a Sequentially Sanctioned State

State 6 12 10
N N N
Protectors i,
Y Y N
Y Y Y
Water Seekers Ul
N Y Y

After identifying the stability of individual states for eaddcisionmakerequilibrium states
which are stable states for all thecisionmakes ar e i denti fied. These st
Table 47 and are states in which there is overall stabélityong thelecisionmakes. This is a

situation where thdecisionmakes have transitioned to other states a few times, and they have
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reached to an equilibrium which is rational foraggkcisionmakersmeaning that everyone is
stable and cannot unilateralljprove to another stat€he remaining states thateindicated by

AX0 represent states tdéciaitnmakere unstabl e for at

Having State 10 is stable for both the Protectors and the Water Seekers while the other states are
stable under soenbut not all solution concepts. Therefore, State 10 is the equilibrium state in

this model. In this state, the Protectors would not be issuing more permissions to additional
decisionmakerso extract water fronthe Great LakesThey would also not approed any

exceptions for any applications regarding extracting water from the vulnerable water source. The
Water Seekersowever would be actively seeking access not onlth®Great Lakedut also

to other possible alternatives they could access.

State10to end up as an equilibrium state in this confleglsoreflected in realityAn example

also briefly mentioned in the Literature Review Chapteri s Wi s ¢ Waukeshacitst at e 0 s
which is very close to, but outside Great Lakes waterdRali um cont ami nati on of
water sources, has resultedaishortage of fresh watér Waukesha, forcing the City to

desperately seek water from the Great Lakeses2@D (Mehta 2016).

Approvalwas issued in 2016 Bach ofthe Great Lakes states to p§e million gallons of

Lake Michigan water a day from Milwaukee and to return the treated wastewhédeto
Michiganthrough the Root River. However, controversy started growing as cities such as
Thunder Bayand New Berlirobjectedto the approvaland this started a long period of debates
onwhetherthis and similaexceptios in water extraction should or should not be approved

(Kaeding, 2020Simroth, 202].

63



TheWaukeshaitye x peri ence demonstrates the high | eve
Water Protectors to approweater extractions outside of tkl#eatL a k e s 6 wat er sheds.
has been under controversial debate sd€) with very slow progress towards resadatand

final constructiorof the pipelineEven agecentas August 2020 (after0 years) authorities

stat eeatlyph bt ©f the state and feder al per mits h
themany objection®f someinfluential stakeholder&Simroth, 2020)Although issuing water
extraction exceptions have been considered in
(Kane, 2017 Sheikh and Brougher, 200&vhat has happened in reality reflects a situation in

which permission issuance and water diverssonply doesnotoccur. Theveryfew diversions

to outsideof the Great Lakes watershed that have been happening since before the agreements
came toexisience(e.g. the Chicago diversiamhich has beeimplementedsincel848, have

been seriously cut back to decrettsmamount of diversions from tH@reatLakesto less than

onethird of the original diversion rate (Quinn and Edstrom, 2000).

4.1.6. The Integrated Graph Model
Toillustratea better perspective of the studied case, the integrated graph model of theisonflict
developed byisingGephi én opersource network analysis and visualization software pagkage

(Figure 42).

The graph model helps in illustrating a better sengskeofionmakesr 6 movement s t hr ot
feasible states. The numbers shown at the nodes refer t@asiitddestates presented beforbe

arcs represent state transitions for edetisionmaker 6 temalimbvas from one state to

another, which occur when a particutlecisionmakemakes a selection from the options it

controls.
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Figure4-2. Integrated Graph Form * P: Water Protectors, S: Wagekers Note: The relations
between the arcs are all bidirectional.

Although Figure4.2 shows all movements (including improvements and disimprovements) for

all decisionmakes; in reality, when transitioning from one node to the otherddmsionmakes

consider their preferences and tend to move to more favorable(statasilateral
improvements)Overall, he graph model gives a better sensdemisionmakes 6 mov e ment s

toward their preferred feasible states.

4.2. Case lI: Drinking Water Conflicts over Grand River

Grand River is a major source of wapeuring into Lake ErieAlthough more than 6percentof

Gr and Ri v eonSumediheotiglmunicipabusages, the rest of the watardedby other
decisionmakersStudying thebelow pie chart (Figurd.3), helps inbetterunderstandingsrand

Ri ver wawaterrcanffices,dedpscially whenis experiencinggextended periods of lower
rainfall and high temperatures which lowers surface water levels, aggravating water disputes
example, water bottling companies haverbesticized fortheir drinking water extragbn from

the Grand River. Similarly, other stakeholders such as manufacturing industries and agricultural
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users are getting into more and more conflicts witiRegions Cities and NGOs surrounding

the Grand Rier.

Major Water Uses Recreational, 0.55%—  —Dredging, 0.40%
in the Grand River Watershed Bottled Water, 0.60%— | |—Campgrounds, 0.20%
Annual Total: 152 Mm®/year Food Processing, 0.68%— \
|

Cooling Water, 0.85%— |
|
Golf Course Irrigation, 1430%—| \ \

Other - Water Supply, 0.10%

Other - Industrial, 1.41%
j Snowmaking, 0.04%

Communal, 1.72%

Remediation, 1.99%
Aquaculture, 3.51%

Rural Domestic, 4.25%

Agricultural - Livestock, 4.41%

*Aggregate Washing, 4.47%

Agricultural - Irrigation, 6.02%

Dewatering, 6.07% Municipal, 60.83%

* Accounts for recirculation

Figure4.3.Major Water Uses in th&rand River Watershggtienne, 2014

The worsening of these water conflicts is taken serioustieloisionmakes in thewatershedo
the extent that the Region of Waterktartedwvorking on a Master Plarnhich proposediraning
a pipeline from Great Lakdkake Huron or Lake Eriegs an alternative to other water sources
already in uséGombos, 2014)Althoughimplementingthis altenative has been deferred from
the year 2035 to beyond 2050, it shows that the shared Grand River water(Smunee}. 4:

Map of the Grand River Watershad)vulnerable and requiréstricatehandlingto remain a

sustainable resource in the region.
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Figure4.4.Map of the Grand River Watersh@@/aterCanada, 2015)

In sum, powerful and ambitious water bottling companies such as Nbstlssuance of

drinking water extraction per missiandhheavyf r om On
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