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LAY ABSTRACT

We develop a research tool to help understaat drives people to protect

themselves against flooding. This tool is a cormged rolplaying game
experiment in which people take on the role of a homeowner tasked with choosing
where to live and how to distribute their income. We log thexedisat people

make in the game ansestatisticahnalysio figure out which factors are important

in driving the decisions to insure against floods and to invest in protective structural
measures. We find that experiencing a flood in the gamelaagetsigositive effect

on these decisions. The results of the model areous#atm a case study where we
investigate potential outcomes of policy decisions in Calgary, Alberta. The
development of this research tool and the findings contributesri@iogpt policies

to improve floodisk management through household interventions.



ABSTRACT

Household floodisk mitigation is an important component of Integrated

Flood Risk Management. Voluntary household decisions about whether or not to
structuraif mitigate or insure can directly and indirectly influence vulnerability to the
flooding of a community. Serious games can augment existing data collection
methods in the floodsk context by operating in the space in between stated and
revealed preferemcthrough observing decisions as opposed to asking abstract
hypothetical questions, while allowing for complete control over experimental

conditions.

We look teanswer the question of which individual and contextual factors
contribute to the decision maitigate against floodd&e gather household decision
making data using a serious gameplajeexperiment named becision Game
Participants spent about 20 minutes making decisions about where to live and how
to distribute limited income, given geapgical information, including flood risk,
about the city. We use a generalized linear mixed modelling approach to analyze the
data. Among other findings, we see that experiencingamnerflood had a strong
positive effect, compared to a much weakectadf a participant having
experienced a rddé flood;our key observation is that incentivizing flosid
mitigation should be done quickly following a flood event. We fimdahe low-

income individuals were no less likely to impleémgate mitigation measures



than their higheincome counterparts, suggesting that subsidies to address an
income barrier may be an effective method of encouragimgdmae household

mitigation.

We apply the model to a case study of Calgary, Alberta fuadlithg t
insurance market could maintain espsssidization after a flood, making insuring
higher risk areas more feasible. Moreover, we find that Calgarian policymakers
should be encouraged to limit subsidy coverage todkigiieas to avoid inefficient
use of funds in lowisk areas which were projected to have the clear majority of

program uptake.
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Introduction

In this thesis, we try to understand what factors contribute to household flood
mitigation decisions. We do this using a digital serious gaplayiob experiment
to collect data. We use this tool to generate dewiaking data which can be difficult
to obtain in the real world. The experiment, callddabision Gamwes implemented
across Canada both online andarson. We model decissaio mitigate using the
data from the experiment, discuss the significance of the findings and then apply the

model toa case study Gfalgary, Alberta.

Government policy has been putting more flood risk management
responsibility on homeowners. Two keyskeboldlood risk management decisions
are buyingnsuranceind implementing structural mitigation measures. With climate
change increasing the frequency and severity of flood events, it is increasingly
important to make use of all aspects of flood @slagement. As such, the household

is being increasingly recognized as important for managing flood risk.

Investigating how to increase the voluntary implementation of hotisegbld
mitigation measures can be complicated. We know from advancemeni®urbleha
economics that people do not always make decisions that are in their interest,
particularly when it involves technically complex information. People have biases and
take cognitive shortcuts to make decisions, some of which can result in débisions w

a high longerm cost. In the case of flood risk management, this could mean living
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in flood-prone areas, not buyimgurancevhen it is available and affordable, and not
taking advantage of cost subsidies to mitigate against future flood damagee Giv
complexity of assessing flood risk, improving the demsking of households at

risk of flooding presents an important challenge.

Researchers have gathered data and developed models of flood risk mitigation
decisiormaking to try to figure ouihd contextualize what drives the choice to
mitigate. Researchers generally have stated preference and revealed preference data
collection methods at their disposal. Stated preference methods can have the issue of
hypothetical bias, wherein what peopte #tair decisions would be may not line up
with what they actually do. Revealed preference methodsecqeitsve andre
usually limited to natural experimeausl for floods, the availability of natural

experiments can be limited giverirtlogv probailistic nature

Arguably operating in a space between stated and revealed preference
methods, serious games, or games developed for a purpose other than purely
entertainment, can be used as a data collection tool to study-dedisignunder
flood risk.In this thesis, we implement a serious gamelayleg experiment as a
research tool for gathering data on flood risk mitigation decisi@mplerOne,
we outline the methodology of the serious game and analyze the data collected. In
ChaptefTwo, weapply the model generate@iraptetOne to a case study of Calgary,

Alberta to display how these data could be used inmerigatontext.
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Our primary research question asks which individual and contextual factors
contribute to the decision to inswe structurally mitigate against floods at the
household level. In addressing this question, we hope to better understand and
implement household flood mitigation policy instruments and avoid unintended policy
consequences. We approach this problem byctorgla serious game #play
experiment and logging the decisions that people make over time. In this experiment,
participants are homeowners tasked with choosing where to live and how to distribute
their income. They are given certain information abolte fictional
neighbourhoods and are exposed-game events which change their situation. We
are especially interested in the decisions of whether to purchase flood insurance and
structurally mitigate against floods and how these decisioresaftemte kgame

events.

In ChapterOne, we explain the justification for the research tool and the gap
in knowledge it addresses. Furthermore, we detail the creation of the tool itself, the
experimental procedysnd the recruitment methodology. &l&o outline how we
model and analyze the daddected anteport the results. We discuss the findings in
detail, and additionally note the limitations of the research tool, future applications,
and improvements. BhapterTwo, notwithstanding the lirattons of the model, we
apply it to Calgary, Alberta to investigate the predicted uptake of insurance and
floodproofing under several scenarios. In discussing the findings, we focus on the

implications to the insurance market and policymakers in Calgary.

c
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CHAPTER 1

Decision Game: A Serious Gaming Apprdacstaading Household Flood
Risk Mitigation Deciblaking

Background

The Context of Flooding

Flooding is costly, dangerous, and projected to increase in severity,
emphasizing the need for researtthmanaging flood risk. In Canada, flooding is the
natural hazard most often responsible for economic and socia{Nasses and
Todorov 2013)The Canadian federal government and insurance éesnalane
paid out over $6.1 billion in flooding costs s2088(Government of Canada 2016)
In addition to monetary costs, floods cause displacement to populations, can disrupt
guality of lifecandamagboth physical and mental health, anccaase loss of life
Even though floods are hazardous, people tend to live near potentially dangerous
bodies of water. Borchert (1992) found that German towns exceeding 5000 in
population were twice as likielyoe located next to a ri#&reibich, Christenberger,
and Schwarze 2011) Canada, the majority of villages, towns, and cities are found
next to rivers, streams or other water bo@esubsole 2013Moreover, climate
change is expected to create more extreme weather conditiorsariépleces are
expected to experience more drought conditions, more extreme rainfall events are

expected imost areas of the wolldevenbergen et al. 201Dhis may lead to more
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flood events in the short term, while also putting pressure on drainage infrastructure,
creating a feedback loop of increasdderabilityZevenbergen et al. 201The

context of increasing risk and high exposure to floods highlights the need for
improving and developing interventions against flooding in Canada.

The urba context of flood risk management is of particular salience.
Urbanization can create impermeable and hydraulically smooth surfaces and deforest
catchment areas. These factors generally result in less infiltration, increased runoff, and
runoff water beindgprought to river channels faster than u&aenbergen et al.

2010) Moreover, high population density and population growth in urban locations
increasepressure to develop into the flggne aras of those regioiiBieperink

et al. 2016)n additionGuneralp, Guneralp, and Liu (204&)mate that, compared

to 2000, the amount of urbarea in low elevation coastal zones is expected to increase
230% to 234 000 Krhy 2030Additionally, the researchers estimate that in 2030, half
of the global urban expansion from 2000 is expected to be-fregigincy flood
zones. Furthermore, mostban expansion, especially in developing countries, is
largely unplanned from a floodk management perspectiZevenbergen et al.
2010) Considering the increased flooding consequences fratvethenvironment,
combined with urban expansion into floodable areas, urbanization can be considered
a significant factor for flood risk. This threat highlights the need for studying flood

risk management in the urban context.
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Integrated Flood Risk Managment

In the context of climate change, increasing urbanization, and the reality of
exposure to floods, managing flood risk is of critical impobainicas changed over
time Shrubsole (2013)ighights that in Canada, there was a focus on structural
controlling of floods between 198370, with a geotechnical and-bestefit driven
decision process. Shrubsole (2013) notes that environmental concerns, public
participation, cooperation between #ifé levels of government, and the
introduction of norstructural measures like insurance, were factors which drove the
transition away from this era of structural control. Including these otis¢éruatural
considerations ultimately led to the concéphtegratedflood risk management
(FRM). Integration in FRM means to diversify aspects of managing flood hazards,
including decisiemaking criteria, involved stakeholders, and structural and non
structural measures. The question of who and what skdotédrated into a flood

risk management strategy is not always consistent in the literature but often includes:

6 Reducing reliance on a solely structural approach that eliminates risk, and
increasing use of methods including-stamctural measures toaat to
hydrological and social uncertainties to minimizeSestel(lobet, Conrad,
and Schaefer 20Morrison, Westbrook, and Noble 2(Bdtler and Pidgeon

2013.
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& Moving beyond rigid political and geographical boundaries to involve all
stakeholders in a river basin or catchmentirathe FRM procegSerra
Llobet, Conrad, and Schaefer 2@hnuels et al. 2010

o Integrating FRM with other aspects of water resource management, such as
storm drainage, sewage, storage, and treg®eera_lobet, Conrad, and
Schaefer 2016amuels et al. 2010

6 Emphasizing all temporal aspects of flood manageen@né, during, and

post Serrallobet, Conrad, and Schaefer 2046rrison, Westbrook, and

Noble 201Y.

Diepeink et al. (2016)ote that the literature supports the concept that the
diversification of FRM strategies, as well as moving frorpradgystem to a safe
fail system, leads to more resilience against flood hazards. Maeetswetral. (2008)
have shown in a case study in The Netherlands that a diversification of flood
management assets is the most effective way of managing flood risk when faced with
uncertainties in the flood hazard andratmn of those assets. These findings
reinforce the idea that an effective FRM strategy should make use of many available

policy options and approaches.
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Investigating Policy Options for Integrated FRM

Understanding the landscape of available optiwhs$oals for managing
floods provides insight into why studying private household mitigation is justified.
Managing risk against floods effectively involves building capacity and competency in
many interrelated areas. For example, investing in integst@addbe thought of

as improving in threshold, coping, recovery, and adaptive capacities. Threshold

(@}
wn

capacity refers to the ability of a city

(@]
(7)]

conditions with minimal disturbance. Coping capacity is tHe yabilio f a <city
population, institutions, systems, and services to manage a flood event once it has
occurred. Recovery capacity, also commonly referred to as resilience, is the ability of

a city to return to the same or similar conditions that it wasiia thef event. Finally,
adaptive capacity is the ability of a city
institutions to adapt to uncertainties (e.g. climate change, population growth, and
urbanizationin the future that may impact flood risk ia thng tern{Zevenbergen

et al. 2010)0One consequence of this multifaceted nature of integrated FRM is that

there is no single policy to effectively address flood risk in all those areasexn th

few sectiom, the major areas of FRM policies are investigated with a critical lens to
demonstrate some pitfalls of relying on a single policy tool. Additionally, this provides

context and justification for researching the optimization of private hdusehol

interventions as done in this study.
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Land-use and spatial planning

Governments use latude and spatial planning to influence the use of land to
achieve goals such as greater economic efficiency. The tookusé land spatial
planning include relgtions, social conventions, and rules used to differentiate
functional and legal aspects of [@&venbergen et al. 201@)licies such as building
codes can be important for preventing new dewelais from being built without
adaptive qualitig€s&reiving and Angignard 201K4) addition, landise decisions to
place norcritical infrastructure in flogarone areas, or for storing or reroutiogd
water when possible are valuable FRM pdli@eenbergen et al. 2010)

While lanelise and spatial planning play a vital role in an FRM patttieyio,
may not be a complete remedy for man#élgigjrisk. For example, removing people
from floodplains using buyout legislation, and preventing future residential or critical
infrastructure development in floodplains using zoning regulesiongirtually
eliminate risk for fluvial evefj@reiving and Angignard 2014anduse planning can
thus be considered the most effective policy tool to eliminate flood risk, in theory.
However, flood risk is usually a d@mked consideration when creatingirmg
regulations or langse policy(Zevenbergen et al. 201B)anners face economic
pressure and may even find d@steficial tradeffs to developing in floegrone
areagBaubion 2015Furthermore, landse policies that eliminate exposure in{lood
prone areas may not be feasible when considering cities that are already developed.

For example, the City of Calgary identified buying oué88@emtial buildings in the
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floodway as a potentially attractive measure for reducing exposure to floods, but it had
a negative benefibst ratio in addition to ranking low in their sustainability criteria
(Calgary 2016)

Landuse planning for water management also tends to suffer from
transboundary and trajugisdictional problems. Catchment areas rarely fit well with
other administrative units of governaf@eeen 2017)Competing interests and
administrative complexity often limit larseé to a subtler role in FRM. For example,
catchment areas may span multiple metropolitan areas and various government
departmentsnayhave differing interests managing the floodplain, resulting in the
stalling of bastwide management choi¢€een 2017)A study byHegger et al.
(2013)found thatmost countries nominally participating in the EU SHI&Bd
project had limited integration of flood management practices in their spatial planning
policies. The authors cited the assumption that water managers would technologically
solve flooding problesras a potential reason for this lack of integration, in addition

to the overall lack of communication between water managers and spatial planners.

Flood Defences

Flood hazard can be addressed by protecting certain areas to an acceptable
servicdevel d risk via structural measu(iseibich et al. 2015)hese service levels
are typically framed piotecting against a flood with @ n e rdatum peciddFor
example, ane in one hundred floaéfers toa flood whichis expected to happen

once in a given hundrgdar periodThesestructuraprojects include infrastructure
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such as dams, upstream reservoirs, and dikes. Prior to 1970, structural measures were
the preferred policy tool of the Caiaadgovernmer(Shrubsole 2013)he efficacy
of structural flood defences in reducing flood hazard from a technical standpoint is
well documented, and flood defences are an integral part of anr&BlM.po

However, structural measures are not without drawbacks and issues. Structural
measures can have unintended consequences, such as increasing demand for
development in floodable areas due to the decreas@teibich et al. 2015fror
exampleHusby (2016)dentified that the Deltaworks project in the Netherlands,
which involved large infrastructure projects including dikes, resuheceased
exposure to floods in protected areas over the long term. Additionally, reducing the
hazard through engineering interventions such as flood walls may increase individual
vulnerability to an extreme event by reducing individual capacity tbroemytt
reduced flood memoriéBaubion 2015)There may also be some contexts in which
largescale infrastructure projects are not appropriate, such as sprawling coastal areas
of development in thd.S.(Brody, Lee, and Highfield 2014% when development
displacesisk from one place to anoth@hile costs are high, the benefit is lower
when development is less dense. In this circumstamamstbenefit of targeted
private mitigation may be comparatively higher.

Dieperink et al. (201Bighlight that an advantage of flood defences is the that
there tend to be fewer political barriertheir implementation, but caution that this

is not always the case. Flood defences are typically allocated in a process involving
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probabilities, population density, and economic damages. This process can create
winners and losers, however, and pushi@okproperty owners and citizen groups

can limit implementation of defences which have aesthetic or properidadung
impacts(Dieperink et al. 2016Jo illustrate, consider property ownen® wnay

resent the erection of a floodwall which obstructs a river view. As a tangible example,
a risk assessment for the City of Calgary found that an upstream Springbank Reservoir
was the most effective method of flood mitigation for the Elbow Rivee. tikil

project was found to be feasible and-kestficial, local advocacy groups such as
DontDamnSpringbank have arisen as detractors of the Byttt and Davies

2017)

Flood Emergency Prepasdness

Flood preparedness requires competency in responsible actors such as
forecasters, warning disseminators and respondents, and emergency and social services
(Dieperink et al. 2016Lompetencyni preparedness entails having quality flood
monitoring and forecasting systems, as well as assigning crisis roles, highlighting
vulnerable populations and key stakeholders, and knowing basin characteristics before
a flood happen&Zevenbergen et al. 201THe Canadian federal government requires
municipalities to have emergency plans to respond to flood events, but the specifics
of these plans are left largely to the discretion of those munic{alitibsole 2013)

Emergency preparedness within the population can also contribute to flood
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preparedness overall, such as households having an emer(@empekitk et al.
2016) However, cognitive factors and attitudes towards hazards, as well as a sense of
connectedness t o oneads communi ty can i nf

preparedness stratediesvac, Toabul | i van, and O&dSullivan 201

Private Household Mitigation

There is a trend in FRM to encourage private households to engage in
mitigation to supplement publéefforts (Babcicky and Seebauer 20Pf)vate
mitigation generally includesl®tel interventions by a household that lower the
financial impact and physical damage of a flood. These efforts are generally structural
alterations to a dwelling or purchasing flosdrance when availabhdter a flood
event, buildings that are resistant against floods generally exhibit the following:
sustaining only minor and easily repairable damage and utility disruption; the
foundation remaining in fully functional conditibie; building envelope remaining
unimpaired; and a high degree of accessibility and ligaévéagbergen et al. 2010)
Table 1 provides examples of structural household mitigation measures watiich can
in achieving the aforementioned traitsese efforts reduce vulnerability to flooding,
lower the financial burden from an event, and allow for a more convenient return to

normal life after a flood.
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Table 1- Examples of household flood nmteyagotidfFEMA 2014)

Dry Wet
Prevents water from Assumes water will enter the

entering or reaching the  building and reduces

building consequences
Active o Temporary floodhields 6 Relocation of items stored
Requires action across doors and below flood protection
to use windows elevation level

6 Emergency sandbags

Passive 6 Waterproof coatings ar 6 Installment of openings to

Functions sealants equalize ydrostatic pressur

without 6 Sump pump and 6 Use of flood resistant

interaction backflow valve materials.e. concrete, stone
and ceramic

It is often assumed that structural private mitigation measures are cost
beneficial; however, studies of the costs and benefits of these measures are limited.
One stug byKreibich, Christenberger, and Schwarze (2@trbspectively surveyed
participants after a flood and compared the relative amount of monetary damage

incurred between those with protective nreasand those without. The authors
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found certain measures to be economically reasonable depending on the risk level of
the households, suggesting ldua@tescale implementation to drive down costsd
improve the tradeffs to buyersreibich et al. (2018)so note that few cesénefit
studies regarding private flood mitigation exist, and thelustea Canadian example
in their review of cost studies of damage reducing measures at thdewalding

Flood insurance can be a good source of rehabilitation after a flood event
(Sandink et al. 201&wering the financial burden on a household of experiencing a
flood. Flood insurance is neithout its barriers and drawbacks, however. Insurance
can be cogprohibitive to higherisk household$r whom the demand for insurance
would arguably bgreatestAnother problem is moral hazard, in which insured
households take less precaution @g&oss, and are more willing to live in flood
prone areas, and less likely to engage-maiskgingtrategieéSandink et al. 2016)
In addition, another form of moral hazard may exist in whirseholds do not insure
due to confidence in government compensafifgvenbergen et al. 2010)
FurthermoreCapano and Woo (201mte that paties which induce a return to
equilibrium, such as insurance, may not be appropriate when that equilibrium was the
cause of instability or risk. In other words, insurance may allow unsustainably
vulnerable households to avoid adaptation and remainelSenadink et al. (2016)
argue that flood insurance can be viable in Canada as part of a larger integrated FRM

strategy while limiting coverage available terislghouseholds.
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Thecharacteristiof private household mitigation that sets it apart from other
tools in FRM is the voluntary aspect of its implementation. Private mitigation
measures can be efficient and sustainable FRM tools, but robust government
requirements and regulations for impleiing them often do not ex{Etieperink et
al. 2016)The voluntary aspeot having to choose to implement these measures
results in unique barriers to their implementation. For example, thedteffera of
implementing floodproofing interventions, especially if they are intrusive, are often
not considered in analyses of mitigation meg$teeh Kreibich et al. 20150)his
may be one reasdor whichBubeck et al. (201®)und that while people appraise
the effectiveness of private mitigation highly, people often postpone these measures.
ContrastinglyBuchecker, Ogasa, and Maidl (2@t6)d that respondents generally
did not consider individual measures to be effective and did not know how to protect
themselves. Consistent with other literature, respondents preferred engimtering
structural interventions over individual or -stvoctural methods. This contrast
suggests a contedépendent and complex decisiweking process for implementing
mitigation measures.

Aside from voluntary compliance from households, private witifates
further complexity from a governance perspective by often being dependert on multi
stakeholder agreements, encouragemdmnoéowner mitigatioresponsibility by
local authorities, stressing local economic benefits of mitigation, and otheyvolunt

programs and initiativé3ieperink et al. 2016)oreover, private mitigation may be
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susceptible to the discourstated challenges around the shaping of the narrative that
rationalizes the ngéor interventioriDieperink et al. 2016h other words, the public

may not be open to the narrative that mitigation of floods is up to individuals. In line
with this, surveys in Germany found enae that people trusted government flood
prevention measures much more highly than personal m¢aseirdahrer and

Kuhlicke 2007)

The Role of Human DecisionMaking in Private Household Mitigation

In most contexts, aniversally appropriaéad effectivgolicy for managing
flood risk is unlikely to exist. This underlines the need for households to partially take
responsibility for mitigating risk for an integrated FRM approach. Private household
mitigation often involves the voluntary implementation of structural measures and
purchasing of insurance policies. In practice, it is well understood that humans often
do not make decisions as rational actors in classical economic models, particularly
under uncertainty. Especially in the case of natural disaster risk, people use various
heuristics to ease the cognitive load of de¢isding and are subject to biases, which
can result in maladaptat{gunreuther et al. 2013)s an example of this irrationality,
a study of Dutch insurance policyholders showed that they preferred insuring for a
highprobabilitylow-consequence event, bicycle theft, over gromabilityhigh
consequence flood eveamd that objective levels of risk did not strongly influence

the insurance decisi(Browne, Knoller, and Richter 201ByrthermoreBotzen and
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van den Bergh (2018)entify that people rarely prefer to partially reduce risk,
preferring to eliminate risk to zero, which may inhibit uptake of many mitigation
measures. The complexity of human deemsaking results in difficulty for policy
makerdo encourage people to engage in private mitigation.

Researchers have attempted to model degisking under flood risk using
ideas from Protection Motivation Theory to inform risk communication and other
policy interventions for increasing privategation uptak€Bubeck et al. 2012)
Protection Motivation Theory was originally develdpedRogers 19753s a
framework for understanding feppeals. In the model, two key components drive
adaptive responses, namely threat appraisal and coping appraisal. Generally, threat
appraisal involves assessing the severity of and vulnerability to a threat, while coping
appraisal is the process of asgpismeffectiveness of potential interventions to the
threat(Norman et al. 2005Researchetsve extended this Protection Motivation
Theory to model the decision to privately mitigate againsh@lpmaiiuding factors
like flood experience and seetmnomic characteristi€Roussin et al. 2014;
Grothmann and Reusswig 2006; Bubeck et al. 20&8¢ studies aim to identify the
deterninants of flood mitigation behaviour by connecting survey responses to
reported or intended mitigation behaviour.

Highlighting the value of understanding flaskl decisiomaking, Brody,
Lee, and kghfield (2017%uggest that implementation of adaptation programs by

communities could be improved if the factors that trigger adoption of mitigation
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measures are known. To further highlight the value of understanding household
decisiormaking under flab risk, consider that in Canada, disaster relief has been
criticized for being akin to implicit insurance after flood events, funded by the larger
taxpaying populatiofSandink et al. 201&yeibich, Christenberger, and Schwarze
(2011) suggest that relief should only be provided to households that have
implemented a certain level of efforts toissifre and seffrotect. The authors
suggest th t mandatory building code regulations
could be used to promote mitigation in conjunction with this policy. However,
removing relief safety nets in this way, while not having a full understanding about
mitigation decisiemaking could be problematic as financial incentives alone may not
generate enough uptake of mitigation efforts, resulting in too many people without
relief after a flood.

An understanding of decisioraking under flood risk can be applied in
sociohydrologal models to investigate behaviour on larger scales like cities. For
exampleDi Baldassarre et al. (20d&Yyelop a model to understand adaptation and
levee effects. The adaptation effect desc¢hibatecrease in vulnerability associated
with frequent flooding, and conversely, the levee effect describes the observation that
lack of consistent flooding raises vulneral§ibtyBaldassarre et @015) The
researchers develop differential equations based on the plausible assumptions of
humanflood interactions which produce these adaptation and levee effects. The

authors note that their findings can help direct the types of data that miestteel col
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to understand humdiood interaction®Di Baldassarre et al. (20fiBjher note the

need for validation of the sociohydrologic model through fitting of its findings on
empirical test siten,addition to evaluating whether the model can represent emergent
behaviours such as the adaptation and levee effects. As another example of
synthesizing data on decismaking undeitdod riskHaeret al. (2016)se an Agent

Based Model (ABM) to explore the interaction between human behaviour and flood
risk. ABMs use concepts from the social sciences and computer science to understand
a largescale outcome. They do this by assigning rules of lehaviadividual

agents, often representing individuals or households. As the system progresses
through time, emergent properties of the system are observed, often involving
outcomes of and interactions between the agents and their envi(éoaiesd and
Tesfatsion 2006)The ABM developed bifaer et al. (2018)emonstrates that
including peopl ed sreddceng measurenaaoretaccuratetyv e s t
estimate future flood risk under a number of cognitive assumptions. However, the
authors remark upon the need to validate the decision models used in their ABM
through empirical data that capture decisiaking in the context of changftupd

risk. In both modelling examples, the authors call for empirical data on decisions made
in flooding contexts. This highlights the value of data collection on human-decision

making under flood risk.
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Introduction to A Serious Game Approach tbinderstanding DecisionMaking

Understanding human decisioaking in the context of flood risk can
improve implementation of private mitigation programs, avoid maladaptation to
floods, and improve our understanding of sociohydrological systems. Thisshighlight
the need for data on human decisions in the flood risk context. In this thesis project,
we use a rolplay experimergerious gamir data collection, which differs from
typically used methods for gathering information on preferRotssayinggames
involve taking on the role of a character in a fictional setting.

To understand the value of this data collection method, it is important to first
discuss the ways in which researchers typically collect information oAdakisgn
Generally, reseanmtis use stated preference and revealed preference methods for
collecting data on human decisimaking. Both methods generally gather information
on how much people value goods and services, usually in terms of willingness to pay
(WTP). Revealed preferemte t hods i nvolve observing mar ke
deci si ons. This may include investigating
valuations, or researchers may infer WTP through methods like hedonistic pricing.
Revealed preference methodgarerally favoured over other methods, as the data
aredirectly associated wittdividualdecisiosto purchase or valuation of a good or
service; however, revealed preference methods can be prohibitively expensive and
market data for certain natural eéxpents do not exigKimenju et al. 2006$tated

preference methods can be used when revealed preference methods are unavailable or
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unattainable and have some of their own advantages. Statedcerefetbods
involve surveys, experimental choice auctions and discrete choice experiments like
contingent valuation to elicit valuations of goods and services from
participants.Researchers have noted that hypothetical bias and strategic bias are
problemdor stated preference methods which must be accounfeédrigatachalam
2004)Hy pot heti cal bias occurs when stated
for the good or service in real life. Stratb@gs happens when participants believe
that their valuation will affect the provision of an actual good or service, and so may
over or undereport WTP to influence policy. An advantage of stated preference
methods is that they can gather enrichingmaion on psychological and situational
factors that observable market data often dprowide(Hobbs and Mooney 2016)
Considering the presence of bias, the critical question asked of stated
prefeences is to what extent hypothetical responses can represnbetalviour,
as this is ultimately what makes these data useful. This problem of predidtng real
action from participant responses is common in social science reseastal{éeta
of stated preference methods have shown that there are strong correlations between
stated preference and revealed preference estimations, but stated preference tends to
overestimate valuations of participants with varying degrees of magnitude and skew
(Murphy et al. 20Q05Carson et al. 19p6-or example, in the flood risk context,
Scolobig eal. (2012hote that the willingness to invest in flood mitigation measures

was higher than actual investment.
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While predictions from stated preference methods are known to be biased,
some methods can minimize these discrepghoesis 2014)These methods
include measuring the (Loomis ROlleg Braunhgtalof par ti
2016; Champ et al. 1947} calibrating stateteference data by assigning correction
factors based on samples of revealed prefgi@aesékiva and Morikawa 1990;
Loomis 2014; Fox et al. 199)rthermore, providing options to partiaiga such
as by using discrete choice experiments, reduce hypothe(idairpiaset al. 2005)
Moreover, bias is further reduced if participants can makelaonto avoid forced
decisions, siecnondecisions are reflective of real market behaviour, especially when
participants may be unfamiliar with choice cate{@ddasiowicz et al. 1998; Hensher
2010) MoreoverHanemanr{1994)argueshat the plausibility and meaningfulness of
the given scenario are key to successfully determining pricing preferences. In addition,
he notes that concrete questions with specific commoditiési (ife. i t costs $10
would you be willing to pay to reduce ri sk
and accurate information than op@aded questions with vague commodities (i.e.
owhat is the most you woul d prnatelyresolt pr ot ect
in more representative findings. Finallgnsher (2010highlights the value of
reference alternatives or choice contexts in reducing hypothetical biases, such as using
a trip to Pariso ground valuations of other goods.
While revealed preference methods are generally preferred, they require natural

experiments, which in the flooding context are difficult to gather due to the low

23


https://paperpile.com/c/b7H2z6/496o
https://paperpile.com/c/b7H2z6/496o+kqin+hQUf
https://paperpile.com/c/b7H2z6/496o+kqin+hQUf
https://paperpile.com/c/b7H2z6/O0YL+496o+iSUP
https://paperpile.com/c/b7H2z6/O0YL+496o+iSUP
https://paperpile.com/c/b7H2z6/eZlf
https://paperpile.com/c/b7H2z6/1H3G+Kgmn
https://paperpile.com/c/b7H2z6/1H3G+Kgmn
https://paperpile.com/c/OMFzIs/HL8y
https://paperpile.com/c/afoRYB/sFhl

M.Sc Thesisd Julien N Gordon; McMaster Univerditgchool of Geography &
Earth Sciences

probabilityhigh-consequence nature of the event. iftaikes flooding scenarios an
obvious candidate for using stated preference metioodsver, decisiemaking

biases are prevalent in the natural disaster context, where budgeting heuristics, learning
failures, time discounting, postponement, and otherrsfactn result in
underinvestment in adaptati®gunreuther et al. 2013Jhe prevalence of decision

making biases around flooding may contribute to why stated preferences for private
flood mitigation dcisions may considerably differ from actual behaviour. Given that
availability of choice (including raecisions), presenting plausible and meaningful
scenarios, and providing grounding choice contexts are known to reduce hypothetical
bias, using a seu®gaming rolplay experiment as a data collection method may be

an effective alternative to existing stated preference methods.

The Serious Game Approach

Serious games can be defined as games used for a purpose other than purely
entertainmenf{Wilkinson 2016)They have a variety of developed uses, including
education, healthcare, mental wellness, social change, building social skills and cultural
knowledge, professional learning and training, apgdorsing life decisions
(Wilkinson 2016Calderén and Ruiz 201%ne example from the health sector
involves a video game used for the neycbp$ogical screening of children, where
participants play through the familiar experience of a trip. The performance metrics

of the game correlated with standardized neuropsychological tests, indicating the
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potential of the game as a screening Rudetti et al. 201 As a further example, a
board game that tasks participants with building a skyscraper was designed with the
purpose of training participants on concepts of supply chain managameien
Berg et al. 2017 final illustration involves a computer madsisted simulation of
a river management scenario, in which participants negotiate for, try, and reassess river
management measswith the purpose of promoting sdeatningVan der Wal et
al. 2016)

In this study, we use a serious game as a data gathering method for
understanding decisiomaking under flood risk, whichomstside of the typical uses
of serious gamesn den Berg et al. (204@)e that serious games often lack rigorous
methods of assessing how and why certain player strategies are used. The authors
identify that this can be done pgatne, through surveys, but that these methods are
reliant on the potentially unreliable opinion of the participants. Digital games have the
advantage of being able to track decisions made throughout thg\maoakss Berg
et al. 2017)such as how the neuropsychological screening tool game produces
automatic test scores after gamefitagetti et al. 2017)he tracking of choices
means that the decisions can be investigated statistically as a more rigorous method of
analysis. HoweveZalderon and Ruiz (201®te that few serious games legame
decisios, in practice. These logged data can be useful for comparing the effectiveness
of financial product structur@sunreuther and Mich&lerjan 2015)and calibrating

and validating social models lik&vhs (Le Pira et al. 201 @mong other uses. For
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exampleArnal et al. (201@)sed a decisienaking game to analyze the WTP for
probabilistic iod forecasts when making a community flood mitigation decision. The
participants competed against each other to make the best mitigation decisions with
the least amount of money. The researchers quantitatively investigated the importance
of certain irgane factors, such as the accuracy of the forecasts, on the WTP for those
forecastsArnal et al. (201@)ghlight that the use of these games fundamentally blurs
the line between the typically dichotosmesearch methods of stated and revealed
preference. It is possible that the benefits of the serious gaplayr@eperiment
approach could come from operating in the space between these two methods; they
are easily controlled and offer the flexibdftystated preference methods, while
potentially avoiding hypothetical bias by having participants actively engage in a
scenario instead of thinking hypothetically about what they would do in that scenario.
For example, in the case of studying decistenadliood, an eventgame can have
a consequence on the playerds resources, W
asking what would happen hypothetically in the case of a flood.

Within the context of understanding decisions under floockeriskissgames
may have some unique advantages. Serious games can facilitate the experience of
events that would otherwise be prohibitive due to time, cost, or safety ¢sanerns
den Berg et al. 2017%ince floods are relatively 4mwbability events, the
opportunities to collect empirical data from flood victims may be limited.

Furthermore, specific phenomena related to coupled human and hydrological systems,
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such as the adaptation and levee efferted byDi Baldassarre et al. 2Q1b6ay be

even rarer. Serious game environments can be adjusted with desired contexts and
experimental controls to test hypotheses in an experimental sedtg@mék could

also feature richer visual and interactive environments, and a less abstract narrative
than a survey, which could resulbatterquality data. Moreover, the scalability of
digital games could lend themselves to generating large dategt®npewerful

statistical models. FurthermdResetti et al. (201fAghlight that the advantages of

SGs can include the simulation of environments familiar to subjects, less required
supervisioradaptive difficulty, decreased workload, and automatic report generation.
Some studies caution that interacting with machines can change results when
compared to paper counterpdResetti et al. 2@)1 However, this finding may be
tempered when considering that direct translations from paper to computer do not

make use of the engagement advantages that digital SGs (Roseffieet al. 2017)
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Methods

Research Tool Overview

In this study, we aim to answer the following research question:

Which factors predict the decision to invest in structural householéve/

flood mitigation or to purchase flood insurance?

To address the question, dwased research tool naniegtision Gaweas
developed in 2017 to gather data about flood risk mitigation decisions, with the
ultimate goal of modelling the decisions to purchase flood insurance or structural
mitigation measures. The game was an inbeavetetbased experiment which put
participants in the role of a homeowner tasked with making decisions about where to
live and how to spend the rest of their limited resources. An overview offtleg/role
experiment can be seenHfigure 1 In addition ¢ the experiment, participants
responded to pre and p@stme surveys that gave information about a variety of
situational factors, attitudes, and demographic attributes relevant to decisions about
flood risk. The questions asked, the targeted informainch,the potential
relationships with mitigation decisions are listdgpendix 1 The combination of
the ingame decisions and #ifa information provided data about flood risk
mitigation decisions within an experimental setting. We use thesealdieate a
statistical model to determine factors which predict the decision to mitigate against

floods and purchase flood insurance. Furthermore, we investigate the consistency of
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the results of the model with previous findings in the literature ordependent
variables, under the assumption that reasonable results suggest thapléye role
experiment has potential as a method for collecting data about flood risk mitigation

decisions.

Figure 1- Overview of the-lRaleExperiment

Choose a Neighbourhood

Make locational decision based on 5 categories: cost, walkability, crime levels,
flood risk, and access to schools,

Distribute Income

Spend rest of income on various economic goods, such as food, recreation
and entertainment, and clothing. Flood insurance and physical mitigation
measures were among available insurance and home improvement options.

Review Expenditures and Informational Updates

0On predetermined turns, players would experience a demotion (lowered
income), a promaotion (increased income), and a flood event (experience
monetary consequences based on mitigation options and insurance).
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Data Analyss

The analysis involves the estimation of two statistical models. The model
structures are mostly congruent; however, one predicts the likelihood of structurally
mitigating against floods, and the other predicts the likelihood of purchasing flood
insurane. We use a generalized linear mixed model (GLMM) to analyze the data,
choosing a binomial distribution with a logit link function. We use the Ime4 package
(Bates et al. 2015) in R (R Core Team 2017), choosing the gimer function to execute
the analysis. Wese the BOBYQA optimizer (Powell, 2009) with starting values for
coefficient estimates obtained from bivariate versions of the model using one
independent variable at a time as the predictor. We investigate the sensitivity of the

model to both optimizethoice and starting values.

GLMMs can be thought of as an extension of Generalized Linear Models
(GLMSs). In GLMs, regression coefficients are typically treated as fixed, but there are
some cases in which it makes sense for coefficients to be (3iadgn2007 Y his
can occur when observations are correlated due to multiple measurements from the
same source. For example, in medical contexts when multiple measurements come
from the same patients, a @atlevel random effect would be estimated in addition
to the fixed effects (e.g. the medical treatri#at)g 2007\ LMMs combine two
oftenused statistical frameworks of GLMs and linear mixed snotalh use
random effect@Bolker et al. 2009BLMMs are used in situations in which there are

random effects and a ranrmally distributed dependent variéBtdker et al. 2009)
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In our model, we assume fixed effects for psychological and situational factors

(e.g. risk perception, rHitd flood experience), and design effects fganme events

(e.g. igame flood event, income changespl¥éanclude a participdavel random

effect which accounts for betwagmrticipant error that is not accounted for by fixed
effects. The model we use is specified in (1). The fixed effects and design effects are
all treated in the same way when estigéite model; however, we draw a distinction

since the design effects are not indepewndeiableas they occur at the same time

and in the same way for all participants. We also note that the fixed and design effects
contain both irgame factors @igane changes in income, flood event and
neighbourhood flood risk) and rbfd factors. This gives us an opportunity to

compare the effects ofglame and redife versions of income and fleexperience.

(1) specifies the GLMM that we use, whereepresents the probability of

insuring or mitigating for a given respon#lgi@t represents the inverdete logit

t
; € represents the number of fixed effestegpresents

link function of the forr—;

the fixed effects; represents the regression coefficient of the fixed effects;

represents the number of design effé@ctspresents the design efféctsepresents
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the regression coefficient of the design effectepresents the fixed interceapt;
represents the random intercept for a given parti&pahich can be thought of as
the errorbetwegparticipantS note that we assume that~ O 1, ; andf]
represents the residual emdthirparticipants, or the error not explained hyWe

assume an unstructured variasmariance matrix for within participant residuals

Not allthe original pool of variables that we surveyed for could be included in
the final mode{seeAppendix 1)A large degree of collinearity existed between our
survey responses, which was identified usirggudmie tests of independence
compiled in a corti@ion matrix (se&ppendix 3). We selected independent variables
from Appendix 1 for the final model based on a judgénweighing their
importance to the literature as well as their degree of correlation with other variables.
The fixed effectswe use¢irh e model fir st |-Meincomelewelde t he pl
Income is typically found to have a positive impact on mitigation decisions
(Osberghaus 201Bubeck et al. 20;1&rothmann and Reusswig 20B6tzen et al.
2009 Botzen and ®n Den Bergh 201)ut itisimpoda nt t o note that the
reatlife income did not have an effect on thgame income. We are therefore
effectively examining differences in decisiaking between lowgrcome and
higherincome participants whémey are given the same amounts of money to work
with. Realife risk perception and coping appraisal are two fixed effects included in
the model which are informed by protection motivation tifRogrs 1975)Flood

risk perception is a key component of threat appraisal, which, in the context of
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flooding,involves assessing the severity of and vulnerability to flooding, while coping
appraisal is the process of considering the effectiveness oélpatententions to
flooding (Norman et al. 2005k has beerargued that risk perception and coping
appraisal are both required to motivate protemthi@n(Bubeck et al. 2013)ut due

to lack of convergence because of sample size, we were unable to include any
interaction terms in the GLMM. Flood experience, or having been previously flooded
in real life, has been found to have a positivenslaip with mitigation decisions
(Brody et al. 2017B®sberghaus 201 Hut that the effect fades over tifAtreya et

al. 2013Brody et al. 20178 0obin and Montz 1994Personal measures, or having
previously imlemented a flood mitigation measure, is another fixed effect included in
the model. There is some evidence of advantageous selection for flood mitigation,
where flood insurance policyholders are more likely to implement mitigation measures,
contrary to whaone might expect due to moral haz@fddson et al. 2017
Osberghaus 2014javing mitigation measures in place has been found to reduce risk
perception and decrease the likelihood of implementing further méastres et

al. 2017Poussin et al. 2018Jood risk, or living in a higisk neighbourhood in the

game, is also included as a fixed effect. Flood risk levels have been found to be
positively related with risk percepti@atzen et al. 201Botzen et al. 2008iegrist

and Gutscher 20Q&)ut the relationship with mitigation decisions has been found to

be weak(Poussin et al. 2018iegrist and Gutscher 200B)e design effects were
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included to compare decisions made in the game after each game event. These events

were a drop in income, a rise in income aditood event.
Addressing Stayers

Based on the game dynamics, some participants may be exhibiting stayer
behaviour, or choosing one strategy (i.e. always mitigate, never mitigate) throughout
the entirety of the experiment. This contrasts with moveos,ciadnge their
mitigation decision at least once in the game. It is difficult to know if stayer participants
are expressing a genuine preference to not change any game options or are exhibiting
a lack of engagement in the experiment. Determining thé aingptager behaviour
on a model is challengiMje usendpointsto extend the GLMM taonsider the
probability that an individual is a stayérile random effects are typically expected
to be normally distributed, endpoiatx t e n d t hhedelGthypidcsss to
include spikes of probability at the extremes of the expected probability distribution
of the random effect®Ve first compare the kiggelihoods of equivalently specified
models with and without endpoints to determine whether considefas@yer
behaviour affects the models. Currently, the Ime4 package does not have the ability to
explicitly address stayer behaviour. We used the @abrafRley et al. 205@)ckage
to estimate thesame GLMM specification as in (1) but including endpoints.
Determining whether stayer behaviour is a result of a lack of engagement with the
experiment or is indicative of a cognitively lazy demsiking process consistent

with realworld behaviour islso challenging. We conduct-stpiare tests of
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independence and a linbglinear test of association between the fixed effects in
Appendix land being a stayer to investigate whether stayer behaviour is associated
with any specific groups of particigaiVe define being a stayer as having the same
value (i.e. 0 or 1) for a dependent variable throughout the experiment. We are uncertain
as to whether stayers at 0 and 1 should be classified as the same or different. These
two groups of stayers are bothgmbially using similar types of cognitive laziness but

with different decision outcomes. We consider three types of tests to capture multiple
interpretations of stayers and movers. In the first case, there are two categories; one
for stayers at 0 or 1, anwvers, for which we use a two by twesguiare test of
independence. In the second case, we consider stayers at 0, movers, and stayers at 1 as
three distinct categories, for which we use a two by threquahe test of
independence. Finally, we coeistie case that the stayers at 0, movers, and stayers

at 1 may be ordinally related, for which we use aldiA@aar test of association.

Recruitment

Recruitment was carried out both online asmkigon, but all participants
completed the tasks dadiy on a computer or tablet-garson recruitment was
performed at 7 coffee shops and two community centres in Calgary, Alberta. The
researcher approached the managers of the businesses and requested to come back at
a later date to conduct researchalflet was set up with laptops and an information
poster for potential participants. The researcher approached patrons and asked

whet her they would |Iike to participate I
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take about 2@5 minutes, and explained tompensation. The response rate was not
recorded but was estimated to be low, with about one in ten agreeing to participate.
The researcher was present for the duration of the expebutatitl not provide

unsolicited direction to the participants.

Online participants were recruited through a convenience sampling method
using a number of approaches. Business cards with the experiment website were
offered to people who did not want to participate but indicated interest in the project.
Posters were putpuin various locations in Calgary and Hamilton. Social media
(Facebook, Twitter) was used to recruit participants, for example by reaching out to
Calgarian homeownezlated groups, environmental groups, and community
associations t otpost ntadditoa,ttwn ersvirommerdal grougs me n
agreed to include a recruitment paragraph in their email newsletters. All participants
visited the webpadstp://www.decisiongambich directed them to a pgame

survey.

There were some minor differences betwegergon and online participants.
Firstly, the researcher was physically presentdersion participants, and so was
able to answer clarifying questions should they have been asked. While tiee optio
email the researcher was available to participants, no online participants asked
clarifying questions. Finally, all participants were entered in a draw for a $500
Amazon.ca gift certificate, butp@rson participants received an additional $5 gift

catificate to Starbucks or Tim Hortons.
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Experimental Procedure

Overview

All participants started by receiving basic information about the experiment
and consenting to participate. A-gaene survey asked basic demographic questions
and was followed byeMoleplay experiment. The game itself began with information
on the context of the ref@ay and instructions on how to navigate the game.
Participants assumed the role of a household decision maker charged with assigning
income to various categoriesonitizing what they deem appropriate. The game was
a sequence of ten turns, with each turn representing a year of life. The exact decisions
available at each stage of the game are represEigecki. An exit survey followed
the game, which colleciefbrmation about risk perceptions, attitudes, and a variety

of other relevant information.
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Figure 2- Detailed Role Play Experimental Procedure of a Turn
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Welcome, Intro Survey, and Instruction Page

Appendix 4.1 shows the page that one would viewagpessing the website.
The page included basic information including the nature of the experiment and
participation, the participation requirements, and the identity of the researchers. A
clickable button directed participants to the intro survey. Tihveuntey provided a
letter of information about the experiment and consent to participate consistent with
the McMaster Research Ethics Board guidelines. Participants were also asked for their
email, age, income and education level. Note that the desofighe game was
framed as a household decismaking experiment rather than an experiment
designed to gather information about flood risk mitigation decisions. Following
completion of the survey, the participants were emailed a unique link totpaticipa
the Decision Game website. The intro survey can be found in Appendix 4.2. Upon
clicking the DecisionGame link emailed to them, participants were directed to a basic
instruction page shown Appendix 4.3. This page informed the participants of the
context of the game and their role as a homeowner, as well as the types of decisions
they would be making. Meanwhile, a MySQL table was created, named according to

their unique identifier, in which all the quley experiment data was logged.
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Neighbourhood Choice

The first choice made every turn was to pick a location in whichRglive.
3 shows the neighbourhood choice interface used to make this decision. Clicking
through the tabs would display mapped information on the five different categories
(seeAppendix 6). The housing prices were based around the average housing prices
in the census metropolitan area of Calgary. The neighbourhoods were balanced to not
have an optimal choice. The effect on the yearly budget of picking a given
neighbourhood wuld automatically update on the income bar at the bottom.

Following this choice, the participant would be directed to the income distribution

page.
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Figure 3- Neighbourhood Choice Interface

Choose Your Neighbourhood

Please consider the information below and then select a neighbourhood.
There is no correct answer; what is important to you might be different than others
YYou can navigate through the different maps by clicking on the tabs below.

Walkability School Access Flood Risk Crime Levels Price

VWalkability measures the proximity to amenities and the pedestrian-friendiiness of a neighbourhood. A higher walkability
means amenities are closer and the neighbourhood is more suited to walking

Select Neighbourhood from this List

Please submit when you are happy with your

choice

Income Spent:

41



M.Sc Thesisd Julien N Gordon; McMaster Univerditgchool of Geography &
Earth Sciences

Income Distribution

The participants chose how to distigbthe rest of their income using sliders
and dropdown boxes on the interfa¢égure 4. There was a degree of interactivity
within the game; participants could see the immediate impact on their yearly budget as
they selected spending levels on theusagoods available. Additionally, players
received instant feedback on their spendin
change in happiness relative to the average amount spent in the census metropolitan
area of Calgary on those goods. Most spenelaigjaths did not affect the game in
future turnshowever, employing physical flood mitigation measures lowered the cost
of flood insurance, and certain upfront purchases like solar panels could slightly raise
future income through lower utility costsusitae insurance premiums were based
on online insurance quotes using hypothetical values. Upon submitting their choices,

the participants were directed to the review page.
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Figure 4-Income Distribution Interface
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Review Page

Participants weregrided with a summary of their most recent decisions prior
to ending a turn (sé&gure 5). This stage also served to inform players of the events
that occurred on particular turns. There were three events that occurred in each game.
In turn 2, participas saw a decrease in income f#&® 000 to $50 000 associated
with a demotion in their job, in turn 5 they experienced an increase in income to $70
000 due to a promotion, and in turn 7 the participant experiences a flood event. The
flood event had a $2W00 impact on their income, however having purchased
mitigation against the flood halved the monetary impact of the event, having home
insurance lowered the impact by $5 000, and having flood insurance completely
reimbursed the participant. After comptetl® turns of the game, the participants

were directed to the exit page.

Figure 5- Review Page

YEAR 3 OF 10

Summary of Spending

MORTGAGE RECREATION EXTENDED RENOVATIONS
ANDHOUSING = CLOTHING FOOD TRANSPORTATION AND EDUCATION WATER DEDUCTED BY
EXPENDITURES ENTERTAINMENT INSURANCE =~ SAVINCS FROM

25000 3300 6700 4300 2200 400 4000 0 720 0 0 0

Start Next Tum
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Exit Page and Survey

After completing the experiment, the exit page thanked the player and
prompted the participant to click a button to complete tloadeatirvey. The exit
page can be seen in Appendix 4.4. An exit survey followed the game, which collected
information about risk perceptions, attitudes, and a variety of other relevant
information. These data were used as inputs to the GLMM used inlykis. artee
entire survey availableAppendix 5. We use question wording design8dlagch
(2013)to identify how people rank on various factors identified in the literature as
having an impact on itigation decisions. A full list of variables targeted, their
descriptions, the questions used to assess them, and connections with mitigation

decisions from the literature are outlined in Appendix 1.

Software Used

DecisionGame was a browbased appltion optimized for Google
Chrome and Mozilla Firefox. The game was developed usinaPa8eripHTML,
and CSS, using a serside MySQL database for storing participant decisions.
Cookies tracked the turn number and the unique identifier of tbg@attiallowing
them to return to the session later. All code is available from the authors. Participants
were directed to Google Forms to conduct the pre andgost surveys. The survey
information was stored in a Google Sheet in a Google Driveldeasdyi by the
researchers. The survey information and the game information were later linked with

a unique identifier associated with the responses.
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Results

Independent Variables and Sample demographics

123 participants were recruited for the studgergix 2contains the frequency of
responses to the survey questions. We present the distribution of the demographics of
the participants ifkigure 6and compare them to the distribution from the 2016
Canadian censu@&Government of Canada 2017a; Government of Canada 2017b;
Government of Canada 2017K)e distribution of the sample demographics is quite
different than the Census data. Participants were younger, wealthier, and more
educated @ the average Canadian. In addition, there were two separate recruitment
modalities- online and in person. Approximately six out of every 10 participants

performed the experiment online.

Dependent Variables

Table 2 shows the mean and variance of thadiagevariables of the data.
Figures 7 and 8 show the distribution of the number of turns out of 10 either insurance
or floodproofing was used on the top. The distribution appears to be roughly normally
distributed, with concentrations at the endpoirisaofl 10. The plots on the bottom
of Figures &and8 show three categories, whitbm left to rightshow the number

of respondents who never, sometiroes|ways used the mitigative strategy. Even

1 Note that the census datasets for income and education contaiagedd® 7, which are not part of our
sampling criteria
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though the mean value of turns with flood insurarft@odiproofing is around 4, the
amount of people who insured or floodproofed for that particular number of turns is
relatively low. 30 participants, or about one in four, did not insure against floods or

floodproof at any point in the exercise.

Table 2- Smple descriptions of the dependent variables

Turns with Flood Insurance  Turns Floodproofed

Mean 477 3.85

Variance 17.83 16.36
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Figure 6- Sample Demographics (Age, Income, and Education) compared to 2016 Census Leve
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Figure 70 Flood Insuranceifdens Visualized
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Figure 8- Floodproofing Decisions Visualized
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Model Results

Tables &nd4 contain the key results of the model. The model converges at a
0.01 tolerance level. The model estimates are robust to altering the starting values for
the ixed effects to all zeroes, all sevens, all negative sevens, and random values.
Moreover, the model estimates are quite robust to the use of various optimizers (see
Appendix 8). For the full glmer output (Bates et al. 2015), including the correlation
matrk of the fixed effect#kaike Information CriteriomA(C), and logikelihood
values, sedppendix 7. Note that the standard error of the random effects is
considerably larger than the estimate of the fixed effects. For example, the largest fixed
or desig effect size for both the insurance and floodproofing dependent variables is
the postflood design effect. This magnitude of the standard error of the random effect
is approximately 1.25 and 1.51 times the size of thBopdstlesign effect for
insurane and floodproofing, respectively. The largest fixed effect size was associated
with having previously implemented mitigative measures in real life, which had a
greater positive impact on mitigation decisions than having experienced a flood in real
life for both insurance and floodproofing. We observe that all fixed and design effects
have the same direction across both models, exceptlite fiald experience. Risk
perception and coping appraisal, which are both often cited as important in the flood

mitigation determinant literature, had a positive impact on both dependent variables.
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We observe that having a4ldalincome of $50 000 or above has a negative
impact on both mitigation decisioheweverthe increase in-game income has a
positive #ect. Realife flood experience had a negative impact for insurance and a
relatively small positive impact for floodproofing, while-thenre flood event design

effect had the largest effect size estimated in the model aside from the random effects.
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Table 3- GLMM Resultfixed and Design Effect Estimates

Fixed/Design Effect  Estimate SE P-value Estimate SE P-value
(Insurance) (Floodproofed)

Intercept -4.1698 1.7752 0.0188 -5.4371 1.2859 2.35&
Turn 35 (Income 1.1695 0.4863 0.0162 07493 0.3529 0.0337
Lower)

Turn 67 (Income 2.8059 0.5546 42167 2.4267 0.4014 1.49¢°
Higher)

Turn 810 6.4629 0.6928 <2elé 3.5316 0.4109 < 2el6

(Post Flood)

Has Experienced a  -2.1455 1.9915 0.2813 0.5376 1.2395 0.6645
Flood (IR12)
Income Greater than -1.8447 1.8719 0.3244 -1.7832 1.2395 0.1503

$50 000 (IRL)

Has Implemented 5.6766 2.6914 0.0349  3.4505 1.4575 0.0179

Mitigative Measures
Against Flooding
(IRL)

Risk Evaluation of 1.5446 2.1652 0.4756 1.2910 1.4642 03779
Community is

OMedi umé o

(IRL)

Positive Coping 2.4329 1.9404 0.2099 1.3342 1.2194 0.2739
Appraisal (IRL)

High Flood Risk 0.6533 0.5645 0.2471 0.7616 0.4505 0.0909
Neighbourhood (In
Game)

2In real life
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Table 4- GLMM Results: Random Intercept Variance

Dependent Variable of Variance oRandom Standard Deviation of
Model Effect Random Effect
Insured 64.82 8.051

Floodproofed 28.55 5.343

Visualizing the Results

Fixed Effects

Using the estimated models, we generate predictions of the likelihood of
purchasing flood insurance and floodproofisigg our sample data as inputs. In
Figures 9 and 10, each plot visualizes the difference in predictions when separating the
data by each fixed effect while holding other effects constant. Each pair of boxplots
shows the difference in predictions at beikls of each fixed effect. The horizontal
black lines represent the median prediction, the boxes contain the middle 50% of
predictions, the whiskers represent the outside 50% of predictions, and the black dots
represent outlier predictions. Each pairoxplots contains predictions at different

stages in time of the game, wherein each stage is separated by a design effect, showing
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how the predictions change as the participant experiences the events sequentially in
the game. Note that the predictions do inolude random effects, so they are

underestimating the spread of data.

Generally, the greater the difference in the median predictions within a pair of
boxplots, the greater the effect size of the fixed effect. Note that due to the nature of
the logitl i nk functi on, predictions are oOsqueez
probability estimates (i.e., 0 and 1). Conversely, this means that differences in predicted
probability due to fixed effects, as well as the spread of predictions, are comparatively
more exaggerated when closer to 0.5 than to one or zero. The maximum magnitude
of fixed effect we observe is for personal measures when predicting insurance
purchase. The minimum magnitude of the fixed effects is associatedlifgtioedl
experience men predicting the likelihood of floodproofing, for which we observe
much smaller differences in median predicted probabilities. In addition, as we observe
pairs of boxplots further to the right, we see increases in predicted probability,
reflecting the ngmitudes of the design effect sizes. To illustrate the magnitude of the
effect of the flood event, consider that all the median predictions of insurance

likelihoods in the poslibod category are over 0.75.
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Figure 9- Predictions eGGlame LikelihoddParchasing Flood Insurance
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Figure 10- Predictions eGlime Likelihood of having Floodproofing
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Random Effects

Although not a necessary assumption for GLMMs, we asswmowenal
distribution of random effects. Observing the gd deeFigure 11top) of the
random effects for the unconditional mddefsinsurance indicates a bimodal
distribution of random effectéd/hen assessing the same qq plot for the complete
model (sed-igure 11 bottom) we see a smoothing of the random effects and an
increae in the variance or spread of the pointsA@eendix 10 for the same plots

for floodproofing, for which we observe similar distributions.

3A qq plot is used to compare if two sets of data follow the same distribution. In this case, if points follow the
trendline, then it is likely that the random effects are normisilbhuthsl.

4 The unconditional model estimates only the random effects and a fixed intercept
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Figure 119 Visualizing Insurance Model Random Effects
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Addressing Stayers

To address stayers, we estimatesttree GLMM including endpoints.
Appendix Tontains the results of modelling the data using a GLMM with endpoints.
We find that the letikelihood of the model decreases for both insurance and
floodproofing when endpoints are included. Appendix 11 coiiresults of the
two and three category -sljuare tests of independence and linear by linear tests of
association. The vast majority of variables were not closely associated with stayer
behaviour under any of the tests. When we consider stayersndotimthose who
always and never mitigated, we obsemaups of 0.085 and 0.047 for flood
experience for insurance and floodproofing respectively. When using three categories
of stayers and movers, namely never, sometimes, and always mitigasiey,eng ob
values of 0.148 and 0.093 for flood experience for insurance and floodproofing
respectively. For the linear by linear tests of association considering ordinal effects, we
do not observe anyvalues below the 0.1 level. Age was also a notaldbevaria
connected to stayer behaviour, wittalues of approximately 0.15 plus or minus 0.05,
being statistically significant at the 0.1 level for thectiteagory insurance -cguare
test of independence. Generally, flood experienced, and youngeargariape

overrepresented in the mover categories.
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Discussion

We set out to answer the following research question: which factors predict
the decision to structurally mitigate against floods or to purchase flood insurance? To
address this question, medelled the decisions to purchase flood insurance and use
structural floodproofing in a regiéay experiment with various ##fal and ingame
factors. The literature on the determinants of property level mitigation decisions is well
developedGrothmann and Reusswig 2006; Botzen et al. 2009; Osberghaus 2014;
Shah et al. 201T)/hile examples from the Canadian context do exist, they are limited
in number and tend to be focused on stratmeasures or policy isqddsghal and
Peddle 2016; Robert et al. 2003; Thistlethwaite et all2@b8wering the research
guestion, we hope to contribute to the knowledge of fle&bd mitigation

determinants in the Canadian context.

Furthermore, the use of a serious game as a research tool could offer a unique
approach to understanding decisiaking under flood risk, particularly where time,
safety, or data availability constsamight limit our ability to collect real data. We
explore the consistency of model estimates with findings from the literature to
investigate whether we have a tool which can potentially reproduce and ultimately
extend the results of other stated oralekepreferendeased approaches. Moreover,

we discuss some of the advantages, limitations, and future applications of the tool in
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the context of its potential to fulfill a niche in the role of data collection for low

probability high consequence (LPH@néw.

Model Fitness

Absolute goodness-fit tests like R squared are problematic for GLMMs, for
reasons including that residual variance is not easily defined for these models
(Nakagawa et al. 20118)the future, we suggest that with more data, comparison of
predictions of the likelihood of insuring and floodproofing against a testing dataset
could be used to assess the méaelthis paper, we omit a discussion of absolute
goodness of fit and us®re exploratory methods to discuss the médele not a
rigorous test of model fitness, we expect the random effects of our model to be
normally distributed. We see in the unconditional modelBideee 1] that the
random effects follow a bimodal tdimition, which is to be expected when
considering the tendency to always or never mitigate sEgures 7and 8.
Introducing the fixed and design effects of the final modé&igsee 1) results in a
smoothing of the random effects to follow moreaafiormal distribution. The
smoothing of the random effects suggests that introducing the fixed effects to the
model explains the decisimaking patterns considerably better than solely using the
random effectdowever, this seems to come at a cost#asing the magnitude of
the variance of the random effects. This finding suggests that there may be missing

covariates that contain variability currently assigned to parteipaatfects.
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We have used reasonable, but not rigorously calibratee iles@ls and
pricing of goods in the game. As such, we are more interested in the changes in
predicted decisions and differences between subgroups of our sample as opposed to
the absolute value of mitigation uptake. Moreover, the confidence interedls! of m
results are very large, with the size of standard errors similar to the size of the fixed
effects themselves (Seable 3). In addition, the variance of random effects is larger
in magnitude than the fixed effects {sd#e 4). Practically, this drfffnce means that
the random effect term estimated for participants is more important than the fixed
effects for an estimated likelihood of mitigation. Since the predictions feignces
9 and10 arenaiveto standard errors of the fixed effects andam effects, they
underestimate the variability of predictions. The predictions are more of a visualization
of the model coefficients as they apply to the dataset as opposed to a forecast of
mitigation uptake, as the confidence intervals for predictitves latter would be
exceedingly large. Consequently, any further discussion of the fixed effects in this
section must be taken with caution due to the magnitude of standard errors and

random effects and is subject to future studies with larger sagsple siz
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Individual Model Estimates

Income

This study provides an opportunity to compare whethéifedaivincome
participants are making different decisions than higher income participants when they
are all given the same funds in the game. Indizuie, effects of income on flood
mitigation behaviour are typically posi{Wsberghaus 201Bubeck et al. 2012
Grothmann and Reusswig 2@@zen et al. 200Botzen and Van Den Bergh 2012)

In our results, redife income watind to have a modest, negative effect on both
in-game mitigation decisions. All else constanintmme participants were making
slightly more mitigation decisiamnparedo those with higher income. However,
income was correlated with other demoggaphot included in the model. For
example, in the lower income category of our sample, approximattehglsaad the
participants were 30 years old or younger. It is possible that the effects of income were
being confounded by other demographics. Twaidar age, we could run the model

on individual age sections of the sample to observe if the relationships hold. Testing
for robustness of model estimates across age levels and other demographics was

problematic due to a low samgilee buis recommeret for future studies.

When participants were given a higher income in the game, the model
predicted that the likelihood of purchasing flood insurance or floodproofing increased,
consistent with the literature. The contrast between-giagn@ and reéife income

effects provide evidence that barriers to implementation of mitigative measures due to
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income are due to lack of funds rather than a psychological or behavioural difference
of being in a lower income class. This provides support for any pobsid&zing

flood mitigation or access to insurance which are graduated or contingent on income,
as the evidence suggests that we can expect lower income people to make similar
mitigation decisions when given the same purchasing ability. Not consitiesed in
study, however, are social barriers to implementation. The cost of mitigative measures
in the game was only represented in monetary termsidoome people may have

time, knowledge and transportation barriers to accessing mitigation that are not
represented in the game. This means that our results are likely underestimating the
positiveeffect of higher income, as higher incomes would likely increase social access
as well as financial means. This also tempers the potential effectiveness of using

prevbusly mentioned subsidies, as they fail to address these social barriers.

The drop in income did not have the expected effect on uptake of insurance
and floodproofing, slightly increasing mitigation. This could be explained due to the
up-front purchaseslgyers invested in at the beginning of the game. For example,
investing in solar panels involved an upfront cost that would have freed up funds for
later turns, perhaps coinciding with the drop in income. In the future, with a larger
dataset, altering tbeder of the shocks randomly between participants could control

for these confounding effects.
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Objective Flood Risk

The participants had access to a flood risk map which had information about
flood risk (sedppendix 6). The igame flood risk did nanpact the occurrence or
severity of the gameds flood event; howeve
flood risk information should have the same effect as if it was accurate flood risk
information. Living in an4{game high flood risk area hasiall, positive effect on
the decision to insure or floodproof, with a relatively small standard error for the

insurance decision.

In a survey of floogrone regions in Frand®oussin et al. 2014)d
SwitzerlandSiegrist and Gutscher 2Q0&searchers found that objective risk levels
did not have a significant impact on flood mitigation behaviour. Hotveasheen
found thatpeople livingn flood-prone areasochave heightened risk perception of
flooding(Poussin et al. 201giegrist and Gutscher 20B6tzen et al. 200Botzen
etal. 2015)Several reasons could explain maladaptive responses including avoidance,
wishful thinking, and postponeméBtibeck et al. 2013) small positive effect of
flood risk information on deaisis to mitigate is therefore within reason, potentially

reflecting awareness and maladaptive responses to the flood risk.

The effect of experiencing argame flood had an effect size several orders
of magnitude higher than the effect of living in aftogh risk area in terms of the

decision to insure or purchase floodproofing. Direct comparison of these effect sizes
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is problematic since the units of the two independent variables are different. With this
limitation in mind, the results suggest thatrexqueng a flood has a greater impact
on flood risk mitigation decisions than the objective information of living in a high

flood risk area.

ReallLife Flood Experience

Arguablythe most surprising finding of the model was the effect dfeeal
flood exerience. The effect of a participant having previously experienced a flood on
decisions was negative for the insurance decision and, positelatively smatbr
floodproofing. This finding is contrary to what one might expect based on the
literatue. Many studies note the positive impact of flood experience on flood
preparedneg$oussin et al. 201Bubeck et al. 20;LBreibich and Thieken 2008
Siegrist and Gutscher 20BBadford et al. 201,2)lthough the relationship mayetiff
between local circumstances and confErisssin et al. 201Bubeck et al. 2012)
Moreover, Siegrist and Gutscher (200®)te that experiencing strong negative
emotions and losses from floods are seemingly necessary for taking mitigative action

but are not sufficient for a response.

One explanation for the unexpected effect sizes aciibadief realife flood
experience is thate did not ask about the severity of flood the participants had
experienced. It is possible thanyparticipants experienced only minor damage,

skewing our results. In the future, clarifying the size of pedenced in the survey
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is advised. Another explanation is that did not ask when the floods were

experienced by the participants. The contrary finding could be the result -of a time

decay of the flood experience effect. Evidence from the literat@ststiggt over

time, the positive effect of a flood on public interest and individual motivation for

action wanerody et al. 201 Tobin and Motz 1994Atreya et al. 2013This time

decay may be due to the passive loss of flood memory over time but may also involve

active forgetting due to reasons such as personal trauma, and theidesss¢o

housing price and attracting tourist and newcomers to tliaEseen et al. 2012)

Although, some observations of macro-ti@eay effects may be due to migration in

and out of the area, ttviinadequate knowledge transfer resulting in a reduction in

collective memorfBoetanto et al. 2Q@3adford et al. 2012)oweverthe migratoy

aspect of the tirndecay effect would not apply to our flexgherienced participants

Sincemany participants were located in Calgary, where the last major flood occurred

in 2013, it is possible that ouexpiyampl e cor
date. 6 In the future, asking participants
severity of the damages could allow one to observe the degree and progression of the

decay effect within the game.
In-game Flood Experience

Contrary to redlfe flood experience,-slame flood experience was by far the
largest effect size in the model. The results indicate that the experiencegaiftbe in

flood had a great influence on a participa
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or being floodproofedihe effect size was several orders of magnitudes larger than
living in a high hgame flood risk area. This suggests that the experience of being
flooded is more important than objective flood risk information with respect to taking
mitigative action. Meover, this finding is consistent with the idea of adtcey

and recency bias with respect to the effect of flood experience.

From a policy perspective, these findings are consistent with the idea that it
may be important to highlight and market atitig options in the time immediately
after a flood. This may be especially effective when rebuilding or repairing homes in
which construction must already take pl@&ames et al. (2016pte that tle
politically best time to invest in flood protection is when stakeholders have immediate
flood memory, even thougbconomicallythe optimal time to invest is before the
flood event occurs. Another option to combat the time decay of the effect of flood
experience is to build sustainable flood memory to combat factors which influence
forgetting(GardeHansen et al. 201 Nlethods of mediating this collective memory
include demarcating flood lines t@whhe water level during past flood events

(GardeHansen et al. 2017)
Personal Measures

The other redife situational variable besides flood experience in the model is
whether the participant hpteviously taken preventative measures against flooding.

This study provides an opportunity to examine the psychological effects on decision
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making of having previously implemented mitigation measures while controlling for
the feedback effects of loweneésk perception of having flood protection. This
controlling of the feedback effects occurs sinckfeaaitigation implementation had

no impact on the parameters of the game.

One of the commonly cited feedback effects from insurance is mordl hazard
Moral hazard from flood insurance purchases has been found to béBotaen
2015) There is evidence that people who have previously purchased insurance are no
less likely to implement, and areadme cases more likely to implement physical
mitigation measurdsludson et al. 201Dsberghaus 2014)his is evidence for
advantageous selectiamhere insurance policyholders are moreavesise, and
therefore more likely to seek to reduce peskicularly when incentives are present to
lower premiums to people who structurally mitigatephysical mitigation measures,
there is evidence thatving previously employed these measures lowers risk
perception(Richert et al. 2017and reduces the likelihood of further mitigation

(Poussiret al. 2013especially if those measures were successful in past flood events.

We find evidence that all other factors equal, people who had previously
implemented measures were more likely to have employed mitigation measures in the

game. This effesize was relatively large and positive for both dependent variables.

5 Moral hazard occurs when there is an increase intaging behaviour when exposure to risk is
decreased (i.e., through insurance)
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This finding lends credence to the idea that, ignoring feedback effects, those who have

previously insured or mitigated are more likely to seek to reduce flood risk.

Risk Perception andCoping Appraisal

Risk perception has been found to have a positive relationship to flood
preparedneg§-uchs et al. 201Miceli et al. 200&rothmann and Reusswig 2006)
Messner and Meyer (2005) argue that a community with low risk perception would
likely take little action to decrease risk or prepare for the occurrence of flooding, which
canresult in higher vulnerability to flood damages. Contradictorily, studies which find
no relationship between risk perception and flood preparedne¢Siegistt and
Gutscher 20Q85teinfuhrer and Kuhlicke 2Q@fadford et al. 201Bubeck et al.

2013) The relationship between risk pption and taking protective action has been
found to be more complex than a straightforward indicatotobig et al. 2012
psychological framework known as Protection Motivation Theory hasldetea a

to the flood risk context by researchers to respond to this increased complexity
(Bubeck et al. 201Boussin et al. 2014n important fetor in this framework is

coping appraisal. Coping appraisal refers to the process after an individual perceives
that they are at risk of a flood, wherein they consider the benefits of interventions,
their personal competence of carrying them out, andoste associated with

implementation(Bubeck et al. 2012roping appraisal has been found to be an
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important, positive factor in influencing mitigation and preparation befBulmeok

et al. 20L,2Poussin et al. 2014)

Risk perception was found to have a positive effect on the insurance and
floodproofing decision, although the standaraswere larger than the effect sizes
themselves. This finding is generally consistent with the litédataréhat in our
study, participants were not limited to those who lived inglooe areas. An
example of a resultant implication is that thg@atgroup with low perceived risk
includes both those whose perception is accurate and those who are underestimating
their risk. It is unclear to what extent our model is sensitive to this issue. In the future,
with more data, the model could be stretbesed on subpopulations with differing
levels of redlfe flood risk to see if relationships hold. Moreover, the risk perception
effect is more pronounced when putting om
opposed to the comparison category. Howewempdeple responded that the risk
evaluation of their community was high or very high, so the size of the group made

the results too unreliable.

We also find a positive effect of coping appraisal on both dependent variables.
Conceptually, this is consistesith the idea that people whelieve that they can
have an impact on their flood risk are more likely to act upon that risk. We did not

include any interaction term between risk perception and coping appraisal in the

72


https://paperpile.com/c/RGQRDA/TaK4
https://paperpile.com/c/RGQRDA/TaK4
https://paperpile.com/c/RGQRDA/PLC8

M.Sc Thesisd Julien N Gordon; McMaster Univerditgchool of Geography &
Earth Sciences

analysis, as the model did not coywevith these specifications. In the future with
more data, this would be a necessary step to explore, as the protection motivation
theory used in the literature suggests that mitigation action comes from a combination

of risk perception and coping apgaf{Poussin et al. 2014)

Evidence for Stayers and its Implications

Figures &And8 provide evidence for the existence of stayemsse who did
not change their decision to purchase or declineifienthnce or floodproofing
throughout the whole game, as opposed to nio#eose who changed decisions at
some point. In the context of flood risk mitigation decisions, stayers may suggest that
the decisiomaking processes across participants may havdubdamentally
different. For example, some people may have a more cognitively lazy process of
decision making (i .e., i nsurance is 1 mport
decision making may be more analytical and optimizing, consideringapdcing
context. The model developed in this pape&iigeto moverstayer processes. The
extent to which our model results are robust to#ingetés uncertain. We estimated
a GLMM (seé\ppendix 9), which was specified in a similar way but used endpoints
which assigned a probability that the decisions by a participant would be all Os or 1s.
This estimation did not improve the fithess of the model. While being the only R
package we know of to address stayers, S@hmaithley et al. 201bas been

removed from the CRAN repository due to lack of author support. It is possible that
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updated modelling software might show improved model fithess when explicitly

considering stayers.

We investigate wheth&rayer behaviour is associated with cognitive laziness
due to lack of engagement with the game or due to other factors. We find that flood
experience is associated with stayer behaviour in three out of thesipuarehiests
of independence that we conted at the 0.1 level of statistical significance. This
suggests that flood experienced participants were making more measured decisions
than their inexperienced counterparts. Note that this association between movers and
breaks down when treating theegaties of never, sometimes, and always mitigating
as ordinal. This makes sense under the assumption that flood experience leads to more
measured decision making since being a mover is the most cognitively active category
while being second out of thre¢egaries in the ordering. While only statistically
significant at the 0.1 level for the thrategory ckequare test, age was consistently
associated with stayer behaviour with teyes around 0.15, relatively higher than
the other variables. Thiseses to be indicative of two possible explanations
warranting further investigation regarding stayer behaviour in the game. The first is
that flood experience may have a lasting effect on being cognitively active when
making flood risk mitigation decisiohise second is that younger people, who may
be more familiar with computers and gaming environments, are more comfortable
navigating the online game and changing their decisions with new information. It is

also possible that both factors are occurrirge aame time.
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The Suitability of the RolePlay Experiment as a Research Tool

The use of a digital reday experiment as a data collection tool for flood
mitigation decisiemaking is a novel research method, as far as we know. The extent
to which tle roleplay experiment can contribute to legitimate sources of data for flood
risk mitigation decisiemaking research is discussed in the following sections. We
explore the redife representativeness of the decisions made in the game, validation

ofthet ool 6s results, and some other advant age

Reducing Hypothetical Bias

The experimental game approach used in this study could offer an alternative
to existing data collection methods which could reduce hypothetical bias. Through
increasing the plausibility and meaningfulness of the participant experience, the use of
digital serious games with a-piy component can introduce a new level of detail
and realism in data collection beyond many stated preference surveys or interviews.
Additionally, the iterative nature of the fbased rolplaying game can allow
participants to reflect more on the information presented and can even change their
minds in certain game contexts. For example, consider a stated preference method of
asking bout postflood after a given loss of funds; the-piésy experiment equivalent
more tangibly allows the player to experience the flood and the negative impact of the
lost resources, potentially producing a response with less hypothetical bias. This type

of experiment could blur the line between the stated preference and revealed
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preference methods, resulting in a compromise between the accuracy of revealed
preference methods and the ease of collection of stated preference methods.
Ultimately, however, w@dtion is necessary to determine if the model can be trusted

to predict real decision outcomes.

Avoidance of Demand Characteristics

It is plausible that the regiday experiment method is less susceptible to certain
psychological biases than other forofs preference evaluations. Demand
characteristics are a concept widely used, but arguablyreseaehed
(McCambridge et al. 201&)ncept in psychology, referring to the undesired effect on
respoges caused when the researchersdo goal
participantNichols and Maner 2008)Jloreover, a certain type of hypothetical bias
can occur in contingent valuation surveyshiohwthe participant makes strategic
estimates when he or she is both invested in the good being evaluated and has no stake
in the surveyMurphy and Stevens 200Bhese biases can arguably be retigat
this roleplay experiment format since the participant is not explicitly informed of the
target variable, nor implicitly informed through asking direct questions until after the

experimental component is complete.
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Lack of Incentivization for Perbrmance

DecisionGame did not include performapased incentives to participants,
which may be beneficial for the quality of the data. Participants were informed that
there was no correct answer for this game and made choices as they saw fit.
Incentivizng performance would have implied that there was a specific goal in mind
at the outset of the experiment. Any performance metric used would have prescribed
utility judgements for the participants instead of them revealing their own preferences.
In addition the heuristics, biases, and apathy that people may have used when making
decisions under uncertain flood risk may have been lost if there was a competitive
objective to the game, such as having the most consumption of goods while having
the greatest amouof savings at the end of the game. Therefore, thplagle
experiment could potentially be a better reflection of reality if participants take the

game seriously.

While participants were compensated only for participation, the literature for
using ecomomic games suggests that incentivizing performance with large sums of
money is important for ensuring that participants take games s@giousyther
and MicheKerjan 2015)However, in the sameaythat the immersive experience of
digital serious games can be helpful for engagement in training Gydax@905)
it is plausible that an immersive experience can substitute for performance

incentivization in terms of influencing participants to take the experiment seriously.

Mor eover, sever al 0sandbox 06 Minecrbiee ent ert ai
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largely exploratory in nature and rely on the immersive experience of the game as

opposedo a specific objective to capture player attention.

As evidence of the likelihood that participants were taking the game seriously,
Yiannakoulias et al. (ZDXompared wperson and online participants and found
similar responses across groups. Thgpgreere compared in terms of the time taken
to complete the experiment and frequency of specific decisions within the game. For
a typical economic experiment incentivized for participation, it is reasonable to expect
that inperson participants would take experiment more seriously than their online

counterparts due to the soci al pressure of

koulias et al. (2@Lfind that responses are similar between groups suggests
that the game experience itself incentivizesisearticipation. Consequently, the
roleplay experiment could be bypassing the downsides of incentivizing particular
behaviour while retaining quality responses from plagats.such as coffee stamps
and reward certificates are powerful motivadopafticipation in programs, but their
purpose is fundamentally to change natural behéi<ioetz et al. 2006l is likely
that our methodology could be improved if-getting and the relg@ayexperiment
could be reconciled to improve participation while not interfering with revealing

preferences.
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Limitations and Potential Improvements

Digital roleplay experiments can be viewed as an innovative advancement in
terms of the ability to gathétr data for the field of social hydrology. However, there
are limitations and possible adjustments, which must be discussed in order to realize
the full potential of the method. Validation tool is arguably the most important hurdle
in assessing the relimp of the tool, which could be done with more data.
Additionally, the representativeness of the sample prevents us from applying our
findings to the entirety of the Canadian population. Furthermore, there are some
statistical and experimental improvame&rhich could contribute to more reliable

results.

Discussion of Validation

Stated preference methods such as contingent valuation are typically validated
through replication, comparison with results from other studies, and comparison with
actual behawur where possibl@glanemann 1994Jhese validation methods could
be applied to using serious games for research. In this study, we did not use a rigorous
validation method. Moreover, the pricinghaf tommodities in the game was not
precisely calibrated in a way which lent itself to strict comparison twearldeal
scenario. For this study, we were more interested in the direction of the fixed effects
in the model and investigating the relative itnalgs of the effect sizes where

applicable. In the discussion of the fixed effects, we find that results are reasonably
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consistent with the literature, but we would require a greater sample size to reduce the
size of confidence intervals. We limit oumsl@f validation to suggest that this paper
provides evidence that using qubey experiments to study mitigation and insurance

decisions under flood risk shows promise as a research tool.

Since GLMMs generally lack a reliable endogenous validatiorsuchtas
an R squared value, exogenous validation methods should be used. Data could be
partitioned into a modelling and testing dataset. The model built with the modelling
data could be used to generate predictions of mitigation uptake in the tas@hg dat
The validation of the method could be assessed by comparing the predicted uptake to
the actual uptake of mitigation. The sample size of 123 participants was not large
enough to justify parcelling the dataset into modelling and testing sets antedontri
to the large standard errors that we observed. Since Yiannakouliasgtfalr{@d01
that the online participation was of relatively high quality, onlipéasoéxperiments
could be scaled up with less researcher involvement to increasstipartioghcreate

large training and testing datasets to validate results.

The partitioning into training and testing data, prediction, and comparison is
an example of internal validation. External validation, while more rigorous, would
require testinghe game results against-veald behaviour. The rej#aying game
would likely be an abstracted scenario of-aoelal context of which the researcher
had access to demographics and mitigation uptake values. One might reasonably

question why a simutati would be necessary if +@alld data has already been
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collected. As discussed previously, there may be a desire to collect data on decisions
in a hypothetical extension of the real world, such as a policy intervention or after a
flood has occurred. Sild the research tool be validated in the existing socio
geographical context, findings from the hypothetical context could be better trusted

as a forecast of decisions.

Representativeness of the Sample

The demographics of the sample differ from the Gamaderage, limiting
the generalizability of the results ksgare 6). Specifically, participants were younger,
wealthier, and more educated than the Canadian avepagsomnrecruitment was
mostly done in Calgary urban coffee shops for converaemgkng, mainly due to
the availability of reliable internet access, high volume of patrons, and a relatively high
likelihood of finding participants with-28 minutes to complete the experiment. In
addition, some online participants would have pasigipat later time after having
been given a recruitment business card at a coffee shop. Potentially, this targeting of
coffee drinkers was responsible for some selection bias. The study participants were
not primed with specific information about the gamehe selection bias was most
likely not related to interest in flood risk, meaning that the findings on flood risk

mitigation decisions may be fairly representative for this sample.
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Improvement of Statistical Fitness through Stayer Models Conditiohan
Random Effects

Statisticians have used more advanced random effects models to understand
arthritis progression, extended to include neiager effects. These models allow
stayer probabilities to be conditional on paléset random effec¥iu et al. 2017
O'Keeffe et al. 20).3In this medical context, stayers represent patients who have not
experienced arthritis previously and areusziegtible to developing joint damage.
The analogue for our study would be individuals who will virtually always or never
purchase flood insurance or private mitigation. In the arthritis context, the scientific
case for the existence of stayers is walilissied, while in the flood context, more
work would need to be done to confirm that stayer behaviour has valid psychological
justification. If this justification could be established, exploring various distributions
of random effects, and mowsayer dumodels conditional on those random effects

could be used to improve our model fitness.

The potential existence of stayers suggests that government communication
or incentive programs could be optimized between movers and stayers if they could
be identied. For example, movers may be more open to incentives such as subsidies
for existing options. Contrastingly, subsidies for stayers who would mitigate anyways
may be a waste of funds. Stayers who do not mitigate may need more fundamental
changes in theiebef systems through effective risk communication. To check for the

existence of stayers in a future study, one might test the assumption that stayers would
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be less sensitive to different starting levels of income thatapers. Assuming
stayer decigiemaking exists, one would expect the distribution of movers and stayers
to remain relatively constant, while movers would adjust mean uptake due to the

difference in income.

Other Potential Improvements

There are some improvements which could be maithes texperimental
design which are recommended to any researchers considering implementing a similar
tool. Firstly, the order of the design effects (changes in income, flood events) should
be randomized among participants to account for any confounelihgrfiecisions
based on the timing of the effect as opposed to the effect itself. Additionally, anytime
a list is used in terms of offering choices to participants, the order of the options
should be randomized to avoid order eff@ddesemann 1994AIso, we did not
formally account for response effdetanemann 1994yhich could occur due to
misinterpretation of our communication within theegarthe survey questiéns
the future, one could run a pilot version of the experiment (as ddukeduk et al.
(2013) with follow up questions designed to identify diffiowihderstand questis
and to test their understanding of communication within the experiment.
Alternatively, one could vary the way that questions are asked or that information is

delivered to see if the different versions caused significant differences in responses.

¢ Informally, friends andblieagues pointed out unclear questions while testing the tool
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Finally, assuming that pricing is based on hypothetical values, the price of purchases
could be varied randomly around a mean value between participants to ensure that

findings are robust to differences in price.

Future Applications

The use of serious gameefulay experiments has applications which could
address gaps in the literature on deemsaking under flood risk. Furthering the
discussion of validation, it is possible that the type of experiment outlined in this paper
could be used to validate soc@ybjogical models like agéaised models (ABMs).

Haer et al. (2016alibrate an ABM to explore how risk mitigation behaviour impacts
flood risk in a community. The researchers calibrate the bebBiieuragents using

inputs derived from a logistic model that predicts mitigation using individual
characteristics. The model is relatively similar in structure to the one used in this study,
but the data come from a survey of participants on theRRiwer, which among

other factors, asks about their history of mitigation, individual characteristics, attitudes,
and geographical contef@beck et al. 2013jaer et al. (201@yrgue that basing

their agent rules off of empirical data validates their model but note the lack of
empirical data for determining which adaptive responses are used in the specific
context of changing flood risk in thetudy area. The researchers remark that
opportunities to obtain these kinds of data are limited given the low probabilistic

nature of flooding. Using a rgilaty experiment designed to simulate a specific setting,
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such as the River Rhine, could providaigqua opportunity to generate empirical
data, such as responses to a flood, where real data do not exist or are unfeasible to

gather.

Furthermore, serious games have the potential for multiplayer interactivity
which could provide opportunities for unigtiedy designs on social networks and
decisiormaking. For example, consider a game in which people could exchange goods
and information in a hypothetical community. One could examine whether others in
the community experiencing a flood would have a sefféat on decisions as

experiencing a flood themselves.

Another potential application of this research tool is in comparing different
forms of policy tools. For example, suppose that an educational campaign is being
proposed in a given municipality twaurage floodhitigation behaviour. Some
research suggests that the content of risk communication strategies is important for
eliciting a mitigation respor{Beibeck et al. 2013)he research toolwd be used to
investigate which messaging is most effective in encouraging mitigative action before
funds are used on the campaign. As a further illustration of the comparative use of the
tool, consider various versions of the same scenario with difilegative structures
for mitigation options. For example, incdrased subsidies, subsidies contingent on
having flood insurance, or flood insurance contingent on implementing physical

mitigation could all be compared in terms of their relative uptakiigafion options.

85


https://paperpile.com/c/OMFzIs/Vnel

M.Sc Thesisd Julien N Gordon; McMaster Univerditgchool of Geography &
Earth Sciences

Works Cited

Adamowicz, Wiktor, Jordan Louviere, and Joffre Swaitlrit®88uction to AttrifBaeed
Stated Choice Metboited States, North America: The Pennsylvania State
University CiteSeerX Archives.
Aerts, Jeroen, Wouter Botzen, Anne Veen, Joerg KrywkoBasiaa Werners. 2008.
oDealing with Uncertainty in FHcaogyd Managem
and Socié (1). https://doi.orgl0.5751/ES)2348130141
All aire, Maura C. 2016. o0UgsfluengeFlPadacti cal and
Adapt at i o Watd Baesaurcds BdseBrb07a@D3.
Arnal, Louis, MariaHelena Ramos, Erin Coughlan de Perez, Hannah Louise Cloke,
Elisabeth Stephens, Fredrik Wetterhall, Schalk Jan van Andel, and Florian
Pappenber ger . -ta2Paylf@d a Prabalilidtid Flood g-orexasts A-Risk
Based Decisiehla k i n g Hgdolgy.amd Earth System Zr(@)cas@28.
Atreya, Ajita, Susana Ferreira, andéMarr Kr i esel . 2013. o0oForgetting
Analysis of the FI odahdRonsngés(D:58ount over T
Atreya, Ajita, Susana Ferreira, and Erwann Miahel j an. 2015. oO0What Drive
Households to Buy Fl ood | nsHcolegicat e? New Evi
Economics: Then#d of the International Society for EcologicHl E(Supphéraent

C): 15361.

86


http://paperpile.com/b/0ZZHPO/qiXRc
http://paperpile.com/b/0ZZHPO/qiXRc
http://paperpile.com/b/0ZZHPO/qiXRc
http://paperpile.com/b/0ZZHPO/qiXRc
http://paperpile.com/b/0ZZHPO/qiXRc
http://paperpile.com/b/0ZZHPO/2ehd4
http://paperpile.com/b/0ZZHPO/2ehd4
http://paperpile.com/b/0ZZHPO/2ehd4
http://paperpile.com/b/0ZZHPO/2ehd4
http://paperpile.com/b/0ZZHPO/2ehd4
http://dx.doi.org/10.5751/ES-02348-130141
http://paperpile.com/b/0ZZHPO/2ehd4
http://paperpile.com/b/0ZZHPO/ZkpjX
http://paperpile.com/b/0ZZHPO/ZkpjX
http://paperpile.com/b/0ZZHPO/ZkpjX
http://paperpile.com/b/0ZZHPO/ZkpjX
http://paperpile.com/b/0ZZHPO/au0M7
http://paperpile.com/b/0ZZHPO/au0M7
http://paperpile.com/b/0ZZHPO/au0M7
http://paperpile.com/b/0ZZHPO/au0M7
http://paperpile.com/b/0ZZHPO/au0M7
http://paperpile.com/b/0ZZHPO/au0M7
http://paperpile.com/b/0ZZHPO/elmP8
http://paperpile.com/b/0ZZHPO/elmP8
http://paperpile.com/b/0ZZHPO/elmP8
http://paperpile.com/b/0ZZHPO/elmP8
http://paperpile.com/b/0ZZHPO/SY71C
http://paperpile.com/b/0ZZHPO/SY71C
http://paperpile.com/b/0ZZHPO/SY71C
http://paperpile.com/b/0ZZHPO/SY71C
http://paperpile.com/b/0ZZHPO/SY71C
http://paperpile.com/b/0ZZHPO/SY71C

M.Sc Thesisd Julien N Gordon; McMaster Univerditgchool of Geography &
Earth Sciences

Axelrod, Robert, andLink &uidg hf d're sNeawso menr. s 2t0® 6A B
2006 http://www?2.econ.iastate.edu/tesfatsi/abmread.htm

Babcicky, Philipp, and Sebastian Seebauer. 2(
Private Flood Mitigation: Opposing Effects on Risk Perceptioiffelty and
Copi ng GCaupma ofdR Reseafdh(8): 101537.

Baubion, Char |l es .otheRisk &6fa MajoLFosd imtlge Padis Regiony
Improving Prevention Polisie Water Polity (S1): 1559.

BenrAki v a, Moshe, and Tak awyodfBwitchMgpNModeksfroma . 19 90.
Reveal ed Pr ef er en cEaspaertatidn Rédeardh Pait APBerteralnt i on s
(6): 48695.

Berg, Marc van den, Hans Voordijk, Arjen Adriaanse, and Timo Hartmann. 2017.
OExperiencing Supply Chain OptJoumalpfat i ons:
Constrction Engineering and Managar(ieht
https://doi.org/10.1061/(ASCE)CO.194862.0001388

Bi chard, Eri k, and Al eksandra Kazmierczak. 2
and Mitigate t he EClimatcCharldd® (B): 68%4i mat e Change

Bolker, Benjamin M., Mollie E. Brooks, Connie J. Clark, Shane W. Geange, John R.

Poulsen, M. Henry H. Steeand Jadai mone S. White. 2009. 0Ge]
Mi xed Model s: A PracticalTresinHcelogh&®r Ecol og

Evolutiog4 (3): 12535.

87


http://paperpile.com/b/0ZZHPO/sMm87
http://paperpile.com/b/0ZZHPO/sMm87
http://www2.econ.iastate.edu/tesfatsi/abmread.htm
http://paperpile.com/b/0ZZHPO/sMm87
http://paperpile.com/b/0ZZHPO/9mQzp
http://paperpile.com/b/0ZZHPO/9mQzp
http://paperpile.com/b/0ZZHPO/9mQzp
http://paperpile.com/b/0ZZHPO/9mQzp
http://paperpile.com/b/0ZZHPO/9mQzp
http://paperpile.com/b/0ZZHPO/KYWWf
http://paperpile.com/b/0ZZHPO/KYWWf
http://paperpile.com/b/0ZZHPO/KYWWf
http://paperpile.com/b/0ZZHPO/KYWWf
http://paperpile.com/b/0ZZHPO/gwbsD
http://paperpile.com/b/0ZZHPO/gwbsD
http://paperpile.com/b/0ZZHPO/gwbsD
http://paperpile.com/b/0ZZHPO/gwbsD
http://paperpile.com/b/0ZZHPO/gwbsD
http://paperpile.com/b/0ZZHPO/jeWbm
http://paperpile.com/b/0ZZHPO/jeWbm
http://paperpile.com/b/0ZZHPO/jeWbm
http://paperpile.com/b/0ZZHPO/jeWbm
http://paperpile.com/b/0ZZHPO/jeWbm
http://paperpile.com/b/0ZZHPO/jeWbm
http://dx.doi.org/10.1061/(ASCE)CO.1943-7862.0001388
http://paperpile.com/b/0ZZHPO/jeWbm
http://paperpile.com/b/0ZZHPO/9RK65
http://paperpile.com/b/0ZZHPO/9RK65
http://paperpile.com/b/0ZZHPO/9RK65
http://paperpile.com/b/0ZZHPO/9RK65
http://paperpile.com/b/0ZZHPO/PdXD7
http://paperpile.com/b/0ZZHPO/PdXD7
http://paperpile.com/b/0ZZHPO/PdXD7
http://paperpile.com/b/0ZZHPO/PdXD7
http://paperpile.com/b/0ZZHPO/PdXD7
http://paperpile.com/b/0ZZHPO/PdXD7

M.Sc Thesisd Julien N Gordon; McMaster Univerditgchool of Geography &
Earth Sciences

Botzen, W. J., Howard Kunreuther, and Erwann MiCleel | a n . 2015. oDiverger
between Individual Perceptions and Objective Indicators of Tail Risks: Evidence
from Floodplain Residentsi Ne w Y oJudgme@tiandyDecision Makig
36585.

Botzen, W.J.W.,J.C.JHAerts, and J. C. J. M. van den B
Homeowners to Mitigat e Etologcal EmnomRicssTke t hr oug
Journal of the International Society for Ecotoggal(Brd2Pay 7.

AAA. 2009b. oDependence of Flood Risk Percept
Risk Factors: INDIVIDUAL PERCEPTIONS OF CLMATE CHAWBERE . 6
Resources ResgEa(tn): 113.

Botzen, W.J.W.,JCJ,andJ.)@.J. van den Bergh. 2013. o0l ndi vi
Reducing Fl ood Ri sk t oMitigaticnand Zdaptationt hr ough E
Strategies for Global Clé&a(®)e 22844.

Botzen, W. J. Wouter. 2015. ol mproving I ndiuvi
.06 In . Wharton University of Pennsylvani a
http://opim.wharton.upenn.edu/risk/conference/pprs/Botzen_Improving
IndividuaiFlood-Preparedness.pdf

Botzen, W. J. Wouter, Howard Kunreuther, and Erwann Miahel j an. 2017. OPr ot «
Against Disaster Risks: Why Insurance and Prevention May Be Complements |
Gl obal Resi | i eRisk Manhagensentiartd Decision Prédedsegs Center,

University of Pennsylvania

88


http://paperpile.com/b/0ZZHPO/7aY2L
http://paperpile.com/b/0ZZHPO/7aY2L
http://paperpile.com/b/0ZZHPO/7aY2L
http://paperpile.com/b/0ZZHPO/7aY2L
http://paperpile.com/b/0ZZHPO/7aY2L
http://paperpile.com/b/0ZZHPO/7aY2L
http://paperpile.com/b/0ZZHPO/5kM8V
http://paperpile.com/b/0ZZHPO/5kM8V
http://paperpile.com/b/0ZZHPO/5kM8V
http://paperpile.com/b/0ZZHPO/5kM8V
http://paperpile.com/b/0ZZHPO/5kM8V
http://paperpile.com/b/0ZZHPO/nKJJl
http://paperpile.com/b/0ZZHPO/nKJJl
http://paperpile.com/b/0ZZHPO/nKJJl
http://paperpile.com/b/0ZZHPO/nKJJl
http://paperpile.com/b/0ZZHPO/nKJJl
http://paperpile.com/b/0ZZHPO/iiBs7
http://paperpile.com/b/0ZZHPO/iiBs7
http://paperpile.com/b/0ZZHPO/iiBs7
http://paperpile.com/b/0ZZHPO/iiBs7
http://paperpile.com/b/0ZZHPO/iiBs7
http://paperpile.com/b/0ZZHPO/fNtBg
http://paperpile.com/b/0ZZHPO/fNtBg
http://opim.wharton.upenn.edu/risk/conference/pprs/Botzen_Improving-Individual-Flood-Preparedness.pdf
http://opim.wharton.upenn.edu/risk/conference/pprs/Botzen_Improving-Individual-Flood-Preparedness.pdf
http://paperpile.com/b/0ZZHPO/fNtBg
http://paperpile.com/b/0ZZHPO/MGcUl
http://paperpile.com/b/0ZZHPO/MGcUl
http://paperpile.com/b/0ZZHPO/MGcUl
http://paperpile.com/b/0ZZHPO/MGcUl
http://paperpile.com/b/0ZZHPO/MGcUl
http://paperpile.com/b/0ZZHPO/MGcUl

M.Sc Thesisd Julien N Gordon; McMaster Univerditgchool of Geography &
Earth Sciences

https://globalresilience.northeastern.edu/resources/protesgiamstisasterisks
whyinsurancandpreventiormaybe-complements/

Bradford, R. A., J. J. O06Sullivan, . M. van
M. Bonaiuto, S. De Dominicis, K. Waylen, a
0 Issues for Flood Managemenh  E u NatumaleHazards and Earth System Sciences
12 (7): 22923009.

Braun, Carola, Kati n Rehdanz, and Ulrich Schmidt. 2016
Measures under PrPPieS@E ¢hetdbdldh certainty. o

Brody, Samuel D., Wesley E. Highfield, Morgan Wilson, Michael K. Lindell, and Russell
Bl essing. 2017. oUnderstanding the Motivat
Purchase Feder ddurndrdf Risk Resgargy vebra.nce . 6

Brody, Samuel D., Yoonjeong Lee, and Wesley E. Highfie2 0 1 7. O Househol d
Adjustment to Flood Risk: A Survey of Coastal Residents in Texas and Florida,
Uni t e d DiSasterd (8)s56886.

Browne, Mark J., Christian Knoller, and Andr e

Demand for Bi cyc | éouraahofiRisk andedathtyd (2):sl4dr ance . O

60.
Bryant, Seth, and Evan Graeme Rees Davies. 2(
Management in Al berta, 6 November.

https://doi.org/10.13140/RG.2.2.18702.87.364

89


https://globalresilience.northeastern.edu/resources/protecting-against-disaster-risks-why-insurance-and-prevention-may-be-complements/
https://globalresilience.northeastern.edu/resources/protecting-against-disaster-risks-why-insurance-and-prevention-may-be-complements/
http://paperpile.com/b/0ZZHPO/MGcUl
http://paperpile.com/b/0ZZHPO/p9nZO
http://paperpile.com/b/0ZZHPO/p9nZO
http://paperpile.com/b/0ZZHPO/p9nZO
http://paperpile.com/b/0ZZHPO/p9nZO
http://paperpile.com/b/0ZZHPO/p9nZO
http://paperpile.com/b/0ZZHPO/p9nZO
http://paperpile.com/b/0ZZHPO/WnXtp
http://paperpile.com/b/0ZZHPO/WnXtp
http://paperpile.com/b/0ZZHPO/WnXtp
http://paperpile.com/b/0ZZHPO/WnXtp
http://paperpile.com/b/0ZZHPO/KIXbH
http://paperpile.com/b/0ZZHPO/KIXbH
http://paperpile.com/b/0ZZHPO/KIXbH
http://paperpile.com/b/0ZZHPO/KIXbH
http://paperpile.com/b/0ZZHPO/KIXbH
http://paperpile.com/b/0ZZHPO/uS0Wo
http://paperpile.com/b/0ZZHPO/uS0Wo
http://paperpile.com/b/0ZZHPO/uS0Wo
http://paperpile.com/b/0ZZHPO/uS0Wo
http://paperpile.com/b/0ZZHPO/uS0Wo
http://paperpile.com/b/0ZZHPO/peNa8
http://paperpile.com/b/0ZZHPO/peNa8
http://paperpile.com/b/0ZZHPO/peNa8
http://paperpile.com/b/0ZZHPO/peNa8
http://paperpile.com/b/0ZZHPO/peNa8
http://paperpile.com/b/0ZZHPO/j9LTI
http://paperpile.com/b/0ZZHPO/j9LTI
http://paperpile.com/b/0ZZHPO/j9LTI
http://dx.doi.org/10.13140/RG.2.2.18702.87364
http://paperpile.com/b/0ZZHPO/j9LTI

M.Sc Thesisd Julien N Gordon; McMaster Univerditgchool of Geography &
Earth Sciences

Bubeck, P., W.J. W. Botzen,and J.C.JrHt A&2. 2012a. O0A Review of Ri
and Other Factors That | nRiskAnalysis:&n FI ood Mi t
Official Publication of the Society for RislABHIVIEO5.

AAA. 2012b. OA Review of Risk Perceptions anc
Mi tigation Behavior: ReiskAnalysio AnOFitiabod Ri sk
Publication of the Society for Risk3®n(&ly<si4&P5.

Bubeck, P.,, W.J. W0t zen, H. Kreibich, alemah J. C. J. H.
Development and Effectiveness of Private Flood Mitigation Measures: An Analysis
for the Ger man P dattral ldazardsddiBarth KystemeSciEaBes i ne . 6
(11): 350518.

AAA. 2013. oDetail ed | ns-CapihgAppraisalsson t he | nfl ue
Mi t i gat i o ®GloleEhvaonmeatal Charge: Human and PoligynDimensions
5:1327.

Buchecker, MatthiaspDmi ni ka Mari a Ogasa, and EIlisabeth |
the Wider Public Accept Integrated Flood Risk Management? An Empirical Study in
Two Swi ss AEnpiiommentaVSzienkceed#Baliamuary): AL .

Butl er, Catherine, and Nick Pidgeon. 2011. oOF
Management d: Expl or iintgy ,Goavnedvirdanesctneed. 0Re s pons

Planning-Government and R8Ii(3): 5337.

90


http://paperpile.com/b/0ZZHPO/bKihH
http://paperpile.com/b/0ZZHPO/bKihH
http://paperpile.com/b/0ZZHPO/bKihH
http://paperpile.com/b/0ZZHPO/bKihH
http://paperpile.com/b/0ZZHPO/bKihH
http://paperpile.com/b/0ZZHPO/lTopX
http://paperpile.com/b/0ZZHPO/lTopX
http://paperpile.com/b/0ZZHPO/lTopX
http://paperpile.com/b/0ZZHPO/lTopX
http://paperpile.com/b/0ZZHPO/lTopX
http://paperpile.com/b/0ZZHPO/FOLIW
http://paperpile.com/b/0ZZHPO/FOLIW
http://paperpile.com/b/0ZZHPO/FOLIW
http://paperpile.com/b/0ZZHPO/FOLIW
http://paperpile.com/b/0ZZHPO/FOLIW
http://paperpile.com/b/0ZZHPO/FOLIW
http://paperpile.com/b/0ZZHPO/AfmMO
http://paperpile.com/b/0ZZHPO/AfmMO
http://paperpile.com/b/0ZZHPO/AfmMO
http://paperpile.com/b/0ZZHPO/AfmMO
http://paperpile.com/b/0ZZHPO/AfmMO
http://paperpile.com/b/0ZZHPO/bkLS5
http://paperpile.com/b/0ZZHPO/bkLS5
http://paperpile.com/b/0ZZHPO/bkLS5
http://paperpile.com/b/0ZZHPO/bkLS5
http://paperpile.com/b/0ZZHPO/bkLS5
http://paperpile.com/b/0ZZHPO/jWm65
http://paperpile.com/b/0ZZHPO/jWm65
http://paperpile.com/b/0ZZHPO/jWm65
http://paperpile.com/b/0ZZHPO/jWm65
http://paperpile.com/b/0ZZHPO/jWm65

M.Sc Thesisd Julien N Gordon; McMaster Univerditgchool of Geography &
Earth Sciences

Calder6nAl ej andro, and Mercedes Ruiz. 2015. 0A S\
Serious Games Evaluation: An Application t
Computers & EducaiviSupplement C): 39&2.

Calgary. 2016. OFl ood Mitigation Measures ASsSS:s
http://www.calgary.ca/lUEP/Water/Pages/Floddfo/Stay-informed/Flood
MitigationMeasuredssessment.aspx

Capano, Giliberto, and Jun Jie Woo. 2017. ORe
Cri ti c alPolkypStieb@eB8s 20260

Carson, Richard T., Nicholas E. Flores, Kerry M. Martin, and Jennifer L. Wright. 1996.
o0oContingent Valwuation and Revealed Prefere
Estimates for Qua$itb | i ¢  Gand Ecenondi@s(1): 8899.

Champ, Patricia A., Richard C. Bishop, ThomBs@n, and Daniel W. McCollum.

1997. oUsing Donation Mechanisms to Value
Journal of Environmental Economics and BRu(2pdrxiga.

Conway, M. 2016. o0gsheet: Download Googl e She
ver si on 0. 4. ZRAN.Rbrdjectprg/patkAge=gsheet.

Crouchley, Rob, Dave Stotthdo Pr i t char d, and Dan Grose. 201¢
Generalised Linear Mixed Models via sabreR
https://www.researchgate.net/publication/228859400_Multivariate_Generalised_Li

near_Mixed_Models_via _sabreR_Sabre. in_R

91


http://paperpile.com/b/0ZZHPO/Tocov
http://paperpile.com/b/0ZZHPO/Tocov
http://paperpile.com/b/0ZZHPO/Tocov
http://paperpile.com/b/0ZZHPO/Tocov
http://paperpile.com/b/0ZZHPO/REemx
http://paperpile.com/b/0ZZHPO/REemx
http://www.calgary.ca/UEP/Water/Pages/Flood-Info/Stay-informed/Flood-Mitigation-Measures-Assessment.aspx
http://www.calgary.ca/UEP/Water/Pages/Flood-Info/Stay-informed/Flood-Mitigation-Measures-Assessment.aspx
http://paperpile.com/b/0ZZHPO/REemx
http://paperpile.com/b/0ZZHPO/sOBwx
http://paperpile.com/b/0ZZHPO/sOBwx
http://paperpile.com/b/0ZZHPO/sOBwx
http://paperpile.com/b/0ZZHPO/sOBwx
http://paperpile.com/b/0ZZHPO/Fq4Zj
http://paperpile.com/b/0ZZHPO/Fq4Zj
http://paperpile.com/b/0ZZHPO/Fq4Zj
http://paperpile.com/b/0ZZHPO/Fq4Zj
http://paperpile.com/b/0ZZHPO/Fq4Zj
http://paperpile.com/b/0ZZHPO/wp56L
http://paperpile.com/b/0ZZHPO/wp56L
http://paperpile.com/b/0ZZHPO/wp56L
http://paperpile.com/b/0ZZHPO/wp56L
http://paperpile.com/b/0ZZHPO/a20JO
http://paperpile.com/b/0ZZHPO/a20JO
https://www.researchgate.net/publication/228859400_Multivariate_Generalised_Linear_Mixed_Models_via_sabreR_Sabre_in_R
https://www.researchgate.net/publication/228859400_Multivariate_Generalised_Linear_Mixed_Models_via_sabreR_Sabre_in_R
http://paperpile.com/b/0ZZHPO/a20JO

M.Sc Thesisd Julien N Gordon; McMaster Univerditgchool of Geography &
Earth Sciences

Crouchl ey, R. 2012. oO0sabreR: Mul tivariate Ger
versiol2 . 0. 0 GRAN.Rmqjett.brg/package=sabreR.

Di Baldassarre, Giuliano, Alberto Viglione, Gemma Carr, Linda Kuil, Kun Yan, Luigia
Brandi marte, and Gg¢ mMtPerspecBvesos@b| . 2015. oDe
Hydrology: Capturing FeedbackWatebet ween Phy
Resources Reddla(6lt 47 dB1.

Dieperink, C., D. L. T. Hegger, M. H. N. Bakker, Z. W. Kundzewicz, C. Green, and P. P.

J. Driessen. 2016. ORecurrent Governance C
Al i gnment of Flood Ri sk WaterRegamesnt Str ateg
Managem&6t(13): 44@B1.

FEMA. 2014. oOoFHomadpwmerfd ngGwi deFedeml Ret r of i tti
Emergency Management Agency.

Folke, Carl, Stephen CarmenBrian Walker, Marten Scheffer, Terry Chapin, and Johan
Rockstr°m. 2010. OResilience Thinking: I nt
Tr ansf o rEcologyiandiSdcaets).cttps://doi.orgl0.5751/ESD3610
150420

Fox,John A., Jason F. Shogren, Dermot J. Hayes, and James B. Kliebenstein. 1998.

OCV-X: Calibrating Contingent Values with E:
American Journal of Agricultural E&Sh(B)id&do65.
Fuchs, Sven, Konstantinos Karagiorgos, Kyriaki Kitikidou, Fotios Maris, Spyridon

Paparrizos, and Thomas tidrhaadAédaptatio2 017. OFI oo

92


http://paperpile.com/b/0ZZHPO/2Aw55
http://paperpile.com/b/0ZZHPO/2Aw55
http://paperpile.com/b/0ZZHPO/2Aw55
http://paperpile.com/b/0ZZHPO/2Aw55
http://paperpile.com/b/0ZZHPO/2Aw55
http://paperpile.com/b/0ZZHPO/2Aw55
http://paperpile.com/b/0ZZHPO/FfHlA
http://paperpile.com/b/0ZZHPO/FfHlA
http://paperpile.com/b/0ZZHPO/FfHlA
http://paperpile.com/b/0ZZHPO/FfHlA
http://paperpile.com/b/0ZZHPO/FfHlA
http://paperpile.com/b/0ZZHPO/FfHlA
http://paperpile.com/b/0ZZHPO/hHORE
http://paperpile.com/b/0ZZHPO/hHORE
http://paperpile.com/b/0ZZHPO/hHORE
http://paperpile.com/b/0ZZHPO/hHORE
http://paperpile.com/b/0ZZHPO/La4fC
http://paperpile.com/b/0ZZHPO/La4fC
http://paperpile.com/b/0ZZHPO/La4fC
http://paperpile.com/b/0ZZHPO/La4fC
http://paperpile.com/b/0ZZHPO/La4fC
http://dx.doi.org/10.5751/ES-03610-150420
http://dx.doi.org/10.5751/ES-03610-150420
http://paperpile.com/b/0ZZHPO/La4fC
http://paperpile.com/b/0ZZHPO/5tEZf
http://paperpile.com/b/0ZZHPO/5tEZf
http://paperpile.com/b/0ZZHPO/5tEZf
http://paperpile.com/b/0ZZHPO/5tEZf
http://paperpile.com/b/0ZZHPO/lAl3T
http://paperpile.com/b/0ZZHPO/lAl3T

M.Sc Thesisd Julien N Gordon; McMaster Univerditgchool of Geography &
Earth Sciences

Capacity: A Contribution to the Seeiy d r o | 0 g HydiDlegy antl EarttoSystem
Scienc2k (6): 318198.

Gagolewski, ML ar t anus, B., and others. 2018. o0strin
facilities. 6 http://www.gagol ewski.com/ sof
doi:10.5281/zenodo.32557.

GardeHansen, Joanne, Lindsey McEwen, Linds&ngn, Andrew Holmes, and Owain
Jones. 2017. o0Sustainable FIMBEBMORWMemory: Re
STUDIES10 (4): 38305.

Government of Canada, Public Safety Canada. =
http://cdd.publicsafety.gc.ca/rsi&ng.aspx?cultureCode=en
Ca&boundingBox=&provinces=&eventTypes=%27FL%27&eventStartDate=%272
00801019%27,9%620181231%27&injured=&evacuated=&totalCost=&dead=&norm
alizedCostYear=2016&dynamic=false

Government of Canada, StsastDataTabldsAge(@anada. 2017
Single Years) and Average Age (127) and Sex (3) for the Population of Canada,

Provinces and Territories, Census Metropolitan Areas and Census Agglomerations,
2016 and 2011 Census#s0 0 % Dat a. 6 May 3, 2017.
http://www12.statcan.gca/censusecensement/2016/dpd/dt-td/Rp-
eng.cfm?LANG=E&APATH=3&DETAIL=0&DIM=0&FL=A&FREE=0&GC=0

&GID=0&GK=0&GRP=1&PID=109523&PRID=10&PTYPE=109445&S=0&S

93


http://paperpile.com/b/0ZZHPO/lAl3T
http://paperpile.com/b/0ZZHPO/lAl3T
http://paperpile.com/b/0ZZHPO/lAl3T
http://paperpile.com/b/0ZZHPO/lAl3T
http://paperpile.com/b/0ZZHPO/LBleg
http://paperpile.com/b/0ZZHPO/LBleg
http://paperpile.com/b/0ZZHPO/LBleg
http://paperpile.com/b/0ZZHPO/LBleg
http://paperpile.com/b/0ZZHPO/LBleg
http://paperpile.com/b/0ZZHPO/JdiOK
http://paperpile.com/b/0ZZHPO/JdiOK
http://cdd.publicsafety.gc.ca/rslts-eng.aspx?cultureCode=en-Ca&boundingBox=&provinces=&eventTypes=%27FL%27&eventStartDate=%2720080101%27,%2720181231%27&injured=&evacuated=&totalCost=&dead=&normalizedCostYear=2016&dynamic=false
http://cdd.publicsafety.gc.ca/rslts-eng.aspx?cultureCode=en-Ca&boundingBox=&provinces=&eventTypes=%27FL%27&eventStartDate=%2720080101%27,%2720181231%27&injured=&evacuated=&totalCost=&dead=&normalizedCostYear=2016&dynamic=false
http://cdd.publicsafety.gc.ca/rslts-eng.aspx?cultureCode=en-Ca&boundingBox=&provinces=&eventTypes=%27FL%27&eventStartDate=%2720080101%27,%2720181231%27&injured=&evacuated=&totalCost=&dead=&normalizedCostYear=2016&dynamic=false
http://cdd.publicsafety.gc.ca/rslts-eng.aspx?cultureCode=en-Ca&boundingBox=&provinces=&eventTypes=%27FL%27&eventStartDate=%2720080101%27,%2720181231%27&injured=&evacuated=&totalCost=&dead=&normalizedCostYear=2016&dynamic=false
http://paperpile.com/b/0ZZHPO/JdiOK
http://paperpile.com/b/0ZZHPO/RwKvK
http://paperpile.com/b/0ZZHPO/RwKvK
http://paperpile.com/b/0ZZHPO/RwKvK
http://paperpile.com/b/0ZZHPO/RwKvK
http://www12.statcan.gc.ca/census-recensement/2016/dp-pd/dt-td/Rp-eng.cfm?LANG=E&APATH=3&DETAIL=0&DIM=0&FL=A&FREE=0&GC=0&GID=0&GK=0&GRP=1&PID=109523&PRID=10&PTYPE=109445&S=0&SHOWALL=0&SUB=0&Temporal=2016&THEME=115&VID=0&VNAMEE=&VNAMEF=
http://www12.statcan.gc.ca/census-recensement/2016/dp-pd/dt-td/Rp-eng.cfm?LANG=E&APATH=3&DETAIL=0&DIM=0&FL=A&FREE=0&GC=0&GID=0&GK=0&GRP=1&PID=109523&PRID=10&PTYPE=109445&S=0&SHOWALL=0&SUB=0&Temporal=2016&THEME=115&VID=0&VNAMEE=&VNAMEF=
http://www12.statcan.gc.ca/census-recensement/2016/dp-pd/dt-td/Rp-eng.cfm?LANG=E&APATH=3&DETAIL=0&DIM=0&FL=A&FREE=0&GC=0&GID=0&GK=0&GRP=1&PID=109523&PRID=10&PTYPE=109445&S=0&SHOWALL=0&SUB=0&Temporal=2016&THEME=115&VID=0&VNAMEE=&VNAMEF=

M.Sc Thesisd Julien N Gordon; McMaster Univerditgchool of Geography &
Earth Sciences

HOWALL=0&SUB=0&Temporal=2016& THEME=115&VID=0&VNAMEE=&
VNAMEF=.

nnn. 2 0 1 7 fdax Incokd Graups (22) in Constant (2015) Dollars, Age (11), Sex
(3) and Year (2) for the Population Aged 15 Years and Over in Private Households
of Canada, Provincesdaherritories, Census Metropolitan Areas and Census
Agglomerations,2006 Cens@8% Sample Data and 2016 Cen$u8 0 % Dat a. 0
September 13, 20hitp://www12.statcan.gc.ca/censesensement/2016/dp
pd/dt-td/Rp-
eng.cfm?LANG=E&APATH=3&DETAIL=0&DIM=0&FL=A&FREE=0&GC=0
&GID=0&GK=0&GRP=1&PID=110243&PRID=10&PTYPE=109445&S=0&S
HOWALL=0&SUB=999&Temporal=2016,2017&THEME=119&VID=0&VNAM
EE=&VNAMEF=.

AARn.2017c. OHiIi ghest Certificate, BDbiploma or D
Classification of Instructional Programs (CIP) 2016 (14), School Attendance (3), Age
(13A) and Sex (3) for the Population Aged 15 Years and Over in Private Households
of Canada, Brinces and Territories, Census Divisions and Census Subdivisions,
2016 Censu2 5% Sampl e Data. 6 November 29, 2017.
http://www12.statcan.gc.ca/censesensement/2016/dpd/dt-td/Rp-
eng.cfm?LANG=E&APATH=3&DETAIL=0&DIM=0&FL=A&FREE=0&GC=0

&GID=0&GK=0&GRP=1&PID=110634&PRID=10&PTYPE=109445&S=0&S

94


http://www12.statcan.gc.ca/census-recensement/2016/dp-pd/dt-td/Rp-eng.cfm?LANG=E&APATH=3&DETAIL=0&DIM=0&FL=A&FREE=0&GC=0&GID=0&GK=0&GRP=1&PID=109523&PRID=10&PTYPE=109445&S=0&SHOWALL=0&SUB=0&Temporal=2016&THEME=115&VID=0&VNAMEE=&VNAMEF=
http://www12.statcan.gc.ca/census-recensement/2016/dp-pd/dt-td/Rp-eng.cfm?LANG=E&APATH=3&DETAIL=0&DIM=0&FL=A&FREE=0&GC=0&GID=0&GK=0&GRP=1&PID=109523&PRID=10&PTYPE=109445&S=0&SHOWALL=0&SUB=0&Temporal=2016&THEME=115&VID=0&VNAMEE=&VNAMEF=
http://paperpile.com/b/0ZZHPO/RwKvK
http://paperpile.com/b/0ZZHPO/Vejud
http://paperpile.com/b/0ZZHPO/Vejud
http://paperpile.com/b/0ZZHPO/Vejud
http://paperpile.com/b/0ZZHPO/Vejud
http://paperpile.com/b/0ZZHPO/Vejud
http://www12.statcan.gc.ca/census-recensement/2016/dp-pd/dt-td/Rp-eng.cfm?LANG=E&APATH=3&DETAIL=0&DIM=0&FL=A&FREE=0&GC=0&GID=0&GK=0&GRP=1&PID=110243&PRID=10&PTYPE=109445&S=0&SHOWALL=0&SUB=999&Temporal=2016,2017&THEME=119&VID=0&VNAMEE=&VNAMEF=
http://www12.statcan.gc.ca/census-recensement/2016/dp-pd/dt-td/Rp-eng.cfm?LANG=E&APATH=3&DETAIL=0&DIM=0&FL=A&FREE=0&GC=0&GID=0&GK=0&GRP=1&PID=110243&PRID=10&PTYPE=109445&S=0&SHOWALL=0&SUB=999&Temporal=2016,2017&THEME=119&VID=0&VNAMEE=&VNAMEF=
http://www12.statcan.gc.ca/census-recensement/2016/dp-pd/dt-td/Rp-eng.cfm?LANG=E&APATH=3&DETAIL=0&DIM=0&FL=A&FREE=0&GC=0&GID=0&GK=0&GRP=1&PID=110243&PRID=10&PTYPE=109445&S=0&SHOWALL=0&SUB=999&Temporal=2016,2017&THEME=119&VID=0&VNAMEE=&VNAMEF=
http://www12.statcan.gc.ca/census-recensement/2016/dp-pd/dt-td/Rp-eng.cfm?LANG=E&APATH=3&DETAIL=0&DIM=0&FL=A&FREE=0&GC=0&GID=0&GK=0&GRP=1&PID=110243&PRID=10&PTYPE=109445&S=0&SHOWALL=0&SUB=999&Temporal=2016,2017&THEME=119&VID=0&VNAMEE=&VNAMEF=
http://www12.statcan.gc.ca/census-recensement/2016/dp-pd/dt-td/Rp-eng.cfm?LANG=E&APATH=3&DETAIL=0&DIM=0&FL=A&FREE=0&GC=0&GID=0&GK=0&GRP=1&PID=110243&PRID=10&PTYPE=109445&S=0&SHOWALL=0&SUB=999&Temporal=2016,2017&THEME=119&VID=0&VNAMEE=&VNAMEF=
http://www12.statcan.gc.ca/census-recensement/2016/dp-pd/dt-td/Rp-eng.cfm?LANG=E&APATH=3&DETAIL=0&DIM=0&FL=A&FREE=0&GC=0&GID=0&GK=0&GRP=1&PID=110243&PRID=10&PTYPE=109445&S=0&SHOWALL=0&SUB=999&Temporal=2016,2017&THEME=119&VID=0&VNAMEE=&VNAMEF=
http://paperpile.com/b/0ZZHPO/Vejud
http://paperpile.com/b/0ZZHPO/KDlgD
http://paperpile.com/b/0ZZHPO/KDlgD
http://paperpile.com/b/0ZZHPO/KDlgD
http://paperpile.com/b/0ZZHPO/KDlgD
http://paperpile.com/b/0ZZHPO/KDlgD
http://paperpile.com/b/0ZZHPO/KDlgD
http://www12.statcan.gc.ca/census-recensement/2016/dp-pd/dt-td/Rp-eng.cfm?LANG=E&APATH=3&DETAIL=0&DIM=0&FL=A&FREE=0&GC=0&GID=0&GK=0&GRP=1&PID=110634&PRID=10&PTYPE=109445&S=0&SHOWALL=0&SUB=0&Temporal=2017&THEME=123&VID=0&VNAMEE=&VNAMEF=
http://www12.statcan.gc.ca/census-recensement/2016/dp-pd/dt-td/Rp-eng.cfm?LANG=E&APATH=3&DETAIL=0&DIM=0&FL=A&FREE=0&GC=0&GID=0&GK=0&GRP=1&PID=110634&PRID=10&PTYPE=109445&S=0&SHOWALL=0&SUB=0&Temporal=2017&THEME=123&VID=0&VNAMEE=&VNAMEF=
http://www12.statcan.gc.ca/census-recensement/2016/dp-pd/dt-td/Rp-eng.cfm?LANG=E&APATH=3&DETAIL=0&DIM=0&FL=A&FREE=0&GC=0&GID=0&GK=0&GRP=1&PID=110634&PRID=10&PTYPE=109445&S=0&SHOWALL=0&SUB=0&Temporal=2017&THEME=123&VID=0&VNAMEE=&VNAMEF=

M.Sc Thesisd Julien N Gordon; McMaster Univerditgchool of Geography &
Earth Sciences

HOWALL=0&SUB=0&Temporal=2017& THEME=123&VID=0&VNAMEE=&
VNAMEF=.

Grames, Johanna, Alexia Prskawetz, Dieter Gliasgp Viglione, and Gulnter Bloschl.
2016. oOoOModeling the I nteraction between FI
Ecological Economics: The Journal of the International Society farsE28logical Econom
(September): 18309.

Green, Colin. 2017. oO0Competent Adthorities fc
Reflections on Flood and SpatiahRiai n g i nJouEnal @flFl@ad &Risko
Managem@gt(2): 193204.

Greiving, Stefan,adlar j ory Angignard. 2014. oDisaster M
In Mountain Risks: From Prediction to Management an2B@30&rnadeaces in
Natural and Technological Hazards Research. Springer, Dordrecht.

Grot hmann, Torsten, and Fritz Reusswig. 2006.
Residents Take Precautionary Action WhieeDt s D NatuhiloHazar@8 (1):
101620.

G¢é¢neral p, Bur ak, kmRdil5G¢ merhalnpg,i nagn dcl Yvibrad LWPiau .
Exposure to FI ood GlabaldEnvicbonneenta Ghanged Humanradds . 6
Policy DimensRihgMach): 21325.

Haer, Toon, W. J. Wouter Botzen, and Jeroen (
Flood Risk Communication Strategies and the Influence of Social Nbtsighits

from an AgenBasd Mo &Emvironngental Science &@@alityne): 652.

95


http://www12.statcan.gc.ca/census-recensement/2016/dp-pd/dt-td/Rp-eng.cfm?LANG=E&APATH=3&DETAIL=0&DIM=0&FL=A&FREE=0&GC=0&GID=0&GK=0&GRP=1&PID=110634&PRID=10&PTYPE=109445&S=0&SHOWALL=0&SUB=0&Temporal=2017&THEME=123&VID=0&VNAMEE=&VNAMEF=
http://www12.statcan.gc.ca/census-recensement/2016/dp-pd/dt-td/Rp-eng.cfm?LANG=E&APATH=3&DETAIL=0&DIM=0&FL=A&FREE=0&GC=0&GID=0&GK=0&GRP=1&PID=110634&PRID=10&PTYPE=109445&S=0&SHOWALL=0&SUB=0&Temporal=2017&THEME=123&VID=0&VNAMEE=&VNAMEF=
http://paperpile.com/b/0ZZHPO/KDlgD
http://paperpile.com/b/0ZZHPO/2ArID
http://paperpile.com/b/0ZZHPO/2ArID
http://paperpile.com/b/0ZZHPO/2ArID
http://paperpile.com/b/0ZZHPO/2ArID
http://paperpile.com/b/0ZZHPO/2ArID
http://paperpile.com/b/0ZZHPO/Bkw5g
http://paperpile.com/b/0ZZHPO/Bkw5g
http://paperpile.com/b/0ZZHPO/Bkw5g
http://paperpile.com/b/0ZZHPO/Bkw5g
http://paperpile.com/b/0ZZHPO/Bkw5g
http://paperpile.com/b/0ZZHPO/26hY7
http://paperpile.com/b/0ZZHPO/26hY7
http://paperpile.com/b/0ZZHPO/26hY7
http://paperpile.com/b/0ZZHPO/26hY7
http://paperpile.com/b/0ZZHPO/26hY7
http://paperpile.com/b/0ZZHPO/k6vzR
http://paperpile.com/b/0ZZHPO/k6vzR
http://paperpile.com/b/0ZZHPO/k6vzR
http://paperpile.com/b/0ZZHPO/k6vzR
http://paperpile.com/b/0ZZHPO/k6vzR
http://paperpile.com/b/0ZZHPO/NhQCd
http://paperpile.com/b/0ZZHPO/NhQCd
http://paperpile.com/b/0ZZHPO/NhQCd
http://paperpile.com/b/0ZZHPO/NhQCd
http://paperpile.com/b/0ZZHPO/NhQCd
http://paperpile.com/b/0ZZHPO/xMHmd
http://paperpile.com/b/0ZZHPO/xMHmd
http://paperpile.com/b/0ZZHPO/xMHmd
http://paperpile.com/b/0ZZHPO/xMHmd
http://paperpile.com/b/0ZZHPO/xMHmd

M.Sc Thesisd Julien N Gordon; McMaster Univerditgchool of Geography &
Earth Sciences

Haer, Toon, W. J. Wouter BotzEians de Moel, and Jeroen C. J. H. Aerts. 2016.
olntegrating Household Risk Mitigation Beh
Based Mode RiskApatysisosm OfficialbPublication idtthéoEBRisk
AnalysjdNovember. https://doi.orgl0.1111/risa.12740

Hanemann, W. Mi chael . 19914. oValuing the Envi
The Journal of Economic Perspectives: A Journal of the AmericaofB:@fHomic Associati
1943.

Hegger, DIt, Colin Green, Petrus Paulus Joseph Driessen, Marloes H. N. Bakker, Carel
Dieperink, Ann Crabbé, Kurt Deketelaera).2013Flood Risk Management in
Europe: Similarities and Differences betweéih @@ TdRsortium Countries
STARFLOOD Consortium.

Hensher, David A. 2010. oHypothetical Bi as, (
Transportation Research Part B: Metddd6lpgicab?2.

Hobbs, Jil!l E., and Si ©n Mooney. 2016. OAppli

Economics to Decision Making in the Agricultural, Food, andifiResSectors: An

|l ntrodGanadinaw Journal of Agricultur al Ecol
64 (4): 59P7.
Hudson, Paul, W. J. Wouter Botzen, Jeffrey Cz:

Selection and Moral Hazard in Natural Disaster Insurance Markets: Empirical
Evidence from Ger mahandBEBodndds(2).e Uni ted State

https://doi.org/10.3368/1€.93.2.179

96


http://paperpile.com/b/0ZZHPO/px1We
http://paperpile.com/b/0ZZHPO/px1We
http://paperpile.com/b/0ZZHPO/px1We
http://paperpile.com/b/0ZZHPO/px1We
http://paperpile.com/b/0ZZHPO/px1We
http://paperpile.com/b/0ZZHPO/px1We
http://dx.doi.org/10.1111/risa.12740
http://paperpile.com/b/0ZZHPO/px1We
http://paperpile.com/b/0ZZHPO/xmTSO
http://paperpile.com/b/0ZZHPO/xmTSO
http://paperpile.com/b/0ZZHPO/xmTSO
http://paperpile.com/b/0ZZHPO/xmTSO
http://paperpile.com/b/0ZZHPO/xmTSO
http://paperpile.com/b/0ZZHPO/UBby4
http://paperpile.com/b/0ZZHPO/UBby4
http://paperpile.com/b/0ZZHPO/UBby4
http://paperpile.com/b/0ZZHPO/UBby4
http://paperpile.com/b/0ZZHPO/UBby4
http://paperpile.com/b/0ZZHPO/UBby4
http://paperpile.com/b/0ZZHPO/Tzd35
http://paperpile.com/b/0ZZHPO/Tzd35
http://paperpile.com/b/0ZZHPO/Tzd35
http://paperpile.com/b/0ZZHPO/Tzd35
http://paperpile.com/b/0ZZHPO/W2ldY
http://paperpile.com/b/0ZZHPO/W2ldY
http://paperpile.com/b/0ZZHPO/W2ldY
http://paperpile.com/b/0ZZHPO/W2ldY
http://paperpile.com/b/0ZZHPO/W2ldY
http://paperpile.com/b/0ZZHPO/W2ldY
http://paperpile.com/b/0ZZHPO/VQqVP
http://paperpile.com/b/0ZZHPO/VQqVP
http://paperpile.com/b/0ZZHPO/VQqVP
http://paperpile.com/b/0ZZHPO/VQqVP
http://paperpile.com/b/0ZZHPO/VQqVP
http://paperpile.com/b/0ZZHPO/VQqVP
http://dx.doi.org/10.3368/le.93.2.179
http://paperpile.com/b/0ZZHPO/VQqVP

M.Sc Thesisd Julien N Gordon; McMaster Univerditgchool of Geography &
Earth Sciences

Husby, T. G. 2016. o0Economic I mpacts of Beha\
Exploring General Equilibrium Effects Using Micre v e | Il nsights. 6 Vrij e
Universiteit Amsterdam.
http://dare.ubvu.vu.nl/bitstream/handle/1871/54109/abstract%20english.pdf?sequ
ence=3&isAllowed=y

Jiang, Jiming, ed. 200 7Lineapand GeeermlizedMineare d Mo d e | ¢
Mixed Models and Their ApplickfiinsNew York, NY: Springer New York.

Kassambara, A. 2014. o0easyGgplot2: Perform ar
package version1.00. 9000. 6 htt:// www. st hda. com.

Ki menju, Simon Chege, Hugo De Groote, and UlT-r
Accuracy and Costs of Revealed and Stated Preferences: The Case of Consumer
Acceptance of Yellow Maize in East Africa.
AgriculturdEconomistshttps://ideas.repec.org/p/ags/iaae06/25642.html

Kivetz, Ran,Og Ur mi nsky, and Yuhud&GmdentHgpethegis 2006. 0
Resurrected: Purchase Acceleration, lllusionary Goal Progress, and Customer
Ret e niIMR,doutnal of Marketing RdSe@rct8858.

Kreibich, H., S. Christenberger, and R. Schwe
Households to Undertake Private Precautionary Measuresragainsthtiral

Hazards and Earth System 34i¢are303P1.

97


http://paperpile.com/b/0ZZHPO/GP9Q1
http://paperpile.com/b/0ZZHPO/GP9Q1
http://paperpile.com/b/0ZZHPO/GP9Q1
http://paperpile.com/b/0ZZHPO/GP9Q1
http://dare.ubvu.vu.nl/bitstream/handle/1871/54109/abstract%20english.pdf?sequence=3&isAllowed=y
http://dare.ubvu.vu.nl/bitstream/handle/1871/54109/abstract%20english.pdf?sequence=3&isAllowed=y
http://paperpile.com/b/0ZZHPO/GP9Q1
http://paperpile.com/b/0ZZHPO/J0ZjB
http://paperpile.com/b/0ZZHPO/J0ZjB
http://paperpile.com/b/0ZZHPO/J0ZjB
http://paperpile.com/b/0ZZHPO/J0ZjB
http://paperpile.com/b/0ZZHPO/A331i
http://paperpile.com/b/0ZZHPO/A331i
http://paperpile.com/b/0ZZHPO/A331i
http://paperpile.com/b/0ZZHPO/A331i
https://ideas.repec.org/p/ags/iaae06/25642.html
http://paperpile.com/b/0ZZHPO/A331i
http://paperpile.com/b/0ZZHPO/8dZeP
http://paperpile.com/b/0ZZHPO/8dZeP
http://paperpile.com/b/0ZZHPO/8dZeP
http://paperpile.com/b/0ZZHPO/8dZeP
http://paperpile.com/b/0ZZHPO/8dZeP
http://paperpile.com/b/0ZZHPO/duYJR
http://paperpile.com/b/0ZZHPO/duYJR
http://paperpile.com/b/0ZZHPO/duYJR
http://paperpile.com/b/0ZZHPO/duYJR
http://paperpile.com/b/0ZZHPO/duYJR

M.Sc Thesisd Julien N Gordon; McMaster Univerditgchool of Geography &
Earth Sciences

Kreibich, Heidi, PhiliB u b e c k , Mat hijs VIiet, and Hans Moel
DamagReduci ng Measures to Manage Fluvi al FIl o
Mitigation and Adaptation Strategies for Glolel. Gh&6ge

Kreibich, Hei di, and Annegret H. Thieken. 20C(
Dr es den, Naeral iHeaandgd (3) 423.

Kunreut her , H., and R. Meyer. 2013. o0Overcomi
Natural Catastp h e Behawioral Foundations of
https://books.google.com/books?hl=en&lr=&id=snZMfwfOoy4C&oi=fnd&pg=P
A398&dqg=0Overcoming+Decision+Biases+Reduce+Losses+Natural+Catastrophes
+Kunreuthe+Meyer&ots=kKF1QblOGk&sig=BPFPkmNy5BJUmMhW4BNIgPz5II
cg

Kunreuther, Howard, and Erwann Mieke¢ r j an. 2015. -Pocdeb®utand f or Fi
YearCohr acts: Experiment al E v JodreahotRask f r om | n s
and Uncertaibfly(2): 17394.

Le Pira, Mi chel a, Edoar do MRayimgGaemesgsaand Val er
Mean to Validate AgeBased Models: An Application to Stakehdllimen Urban
Freight Transport Polidgya k i Transportation Research Rib(Etiaary): 404
11.

Levac, Joélle, Darene F8ali | | i van, and TraceydL. O6Sullivan
Emergency Pr epar edn goarsal of Gomraunity BFa#)t ur e Revi e

72533.

98


http://paperpile.com/b/0ZZHPO/RQ6zU
http://paperpile.com/b/0ZZHPO/RQ6zU
http://paperpile.com/b/0ZZHPO/RQ6zU
http://paperpile.com/b/0ZZHPO/RQ6zU
http://paperpile.com/b/0ZZHPO/hF8bM
http://paperpile.com/b/0ZZHPO/hF8bM
http://paperpile.com/b/0ZZHPO/hF8bM
http://paperpile.com/b/0ZZHPO/hF8bM
http://paperpile.com/b/0ZZHPO/eAzNe
http://paperpile.com/b/0ZZHPO/eAzNe
http://paperpile.com/b/0ZZHPO/eAzNe
http://paperpile.com/b/0ZZHPO/eAzNe
http://paperpile.com/b/0ZZHPO/eAzNe
https://books.google.com/books?hl=en&lr=&id=snZMfwfOoy4C&oi=fnd&pg=PA398&dq=Overcoming+Decision+Biases+Reduce+Losses+Natural+Catastrophes+Kunreuther+Meyer&ots=kKF1QblOGk&sig=BPFPkmNy5BJUmhW4BNlgPz5IIcg
https://books.google.com/books?hl=en&lr=&id=snZMfwfOoy4C&oi=fnd&pg=PA398&dq=Overcoming+Decision+Biases+Reduce+Losses+Natural+Catastrophes+Kunreuther+Meyer&ots=kKF1QblOGk&sig=BPFPkmNy5BJUmhW4BNlgPz5IIcg
https://books.google.com/books?hl=en&lr=&id=snZMfwfOoy4C&oi=fnd&pg=PA398&dq=Overcoming+Decision+Biases+Reduce+Losses+Natural+Catastrophes+Kunreuther+Meyer&ots=kKF1QblOGk&sig=BPFPkmNy5BJUmhW4BNlgPz5IIcg
https://books.google.com/books?hl=en&lr=&id=snZMfwfOoy4C&oi=fnd&pg=PA398&dq=Overcoming+Decision+Biases+Reduce+Losses+Natural+Catastrophes+Kunreuther+Meyer&ots=kKF1QblOGk&sig=BPFPkmNy5BJUmhW4BNlgPz5IIcg
http://paperpile.com/b/0ZZHPO/eAzNe
http://paperpile.com/b/0ZZHPO/0jfoK
http://paperpile.com/b/0ZZHPO/0jfoK
http://paperpile.com/b/0ZZHPO/0jfoK
http://paperpile.com/b/0ZZHPO/0jfoK
http://paperpile.com/b/0ZZHPO/0jfoK
http://paperpile.com/b/0ZZHPO/rtPdN
http://paperpile.com/b/0ZZHPO/rtPdN
http://paperpile.com/b/0ZZHPO/rtPdN
http://paperpile.com/b/0ZZHPO/rtPdN
http://paperpile.com/b/0ZZHPO/rtPdN
http://paperpile.com/b/0ZZHPO/rtPdN
http://paperpile.com/b/0ZZHPO/VyxJ2
http://paperpile.com/b/0ZZHPO/VyxJ2
http://paperpile.com/b/0ZZHPO/VyxJ2
http://paperpile.com/b/0ZZHPO/VyxJ2
http://paperpile.com/b/0ZZHPO/VyxJ2

M.Sc Thesisd Julien N Gordon; McMaster Univerditgchool of Geography &
Earth Sciences

Loomis, John B. 2014. oStrategies for Overcor
S u r v doyral obAgricultural and Resource. Economics
http://www.waeaonline.org/UserFiles/file/JAREApr20143Loomispp34df

L¢edecke, D. 2 0 1lgationdosStaRstics in Soci& Scieace VR paakame
version 2. 4. l-prdectlorg/papkage¥siPlI@ RAN. R

Mc Cambridge, Ji m, Marijn de Bruin, and John \
Charactastics on Research Participant Behaviours irLBlooratory Settings: A
Syst emat PloS (ORé&6):ie20116.0

Mc Ewen, L., F. Krause, O. Jones, and J. Gar de
Memories, Informal Knowledge and the Development of Community Resilience to
Future Flood Risk.6 United Kingdom, Europe
http://search.ebscohost.com/login.aspx?direct=true&db=edsbas&AN=edsbas.ftuni
westengland.oai.eprints.uwe.ac.uk.1%%é8&ddive&scope=site

Mi cel i, Renat o, l gor Sotgiu, and Michele Sett
Perception of Flood Risk: A Studgim Al pi ne VNMaindlggfy i n I taly.
Environmental PsycR8l¢g)y 164d73.

Moghal,Za nab, and Shawna Peddle. 2016. O0At the F
Are Ontario Communities. o0 Waterl oo, ON: Pa
https://uwaterloo.ca/partnesfor-action/sites/ca.partneiffor-

action/files/uploadsf/files/p4a_front_lines_of the flood 04jull6.pdf

99


http://paperpile.com/b/0ZZHPO/SqteD
http://paperpile.com/b/0ZZHPO/SqteD
http://paperpile.com/b/0ZZHPO/SqteD
http://paperpile.com/b/0ZZHPO/SqteD
http://paperpile.com/b/0ZZHPO/SqteD
http://www.waeaonline.org/UserFiles/file/JAREApr20143Loomispp34-46.pdf
http://paperpile.com/b/0ZZHPO/SqteD
http://paperpile.com/b/0ZZHPO/p113V
http://paperpile.com/b/0ZZHPO/p113V
http://paperpile.com/b/0ZZHPO/p113V
http://paperpile.com/b/0ZZHPO/p113V
http://paperpile.com/b/0ZZHPO/p113V
http://paperpile.com/b/0ZZHPO/b1nGy
http://paperpile.com/b/0ZZHPO/b1nGy
http://paperpile.com/b/0ZZHPO/b1nGy
http://paperpile.com/b/0ZZHPO/b1nGy
http://search.ebscohost.com/login.aspx?direct=true&db=edsbas&AN=edsbas.ftuniwestengland.oai.eprints.uwe.ac.uk.19978&site=eds-live&scope=site
http://search.ebscohost.com/login.aspx?direct=true&db=edsbas&AN=edsbas.ftuniwestengland.oai.eprints.uwe.ac.uk.19978&site=eds-live&scope=site
http://paperpile.com/b/0ZZHPO/b1nGy
http://paperpile.com/b/0ZZHPO/XVopu
http://paperpile.com/b/0ZZHPO/XVopu
http://paperpile.com/b/0ZZHPO/XVopu
http://paperpile.com/b/0ZZHPO/XVopu
http://paperpile.com/b/0ZZHPO/XVopu
http://paperpile.com/b/0ZZHPO/mNAbj
http://paperpile.com/b/0ZZHPO/mNAbj
https://uwaterloo.ca/partners-for-action/sites/ca.partners-for-action/files/uploads/files/p4a_front_lines_of_the_flood_04jul16.pdf
https://uwaterloo.ca/partners-for-action/sites/ca.partners-for-action/files/uploads/files/p4a_front_lines_of_the_flood_04jul16.pdf
http://paperpile.com/b/0ZZHPO/mNAbj

M.Sc Thesisd Julien N Gordon; McMaster Univerditgchool of Geography &
Earth Sciences

Morrison, A., C. J. Westbrook, and B. F. No bl
Management Gover nanc elJoanaldbf FReRisKMamggement Li t er
September. https://doi.ord0.1111/jfr3.12315

Murphy,James J., P. Geoffrey Allen, Thomas H. Stevens, and Darryl Weatherhead. 2005.

OA Menal ysis of Hypothetical EBvirommentaln St at ec
& Resource Econ@0i€3): 31&®5.

Murphy, James J., and Thomas H. Stevens. 200:¢
Bi as, and Exp e rAgnmdtmrdl antl ReBotiroerEcomoma3gRe\dew
https://ideas.repec.org/a/ags/arerjl/31262.html

Nakagawa, Shinichi, Hol ger Schielzeth, and Rc
Simple Method for Obtaining R2 from Generalized Linear Mikects Mo@ | s . 0
Methods in Ecology & Evolut®)n13342.

Nash, J.C. 2014. 00On Best Practice Optimizat.i
Softwaré , 6 Q4.h#&p://wwwijstatsoft.org/v60/i02/

Nash, J.C., Varadhan, R. 2011. oUnifying Opti
Users: optimx for R. Jouldnal of Statistica
http://www.jstatsoft.org/v43/i09/.

Nastev, Mi roslav, and Ni kolay Todorov. 2013.
FIl ood Ri sk As s €anadarWater Resourc@saJourndl & Revue

Canadienne Des Ressources B8dBiju2a31.

100


http://paperpile.com/b/0ZZHPO/zTUyw
http://paperpile.com/b/0ZZHPO/zTUyw
http://paperpile.com/b/0ZZHPO/zTUyw
http://paperpile.com/b/0ZZHPO/zTUyw
http://paperpile.com/b/0ZZHPO/zTUyw
http://dx.doi.org/10.1111/jfr3.12315
http://paperpile.com/b/0ZZHPO/zTUyw
http://paperpile.com/b/0ZZHPO/X82Yv
http://paperpile.com/b/0ZZHPO/X82Yv
http://paperpile.com/b/0ZZHPO/X82Yv
http://paperpile.com/b/0ZZHPO/X82Yv
http://paperpile.com/b/0ZZHPO/X82Yv
http://paperpile.com/b/0ZZHPO/XmD7U
http://paperpile.com/b/0ZZHPO/XmD7U
http://paperpile.com/b/0ZZHPO/XmD7U
http://paperpile.com/b/0ZZHPO/XmD7U
http://paperpile.com/b/0ZZHPO/XmD7U
https://ideas.repec.org/a/ags/arerjl/31262.html
http://paperpile.com/b/0ZZHPO/XmD7U
http://paperpile.com/b/0ZZHPO/FMoUF
http://paperpile.com/b/0ZZHPO/FMoUF
http://paperpile.com/b/0ZZHPO/FMoUF
http://paperpile.com/b/0ZZHPO/FMoUF
http://paperpile.com/b/0ZZHPO/KnBco
http://paperpile.com/b/0ZZHPO/KnBco
http://paperpile.com/b/0ZZHPO/KnBco
http://paperpile.com/b/0ZZHPO/KnBco
http://paperpile.com/b/0ZZHPO/KnBco

M.Sc Thesisd Julien N Gordon; McMaster Univerditgchool of Geography &
Earth Sciences

Ni chol s, Austin Lee, anS8ubjdcoEffectkinvestigatnger . 200 8.
ParticipanDe ma nd Ch a Meeddumal of Genarat RsyEBARDVL 565.

Norman, PauHe nk Boer , and Erwin R. Seydel . 2005. C
Predicting Health Beh&tiol26.

O6Keeffe, Aidan G., Brian D. M. Tom, and Verr
Distributions in MultiState Modelling: Some Considerations in a Study of Psoriatic
Ar t h rStatisticssedicir®? (4): 608619.

Osberghaus, Daniel. 2014. 0The Determinants ¢
Germanyd Evidence from a Nationwed S u ISSRNEleabronic Jodrh@(June):
14632.

AARA. 2015. OThe DteFlond Miigati@an Measures ih GePmanyv a
Evidence fr om a Eddlagical Bconeamiak.eTheSaumal ef the 6
International Society for Ecological EbdiSappsement C):d50.

AAA. 2017. o0The Effect of FI| ofoEviddbceper i ence ot
from Longi tudi n aGlobal Erdirohnrerstal ChangecPart A lduman. 6
& Policy DimensidBgMarch): 12136.

Poussin, Jennifer K., W. J. Wouter Botzen,eandaJen C. J. H. Aerts. 2013
Flood Damage Mitigation through Insurance: An Assessment of the French CatNat
Sy s t Enwrontmental Haza@l634): 25877.

AAin. 2014. oFactors of Influence on Fl ood Dar

Ho u s e hEmvirehmental Science &4@dlBypplement C): & .

101


http://paperpile.com/b/0ZZHPO/Gp1TE
http://paperpile.com/b/0ZZHPO/Gp1TE
http://paperpile.com/b/0ZZHPO/Gp1TE
http://paperpile.com/b/0ZZHPO/Gp1TE
http://paperpile.com/b/0ZZHPO/TAbrX
http://paperpile.com/b/0ZZHPO/TAbrX
http://paperpile.com/b/0ZZHPO/TAbrX
http://paperpile.com/b/0ZZHPO/TAbrX
http://paperpile.com/b/0ZZHPO/s9pRy
http://paperpile.com/b/0ZZHPO/s9pRy
http://paperpile.com/b/0ZZHPO/s9pRy
http://paperpile.com/b/0ZZHPO/s9pRy
http://paperpile.com/b/0ZZHPO/s9pRy
http://paperpile.com/b/0ZZHPO/TqVqo
http://paperpile.com/b/0ZZHPO/TqVqo
http://paperpile.com/b/0ZZHPO/TqVqo
http://paperpile.com/b/0ZZHPO/TqVqo
http://paperpile.com/b/0ZZHPO/TqVqo
http://paperpile.com/b/0ZZHPO/pq4qB
http://paperpile.com/b/0ZZHPO/pq4qB
http://paperpile.com/b/0ZZHPO/pq4qB
http://paperpile.com/b/0ZZHPO/pq4qB
http://paperpile.com/b/0ZZHPO/pq4qB
http://paperpile.com/b/0ZZHPO/1SlVw
http://paperpile.com/b/0ZZHPO/1SlVw
http://paperpile.com/b/0ZZHPO/1SlVw
http://paperpile.com/b/0ZZHPO/1SlVw
http://paperpile.com/b/0ZZHPO/1SlVw
http://paperpile.com/b/0ZZHPO/CD9kU
http://paperpile.com/b/0ZZHPO/CD9kU
http://paperpile.com/b/0ZZHPO/CD9kU
http://paperpile.com/b/0ZZHPO/CD9kU
http://paperpile.com/b/0ZZHPO/CD9kU
http://paperpile.com/b/0ZZHPO/DidQt
http://paperpile.com/b/0ZZHPO/DidQt
http://paperpile.com/b/0ZZHPO/DidQt
http://paperpile.com/b/0ZZHPO/DidQt

M.Sc Thesisd Julien N Gordon; McMaster Univerditgchool of Geography &
Earth Sciences

R Core Team. 2017. OR: A | anguage and enviro
Foundation for Statistical Cemputing, Vien
project.org/.

Richert, Claire, Katrin Erdlenbruch, and Char
Househol dsd FIl ood Mi tontheaPogsibility ofFeedbacki ons i n
Ef fects fr om Falgical Hcononecs: Tha doarhas of the International
Society for Ecological E¢@#inics

Robert, Benoii mon Forget, and Jean Rousselle. 2003.
Damage Reducti on Me as uNataral Hazar@8t2h 860 Mont r e a |
85.

Rogers, Ronald W. 1975. O0OA Protection Motivat
C h a n greelloumal of Psycabliy 93114.

Rosetti, Marcos F., Maria F. Goriedlo, Gamaliel Victoria, and Rogelio Apiquian. 2017.

OA Video Game for the Neueopnéeyganmentt ogi c al S
Computira®: B9.

Samuels, Paul, Mark Morris, Paul Sayerd)deanique Creutin, Andreas Kortenhaus,

Frans KIlijn, Eri k Mossel man, Ad Van Os, an
for I ntegrated FI| dicstdCorigress &f thdEuropegneDivisionof.thé | n
IAHR. http://dx.doi.org/.

Sandink, Dan, Paul Kovacs,&g Oul ahen, and Dan Shrubsol e. 2

l nsurance for Resi denti al FIl ood Losses in

102


http://paperpile.com/b/0ZZHPO/sOQKv
http://paperpile.com/b/0ZZHPO/sOQKv
http://paperpile.com/b/0ZZHPO/sOQKv
http://paperpile.com/b/0ZZHPO/sOQKv
http://paperpile.com/b/0ZZHPO/sOQKv
http://paperpile.com/b/0ZZHPO/sOQKv
http://paperpile.com/b/0ZZHPO/WXmRB
http://paperpile.com/b/0ZZHPO/WXmRB
http://paperpile.com/b/0ZZHPO/WXmRB
http://paperpile.com/b/0ZZHPO/WXmRB
http://paperpile.com/b/0ZZHPO/WXmRB
http://paperpile.com/b/0ZZHPO/JvHlt
http://paperpile.com/b/0ZZHPO/JvHlt
http://paperpile.com/b/0ZZHPO/JvHlt
http://paperpile.com/b/0ZZHPO/JvHlt
http://paperpile.com/b/0ZZHPO/wLeqm
http://paperpile.com/b/0ZZHPO/wLeqm
http://paperpile.com/b/0ZZHPO/wLeqm
http://paperpile.com/b/0ZZHPO/wLeqm
http://paperpile.com/b/0ZZHPO/wLeqm
http://paperpile.com/b/0ZZHPO/u5dBx
http://paperpile.com/b/0ZZHPO/u5dBx
http://paperpile.com/b/0ZZHPO/u5dBx
http://paperpile.com/b/0ZZHPO/u5dBx
http://paperpile.com/b/0ZZHPO/u5dBx
http://paperpile.com/b/0ZZHPO/u5dBx
http://dx.doi.org/
http://paperpile.com/b/0ZZHPO/u5dBx
http://paperpile.com/b/0ZZHPO/AY5Gw
http://paperpile.com/b/0ZZHPO/AY5Gw

M.Sc Thesisd Julien N Gordon; McMaster Univerditgchool of Geography &
Earth Sciences

Canadian Water Resources Journal / Revue Canadietes el iRéd&sd2):
22®37.

Scol obi g, Anna, B. De Marchi, and M. Borga. =
Risk Awareness and Preparednes& i ndi ngs from Case Studies
Natural Hazar@s (2): 498620.

Serrdll obet, Anna, Esther Conrad, and Kathl een S
Integrated Water and Flood Risk Management: CompariigpWopand Bottorn
Up Approaches i n WBTER8 (10):d44bd Cal i fornia. o

Shah, Ashfagqgq, Jingzhong Ye, Muhammad Abi d, ar
Flood Risk Mitigation Strategies at Household Level: AQdsgoer
Pakht unkhwa ( KP) NaRralHazar@8c(B:415Pa ki st an. 6

Shrubsole, 2 013. OA History of Flood Management St
Climate Change and Flood Risk Mareatjtdayt E. Carina and H. Kk, 99
120. Edward Elgar.

Siegrist, Michael, and Heinz Gutscher. 2006.
Peopl eds Perceptions and RigkAralydis:An Assessme
Official Publication of the Society for Ri26AARNAS&79.

AAA. 2008. 0 Nad Motivation faf BitigatiordBehadon People Cannot
Predict the Aff ect REwAndlysid AntOfficishPullieattorafe FI o0

the Society for Risk Ar2®y£33: 77a78.

103


http://paperpile.com/b/0ZZHPO/AY5Gw
http://paperpile.com/b/0ZZHPO/AY5Gw
http://paperpile.com/b/0ZZHPO/AY5Gw
http://paperpile.com/b/0ZZHPO/GBtY2
http://paperpile.com/b/0ZZHPO/GBtY2
http://paperpile.com/b/0ZZHPO/GBtY2
http://paperpile.com/b/0ZZHPO/GBtY2
http://paperpile.com/b/0ZZHPO/ppiUD
http://paperpile.com/b/0ZZHPO/ppiUD
http://paperpile.com/b/0ZZHPO/ppiUD
http://paperpile.com/b/0ZZHPO/ppiUD
http://paperpile.com/b/0ZZHPO/ppiUD
http://paperpile.com/b/0ZZHPO/oGUZT
http://paperpile.com/b/0ZZHPO/oGUZT
http://paperpile.com/b/0ZZHPO/oGUZT
http://paperpile.com/b/0ZZHPO/oGUZT
http://paperpile.com/b/0ZZHPO/oGUZT
http://paperpile.com/b/0ZZHPO/FIZH1
http://paperpile.com/b/0ZZHPO/FIZH1
http://paperpile.com/b/0ZZHPO/FIZH1
http://paperpile.com/b/0ZZHPO/FIZH1
http://paperpile.com/b/0ZZHPO/FIZH1
http://paperpile.com/b/0ZZHPO/ecncb
http://paperpile.com/b/0ZZHPO/ecncb
http://paperpile.com/b/0ZZHPO/ecncb
http://paperpile.com/b/0ZZHPO/ecncb
http://paperpile.com/b/0ZZHPO/ecncb
http://paperpile.com/b/0ZZHPO/J16jJ
http://paperpile.com/b/0ZZHPO/J16jJ
http://paperpile.com/b/0ZZHPO/J16jJ
http://paperpile.com/b/0ZZHPO/J16jJ
http://paperpile.com/b/0ZZHPO/J16jJ

M.Sc Thesisd Julien N Gordon; McMaster Univerditgchool of Geography &
Earth Sciences

Sobiech, Cilli. 2018genBased Simulation of Vulnerability Dynamics: A Case Study of the
German Nortk&Coas$pringer Theses. Springer Berlin Heidelberg.

Soetanto, Robby, David Proverbs, Jessica Lamond, and Victor Samwiryesideagal
Properties in England and Wales: An Evaluation of Repair Strategies towards Attaining Flood
Resiliendgnited Kingdom, Europe: Taylor & Francis.

Steinfg¢ghrer, Annett, and Christian Kuhlicke.
F I o o d-07%08 .TFlbddSite.
http://www.floodsite.net/html/partner_area/project_docs/Task_11 M11.3 p44 _fi
nal.pdf

Terpstra, Teun. 20 loOghts, BeElihgs and IntBntioagpohthee d ness: Tt
Dutch Public.é6 PhD, Enschede, The Netherl a
https://doi.org/10.3990/1.9789036529549

Thistlethwaite, Jason, Dani el Henstra, Craig
Experience and Risk Perception Influences Protective Actions and Behaviours
among Canadi aBnvildromerdabManagéhé2)t $95208.

Tobin, Graham A., and FBQODHRAARDAND Montz. 1994.
DYNAMI CS OF THE URBAN RESI DEJMdrmalottheL AND MAR
American Water Resources As3¢btiGrass.

Van der Wal, Merel M., Joop de Kraker, Carolien Kroeze, Paul A. Kirschner, and Pieter

Val keri ng. 2016. o0Can Computer Models Be U

104


http://paperpile.com/b/0ZZHPO/NaqO3
http://paperpile.com/b/0ZZHPO/NaqO3
http://paperpile.com/b/0ZZHPO/NaqO3
http://paperpile.com/b/0ZZHPO/NaqO3
http://paperpile.com/b/0ZZHPO/Q2uML
http://paperpile.com/b/0ZZHPO/Q2uML
http://paperpile.com/b/0ZZHPO/Q2uML
http://paperpile.com/b/0ZZHPO/Q2uML
http://paperpile.com/b/0ZZHPO/Q2uML
http://paperpile.com/b/0ZZHPO/eDSyD
http://paperpile.com/b/0ZZHPO/eDSyD
http://www.floodsite.net/html/partner_area/project_docs/Task_11_M11.3_p44_final.pdf
http://www.floodsite.net/html/partner_area/project_docs/Task_11_M11.3_p44_final.pdf
http://paperpile.com/b/0ZZHPO/eDSyD
http://paperpile.com/b/0ZZHPO/8HrEY
http://paperpile.com/b/0ZZHPO/8HrEY
http://paperpile.com/b/0ZZHPO/8HrEY
http://dx.doi.org/10.3990/1.9789036529549
http://paperpile.com/b/0ZZHPO/8HrEY
http://paperpile.com/b/0ZZHPO/IsI7x
http://paperpile.com/b/0ZZHPO/IsI7x
http://paperpile.com/b/0ZZHPO/IsI7x
http://paperpile.com/b/0ZZHPO/IsI7x
http://paperpile.com/b/0ZZHPO/IsI7x
http://paperpile.com/b/0ZZHPO/sj0SH
http://paperpile.com/b/0ZZHPO/sj0SH
http://paperpile.com/b/0ZZHPO/sj0SH
http://paperpile.com/b/0ZZHPO/sj0SH
http://paperpile.com/b/0ZZHPO/sj0SH
http://paperpile.com/b/0ZZHPO/phRJl
http://paperpile.com/b/0ZZHPO/phRJl

M.Sc Thesisd Julien N Gordon; McMaster Univerditgchool of Geography &
Earth Sciences

Game i n Wat e Envikkanmeata) Matedlingt&. SofBndenuary): 149
32.

Venkatachalam, L. 2004. &ATRe vEh@mmmemagent Val ue
Impact Assessment Ré\(i£w88124.

Weston, S. 2017. oforeach: Provi deesisn For each 1
1.4. 4. 06 ht-prgest.ory/packdydaforedh.

Wickham, H. 2009. ggplot2: Elegant Graphics for Data Analysis.
http://had.co.nz/ggplot2/book.

Wi ¢ k ham, H. , Hester, J., and Chang, W. 2018.
Packages EasierpRac k age version 1.13.5.6 https:// CF
project.org/package=devtools.

Wil kinson, Phil . 2016. o Ant@&tinmedompdtingand r y of Se
Serious Gan89v0:1341.

Wouter Botzen, W. J., and Jeroen C. J. M. Var
VALUATION OF INSURANCE AGAINST RROOD RISK UNDER CLIMATE
CHANGE®*: Val uat i o ninteonftiorfallEcooamic B&y g r ance . 0
100926.

Yi annakoul i as, N., J. C. Dar | i-Amglysen, A. El s hc
Based Predictions of Flood Insurance and Flood Vulnerability Patterns in Calgary,

Al b e Aptied .Géograé/ (July): 4b0.

105


http://paperpile.com/b/0ZZHPO/phRJl
http://paperpile.com/b/0ZZHPO/phRJl
http://paperpile.com/b/0ZZHPO/phRJl
http://paperpile.com/b/0ZZHPO/phRJl
http://paperpile.com/b/0ZZHPO/EnFQX
http://paperpile.com/b/0ZZHPO/EnFQX
http://paperpile.com/b/0ZZHPO/EnFQX
http://paperpile.com/b/0ZZHPO/EnFQX
http://paperpile.com/b/0ZZHPO/OC2YK
http://paperpile.com/b/0ZZHPO/OC2YK
http://paperpile.com/b/0ZZHPO/OC2YK
http://paperpile.com/b/0ZZHPO/OC2YK
http://paperpile.com/b/0ZZHPO/sGvUF
http://paperpile.com/b/0ZZHPO/sGvUF
http://paperpile.com/b/0ZZHPO/sGvUF
http://paperpile.com/b/0ZZHPO/sGvUF
http://paperpile.com/b/0ZZHPO/sGvUF
http://paperpile.com/b/0ZZHPO/sGvUF
http://paperpile.com/b/0ZZHPO/Wf21M
http://paperpile.com/b/0ZZHPO/Wf21M
http://paperpile.com/b/0ZZHPO/Wf21M
http://paperpile.com/b/0ZZHPO/Wf21M
http://paperpile.com/b/0ZZHPO/Wf21M

M.Sc Thesisd Julien N Gordon; McMaster Univerditgchool of Geography &
Earth Sciences

Yi annakoul i as, N. , J . N . Gor don, J . C. Dar |l ir
game approach to understanding environment
Submited toJournal of Risk Research.

Yiu, Sean, Vernon T. Farewel |, -S@ateModdsr i an D. |
with Observatioihevel Random Effects, Movstayer Effects and Dynamic
Covariags: Modelling Transition Intensities and Sojourn Times in a Study of
Psor i at i arXivistat APRrXivthttps/andv.org/abs/1704.00522

Zevenbergen, Chris, Adrian Cashman, Niki Evelpidou, Erik Pasche, Stephen Garvin, and
RichardAshley. 201Q@Jrban Flood Manage@B@ Press.

Zyda, M. 2005. OFNomtVas$u&Re a®nmtes (.29 Ga mes . O

32.

106


http://paperpile.com/b/0ZZHPO/o6gen
http://paperpile.com/b/0ZZHPO/o6gen
http://paperpile.com/b/0ZZHPO/o6gen
http://paperpile.com/b/0ZZHPO/o6gen
http://paperpile.com/b/0ZZHPO/o6gen
http://paperpile.com/b/0ZZHPO/o6gen
http://arxiv.org/abs/1704.00522
http://paperpile.com/b/0ZZHPO/o6gen
http://paperpile.com/b/0ZZHPO/DgKo8
http://paperpile.com/b/0ZZHPO/DgKo8
http://paperpile.com/b/0ZZHPO/DgKo8
http://paperpile.com/b/0ZZHPO/DgKo8
http://paperpile.com/b/0ZZHPO/mv32a
http://paperpile.com/b/0ZZHPO/mv32a
http://paperpile.com/b/0ZZHPO/mv32a
http://paperpile.com/b/0ZZHPO/mv32a

M.Sc Thesisd Julien N Gordon; McMaster Univerditgchool of Geography &
Earth Sciences

CHAPTER 2

Application of the Decision Game Model: A Case Study of Calgary Alberta

Introdu ction and Background

1.1 Introduction

This research is a case study of the Decision Game (DG) model developed in
ChapterOne. Decisiommaking in the context of natural disasters is subject to biases
and heuristics which make predicting mitigation behdiffozult (Kunreuther et al.
2013) Efforts have previously been made to understand and model flood risk
mitigation decisions and demand based on factors such as household socioeconomic
characterigts, situation&ctors and psychometrics such as income, flood experience,
and risk perceptiofyiannakoulias et al. 2018; Bubeck et al. 2013; Dubbelboer et al.
2017; Brouwer and t&afsma 2013; Botzen et al. 2008 DG model predicts
mitigation uptake likelihood based on results of gplegleexperiment, which
separates it from typical stated preference methods of data collection. In this chapter,
we apply the DG model to CalgaAlberta, and comparesults to a metnalysis
based model of insurance uptake develop&@hpakoulias et al. (2018)e use
census data to provide input data for the model and investigaigtake of

mitigation under initial conditions, after a flood event, and after a floodproof subsidy.
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We also analyze and map the geographic variability of outcomes of household flood
mitigation likelihood under the different scenarios. Being able toamdigrstrange
of potential outcomes after floods and policy interventions can help to optimize the

use of household mitigation in flood risk management policy portfolios.

1.2 Insurance

One dimension of effective flood risk management highlightedterttare
is resilience, which is a measure of the ability of a municipality to return to its initial
conditions after #ood (Bhattachary®lis and Lamond 2014; Soetanto et al. 2008)
Insurance &n be an important part of improving community resilience, as it lowers
the financial burden of experiencing a flood, ultimately allowing people to return to
their normal lives with less inconvenience. Insurance can help to internalize the cost
of flooding help ration and prioritize public flood management measures, and cover
lossesthat could not be prevented short of moving out of the floodplain
(Yiannakoulias et al. 2018; Chivers and Flores 30G&have questioned whether
resilience is appropriate to strive for in cities where equilibrium conditions are
overexposed to floodsk (Capano and Woo 201Fjoodinsurance has also been
critidzed for causing moral hazard, wherein mor¢akiskg behaviour is taken in
floodplains when insured. However, some research has shown insurance and other
mitigation efforts to be complements as oppossdlstitute¢Botzen et al. 2017,

Osberghaus 2014phsurance is often suggested to be coupled with incentives or
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requirements for structuraltigation(Sandink et al. 2016)otwithstandig potential
criticisms, flood insurance can be an important component of a flood risk management

portfolio which is desirable to planners and governments to help manage risk.

1.3 Household Structural Mitigation

Structural private household mitigati@tuides measures like temporary flood
shields, backflow valves, sypopnps, andsealantfFEMA 2014) Household
structural mitigation is being increasingly recognized as an important component of
an inegrated flood risk management portf@@abcicky and Seebauer 28Libeck
et al. 2012)There is also a view that private households shoulpbetezl to
contribute to reducing losses before government aid is allowed after a flood event
(Kreibich et al. 2011; Sandink et al. 20/B)le structural household mitigation
methods are oftemeouraged, they are often assumed to béeosticial with little
research to support the assumption. -Besefit analysis has been done outside of
Canada and it has been found that measures are not universally recommended, often
being context specifiwith different methods suggested for different risk levels
(Kreibich et al. 2015 anadiaexamples of co$ienefit analysis for floodproofing
measures are limited, emphasizing the need for restmatbls iarea. Nevertheless,
private household structural measures are a beneficial component of a flood risk

management portfolio and efforts to optimize their implementation are well advised.
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1.4 Social Vulnerability

There has been growing interest rodgnition of social vulnerability as a
priority for management of flood risk. Social vulnerability partly encompasses the idea
that some social groups can have more severe losses due to floods than others.
Vulnerable populations have attributes thaerttam more likely to be negatively
affected by and less likely to recover from a flood. This includes factors like being
elderly or very young, lamcome, or living in a rural ar8acial vulnerability can be
influenced by private household physicajatibn and insurance. Innovative efforts
have been made to identify how to influence Canadian households to engage in
mitigation efforts (Henstra and Thistlethwaite 2Q1@B)t these types of policy
recommendations tend to not take into account differences in social groups or
geographic variation of those groups. Exploring how variation in social characteristics
influences the geography of mitigation behaviour can further optimize implementation
of houghold mitigation. Additionally, mapping geographic variability of household
mitigation is important to recognize patterns which can ultimately optimize
implementation of interventions, and mitigate negative outcomes of flooding or of

unintended consequera#d policies.

1.5 Optimizing Mitigation-Influencing Policies

Different populations could be affected with varying types of flood

interventions aimed at increasing flood mitigation. For examplentowes people
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might be more impacted by a subsidg,agheiincome or older people might be

more impacted by convenieftereasing measures. Moreover, from a risk reduction
efficiency perspective, having the highest risk areas be the most encouraged to mitigate
is weHladvised. Conversely, some intefgrgatmight encourage mitigation in social
groups that are at lower objective flood risk, potentially resulting in economic
inefficiencies. Understanding geographic variability of mitigation outcomes can help

to tweak incentives or programs to optimizedtwld mitigation interventions.

1.6 Optimizing Policy Tools for Household Mitigation

Henstra and Thistlethwaite (206&Yye noted that economic policy tools for
influencing mitigation behaviour aumderutilized in some Canadian cities.
Visualization of policy outcomes may be helpful for practitioners to understand the
benefits of their policy and may be able to gain institutional support for potential
interventions if their benefits can be made.ddewmlyzing patterns of mitigation
spatially may also help prioritize and understand management options. For example,
certain policies may result in concentrated uptake in certain areas while some would
be expected to have a more widespread modestan&easexample(Dubbelboer
et al. 2017 an ABM to model the outcomedhs Flood Re insurance scheme in
London. Part of their study compares the geographic distribution of investment in risk
reduction between government and households, showing that government investment

would be more targeted to gk areas than household investment. This study
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exemplifies building an understanding of the spatial impacts of a policy, which may

ultimately inease support for the insurance scheme.

Methods

2.1 Overview
In this study, we generate predictions of proportions of household flood

insurance and floodproofing at the dissemination area level in Calgary, Alberta. We
employ the Decision Game (DG) misdieveloped iBhapterOne to generate these
predictions. We use a combination of census dat@hapterOne survey data as
inputs to the DG models. Furthermore, we explore the effects of a flood event and a
subsidy on mitigation outcomes in the city, @mpare results of the insurance
analysis to metmalysis based predictions of insurance demand developed by
Yiannakoulias et al. (2018)
2.2 Data analysis

P 0 Q TPowipHT WX PR T WO (& 0 W LY X GO

CRT WL ™ML @O YT W @8 ¢ ¢ W

C W Q uv8 oX PR oL P& @ WC P® 0 WC CG& L TWU
T® 0 X TX @ mp ¢8 G X OB TP @

(1) (Insurance) and (2) (Flooalpiing) specify the equations that we use to

generate predictions of the likelihood of mitigation, whkereepresents the

112


https://paperpile.com/c/7Os51O/ahlC

M.Sc Thesisd Julien N Gordon; McMaster Univerditgchool of Geography &
Earth Sciences

probability of insuring or floodproofing for a given disseminatiok; &espresents

the inverse of the logit link functiofitheform —tt thewand represent fixed and

design effects whi@xplained iTable 1. The coefficients were determined from the
generalized linear mixed models develop@aiaipterOne of this thesisThe wand

[ valuesepresentte proportion of households in a dissemination area which are part

of the comparison categories. Dissemination areas are typically the smallest geographic
areas available for obtaining data from the Canadian census; in Calgary, these
dissemination areasvbaa few hundred households. Dwelling counts and the
proportion of households with $800 or above income levels in each dissemination
area were drawn from the 2010 National Household Survey (Statistics Canada, 2011).
Objective risk in each disseminatimea was calculated using distance to water
calculated using Euclidean distance to dissemination area centroids. The rest of the
values were taken from proportions of survey responseShapterOne presented

in Table 1 variables were desigfeefs estimated {BhapterOne
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Table 1- DescriptionMddeComponents

Fixed or Description Reference Category Comparison Categor Proportionof Comparison category
Design Effect Households

) Proportionof households with above $¥B@Dannual income. 0-$49999 $50000+ Dependent on@LONational
Income Household Survey

» Assessment of the severity of and vulnerability to flooding None to Low Risk Medium to Very 0.3000

Flood risk High Risk

perception

» Perceied effectiveness of potential interventig@nstlooding No or unknown perceivec Positiveperceived 0.2195

Coping effectiveness effectiveness
appraisal

) Having previously implemented a flood mitigation measure  No previous Oneor more 0.2683

Personal implementation previous

measures implemented

methods

) Having previously experienced a flood No experience One or more 0.4146

Flood experienced flood

Experience

w Living in a highisk area kyame highriskareas kgame are Low to Medium Risk 2  High Ri& This value was binary, every
Flood risk beingtreated as hazard levels 4 or 5 in the methodology of ~ asperYiannakoulias et al. (4-5 as per household in the dissemination are

(Yiannakoulias et al. (2018) 2018) Yiannakoulias et al. was considered to have the same
2018) flood risk

r The effect of having $DD0 more irgame income compared to Initial Conditions (Lower Higher Income For the initial conditions, the
Purchasing initial conditions of $5000. For thisralysisve have interpreted Purchasing Power) (Higher Purchasing purchasgower took on the same
Power this as an increaseli@ purchasingpower of a household, simila Power) value as income

(In-game to a realife income

Income Raise]

r
Flood Event

The effect of experiencing a floogyame.

Initial Condtions
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2.3 Scenario Analysis

We generate predictions for initial conditions, with the input values equal to
the rightmost column imable 1. We generate scenarios basedaaipulation of
design effect variables in (1) and (2). Firstly, we simulate the effect that a flood would
have on the likelihood of insurance purchase and floodproofing. For the flood event
scenario, in dissemination areas that had experienced evictregiag010 National
Household Survey (Statistics Canada 2011), we set the flood event design effect to 1
and generate predictions. We also generate a subsidy scenario for floodproofing. In
the initial conditions, thurchase powemrlue is set to bedtsame as income. After
the subsidy, while income remains the gaumehase powencreases according to
the following logic: in a given dissemination area, if the proportion of households at
or above $5000 is in the bottom fifth percentile, increasgthportion by 6%, if in
the second bottom fifth, increase by 4.5%, if in the middle fifth, increase by 3%, if in
the second highest fifth, increase by 1.5%, and if in the highest fifth, stay the same.
This graded change is meant to represent thathomera dissemination areas would
be more impacted by a monetary subsidy.

For each scenario, we generate the mean and variance of predicted
probabilities of mitigation across all dissemination areas and calculate the total number
of predicted insured olobdproofed households by multiplying the predicted
probabilities by the number of dwellings in each dissemination area. We also conduct

the same analysis for the reetalysis based model predictions. For the insurance
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scenarios, we compare the distioloutif predicted insured households across hazard
levels between the initial conditions, -flosd conditions, and the metnalysis

based predictions. We conduct asqbare test of independence between the
distributions of the initial condition scenamal metaanalysis based predictions to
compare the two models. We also compare the distribution of floodproofed
households across hazard levels between the initial conditions, and after the flood and
subsidy events. Moreover, we also compare the propafrtibe total growth in
floodproofed households in each hazard level between the flood and subsidy
scenarios-urthermore, we map the flooded dissemination areas to show areas of
postflood increases in insurance and floodproofing. Finally, the chpregidted
probabilitie®f floodpraofingin each dissemination aaé@rthe subsidy introduction

are mapped
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Results

3.1Summary Statistics

In order to understand uptake of flood insurance and floodproofing under
multiple scenarios, we use the DecisionGame (DG) model to generate predictions of
the likelihood of mitigation at the dissemination area in Calgary. Sumstary ctati
the predicted probabilities are present@dbie 2. The total number of predicted
households in each scenario is also incl&dedcomparison purposes, the meta

analysis based model develdpediannakoulias et al. (20i#8)ncluded
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Table 2- Summary statistics

Mean Variance of _
_ o _ Total Predicted Numbel
Dissemination Predicted
. o of Insured/Floodproofed
Area Predicted Probabilities
- Households
Probability (%) (%)
Insurance Initial
N 9.879058 6.209683 42228
Conditbns
MetaAnalysis
Based Model o 10.83031 147.2399 41589
Insurance
Insurance Post
15.33199 477.1467 68974
Flood
Floodproofing
Initial 3.356438 1.029915 14381
Conditions
Floodproofing
6.912824 203.1887 32337
PostFlood
Floodproding
_ 3.586053 1.032847 15305
PostSubsidy
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3.2 Insurance Scenario Comparisons

In Table 3, we compare the number of predicted insured households in each
flood hazard level between the DG insurance scenarios and thaatysia based
model. We also refidhe expected values of each category from tsguanie test
of independence between the initial conditions DG model and thenalgtas based
model in parentheses below each value. Tisgudre test of independence had a
chisquare statistic of §36 on 4 degrees of freedom. This yieldedadup of
virtually 0, for which we can consider the distributions to be statistically significantly
independent of each other at the <0.01 level. In order to more easily compare the
postflood distribution ofinsured households to the initial conditions, the square
bracketed numbers are the number of households insured multiplied by a constant
such that the total number of households insured is equal to the amount in the initial

conditions.
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Table 3- InsuraecScenario Comparisons

Model

Meta-Analysis

Decision Game

Decision Game

Hazard Model Initial Model
Model
Level Conditions PostFlood
28601 31988 38017
1
(30063.55) (30525.45) [23275]
1157 865 2826
2
(1003.29) (1018.71) [1730]
3166 1905 5999
3
(2516.17) (2554.83) [3673]
4109 4070 10312
4
(4058.32) (4120.68) [6313]
4557 3401 11821
5
(3948.67) (4009.33) [7237]
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3.3 Floodproofing Scenario Comparisons

In Table 4, we compare the number of floodproofed households in each
hazard level between each so@nkor more intuitive comparison, we present in
parentheses the proportion of the growth of floodproofed households in each hazard

level.
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Table 4- Floodproofing Scenario Comparisons

Model
Hazard Initial Conditions Post Flood Post Subsidy
Level
13871 11299
1 10589
(18% (779
1315 305
2 286
(6% 299
2881 681
3 634
(13% (5%
6408 1661
4 1570
(7% (10%
7861 1358
5 1303
(B7% (699

122



M.Sc Thesisd Julien N Gordon; McMaster Univerditgchool of Geography &
Earth Sciences

3.4 Mapped Analysis

Below, we presentaps to enhanaeterpretation of ouresultsWe shav the
flooded disseminationareas which experiendacreases ininsurance and
floodproofingprobabilities And, we mapthe increasen predicted probabilities of
floodproofing at the dissemination area lafedra subsidy is introducedslith the
larger increasegingdarler on the greyscal@issemination areas which are missing

data are in white.
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Figure 10 Floodddissemination Areas
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Figure 2 8 PosBubsidghanges in Floodpgdefobability at the Dissemination Area Level
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Discussion

4.1 Summary Statistics of the Predicted Number bfsured Households

We observe similar levels of predicted probabilities between the initial
conditions of the Decision Game (DG) model and the-ametigsis based model.
However, the variance of predicted probabilities is larger in thenalgss based
model. The lower variability in the DG model is due to most of the values of the model
variables being held constant. Note that we assume that most of the of the DG model
variables like risk perception and coping appraisal do not have systematicgeographi
patterns independent of variables included in our analysis, namely income and flood
risk. In both the postood insurance and floodproofing scenarios, the variance
increases considerably. Experiencing a flood has a large effect size in the DG model,
which creates a large separation in probabilities between flooded-toodedn
dissemination areas, driving up the variance in these scenarios. In the floodproofing
postsubsidy scenario, we do not observe a notable increase in variance compared to
the nitial conditions. This is due to the subsidy raising the probability ehtovmes
dissemination areas more than already Hpghtgability higheincome dissemination

areas, effectively squeezing dissemination probabilities closer together.
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4.2 Conparing Insurance Scenarios

The metaanalysis based model is derived from the factors the literature
suggests should contribute to insurance demand, while the DG model is based on
observed experimental behaviour. The ability to contrast between thedeis mo
offers a unique opportunity to better understand and contextualize the results. We see
from the results of the ebquare test of independence that the two distributions are
different from one another in terms of the number of insured householdk in ea
hazard level. Compared to the raetalysis based model, the DG model predicts
more uptake of insurance in the lowest hazard level area and predicts fewer insured
households in other hazard levels, particularly in the highest hazard level area. This
coud potentially be beneficial for insurance companies who may try-solbsidize
premiums from lowisk areas to higlisk areas, allowing them to offer coverage for
highrisk areas and limit reputational costs. However, from the consumer perspective,
overinsurance in low risk areas may not be desirable. In tflegesicenario, we
observe an increase in insurance for all hazard levels. When we normalize the total
number of households to be equal to the initial conditions number, we observe that
thedistribution among hazard levels inverts, with the lowest hazard level having fewer
predicted insured households and the higher levels having more predicted insured
households This is perhapsto be expectedjiven the clustery of flooded
dissemination areaound thénigherhazard leeldissemination areasarthe rives,

observable in Figure Thesehigher hazard level dissemination areas experienced
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more evacuations, and subsequently had higher predictedbilipesb after
experiencing the floodven so, the increase in the total number of insured
households is comparable between the loweekigirest risk levels (about 6000 and
8500 respectively). This suggests that insuranceutrsiskzation could still be

reasonably maintained after a flood event.

4.3 Comparing Floodproofing Scenarios

For the floodproofing scenarios, we can obseeveftacts of two different
eventd a flood, and a subsidy for floodproofing. It is important to note that the flood
event was associated with a much higher increase in the number of floodproofed
households. However, this difference has a limited iraéiprebecause of the
arbitrary nature of the subsidy effect on purchase power. It is perhaps more valuable
to compare the proportions of predicted floodproofed households in each hazard
level. In the flood scenario, the majority of the growth in floodprdafuseholds
occurs in hazard levels four and five, wikith be expected given tastering of
darkzones around the rivdeee Figure 1 the posflood scenario, the majority of
the increase in predicted floodproofing occurs in hazard level onendreltwer
income households being located in this hazard level. This can be seen in the post
subsidymap (see Figure), wherehigherincreasedarker areas are more evenly
distributed throughout the city and are not clustered around thgnatiagseveral

darkerdissemination areas in the northeastern rsexftille maplt can be argued
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that from a floodproofing uptake perspective,flibed event results in a more
desirable situation than the subsidy because the floodproofing is more concentrated
in higher risk areas. This highlights the value of ensuring that households are aware of
mitigation options they may have after a flood ewerdpitalize on the increased
likelihood of floodproofing. However, it is likely that patiekers want a more
proactive solution to increase floodproofing than waiting for a flood. While they may
be an attractive option, we see from these resulisdhigiroofing subsidies must be

used with caution. Under the assumption that Joeme households are more

likely to increase uptake after a subsidy than-imgbere households, we observe

that increased floodproofing would increase mostly in theriskvareas in Calgary.

This would likely not be cdsgneficial to these households and government resources
could be better spent elsewhere. These results suggest that subsidies should be
restricted to high risk areas for cities in which limeeme haseholds are

overrepresented in lowésk areas.
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Limitations

Several factors place limitations on our interpretation of the findings from this
chapter. Many limitations stem from the DG model which was used to generate
predicted probabilities. The models developed with a sample size of 123. This
sample size contributed to standard errors of the effect estimates of the DG model
which were often of similar magnitude to the estimates themselves, meaning there is
uncertainty associated with the equatiefficints which are not considered in this
chapter. The design effect sizes of the DG model were also likely overstated for
floodproofing. This is because Decision Game allowed purchasing floodproofing with
a dropdown selection box; the game did notighekransaction costs associated with
floodproofing like time or inconvenience. The way that purchasing power was used in
this case study was also a limitation. The subsidy caused an increase in the proportion
of households who had the income increaggndsfgect activated. Angame design
effect that better matched a estsely policy would be better for the future.
Furthermore, the DG model was not validated againstliferemalealed preference
experiment. While the insurance DG model was contpdhedmetaanalysis based

model, no rigorous validation method was used in this chapter either.

Conclusion

In this chapter, we applied the DG model develop€tiapterOne in a case

study of Calgary, Alberta. We looked to analyze the geographiityvafiatcomes
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of insurance and floodproofing uptake under several different scenarios. The initial
conditions of insurance uptake in Calgary were comparable to theatysia based

model (Yiannakoulias et al., 2018). A flood event resulted im &@%\vacrease in

the number of insured households. We found that even though proportionally more
households switched to purchasing insurance after the flood event, enough low hazard
level households bought insurance to suggest favourable conditiorsssor cr
subsidization of insurance. In the floodproofing scenarios, we found that the subsidy
resulted in over 75% of new floodproofed houses being in the lowest hazard level,
whereas in the pelbod scenario this was only 18%, with about a third of new
floodproofed households being in the highest hazard area. These results suggested that
policymakers should be cautious when using subsidies to ensure that funds are spent

on higher hazard areas to avoid economic inefficiencies.
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Conclusion

In the first chapter of this thesis, we looked to answer the question of which
individual and contextual factors contribute to the decision to mitigate against floods.
We logged decisions made in a serious ganpdagoig experiment to geaier data
to make a model of floodproofing and insurance decisions to address this question.
Among other findings, we found that experiencing a flood was perhaps unsurprisingly
the most important predictor of flood mitigation behaviour in the models.oWVe als
found that previous reaforld flood experience did not have a notable positive effect.
Moreover, having more income in-fiéaldid not have a strong positive effect in both
models, while increasinggame income did have a relatively large pofitieean
decisions to mitigate. Objectivegame flood risk had a small, statistically significant
positive effect in both models. Our key observation is that incentivizing flood risk
mitigation should be done quickly following a flood event, giveheaheffect of
flood experience may decay over time. Moreover, we found tHatdowe
individuals were no less likely to implement mitigation measures than their higher
income counterparts, suggesting that subsidies to address an income barrier may be an
effective method of encouraging {meome household mitigation. Furthermore,
communicating objective risk information may not be enough to encourage mitigation
uptake. These results must be taken with caution since there was large error associated
with mocel estimates, and the random effects were explaining more of the variability

in the data than the fixed and design effects in which we were interested. In the future,
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a larger sample size and a wider range of model parameters may be able to improve

the relability of the model.

We applied the Decision Game model to Calgary, Alberta, finding that the
insurance market could maintain a good degree efgbssdization after a flood to
make insuring higher risk areas more feasible. Moreover, we foundgénanCa
policymakers should be encouraged to limit subsidy coveragerisk hagkas to
avoid inefficient use of funds in losk areas which were projected to have the clear

majority of program uptake.

Overall, the digital serious game-ptdging eperiment shows great promise
as a research tool, mainly through being able to operate in the space in between stated
and revealed preference methods. The tool observes decisions as opposed to asking
more abstract hypothetical questions, but also allove®rfglete control over
experimental conditions, unlike natural experiments. While acknowledging the
limitations of this study, the possibilities for this type of research tool are exciting. We
hope that the serious gaming approach to understanding fkoahitigation
decisioamaking can be further developed in the future. A first logical step for this
research would be to create an experiment which more closely mimitite a real
scenario to compare outcomes and validate the method. Other potenadibagplic
involve introducing events to test and compare policy options, such as risk

communication tools. The father of behavioural economics, Richard Thaler, once said

t hat oOowe c amadste dd op celvii cdye nweiet h orisktcontext,i d e nc e .
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sefous games can offer a dditiwen approach to understanding decisiaking,
ultimately contributing to an evidethesed optimization of househtduel

mitigation measures.
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Appendix

Appendix 1- Table of Potential Independent Variables

Factor Description Questioft Possible Answers Examples from the I|iteratul
Mitigation and Insurance Purchase Decisions

Age The age ofthe 0 How ol d ar 1820 0 Brody et al2017 bjandAtreya et a(2015)ound that
participant. individuals over the age of 45 tended to be more li
2125 to have purchased flood insurance.
0 Shah et a[2017)found mixed results of age on
26:30 A - .
mitigation depending on the particular strategy
31-35 employed.
0 Bubeck al.(2012)ind in a review that age has a
3640 small or no effect on likelihood of mitigation.
4145
4650
5155
5660

8 Questions were used and adapted from the questionnaire developediopiech (2013)
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Income

Education
Level

Risk
Perception

The Income
level of the
participant.

The highest
level of
education
achieved by the
participant.

The extent to
which the
respondent
perceives
flooding as a
risk to the

oOWhat is yo
Bracket?6
OWhat i sstyo

level of education
achieved?6

OHow woul d
evaluate the risk of
flooding/a storm surge
in your con

61-65
6569
70+

0-24999
2500049999
50006874999
7500899999
100006124999
125000149999
150000+

No Education
Elementary
High School

College/University

Very High
High

Medium
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People with higher value homes, arguably linked tc
income, are more likely to undertake structural
measures to protect against floo@iragy et al.
(2017)

Income effect on mitigation found to be ingigant

or positivg(Osberghaus 20(Bubeck et al. 2012
Grothmann and Reusswig 2B6tzen et al. 2009
Botzen and Van Den Bergh 2012)

Brody et al2017 b¥ound a link between higher
education levels and the likelihood of purchasiog fl
insurance.

Bubeck et a{2012)find in a review that education hi
a small or no effect on mitigation decisions.
Atreya et a[2015)find that insurance policy purchas
likelihood increases with the percentage of high sc
graduates in a given county.

Risk perception has been found to have a positive
relationship with flood preparedn@aschs et al. 2013
Miceli et al. 200&rothmann and Reusswig 2006)
Some studies show mixed results when comparing
perception to mitigation effofBsody et al(2017) and
some find no relationship between risk perception
flood preparedneg¢Siegrist and Gutscher 2008
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Perception of
personal
Exposure

Flood
Experience

Level of
Information

community.

The extent to
which
floods/storm
surges are
viewed as a
personal risk.

The
partici
past experience
with flooding.

Knowledge and
Information

Low
Very Low

Not at all

oDo you 1 i v Yes

prone area, i.e. an area

that could be floodedin Dondt Know
case of extreme weathe

condi ti ons’?NO

OHave you p Yes, Morethan once
experienced impacts of
flooding event/storm  Yes, once
surge?o0

g No

oDo you f eeYes
informed on the
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Steinflhrer and Kuhlicke 2Q8radford et al. 2012
Bubeck et al. 2013)

This relationship is similar to risk perception. Howe
t he i n gdrceptiah of@dpdswre may be
different than the perceived exposure of their
community.

Brody et al2017 b¥ound that, consistent with the
literature, a flooding experience raises insurance
purchases for three years, after which the effect fa
Siegrist and Gutsch@008)eported that people whc
had not experienced a flood underestimated the
negative effects of a flood compared to people in t
same area who had experienced a flood.
Osberghau@017)detail results which show a caus
relationship between insured flood damage and pr
flood mitigation, as well as a correlation of mitigatis
with selfreported flood experience.

Tobin and Mont£1994)note that rare flood events a
associated with a drop in housing price, followed b
recovery once repairs are complete.

Atreya et a[2013) find using hedonistic price analys
that 47 years after a 1 in 1p€ar flood, the price of
flood-prone houses returned to {fleod levels.

Allaire(2016)ound evidence from Bangkok that
insurance purchases increased after an informatio
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https://paperpile.com/c/gIGnwV/Sw12/?suffix=b
https://paperpile.com/c/gIGnwV/PIPh
https://paperpile.com/c/gIGnwV/X5v3
https://paperpile.com/c/RGQRDA/FbUa
https://paperpile.com/c/RGQRDA/oFnK
https://paperpile.com/c/gIGnwV/qT4a
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Sources of
Information
(Including
Social
Network)

Measures

Type of
measures

level of
respondents
regarding
flood-related
protection/pre
vention
measures

Where they
obtained that
information.

State of alread)
havng applied
preventative or
protective
measures.

occurrence of
flooding/storm surges
and possible prevention
measures?o

OWhere did
how to protetyourself
against flooding/storm
surging?ao6

OHave you p
taken measures against
fl ooding/ st

OHave you p
applied one or more of
these measu

Dondt know
No Fo}
Dondt Know

Own Experience
Talking to others affectec
Media Coverage

Public Information
Events

Social Media

Government information
sources (indicate
municipal/provincial/fede
ral)

Other- Please Describe

Yes 0

No

Structural measureBor
example, sealing
wiring/electrical condust
against water seepage,
using wateresistant
building materials,
backflow valves,
relocating electrical pane

O«
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intervention, but home retrofits did not change
significantly.

The perception of formation, specifically with respe
to risk, is argued to be necessary for influencing
protective behavio(Bradford et al. 2012; Terpstra
2010)

Botzen et a(2017)find evidence that past insurance
purchases arassociated with an increase in likelihc
of future mitigation measures.

Richert et a[2017)ind that people who had
previously taken precautionary measures had lowe
perception than thosehe had not.

Poussin et a2013)note that households that had
previously mitigated are perhaps less likely to miti
in the future if those mitigation efforts were effectiv
after a flood event.


https://paperpile.com/c/gIGnwV/ezUU+tafL
https://paperpile.com/c/gIGnwV/ezUU+tafL
https://paperpile.com/c/gIGnwV/6bJb
https://paperpile.com/c/gIGnwV/TOFd
https://paperpile.com/c/gIGnwV/BfC9
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Assets
(Owner or
Renter)

Coping
Appraisal

Does the OAre you th
respondent the tenant of the

own their place house/apartment you

of dwelling? l'ive in cur
Attitude 0Do you thi
towards self are capable of lessening
protective the impacts of
measures,or f |l oodi ng/ st
more

out of basemenPlease
Describe:

Behavioural measures
For example, moving
furniture out of the
basement; preparing a
flooding emergencytki
with insurance document
having a family emergen
plan

Please describe:

Purchased
Flood Insurance

None

Other- Please

Describe
Owner
Tenant
Yes
Dondt know
No
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Longer house ownership has been found to increa
likelihood of using structural meas@wdy et al.
(2017)

Shah et a{2017)find a positive relationship betweer
home ownership and a number of household
mitigation options

Copingappraisal has been found to be an importar
factor in influencing mitigation and preparation
behavioufBubeck et al. 201Roussin et al. 2014)
Risk perception has been found to not be a
straightforward indicator of protective ac{®colobig
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Expectations

Trust

specifically the
belief that one
can influence
their
vulnerability to
a hazard.

Does the
respondent
believe that
flood risk will
increase in the
future?

The extent that
the respondent
has trust in
preventative
measures of
their
community.

0Do you thi Yes
due to flooding/storm
surges will increase in tl
future for

Dondt Know

No

0OAssuming t
of flooding/storm surges
increases in the future, 1 Yes, somewhat agree
what extent do you agre
with the following
statement?
flood protection
measures in the
community, no further
measures of self
protection are
necessary. o

Yes, strongly agree

No, somewhat disagree
No, do not agree

Dondt know
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et al. 2012put is mediated by factors including cog
appraisaBubeck et al. 2013)

Osberghau@015)ound evidence from Germany
which suggest that propensity to mitigate against f
increases with expectations of future damage incre
due to climate change.

Bichard and Kazmierczg012)find that climate
change awareness is coupled with low flood risk
perception.

Bichard and Kazmierczg012)¥ind that that
homeowners in England and Wales were less likel
be willing to pay for flood mitigation if they believec
the authorities were responsible for mitigating agal
floods.

Buchecker et g2016)ound that the level of trust in
government authorities predicted support for non
structural measures, includimgjvidual prevention
measures.
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https://paperpile.com/c/gIGnwV/2gu7
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Appendix 2- Frequency Table of Independent Variables with Reference Categories

Response Frequency Reference Category for
Modelling

Owner or Renter of Home N/A

Owner 60

Renter 63

Flood Risk Perception No Riskto Low

No Risk 17

Very Low 32

Low 44

Medium 21

High 6

Very High 3

Personal Flood Exposure Perception N/A

No 62

Yes 33

Don't Know 28

Flood Experience No

No 72

Yes, Once 8

Yes, More than Once 43

Sufficiently Informed about Flood N/A

Information
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No

Yes

Don't Know

Personal Measures Against Flooding
No

Yes

Coping Appraisal (Ability to Influence
Flood Impact)

No

Yes

Don't Know

Future Loss Increase Perception
No

Yes

Don't Know

Trust in Community Measures Against
Flooding

Strongly Disagree
Somewhat Disagree
Neutral

Somewhat Agree
Strongly Agree
Don't Know

Age

50

58

15

90

33

57

27

39

31

40

52

24

27

22

23

16

11
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No

No or Dondt

N/A

N/A

N/A
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1820 11

21-30 42

3140 35

41-50 21

5160 7

61-70 7

71+ 0

Education N/A
None 1

Elementary 1

High School 21

College/Uni 101

Income ($1000) 0-49
0-24 30

2549 26

5074 22

7599 14

100+ 31
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Appendix 30 Results of Chi Square Test of Independence Results: P value Matrix

Sufficiently Informed

Owner or Renter of Flood Risk Personal Flood about Flood Personal Measures Future Loss Trust in Community

Age Education Income Home Perception Exposure Perception Information Against Flooding  Coping Appraisal Increase Perceptiol Measires Against Floodin Flood Experience
Age 4.23E03 3.22E05 3.54E05 1.46E01 1.68E01 4.52E02 5.24E02 0.7275 0.751 2.37E02 5.86E01
Education 4.23E03 6.12E05 3.36E03 1.16E01 0.5836 0.9526 0.4564 0.994 3.44E01 9.94E02 2.56E01
Income 3.22E05 6.12E05 1.01E08 1.83E01 3.22E04 3.22E02 1.50E01 0.4238 0.724 9.23E02 3.18E01
Owner or Renter of
Home 3.54E05 3.36E03 1.01E08 1 3.81E03 5.99E02 6.24E04 5.72E02 4.48E02 7.00E03 2.16E01
Flood Risk
Perception 1.46E01 1.16E01 1.83E01 1 7.88E12 7.53E03 3.49E02 8.65E01 1.71E02 7.54E01 3.10E02
Personal Flood
Exposure
Perception 1.68E01 0.5836 3.22E04 3.81E03 7.88E12 1.73E02 1.13E04 2.20E01 5.30E04 5.06E02 1.77E03
Sufficiently
Informed about
Flood Information  4.52E02 0.9526 3.22E02 5.99E02 7.53E03 1.73E02 4.41E02 2.93E01 3.30E01 2.07E03 2.06E01
Personal Measures
Against Flooding  5.24E02 0.4564 1.50E01 6.24E04 3.49E02 1.13E04 4.41E02 5.49E02 0.9871 3.59E02 4.66E02
Coping Appraisal  0.7275 0.994 0.£238 5.72E02 8.65E01 2.20E01 2.93E01 5.49E02 1.40E01 5.32E01 2.54E01
Future Loss
Increase Perceptiol 0.751 3.44E01 0.724 4.48E02 1.71E02 5.30E04 3.30E01 0.9871 1.40E01 7.78E04 4.11E01
Trust in Community
Measures Against
Flooding 2.37E02 9.94E02 9.23E02 7.00E03 7.54E01 5.06E02 2.07E03 3.59E02 5.32E01 7.78E04 4.67E01
Flood Experience  5.86E01 2.56E01 3.18E01 2.16E01 3.10E02 1.77E03 2.06E01 4.66E02 2.54E01 4.11E01 4.67E01
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Appendix 4.1- Welcome Page

McMaster
University B
Welcome to

LT U O DL L
A Study of Household Decision Making

This study is administered by Julien N Gordon and Dr. Niko Yiannakoulias of the School of Geography and Earth Sciences at
MeMaster University. The purpose of the study is to try to discover how individual household decisions affect our communities.
In many cases, we do not have the opportunity to test policies without potential adverse effects. Through the experiment and
surveys, we hope to collect data which will help to predict the impact of human behaviour when implementing community
projects. The data you provide will be used as information inputs for a computer model. This model will simulate the effects of
citizen decisions on community outcomes. Moreover, information gathered during this process will be written up as a thesis.

To learn more about the experiment and the researcher’s study, particularly in terms of any associated risks or harms
associated with the survey, how confidentiality and anonymity will be handled, withdrawal procedures, incentives that are
promised, and how to obtain information about the study’s results, please read the letter of information found at the beginning
of the survey.

This study should take approximately 30 minutes to complete. People participating must be 18 years or older and must be a
homeowner or tenant living in Canada.

This experiment is part of a study that has been reviewed and cleared by the McMaster Research Ethics Board (MREB). The
MREB protocol number associated with this experiment is 2017-076. You are free to complete this study or not. If you have any
concerns or questions about your rights as a participant or about the way the study is being conducted, please contact:

McMaster Research Ethics Secretariat

Telephone 1-(905) 525-9140 ext. 23142

C/o Research Office for Administration, Development and Support (ROADS)
E-mail: ethicsoffice@mecmaster.ca

Note: This experiment does not support
Internet Explorer. Please use Chrome or
Firefox browsers.
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Appendix 42 - Intro Survey

Section 1 of 6

>

A Study of Household Decision Making:
Background Information

Letter of Information
Student Investigator:

Julien N Gordon

School of Geography & Earth Sciences
McMaster University

Hamilton, Ontario, Canada

(905) 5259140 ext. 28611

E-mail: gordonjn@mcmaster.ca

Principal Investigator:

Dr. Niko Yiannakoulias

School of Geography & Earth Sciences

McMaster University

Hamilton, Ontario, Canada

(905) 5259140 ext. 20117

E-mail: yiannan@mcmaster.ca

Research Sponsor: Natural Sciences and Engineering Research Council (NSERC)

Purpose of the Study:

We are trying to discover how individual household decisions affect municipal communities over time. Human behaviouris a

B e T O T S Y PSPPI
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Purpose of the Study:

We are trying to discover how individual household decisions affect municipal communities over time. Human behaviour is a
crucial factor to understand when estimating the effects of social policies. In many cases, we do not have the opportunity to
test policies without potential adverse effects. Through this experiment and survey, we hope to collect data which will help to
predict the impact of human behaviour when implementing community projects.

You are invited to take part in this study on household decision making. The data you provide will be used as information
inputs for a computer model. This model will simulate the effects of human behaviour on community outcomes.

Procedures involved in the Research:

You will be asked to provide some basic demographic information. You will take on the role of someone living in the
community of Hamilton or Calgary. You will be given an income within the experiment, and provided with some basic
information about the neighbourhoods. You will be asked to indicate where you would choose to live, and how much money
you would spend on different categories. You will make these choices ten times, with each set of decisions

representing a year in the experiment. Finally, you will be asked to complete a survey about your decisions and habits in your
real life. Note that there are no “correct” answers, we rather want to gather information about your individual choices.

The experiment is expected to require about 30 minutes of your time. This can be completed at any computer with an internet
connection, or on one of our designated laptops. If you are participating online, you may also choose to quit and resume the
experiment at a later time if you wish.

Are there any risks to doing this study?

The risks involved in participating in this study are minimal. You may feel uncomfortable or experience stress with some of
the spending decisions that you will make. You may also feel distressed when considering some of the scenarios, including
low income levels, presented within the game.

While we do not collect names, email addresses can be personally identifying. Survey responses could be linked to your
email address in the event of a security breach. Thus, there is a privacy risk associated with participating, however this risk is
minimal.

Potential Benefits

The research will not likely benefit you directly. You may find it helpful to have undergone a budgeting exercise within the
game to make you more financially aware of your spending habits. Your community may benefit in the long term through
policy-making which takes into account how the people in your neighbourhood would react.

Payment or Reimbursement

If you complete the experiment, you will be entered in a draw for a $500 Amazon.ca gift certificate.

Confidentiality

The information you submit for this study will be kept confidential. | will not use your name or any information that would
allow you to be identified. No one but Dr. Niko Yiannakoulias, my supervisor, and | will know whether you participated in the
study unless you choose to tell us. If submitting paper responses in person, your information will be stored in a locked
cabinet as soon as possible.

If completed online, your email, consent information and survey responses will be stored in a password-protected file for
distributing prizes and study results. After approximately September 2018, when | expect to submit my thesis, this database
will be destroyed.

Participation and Withdrawal:

Your participation in this study is voluntary. If you decide to be part of the study, you can stop (withdraw) from the experiment
for any reason, even after signing the consent form up until December 2017. The experiment will have a quit button on every

page, enabling you to withdraw. If you decide to withdraw, there will be no consequences to you. In cases of withdrawal, any
data you have provided will be destroyed unless you indicate otherwise.
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How do | find out what was learned in this study?

| expect to have this study completed by approximately September, 2018. If you would like a brief summary of the results, we
will share it with you via email.

Questions about the Study:

If you have questions or need more information about the study itself, please contact me at: gordonjn@mcmaster.ca

>4

Section 2 of 6

Consent to participate

This study has been reviewed by the McMaster University Research Ethics Board and received ethics clearance. If you have
concerns or questions about your rights as a participant or about the way the study is conducted, please contact:

McMaster Research Ethics Secretariat
Telephone: (905) 525-9140 ext. 23142
C/o Research Office for Administrative Development and Support

E-mail: ethicsoffice@mcmaster.ca

I have read the information presented in the information letter about a study being conducted by Julien N Gordon and Dr.
Niko Yiannakoulias, of McMaster University.

I have had the opportunity to ask questions about my involvement in this study and to receive additional details | requested.
I understand that if | agree to participate in this study, | may withdraw from the study at any time or up until December 2017
| agree to participate in the study.

| am 18 years of age or older

Do you wish to continue with the study? *

Yes, | agree to participate

No, | do not agree to participate
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Section 3 of 6

>

Survey Questions

Please answer the following questions. You must enter a valid email address to participate in this study.

What is your email address? *

How old are you?
18-20
21-30
31-40
41-50
51-60
61-70

71+

What is your income bracket?

$0 - $24,999
$25,000 - $49,999
$50,000 - $74,999
$75,000 - $99,999
$100,000 - $124,999
$125,000 - $149,999

$150,000+
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What is your highest level of education achieved?

None
Elementary school
High school

College/university

Section 5of 6

»<

Final study results

Would you link to receive a summary of the study results via email?

Would you like to receive a summary of results? *

Yes

No
Section 6 of 6 ) :

Thank you

Click the SUBMIT button below to complete this part of the study. Following this, you will be sent an email (from
thedecisiongame@gmail.com) containing a web link to the study. Check your spam folder if you do not receive the email
initially.
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Appendix 4.3- Instruction Page

McMaster
University BEx

¥

LUV L LU LD,
A Study of Household Decision Making

Instructions

Welcome to experimental role play game component of DecisionGame.

You will be playing as a prospective homeowner in Calgary with a spouse and a
household income of $60000.

You will be making 10 years' worth of decisions. Every turn of the game represents one
year of your life.

Every turn involves choosing or confirming where to live, and how to distribute your
income. The page instructions are relatively simple and will walk you through how to
make your decisions.

This process may feel repetitive, but please remain patient, and consider that the
decisions of your previous turn will be saved for quick access should you not wish to make
any changes.

MNote: Please do not click back or refresh
your browser ance in the game. This
may create duplicate records.
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Appendix 4.4- Exit page

McMaster

University 22

L
AL U UL L LU LDy
A Study of Household Decision Making

Role Play Complete!

Thank you for completing the role play
experiment. Your answers are a valuable part
of this research.

You're almost done! Please complete one
more exit survey to be entered into the draw
for a $500 amazon.ca gift certificate.
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Appendix 5- Exit Survey

><

Section 1 of 10

A Study of Household Decision Making:
Survey #2

Thank you for completing the decision game! Mow, we wish to ask you a few specific questions about your personal
circumstances, attitudes and opinions about flood risk in the environment in which you actually live.

><

Section 2 of 10

Email address

First, please verify your email address *
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Section 3 of 10

>«

Where you live

What is the name of the neighbourhood within your city or town if applicable? E.g.
Kensington, East End, Midtown, Riverdale

What are the first three digits of your postal code?

Are you an owner or a renter of your current home?

Owner

Renter
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Section 4 of 10

»<

Risk, risk perception and experience

How would you evaluate the risk of flooding in your community?

Very high
High
Medium
Low

Very low

Mo risk

Do you live in an area that could be flooded in the case of extreme weather
conditions?

Yes
No

Don't know

Have you personally experienced the impacts of flooding?

Yes, more than once
Yes, once

No
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Section 50of 10

>4

Information about flooding and flood
prevention

Do you feel sufficiently informed about the occurrence of flooding and possible
prevention measures?

Yes
No

Don't know
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Where did you learn how to protect yourself against flooding? (select all that
apply)

Don't have any information/don't know

Personal experience

Talking to others affected

Media coverage (e.g., television, newspapers, radio, internet news sources)
Public information events

Social media

Government information sources (municipal, provincial or federal)

Other

If you answered 'other’ to the above question, please specify

»<

Section 6 of 10

Flood prevention measures

Have you personally taken measures to protect against flooding?
Yes

No
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><

Section 7 of 10

Flood prevention measures

Have you personally applied structural measures? For example, have you sealed
wiring/electrical conduits against water seepage, used water resistant building
materials, installed backflow prevention valves, or relocated electrical panels?
Please describe.

Have you personally applied any non-structural changes to your household
environment? For example, have you moved furniture out of basement, prepared a
flooding emergency kit that includes essential documents or made an emergency
evacuation plan in the event of a flood? Please describe.

Have you purchased any form of flood insurance?

Yes
No

Don't know/unsure
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Section 8 of 10

>«

Attitudes and expectations

Do you think that you are capable of reducing the impacts of flooding?

Yes

Don't know

Do you think that your losses due to flooding will increase in the future?

Yes
No

Don't know

Assuming that the risk of flooding increases in the future, to what extent do you
agree with the following statement? "Due to the flood protection measures in my
community, no further measures are needed to protect my home from floods"

Strongly agree
Somewhat agree
Neutral

Somewhat disagree
Strongly disagree

Don't know
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Section 9 of 10

>

Study information

If you know of anyone who may want to participate in this study, please consider inviting them. By including their emails here,
we will send them an invitation to participate on your behalf. You are not required to complete this section.

Invitation 1

Invitation 2

Invitation 3

How did you find out about this research?

| was recruited in person
Through my social network (Twitter, Facebook, etc.)
| saw a poster or pamphlet

From a web page
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Section 10 of 10

>«

Thank You for Completing the Study

Your participation is much appreciated. Your answers are a valuable part of this research.
Please click the SUBMIT button to complete this survey.

As a thank you for participating in this study, we would like to offer you a chance
to enter a draw to win a 500 dollar gift certificate to amazon.ca. Would you like to
be included in the draw? You will be informed of the draw results at the end of the
data collection period (September 2017).

I would like to be included in the draw

| do not wish to be considered for the draw
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Appendix 6.1- Mapped Neighbourhood Inforivaticability

e

Walkability level
- g Lowest walkability
@ Moderate walkability
[ | Highest walkability
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Appendix 6.2- Mapped Neighbourhood Imfedr8atiool Access

School access level
Lowest access

Moderate access

Highest access

167



M.Sc Thesisd Julien N Gordon; McMaster Univerditgchool of Geography &
Earth Sciences

Appendix 6.3- Mapped Neighbourhood InfadrHatise Price

B

e

VAN

House price level
Highest price
Moderate price
Lowest price

“RA
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Appendix 6.4- Mapped Neighbourhood InfadrRktazhRisk

k=S

Flood risk level
| Highest risk
e Moderate risk

Lowest risk
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Appendix 6.5- Mapped Neighbourhood Infodr@aitioa Risk
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