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Abstract
Climate change will cause increased frequency extreme weather events with more frequent

stormwater runoff and floodin@.herefore it is increasingly critical to understand how to address

the increased runoff as well as mitigate and protect against the effects of climate change. Green
stormwater infrastructure (GSI) refers to features that can help absorb, collect aaxt redir

increased stormwater runoff. However, GSI and stormwater management (SWM) are alien or
overlooked concepts to much of the public. This study aimed to understand how education in the
form of a design charrett e arefd vdluesaodhlactiones 1 mp a
towards GSI in a flood prone community in Cambridge, Ontario. Pre and post surveys, site visits,
interviews, and observation at the charrette and facilitator notes were used to understand the

effect of education on changing perageps and actions among residents. Educational methods

were | argely not effective at changing reside
a few questions related to SWM action and the impact on water bodies. Being impacted by

extreme weathegxperiencing extreme weather and household income, were significant
covariates that influenced residentsd respons
was driven by cost concerns, perception of higher level of government responsibility, meed fo
government leadership on GSI, and value of current property uses among residents. However,

residents appreciated receiving education and desired more education on GSI.

More research is needed to understand how to engage and motivate the public ®&$hstall

While education did not prompt most participants to install GSI, it created awareness for GSI and
SWM, which was not previously considered by many residents. Upon education in GSI,
participants were generally supportive of these endeavors. As clihvaige worsens, it will be
increasingly critical to find ways to build the support and engagement needed to install GSI in
communities. Researchers and land use practitioners must find ways to fund GSI, galvanize the
public to implement it in their propges, show leadership by implementing GSI throughout the
community, provide incentives, financial and Aorancial, to spur residential implementation,

and use risk mapping to prioritize and encourage GSl installation among residents. Practitioners
shouldalso encourage smaller n@SI actions residents can take to improve SWM on their
property as these are easier, cheaper and likelier to be done by residents. Practitioners should
build on the momentum and support generated by public engagement evemitetoant GSI

and SWM in their neighbourhoods and communities.
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1.0Introduction
Increasing urbanization is a global phenomenon, with the increased amountlefrpeving to

cities across the past 40 years (UNESCO, n.d.). In combination with intensifying rainfall events
due to climate change (NASA, n.d.), growing amounts of impervious surfaces in urban areas are
becoming increasingly problematic for stormwater agggment (SWM). Also the Region of
Waterloo, Ontario, has experienced an increase in the amount of impervious surface cover
(Region of Waterloo, 2010). For instance, an assessment performed in the City of Kitchener,
Ontario, discovered 44,500 large, mediand small singléamily residences constituting over
1,100 ha of impervious surface (consisting of roofs, driveways etc.) in which residential
properties comprise a substantial quantity (Cote & Wolfe, 2014). The problem of stormwater
runoff from impervioussurfaces will grow in the futur&he Region of Waterloo has undergone
much urbanization, around 50% of new residences are constructed outside of already existing
urban spacewithin the builtup areas in the urban boundamsix of the past eight yeaasd

new residential units built external to existing urban areas exceeded those built within existing

urban areas in 2012 and 2015 (Region of Waterloo,.n.d.)

The Intergovernmental Panel on Climate Change has cautioned that in Canada more frequent and
severe storms will occur in the future (Credit Valley Conservation Authority, 2015). These
outcomes are already occurring. For example, in August 2016 a severe downpour occurred in a
residential suburban Cambridge neighbourhood within the Region of Watéheaainfall

event dumped 100 mm of water in some parts of Cambridge and Kitchener, resulting in road and
residential basement flooding. The flooding prompted a response from the City of Cambridge

who partnered with Reep Green Solutioressubsidiary oGreen Communities Canadand

the University of Waterloo, to investigate approaches for improving community SWM to prevent
further incidents given a changing climate. One solution revolved around the use of green

stormwater infrastructure (GSI), alsoegkd to as low impact development.

1.1. Research Purpose and Case Study
The research purpose is to explore how GSI education with educational brochures and design

charrettes impacts the attitudes, knowledge, beliefs, intentions, and behaviours nfgeside

regarding GSlI, in a flood prone community. The partner organizations wanted to use education



to engage the public and implement GSI features in the community. Green Communities Canada
developed a pilot model of a design charrette to educate residdentsflaod resiliency and GSI.

Reep Green Solutions decided to deliver this form of charrette in the flood affected Cambridge

study community. As this model applied to flood resiliency is a relatively new concept in

Canada, research was needed toundelstan he ef fecti veness of charr
views and actions towards GSI. An educational brochure was also used to educate residents

about flood resiliency and GSI. Though educational brochures are used sometimes in public
education, its effets in GSI education are less well known and Reep Green Solutions was

interested in understanding its effectiveness as well. Surveys and interviews as well as site visits

and observation were employed with residents in the study neighbourhood to undeestand

factors surrounding the effects of education on attitudinal change and behavioural shifts.

This research will address the need to investigate the efficacy of education measures to positively

i mpact atetwesdkeowledge) beliefs, intentioasd behavioursegarding GSI. It will

also address the larger context of public engagement and behavioral and attitudinal change.
Behavioral and attitudinal change towards GSI are increasingly important as flooding and

extreme storm events intensifyireth wa ke of ¢l i mate change. To th
study is the first of its kind in Canadaltimately, it is hoped that the results from this research

can help inform effective educational approaches that will lead to the implementation of GSI

mehods on residentsdé properties.

1.2. Research question
To carry out the investigation of educational

a research question was devised. The current research was performed to answer the main
researchquesthrHow does education affect residentsd v
regarding green stormwater infrastructure (GShH@ four specific research sgjiestions will

focus on the effects of education on residents'": 1) views, 2) attitudes, & aald 4) behaviours.



2.0Literature Review
This literature review will examine the definition, origin and application of GSI. Topics related

to the application, benefits and challenges of the use of GSI are examined. The mental and
physical health impas of GSI in relation to the built environment and the ecosystem services
offered by GSI are discussed. Means of participation and public engagement, and barriers to GSI
are also reviewed. Lastly the outstanding knowledge gaps present in the litenadunesas of

contribution for future study as mentioned by the literature highlight the need for this study.

2.1. Urban stormwater management issues and the need for GSI

2.1.1.Foundation: Climate Change
Climate change refers to anthropogetatised chages in the atmosphere and concomitant

decline of biodiversity and natural systems (Nurse et al., 2010). Climate stability is a significant
influencer of sustainable population health. Climate change will create pervasive consequences
of population baseduman health. Water resources have a direct connection to climate change,
and water resources management impacts the vulnerability of human health, ecosystems and
socioeconomic activities (Gibbons, 2016). Furthermore, water management is expected to
function as a means of conservation. Climate change is anticipated to result in drastic alterations
to the availability of water in Europe, with rising shortages and droughts in southern Europe and
floods across the continent. Droughts are connected with #ss stf modified diets and
disintegrating livelihoods in developed countries as water is vital for food and food production
(Coutts, 2010). Climate change is projected to negatively impact water resources, lead to more

frequent floods and storm severitydazombined sewer overflows.

Climate fluctuations likely resulted in more than 150,000 deaths globally and are responsible for
nearly 90% of the increase in health risks plaguing juveniles (Coutts & Hahn, 2015). Climate
change is currently impacting healtiahich will become increasingly pervasivgSl at the

larger scale can serve as a climate change buffer through increasing the amount of ecological
resources and providing areas that can adapt or control extreme climate variations like flooding
or drought which may be done through provisioning areas that allow surplus rainwater to be
collected and then dispersed (Mell, 2009). As the severity of extreme weather events increases,
large scale GSI is more viable. Such large scale GSI could be a networaftereenable the

flow of water or pollutants to migrate from source points to storage areas, dispersion and release.



In a study in Los Angeles, Belden & Steele (2011) found that retrofitting streets with GSI such as
trees that provide shade and can loteemperatures from the urban heat island effect as well as
lower greenhouse gas emissions. It has been stated that green space like trees, urban greening
initiatives, and pocket parks have reduced or stabilized the surrounding temperature in New York
(Mell, 2009).

SWM concerns are some of the most commonly mentioned for climate change. This is because
climate change renders a crucial component of urban drainage design insecure as differences will
occur between the rainfall amounts the infrastructure wastieated to handle and the amounts

it actually has to manage. This will endanger neighbourhoods with flooding, property damage

and human safety threats (Moore et al., 2016).

Larger and more frequent storms have resulted in substantial social, envirdrandritaancial
conseqguences. For instance, Hurricane Sandy in 2012 resulte&i@on USD in
stormwateilinked damages (Shandas, 2015). Due to the massive extent of impermeable surface
cover combined with predictions of heightened severity, freqjuand scale of storm events,

local governments increasingly are using GSI such as rain gardemstdsoon and urban tree

canopies to mitigate against climate change and to handle stormwater (Shandas, 2015).

The potential to improve resilience or ttepability of the system to act as anticipated in the
wake of change to stormwater is important for research. For instance, directing impervious
runoff to lawns or stormwater infiltration methods has been estimated to offset climate change
sparked floodingMoore et al., 2016). The possibility for natural vegetation to offset at least
some of the projected rises in runoff and flooding from climate changes has been assessed,

generating calls to classify GSI as an imperative part of adaptive planning (Mahre2616).

2.1.2. Implications: Urban Heat Island Effect

Urbanised regions have an increasingly different climate in comparison to urban fringe or rural
regions due to budtip infrastructure (Mell, 2009). As a result urban areas are expected to have a
smaller tolerance to climate change as they are comprised of closed systems (Mell[1#909).
urban heat island effect is a concept that is ascribed to urban areas, which are hotter than the
surrounding regions (Taylor & Hochuli, 201Extreme heat haglaerse impacts on urban

dwellers, especially those vulnerable to poor health. Heightened warming in urban regions is

4



connected to respiratory conditions, asthma, allergies as well as mortality (Taylor & Hochuli,
2015). The urban heat island effect and poair quality are a result of impermeable surfaces

and reductions in the amount of open space (Dunn, 2010).

Certain climate hazards can be offset by the presence of green spaces (Taylor & Hochuli, 2015).
For instance, heatwaves heighten morbidity imaarregions from heat exhaustion and heat

stroke, while green spaces lower the impact of heatwaves through lowering heat storage and
nocturnal reradiation.Green space can refer to public and private gardens, street trees, remnant
vegetation and urban agulture. A study performed in the UK found that a substantial reduction

in mortality from respiratory conditions occurred in areas with an abundance of green space,
amounting to a 25% drop for high amounts of green spaces for deaths and 85% better mental
health in selreported data (Nurse et al., 2010). These results mirrored by another study in the
Netherlands that found that residents who reside near greenspace indicate better health than those
in the most urban areas (de Vries et al. 2003).

GSI may preide microclimate controls in urbanized places through providing spaces that collect
rainfall, absorb radiation from the sun and amplify urban cooling. Modelling done on the effects

of blue-green infrastructure in Vienna, Austria, found that reducing imgjlttaction by 10%

through GSlinitiativeslo&@r ed t he heat | oad i #loiseetd. 2016).t he «c
Increasing the vegetation by 20% in combination with reducing building density by 10% and
reducing pavement density by 20% yAlosdetiad d c ool
2016). In their Los Angeles studgelden & Steele (2011) investigated the effects of &1l

sustainable landscaping added to 24 neighbourhood homes in a neighbourhood. The pre and post
study design allowed the authors to assess the impact of GSstingghat as neighbourhood

trees grow, shade from canopy cover lowers temperatures from the urban heat island effect and
subsequently decreases release of greenhouse gases from air condBieldiely & Steele,

2011)

2.1.3. Problem: Urban Flooding

Rundf directed from impervious surfaces into water bodies transports pollutants from the
surfaces into the water bodies. This is unlike runoff that is directed toward permeable open area

filters that can handle moderate amounts ofpoimt source pollutionrad aid groundwater



recharge (Coutts, 2010). Consequently, the conservation of floodplains and and riparian corridors
can assist in limiting the adverse impacts of polluted surface waters on water bodies. GSI can
assist this process by handling and coltextxcess surface water, which is particularly

important for areas in flood plains (Coutts, 2010).

For instance, a study by Montalto et al. (2007) in Japan demonstrated that installation of
permeable pavement and infiltration pipes in a 16.7 ha studyoaveeed peak runoff volumes

by 1520%. Another study by Booth and Leavitt (1999) in Washington State found that a 16 h
storm with a peak intensity of 0.4 mm per hour produced almost no runoff where permeable
pavement was installed, but resulted in-Dmdmof runoff in 15 minutes at peak levels where
conventional pavement was installed. A study by Moore et al. (2016) in Hiawatha, Minneapolis,
United States, found that a 52% reduction in flooding occurred when adding bioinfiltration to
15% of the watershedreating at minimum, 10% of a local watershed with bioinfiltration can
yield significant reductions to flooding in built out areas like the Hiawatha (Moore et al., 2016).
GSI, when applied at a large enough scale across municipal areas, can curtais strbgsois
crucial in terms of ability to control floods, capture stormwater, and recharge groundwater (Mell,
2009).

2.2. The Classification and Application of GSI and its Benefits

2.2.1. Intervention: Green Stormwater Infrastructure
Green stormwatenfrastructure (GSI) is an environmentally sustainable method of land use

management that keeps runoff nearby to the source by maintaining the natural landscape

attributes and increasing permeability (Tredway & Havlick, 2017). GSI was first applied in

Prine Georgeds county Maryland in the 1980s whe
resources for the county, Larry Coffman, was charged with handling pollution. To achieve this,
Coffman implemented GSI to handle pollution and excess runoff in the rggianmpact

development (GSI) technology, 2018SI complements conventional stormwater management

(SWM) to help manage the inadequacies of volume and pollution treatment infrastructure

(Bhaskar et al. 2016). GSI also replicates the functioning of natystms through retention,

infiltration or evapotranspiration of stormwater near to its source (Bhaskar et al., 2016).

Sustainable urban drainage enables effective water resources management and increased control

over the water resources (Mell, 2009)dn also be utilized to offset heightened urban flood
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risk, diffuse pollution and decrease habitat fragmentation, which are attributed to climate change
and increasing urbanization (Mak et al., 2017). L-=tergn urban stream monitoring studies cited

by Gafifeld et al. (2003) in Long Island, New York, and in a zerder catchment has

demonstrated that urban developments resulted in higher flood peaks and contributed to rises in
yearly runoff volumes at two to four times the rate of earlier rates for subrgtpams and

fifteen times the rates for highly urbanized zones. Various approaches can be used to limit such
flood peaks. For instance, GSI measures that increase infiltration include rain gardens, permeable
pavement and grass swales, while measuresdt@rwetention include dry wells, bioretention

cells and rain barrels, and measures for increased evapotranspiration include sod and green roofs
(Bhaskar et al., 2016).

GSlhas been found to enhance neighbourhoods in regards to neighbourhood beautificatio
heightening property values, improving streetscapes, and improving soil quality (Elkin, 2008). In
addition, GSI has been found to have positive social and public health effects. For instance, the
Rainway project in Vancouver led to increased neighbadsocial cohesion supported by the
work on GSl installation and maintenance by neighbourhood residents (Welsh & Mooney,
2014). The installed GSI will develop into a network of vegetation and soil components that
supply ecosystem services and provide ilrste against disturbances from climate change

(Welsh & Mooney, 2014). Another study fraime Netherlands showed that, after accounting for
sociceconomic variables, green space located witFerkin heightened sefferception of

health especially by peapfrom lower socieeconomic backgrounds (Nurse et al., 2010). Low
incomestatus groups, youth and elderly are at the highest risk of poor health in urban areas
(Taylor & Hochuli, 2015) and therefore would benefit most from the positive health effects of
GS.

2.2.2. Assessment: Efficacy of GSI Interventions
The efficacy of GSI at reducing stormwater runoff in urban settings has been examined by a

variety of authors. For instance, GSI installatioWWaterford, Connecticuteducedwvater runoff
after residenal development by 42%, similar to pdevelopment levelfAhiablame & Shakya,
2016).GSl use in the District of Columbia and in the Township of North Huron, Ontario, led to
12% and 5% storm runoff capture, respecti@lgiablame & Shakya, 2016Rioretention

systems are also efficient in infiltration, evapotranspiration, groundwater recharge, pollutant load



reduction and lowering of runoff volumes and peak flows (Ahiablame & Shakya, 2016).
Furthermore, a modeling study fibre City of Bellevue, Washingtpdetermined that GSI
installation could result in a reduction in downstream water detention volume3£230
(Atchison, 2008). Other modeling work has shown that with 20% GSI coverage, sewer intake
starts to level off (Zellner et al., 2016). It has disen found that 20% GSI coverage would
reduce road flooding and 30% GSI coverage would start to relieve the sewer system from

working at full capacity and eliminate downstream outflow (Ghimire et al., 2016).

GSl installation in the Sugar Creek WatersheNanmal, McLean County, Central lllinois, has
been found to lower the average runoff by 47% from 186 mm to 99 mm, with treatment of
parking runoff having greatest efficacy and treatment of rooftop runoff having lowest efficacy
(Ahiablame & Shakya, 2016) hE installation of bioretention GSI in four mei&imily

residential zones in Atlanta, Georgia, resulted in a 50% reduction in stormwater Hfiammilii
residential zones for a 18@ar storm (Jeong et al., 2016). In another study fvbssissauga,
Ontarp, it was found that GSI was able to increase infiltration of stormwater volume 32560
following 30 mm rainfall(Sandink, 2016)

Various GSI types have different abilities to affect peak rainfall intensity and flood levels. For
instance, bioswales aragerior in early peak intensity storms, while porous pavements do better
in middle peak intensity storms and green roofs are superior in late peak intensity storms (Qin et
al., 2013) Related to the phenomenon of varying levels of success and perfornh&fskio

that combining different types of GSI can have benefits. It has been found that using three GSI
types (i.e., rain gardens, permeable pavement and stream naturalization) simultaneously resulted
in the highest peak flow runoff reductions, varyingnfir27% for 506year storms, 42% for-2
yearstorms (Tredway & Havlick, 2037The efficacy of combined GSI types can be explained

by the variation of benefits and limitations of each GSI type that are offset by combining GSI
types. For instance, permeabkl/pment is very good at flood reduction, but requires much land

to install and has low storage capacity, while bioswales have small effects on flood mitigation,
but require less land and have high storage capacity (Qin, et al., E0i8)stance, when

bioretention units and rainwater harvesting are combined, the amount of land used for GSI
declines from 8% to 7% in single family zones and from 17% to 14% in-faaiily residential

areas (Jeong et al., 2016)ther research has shown that rain gardens ltav water detention



capability, but can be used to reroute rainwater from sewers to other sinks (Green et al., 2012).
Thus multiple GSI types work better than a singular type for urban flood mitigation across a

range of storm types.

Clearly, great vaation exists among the findings of GSI studies because many factors contribute
to the efficacy and performance of GSl initiatives. The design and function of GSI differs greatly
due to variations in precipitation pattern, soil, topography and climatdditiaan to the

watershed drainage dynamic (Kertesz et al., 2014). Though individugde&Stmance varies,

the general trends show that GSI can be effective at reducing surface water flows and urban
flooding.

2.2.3. GSI and Mental Health
Research has examed the impact that GSI has on mental health and has highlighted that

exposure to nature provides a slew of mental health benefits (Coutts, 2010). Being around and
feeling connected to natural environments has demonstrated to foster mental healtlssash as
reduction, forging positive affective states and better cognitive performance (Coutts, 2010).
Green infrastructure is beneficial for mental health as the presence of greenness predicts mental
health, exclusive of effects on physical fithess andascohesion (Coutts, 2010). These benefits
stems from the intrinsic human preference for aspects of the natural environment and processes

that have the capability to replenish and renew reduced functional resources (Coutts, 2010).

Being around green spackas been linked with numerous public health benefits including
reductions in stress and mental fatigue (Kondo et al., 2015). A study imibersity of

California, Irvine that evaluated 112 young adults walking in natutented and urban areas
foundthose that walked in natumiented areas had reduced anger levels, heightened positive
moods, and reduced stress as indicated by blood pressure ratings, relative to those in urban areas
(Hartig et al., 2003). Research has demonstrated that accessricgaees is associated with

lowered stress levels, and people who report to visits to green spaces more often and spend

greater amounts of time there report less strelsged ailments (Coutts, 2010).

The literature outlines a number of effects that & on exposure to nature and the public
health benefits obtained by them. r ecent review identified that



areas lowered physiological indicators of stress like skin conductance and blood pressure, and

increased selfeportedmental wellness (Nurse et al., 2010).

Urban stimuli may overwhelm some residents with noise from traffic, congestion, lights and

signs bumature exposure has the ability to restore cognition from stimuli overload (Taylor &
Hochuli, 2015). It has been a&sted that the presence of green space in communities is
advantageous for residents regardless of whether they actively utilize it or not (Taylor &

Hochuli, 2015). Natural areas are valuable for stress recovery, and gardening has been shown to
lower stresgTaylor & Hochuli, 2015)Elderly residents seated in a small garden for an hour had
superior measures of concentrations than when they remained in their rooms (Nurse et al., 2010).
This is beneficial, as residents who install GSI features in their gaodenderive benefits not

just from the presence of them, but also by tending to the features. Green spaces are also
important for childrenMore green spaces in urban areas lead to heightened concentration and
seltdiscipline in juveniles, and more playie for children (Nurse et al., 2010). Parents also rank

the mental health of children participating in green activities as better (Nurse et al., 2010).

Additional advantages of GSI include figreen e
aggressionyiolence, vandalism, assaults and generally reduce crime (Kondo et al., 2015).
Community building through participation in environmental activities has been demonstrated to

boost community pride and enrich urban neighbourhoods (Nurse et al., 2010). @otigequ

some bodies, like the European Environment Agency, have recommended that people should

have a less than 15 minute walk to a green space, and English Nature, a UK government agency,
recommends that urban residents should have a green space aceefisaie800 m away from

their homes (Taylor & Hochuli, 2015).

2.2.4. GSI and Pollution Reduction
Humans rely on water for basic life needs and sustenance. But high water quality and quantity

depends on the capability of the landscape to replenish gretedand filter pollutants (Coutts,
2010). Rising amounts of impermeable areas in urban regions modify runoff and drainage cycles,
rendering precipitation as transporters for pollutants such as oil, pathogens, toxins, nutrients into
local water bodies (Dum 2010). Excess water volumes from storms result in negative
environmental detriments such as floods and combined sewer overflows (Dunn, 2010).

Therefore, G s benefits for water filtration are <c¢r
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greatestombined sewer overload has an abundance of organic pollutants and suspended solids
that almost matches the rates of untreated sewage (Montalto et al., @80Methods dispersed
throughout urban watersheds can complement natural hydrologic pattetinedbyng rainwater
through flow paths. Models depict that managing runoff in this way would negate need for

sewers and subatchments.

The expansion of metropolitan regions has resulted in inferior water quality and local flooding
(William et al., 2017. More impermeable areas lead to less infiltration and more runoff which
transport pollutants like suspended sediments, polycycratic hydrocarbons, pesticides, fertilizers
and heavy metals from rooves, lawns and streets (William et al., 2017). For inatath8ép

increase in urbanization in Indianapolis, Indiana, from 18331 yielded an 80% increase in

yearly runoff volume while the average yearly burden for lead, copper and zinc rose by over

50% and rates of fecal coliform bacteria have increased (Gidfiell., 2003).

GSI has been connected to pollution filtration (Wright, et al., 2016). For instance, a permeable
paving parking lot constructed in Athens, Georgia, yielded 93% less runoff than a typical parking
lot, as well as runoff reductions in leadpper, cadmium and zinc (Montalto et al., 2007). A
bioretention area can collect runoff from impermeable areas and can permit water to absorb into
soil, where pollutants are eliminated by adsorption, vegetation uptake, sedimentation, microbial
activity andfiltration (Woodward et al., 2009). In a study in North Carolina, nitrogen, suspended
solids, copper, lead, phosphorous, and zinc loads have been reduced and runoff captured by the
soil (Woodward et al., 2009). Similarly in another study in Humboldt Go@dlifornia, it was
determined that pollutants can be addressed through a variety of GSI methods (Kalt, 2010). For
example, heavy metals and petroleum can be handled by permeable paving and bioswales (Kalt,
2010). Nitrogen, pesticides, phosphorous acdlfeoliform bacteria from sewer badks, pet

waste, and septic systems can be reduced through rain gardens or bigsagl2810. Copper

from rooves and car exhausts can be mitigated by rain barrels, rain gardens, and iKedterns (
2010. Howeverthe efficacy of GSI to reduce pollutants is variable. For example, it has been
shown that bioswales eliminated metals and total suspended solids, but reductions of nitrates and

phosphates were variable (Kalt, 2010).
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2.2.5. GSI| and Social Integration
GSI ha the potential to foster social integration of people (Mell, 2009). GSI can heighten

awareness, utilization and ownership of spaces and garner thetelomgse (Mell, 2009). This
can enable people to feel part of these spaces and make the areadsafereaappealing to

others (Mell, 2009)Activities such as gardening, environmental volunteering, and walking can
boost community resilience and sustainability (Nurse et al., 2bbdyever, GSI installation can
be problematic if GSI is planned in a wémat fails to address the variety of community interests

and can lead to reduced use and exclusionary areas (Mell, 2009).

Social interaction and cohesion benefit from natural environments. For example, Nurse et al.
(2010) observed a 90% rise in individuasdggreen space relative to ngneen space, which

resulted in 83% more people being engaged in socialization. Natural features and vegetation can
foster play and create diverse activities suitable for different age groups, which have been shown

to producancreased concentration and motor skills among people (Nurse et al., 2010).

2.3. Making GSI Happen

2.3.1. GSI and Reverse Auctions

Given the | arge amounts of privately owned | a
GSl installation is critical. May studies have examined various approaches to foster such
engagement. For instance, in Shepherd Creek, Cincinnati, Ohio, a reverse auction approach was
usedto distribute GSI measures to homeowners (Mayer et al., 2012). Bidders that were

successful wererpvided a payment equal to the quantity they bade, a rain garden or a maximum

of four rain barrels at no cost, and three years of maintenance for the rain barrels or rain gardens.
The reverse auction yielded the implementation of 83 rain gardens andriGérrals,

amounting to 30% of the eligible 350 residences (Mayer et al., 2012). Almost 55% of the

participants bid $0 for rain barrels, suggesting thatosgt GSI retrofits were required to

incentivize many homeowners (Mayer et al., 2012). A revers@auwspproach has also been

used by Shuster & Rhea (2013) in Shepherdbds C
years (2007 and 2008) yielded installation of 50 rain gardens and 100 rain barrels in the first year
and a further installation of 3ain gardens and 74 rain barrels in the second year. In total this
approach yielded GSl installation in 19% of the 350 eligible residences in the target community
(Shuster & Rhea, 2013).
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2.3.2. GSI and Community Engagement
Other methods have been usediréase GSI implementation in communities. For instance,

GSI projects such as Portland Green Streets a
resident participation, and resulted in lasgale shifts in view of stormwater as a resource

instead of avaste (Shuster et al., 2008). Other studies have used outreach, meetings, workshops,
and education to foster resident participatio
Ballard regarding roadside GSI installation had 75 resident attendesesdormunity GSI

planning meeting (Cramer, 2015). While there was initial opposition to the project, small

community meetings were successful at turning public opinion to support for the project

(Cramer, 2015). Community engagement activities were al$orperd in San Francisco City

and the Wi ggle Neighbourhood Green Corridor (
to lower the amount of stormwater going in the combined sewer system and better pedestrian and
bi king condi ti orydelabeyandatjaenficovinnyiryty seraets. Public

engagement in the GSI project resulted in commtlvaised choices for GSI design options

(Ehsaei et al., 2015). Community associations and groups have been shown to be useful for
garnering participation. Fanstance, the study of the Bottom Neighborhood Empowerment
Association worked with numerous education and GSI retrofit opportunities, such as three
educational workshops in the community, and resulted in the installation of 12 rain gardens and
dispersal 624 rain barrels (Wright et al., 2009).

Outreach communications have also been shown to promote GSI engagement. A study in

Wil mington, North Carolina, has shown that GS
al., 2009). A study in Shepherd Cke®©hio,used various marketing approaches to increase GSI
implementation mailed information packages and door hangers (Mayer et al., 2012). Another
study in Lincoln, Nebraska, has shown that increased publicity around rain gardens increased the
proportionof community members knowing about rain gardens from 34% @€der &

Kouma, 2010). Education and information about the benefits of GSI can also be used to prompt
developers to implement GSI. Incentives for developers, such as offering funding atetiong
maintenance plans for conserved open areas, as well as modifying the approval process to favour
conservation can address some of the large impediments to conservation subdivision
implementation (Allen et al., 2012). This study also demonstrated thdighigng the benefits

of environmental initiatives can increase public acceptance (Allen et al., 2012).
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2.3.3. GSI and Education
Education has been demonstrated as being useful for prompting GSI engagement from residents.

For instance a study conducteglMorth Carolina State University showed that all residents that
participated in the project had education on stormwater runoff and water quality (Wright et al.,
2009). This was iterated in another study, which found that GSl initiatives that were fémiliar
participants were favoured. For instance, a study in Rotterdam, Netherlands, found that rain
gardens had a higher favourability to residents (48%) than green roofs (37%) or green walls
(15%) (Derkzen et al., 2017). In a study in Howard County, Marylamdawareness of GSI

was cited as a challenge to GSI implementation activities (Newburn & Alberini, 2016).

2.3.4. GSI and Financial Incentives
Willingness to pay has been used as a means of assessing engagement in GSI with residents. A

survey by Bowmanteal. (2012) found that 50% of residents were aware of GSI methods.
However participants were unwilling to pay a large amount of money for GSI installation, and
most residents said they were willing to pay only betwee$il$300 for rain gardens and

permedle pavementBowman et al. 2012Accordingly, financial incentives have been shown

to be an effective motivator to get residents to install GSI on their propémtiestives can be in
various forms including rebates, discounts, tax credits, or gi@ofge(and, 2013)-or instance,

a study by Cote and Wolfe (2014) examined permeable pavement as GSI in Kitchener, Ontario.
It examined how incentives, education and oth
permeable pavement. Most participamswered that they felt the need to improve stormwater
management was at least somewhat important and 77% of participants felt a responsibility to
contribute to stormwater reduction management. However, no one was willing to spend more
than 50% of the insliation cost for permeable surfaces, while 85% indicated that they would be
willing to pay more if incentive programs exist&arriers to GSI installment included

awareness and knowledge of stormwater issues, pavement cost and low income (Cote & Wolfe
(2014). A study in Howard County, Maryland, found that the proportion of households willing to
install a rain garden without financial incentives was only IB&wburn & Alberini, 2016).

Thisrate increased over threefold when a 30% rebate was inglNéadbun & Alberini, 2016).

2.3.5. GSI and Aesthetics
Aesthetics and visual appeal of GSI can serve as an additional value that has been noted by

residents. A studyn Wilmington, North Carolina, included a resident survey, which
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demonstrated that beautificatian addition to stormwater management, is a significant aspect
for residents who consider rain gardens (Wright et al., 2009). In a study in Rotterdam,
Netherlands, residents favoured varied and visually appealing GSI initiatives (Derkzen et al.,
2017). The visual appeal of GSI has also been noted in other studies. For instangardens

and bioretention areas provide visual appeal next to ecosystem services such as stormwater

management and pollinator habitat (Kertesz et al., 2014).

2.3.6. GSI Implenentation as a Contagious Process
GSl implementation itself can also help foster participation. Many residents in Wilmington

North Carolinabés Bottom neighbourhood became
barrels after s eerropegy(\Wrigk etaln20@9). Wadofntobtlto ur 6 s p
communication was the most significant way of spreading news about GSI projects in this study
(Wright et al., 2009). Another study in Linco
gardens rose from ¥9to 22% over one year (Meder & Kouma, 2010). This may have been

driven by the greater number of rain gardens and display flags in the community, which was

making rain gardens more familiar in the area (Meder & Kouma, 2010).

2.4. Knowledge Gaps and Knowldge Advancement
The literature review has shown that there is a great body of work on various aspects of GSI.

However, there is a need to further increase understanding about the effectiveness of different
methods of educating the public about GSI. Spedlify, there is a knowledge gap regarding the
effectiveness of design charrettes and educat

behaviours regarding ld¢vel GSI implementation.

This study is the first of its kind to investigate the agadlon of design charrettes to encourage
residentsd i mplementation of GSI on the indiyv
event. Previous studies have used other engagement approaches for GSI implementation at the
parcel level. The current sty differs from Allen et al. (2012), whose study was not in response

to a flood event and that is different because of its setting in the US cdrtiexturpose of the

current study is addressing the above knowledge gaps. Ultimately, answering thespreviou

stated research question will provide the information required to fill these knowledge gaps.
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3.0Methodology
This chapter describes the research methodology applied to the current study. It outlines the

philosophical foundations and paradigm, reskeapproach, means used to collect and analyze
the data, as well as the rationale why these measures and approaches were taken.

3.1. Research Philosophy
My research was guided by the pragmatism research philogd@gmatism originates from

actions, consquences and situations instead of antecd@easwell, 2013)It focuses on

applications of what is functional and solutions to issues. Rather than concentrating on methods,
researchers highlight the research issue and atoglexlerstand the issue. It is a philosophical
foundation for mixed methods studi®agmatic philosophies possess an ontology that is

oriented towards action and efficaSe@sons, Three Research Approaches, 2017).

3.2. Research Approach
There are thregypes of research approaches: quantitative, qualitative and mixed methods. The

current study followed a mixed methods approach. A mixed methods approach uses both
gualitative and quantitative information, combining the two types of data and utilizingeuniq
designs that might be inclusive of philosophical assumptions and theoretical frameworks of both
gualitative and quantitative approacti€seswell, 2013)The goal of this research approach is to
combine the strengths of a quidative approach, such as generalizability, with the strengths of a
gualitative approach, such as comprehensive d&ekwell & Plano, 2007)The mixed

methods approach allows a researcher to mix quantitative statistical data with qualitative findings
or confirm quantitative information with qualitative data to draw comparisons or contrasts. The
central assumption of the mixed methods approach is that using a combination of both qualitative
and quantitative approaches allows a more comprehensive tamdigng of a phenomenon than

using either a singular qualitative or quantitative research approach allows.

The mixed methods research approach applied to the current study used quantitative research
based on surveys and qualitative research in the formestiews. It also applied qualitative
measures collected through site visits with residents and participant observation at a GSI design
charrette. The design charrette also introduces elements of participatory action planning to the
current researchPaticipatory action research was developed in organizational behaviour from

research that concentrated on the active involvement of practitioners, participants and researchers
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in the research process. It concentrates on performing research for and vetihlbosill
benefit from it (Howard & Somerville, 2014). Participatory action research utilizes exploration,

action and reflection to produce knowledge in participants (Sutton & Kemp, 2006).

3.3. Study Design
This study follows a general ppost design wh control group. A treatment is applied in the

form of education through educational GSI brochures distributed to reside ni®-atwar

(Appendi x H) and a GSI desi geaws,attituges,rvauesaad Chan
behaviours regarding G8s caused by the educational treatments are inferred from survey
observations and interviews before and after the educational treatments, and in comparison to

survey observations of a control group that did not receive educational treatments.

3.3.1. Educational brochures
Educational brochures about urban stormwater and GSI (Appendix H) were one of the two forms

of educational treatment and were distributed to 125 residences in the target neighbourhood. The
brochures were distributed on only one side chesireet to minimize those receiving the

brochures sharing the information with neighbours in the control group on the other side of each
street. Streets were chosen to avoid those who signed up for the design charrette and those who
received a rain homasit to avoid overlap of educational treatments. This was done because
overlap of educational methods might fail to educate some residents while repeating the
educational treatment amongst those who already received some form of education.

3.3.2. Design dharrette
A GSI design charrette was the second form of educational treafResndents were invited and

notified about the design charrette via an invitation letter that was sent by the City of Cambridge
to the approximately 800 households in the studg.dPosters advertising the workshop were
also posted throughout the community. The design charrette timing and location were also

included on the back of the educational brochures distributed to residents.

The GSI design charrette was held to allowedig@pants to obtain greater understanding of
notable neighbourhood features and the issue of decreased permeability accompanying an
increase in urbanization and hardscaping in their neighbourhood. In addition, participants were
educated about the conceptlapplication of GSI as well as neighbourhood stormwater

management. This provided participants more comprehensive and detailed information about
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urban stormwater and GSI than offered by the educational brochures. Following initial
presentations regardingban stormwater and GSl issues, design charrette participants were
asked to participate in guided activities prompting them to envision, plan and map GSI
opportunities for their properties and neighbourhood. The charrette activities were guided by

facilitators.

Figure 1. Photos of the September 2017 design charrette. Images show residents learning
about GSI and stormwater management from the landscape architect (top left panel),
designing and presenting their ideas of aread celevance for stormwater management (top
right and bottom left panel, respectively) and GSI solutions in the neighbourhood (bottom
right panel).

The design charrettgas held on a Wednesday evening in late September, 2017, at a local
church.This locaton and time were chosen to minimize barriers for participation and maximize
attendance. The charrette lasted for approximately two hours. Seventeen residents from twelve
households attended. The workshop began with an introductory note by the City Eaginiger
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stormwater management initiatives. A landscape architect then gave a presentation on the
community background and problems posed by impermeable surfaces and increased runoff and
the effect on flooding. The presentation then discussed variousisitenstrategies and GSI

features.

The second portion of the workshop had participants engage to map their community features,
attributes and issues as well as identify opportunities for GSI. The first activity was a

Community Mapping Activity. Participds located areas classified as opportunity areas, notable
community strengths, areas that would benefit from GSI (e.g., a community park or other feature
that could positively showcase or would be enhanced by GSI), issue areas unrelated to
stormwater managnent (e.g., an underutilized area, unsafe areas or unsightly areas) and areas
that are affected by poor stormwater management (e.g., poor drainage or area where water pools
and cannot percolate) and areas that had localized flooding. At the end ofrthecexeaps

were transferred to other tables to give participants the opportunity to agree or disagree with
these classifications. The second activity, had participants identify GSI features that could be

incorporated in the areas identified in the firstreise.

Lastly, a third activity had residents prioritize GSI projects that could be done within the short
term (i.e., within one year), within the medium term, and within the long term (i.e., two years or
longer). For this purpose, residents placed G§kepts along a timeline. Seventeen residents
attended the workshop, including those from the flooding affected street and other parts of the
community. Some residents were previously educated on GSI through RAIN Home Visits or the
brochure prior to the ahrrette. In addition, the charrette was also attended by four facilitators, a
local municipal counsellor and staff from Reep Green Solutions, University of Waterloo, and the
City of Cambridge.
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Figure 2. Timeline Activity: showsthe Timeline Activity where residents placed projects
developed during the charrette on a timeline spanning from short term to long term
projects to prioritize GSI initiatives developed during the charrette.

Participants were allocated to four tables iougs of four to five to achieve demographic

diversity with a variety of age groups and genders at each table and geographic representation
among the neighbourhood, with the exception of one table which only had residents from the
flood-affected street. Tei was done t o minimize deviation
objective by upset residents and monopolization of grievance airing by depriving other residents

of the opportunity to contribute their ideas.

3.4. Data Collection

3.4.1. Pre- and posttreatment surveys

Pre and postreatment paper questionnaires were distributed-tisdoor in July (pre

treatment) and in Septemb®ctober (postreatment) of 2017 to residents on 12 streets in a
residential neighbourhood of Cambridge, Ontario. Stwgets initially selected to be
representative of the larger neighbourhood (e.g., housing type, proximity to neighbourhood
features and services, income level, and proximity to the street affected by the August 2016
flooding incident). More streets were addéroughout the distribution process, as households
rejected the questionnaire during the initial distribution. The-tlmdoor surveys enabled the

researcher to interact with potential participants to explain the study, address any potential
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questionsmad build rapport, which aids in increasi

Questionnaires were also handed out to residents that signed up for a rain home visit as well as

those who registered for the design charrette.

Paper questionnaires wassigned an anonymous code that allowed indivithvall data entry

and analysis to protect participant privacy. An anonymized online questionnaire option was also
available. Both paper and online questionnaire options were provided to allow parti@pants t
choose their preferred response method and thus increase the response rate and

representativeness.

Pretreatment paper questionnaires were collected from participants #&dptgmber, 2017,

and postireatment paper questionnaires were collected ing@etdovember, 2017. The

collection period for the posteatment survey was longer because a period of severe rain and
thunderstorms prevented the researcher from collecting paper questionnaires during much of
October.

The surveys consisted of distributiohpaper questionnaires to 250 residences in the target
neighbourhood (125 who received an education treatment and 125 who did not) and distribution
of project invitation letters to 700 residences (includes the 250 paper questionnaires). The
invitation leters included a link to the online version of the questionnaire. To prompt survey
participation, an incentive of a chance to win a RAIN CAN (a watering can branded with the
Green Communities Canada stormwater program logo) was offered to residents \pheienbm

the preeducation questionnaire.

Despite best efforts, the researcher succeeded only in collecting 47 pairsasfdopest

treatment questionnaires. Limited responses to surveys are a common occurrence for this kind of
research. However, an additial reason for the limited responses may have been the severe
weather that prevented the researcher from survey collection for extended periods of time. This

might have led residents to discard the questionnaires.

The questionnaire collection challengessing from poor weather were addressed using a
staggered pickup for questionnaires in the latter stages of teslpeation survey and during the
posteducation survey. In addition, during the pedtication survey, praddressed postageaid

envelopesvere left with residents who failed to complete the questionnaire at the initial

21

n



collection time. This enabled more responses to be received. Online surveys also led to more
responses, as flyers with the link to the online survey were left when resiolgatistb complete

the paper questionnaire, or were not home during questionnaire collection. To further increase
response rates, incentives were added such addilrs attached to survey reminders and the

chance to win one ofsifaraffe. Ti m Hortonods Gi f't C

3.4.2. Questionnaires
The questionnaires were based on the Green Stormwater Infrastructure (GSI) Questionnaire

developed by Sarah Sinasc in her study of communities in Dundas, Ontario (Sinasad,I2017).
pretreatment questionnaire considtof 43 questions separated into thematic sections (Appendix

B). These thematic sections covered questions
knowledge and education, general and personal GSI effectiveness, responsibility for GSI, GSI

capability, lkelihood and intentions to install GSI, and previously installed GSI.

Many of the questions are thematically linked with sep&@jichological constructs formulated

with Theory of Planned Behaviour (Ajzen, 1991). The theory explains if a person is irnolined

partake in a specific behavio(#jzen, 1991) The relevant socigdsychological constructs

include behavioural attitude (i.e., the extent a person has a positive or negative view of a certain
behaviour), subjective norm¢i, the social pressure a person feels to engage or not in a certain
action), and perceived behavioural <control (i
an activity is to performfAjzen, 1991) Usually, themorp o si t i ve t he personds
subjective norm and the more a person feels they have a greater extent of behavioural control,

the greater the intention the person has towards engaging in the behaviour.

Addi ti onal quest i on s iermeswte@sSl chdirettastandrwerkshogse nt s 6 e
demographics (e.g., age, income), housing type and experience with extreme weather events.

Most question items were of agoint Likert scale type with answer options ranging from
0strongly di s agdr &e20) ,( 10)n etuct réad ids a(g3r)e, G6agreed (
not knowd answer option was also provided, wh
analysis A few question items provided short text, multiple choice, and yes/no answer options.
Participants could skip any questions they did not want to answer. The statistical analysis focuses

on the Likert scale question items.
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The posttreatment questionnaire was very similar to thetpratment questionnaire but also
included sections specifto individual GSI education experiences (e.g., GSI design charrette,
Reep Green Solutions RAIN Home Visit) (Appendix C). The additional sections asked questions
about the usefulness of these educational experiences.

The questionnaire design was a poinstoéngth of the current study. For example, the
guestionnaires included both positively and negatively phrased questions. This accounted for
selection bias such as participants just choosing one response to all questions after experiencing
survey fatigugBen-Nun, 2011). The opeanded questions in the questionnaire allowed the
researcher to gain information that was not anticipated. The inclusion of a picture dictionary,
consisting of a picture and description of each GSI feature, allowed participgraspovhat

GSI beyond a simple written definition.

3.4.3. Interviews
Just as in the case of the surveys, interviews were conducted before and after the educational

treatments. Interviews were sestructured ensuring that metrics could be used to examine
participantsdé6 views and actions towards GSI, b
during the conversation and which could contr
underlying views and beliefs. The interviews provide more informatioreon p i ci pant s 6 at
and perceptions regarding GSI, including unanticipated information that could not be collected

with the surveys. All interviews were recorded by the interviewer in abbreviated longhand

writing, allowing capture of all participant amers. Interviews were on average 30 minutes long

and conducted over the phone or at the partic

Pretreatment interviews (Appendix D) were performed with two participants in the GSI design
charrette as well as with one participant inf#&@n Home Visits. One of the interview
participants resided on the floadfected street, while the remaining participants resided
elsewhere in the neighbourhood. The-preatment interview script asked participants questions
related to their knowledgettdudes, and actions on GSI. Questions surrounding their
expectations of the GSI design charrette as well as experiences with extreme weather and

flooding were also posed.
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Posttreatment interviews (Appendix E) were performed with GSI design charretiie peants.

In addition to the préreatment interview participants, two more pwsatment interview

participants were recruited. Pdstatment interviews focused on the experience the participants

had at the design charrette, the efficacy of the dedigmrette as well as concerns with GSI or

the design charrette. The researcher also asked participants whether their knowledge, support,
responsibility, attitudes and intentions to install GSI, or to modify their property, changed after
attending the desmcharrette. Interviews were done over the phone with of three participants,
while the other two participants were done 1in

One of the challenges in conducting interviews is building trust and rapport with residents, which
is essential for yielding better quality interview responses (Bryman et al., 2012). Hotlever,
researcher was able to build trust and rapport with residents as indicated by honest answers given
by interview participants, who revealed dissatisfactionsflustirations. This trust and rapport

was created through recurring meetings with the interview participants during site visits and

meetings at the design charrette.

3.4.4. Site visits
Site visits were conducted as a complement to RAIN Home Visits. RAINeRdisits are

consultations by experts trained in residential drainage and stormwater management and can be
ordered by residents in the areas of Lake Simcoe, Waterloo Region and Hamilton (Rain
Community Solutions, n.d.). In the context of the current stli@yfree RAIN Home Visits were
offered to residents in the City of Cambridge. After registering for the Rain Home Visit,
residents were asked if they would provide permission for a researcher to accompany the RAIN
Home guide and observe the visit. Sitsitgiwere performed during six RAIN Home Visits. The
researcher observed the RAIN Home guide on the-amdkind of the property and during
explanation of modifications that could be done to better handle stormwater and areas where
features could be instelil such as a rain gardens. When given permission, the RAIN Home
guide and researcher also observed basements for stormwater related issues. In addition to the
RAIN Home Visits, one site visit was performed with a design charrette participant and another

site visit with a survey participant.

During site visits, the researcher collected a standard set of observations describing the area of

the neighbourhood and the property type (Appendix A). The researcher asked the resident
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guestions aligned with the RAINdthe Visit, which related to issues such as paved areas, eaves,
downspouts, drainage and infiltration. Furthermore, the researcher asked questions regarding

views, attitudes, values and experiences with stormwater issues. Finally, the researchers asked

ques i ons regarding residentsodé6 interest in GSI
installation and experiences with extreme weather. In addition to the observations, the researcher

photographed property and neighbourhood features noted by tiine HRAneguide.

Site visits served as an additional qualitative data source that complemented the quantitative data
sources. This approach is useful for revealing overall patterns of GSI perceptions and the impact
the educational treatments had on changing theseptions. It is also useful for examining in

depth drivers behind the perceptions, attitudes and ideals held by study participants that could
not be anticipated or derived with the results of the quantitative survey questionnaire. This is
particularly inportant for case studies such as this that focus on produetgpth

understandings of a certain phenomenon in a specific geographic location.

One challenges for the site visits was recruiting participants. However, the ability of the
researcher to joithe RAIN Home Visits helped addressing this challenge. Another challenge
was building rapport with participants. During the RAIN Home Visits, this rapport was provided
by the Rain Home guide. However, the researcher also was able to build rapport erself a
indicated by the two site visits that were conducted independently from the RAIN Home Visits.
Nevertheless, tven conducting site visits, the researcher may have missed information. Some of
this information was accessible later through obtaining RAIN H@msi¢é Reports from the

RAIN Home guide.

3.4.5. Design charrette participant observations

Two University of Waterloo researchers attended the design charrette and took observation notes
of participantsd®é behaviour s iacludkdatdasaof ogue cont
participants6 agreement and di sagreement abou
neighbourhood, GSI opportunities and issues, and areas of flooding concern. Observations began
after thestormwater and GSiresentations, whh were delivered by the city engineer and a

landscape architect. 17 participants attended the design charrette and were seated at four tables.

The activities at each table were guided by one facilitator. The two researchers were assigned
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responsibility fo two tables each, which was rotated half way through each charrette activity or

when the information died down.

The design charrette observations were focused on understanding the effectiveness of the
educational intervention and how it shaped particpant vi ews and actions. Of
the timing of comments and behaviours, either at the beginning, middle or end of the design
charrette. This allowed assessment of how par

information, participationn design charrette activities, and discussions with other participants.

The presence of two researchers, instead of just one, observing the charrette enriched the amount
of information that was recorded. It also improved the quality of data collectedeszs¢hers can
interpret things differently, and the alternate field of view from the second researcher
compensated for the shortcoming of a singular view (Morrison et al., ZBdrfermore, the

notes completed by the design charrette facilitators alsareed the richness of the data, as the

facilitators could completely focus on the events at their respective participant table.

Usingobservations from the design charrétiastead just the data from the intervieiws

allowed the researcher to obtairtalfrom another interesting perspective. This is because
interview participants might be affected by social desirability bias and be inclined to report their
views and actions a certain way when talking to the researcher directly. The design charrette
obsevations permit the researcher to observe the participants while they are interacting with

peers possibly reducing the social desirability B&ekind, 2010)

A challenge for the design charrette was obtaining enough participants. This issue might have
been amplified because there were only resources to hold one design charrette workshop. The
occurrence of only one possible time for the design charrette limited the number of attendees for
the event as not everyone was available at this time. This wasssgdrby some participants at

the design charrette registration as well as by residents who spoke to the researcher at other

occasions.

3.4.6. Design charrette facilitator notes

In addition to the observations made by the researchers during the desigtteshable

facilitators also made notes of their observations, which they shared with the researcher after the
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event.This was done to fill in potential observation gaps of the two university researchers who
rotated between the tables. The facilitatoteis included information on the design charrette
participants (e.g., number and types of attendees) and addressed interactions among participants,
including what kind of information was exchanged, the engagement style of participants, and the

content of deas expressed.

3.5. Data Analysis

3.5.1. Quantitative data analysis

IBM SPSS was used to perform the quantitative data analysis in this Sawdyaforms of

statistical analysis were used to analyze the survey data. This intiiedtsl to investigat

differences in survey responses between participants who received or did not receive education.
ANCOVAs were also usetb investigate whether there were any effects of educational
treatments on par t,iwhile @apensatiog fos comiodiagyvarialdesip ons e s
addition, linear regressions were used to investigate whether educational treatments affected
survey responses positively or negatively. Clesaded survey questions where participants

ranked their response on a one to five point ttikeale were analyzed to determine their effect

and statistical significance.

T-test

T-tests can be used to investigate whether there are differences in the means of two groups. This
test does not account for the possible effects of confounding vari&bkhe current study
different groupings were used:ldeforeversus after the educat@rtreatment, and having

received education versus #wving received education.

ANCOVA

ANCOVAs (Analysis of Covariancegan beusedto assess if there are sifitant effects of
categoricaindependent variables on a dependantmally continuousyariable while
accounting for the possible effects of confounding variables (i.e., covariates) (Fan | 20k2)
ANVOAs, which simply examine differences in grogverages, ANVOCAs assess differences
in means adjusted for tleffects ofcovariats. Consequently, this means any variable that is
measureable and could have a statistical link to the dependent vadalilbe considered a

covariate, which means covaea can affect the dependent variable. They are considered
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bothersome as they can obscure the relationships among the independent and dependent

variables, thus they need to be controlled in analysis.

In this study, the demographic data collected in theesyre.g. age, gender, length of time at
residence, in addition to participantso exper
covariates in the analysis. Tlapproachwasusedas the researcher wanted to understand if other
attributes were influgcing responses of participants over the educational treatment delivered to

participants.

A stepwise backward elimination was performed with the ANCOVAs. All demographics were
included in each question. At the end, if there were any significant covatieesSNCOVA was
performed again on the same question with only the significant covariates. This was repeated
until only significant covariates were left. If no covariates were signifitaen the questions

were run without any covariates. This is usedlentify the best equatipbackwards

elimination variables are chosen and removed from the analysis until none remain that fit the
criteria for elimination(\Vogt, 2011) This was done in order to determine if other attributere

influencing responses of participants over the educational treatment delivered to participants.

Linear Regression
Linear regressions were used to understand the direction of the change in the dependent

variables. Linear regression is a statistroathod that permits the prediction of values of a

continuous dependent variable according to values of categorical or continuous independent
variableg(Shaikh, 2018)This means the amount of variance in a dependent vareileec

predicted by the independent variable. This relationship can be positive, meaning both the
dependent and independent variables increase together, it can be negative, meaning that when the
independent variable increases the dependent variable dsci@asean be zero when the two

variables are unrelated.

The means in which the surveys were analyzed was a point of strength of this study. The use of
ANCOVAs enabled the researcher to account for constraining variables that might have been
influencingthe responses such as gender, income, education level, and experiences with
stormwater and extreme weather and prior experience with charrettes. Linear regressions allowed

the researcher to account for the direction of change.
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3.5.2. Qualitative data analysis
All qualitative data (i.e., interviews, site visits, charrette observations, charrette facilitator notes)

were analyzed during primary coding using descripiased coding, as explained in Sélga s
The Coding Manual for Qualitative Research@809. In descriptive coding, the researcher
summarizes the data in the form a single word or short phrasesf&a#089). This technique it

is suitable for all qualitative studies and is especially useful for begi(baidana, 209).

Attention was paid to incorporate aspects of vddased coding. This type of coding applies the
participantds valwues, bel i ef(Saldafia, @0%Maltei t udes d
based coding is suitablerfalmost all qualitative kinds of research, especially those that

investigate the cultural, interpersonal and intrapersonal experiences and behaviours within case
studieg(Saldafia, 2009Attitudes refer to how we think or feagbout an object, person, oneself

or an idea. They comprise a lasting mechanism of appraisal affective based reactions based on
assessing the value laden beliefs and ideas which have been learned. A belief encompasses
attitudes and values butisalsoircluve of i ndivi dual Aknowl edge,

prejudices, morals and other to interpretive perceptions of the world.

Secondary coding was also utilized for qualitative data analysis. Secondary coding is pattern

based coding and its aim is to devisategories, themes, concepts or thé@msed organizations

from the set of primary codes develog&aldana, 2009During this process, primary codes are
reclassified to produce a smaller more limited range of codes. Pa#teed coding is
Aexplanatory or inferential E,canfdyuratianjor t hat [ i d
e X p | a nSalddana 2009, p. 15PatterAbased coding brings the material together in a

significant aspect for evaluation and is a means ¢écilizing the summaries into smaller

themes, classifications or subgroups.

The researcher looked for beliefs, attitudes and values within the qualitative data and
summarized these in a word or short phrase. After secondary coding was concluded the
reseacher developed a list of top codes which encompassed the most frequently coded themes.
These themes were used to inform the research findMigsoding was done by one researcher.

Therefore any biases in the interpretation were consistent.
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3.5.3. Triang ulation
Triangulation is the use of multiple methods in pursuit of a research question and is a widespread

approach applied in mixed methods reseé@eswell & Plano, 2007)Triangulation aims to
produce different but complementary data on the samecsubjbest understand the research
issue. A singlgohase triangular design occurs when researchers perform qualitative and
guantitative research simultaneously and assign equal weight to all research methods. The
researcher interprets all forms of dataetibgr during analysis to merge the forms of data.

The combination of qualitative and quantitative data collection methods used in this the current
study allows triangulation of the study findings. While the quantitative data from the survey
provide gened&able information, the qualitative data (i.e., from the interviews, site visits,
charrette observations, charrette facilitator notes) provide mateptin and contextual

information that can explain the patterns observed from the quantitative datseleanal data

collection methods is also useful for assessing consistency in responses among participants.

3.6. Study Area
The study site for this project was a suburban neighbourhood in the City of Cambridge, Ontario.

The community for the census traleé study neighbourhood falls under has a population of
around 7,830 as of 2016tatistics Canada, 2017The top age cohorts (above age 19) B0e:
54 - 790 residents, 559 - 675 residents, 204 - 635 residents, 489 - 600residents, and 484
- 510 residents.

The average total household income is 138,998 as of (afistics Canada, 2018)he
neighbourhood is largely comprised of single detached homes: 1,795 single detached homes, 70
semidetached homes, and 390 row houses comprised the census tract as(&tatdiecs

Canada, 2017Notable neighbourhood features include a community centre (with a large

amount of green space), parks, and schools. The neighbdughalso adjacent to a

conservation area. Many residents have lived in the community for a substantial period of time.
The amount of movers for ayear period comprised 1,930 versus 5,460 mavers(Statistics

Canada, 2018)
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Figure 3. Photos depicting flooding after storm in study community.

The neighbourhood was chosen as it is community with a history of flooding and has
experienced issues with stormwater management. A flood occurred mostyrecAngust

2016 after a severe downpour storm event. This flood sparked initiatives between Reep Green
Solutions, the City of Cambridge and the University of Waterloo to address this issue at the
community scale. One street in the study neighbourhooeriexged flooding in this event. This
street backs onto a neighbourhood stormwater management pond, which was unable to handle

the excess downpour.
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4.0Results

The following section examines the key findings within the quantitéwereys)and qualitate
(interviews, site visits, charrette facilitator notes, and charrette observataiash response to

the main research questiddemographics of the study neighbourhood and the participants are
also presentedey findings were those determined todwerarching and repeatedly found

across multiple forms of research collection methods found in a research findings matrix.
Findings that occurred across two or more forms of data collection methods were included. The
datacollection forms and otheeseach materials used to nductthestudy such as thets visit

script, survey questions, interview scrigesign charrettebservatiorform anddesign charrette

facilitator noteform can be found in ppendixes AB, C, D, E,andF respectively.

The resuks of the analysis showed that the educational treatments were largely ineffective at
changing participantsd views and actions towa
guestions connected to specific GSI beliefs and actidnss the hypothesisat education
influences participantsd views, attitudes, va

towards GSI and to taking action to implem&8lis not supported by the results.

4.1. Participant Sample

4.1.1. Quantitative

Description of sur vey participants

Fifty participantgesponded tboth the preand posteducation survey (Table 1). Therasa
greater number of male (n=24) than female (n=18) participants. Most participants were over the
age of 46 years. The mode of the age distribdfgtinn the age classf 51-54 years. Participants
tended to have advanced levels of educatiatih 50% of participants having an undergraduate
degree or higher. Participants tended to have a high insgithemost (75%) household incomes
being larger tan the regional average of $77, 000 per year. The majority of participants have
lived in the community for more than ten years and the most common residence period was
longer than 20 years. The vast majority of participants (98%) own their homes. Mimsp gaist
(93%) live in singledetachechomes, sermidletached homes comprifir percent of homesnd

two percentive in some other housing form. Sixtyur percent of participants have experienced
home flooding during their lifetimédowever, only 33% oparticipants reported experiences of
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extreme weathewhile 58% of participants reported that they were impacted by extreme

weather.

Three residents participated in the-pharrette interviews. Of these participants, two were
female and one was male. #@pant age ranged from the reported age efi@§ears to 6&4

years. Five residents participated in the jmbstrrette interviews. Of these participants, three
were identical with the preharrette interviewees. Of the two new participants, one waaldem
and one was male. In the prharrette interviews all three participants had experience with
stormwater management issues such as flooding, water seepage in their basements, or excess
water ponding in their yards on their property. However, neithtéreofwo additional post

charrette interview participants had stormwater management issues such as flooding or water
pooling in their basements or yards on their current property. One of the residents who
participated in both the pre and pabtarrette inteviews resided on the street that was affected
by the August 2016 flooding in the City of Cambridge.

Description of site visit participants

Of the eight site visits, three visits were conducted with individual male participants, four visits
were conductedith individual female participants, and one visit was conducted with a couple
consisting of one female and one male. The age of site visit participants ranged-26ngels

to over 65 years. One of the site visit participants resided on the stragathaffected by the
August 2016 floding in the City of Cambridge.

Description of charrette participants

Sixteen residents from 14 households attended
eightwomen anckightme n. The at t e mane@2s yearsatg 6®H4. Fieerofgred
participants resided on the street affected by the August 2016 flooding.
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Table 1. Demographic information of the survey participants

Demographic Variable

Number of Responses

Percent of Regmses (%)

Gender
Male
Female

Age Group
1825
26-30
31-35
36-40
41-45
46-50
51-54
5559
60-64
65+

Educational Background

High School diploma
College diploma
Undergraduate Degree
Graduate Degree

PhD

Other

42
24
18

N
~

g N N 60 oo o w o N B

N
w

14

13

14
33
21
30
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Table 1.Continued.

Demographic Variable Number of Response Percent of Responses (
Household Income 34 -
Less than $19,999 1 3%
$20,000- $39,999 0 0%
$40,000- $59,999 4 12%
$60,000- $79,999 4 12%
$80,000- $99,999 7 21%
$100,000 $119,999 5 15%
$120,000- $139,999 4 12%
$140,000- $159,999 1 3%
$160,000- $180,000 3 9%
More than $180,000 5 15%
Length of time at current residence 43 -
Less than a year 2 5%
1-5 years 7 16%
6-10 years 9 21%
11-15 years 5 12%
16-20 years 8 19%
More than 20 years 12 28%
Rent or own residence 43
Own 34 -
Rent 1 3%
Other 0 0%
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Table 1.Continued.

Demographic Variable Number of Response Perent of Responses (¢
Dwelling Type 45
Single detached house 42 93%
Semidetached house 2 4%
Other 1 2%
Experienced home flooding before 44
Yes 29 66%
No 15 34%
Experienced extreme weather 45
Yes 15 33%
No 30 67%
Impacted by extreme wteer 43
Yes 25 58%
No 18 42%

4.1.2. Qualitative

$AOAOEDPOETT 1T £ OEOA OEOEO PAOOEAEDAT 006 HOI PA
During site visits, the researcher talked with study participants and observed the various

| andscaping featur es andrdaffateipant8B bpastedldtsofi pant s

vegetation and contained a Gogi berry bush as pointed out by the partiEigant @).
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Figure 4. The yard of Participant 8B planted with a variety of vegetation, the left panel
includes theGogi berry bush, while the right panel depics the vegetation and rock garden
in the front yard.

Also the yard of ParticipantBcontained a great amount of plants, many of which attracted bees
during the site visit (Figure)5

Figure 5. The yard of Participant 5B contained many plants that attracted bees

The site visit to the yard of participa2B allowed the researcher to observe many native plants
including asters, wildflowers and perennials (Figure 4). Only one site aisitipant did not
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have landscaping features on their yard and narrated a negative experience with plantings in the
past. Participant 3AB shared A[] We] wused to ha

when asked about reason for the lack of plantingseir yard.

Figure 6. The left panel shows the native blacleyed susans and the right panel depicts the
purple asters planted in Participant 2Bo6s yar

In addition to decorative landscaping, participants used their yardshier valued purposes.
Four site visit participants used their yards for compositing of organic materials. Many
participants also listed a number of valued functions of their properties suchxadioal and
recreation (Figure)7
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Figure7.Landscaping and relaxation .Thelaftpaneles of Pa
shows the vegetation and walkway that leads to the backyards while the right panel shows
the landscaping features adjacent to the back patio area the backyard.

Seven site visit participants agreed that they value the recreation or relaxation aspects of their

yards. Participant 2A commented [that] they value the privacy offered by their yard, which is

afforded by the various plantings and landscapg f eat ur es of their gar de
[ You] candét see in my yard, [it provides priywv
beautifying their property or neighbourhood motivates them to install GSI.

4.2. Risk Perceptions regarding’hhn Stormwater and Floods
4.2.1. Quantitative

Survey participants were ambivalent regarding the risk of their basement being
flooded and education did not change this perception

Participants overall neither agreed nor disagreed with the statementthbdagement might be
at risk of flooding over the next five years, and this perception did not change from before to
after the educational treatment (t = 0.739, p = 0.462, Table 2)-f€ktstsuggest that the
educational treatment did not affect thegaeéved risk of basement flooding, which stayed the
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same for both the control (t = 0.798, p = 0.429) and treatment groups (t = 0.288, p = 0.775)
(Table 3). Also the AROVA and linear regression suggest that the educational treatment did

A

not affect particippt s6 perception of the risk of their &b
years (F = 1.681, B 0.337, t=-1.296, p = 0.202) (Table 4).

Table 2. Results fromatt est (before versus after) fof part.
their basement being flooded in the next five year3ested are perceptions of risk for all

participants combined. Lower and higher scores (-b) represent lower and higher risk

perceptions, respectively.

Treatment
Question
item Before After |t p
Charce of | 5 3.28 | 0.739 | 0.462
flooding

Table 3. Results fromatt est of participantsd perceptions
flooded in the next five yearsTested are perceptions of risk for the control and treatment

groups sparately. Lower and higher scores (:b) represent lower and higher risk

perceptions, respectively.

Control group Treatment group
Question
item Before | After t p Before | After t p
Chance of ; o, 3.27 0798 |0429 |[3.38 |[3.28 0.288 | 0.775
flooding

Table 4. Results from an ANCOVA and a linear regression of the effects of educational

treat ment on participantsoé perceptions of ris
five years. Lower and higher scores (b) represent lower and hidper risk perceptions,

respectively.

ANQOVA Regression
Question
item F p B R2 t p
Chance of |4 g4 0.202 -0.377 0.04 -1.296 | 0.202
flooding

4.2. 2. Qualitative

GSI workshop participants showed concerns around stormwater prone areas in their
neighbourhood and generated plans to address these

Facilitators | ogged charrette participantsod c¢
were apparent in worries about fleatfected areas noted by participants at Table 1 who
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developed GSI strategies such ais igardens along streetscapes and better conveyance in issue
areas (weakness areas in the community unrelated to stormwater management, e.g. an
underutilized area, unsafe areas, or is unsightly). Charrette participants at Table 3 commented
that they had@ncerns with the neighbourhood stormwater management pond that is adjacent to
the street that was flooded in August 2016. Furthermore, charrette participants at Table 4 also
discussed concerns with the stormwater management pond as welllasdtadfecied street

(Figure §.

Figure 8. Map produced by designcharrette participants from Table 4 showing areas of
concern for stormwater management in the community

I n addition to noting partigsphatislbi cancer asm
the charrette participants had developed complete strategies in areas of concern in residential

areas. Participants at this table had experienced flooding from the recent stormwater event in

August 2016. However, charrette fiéipants at this table did not develop GSI in municipally

owned, public areas of concern. Table 16s fac
devel oped GSI projects in areas of concern in
the partial development of plans for residential scale GSI.
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4.3. Knowledge and Education about Green Stormwater Infrastructure

4.3.1. Quantitative

Survey patrticipants d id not feel they have been educated about GSI and education
did not affect this percep tion

Overall, survey participants disagreed with the statement that they have received formal
education on green stormwater infrastructure. However, they neither agreed nor disagreed with
the statement that they have received informal education regan@ngsue. These perceptions

did not change from before to after the educational treatment (formal educati@n242, p =

0.809; informal education: t6.287, p = 0.775, Table 5). Theeists suggest that educational
treatment did not affect percemtis of having received education, which stayed the same for

both the control (formal education: t = 0.177, p = 0.861; informal education: t = 0.891, p =
0.378) and treatment groups (formal education: t = 0.446, p = 0.658; informal education: t =
0.379, p =0.706) (Table 6). The AGBOVA suggests that the educational treatment did not affect
participantsdé perception of having received f
00.325, p O 0.140) (Table 7).

Survey participants were ambivalent about attending a neighbourhood GSI

workshop and education did not affect this inclination

Participants overall neither agreed nor disagreed with the statement that they would try attend a
neighborhood GSI workshop if one was offered, and this inclination did not change from before
or after the educational intervention (t = 0.300, p = 0. 765, Table 5)-{Hs¢stsuggest that the
educational treatment ditdattendaneighbotheodGSIparti ci p
workshop, which stayed the same for the control-Q.£09, p = 0.914) and the treatment groups
(t=0.526, p = 0.601) (Table 6). The BVA and regression analysis suggest that the
educational treatment did not affect papantintent to attend a GSI workshop (F = 0.137, B =
0.091,t=0.370, p = 0.713, Table 7).
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Table5Results fromatt est (before versus after) of parti
received formal or informal education alout green stormwater infrastructure. Tested are

perceptions for all participants combined. Lower and higher scores (b) represent lower

and higher perceptons of education, respectively.

Treatment

Question

item Before After |t p
Formal |, ¢ 2.22 | -0.242 | 0.809
education

Informal |, 5g 3.04 | -0.287 | 0.775
education

GSl 3.40 3.34 | 0.300 | 0.765
workshop

Table 6. Results fromatt est of participantsd perceptions
informal education about green stormwater irfrastructure. Tested are perceptions for the

control and treatment groups separately. Lower and higher scores {3) represent lower

and higher perceptions of education, respectively.

Control group Treatment group
Question
item Before | After t p Before | After t p
Formal |, 5o 2.29 0177 | 0861 |2.00 2.16 0.446 | 0.658
education
Informal |, ¢ 3.14 0.891 |0.378 |3.08 2.96 0.379 | 0.706
education
GSl 329 (332 |-0109 0914 |[352 [336 |0526 |o0601
workshop

Table 7. Results from an ANCOVA and alinear regression of the effects of educational
treatment (yes versus no) on participantsd pe
informal education about green stormwater infrastructure. Lower and higher scores (15)

represent lower and higher perceptios of education, respectively.

ANCOVA Regression
Question
item F p B R t s
Formal 0.008 0.930 -0.038 0.00 -0.089 | 0.930
education
Informal 2.251 0.140 0.550 0.05 1500 | 0.140
education
GSl 0.137 0.713 0.091 0.00 0370 |0713
workshop
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4.3.2. Qualitaive
GSI workshop and site visit participants expressed interest in education on GSI and
stormwater management

During the precharrette interviews, all three interview participants shared that they hoped to

gain increased education, knowledge, and undelstgor awareness about GSI and stormwater
management from attending the charrette. Part
and learn about [green stormwater infrastructure], | do not know much about municipal

planning. 0

An interest in educain on GSI could also be seen during the charrette. For the charrette design
activity, many of the participant groups conceived GSI demonstration projects they would like to
see installedn their neighbourhood (Figures 8 and 9

e
=

Figure 9. Map produced by designcharrette participants depicting opportunities for GSI
demonstration sites
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Figure 10. Postit notes written by designcharrette participants depicting timelines for
possible GSI demonstration prgects.

The researchers observing thesigncharrette noted that some participants hash&mest in

education. One researcher documented how participants at Table 1 developed a plan for a rain
garden demonstration project at the local conservationtdosgever, the Table 1 facilitator

documented that participants felt they would benefit from support from a professional for better
planning. The researcher also documented the desire of participants at Table tidatia¢si

education on bioswaleshangirg landscaping for enhanced drainage, and the effects of
homeownersd property management on stor mwater
participants discussed their interest in having a rain barrel sale and GSI information session in

the community to educatesidents.

One of the researchers recorded participantso
community centre with the purpose of educating residents about stormwater conveyance and
educating children on GSI and stormwater as part as¢heol curriculum. The charrette
facilitators commented on the participantso d

resources that would better equip the participants with the ability to install GSI.

A desire for more knowledge about G8id stormwater management was also prevalent during
the site visits. Six of nine site visit participants agreed that having knowledge on GSI would
facilitate or motivate them to implement it. Site visit Participant 1 commented on how the only

information ke had on GSI was from the stusiyrveyhe had received previously.
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GSI workshop participants felt the workshop increased their knowledge of GSI and
stormwater management

A strong theme arising from the padtarrette interviews was that participants &iending the

charrette helped improve their knowledge of GSI and stormwater management. This was

explicitly expressed by four of the interviewed charrette participants. For example, interview
participant 2A expressed surprise about the knowledge hebleatacquire at the charrette

AYes. | didndét realize so many ways to deal w
runoff not coming in [the] basement, more focused on that, [than the] notion[of] it [the water

going to] go to waste [by] notusig it . . . 0.

The charrette served as exposure to the ideas of GSI and stormwater management, as some
charrette participants had no prior knowledge or understanding of these topics. One participant

remarked

Yes, [l did] not know [it] existed before. [I] hatb idea what [the stormwater
management] ponds were for. [I did] not know houses [on fadtetted street
were] being flooded. Huge storms [leave huge amounts of] water running down
[the] street. [I] never considered how [it was] affecting other pefiplerview
Participant 5A)

Interview participant 5A also commented on stormwater runoff when asked about their

experience with stormwater issudde researcher asked the interviewee if they had experience

with heavy amounts of runoff after storms,towhict he i ntervi ewee replied
yes. [There is a] lot of water rushing down [the] street on [street name], behind [the] school yard,
behind the fence. o0 I mportantly, before the ch
stormwater manageent ponds or excessive amounts of runoff, but had failed to connect these
features to the issues of stormwater management and flooding. Trehpostte interviews

revealed that the charrette served to introduce the concept of GSI to some of thEaptsteho

had never heard of GSI or considered stormwater management before.
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4.4. Attitudes regarding Green Stormwater Infrastructure
4.4.1. Quantitative

Survey participants had mostly positive attitudes toward GSI but education did not
affect their att itudes toward GSI

Survey participants overall did not agree nor disagree with the statements that GSI lowers

chances of their basement being flooded and that it does not reduce polluted runoff entering
streams and rivers (both: before 2i63.44, after 28171 3.28, Table 8). However, survey

participants overall tended to disagree that GSI does not improve the quality of local drinking

water and disagreed that GSl is a waste of time and money (both: before22439 after 2.36

2.49, Table 8). Surveyapticipants overall further tended to disagree that installing a rain garden
would be unpleasant (before 2.20, after 2.33, Table 8) but agreed that GSI would benefit their
property and neighborhood (before 3.54, after 3.67, Table 8). None of these sentinasiged

from before to after the educational treatment (aD || 0 . 05 ®,. 455, Ttadsl e 8) .
also suggest that the educational treatment did not affect any of these sentiments (coni@ol all: [t|
1.042,p00 0. 305; t Oeat dde @t. 2pl9l;: Tlatb|]l e 9QOVA Fi nal | vy,
analyses suggestaheducational treatment had no effect on the above sentiments@&lo51,

p O 0.159, Table 10).

Table 8. Results fromatt est (before versus after) of part

Tested are attitudes for all participants combined. Lower and higher scores ¢B) represent
lower and higher agreement with attitudinal statements, respectively.

Treatment
Question item Before After |t P
Lowers chance of | 5 3.28 | 0.739 | 0.462
flooding
Does not reduce | ,, oo 2.81 | -0.560 | 0.550
polluted runoff
Does notimprove | ,, /4 236 | 0.418 | 0.677
water quality
Is waste of time & | , 59 2.49 | -0.505 | 0.615
money
Rain gardenis |, ,, 233 | -0.750 | 0.455
unpleasant
Benefits property
& neighbourhood | 354 3.57 | -0.165 | 0.869
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Table 9. Results fromatt est of participantsd attitudes r e
for the control and treatment groups separately. Lower and higher scores {8) represent
lower and higher agreement with attitudinal statements, respectively.

Control group Treatment group
Question item Before | After t P Before | After t p
Lowers chance of | , o, 3.27 0.798 | 0429 |3.38 3.28 0.288 | 0.775
flooding
Does not reduce | ,, g4 3.14 -1.018 | 0314 |252 2.52 0.006 | 0.995
polluted runoff
Does not improve | ,, ., 2.68 -0.680 | 0.500 |2.35 2.08 1.169 | 0.249
water quality
Is waste of time & | ,, o 2.77 -1.042 | 0305 |2.30 2.24 0.226 | 0.822
money
Raingardenis | , 50 | 535 | 0000 |1.000 |204 |228 |-1.012 |0317
unpleasant
Benefits property | ; o) 3.41 0331 |0.742 |358 3.72 0527 | 0.601
& neighbourhood

Table 10. Results from an ANCOVA and a linear regression of the effects of educational
treatment (yes versus no) on participantsd at
scores (15) represent lower and higheragreement with attitudinal statements, respectively.

ANCOVA Regression
Question item F P B R2 t p
Lowers chance of | ) 5,¢ 0571 -0.175 0.01 0570 | 0571
flooding
Does notreduce | ; 559 0.536 -0.234 0.01 -0.624 | 0.536
polluted runoff
Does notimprove | ) gor 0.179 -0.368 0.04 -1.366 | 0.179
water quality
Is waste of time & | , o) 0.159 0.449 0.04 1432 | 0.159
money
Rain garden is 0.017 0.898 -0.035 0.00 0129 | 0.898
unpleasant
Benefits property |, /9 0.236 -0.285 0.03 1201 | 0.236
& neighbourhood
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4.4.2. Qualitative

GSI workshop participants had positive attitudes toward GSI

Participants in the charrette had a positive of impression of GSI, both before and after
participating in the charrette. Three participants stated during tkehpreette and posharrette

interviews they agreed that GSl is a positive thing. For instance, one participant marveled

|l f there wasndét any [ GSI] [my] house woul d
new [there was a] lot of water [reaching my house] in spring melt [from the]

pak. [My property is] lower than the neighbours, significantly, [by] 2 feet lower

than [my neighbours and the] park. Runoff [reached a] lot of places, [the] houses

[here] used to have [a] pond on [the] property. (Participant 2A)

Another participant was asttéf they felt GSI is beneficial for handling stormwater management

in the community. The participant responded during theresview

Yes, for sure. | guess, [that GSl is also useful] as well as [for] preventing

flooding, [it is] better for end [of thBow stormwater management], [to] divert

[ water] off roads é, [GSI is also benefici
environment . People should do [it, instal/l
features to deal with dpand3Amwat er managemen

During an interview following the charrette, Participant 4A, who was not familiar with GSI prior

to the charrette, was asked if the community mapping activity affected their ability to identify
areas where action could be taken to improve statemimanagement. The participant stated
A[the mapping activity] highlighted areas [|
not affected. My activities benefit people at the bottom of the hill. [The activity had us] look at

landscape whenwat er f |l ows, i mpact helpful .o
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4.5. Normative Beliefs regarding Green Stormwater Infrastructure
4.5.1. Quantitative

Survey participants were mostly ambivalent about their responsibility for managing
stormwater and education did not affect their belief s

Sunwey participants overall neithegreed or disagreed with the statement that they would take

pride in a rain garden (before 3.36, after 3.33, Table 11). Similarly, survey participants neither
agreed or disagreed that they have a responsibility talnelgty manage stormwater or that the
municipality should be solely responsible for stormwater management (both: before32238

after 2.76 3.26, Table 11). However, overall survey participants tended to agree that they felt

an obligation towardsrpserving features that help manage rain in their neighborhood (before

3.57, after 3.52, Table 11). None of these beliefs changed after the educational treatment (all: |t|
O 0. D7 D,. 3B0, T adsts results further sufdes thdt the educativeatment

did not affect any of these beliefs (control alljt] 1 . 306 3,. treg@@n@entall: 0 0. V04, p
0.372; Table 12). In addition, the ANDVA analyses suggest that the educational treatment did
not affect surveybelpfa@itFOti a6t sp OGo®@matiyeTabl

Table 11. Resultsfromatt est (before versus after) of part
normative beliefs regarding GSI. Tested are agreements with normative beliefs for all

participants combined. Lower and higher scores (b) represent lower and higher

agreement with normative beliefs, respectively.

Treatment
Question item Before After | T p
Would take pride in 3.36 3.33 | -0.348 | 0.730
rain garden
Have responsibility to | 5 5 3.26 | -0.107 | 0.915
help city
Feel obliged to 357 352 | 0.279 | 0.781
preserve rain features
AT EAOA T 011,40 276 | 0979 | 0.330
sole responsibility
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Table 12 Results fromatt est of participant s o6 asgegadnge nt
GSI. Tested are agreements with normative beliefs for the control and treatment groups
separately. Lower and higher scores ¢b) represent lower and higher agreement with
normative beliefs, respectively.

Control group Treatment group

Questionitem Before | After T p Before | After t p
Wouldtake pridein | 5,9 | 359 |.0348 | 0730 |350 |336 |0499 |0.621
rain garden

Have responsibilityto | 3,9 | 305 0748 |0459 |318 |[344 |-0004 |0372
help city

Feel obliged to 340 | 345 |-0189 | 0851 |327 |358 |0661 |0512
preserve rain features

ATEAOA TOT 345 |,86 |1363 |0180 |2.65 |2.67 |-0.051 |0.959
sole responsibility

Table 13. . Results from an ANCOVA and a linear regression of the effects of educational
treatment (yesversusnopn parti ci pantsd agreement with
Lower and higher scores (15) represent lower and higher agreement with normative

beliefs, respectively.

ANCOVA Regression

Question item F P B Re2 t p
Would take pride in 0.150 0.701 0.111 0.00 0.387 0.701
rain garden
Have responsibility to | ,, 0.164 -0.393 0.05 1416 | 0.164
help city
Feel obliged to 1.086 0.303 0.267 0.03 1.042 | 0303
preserve rain features

AT EAOA T 01}, 54 0.248 -0.360 0.03 1171 | 0.248
sole responsibility
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4.52. Qualitative
'3) x1 OEOET P DPAOOEAEDPAT 006 AAI EAEO OAOEAA AO

management
Prior to the charrette, participantsd opinion
management. Parti cipplaanyt al Ap asrhtaor.e dT hiii[sWep]a ratlilc i p

the responsibility of residents to maintain stormwater management features after development.

After [devel opment has occurred the govern
preventative [they are responglbr installing stormwater management features

that prevent stormwater issues like flooding from occurring], it is our

responsibility to maintain, [and] enhance [stormwater management features that

the government installed]. [It also] depends on the suadesize [of the

neighbourhood stormwater feature]. If [the initial stormwater management in the

residential development by the government is] done properly, [then the]

maintenance [of stormwater management systems for residents is] not as bad.

(Participant 1A)

Participant 3A felt responsibility for stormwater management should be shared between the
government and developers: #A[lt should] defin
[and] installing these kinds of system, we get more weintnstavith global warming. [The]

government should create [an] underground system [to deal with the water], [the government]

put house plots [on areas with] water [issues], water flows away from [the] house to lakes. [The
government should] work with [thegieloper, [make the] developer have [an] incentive with

[installing GSI on properties, for example this could be] stones [infiltration gallery] and [also

include having a] rain barrel attached to hou

Participant 2A felt that in the case of new deveiept, the source of the water determined who

was responsible for the management of the stormWwager t i ci pant 2A: AConsi d
comes from. In my case city, developers and landavn@articipant 3A asserted residents

should be responsible witbogy e r nment support AWhen It comes t
[residents it is] their responsibility, like [the] government [could] provide free or cheap rain
barrels, [and] informati on [-vworkshdpoterviewp] do it
Participan 3 A commented ASaid [the] government [ i s

maintaining [the stormwater management] pond, but also [stormwater management is a] thing
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[that should be done by the government as the government is] morally obligadedl[tith

stor mwater management] ... 0 There is also the
handling stormwater management for the community. Two participants, Participants 3 and 4,
commented on how the government inadequately handled stormvaatagement for the

communi ty. Participant 3A shared nAé [I1It is] Kk
maintain [the] pond, [this] let [the] flooding happen. [The flooding was] beyond residents
control. [ The government di d] not maintain th
Workshop participants considered government to have primary responsibility for

GSI and residential stormwater management

During post education interviews, several participants revealed they felt the government has a
higher level of responsibility than reside for GSI and stormwater management. For example,

with regard to the question if they feel stor

responsibility, one participant responded

No, the city has [a] huge responsibility when [they] plan newIdpweent, [they
should do so to] get more benefit [for stormwater management]. If [they, the
government] have [a] high density subdivision planned, [they] build [should be]
somewhat restricted. [The government should] put [a] footprint down, can put
stuff [stormwater features] around [the] edges [of the residential development],
[the flooding would] not have [had the] impact [it did] haf3SI] been done at
the beginning. (Participant 4A)

When asked what the allocation of responsibility should be, Radicat 4 A sai d: fAWel |
of per cen t28 gtaation. iRésdlents will d@ad with [what they have been given] they

[residents do] not design [the] spaces [they] move into, [residents] are dealing with what [the city

and developers have] givemm[e m] 6. The interviewer inquired f
the remaining 80% would be. Participant 4A re
whoever authorizes builders to do tHghouldsayher e 6s your gui delines o

However, anotheparticipant remarked on responsibility for stormwater management shared

between government and residents

Depends on the situation. ltdés kind of ann

mai ntain the pond, |l etéds flooding happen.
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resi dentsdé control . [ The government did] no
should maintain property in case extreme things occur.-E09@esponsibility

for GSI between the government and residents], extreme situations aside?

(Participant 3A)

The partigpant elaborated when asked about the division of responsibility

Depends on the situation, for example [with the stormwater management] pond,
[if it had] worked properly, [but there was still a] flood, [then it would not be
solely about attributing respsibility to the] government [then | could] see why
[responsibility between the City and residents would be shared]. [The] City [did]
not maintain [the pond for] 20 years, but [the division of responsibility would

be] 5050 e.qg. [if there was a] tonne oimg[and the] government [was] not [at]
fault, [however the] government [would] still need to help out [residents]. [I]
guestion why [we] pay taxes for some times [things], [yet we do] not pay taxes

in case of floods. (Participant 3A)

During the charrettd, aci | i t at ors al so noted attendeesd pe
for GSI. The Table 4 facilitator commented that participants were generally supportive of GSI

but were not | ooking to spend their etadn money
participantsd®é opinion that the City should pr
gardens and rain barrels. Table 46s facilitat
GSI but they still remain of the mind that the city shaakk the bulk of the social, economic,

and financi al responsibility. o Also during th
residents and the facilitator at Table 3 discussed the city financing GSI through grants for

stormwater management mainémce and funding for volunteers to handle GSI.

Participants felt that residents held less responsibility for GSI than government since
residents lack ed awareness of stormwater management issues

Some participants mentioned the government has a higletoleresponsibility than residents
because the public is unaware of issues around stormwater management. When asked what the

level of responsibility should be among actors, one participant shared

Only since [the] general population [did] not know [abdotmwater management], |l

would] place [a] higher [level of] responsibility on the city, provincial and federal
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government. [The government is an] agent to find ways to bring [stormwater
management] to people. [The government] could force developersfdéehsiormwater

management] [they could] make [developers] do things [install GSI]. (Participant 2A)

Participant 5A shared fA[ Responsibility] shoul
[about stormwater management]. More [responsibilitytioet] muni ci pal ity i f tF

people [about stormwater management] . 0

Participants thought government should show leadership on GSI
Participants also shared that the government needs to show responsibility and leadership on GSI.

One participant eXpined:

What did the city do? [The city did not add much [to the charrette], one

[participant was] interested in [discussing the stormwater management] pond. The

City guy [City Engineer did] not put stop to it when [he] could have [the City

Enginee} allowed this topic to be a focal point for too long]. [I am] not sure what

[the] city woul dove expected more [in term
What [ want to] know [is] where theyodve |
this [installed any GSn the city], where [is the city] planning [on installing

GSI']. [What about] next door, [where] the
anything [installed any GSI]? [The] City built [a] pavilion [in the park], [yet they

did] not put in [a] cistern. [The pl was [the] prime place for it [GSI], if

encouraged it [the government was to encourage GSI installation]. Why not do it

[ i nstall GSI']? I 6ve |ived here [for] 24 ye
[does] not do much [in terms of GSI]. [Theydve lots of areas [where they]

could do something. The park is a hub for the community. [Residents] might be

encouraged to try something [if they see GSI in the park]. [This is a] huge missed

opportunity. (Participant 3A)

Participant 3A explained thefrus at i on t hey felt surrounding th
and contribution to GSI implementation, including at the charrette, particularly towards

the deviation from the charretteds focus on i
neighbourhood. Pariigant 3A also revealed that the City has failed to implement and

GSl in the neighbourhood, despite the ample existence of suitable locations. The
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participant added that showing leadership by implementing GSI could serve to motivate

residents to install GSI

Duringthepose ducati on interview, Participant 3A sha
know what options there would be for the neighbourhood. If government actually got it started,
peopl e woAndthdr patticipant also&hared the seetitrthat the government should

initiate GSI installation,

[The government] could force developers [to handle stormwater management]

[they could] make [developers] do things [install GSI]. If [people] see things [GSI

they] will think [about] what it is,they will see it and think] | should do this. What

[residents] do [install GSI] on [their] own property, people not see [notice it],

understand [its stormwater management purpose], [there is] no sign [explaining the

use of a residential] rain barrel [onqppp | e 6s properties]. (Partic

4.6. Control Beliefs regarding Green Stormwater Infrastructure
4.6. 1. Quantitative

Survey participants believed they had space but not time or money to install GSI, and
these beliefs were not affected by education

Ovenall, survey participants neither agreed nor disagreed with statements that described their

ability to spend the required money and time on GSI in general or specifically on rain gardens

(all: before 2.52 2.84, after 2.78 2.96, Table 14). However, sugvparticipants tended to

disagree with the statement that they do not have space in their yard for any type of GSI (before

2.32, after 2.55, Table 14). None of these beliefs changed from before to after the educational
treatment (all: 0 1 . 506 32, Thtle 14). Thetest results suggest that educational

treatment did not have an effect on these control beliefs, which stayed the same for both the
controlgroup (@ll: O 1. 01 H,. 17, Table 15) arOd 1t M 1t r @at r
0.166, Table 15). Finally, also the ADDVA analyses suggest that the educational treatment did

not affect survey par©O©i.cipP@ntms 60 cd.n22d,] Thaedlie
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Table 14. Results from a ttest (beforeversusak r ) of parti ci pantso®d agr e
beliefs regarding GSI. Tested are agreements with control beliefs for all participants

combined. Lower and higher scores (b) represent lower and higher agreement with

control beliefs, respectively.

Treatment
Question item Before After | T P
Able to spend 252 285 | -1.563 | 0.122
money for GSI
Able to spend time | , g, 2.96 | -0.514 | 0.608
for GSI
Do nothave time |, /g 278 | -0.007 | 0.994
for rain garden
Do not have space |, 3, 255 | -1.185 | 0.240
for GSI

Table 15. Results fromatt est of participantso6d agreement Wwi
GSI. Tested are agreements with control beliefs for the control and treatment groups

separately. Lower and higher scores ¢5) represent lower and higheragreement with

control beliefs, respectively.

Control group Treatment group

Question item Before | After T P Before | After t p
Able to spend 2.38 2.82 1518 |0.137 | 2.67 2.88 -0.702 | 0.486
money for GSI

%?I(eag spendtime | , o0 | 595 | .0815 | 0420 |3.00 |296 |0138 |0.891
Do nothave time | 5 o 2.86 0547 | 0587 |252 2.72 .0.734 | 0.467
for rain garden

f'?)‘: g‘glha"e Space | 5 43 2.50 0242 | 0810 |2.22 2.60 1411 | 0.166

Table 16. Results from an ANCOVA and a linear regression ofhe effects of educational
treatment (yes versus no) on participantsd ag
Lower and higher scores (15) represent lower and higher agreement with control beliefs,
respectively.

ANCOVA Regression
Question item F P B R2 t p
Able to spend 0.852 0.361 0.294 0.02 0923 | 0361
money for GSI
Able to spend time |, 5 0.227 0.433 0.03 1225 | 0227
for GSI
Do nothave time | ) 5, 0.253 0.424 0.03 1.158 0.253
for rain garden
Do not have space |  ,qq 0.587 -0.137 0.01 0547 | 0587
for GSI
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4.6.2. Qualitative
GSI workshop and site visit participants had cost concerns about GSI

The qualitative dadnarnsabouteha tostdf GPl.alwd of theifiye pastt s 6
charrette interviewees revealed that their charegtémdance had not influenced their decision to
install GSI. When asked why they were reluctant to install @8ticipantgeplied that they had

cost concerns and lack of direct personal benefit that would be derived from installing GSI on

their property One participant commented

| think it is important [helping the neighbourhood with stormwater
management], but retrofits are costly. My driveway has hard paving. Replacing
it would cost a fortune. | do not need to replace it. If | could do somethingt, and
would fit, but [doing something] today would be cost prohibitive. (Participant
4A)

Participant 3A remarked A[l] Feel fuzzy [ on]
put it [GSI]. [The] government [would] say [it would] break [a] bylaw. [Thejing too [is

another issue, it is] fall, [ '} would | ook in

Participant 4A6s sentiment was reiterated by
would be easier to install GSI when a property is iesteloped, or when moving into a

property, rather than installing GSI retroactively. Installing GSI retroactively is more difficult for
property owners because it is costlier and requires more effort to remove the current landscaping
features. The desireif rebates or incentives was also mentioned during site visits. Six of the site
visit participants agreed financial incentives would be a motivator or facilitator towards installing
GSI on their properties. Site visit recipients also agreed that beingpatmeer the costs of GSI

would be a motivator for installing GSI. Seven of the site visit participants atijr@gtving the
ability to finance GSI would be a motivator f
have] some concern, e.g. @$I cost] $1000, if [a GSl is] $10, [l would have] no concern [about

c o s tnsddition, facilitators at the charrette also recorded that the participants expressed a

desire for funding or rebates.
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Participants might install GSI if it is to their fina  ncial benefit

After the charrette, the interviewer asked Participant 4A about their intentions to install GSI and
the cost barrier to implementatiomhe participant shared that they did not have any intentions

to install GSI.

[I am] probably not goingatlook at [GSI], [it would be] too costly. [I do] not get

[a] personal benefit [from installing GSI]. [In] my situation [where | am not
experiencing stormwater issues, there is] not [an] incentive [for me to install GSI].
(Participant 4A)

The Interviewernquired further, and asked if the barriers to implementing GSI would be

lessened if the participant obtained benefits in terms of improved stormwater management,
reduced taxation or money savings fromgusing
to tear up my driveway if [I do] not need to or [if there] is no benefit [for me]. It boils down to
cost. | am not affected. o0 The Interviewer 1ingq
implementing GSI if they could find lower cost formisGSI. The participant replied

Yes, if | saw some benefit for me, | would be more likely than not [to install

GSI]. [ The] cost threshold [of]é [needed
a] few hundred dollars. Beyond that, [there is] no incentiverffe] to do [it]

unless [I] get [a] long term benefit. (Participant 4A)

The interviewer asked to clarify if the benefit the participant referred to was in terms of

stormwater management or finance. The respondent explained that they meant a finanitial benef

Some [kind of] insurance benefit would provide [enough of a] benefit [for me],
[if I could] save $100 a year in insurance, [it] might be worth it, [| would need
al] cost benefit, again. ltds whatdés 1in it

no mattewhat you're dealing with. (Participant 4A)
Participant 3A also shared during their posarrette interview that:

[in terms of the GSI implementation] cestsident should do it [pay the initial costs],
but [the] government substitute [supplement toxo$GSI implementation] or
subsidize [it]. [This could be] like energy star appliances, caulking [where the]

government gave [residents a] tax break [for installing them]. If [residents] could prove
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saving water [that they are], diverting water [from rifjadthen the government

should] give [those residents a] tax break. People need incentives to do things. | bought
a rain barrel, [because I] thought [it was] important. If [the] government [would] say
[that there is] something in it, for you, other tH#re] environment [in terms of

incentives] .o

OAOOEAEDAT 006 1 AAE 1T £ AOAEI AAT A UAOA ODPAAA 1 E
Many participants listed space constraints, and concerns on modifying their property as the
reasoning behind why they wereuet t ant t o i nstall GSI . Particip
room. [l would] have to tear up [my vyard], [
were also a concern during site visits. In thegirarrette interview, another participant rengark

in response to being asked which GSI features they were interested in

Similar stuff [as the RAIN Home] guide recorded, [such as suggestions on
locations for GSI and stormwater management on their property]. If had lot of
[space on my] property [I] wouldo all of the above [all of the GSI features
suggested by the RAIN Home guide]. (Participant 1A)

Participants also held particular values and uses for their properties, which conflicted with GSI
installation. Participants felt they were unable to in€&&Il because they felt they lacked the
space needed to accommodate GSI along with the existing activities and uses on their properties.
One participant shared
One [reason | am] not sure [GSI] makes sense for us, [is that we] want to put in
a pool [in our yad]. [I] hope [l could] use [a] rain barrel method to save with
costs of the pool. An infiltration gallery
happen [we do] not get new water [coming onto our property]. Also [with a]
pool [it would] not work. (Participar8A)
During postcharrette interviews, another participant expressed an interest in GSI but revealed
they would not install GSI right now. The reasoning behind the reluctance to install GSI was
revealed when the interviewer asked if the charrette activited | uenced the parti

decision to install GSI. The participant shared

Yes, [the charrette activities did influence my decision to install GSI]. [1] just

dondt have [the] space to do it. [The] mai
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inflanl]a ea [ where 1] candét change anything.

[stormwater management] worse. [What 1] would not have [done] though [is t0]
install more cement or concrete. [I] Can explain to neighbours why [installing
more hard surface would] not [beggdod idea. (Participant 5A)

In the postcharrette interviewdpur participants also said they had limited room, but they would

consider installing a rain garden. A response by Participant 3A, who had revealed that they felt

they had a limited amount opace on their property for GSI, points toward delayed action on
installing GSI

[1] feel fuzzy [on] how [to] do it having the right level of] preparedness. Sure, [I
could do] research online [to find information out about a] rain garden. [But, 1]

d o n dow wHere [to] put it. The government [would] say [that | would] break [a]
bylaw. [The] timing, too, [is another concern. It is] fall. [I] would look into
[installing a rain garden] in [the] spring. (Participant 3A)

The concern about limited space for G&3lsnva common constraint felt by residents

[

towards installing GSI. Site visits were performedwaof t he i nterview part.i

properties and were done on homes throughout the neighbourhood. The space
requirements needed to accommodate GSI vary byrdasidi by GSI type. The smallest

GSI method would be a rain barrel, which range from 20 gallon to 150 gallon sizes (Lake
Superior Duluth Streams, n.d.). The average holds 220 L of water (Rain Barrel.ca, n.d.).
Rain gardens take up more spaces and are déspggndent, they aréasized at a 1:5

ratio from rain garden size to stormwater drainage area (Credit Valley Conservation
Authority, 2014).Rain gardens are an averatgpthof 85 cm (Toronto and Region
Conservation Authority, 2018The largest form oGSl that is typically done on

residential properties is infiltration galleries. They can range from a few meters to several
kilometers (World Health Organization, n.dBermeable pavement would not require
additional space to implement as the amounpats needed to fit permeable pavement
would match the current paving surfaced on the property. Lot size of site participants are
mostly characterized as medium sized (up to ¥ acres) with one small (less than % acres).
This wouldfit with most of the homem the community which were medium sized single

detached homes. Given the background on the average lot size of homes in the study
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community and the amount of space needed to implement GSI features, the average lot
size would be sufficient to able to phgaily accommodate GSI. However, as mentioned
earlier current property uses in addition to other factors inhibited residents from wanting

to install GSI.

Residents assert GSI should be done proactively on new developments or when first
moving in

Participans also shared that they felt installing GSI proactively, when initially designing or
landscaping a new property, would be better than retrofitting existing properties. One of the

participant commented during the post charrette interview that:

This is whynew developments [is] critical [for GSI], [it is] more cost effective [to
install it beforehand on new properties]. [There is a] proposed development, [on
the] golf course, [this is an] example [where GSI should be incorporated into land
redevelopment]. [fie] example [is] to get [GSI] in early [so it] will have more of

a lasting [impact to] build on. (Participant 4A)

Apart from new residential developments, another favoured time for implementation of GSI was

a move to a new residence. One participant shthegdhey would consider GSI if they moved

I wish [I] knew [about] this when [I] first moved in. | liked things [at the
Greening Your Neighbourhood Workshop], [the GSI] pictures shown [at the
charrette]. [l will] Keep [GSI] in mind if [I] move. [I] likethe] dry riverbed

rocks [conveyance]. [I] kind of like [the] cistern. (Participant 2A)

Participants want Government Support and L eadership on GSlimplementation

Charette facilitatorsnarked dowrthat participants were uncertain about installing GSI om the
properties. This was observed by facilitators
that it seemed like participants wanted government supponiplement GSI on their properties.
Table 26s facilitator c otinipaetfdalteapable of mdtallingtGSIwa s u
on their properties. Table 16s facilitator re

professional to install GSI.

At the charrette, the researchers observed that no resieslialGSI projects on perséna

residential properties were developed. The projects that participants developed were larger
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communityscale or municipascale GSI. Projects devised at the charrette also included
demonstration sites or GSI features in parks, or neighbourhood amsudieas at the local
community centre and conservation area. The projects developed in the residential
neighbourhood were situated on public lands like streets or in right of ways, not on private

properties.

4.7. Intentions regarding Implementation of Gree n Stormwater Infrastructure

4.7.1. Quantitative

Education did not affect participantsd unwil|l
interested or willing to change their property

Overall, survey participants were ambivalent about their intentioinstal GSI on their

properties, no matter what thgoe of GSI or the benefiterivedfrom it (all: before 2.48 3.23,
after2553. 38, Table 17). Exceptions to this treni
agreement with the statement that thieylékely to install permeable pavement (before 2.45,

after 2.45, Table 17) and their disagreement with the statement that they were willing to manage

their property for a positive effect on nearby water bodies (before 3.66, after 3.40, Table 17).

None ofthese intentions changed from before to after the educational treatment@all:qJt. 4 8 1, p
O 0. 234, T adstiresultslsiigpest thaitleducational treatment did not affect these

intentions, which stated unchanged levels of intentions for the control group Gall: tf|. 86 0, p
0.070, Table 18) and the treatment group (4D |t 1 . 92 ®,. 181, Tabl e 18) . Hc
ANCOVA and linear regression results suggest that the educational treatment has increased the
likelihood that survey participants might install an infiltration gallerg 817, B = 0.908, &=
0.15,t=2.61, p = 0.013, Table 19). All other intentions to install any form of GSI remained

unaffected by the educational treatment (@DE. 490, p O 0.122, Table 18
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Table 17. Results from a ttest (before versus after) of participmt s 6 agr eement Wwi
statements of intentions and actions regarding GSI. Tested are agreements with statements

of intentions and actions for all participants combined. Lower and higher scores {3)

represent lower and higher agreement with statements of ietitions and actions,

respectively.

Treatment
Question item Before After | T p
Not interested in changing 259 276 | -0758 | 0.450
property
Likely to install rain garden 2.49 2.68 | -0.957 | 0.341
Likely to install rain barrel 3.23 3.38 | -0.595 | 0.553
Likely to install infiltration 249 255 | -0317 | 0.752
gallery
legly to install permeable 245 245 | 0028 | 0.978
paving
Planning to install GSI 2.48 2.57 | -0.485 | 0.629
Willing to manage property for | 5 o 3.40 | 1.481 | 0.234
positive effect on water bodies
Intending to control 3.16 3.00 | 0797 | 0.428
stormwater

Table 18 Resultsfromatt est of participantso6d6 agreement
actions regarding GSI. Tested are agreements with statements of intentions and actions for
the control and treatment groups separately. Lower and higher scores-8) represent

lower and higher agreement with statements of intentions and actions, respectively.

Control group Treatment group
Question item Before | After T p Before | After t p
Not interested in changing 262 305 |-1320 |0194 |257 |250 |0212 |0.833
property
Likely to install rain garden 2.10 2.50 -1.478 | 0.147 2.86 2.84 0.062 0.951
Likely to install rain barrel 3.10 3.59 -1.289 | 0.205 3.36 3.20 0.491 0.626
;:,';Ifgyto install infiltrati on 205 [259 [-1.860 0070 [290 [252 [1.426 |o0.161
b!‘\iggto install permeable 235 |250 |-0477 |0636 |255 |240 |0563 |0576
Planning to install GSI 2.30 2.45 -0.540 | 0.593 2.65 2.68 -0.101 | 0.920
Wwilling to manage property for | 5 40| 319 | 1208 |0234 [383 |360 |0964 |0.341
positive effecton water bodies
Intending to control stormwater | 3.19 2.82 1.268 0.212 3.14 3.16 -0.082 | 0.935
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Table 19. Results from an ANCOVA and a linear regression of the effects of educational

treat ment (yes versus no) on participantso6é agr
actions regarding GSIl.Lower and higher scores (15) represent lower and higher

agreement with control beliefs, respectively.

ANCOVA Regression
Question item F P B Re2 t P
Not interested in changing 2.490 0.122 0571 0.06 1578 | 0.122
property
Likely to install rain garden 2.065 0.159 0.488 0.05 1.437 0.159
Likely to install rain barrel 1.661 0.204 0.470 0.04 0.289 0.204
Likely to install infiltration 6.817 0.013 0.908 0.15 2611 | 0.013
gallery
'[;g‘;'g’gto install permeable 0.152 0.698 0.125 0.00 0390 | 0.698
Planning to install GSI 0.096 0.759 0.100 0.00 0.309 0.759
Willing to manage property for | ,.q, 0.599 -0.141 0.01 0530 | 0.599
positive effect on water bodies
Intending to control 1.336 0.254 -0.345 0.03 1156 | 0.254
stormwater

4.7.2. Qualitative

7TEEI A PAOOEAEDPAT OO DPAOOPAAOCEOA 11 '3) AEATCA
change their landscaping to install GSI

A key finding of this research is thaanpicipants place much value on their properties, and their

current features and uses. This explains at least partially why participants show limited

willingness to modify their land and install GSI on their property. During interviews, participants
commetred that they did not want to modify their properties at the present time. For example,

during the postharrette interview, the researcher asked Participant 2A if they had any concerns
regarding GSI. The partici pantroperypimealanded @A GSI
require] maintenance. Now [my property is] al
participant was asked where the reluctance to install GSI stems from, they stated their

perspective on GSI had changed but they could not att on i

AYes, [ 1] | earned [there are] other ways to d

BN

things differenttyNo r oom now. o0 (Participant 2A)

Some participants indicated they might modify their properties in minor and
conventional ways for stormwater m anagement
During site visits, two participants agreed that they would be less likely to engage in activities

t hat were detri ment al to GSI . For i nstance, P
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doing [is putting in an] additional downspout, changgall three ways [water is] exhausted [the]

of f roof. Area thinking getting concrete [add

During postcharrette interviews, three participants shared that they felt limited in the

types of GSI that #y could implement. They stated that they might institute only

mi nor property modifications to support their
stormwater management, instead of implementing GSI. This included installing

window wells, planting vegetation,and@nt i ng trees. Participant 4A
a number of trees, evergreens and others throughout [my] property, [as well as planting]

gardens, [and] grass. Nothing like GSls presented [at the charrette], [like the] pond or

[ per meabl e] dpamnt Blewasagked ifaheyHraended ta install GSI after
attending the charrette and responded Al am c
interviewer inquired why they were interested in rain barrels, the respondent answered

A[it Iis thp]J]coaonlg dbibgafif would be wuseful . [
environmentally rain barrels make a | ot of se
same sentiment of feeling that the only form of GSI that they could implement would

be a rain bartedue to landscaping constraints on their property.

Participants indicated they would consider GSI in future moves
A number of participants said they would consider GSI in future moves to a new residence. In
the postcharrette interview, a participant skdrthey would consider GSI

| wish | knew this when [1] first moved in. | liked things [at the Greening Your
Neighbourhood Workshop], [such as the GSI] pictures shown [at the charrette].
[ would] keep [GSI] in mind if [I] move. [I] like the dry rivelbedrocks

[infiltration gallery], kind of like cistern. (Participant 2A)

Participant 2A also said aAalf [ were to] star
during the postharrette interview, Participant 4A commented on how they would do GSI

proactively rather than retroactively because they want to keep their property the way it is
currently: Al still say retrofitting after [t
difficult to do. Being mindful [of incorporating GSI] at the beginpinvould] lead to a better

out come. 0

66



4.8. Actions regarding Implementation of Green Stormwater Infrastructure

4.8.1. Quantitative

Survey participants have not taken action yet on GSI and education clarified this to
them

Survey participants did neithegree nor disagree with statements that indicated whether they

had already installed GSI or changed their landscaping to manage stormwater runoff (all: before
2.7471 2.93, after 2.77 2.98, Table 20). These perceptions did not change from before to after

the educational treatment (all:¢t| 0. 107 0,. 8 5, T adstbsgg@sdthat The t
educational treatment did not affect these perceptions, which remained unchanged for the control
goups (@ll: [t 1. 009 M,. 2;v 9, Tabl e @dthentasupak Pl 1a dO78Bor pt
0.143, Table 21). However, the AIDVA and linear regression results suggest that the
educational treatment decreased participants?o
property (F= 9.747, B =0.855, R = 0.18 t =-3.122, p = 0.003, Table 21). Educational
treatment had no effect on participantsd perc
prevent stormwater runoff #0.801, p = 0.376, Table 21).

Table 20. Results fromattest( bef or e versus after) of partici
statements of intentions and actions regarding GSI. Tested are agreements with statements

of intentions and actions for all participants combinedLower and higher scores (15)

represent lower and highe agreement with statements of intentions and actions,
respectively.

Treatment
Question item Before After | t P
Have installed GSlon | 5 g3 2.98 | -0.171 | 0.865

property

Have changed landscape

2.74 2.77 | -0.089 | 0.929
to prevent runoff

Table 21 Resultsfromatt est of participantsd agreement wi
actions regarding GSI. Tested are agreements with statements of intentions and actions for

the control and treatment groups separately. Lower and higher scorg4-5) represent

lower and higher agreement with statements of intentions and actions, respectively.

Control group Treatment group
Question item Before | After t p Before | After t P
Have installed GSlon | 4, , 2.68 1.007 | 0279 |274 3.24 -1.178 | 0.143
property
Have changed landscape| , o, 2.64 0.736 | 0.466 | 2.59 2.88 -0.879 | 0.384
to prevent runoff
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Table 22. Results from an ANCOVA and a linear regression of the effects of educational
treatment (yes ver sus n oithstatements afintentiens gé nt s 6 ag
actions regarding GSIl.Lower and higher scores (15) represent lower and higher

agreement with statements of intentions and actions, respectively.

ANCOVA Regression
Question item F P B Re2 t P
Have installed GSlon | 4 5,5 0.003 -0.855 0.18 3122 | 0.003
property
Have changed landscape| ; g, 0.376 -0.315 0.02 -0.895 | 0.376
to prevent runoff

4.9. Results in the context of Theory of Planned Behaviour

Participants had overall positive attitudes toward GSI. However, it algasgapthat
participantsd | imited subjective norms and co
private property. Participants6 subjective no
asserted their belief that the government has the maionsiglity to install GSI rather than the
privateresidents. Participants believe the government should showdbarlby implementing

GSil first, such as on new properties and throughout the community including in important

community features. Participgn® behavi oural contr ol beliefs ai
belief that they lack the space to implement GSI and their desire for fundirigrdadher

education on GSI. In line with these findings, participants overall also expressed that they did not
intend to install GSI on their properties. Therefore, participants are less inclined to implement

GSI because they feel: 1. the responsibility for GSI implementation lies with the government,

and 2. they lack the necessary resources in form of spaagzdmand knowledge to install GSI.

The general pattern observed among participants was that educational treatments did not affect
participantsd behavioral norms and vibwshr@vi or al
actions towards GSI. This waglicated by the lack of statistically significatifferences in

responsefrom before to aftethe educational treatmentVhen asked about responsibility for

GSI and stormwater management and why they were reluctant to install GSI, participants

frequenly repeated the explanation that the government should have more responsibility and

show leadership on GSI. Participants also frequently expressed their desire for more resources to
install GSlin the form of norfinancial enablers of installation suchaditional education as

well asfinanciatbased enablers likebates and incentives. These perceptions remained

unaffected by the educational treatments overall.
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4.10. Highlights of Findings

This study integrated both quantitative and qualitative datartod e r st and parti ci pal
perceptions, intentions and actions surrounding GSI and how educational treatments might

influence these. Both quantitative and qualitative results suggest that the educational treatments
were largely ineffective at altering i@ i p amendedactiondn the majority of survey
guestions, participantso responses did not ch
treatmers. However, a few exceptions existed, as certain-@dstation survey responses

produced stagtically significant differences from the peglucation responses. This occurred in

the case of questions that assessed paontici pa
the level of agreement towarsatements thahdicate thathey hae installed GSI on their

propertyas £enin Appendk |.

The lack of change in responses from thegqahecation to theosteducation survey aligns with

the participantsd responses i n t heartigpaatd i t ati v
indicated that they were willing to make only small, conventional property modifications to

better handle stormwater management on their property, such as installing a rajiséarrel

Appendixl..

While education was largely ineffective at changing participas 6 vi ews on taking
exposure to GSI education did have some effec
Participants did state that after the educaiiieatment (i.e., the design charrettbgy viewed

past landscaping decisions ditfetly and would have implemented more pervious surfaces to

protect their properties and that of their neighbours from stormwater management issues.

A number of overarching themes appeared across the multiple qualitative data collection

methods. Thisinclield parti ci pantsd expectations for eco
and opinions about government responsibility, obligation and leadership around stormwater
management. In addition, participants value the layout and designs of their yards, as well as
landscaping and current property uassndicated in AppendiX. These aforementioned values

were shown to limit GSI implementation among participants. Although eduabtreatments

did not spark the desire t oesidemswerate¢eptiSoltheon pa
educational activitiesseeAppendixJ. This was evident frorparticipant®asselibnsthat they

did want additional GSI education and resources that would allow them to install GSI on their
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properties. In keeping with pasti pant sé6 emphasis of government |

suggested GSI projects on public lanskseAppendk I.
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5.0 Discussion Recommendationsand Research Needs
This chapter is a discussiontbes t u diewd@rsd important contutions to the field of

planning within the context of the academic literature.

Ther esearch was designed to understand how edu
values and actions towards GSI. The hypothesis was that education would becefftecti

changing these thoughts and behaviours on B&kever, theassessment indicated that

education was not effective at imparting change in residents. This was demonstrated by the lack

of statistically significant quantitative data and by the respdndée qualitative data.

5.1. Connections to Environmental and Planning Literature
The results of this study suggésat residents were largely not motivated to install, @8¢n

after receiving educatioabout urban stormwater and G#lany of the facta thatlimited
residentdmotivation to installGSI where discussed elsewhere throughout the literature. The
following section explains the dynamics behind the residéatk of interest and reluctance in

the adoption of GSI on their properties.

5.1.1.Cost and otherfinancial concernsregarding GSI limit installation

A key findingof the current studwasrelatedtor e si d e nt s 6regamlisgESl.dlisn c er n s
was a common reason for the reluctance of residents to implemerth&Sinding parallels

those ofother studies such &se oneby Brown et al. (2016in the Mt. Evelyn neighbourhood

of Melbourne, VictoriaAustralia which foundthatmostresidents were interestedthme

financial benefitoffered bya GSlprogram though forsome residentsnvronmental concern

was a motivating factdor aninterest in GSIAlso aher studiesound that residents had

financial concerns surrounding the use of GSI (€gte and Wolfe2014 Newburn& Alberini,

2016)

The currenstudy confirmed this phenomemasdemonstrated by a r t i conEemfnab@Itd

the cost of GSI and tivedesire for funding, other financial incentives or compensdtiothe
installation of GSIParticipantsn the current studglso indicated a willingness to install GSI if

it wasinexpensive or to perform less costly alternative forms of stormwater management on their
property(e.g., rain barrelsParalleling these result8rown et al.(2016)found that participants

were largely motivated by monetary incentivehile Bowman et b (2012 foundthat
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participants were willing to fund GSI if it was inexpensive. Overall, previous research has shown

that residents are likelier to install GSI if they have incentives or financial benefits such as tax
credits, rebatesr grants, which ceer GSlinstallation costs or maintenance expenses (Copeland
et al., 2013Green et al., 2012Nlewburn & Alberini, 2016).

Recommendation 1

This study showed that cost concerns are a
GSI on their prperties. To address these conceresearcherandmunicipalitiesshould

calculate and publisthe costdor theinstallationof different kinds oGSl andshould highlight
inexpensive forms of GSIn addition,municipalitiesshouldpromoteknowledgeof the
residentialcosts savingffom using captured rainwater for gardening ahgublic costs savirg

from decreasingtrains on the conventional stormwater management system

To address GSI cost concerns, municipalisesuld provide incentives and fundi such as
rebates, tax rebates and other financial benefits. Municipalities like Kitchemeario, and
Waterlog Ontario, encourage residential stormwater managemenpioyiding rebates and

stormwater credits where residents obtain financial incentifes installing GSI features

However, an important factor is the amount of the financial incentives. Given the substantial

capital cost of some GSI features and the cost aversion of residents, financial incentives have to

be large enough to offset a catesiable portion of the GSI instalment costs.

Furthermoremunicipalitiesshouldexplore options foassembhg stormwater cooperatives to
fund communityscale GSIFor examplethe Seattle Neighborhoods Actively Prepare (SNAP)
Programhelpsgroups of neighhours agree to cooperate following a major disaStme
communitiedn this programhave detailed plans amesponsibilitiesassigned to specific
community members, while others are less forf@dtly of Seattle, n.d. Other municipalities

could follow this example and create programs tagage residents and fund GSl installation by
collecting andnvesting marginal contributi@from residents into a large fund to implement
GSI. Suchcooperatives would fund GSI, organize implementation and ensureadel eoal
expansive implementation across the community. An organized body to implement GSl like a

cooperativemightincrease e s i dnetimation t participatbecausehey would be assured

72



massscale installation throughout their neighbourhotdead oindividual, marginal efforts

thatcan come with higlpersonal costs.

5.1.2.Education did not sparkO A O E Adkdir®t0 install GSI on their own

property

The current studyhowed that education was mostly ineffectivenateasingntentiors to install

GSI on residentsoOo propert i eparticipintshdehave positiveu p on r ¢
views of certain GSI faares whichwasdemonstrate@dy increased intentions to install a rain

garden or infiltration gallery. During thaesigncharrett® s igd ac8vity, participantsalso

readily placed GSI features throughout the community and in demonstration sites. The

occurrence of increased positive views of certain GSI features among participants corresponds

with Brown et ald £016) findings that redents had positive viewof GSI features.

However, othestudies have differed frothe currentindings. Educatioras been shown to
influence participantsd W@Wngbtaetqle 2069nGreemaatia., i nst al
2012;Mayer et al., 2012Meder& Kouma, 2010)Education has aldeeenshown to increase
participation levels and interest in both engagement with outreach activities and GSI installation
(Green et al., 2012A/right et al, 2009;Mayer et al., 2012¥leder& Kouma, 2010)However,in
thesecasesncreasesn GSI installatiorcommonlywereaccompanied by financial incentives

and other forms of benefitds before, thesénding emphasizehat financial incentivesan

serve as a facilitator of GSl installation. This is because finhimzentives offset the costs from

GSl installation and maintenance borne by residents who incur personal costs when adding GSI

features on their property
Recommendation 2

Municipalities shoulceducate the public abotlite personal benefits that home@ssican obtain
from both GSI and ne&SI property level stormwater managemé@&mevious studies have
shown thatesidents are motivated to install GSI features for personal befhkéta/atering

theirgardens, and to make their properties more attraiiperchasers when selling homes.

Planning professionalshouldinform residents that there are sneacaleactions and property
modifications that can be made to help with stormwater management HasjgexaleGSI.

This includes actions such asiredting downspouts tperviousareas, avoidingxpandhg
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hardscapeée.g, driveway expansionsplanting trees andthervegetation, and properly grading
their property. Theurrentstudy showed that residersige more likelyto hawe intentions to
perfom nonGSland smaliscale GSktormwater management actions. Thibasausé¢hese
methodscanbe more affordable archn beeasier to implemeni current property uses, than

largescale GSI.

5.1.3.Government has greater level responsibilityand needsto show leadership

on GSI

Anotherkey finding ofthe currenstudy waselatedtor esi dent s6 vi ewhasahat t h
greaterevel of responsibilityfor GSI than privateesidents, and that governmestedso show

leadership on GSThis is becausresidents feel stormwater management is a comrasice

issue and because whole streets have experienced flooding or excess stormwater flow in the

study neighbourhoodhis finding is confirmed by thiterature.For exampleKeeley et al.

(2013) in tleir study of GSI in Cleveland and Milwaukee found that residents thought

stormwater management was mainly the responsibility of the municigalitpntrast,

Thistlewaite et al. (2018) found that residgmastially accepstormwater management as their

responsibility, as home flooding is a personal issue.
Recommendation 3

Municipal governments need to be more proactive veémgagng the public in GSl initiatives

This includeshowing leadership by implementing GSI in key community amenities and features

(e.g, parks, community centresdschool$, before asking residents to install GSI on tlosun

properties. This would be an opporturfity municipalitiesto provide exposure, education and

knowledge on GSto residentandto demonstrate howSlworks offsetings o me r esi dent s
concerns abousSlfunctionality. This would also build e s i drestint thee §overnment and
heighten residentsd perception that the gover
communiy. Residential support and trugould also be heightengds residentmight feel that

the government has made an effort to handle stormwater management in the cgnmsteait

of acting passively, or downloading responsibilities to residents.

In addition,municipalities shoul@rganze programs to mobiliz&Slaction among residents.

This would build off the momentum created by education and public engagement efforts and
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ensurehatsupport and enthusiasm for GSI is maintairigftbrts should be made to use local
environmental organaiors to organize these efforts andercomehe mistrust that may exist

between residents amaunicipalgovernment.

Furthermoremunicipalities should exploreuplic-private partnerships for stormwater
management. Partnering with the private sectorgarwze and implement GSI could serve as an
important means of delivering GSI in negsidentialdevelopments and on existing properties in
the community. This is especially important as a means of funding G®hasownersnay

benefit from the financialavings offered byesidentialstormwater management.

Lastly, planning practitioners shoudaploreutilizing the Drainage Act R.S.O. 199(c. D.17
(Ontario)implement GSI in communities in Ontario. The Drainageiget provincial statute

that provides anechanism for building and maintaining community drainages fesatarprivate
and public propertyincluding onstreets. The Drainage Act allows communal drainage projects
on public and private propertwhichcan be inclusive of GSThe Credit Valley Caservation
Authority haspublisheda number ofeports addressing usetbfs act to perform stormwater
management with GCredit Valley Conservation Authority, 2017).

5.1.4. Residents &lue current landscaping and uses

Participantsn the current studgreatly valued their yardjarden and landscaping uses and did
not want to modify thea or their layout. Thisresultcorresponds with Brown et al. (2018Jho
foundthat negative views of rain gardens wezkatedto the reduced garden space and
householdlisruption during installatiorRarticipants in the currestudy communityexpressed
similar concerns over limited space and loss of ability to perform gtrdening and
recreationahctivities on their propertie3he literature indicates that spadgee, improper
property layout, as well as other social and environmental faatersommonly occurring
limitations toGSlI installation (Blake, 1999; Brown et al., 2016); behaviour (M§ers
Macnaghten1998; Lorenzi& Pidgeon2006; Dietz, Dan& Schwom 2007, Karvonen 2011).

However, the currerdtudyalsoparallels Brown et al. (201@&) so far agesidents were
interested in installing infiltration galleries and decorative trees. After the edutra@adments
studyparticipantandicated that they weilielier to install infiltration galleries. They were also

interested in performing other meansofallscale GSI and neGSI stormwater management
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such as planting moteees and otheregetation on their propertidg. addition, participants who
indicated they would not alter their property now to install GSI suggested that they mighif do so
they relocated to a new proper8imilarly, Brown et al. (2016jound thatparticipans thought

GSI might improve the attractivenesistheir property, which migf increase its valuehen

selling the propertyNevertheless, other participants in theviancet al. (2016) studyere

deterred from implementing GSI by the required investments in time and money.
Recommendation 4

By and large, residents value their catriandscape features and are not willing to modify them
for GSl installationTo address the issues associated with retroactive GSI implemen@#bn
should be mandated in new developments. This sentiment was expressedraparticipants

in thecurent studyGSl installation when new residential developments are \wailld be

easier and less costly than retroacthatallationon already existing and landscaped properties.
This proactive GSl installation in new developmemtaild also be easieofitically to mandate
thanembarking oractivitiesto fund GSI and convince property owners to install GSI
retroactively after aesidential developmeimias been constructed. Having Gi&italledin new
developments would improve stormwater functionalitgd @acosystem servicandwould serve

to educate residents-emasse about GSI and stormwater management. In additioightalso
provide educational opportunities for amsidents when visiting these neighbourhoods.
Municipalities such as Mississay@antario,have included>Slin newresidentiadevelopments

and redevelopments such as in the Lakeview neighbourhood.

Regulations for installing GSI in residential developments cannot be inserted into the building
code by municipalities, as the building ead provincial jurisdiction. Howevem facilitate
installation of GSI in new developments, municipalities might considéng GSI toguidelines

for newresidentiadevelopments. Thisiight encouragdeveloperdo incorporate GSI

proactivelyinto resigential properties during the construction of new developments.
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5.1.5.Desire for morestormwater and GSI| education

Par t i aespedonrmosedsSI education was another key thiateemergedrom the
currentstudy, which is consistent with literafindings The study byright et al.(2009 has
demonstratethat residentsvho observedain garden demonstration sitgsowedan increased
willingness forrain gardennstallationon their own propertieg.his finding byWright et al.
(2009)coincideswith the currenstudy as mangesign charrette participarfedt demonstration
sitesin the communityvould be useful fob u i | d i n gsuppertdar @SHQthersualies

have also shown that displaying G&dtallationsin the community, circulatinganmunications
on GSI and stormwater managemestwell apublicity on GSI projects increased interest and
involvement in GSI projects among residents (Brown.eR@lLg Mayer et al.2012; Meder &
Kouma, 201].

Recommendation 5

Municipalitiesshouldupdate flood zone mapping, map flooding risks aridrm residents of

their flooding risksThis information should be used by municigaidtuse planersto classify

and prioritize risk and stormwater management interventions to better mitigate agatisgfloo
risks and stormwater management isstreaddition, municipal planneshould inform

residents of their flood risk level$his information should be paired with better education on
home insurance and urban floods, which hopefully will help to naabrksidential adoption of

GSI and norGSI lotlevel stormwater management actions. Finally and as recommended
previously, education would be useful on GSI and-8&i options for stormwater management
and associated cost factors, enabling residents tuselthe stormwater management actions that

seem right for them.

5.1.6. Research needs

Additional studies that examine stormwater management withpertant given the changing
weather patterns and dynamics caused by climate change. It is criticaltétoasveseness of

urban stormwater management and build community resili&8kalso serves as a climate
change mitigation and adaptation measure, in addition to its use for stormwater management.
These aspects of G®ill become increasingly urgent in teake of climate change, as extreme

weather events will overwhelm conventional stormwater management infrastructure.
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There are a number of areas that future research should focus on. Studies should batdirected
researching flood risk mapping in combioatwith neighbourhood stormwater management to
make residents aware of their level of flooding risk. Mapping flood risk can serve as an
important means of educating the public about urban flooding and stormwater management,
which is a topic that is frequdy overlooked by residents. The literature and the current research
highlighted that residents largely underestimate their level of flood risk. Sharing this information
may serve as an important means for spurring action on residential stormwater neamatgem

this context, studies should investigate the effects of flood mapping as a means of educating the

public and promoting engagement in neighbourhood stormwater management initiatives.

Furthermore, because of the commuihityel costs involved in redéntial GSI installation,

municipalities must investigate ndni nanc i al incentives to garner
installation. Studies have shown that financial incentives are very beneficial for garnering
participation in GSI implementationgects among neighbourhood residents. However,

additional studies are needed that investigate other ways of encouraging residents to install GSI
beyond financial incentives. This is important because municipalities, and other organizations,

have limited fhancial funds to offer support to install GSI at a commusigle. In this context,

studies should examine the values residents hold, which motivate their participation in

stormwater management initiatives. Such studies should examine which valuesemotivat
residents to instal/l GSlI and what can be done

adoption of GSI and engaging in stormwater management.

In addition, studies should investigate more closely the personal and individual puadety
benefitsof GSI, and means of financial cost mitigation for GSI installation. This is especially
important for fostering GSI installation among property owners who are not yet personally
affected by urban flooding. Urban flooding is a commutetyel problem and #hbenefits of
installing GSI for urban flood mitigation will be greatest if large numbers of residents

participate, including those that have not yet been affected by flooding.

Moreover, studies should explore programs that promote the implementatiexpémsive and
smallscale forms of GSI and ngBSI options for property level stormwater management.

Residents are hesitant to install laggale GSI due to cost concerns as well as because of space
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and other landscape limitations on their properties. él@w participants indicated that they

were willing to perform other initiatives to handle stormwater management on their property.
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6.0 Conclusions
The current studinvestigated the impathateducatioal treatmentfad on residendsttitudes,

views,values and actions towards GSI in Cambrjdgetario,following an urban flood event in
August 2016 This study was the first of its kind in Canada to examine the effect of a design
charrettein addition to the effect of an educational brochargnfluencing the norms and

actions of residential actors.

A number of key themes have emerged from this research that are relevant for practitioners and
researchers of stormwater management and public engagement. One important theme was the
need to find more &ctive ways to engage the public in installation of residential GSI. Urban

areas need comprehensive GSI implementation as soon as possible. But this requires engagement
in stormwater management at all levels: private residents, developers, and the gatiernm

Integrating GSI into new residential developments is easier than retroactively implementing GSI
after neighbourhoods are built out. Within existing communities there is a need to engage
members of the community and build off momentum and supportageddsy community

demonstration sites. There also is a need to translate this support into individual actions by

homeowners and communisgale solutions.

Theanalysis indicated that tltkesigncharrette activity and the educational brochures were

largelyi nef f ecti ve at changing participantsod6 att.i
Evidence for this assessment included the statistically insignificant findings in the quantitative

data andecurring themes emerging from the qualitative dasatid p a ladk sf@nthusiasm

for installing GSI was driven by their attach
landscapingas well as concerns about G®kts Participants also felt that timeunicipal

government should be responsible for GSI impletaigion and overall stormwater management.

If residents are expected to implemprapertyscale GSI modifications, the government should

further assist by providing guidance aubstantiafinancial assistance to facilitate

implementationSince the effets of the educational treatments were marginal, it will be

important for future studies to continue researching effective means of public education to

increaseg e s i deagadgementdiot-level stormwater management and GSI installation.
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Appendix A Site Visit Checklist
REEP Home Visit-Site Visit Checklist/Questions

Setting

1 Residence Type
o Det hatche8emidet ached 1IOther

I Homeowner name

1 Location(neighbourhood, address)
0

Paved Area
Permeability

' Priority for Action |
1 Needs Consideration
1 Best Practices I

Slope

' Priority for Action |
1 Needs Consideration
1 Best Practices I

Notes
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Eaves and Downspout
Rain Barrels

§ Priority for Action T

1 Needs Consideration
1 Best Practices I

Cistern

' Priority for Action |
1 Needs Consideration
1 Best Practices I

Notes

Drainage and Infiltration
Permeable Surface

' Priority for Action |
1 Needs Consideration
1 Best Practices I

Plantings (Rain Gardens)

' Priority for Action |
1 Needs Consideration
1 Best Practices I

Notes
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Other GSI BMPs

T Type(s)
(0]

Type of GSI Interested in Installing/ Havelnstalled

1 Permeable Pavement

o Yes I No I Al ready installed I
1 Water Harvesting (Rain Barrels/Cisterns)

o Yes I No I Al ready installed 1
1 Rain Garden/ Bio/Grass Swales

o Yes [ No I Al ready installed T
1 [Infiltration Trench Pit/Soakaway Pit

o Yes I No I Al ready installed 1
1 French Drain/Weging Tile

o Yes I No I Al ready installed 1

1 Other GSl interested in(e.g. stormwater management pond/wetland)
(Please List & explain)

General Questions on GSI & education & behaviours/perceptions
Motivations & Facilitators of GSI Implementation

1 To handle Stormwater management on my property
T Yes I No I
1 To handle Stormwater management for the neighbourhood?
T Yes T No I
1 Saves time/effort on property maintenance
f Yes I No 1
1 Beautify my property and/or the neighbourhood
f Yes I No 1
1 Collect water for gardening/watering plants (rain barrels)
T Yes I No I
1 Wildlife(to attract birds, bees, butterflies, showy insects)
T Yes I No I
1 Recreation/Relaxation
f Yes I No 1
1 Heightened property value (with landscaping feature that has more greenspace)
T Yes | No |
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Having knowledge on GSI
T Yes I No I
Resources
1 Being able to cover the costs of GSI
A Yes 1T No 1
1 Having the skills to install GS
A Yes I No 1
Can make use of financial Incentives(e.g. SW Credit Program, Insurance)
1 Yes I No I
Other (Please explain)

Barriers to GSI Implementation

l

T

Feel it is too high a cost

f Yes I No I
Maintenance requirements
f Yes I No I
Lacking ability to do it
f Skills Yes |1 No I
f Sufficient Space Yes | No I
f Limitations (related to propertgife si gn, etc. ] )No Yles I
f Lack of Awareness/knowledge Yes | No I

Not feeling responsible for urban stormwater management in the neighboyidelot
is someone else's responsibility)
f Yes I No I
A If Yes explain whose

Safety concerns
f Yes I No 1
1 IfYes,
Explain:
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1 Other barriers (Please explain)

Experienced extreme weather

Experienced flooding, ponding, extreme weather or other stormwater issues on property

T Yes I No I
1 Type(s) experienced

Type
1 Not on current property
f Yes I No I
1 On current property
f Yes I No 1
1 Where occurred on current property

1 Experienced damage to property (home/personal possgpssio

o Yes I No 1

Type
1 Not on current property
f Yes I No 1
1 On current property
f Yes I No 1
1 Where occurred on current property
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1 Experienced damage to property (home/personal possessions)
o Yes I No I

Type
1 Not on current property
1 Yes I No I
1 On current property
T Yes I No I
1 Where occurred on current property

1 Experienced damage to property (home/personal possessions)

o Yes I No 1

1 Ifinstalled GSI When did you install these GSl/stormwater management features (before
experienced floodingroactive, or after reactivep
A Proactively

T Yes I No 1
A Reactively
T Yes I No I
1 Photos, videos, documents, journals, etc. of extreme weather willing to share
o Yes I
o No I

Notes
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Green Stormwaer Infrastructure Questionnaire

Thank you for taking the time to fill out this questionnaire. All answers will be kept confidential
and will help us understand what factors help or hinder residents in the implementation of Green
Stormwater Infrastructur@SI) on private properties.

Please fill out all questions to the best of your ability. Some questions may look similar to others
but they are all important for helping us understand your views and actions regarding GSI.
Throughout the questionnaire, tte@m Green Stormwater Infrastructure (GSI) is used to
encompass all installation optioms¢luding, but not limited to, rain barrels, cisterns, rain

gardens, infiltration galleries /soakaway pits, and permeable paving.hese can each be used
alone, or incombinationto help collect, store and absorb stormwaterSome questions are

about specific GSI, which will be indicated within the question.

Most questions will be answered using asdint scale ranging from strongly disagree to
strongly agree. Plsa choose the answer that you believe is the most appropriate response for
each of the questions. There is space at the end of the questionnaire for you to provide more
details, if needed.

A personal information section follows at the end of the questimradoes not ask for any
information that would allow you, as a participant, to be individually identifiable. Please fill out
any information you are willing to provide. This information is important for helping us
understand individual factors thafexft your views and actions around GSI. All information
collected will be kept confidential and will only be shared with those in the research team.

Thank you very much for your time.

Any questions can be directed to Danielle Coore through the followmag:e
dcoore@reepgreen.ca
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Picture Dictionary

GSI| Method Picture

Description

Rain Barrel

&
a1l s}

Photo eredit: | -vl«'ﬁé?v,h’ﬁrﬁp‘ﬁ& Jimes

Barrels that can collect and
store rainwater from
eavestroughs or downspou

Cistern

Similar to a rain barrel,
cisterns collect and store rai
water awl runoff), but they
store larger amounts of watg
(350-5200 liters). They can
be above or below ground.

Rain Garden

Gardens that have been dug
deep enough to collect and

store significant amounts of
rainwater and runoff.

Infiltration Trench/Gallery
or Soakaway Pit

A basin built that collects
water and allows it to absorl
deep into the ground.

Permeable
Pavement/Permeable
Paver

S ety *

) =

A special type of paving thai
allows water to absorb into
the ground. They also have
stone reservoir underneath
thatcan collect rainwater or
runoff.




Images (excluding rain barrels) Sourced from: City of Kitchéngt.). Managing Stormwater

for your Home. Accessed June 19, 2017 from
https://www.kitchener.ca/en/livinginkitchener/Managing_Stormwater_for_your_Home.asp#R
Barrels

Rain Barrels Image Sourced From@ity of Kitchener(n.d.). About the Residential Credit
Application. Accessed June 19, 2017 from

https://www.kitchener.ca/en/livinginkitchener/Stormwater_@rekpplication_Residential.asp;

*Shaded boxesaregus t i ons where the fADo Not Knowbo
from the other qualifying responses (the unshaded boxes).

Knowledge & Education Strongly [Disagre{NeutralAgreq Strongly| Do Not
Disagree Agree | Know

| have been formally educated thve functions and

benefits of GSIn the past (i.e. through courses at an

educational institution or through cardssed education
*see Picture Dictionary for photos 1 2 3 | 4 5

1. I have been informally educated on the functions
benefits of GSI in tl past (i.e. through marketing

material such as pamphlets or for personal intere|, 1 2 3 |4 5
GS| Effectiveness Strongly |Disagre(NeutrajAgreg Strongly | Do Not
Disagree Agree | Know
1. | believe that if | installed a GSI method my
property, it would lover the chance of my basem 1 5 3 |4 5
being flooded.
2. | believe that installing GSI on my property woul
not reduce the amount of polluted runoff going ir
local streams and rivers. 1 2 3 | 4 5
3. | believe that GSI at the property level does n(
all hdp protecting the quality of local drinking 1 2 3 | 4 5
water.
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GSI| Personal Effectiveness Strongly |Disagre{Neutra/Agreg Strongly | Do Not
Disagree Agree Know
1. Ithink that installing stormwater GSI on my
property would be a waste of time and maney
1 2 3|4 5
2. 1think that my basement is at risk of flooding in
the next five years.
1 2 3 14 5
*Not Applicabl e
3. | believe installing a rain garden would be very
unpleasant. 1 2 3 |4 5
4. | would take pride in a rain garden and woulq
maintain itto maximize water absorption. 1 2 | 3|4 5
5. I believe that GSI on my prepty would benefit
my own property and my neighbourhood. 1 2 3 |4 5
GSI Responsibility Strongly [Disagre{NeutraAgreg Strongly| Do Not
Disagree Agree | Know
1. | have a responsibility to help the city manage
stormwater, on my property, through thetadlation
of GSI such as rain gardens or rain barrels. 1 2 3|4 5
2. 1 will not be installing any GSI on my property
because | am not interested in changing my prop
1 2 3 |4 5
3. | feel an obligation towards preserving the feature
that help manage rain my neighbourhood.
1 2 3 |4 5
4. | believe that the municipal government should bg
solely responsible for stormwater management a
should not have to install any GSI on my property
1 2 3 |4 5
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5. Pl ease descri be what ibyitgtowafdeGSlshoyloher nei ghbo

6. If or when a new development was to occur in your neighbourhood, how should responsibility
towards handling stormwater in the community be distributed (among existing residents, new
residents, government, et.)

GSI Capability Strongly

Disagree

Strongly Do Not

Disagree| Neutral | Agree Agree Know

1. |am able to spend the money
required to install and maintain GSI 1 2 3 4 5
on my property.

2. | am able to spend the time requiref

to install and maintai®GSI on my 1 2 3 4 5
property.

3. 1 do not have the time to care for a
rain garden on my property. 1 2 3 4 5

4. |do not have enough space in my
yard for any type of GSI.
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GSI Installation

Strongly
Disagree

Disagree

Neutral

Agree

Strongly
Agree

Do Not
Know

1.

I am likely to install a rain garden g

my property.
*see Picture Dictionary for photo

I am likely to install a rain barrel on

my property.
*see Picture Dictionary for photo

| am likely to install an infiltration
gdlery on my property.
*see Picture Dictionary for photo

I am likely to install permeable
paving on my property.
*see Picture Dictionary for photo

Intentions Regarding GSI

Strongly
Disagree

Disagree

Neutral

Agree

Strongly
Agree

Do Not
Know

1.

| am planning to install a GSI option or|
my property within the next year.

I am willing to make an effort to manag
my property so that it positively affects
nearby water bodies.

| intend to control stormwater on my
property rather than allowing it to flow
into storm drains.

If a local workshop about GSI was to b
held in my neighbourhood, | would try
to attend it.
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Taking Action on GSI SFroneg Disagree| Neutral | Agree | Strongly | Do Not
Disagree Agree Know
1. | have already installed/started installir
some GSI on my property, such as ar
barrel or rain garden. 1 2 3 4 5
*see Picture Dictionary for photo
2. | have changed the landscape on my
propertyto prevent runoff to the street.
1 2 3 4 5
Charrettes Strongly [Disagre(Neutra/Agreq Strongly|Do Not
Disagree| Agree | Know
1. | am familiar with the idea of neighbourhood spaces
design workshop/landscape design workshop (where
planners and residents work together to design how G
could work to beefit the neighbourhood).
1 2 3 |4 5

| have attended and/or participated in a neighbourhood spaces design workshop/landscape design
workshop (6Revisioningd workshop) before. (Pl ea
Yes

No

Do you have any comments or idesshow to improve a neighbourhood spaces design
wor kshop/ |l andscape design
box below.
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Demographics
1. Gender
A) Male
B) Female
C) Other
2. Age Group
o 1825
0 26-30
o 3135
o 3640
0 4145
0o 4650
0 5154
0 5559
o 6064
0 65+
3. Educational Background
A) No diplomas
B) High school diploma
C) College diploma
D) Undergraduate degree
E) Graduate degree
F) PhD
G) Other

| f you have chosen 6otherd6, please descri be:
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f

4. Household Income
A) Less than $19,999
B) $20,000- $39,999
C) $40,000- $59,999
D) $60,000- $79,999
E) $80,000- $99,999
F) $100,000 $119,999
G) $120,000- $139,999
H) $140,000- $159,999
) $160,000 $180,000
J) More than $180,000
5. Length of time at current residence
A) Less than a year
B) 1-5 years
C) 6-10 years
D) 11-15 years
E) 16-20 years
F) More than 20 years
6. Do you own orent your current residence?
A) Own
B) Rent
C) Other

you have chosen 6other6, please describe:

7. Dwelling Type
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a. Single detached house
b. Semidetached house

c. Other (Please List)

8. Have you ever experienced home flooding befgrRé€ase check Yes or No)

Yes No

a. If yes, please describe below in more detail.

9. Have you ever experienced any type of extreme weather (heavy rainstorms, drought, and
severe amounts of snow, ice storm, tornado, hurricanes etc.) at yidance3? (Please
check Yes or No)

Yes No

a. If yes, please describe below in more detail.

10. Have you been impacted by extreme weather (property loss/damage to your home, injury,

loss/damage to personal belongings, injury)? (Please cheair Y&y
Yes No

a. If yes, please describe below in more detail.
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11. Do you have any additional comments, thoughts or feelings that you would like to share
with us? If yes, please describe below.
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Dear Resident,

| would liketo thank you very much for your participation in this Green Stormwater

Infrastructure (GSI) Questionnaire. As a reminder, the purpose of this research is to understand
the factors that shape residents6é vdiews and a
learning what the opportunities and possible barriers are that residents experience when deciding
whether or not to install GSI.

This information is very useful for helping us understand engagement activities surrounding
managing stormwater in theroounity.

We have not collected any information that could identify you personally and please be ensured
that all collected data will be kept strictly confidential. Once all the data for this project are
collected and analyzed, | plan to share summaiifedmation with partners involved in this

study in the form of a report and presentation as well as for academic publications. Anonymity
will be assured in any publications, as your personal information will not be shared with anyone
outside of the reseeh project. If you are interested in receiving more information regarding the
results of this study, or would like a summary of the results, please contact me through email. In
the meantime, if you have any questions about the study, please do né¢ hesitentact me.

Danielle Coore
RAIN Communications Research Intern
REEP Green Solutions

dcoore@reepgreen.ca
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Appendix C Post Charrette Survey

Green Stormwater Engagement- PostEvent Questionnaire

Mail Box Pick
Up:

Code:

*Please do
not throw
away-see
instruction s
for what to
do if survey
not picked up
on this date

'ﬁeep T - CAMBRIDGH
(Green w /‘\Xg =

Solutions

@PARTNERS FOR ACT'ON ‘.,l;i!f'!!i!iilhi;!Y_“;

Imagegexcludingpermeabl@avementandstormwatesystemsourcedrom: City of Kitchener
(n.d.).ManagingStormwatefor your Home.Accessed Septemb&8", 201 7from:
http://www.kitchener.ca/en/li vinginkitchener/Managing_Stormwater_for_your_Home.asp

Permeabl®avemenimagesourcedrom: InmanuelGiel Septembe?5", 2007.GrassPavement.
Accessed®eptembet 3", 201 7from:
https://en.wikipedia.org/wiki/Permeable_paving#/media/File:Rasenpflasterstein_1.jpg
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Stormwater System sourcédm: City of Waterloo (n.d.). Local Best Practices. Accessed
September 1% 2017 from:http://www.waterloo.ca/en/living/locdlestpractices.asp

Notesurveybasedn StormwateBestManagemenPracticegBMPs)Questionnairsurvey
preparedy SarahSinasacUniversityof Waterloo,Schoolof Planning.

Green Stormwater EngagemeniPost Event Questionnaire

Thank you again for your participation in the Green Stormwater Infrastr&G&# circulated
in your neighbourhood this summer.

We are reaching out to you again to understand how your views and actions towards GSI
may have been changed since we reached out to you fif§he Greening Your
Neighbourhood Workshop held Wednesday Seytter 20that Avenue Road Baptist Church,
RAIN Home Visitsand Stormwater Management Property Guides distributed).

You do not need to have participated in any of the previous engagement activities listed
above to be able complete the surveyhis questionrniee may seem similar to the first survey,
but the questions are important for measuring any changes to your views and acBoesron
Stormwater Infrastructure (GSI) that may have happened since the occurrence of our
engagement activities. By completirus follow-up survey, you will help us understand how
residents respond to community engagement activities.

Please fill out all questions to the best of your ability. Some questions may look similar to others
but they are all important for helping us uratand your views and the choices you are making.

Throughout the questionnaire, the teBreen Stormwater Infrastructure (GSI) is used to
encompass all installation optioms¢luding, but not limited to, rain barrels, cisterns, rain
gardens, infiltration galleries /soakaway pits, and permeable paving.hese can each be used
alone, or in combination, teelp collect, store and absorb stormwaterSome questions are
about specific GSI, which will be indicated within the question.

Most questions will be answelt using a skpoint scale ranging from strongly disagree to
strongly agree. Please choose the answer that you believe is the most appropriate response for
each of the questions.

There is space at the end of the questionnaire for you to provide mots, detaieded.

A personal information section follows at the end of the questionnaire. It does not ask for any
information that would allow you, as a participant, to be individually identifiable. Please fill out
any information you are willing to provid&€his information is important for helping us
understand individual factors that affect your views and actions around GSI. All information
collected will be kept confidential and will only be shared with those in the research team.

Thank you very much foyour time.
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Any questions can be directed to Danielle Coore through the following email:
dcoore@reepgreen.ca or by calling (57846583 ext. 239.
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Picture Dictionary

GSI Method Description

Rain Barrel

~ |Barrels that can catt and store
rainwater from eavestroughs or
downspouts.

Faw-n

oo tisce PN CArT I TRTEE oy T rres

Cistern Similar to a rain barrel, cisterns collect
and store rain water and runoff), but th
store larger amounts of water (35200
% litres). They can be above or below

ground.

Rain Garden Gadens that have been dug deep eno
to collect and store significant amountg

rainwater and runoff.

A basin built that collects water and
allows it to absorb deep into the groun

Infiltrati on Trench/
Gallery or Soakaway P

Permeable
Pavement/Pergable
Paver

‘ A special type of paving that allows wa

“1[to absorb into the ground. They also hz
a stone reservoir underneath that can
collect rainwater or runoff.

Images (excluding rain barrels) Sourced from: City of Kitchener (n.d.). Managing Stamwat

for your Home. Accessed June 19, 2017 from:
https://www.kitchener.ca/en/livinginkitchener/Managing_Stormwater_for_your_Home.asp#Rain
Barrels
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Rain Barrels Image Sourced From: City of Kitchener (n.d.). About the Residential Credit

Application. Accessed Jenl9, 2017 from:

https://www.kitchener.ca/en/livinginkitchener/Stormwater_Credit_Application_Residential.asp;

Knowledge & Education

Strongly
Disagree

Disagres

NeutraAgree

Strongly
Agree

1. I have been formally educated on the funcj
and benefits of GI* in the past (i.e. through
coursa at an educational instituti@m through
careefbased education).

2. | have been informally educated on the
functions and benefits of GSI in the past (i.e.
through marketing mtarial such as pampdts or
for personal interest).

*see Picture Dictionary for photos

GSI Effectiveness

Strongly

Disagree

Disagre

Neutral

Agree

Strongly
Agree

1. | believe that if | installed a GSI method o
my property, it would lower the chance of m

basement being flooded.

2. | believe that installing GSI on my propert
would not reduce the amount of polluted rur

going into local streams and rivers.

3. | believe that GSI at the property level do
not at all hgb protecting the quality of local

drinking water.

114




GSI Personal Effectiveness Strongly Disagre{Neutral |Agree [Strongly
Disagree Agree
1. I think that installing stormwater GSI on 1
property would be a waste of time and mon
1 2 3 4 5
1. I think that my basement is at risk of
flooding inthe next five years.
*Not A licable 1T
PP 1 2 3 4 5
2. | believe instalhg a rain garden*would be
veryunpleasant.
yHnp 1 2 3 4 5
3. | would take pride in a rain garden* and
would maintain ito maximize water
. 1 2 3 4 5
absorption.
4. | believe that GSI on myrgperty would
benefit my owrproperty and m
Y OWIPTOPET Y 1 2 3 4 5

neighbourhood.

*See picture dictionary for photo
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GSI Responsibility

Strongly
Disagree

Disagre

Neutral

Agree

Strongly
Agree

1. I have a responsibility to help the city
manage stormwater, any property, through
the installation of GSI such as rain gardens

rain barrels*.

2. 1 will not be installing any GSI on my
property because | am not interested in

changing my property.

3. | feel an obligationawards preserving the
features that help manage rain in my

neighbourhood.

4. | believe that the municipal government
should be solely responsible for stormwatel
management and | should not have to insta

any GSI on my property.

*See picture dictionary for photo

116




5. Please describe what you feel youe i g h bespansilsiliy towards GSI should be.

6. If or when a new development was to occur in your neighbourhood, how should
responsibility towards handling stormtgain the community be distributed (among

existing residents, new residents, government, etc.)?
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GSI Capability Strongly  |Disagre{Neutral |Agree [Strongly
Disagree Agree
1.1 am able to spend the money raqudito
install and maintain GSin my propely.
1 2 3 4 5
2.1 am able to spend the time red to
install and maintain GSin my property.
1 2 3 4 5
3. 1 do not have thertie to care for a rain
arden ormy property.
J Y Propery 1 2 3 4 5
4. | do not have enough space in my yand
any type of GSI.
yp 1 2 3 4 5
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GSI Installation Strongly Disagre{Neutral |Agree [Strongly
Disagree Agree

1. I am likely to install a rain garden* or

my property. 1 ) 3 A .

2. | am likely to instalk rain barrel* on

my property. 1 ) 3 A .

3. | am likely to instalbn infiltration

gallery* on myproperty. 1 ) 3 4 c

4. | am likdy to install permeable paving

on my property. L 5 3 A .

*see picture dictionary for photo
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Intentions Regarding GSI Strongly |Disagre(Neutrd |[Agree [Strongly

Disagree Agree

1. I am planning to install a GSI optiom my

property within the nexgear.

2. | am willing to make an effort to manage n

property so that ipositively affects nearby wa

bodies.

1 2 3 4 5
3. lintend to control stormwater on my prope
rather tharallowing it to flow into storndrains.

1 2 3 4 5
4. If a local workshop about GSI was to be h
in my neighbourhood, | would try to attend it.

1 2 3 4 5
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Taking Action on GSI Strongly |Disagre(Neutral |JAgree [Strongly
Disagree Agree
1. I have already installed/started installing s
GSI on my property, such as a rain barrel* ol
rain garden*.
1 2 3 4 5
2. | have changed the landscape on my prop,
to prevent runofto the street.
1 2 3 4 5
*see Picture Dictionary for photo
Charrettes Strongly Disagre(Neutral |Agree [Strongly
Disagre Agree
1. I am familiar with the idea of
neighbourhood spaces design
workshop/landscape design workshop
1 2 3 4 5

*A workshop where planners and residents work together to solve problems and come up with

new visions like designing how GSI could work to benefit the neighbourhood.
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Complete if you received the Your Guide to A RAIN Smart Home Brochure, attending

the Greening Your Neighbourhood Workshop or had a RAIN Home Visit.

Education Strongly Disagre{Neutral |Agree [Strongly
Disagre Agree
1. Educational material on GSI* helpeq
me learn more about GSI and underst
_ _ 1 2 3 4 5
its benefits.
2. Educationaimaterial/activities on GS
made it easier for me to understand hg
to install GSI on my property.
1 2 3 4 5
3. Educational material/activities on
GSI* made me feel a greater sense of
responsibility to make the effort to
manage stormwater on npyoperty.
1 2 3 4 5

*Educational material/activities on GSI (e.g. stormwater management improvement guides,

attending workshops, a RAIN Home Visit)

| attended the Cambridgareening Your Neighbourhood Workshop (held SeptemBer2pa 3.

(Please Check Yes if you attended or no if you did not attend the workshop).

Yes[] No[J
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Complete if attended the Greening Your Neighbourhood Workshop

Greening Your Neighbourhood Workshop Strongly Disagre(Neutral |JAgree Strongly
Disagree Agree

1. Neighlourhood landscape design workshops are
beneficial and /or useful for creating engagement wit
residents for taking action in their neighbourhood to
address stormwater issues.

1 2 3 4 5
2. Neighbourhood landscape design workshogs a
beneficial and/or useful for problem solving.

1 2 3 4 5
3. Attending theéGreening Your Neighbourhood
Workshogmproved my understanding of GSI.

1 2 3 4 5
4. TheGreening Your Neighbourhood Workshbglped
me understand differentays implement GSI.

1 2 3 4 5
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5. After attending th&reening Your
Neighbourhood Workshopfeel it is important
install GSI in the neighborhood.

6. After attending th&reening Your
Neighbourhood Workshdjan idenify
opportunities for installing GSI in my
neighbourhood.

7. The workshop improved my understanding

GSI (what it is, uses, benefits).
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Workshop Activities Strongly Disagre(Neutral Agree [Strongly

Disagree Agree

1. Identifying areas of opportunity,
issue areas and areas of concern
helped me feel empowered to tackilg
stormwater management (as | can
identify potential areas and to
implement GSI to address stormwa

management in my neighbourhood)

2. The Opportunities for GSI
(workshop card) exercise helped mq
identify places in theeighbourhoodo
install GSI.

3. The timeline feasibility activity
helped me feel it is possible aoldress
stormwater management with GSlI i

the community.
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4. Activities at the workshop increasec
my feeling of responsibility for
implementing GSI.
1 2 3 4 5
5. Activities at the workshop impacted
my views towards gaporting GSI
installation.
1 2 3 4 5
RAIN Home Visits Strongly DisagreeNeutral Agree [Strongly
Disagree Agree
1. I have heard about ReBA\IN Home Visits
before.
1 2 3 4 5
2. | know what a Reep RAIN Home Visit is.
1 2 3 4 5
3. ReefRAIN Home Visitsare useful for
learning how to improve stormwater health ¢
residential properties.
1 2 3 4 5

126




| have had a REEP RAIN Home Visit on my property before.

Yes | No |

Answer if you had a Reep Green Solutions RAIN Home Visit on your property.

RAIN Home Visits

Strongly

Disagree

Disagre

Neutral

Agree

Strongly

Agree

1. The RAIN Home Visit helped me
learn about GSI and understand its

benefits.

2. The RAIN Home Visit made it easig

for me to install

GSI.

3. The RAIN Home Visit helped me
learn about ways | could improve

stormwater management on

my property.

4. The RAIN Home Visit influenced m
decision to takedion to change my
property to improve stormwater

management.

5. After receiving a RAIN home Visit,
decided to change my property to

address stormwater management.
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Could you tell us more about how the RAIN Homeiwadfected your intentions (e.g. installing
a GSI, rearranging items or features on your property, changing your activities) towards to

improving stormwater management on your property.

Do you have any further comments, thoughts, or ideas on howAtiie Home Visit may have
affected your views or actions on stormwater management? If so, please write them in the box

below.
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Do you have any additional comments, thoughts or feelings that you would like to share with us?

If yes, please write them down belo
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Dear Resident,

| would like to thank you for your continued participation with our project and for your
participation in this follow up survey, the Green Stormwater Engagement Questionnaire.

As a reminder, the purpose of this research istterstand how education and
engagement help shape the views and action
to install GSI.

This information is very useful for helping us understand engagement activities

surrounding managing stormwater in the caumity.

We have not collected any information that could identify you personally and please be
ensured that all collected data will be kept strictly confidential. Once all the data for this
project are collected and analyzed, | plan to share summarizech@tion with partners
involved in this study in the form of a report and presentation as well as for academic
publications. Anonymity is assured in any publications. If you did share your personal
information with us, we promise not to share it with anyoutside of the research

project. If you are interested in receiving more information regarding the results of this
study, or would like a summary of the results, please contact me through email. In the

meantime, if you have any questions about the spldgse do not hesitate to contact me.
Danielle Coore
RAIN Community Engagement Research Intern REEP Green Solutions

dcoore@reepgreen.a19) 7446583 ext. 239

my B HE N

Ree <=2 CAMBRIDGE
Solutions

= PARTNERS FOR ACTION
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Appendix D Pre Charrette Interview Script
Pr®evi sioning Workshopdé I nterview Qu

Knowledge oGSl

1. Could you please tell me about your knowledge of GSI?
a. Have you heard of Green Stormwater Infrastructure (GSI) or Low Impact
DevelopmentGSl) before?
b. Do you know what GSI is (definition)?
c. Do you krow what GSl is used for?
i. Main purpose of using GSI
ii. Other benefits that are linked to it
d. Can you name a type of GSI?

Attitudes onGSil

1. Tell me about how you feel about GSI overall? (circle response)
a. Favourable/ Neutral/ Unfavourable
b. Do you feel GSl is bengfial or not beneficial?
i. In General
c. Do you feel GSl is beneficial for handling stormwater management on your
property?
d. Do you feel GSl is beneficial for handling stormwater management in the
community?
i. Why/Underlying reasons?
2. Have you installed any types GSI on your property?
a. Yed NoO
b. Why?
I.  Can you tell me more about the underlying reasons behind this?

3. If No: If you have not currently installed any type of GSI, would you be willing to install
GSI on your property in the future?
a. Why?
i. Can you tell me mre about the underlying reasons behind this?

If Yes: Would you be willing to install more if you if you already installed a type of GSI
on your property?
b. Yes T No 1
i. Why?
1. Can you tell me more about the underlying reasons behind this?

4. Do you have any caerns about GSI or reasons that you would not install GSI?

5. Tell me about how you feel about installing GSI on your property?
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a. Do you feel you have a role in stormwater management for your community, such
as installing GSI or other stormwater managemetiatiies on your property?
b. Overall, | feel that installing GSI on my property is worth it, or that is not worth

it?

c. Can you tell me about what motivates you to install GSI on your property?

Expectations of Charrette

1. How are you feeling about the upcomididr e vi si oni ngo
2.

3.

|l s there anything that you hope

Wor kshop?

to get fro

a. Learn (gain knowledge) about GSI (what it is, how to do it, benefits for SWM

[quality and quantity], environment [climate changes, wildlife etc.], SWM

reducing flooding)?

b. Feel are better prepared with resources for GSI (skills of how to do it, have the

ability to do it on property)?
Participate/share ideas/express opinions/views
Develop understanding

Opportunity to collaborate with others

-~ ® 2 o

Do you have any concerns about

Understandingf stormwater management in the community

the upcomin

Experiences with recent extreme weather, possible local flooding, Videos, Material to share on

extreme weather

1.

Have you ever expmnced flooding, ponding, extreme weather or other stormwater

issues in the local neighborhood, or on your property?
a.Yes I No I

What type(s) of extreme weather have you experienced?
a. When did you experience this?
b. Not on current property

A Yes T No 1
i) On current property
A Yes T No

Can you tell me more about this experience/these experiences?
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4. Have you experienced damageproperty (home) or your possessions because of
flooding or stormwater issues on your property?
o Yes I No I
a. Could you explain more?

5. Do you have any photos, videos, documents, journals, etc. of extreme weather that you
would be willing to share with me?
o Yes I

o No 1

Notes
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Appendix E Post Charrette Interview Script

Post ORevisioning Workshop6é I nter

Knowledge oGSl

1. Could you please tell me about your knowled§&81?
a. Have you heard of Green Stormwater Infrastructure (GSI) or Low Impact
DevelopmentGSl) before?
b. Do you know what GSI is (definition)?
c. Do you know what GSl is used for?
i. Main purpose of using GSI
ii. Other benefits that are linked to it
d. Can you name ape of GSI?

Attitudes onGSil

1. Tell me about how you feel about GSI overall? (circle responses from participants)
a. Favourable/ Neutral/ Unfavourable
b. Do you feel GSl is beneficial or not beneficial?
i. In General
c. Do you feel GSl is beneficial for handling stormesamanagement on your
property?
d. Do you feel GSl is beneficial for handling stormwater management in the
community?
i. Why/Underlying reasons?

2. Did you instal/l any types of GSI on your
Workshop?
a. Yed NoO

3. fNo:lfyou had not installed any type of GSI
would you be willing to install GSI on your property in the future, now that you have
attended the O6Revisioningdéd Workshop?

a. Why?
i. Can you tell me more about the underlying reasons dehig?

If Yes: Would you be willing to install more GSI if you if you already installed a type of
GSI on your property?
b. Yes T No 1
i. Why?
1. Can you tell me more about the underlying reasons behind this?
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4. Do you have any concerns about GSI or reasons that you would not install GSI?

5. Tell me about how you feel about installing GSI on your property?

a. Do you feel you have a role stormwater management for your community, such
as installing GSI or other stormwater management initiatives on your property or
is it someone el sedbs responsibility?

b. Overall, | feel that installing GSI on my property is worth it, or that is not worth
it?

c. Can you tell me about what motivates you to install GSI on your property?

Experience of O6Revisioningd Workshop

1. How was your experience at the O6Revisionin
a. Good, bad or neutral (circle response)
2. Is there anything that you feel you gainedfratht endi ng t he ORevi si on
a. Learn (gain knowledge) about GSI (what it is, how to do it, benefits for SWM
[quality and quantity], environment [climate changes, wildlife etc.], SWM,
reducing flooding)
b. Feel it better prepared me with the resouroes3SI (skills of how to do it, have
the ability to do it on property)
Participate/share ideas/express opinions/views
Develop understanding

Opportunity to collaborate with others

-~ o o o

Understanding of importance of doing stormwater management in the community

Was Effective at promoting participation and getting engagement on project from
me and others in my community

Q

3. Do you have there any concerns about the h
about GSI?
a. 6Revisioningd Workshop
i. Not effective use of time amésources
ii. Too focused on the professionals, residents in the community were not

able to contribute to the session in the same way.
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b. GSI

How you think knowledge and attitudes might h

Workshop

1. After attendiim@itnged Me kshop, how do you f
might have changed?
a. Definition
b. Types
c. Main reason why used
d. Other benefits
e. Made me more supportive of GSI

2. After attending the workshop, how do you feel your perception towards GSI has
changed?

a. | view GSI as more beneficial for stormwater management on my property than |
did before attending the O6Revisioningé

b. 1view GSI as more beneficial for stormwater management in my neighborhood
than | did before attending the O6Revi si

c. | view GSI as being more useful for the other environmental benefits it has
(climate change, wildlife etc.) than I
Workshop

i. Why/Underlying reasons?

3. Has the O6Revisioningbé Workshop affected yo
a. Why/Underlying reasons?

4. After attending the Revisioning Workshop, do you feel you are better prepared to be able
to install GSI on your property
a. Skillsto doit
b. Realize can afford it

c. Realize | can implement it on my property (design, space wise)
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5. How hasvtilte odRngd Wor kshop affected how yo
contributing to tackling stormwater management in your neighborhood?

a. Why/Underlying reasons?

6. How has the O6Revisioningd Workshop affecte

your property irthe future?
a. Made me more supportive of installing GSI on my property
I. Why/Underlying reasons?
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Appendix F Charrette Observation Notes

Parti

Table

Ci

Participants

Observation Checklist (During

1. Residents I No 1T
2. Landscape Architect I No 1T
3. Planner I No |
4. Engineer I No I

5. Other

6. Other

Number of participants in the group:

Interactions among resident participantsWhat is Happening in the Process?

1. Share ideas
a. Yes

T

No |

Substantive Content

Who says
it

When
Occurs
(beginning,
middle, end
of
workshop)

How has it changed
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2. Share information
T

a. Yes

Substantive Content

Who says
it

When
Occurs
(beginning,
middle, end
of
workshop)

How has it changed

1. Agreemerton idea(s)

a. Yes

No |

Substantive Content

Who says
it

When
Occurs
(beginning,
middle, end
of
workshop)

How has it changed
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2. Disagreement
a. Yes

~

No I

Substantive Content

Who says
it

When
Occurs
(beginning,
middle, end
of
workshop)

How has it changed

3. Express Support

a. Yes

No 1

Substantive Content

Who says
it

When
Occurs
(beginning,
middle, end
of
workshop)

How has it changed
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4. Express Opposition to GSI

a. Yes

No I

Substantive Content

Who says
it

When
Occurs
(beginning,
middle, end
of
workshop)

How has it changed

5. Discuss area (s) of concern (issues with GSI, problems in the neighbourhood)

a. Yes

No |

Substantive Content

Who says
it

When
Occurs
(beginning,
middle, end
of
workshop)

How has it changed
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6. Discuss Cooperation to implement ideas

a Yes | No I
Substantive Content Who says | When How has it changed
it Occurs
(beginning,
middle, end
of
workshop)
How is the interaction
1. Positively (e.gexpress enthusiasm, support) Yes |
a. Substantive Contehwho said:
Substantive Content Who says | When How has it changed
it Occurs
(beginning,
middle, end
of
workshop)
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2. Neutral Yes

~

~

No |

Substantive Content

Who says
it

When
Occurs
(beginning,
middle, end
of
workshop)

How has it changed

3. Negatively (conflict, disapproval of GSl/project/neighborhood cooper&tion

implementationetc.).

Yes

~

No |

Substantive Content

Who says
it

When
Occurs
(beginning,
middle, end
of
workshop)

How has it changed
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How do people interact?

Cooperation

Yes [

Substantive Coent

Who says
it

When
Occurs
(beginning,
middle, end
of
workshop)

How has it changed

Consensus

bui

di

ng

Yes |

Substantive Content

Who says
it

When
Occurs
(beginning,
middle, end
of
workshop)

How has itchanged
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Provide

Feedback

Yes 1

Substantive Content

Who says
it

When
Occurs
(beginning,
middle, end
of
workshop)

How has it changed

Share | deas

N o

Yes |

Substantive Content

Who says
it

When
Occurs
(beginning,
middle, end
of
workshop)

How has it changed
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What kind of information is exchanged?

1. Knowledge on GSI

Yes

No |

Substantive Content

Who says
it

When
Occurs
(beginning,
middle, end
of
workshop)

How has it changed

2. Informationon methods of Implementing GSle s

N o

Substantive Content

Who says
it

When
Occurs
(beginning,
middle, end
of
workshop)

How has i changed
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3. Support for GSI

a. Gener al

Yes

—_—

No I

Substantive Content

Who says
it

When
Occurs
(beginning,
middle, end
of
workshop)

How has it changed

b. Envi

ronment al

Benefits

Yes |

Substantive Content

Who says
it

When
Occurs
(beginning,
middle, end
of
workshop)

How has it changed
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c. Ot her

Benefits

Yes

~

Substantive Content

Who says
it

When
Occurs
(beginning,
middle, end
of
workshop)

How has it changed

4, Support

for

resi

dent i

a. Substantive Contehtwho said:

a l

i mpl ementati on

on

Substantive Content

Who says
it

When
Occurs
(beginning,
middle, end
of
workshop)

How hasit changed
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5. Support for

residenti al

I mpl ementati on

n

Substantive Content

Who says
it

When
Occurs
(beginning,
middle, end
of
workshop)

How has it changed

6. Feel Capable to implement GSI

Substantive Content

Who says
it

When
Occurs
(beginning,
middle, end
of
workshop)

How has it changed
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7. Other

Substantive Contén

Who says
it

When
Occurs
(beginning,
middle, end
of
workshop)

How has it changed

How engaged are participants?

1. Very Engaged
a. Verbally
b. Tactilely
c. Other

—_—

2. Somewhat
a. Verbally
b. Tactilely
c. Other

— —(

3. Disengaged
a. Verbally
b. Tactilely
c. Other

— —(
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Development of a Product (Outcome of Community Mapping an@®pportunities for GSI
Activities)?

1. Residenti al Property Strategi Bet Developed
a. Area of Concern I
b. OpportunityArea
C. Issue Aea

—_—( =
-_
— —( —(

-_

2. Municipal Strategies Developed Complete 1T Not DRartio@ledl
a. Area of Corern
b. Opportunity Area
c. Issue Aea

3. Types and locations:

—_—( —( —(
—_—( —( —(
—( —( —(

4. Feel can be practically implemented Yes | No I
52.Willing to implement it on their propertie
6. Feel Owership over plans developed Yes I No I
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7. Areas of Agreement/Overlap Among Groups:

8. Areas of Disagreement among Groups:

9. Consensus Among Groups:

Outcome of Feasibility and Action Items Activity

1. Action Items developed:

2. Timescale for project implementaii
a. By End of 2018 (short term)

-
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b. By End of 2019 (medium term)

c. After 2019 (long term)

Notes

153



Appendix G Facilitator Notes
Participant Observation Chec

Table Number

Participants

7. Residents Yes I
8. Landscape Architect Yes I
9. Planner Yes |
10.Engineer Yes |1

11.Other (e.g. environmental organization representative)

klist (During

—_—

N o
N o
N o
N o

—_ —¢

—_—

12.Other

Number of paitipants in the group:
Interactions among resident participawat is Happening in the Process?

Share ideas (Highlight answer to complete electronically e.g. highlight y

es to indicate yes)

Yes | No I

Interaction Type | Substantive Who When Occurs (beginning, | How has it
Content says it | middle, end of workshop) | changed over

time

Share Ideas

Yes | No

Share

Information

Yes | No

Agreement on

idea(s) _

Yes | No

Disagreement on

idea(s) _

Yes | No

Express Support

Yes 1| No
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EXxpress
Opposition to
GSI

Yes |
No I

Discuss area (s)
of concern
(issues with
GSI, problems
in the
neighbourhood)

YesvT
N o I

Discuss
Cooperation to
implement ideas
Yes 1

No I

How is the interaction

Interaction Type

Substantive
Content

Who
says it

When Occurs (beginning,
middle, end of workshop)

How has it
changed over
time

Positively (e.g.
express
enthusiasm,
support)

Yes I No

Neutral 5
Yes I No
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Negatively
(conflict,
disapproval of
GSl/project/neig
hborhood
cooperation for
implementation,
etc.).

Yes 1[I No

How do people interact?

Interaction Type

Substantive
Content

Who
says it

When Occurs (beginning,
middle, end of workshop)

How has it
changed over
time

Cooperation
Yes |

Consensus building
Yes |

Positive fveedback
Yes |

Share Idgas
Yes |
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