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Abstract

This study explores characterizatoof climate change and climate preparedness
within two subwatersheds of the Lake Superior basin. Tweengnkey informant
interviewswere conductedith local decision makers, resource managers, and other
leaders active ithe subwatersheds. Study papgant®experiences, beliefs, and attitudes
were documented and analyzed using qualitative metkau$ingsindicatestrong
convergence around climate change beliefs and concermbvangerce onpersgectives
on climate preparedness. Further analysiealed specific challenges and current actions
associated with climate preparednéssetter understanding of climate change beliefs
and perceived preparedness will provide insight into the resources and activities that can
be leveraged for further climepreparedness. This study also reveals challenges that may
need to be addressed to make efforts more effectivdy 8ndingsoffer a framework for
climatepreparedness planning and provide evidence for a strategic appradiliteg
adaptive capacitin the study communitiegindings will inform community
engagement, outreach, education, and communication programming on climate
preparedness.

Keywords climate changeadaptationglimate preparedness, Great Lakes, decision
makers
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CHAPTER 1
INTRODUCTION

Climate changes alteringclimatic conditionson a global scale, anchpactssuch
as ocean warming and acidification, $ezel rise, extreme heat, and extreme
precipitation and flooding are affectisgcib-ecological systemaround the worldField
et al., 2014)TheUnited Statess currently experiencing impacts awdl continue to do
So in the years to come, witlifferent regionf the country impactenh different ways
In theUS Midwest,changing climatic conditiongiclude hgher temperatures, more
intense episodes ektreme heaincreasedrequencyand intensity of precipitatigrand
increasedlooding (Karl, Melillo, & Peterson, 2009; Melillo, Richmond, & Yohe, 2014)

Climate impacts to the Great Lakes and the Great Lakesdra@slocumented.
Coastal regions are considered climsgasitive domain@-ussel, 2007)which means
they readily experiencgimate change phenomersach as declining Great Lakes water
leves. Changedo Great Lakes water lev@are largely the result of precipitation and
evaporation changes. As temperatures in the region have increased, winters have become
shorter with longer periods free of frost and(iarl et al., 2009; Mackey, 2012
decrease in lake ice on the Great Lakes has already been régodeewold et al.,
2013; Karl et al., 2009As lake ice reduces, evaporatimmthe lakes increases, leading
to a reduction in lake levels. In Lake Superiake levels may drop betwe@rbi 1 foot
by end ofthe century(Karl et al., 2009)Even a watelevel drop of Ifoot canimpact
ecosytems, infrastructureshipping and tourisnmsectors

An additional change in hydrologic patterns is increased precipitation frequency

and intensity, which caproducemore flooding. Extreme rainfall and flooding events



overwhelm aging stormwat@énfrastricture in urban areadamage buildings, roads, and
individual propertyimpact ecosystems through increased ergsleteriorate water
guality; and drain emergency management resoyCesba, Fallon, & Kessler, 2012;
Melillo et al., 2014) Extreme rainfalloccurrenceslreadyaffect Great Lakes coastal
communitieswhich are increasingly vulnerable to the social, economic, and
environmental impacts of such events

In June 2012, DulutiMiinnesotaand the surrounding communitiesperienced
an extreme precipitation and flood event, whdeimaged infrastructure, residences,
businesss and recreation areas and facilitiés a result of the extreme event,
approximately $5 million of damage were incurred iDuluth alongEastern Research
Group Inc., 2014)Water quality was negatly affected when erosidad toincreased
sediment in riverand Lake Superiognd sewage infrastructure overfleausedsewage
to flow into Lake Superior, the source of the commuisitgrinking water.

With the aim of examining interactions betweenismnmental risk and
community readinessnd responsehe University of MinnesotdJMN) and the Natural
Resources Research Instit(iRRI) partnered on théintegrative social and hydrologic
models for enhanced resiliency of coastal communities undemextweather events
project Thisprojectwas implemented itwo subwatersheds the Duluth areawith three
objectives: 1) ompare the combined effects of urbanization, green infrastruetnuoe
extreme climate events (e.g. storms and droughts) on spreakflow and discharge in
urbanized and rural watersheds; 83ess the adaptive capacity of social systems,
including governance, to anticipate and respond to impacts of extrenagecénents at a

watershed scale; and 3)pdel scenarios of environmentak and the efficacy of



mediating strategies (e,@reen infrastructure, development policies) and deliver results
and options through outreach to community leaders and decision rldkets
Davenport, Enzler, & Johnson, 2013)

University of Minnesotd win Citiesresearch personnfdcused on the second
objective, investigatingnvironmental planning and conservation programming within
the community as well as the commugstanticipation and response to climate change.
Specific research questiongthin this objectiveincluded

1. What are the local perspectives on community assets, community needs,

environmental planning, and water camnvsgion programming?

2. What is the adaptive capacity of communities, community leaders, and land

use/water resource professiodakpecifically, what igheir ability to

anticipate and respond to climatdated impacts?
Sinceclimate impacts will inherentlipe experienced at the local level, climate change
adaptation will need to happen at the local scale agaddjer et al., 2009; Adger,
Arnell, & Tompkins, 2005; Agrawal, McSweeney, & Perrin, 2008; Fissel, 2007)
Community decision makers and leaders will play key roles in adaptation planning efforts
at the local scale. Understanding thsskeholde@perspectives on climate change
preparedness will assist in the identificatiortonstraintso and opportunities for
adaptation that exist

The social science study presented in this thesis has the overarchitg goal
identify andexamineconstraints an@pportunitiesassociated witlslimate preparedness

Qualitative research methodereusedto explore the problem in an-tepth manner



and from the perspectives of those within shely aredCharmaz, 2006Creswell,
2013) The following research questiongreinvestigated in the study:

1. How dodecision makers in the study subwatershasacterize climate

change and climate change preparedness?

2. Whatdo decision makers perceideves and constraisprepaation for and

adaptation to climate change?

3. How can this new understanding help the community build climate

preparedness and adaptive capacity?

Climate preparedness defined asheactionstaken to prepare for and adequately
respond to current and futiclimate change phenomena dimeirimpacts(Heidrich,
Dawson, Reckien, & Walsh, 20138}limate preparednesemonstrateow systems or
communities ar@reparedo handle climate change impacthe terminology is similar
to adaptationwhichis defined ashe actions that are implemented to adjust to actual or
potential climate change impado prevent harm and take advantage of any opportunities
that may arise from climate chan@®eld et al, 2014) Adaptive capacity indicates a
systends ability toadjust toclimatic changesThe two concepts are relateccanmunity
that hasadaptedr adjusédto climatic changesften indicates a stasm with high
adaptive capacitysimilarly, a community that is well prepared for climate change likely
has high adaptive capacity.

Theresearch contribusgo the community climate adaptation and adaptive
capacity literature that seeks to understand how and why communities do or do not adapt.
Specifically, the researdipbldspractical implications for the Duludweacommunitys

ability to adapto climate change. Findings will indicadeeas of strength and



opportunities for further adaptation efforts, such as a strong sense of place in the
community, as well as adaptation constrathtd may need to be addressed

The next chapter indduces relevant climate change and adaptation literature that
serves tmutlinerelevant theoretical frameworks well agosition the study in the
current literature on coastal communities and adaptationthligechapter reviews the
studys methodologywhich includes the study area, study design, instrument
development, participant recruitment, data collectpamticipant profiledata analysis,
anticipated outcomeand studyquality, andstudylimitations.Chapter four entails a full
academic artid ready to submit for publicatiomnddraws upon material written in the
other chapters of this thesis. Tin@al chapter concludes with the study discussind

implications



CHAPTER 2
LITERATURE REVIEW
A review ofclimate adaptatiohterature indcates that whilseveralarticles
outline framework for assessing adaptive capacity or clinateparednesdew studies
apply thesérameworksto decisionmakingin Great Lakegoastal communitiessround
truthing orficommunitytruthingd of these framewts is even less common in the
literature.This literature review serves two purpodésst, the review examines studies
regarding decisiomaker®perspectives on climate preparedness in coastal communities,
indicating the gap and need for continued a@lotience and qualitative research in this
domain.Secondlit reviewsconcepts of climate preparedness and adaptatiothand
frameworks ofadaptive capacityulnerability, andadaptation barriefsom which to
examine perspectives of climate change aregness. These frameworks allow for the
assessment @farriers,assetsandopportunitieghatprevent or promotelimate
preparedness aratlaptation.
Climate preparednesiescribeshe measures taken to prepare for and to respond
to current and future ichate change phenomena and their impédesdrich et al., 2013)
The terms preparedness and adaptation are often used interchangeably irchhmgee
action communities. However, preparedness has its roots in the emergency and disaster
risk assessment literature (e.g., flood and wildfire preparednes#)eandgin of
adaptation liegn biology, ecologyand related fields (e.g., species adapigt
Adaptation is commonly used within the international climate science community (e.qg.,

Adaptation Committee of the United Nations Framework Convention on Climate



Change). For this study we adopted the term preparedness because we believad it was
more accessible term for decision makers and practitigeetipatingin this study.

Several studies investigate decisioaker perspectives on climate preparedness
in coastal communitie@ahl & Stirratt, 2012; Mozumder, Flugman, & Randhir, 2011;
Scally & Wescott, 2011)with a common thread throughout to be some adaptation
progress amidst multiple adaptation challenges. Scally and Wescott (2011) explored
perceptions of afhate change and adaptation responses in an Australian coastal
community and found that stakeholders perceived climate change impacts were occurring
in the community but they differed on adaptation perceptions, beliefs, and response.
Additionally, financialand resource constraints, lack of cresstor/interagency
coordination, and unclear responsibilities were barriers to adap{8taily & Wescoitt,
2011)

Kahl and StirrattZ012)investigated challenges and motivations for &akagm
planning by decision makers in Great Lakes coastal communities, finding that although
coastal communities are making good progress regarding climate knowledge and
adaptation, challenges to adaptation decision making and planning include using
available resources effectively, cressctor coordination and communication, lack of
political will, and lack of time. Similarlyvozumder et al.Z011)found that while
decision makers in the Florida Keys were increasingly aware of the social and ecological
impacts and risks of climate change to their communities, adaptation was ofte
constrained by social and institutional barriers, such as insufficient budget and staff time,

lacking public demand for action, and few perceived solutions.



Determinants of Climate Preparedness
Several factors enable or constrain community climate pedpass, including
adaptivecapacity vulnerability,andadaptatiorbarriers.Adaptive capacity elaborates
upon components thatipport or hinder adaptatiomhe framework of vulnerability
incorporates adaptive capacity with exposure and sensitivity soroatfuller picture of
potential climate impacts. The literature on adaptation barriers serves a helpful
examination of climate preparedness based on the specific hindrances of adaptation

planning and implementation.

Adaptive Capacity

Adaptivecapacity n the climate change literature is defiredthe ability of
natural and human systems to adjustlimatic changegField et al., 2014)Adaptation
can be understood @&manifestatios of adaptive capacibfSmit & Wandel, 2006, p.
286), so adaptations that have or have not occurred may be understood astenedif
the adaptive capacity of the individual, community, institution, or regloreview of
the literature demonstrates adaptive capacity research incorporates research from
psychology(Gifford, Kormos, & Mcintyre2011;Grothmann, Grecksch, Winges, &
Siebenhiner, 2013; Torsten Grothmann & Patt, 2005; Reser & Swim,, 2011)
vulnerability and resiliencéengle, 2011)institutions and governan¢égrawal et al.,
2008; Gupta et al., 201,0and organizational theo(Berkhout, 2012)

A large portion of daptive capacity literature focuses on assess(&ee,
2011; Fussel, 2007Researchers have developed several frameworks to understand and
assess adaptive capacity across scales, institutions, and@ebdismann et al., 2013;

Gupta et al., 2010from Gupta et al. (2010), dimensions of assessmenbasty of



perspectives, learning capaciglowance for and promotion of autonomous behavior
change, leadership, mobilization of resources, and fair goverraties. authors have
incorporatedhe social and cognitive factasatresearchers increasingly contend are
needed for adaptation and abtag high adaptive capacitdger et al., 2009; Gifford,
Kormos, & Mcintyre, 2011; Gifford, 2011; Grothmann & Patt, 2005a)cial factors and
capacities that have often been underrepresented in adaptivéycapd@daptation
frameworks include values, norms, beliefs, motivations, perceptions, human and social
capital, knowledge, experience, behaviors, interests, and cugtolignsr et al. 2009;
Clayton et al., 20155rothmann et al., 2013§rothmann et al. (2013) added adaptation
belief and adaptation motivatiasa Gupta et afs framework These two components
incorpaate political will, perceptions of climate change and risk, perceived behavioral
control(Ajzen, 1991) and sel and response efficagpjzen, 2002) aspectsesearchers
have noted are integral in adaptive capacity and adaptation impleme#atger et al.,

2009; Clayton et al., 2015; Gifford, 2011, 2014; Reser & Swim, 2011)

Vulnerability
The IPCC efines vulnerability agthe propensity or predispiion to be
adversely affectaiby climate chang@-ield et al.,2014 p. 5. Vulnerability can also be
undestood as a funaiin of exposure anskensitivity(Fussel, 2007; IPCC, 2007; Smit &
Wandel, 2006)Exposure indicates the degree to which a system is exposed to climatic
variations and often is a function of geography or physical location. Sensitivityispecif
the degree to which a system is affected by climatic change and climate impacts.

Therefore, one approach to reducing vulnerability to climate change is by addressing



exposure andesisitivity to decrease risk of potential climate imp#Etsssel, 2007,

IPCC, 2007; Smit & Wandel, 200@Figure J.

Exposure =3 \/ylnerability €= Sensitivity

!

Potential
Impacts

1

Adaptive
Capacity

Figure 1 Model of Climate Vulnerability. Aapted fronfussel, 2007; IPCC, 2007; Smit

& Wandel, 2006

Factors that influence vulnerability include age, socioeconomic status, ethnicity,
class,gender, and health (Field et al., 2014). Socioeconomic status, inequality, and
inequity within a community may be the main factors that influence vulnera@iitiR.
Biesbroek, Klostermann, Termeer, & Kabat, 20Mile individual sociodemographic
factors largely affect vulnerability, commuyitelated factors also play a role. For
example, social support, including social networks and social capital, can increase coping
abilities and therefore decrease vulnerab(lyarte, 2007)Social support can also
allow an individual greater access to imf@tion and economic resourd&snmit &

Wandel, 2006)Social resources that aid in coping include community attachment (sense

10



of community and place identity) and social cohesion (canity turnover and
socializing)(Wall & Marzall, 2006) Generally, the greater a peré®eonnection to
community is, the less vulnerable a person is. If an individual has strong coping
capabilities and good connections to the community to draw upon if circumstances of

emergency or disaster, vulnerability will be redu@@®dser & Swim, 2011

Barriers to Adaptation

Adaptation barriei® the factors that impede development and implementation of
adaptationd are a key determinant of climate preparedness and a robust research
domain.Although climate change apfation is or will be needed in most communities, it
is often hindered for various reasons, including limited resoBiesbroek et al., 2013;
Moser & Ekstrom, 2010; Mozumder, Flugman, & Randhir, 20&aynitive barriers
(Gifford, 2011; Moser & Ekstrom, 2010; Reser & Swim, 2014¢k of leadership
(Moser & Ekstrom, 201Q)institutional and governance constraif@gesbroek et al.,
2013; Measham et al., 201 Bnd social factorAdger et al., 2009; Jones & Boyd,
2011a)

Reseech indicates barriers arise from three areas: factors relating to individuals,
policy, and implementatio(Biesbroek et al., 2013; Moser & Ekstrom, 2018iter
noting there ould be innumerable barriers to adaptation, Biesbroek et al. (2013) found
that only three barriers are climate change specifiithE) longterm impacts of climate
change versus the shderm dynamics of politics and decistomakingp 2) fithe reliance
on scientific models to identify, understand, and communicate the problem and propose
solutionsp and 3)ithe inherent uncertainties and ambiguities of climate cliipge

1124). Barriers that are naimate change specific are those that can also be faund

11



other environmental, policy, and decisioraking realms, such as lacking resources,
technical skill, or leadership.

Early adaptatiotbarrier research primarily focused on loigical and technical
barriers; howeverecent studies have broadened bamesearch to include more social
science disciplines, finding that social factors play an integral role in influencing adaptive
capacity and adaptation implementat{@@nnett, Dearden, Murray, & Kadfak, 2014;

Jones & Boyd, 2011b; Scally & Wescott, 2011; Wall & Marzall, 20&@@cial barriers
include institutionalgovernancegultural, political, informational, and cognitive
dimensionof adaptatior(Biesbroek et al., 201Biesbroek et al., 2011; Gifford, 2011;
Measham et al., 2011)

Cognitive barries are particularly powerful at impeding adaptation beeaus
cognitive constraints can hinder adaptation even if the comn@sipibysical or financial
resources are enough for adequate adaptation implemer{taifford, 2011; Grothrann
& Patt, 2005; Reser & Swim, 2011; Swim et al., 20Bpecifically, researchers
demonstrate beliefs, worldviews, values, norms, and perceptions of control, efficacy, risk,
and uncertainty have constrained adaptation behé\dger et al., 2009; Clayton et al.,
2015; Gifford, 2011, 2014; GrothmadnPatt, 2005; Moser & Ekstrom, 2010; Reser &
Swim, 2011) Institutional and governance constraisish adack of leadership
throughout the understanding, planning, and managing phases of adaptation can prevent
or impede adaptatiofMoser & Ekstrom, 2010)Similarly, a lack of coordination and
communication within institutions and between institutiond #re public on climate
change generally and adaptation specifically, along with a lack of public awareness, can

constrain adaptation planning or implementation eff@tger et al., 2009; Jones &

12



Boyd, 2011a; Measham et al., 201A% opposed to biological or technical barriers,
socialand cognitivebarriers are diffialt to directly measure. If decision makers report on
their perspectives and experiences with adaptation, barriers can be better identified and
evaluatedBiesbroek et al., 2011)

Based on adaptation literature andigoreviews, several frameworkgvebeen
proposed for categorizing, organizing, and understanding social barriers to adaptation
(Adger et al., 2009; Biesbroek et al., 2011; Moser & Ekstrom, 2@&dder et al. (2009)
indicates ethics, knowledge, risk, and culture are categorical barriers to adaptation, while
Biesbroek et al(2011) proposes seven clusters of barriers to adaptation, which include

both climatespecific and nottlimate specific barriers{able 1.

Table 1 Categorie®f Barriers to Adaptation (Biesbroek et al., 2011).

Barrier Category Description
Lack of awaeness and 1 Lack of communication between scientists, practitioner
communication and public

1 Lack of awareness a result of lack of communication
Fragmentation 1 Institutions, organizations, agencies, policies and

individuals not connecting or coordinating

Resources Human (staff, time, skilled individuals)
Financial

Information (applied, local, credible)
Physical (technological measures)

Natural (access to land)

=A| =2 =2 =001

Conflicting timescales Conflict between longerm scale of climate change and
more shortermscale of planning and decision making

Other more immediate issues higher priority

=

Motives and willingness Cognitive decision making factors, such as attitudes,
to act beliefs, norms, and values may inhibit acting on adaptég
9 Lacking leadership mayso prevent adaptation action

=

Institutional crowdedness 1 Many institutions working on problem, leading to
and institutional voids confusion about tasks, responsibilities, and goals

9 Few institutions working on adaptation
Substantive, strategic, and 1 Uncertainty about climate change phenomenon and

institutional uncertainty impacts

13



1 Uncertainty about human behavior
9 Uncertainty about decision making

Conclusion

The climate preparedness and adaptation literature demonstrates barriers that
impede adequate climaselaptation exist in many communities. From the adaptive
capacity literature, building capacity may serve as an opportunity to overcome these
barriers and increase climate preparedness. This literature, along withdiles sn
decisionmaker$perspecties on climate preparedness particularly relevant for this
studybecause it indicates constraints to and potential opportunities for climate
preparedness that may be applied in the Dwdmlacommunites Specifically, this
literature often illustrateclimate change beliefs and concern exist, but barriers to climate
adaptation impede community preparedness, findings that are likely relevant and helpful
to understand the Dulutireadecisionmaker®perspectives on climate change and
climate preparedrss.

While this literaturehelps set the stage for the studtyalso demonstrasea need
for furtherplacebased researan climate preparedness. Few studoesison climate
preparedness perceptionghin Great Lakes coastal communitiesd those thato
often aggregate findings froseverakcommunities, making it difficult to understand
what specifically is hapming in the Duluth regioThe studywill illuminate place
based constrainend opportunitiearoundadaptation and adaptive capacity buitgin
the Duluth communityPlacebased ihdings will benefitDuluth area resource
professionals, planners, policy makers, and program desigtenssted in better

preparing their communities for climate change and extreme weather
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CHAPTER 3
METHODS

This studyis based on data collected for a broader, interdisciplipeojectabout
integrative social and hydrologic resiliency of coastal communities under extreme
weather eventsThe larger research project was implemented in tissibh Creek and
Miller Creeksubwatershed@ Duluth, Minnesotaand surrounding communitiesadin
partnershigetweerthe University of Minnesota Twin Citig®MN) and the Natural
Resources Research Instit(?RRI) (Host et al. 2013)

The study investigatehow participantsn the Duluthareacommunitycharacterize
climate change and climate preparedness as well as drivers and cistraitiapting to
climate changeThis studyinvestigate three research questions:

1. How dodecision makers in the study subwatershatsacterize climate

change and climate change preparedness?

2. Whatdo decision makers perceideves and constraispreparation for and

adaptation to climate change?

3. How can this new understanding help the comitgubuild climate

preparedness and adaptive capacity?
The studyappliedqualitative methods for study design,alabllection, and data analysis.
The subsequent sections in tbisapterdescribeheresearclstudy area, study design,
instrument developmenparticipant recruitmenparticipant profiledata collectiongdata

analysis, anticipated outcomes, stughality, andstudylimitations.

15



Study Area

The study area for the researcimishe MissionCreekand Miller Creek
subwatershedsvithin the Lake Syerior basin These twsubwatersheslare part of the
larger St. Louis River watershéBligure 2, which comprises 3,584 square miles in
Northeastern Minnesota, spanning from the Mesabi Iron Range in the ntréiake
Superiorharborin Duluth inthe ©uth.UMN and NRRI researchers formulated the
research as a paired watershed study to repregsbwatersheslon the opposite ends of
the development spectrum, with Miller Creakowatershethrgely developed and
Mission Creelsubwatershethrgely undevelped(Figure 3, as well as because the two
subwatersheslexperienced disruption to the coupled social, ecological, and hydrologic

system during the 2012 flood.

Figure2. The St. Louis RiveWatershedn Northeastern MinnesatéCredit: Minnesota

Pollution Control Agency)

16
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Figure3. Miller Creek and Mission Creesubwatershesl (Credit: National Land Cover

Dataset)

The Miller Creeksubwatershedutsthrough the central part of Dulythnd the
northeastern tip of theity of Hermantownis alsolocated inthis subwatershedrhe
Miller Creeksubwatershet highly impacted antlighly developed, witl60% of the
land in the subwatershedonsidered urban ugEitzpatrick, Peppler, DePhilip, & Lee,
2006) Igneous rockinderlies much of thisubwatershedndin the lower parts of the
subwatershetledrock reaches the surfad@@erefore stormwater isot readily absorbed
in many areas with these geologic characteristics, amhitnuesmoving down the
subwatersheds runoff.Miller Creek runs through much die heart othe city of

Duluth, butwasenclosed and built over amdns undergrounthrough downtown

17



The Mission Creekubwatershethcludesthe southwest corner &fuluth. In
contrast taheMiller CreeksubwatershedMission Creek hasmuchsmaller anount of
developed or barren laédonly 21% is urban us@ and is primarily foreste(Fitzpatrick
et al., 2006)Beneath the Mission Creaskibwatersheties sedimentary rock, which
allows for greatestormwatelabsorption antkads to less erosion than igneous bedrock

In June 2012, northeastern Minnesota exguexed a recorbdreaking precipitation
and flood event, resulting in economic, ecological, and infrastructure damage to the
region(Czuba et al., 2012 he extreme weather event resulted in a large amount of
damage to the Lake Superior coastal community of Dulsplecifically, the Miller Creek
and Mission Creekubwatersheslwere heavily impacted by the extreme weather.
Stormwater runoff and flooding in Miller Creek caused damagesalences
infrastructure and recreatioareas andacilities (Czuba et al., 2012Mission Creek
experienced erosiamongthe creeks and damage to the natural ecosystems that are

predominantn thesubwatershed

Study Design
A qualitativeinformedgrounded theory approagrasused for thestudy.
Qualitative researcimethods aim to study issues in their natural settings and capture
meaning through the participants involved in the resg@odswell, 2013)while
grounded theory methodology consistsi®fstematic, yet flexible guidelines for
collecting and analyzing qualitative data to construct theories grounded in the data
themselves (Charmaz, 2006, p. 3\ qualitativeinformedgrounded theory approach

utilizes firigorous data collection proceduod€reswell, 2013, p. 53)
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Researchersxploredthe broader studyesearch questions throughdepth
interviews with residents of the Duludineacommunity. Interviews allow for rich, thick
description(Corbin, 2008)and detailed information to be gathered from participants
around questionagbout communityclimate chage preparednesand adaptive capacity.
This rich, textual data provideesearchers with detailed information from which to
explore emergent themes.

Researchers also conducted two focus groups in the study area. Focus group data
wasnot used as a primadata source for this thesis research. Instead, focus groups
served a primary role in triangulation and member checking to easdibility of the

broaderstudy.

Instrument Development

UMN researchers developed iaterview protocohimed at exploring
participantdperspectives regarding the studpic andresearch questiorfgppendix E)
Several interview questions aimed at uncovering particippetspectives on climate
change and climate preparedness perceptions and beliefs. Examples of interview
guestions include:

1. What are your perspectives on climate change?

2. In your opinion, is the community doing what it needs to do to prepare or plan

for climate change or extreme weather events? Please explain.

NRRI reviewed the interview protocol and provideddback to UMN researchers. UMN
researchers then piloted the interview protocol with watershed professionals and resource

managers within the Twin Cities.
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Since the nature of grounded theory often rests on allowing participants to discuss
what theythink is important regarding the study area, the protaaslused in a semi
structured way. Researchaeskedfollow up questions thaverenotin the protocol or
led the interview in another direction in order to explore further emetgpiasor if
otherwisedeemed necessary. The interview protacasreviewed by the University of
Minnesotds Institutional Review Board (IRB), which determined the research was

exempt from further human subjects review.

Participant Recruitment

Researchers recruited participanssnga purposeful sampling approach. For
grounded theory methodology, this means selecting participduatScanpurposefully
inform an understanding of the research problem and central phenomenon of the study
(Creswell, 2013, p. 156)articipants included community decision makieadersand
other key informants with influence within tsebwatershesi NRRI used spatial analysis
to identify municipalities and agencies with jurisdiction within the Miller Creek and
Mission Creeksubwatershesl Using this information, UMN researchers coregia
stakeholder list that focused particularly on stakeholders that had land and water
management authority within the paired watersheds. Then UMN researchers identified
and contacted the individual or individuals in each unit who would be most likely to
speak to the research topic and quest{@ppendix C)

Researcheralso usd a chain referrasampling approach for participant
recruitmentResearchers asked initial stakeholder participaniteit are others in the
community who could contribute tbe research questiorisrom this approach,

researchers identified and interviewed other key stakeholders and community members
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who were not identified in the original listhain referrasampling is a beneficial
approach to seek out lesser known or hidstakeholders, and whilesearcherstrived
for maximum variation o$takeholderscertain individuals outside the networks of

participants may be missedlll participationby intervieweesvasvoluntary.

Data Collection

Researchers conducted 27 setnudured, irperson interviews with local
decision makers, resource managers,kaydcommunity informantgntensive
interviewing allowdian indepth exploration of a particular topic or experience and, thus,
is a useful method for interpretive inquirgCharmaz, 2006, p. 25)he initial goal of the
project wa to interview20 to 30 participants, which onsistent witlgrounded theory
methodology(Charmaz, 2006; Creswell, 2013)fter 27 interviews, esearchersbtained
datasaturationwhichindicatesno new databout the ésearch questiongere obtained
from interviewees.

Interviews were conducted betwedarchandAugust of 2015. Théocation of
interviews waselected by the participants and took place in efihgicipantdwork
placesor coffee shog Before an interdw was conducted, researchergiewedthe
consent form and allowed the participant to read it fully and ask any questions before
signing(Appendix D) Interviewers took field notesn printed copies of the interview
protocol and the notewere used to ekify interview data antb assist irchain referral
sampling procedure€nce the interview was complete, researclasigeadthe participant
to fill out a demographic form that includegiestions abowgocicdemograpit
informationandhis or herole andtime spentin the communitfAppendix F)

Demographic information was collected so researchers ensured they were interviewing a

21



variety of participantsParticipanténames were kept confidential and no personally

identifying data were linked to participaresponse in the analysise$earchers

employed all efforts to ensure confidentially among participants was maintained.

Participant Profile

After eachinterview,the participantompleteda demographic information sheet,

which had operended questions albt the participantsocicdemographic

characteristics as well as their occupation, years lived in communitgsaodiated

community groupsThis information was aggregatétiable 2.

Table?2. Interview Participant Profile

Sociodemographic
Characteriﬁgs i N Percent
Gender Male 11 41
Female 15 56
Not reporting 1 4
Age Minimum 28 -
Median 48 -
Maximum 66 -
Race/Ethnicity White/Caucasian 25
Not reporting 2
Years lived in Minimum 3 -
community Median 17 -
Maximum 41 -
Highest level of Completed high school 1 4
formal education ~ Some college but no > 7
degree
Undergraduate degree 9 33
Gradua_te or 15 56
professional degree
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Data Analysis
All interviews were audio recorded and transcribBaeinterviewtranscriptions
wereanalyzedaccording tocodingprocedures described by grounded theo@s$tarmaz,

Glaserand Straus§Charmaz, 2006; Glaser & Strauss, 19&&dingis a process by

which researchers nanfisegments of data with a label that simultaneously categorizes,

summarizes, and accounts for each piece obd@iaarmaz, 2006, p. 43yhroughout

data analysis, | useghe constant comparative method, as described by Glaser and Strauss

(1967). In this method, coding tdaand continually analyzing for theory development
happen concurrently.

The coding procedures | ubare those o€harmaz whodefinestwo primary
steps in codingopencoding and focused codin@pencoding involves tagging each
segment of the data, witi can mean a word, phrase, or parag(gtarmaz, 2006)
During this step, the researcher readsiidita closely and remains open to all potential
theoretical directions, tagging each segment of data withootporatinga theoretical
framework.In the focused coding stage, researchers select the most sigroficant
frequentcodesthat emerged during #opencoding stageo furtherorganize the data
(Charmaz, 2006)n this step, researchers synthedarger segments of deaad begin

integrating theory in the analysis procé&ppendix G)

The intent of collecting interview data within the Mission Creek and Miller Creek

subwatersheds was to be able to compare and contrast the paired watershegs., Howe

during the interview process researchers discovered participants often worked in both

subwatersheds or were familiar enough with both to inform on both study areas.

Therefore, a critical mass of interviewees distinct to each subwatershed was matcbbtai
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Interview data was aggregated during analysis procedures and comparisons between
subwatersheds were not made.

The organization softwai®SR NVivo 11 wasused for analysis. This software
allows for coding and categorization of emergent themes withidadkal used memo
writingd oa crucial method in grounded theddyduring analysigs a way to capture my
ideas about the coding and analysis process in rea(@hemaz, 2006, p. 72)also
usal diagramming and conceptual mapping to visually display data and to discover
connections among codes and emerggmey Charmaz, 2006)T'wo additional
researchers codehe data, and wee frequently to discusthe analysis process.

Multiple coders allow for consistency checsd auditof coding as well athe

discussion oémerging themes and theoretical frameworks.

Study Quality

Researchers have takstepsto ensuréhe quality, or trustworthinessf the
study. Trustworthiness aids in evaluating the wortlgoélitativeresearch and has four
constructscredibility, transferability, dependability, and confirmabiljtyncoln &
Guba, 1985; Marshall & Rossman, 1999)edibiity demonstrates confidence in the
fitruth valu@ of the study and that researchers have collected and analyzed the data
accuratelyLincoln & Guba, 1985, p. 29070 assure credibility, three researchers
analyzed the da@ndmetfrequently to discusemerging themes and theoretical
frameworks As noted earlier,asearchersonducted twodcus groupswhichservean
important nethod for member checking and triangulati@mnarmaz, 2006; Cresll,
2013) Through focus groups, researchenecledanalysis andindingsby presenting

study findings to participants and other pertinent stakeholders and community members
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and obtaining feedbackocus groups are an additional method of data calgcthich
allows fortriangulation anatorroboration of interview dat&articipation in the focus
groups was voluntary and all efforts were taken to maintain particguant8dentiality.

The second construct, transferability, indicates a stualyility to be applied in
other contextskindings from this study will provide build understanding to applied
community adaptation and decision making. The study findings may extend to other
coastal communities and provide insight and lessons learned fronrspegieres and
experiences of those involved in this reseaf¢te third construct, dependability
indicates study findings could be repeated. Researchers wrote memos and constructed
theme tables and concept maps to keep a record of the analytical pratessordd
themesasthey emerged. The final construct of trustworthiness, confirmability, indicate
the data lead to the stydindings and the findings are not a result of biased
interpretationMultiple researcherassisted in data analysis. Throughthie analysis
process, researchers met to discuss emerging themes and negotiate interpretations to

assureconfirmability.

Study Limitations
Commonlimitations associated with qualitative research geeeralizability and
researcher bias. The purposefatiahain referrasampling approaches useddentify
participants for the study do not lead tstatisticallyrepresentativé.e., probability)
sample of participants, and therefore the study is not necessarily generatizable
broader populatiortHowever, the intent of qualitative research is not generalizability but
rather exploration and explanation within the particular study(@esswell, 2013)Still,

while study findings are not generalizable, transferability of findings is warranted.
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A second limitation of the study is tpessibility ofresearcher biasvhich relates
to theaforementionedrustworthiress construct of confirmabilitgias based on
researche@experience or worldviews can enter the study at several different stages in
the research, including during design, data collection, or data analysis. Bias can also
resultfrom a researcher leaning too heavily on an existing theoretical framework and not
letting a theory emerge from the dé@xeswell, 2013)Researcheisavetaken
precaution tde reflexive and aware @fhere bias may occur. One way of doing thas
for researchers to reflect on how they are a part of and positioned within the research
proces, as well as being conscious of and notingfingses, values, and experiences
that are brought to the reseaf@reswell, 2013, p. 216§rounded theory methodology
is systematic and rigorous, and researchers must work their best to prevent their own
preconceptions from influencing data bsss. | have had interest and experience in
climate change mitigation and adaptation prior to conducting this research. As a result, |
aimed to be continually aware of my potential biases during the study and took cautions
to ensure these biases did mdtuence data collection or analysis procedures.
Furthermore, the study had multiple researchers analyzing data and performing audits of

coding to ensure interpretations are credible and as accurate as possible.
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CHAPTER 4

EXAMINING PERSPECTIVES ON CLIM ATE CHANGE AND PREPAREDNESS
IN THE HEADWATERS OF LAKE SUPERIOR

Abstract

This study explores characterizations of climate change and climate preparedness
within two subwatersheds of the Lake Superior basin. TweeNgnkey informant
interviewswere condutedwith local decision makers, resource managers, and other
leaders active ithe subwatersheds. Study particip@etgoeriences, beliefs, and attitudes
were documented and analyzed using qualitative metRkaudingsindicatestrong
convergence aroundiiate change beliefs and concerns divérgerte onpersgectives
on climate preparedness. Further analysis revealed spaw@liengesndcurrent actions
associated with climate preparednéssetter understanding of climate change beliefs
and perceivegreparedness will provide insight into the resources and activities that can
be leveraged for further climate preparedness. This study also relrabdngeshat may
need to be addressed to make efforts more effectindy 8ndings offer a framework ér
climatepreparedness planning and provide evidence for a strategic appradiliteg
adaptive capacity in the study communitiesdings will inform community
engagement, outreach, education, and communication programming on climate
preparedness.
Keywords climate changeadaptationglimate preparedness, Great Lakes, decision
makers

Introduction
Climate change is altering climatic conditions on a glaioal regionatcale. In

the US Midwest, climate change phenomena include higher temperaturesntanse
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episodes of extreme heat, increased frequency and intensity of precipitation, and
increased flooding (Karl, Melillo, & Peterson, 2009; MelillocRmond, & Yohe, 2014).
Coastal regions such as the Great Lakes basin are considered-skmsitee domains

(Fussel, 2007), which means they readily experience climate change phenomena. One
predicted change to hydrologic patterns is increased precipitation frequency and intensity,
which can produce more flooding. Extreme rainfall and flooding evemtsuhelm aging
stormwater infrastructure in urban areas; damage buildings, roads, and individual
property; impact ecosystems through increased erosion; deteriorate water quality; and
drain emergency management resou(Czsiba et al., 2012; Melillo et al., 2014)

Extreme rainfall occurrences already affect Great Lakes coastal communities,
which are increasingly vulnerable to the social, economic, and environmental impacts of
such events. In June 2012, Duluth, Minnesotpedenced an extreme precipitation and
flood event, which damaged infrastructure, residences, businesses, and recreation areas
and facilities. As a result of the extreme event, approximately $55 million of damage
were incurred in Duluth (Eastern Resea@ioup Inc., 2014). Water quality was
negatively affected when erosion led to increased sediment in rivers and Lake Superior,
and sewage infrastructure overflow caused sewage to flow into Lake Superior, the source
of the communitgs drinking water.

Since @imate impacts such as these will be experienced at the local level, climate
change adaptation will need to happen at the local scale as well (Adger et al., 2009;
Adger, Arnell, & Tompkins, 2005; Agrawal, McSweeney, & Perrin, 2008; Fussel, 2007).
Communitydecision makers will play key roles in adaptation planning at the local scale,

and understanding these stakeholdpesspectives on climate change and climate
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preparedness is integral to effective adaptation efforts. The purpose of this study was to
estdlish a framework for assessing and building climate preparedness in Lake Superior
basin communities. The framework developed is based on local decision @nakers
experiences, beliefs, and attitudes about climate change and climate preparedness. The
framewok is also informed by participar@iperceptions of key drivers of and constraints
to climate preparednesSpecifically, this study investigated three research questions:
1. How dodecision makers in the study subwatershasacterize climate
change and ainate change preparedness?
2. Whatdo decision makers perceideves and constraispreparation for and
adaptation to climate change?
3. How can this new understanding help the community build climate

preparedness and adaptive capacity?

Climate Preparedness Relged Literature

Climate preparednesiescribeshe measures taken to prepare for and to respond
to current and future climate change phenomena and their infpi@atisich et al., 2013)
The terms preparedness and adaptation are often used interchangeably in climate change
action communities. However, preparedness has its roots in the emergency and disaster
risk assessment literature (e.g., flood wdfire preparedness) aride origin of
adaptation liesn biology, ecologyand related fields (e.g., species adaptation).
Adaptation is commonly used within the international climate science community (e.qg.,
Adaptation Committee of the United Nationgfrework Convention on Climate
Change). For this study we adopted the term preparedness because we believed it was

more accessible term for decision makers and practitioners.
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Several studies investigate decision maker perspectives on climate preparedness
in coastal communitieKahl & Stirratt, 2012; Mozumder et al., 2011; Scally & Wescott,
2011) with a common thread throughout to be some adaptation progress amidst multiple
adaptation challenges. Scally and Wéts(2011) explored perceptions of climate change
and adaptation responses in an Australian coastal community and found that stakeholders
perceived climate change impacts were occurring in the community but they differed on
adaptation perceptions, beliedg)d response. Additionally, financial and resource
constraints, lack of crossector/interagency coordination, and unclear responsibilities
wereidentified asbarriers to adaptatiofscally & Wescott, 2011)

Kahl and StirrattZ012 investigated challenges and motivations for adaptation
planning by decision makers in Great Lakes coastal communities, finding that although
coastal communities are making good progress regarding climate knowledge and
adaptation, challenges to adaptataecision making and planning include using
available resources effectively, cresector coordination and communication, lack of
political will, and lack of time. Similarlyvozumder et al.Z011)found that while
decision makers in the Florida Keys were increasingly aware of the social and ecological
impacts and risks of clinba change to their communities, adaptation was often
constrained by social and institutional barriers, such as insufficient budget and staff time,

lacking public demand for action, and few perceived solutions.

Determinants of Climate Preparedness
Severafactors enable or constrain community climate preparedness, including
adaptivecapacity vulnerability,andadaptatiorbarriers.Adaptive capacity elaborates

upon components that support or hinder adaptation. The framework of vulnerability
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incorporates addive capacity with exposure and sensitivity to obtain a fuller picture of
potential climate impactgd-ussel, 2007; IPCC, 2007; Smit & Wandel, 2D0the
literature on adaptation barriers serves a helpful examination of climate preparedness

based on the sgific hindrances of adaptation planning and implementation.

Adaptive Capacity

Adaptivecapacity in the climate change literature is definedhe ability of
natural and human systems to adjustitmatic changegField et al., 2014)Adaptation
can be understood &manifestations of adaptive capacififsmit & Wandel, 2006, p.
286), so adaptations that have or have not occurred may be understood as a reflection of
the adaptive capacity of the individual, community, institution, or regloreview of
the literature demonstrates adaptive capacity researctporetes research from
psychology(Gifford et al., 2011Grothmann et al., 2013; Torsten Grothmann & Patt,
2005; Reser & Swim, 201yulnembility and resilienc€Engle, 2011)institutions and
governanc€Agrawal et al., 2008; Gupta et al., 20,1@0d organizational theory
(Berkhout, 2012)

A large portion of adaptive capacity literature focuses on assesgemghe,
2011; Fussel, 2007Researchers have developed several frameworks to understand and
assess adaptive capacityass scales, institutions, and fie{@rothmann et al., 2013;
Gupta et al., 2010from Gupta et al. (2010), dimensions of assessmentasty of
perspectives, learning capacity, allowance for and promotion of autonomous behavior
change, leadership, mobilization of resources, and fair govesratiwer authors have
incorporatedhe social and cognitive factaisatresearchers increasingly contend are

needed for adaptation and obtaining high adaptive cagdayer et al., 2009; Gifford,
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Kormos, & Mcintyre, 2011, Gifford, 2011; Grothmann & Patt, 200%xcial factors and
capacities that have often been underrepresented in adaptive capacity and adaptation
frameworks include values, norms, beliefs, motivations, perceptions, human and social
capital, krowledge, experience, behaviors, interests, and cugidger et al. 2009;

Clayton et al., 20155rothmann et al2013) Grothmann et al. (2013) added adaptation
belief and adaptation motivatiaa Gupta et afs framework These two components
incorporate political will, perceptions of climate change and risk, perceived behavioral
control(Ajzen, 1991) ard self and response efficagpjzen, 2002) aspectsesearchers
have noted are integral in gueve capacity and adaptation implementatjddger et al.,

2009; Clayton et al., 2015; Gifford, 2011, 2014; Reser & Swim, 2011)

Vulnerability

The IPCC defines vulnerability &ghe propensity or predispiion to be
adversely affectawby climate chang@-ield et al.,2014 p. 5. Vulnerability can also be
undestood as a function of exposure amhsitivity(Fussel, 2007; IPCC, 2007; Smit &
Wandel, 2006)Exposure indicatethe degree to which a system is exposed to climatic
variations and often is a function of geography or physical location. Sensitivity specifies
the degree to which a system is affected by climatic change and climate impacts.
Therefore, one approach to retg vulnerability to climate admge is by addressing
exposure andensitivity to decrease risk of potential climate impéetssel, 2007,

IPCC, 2007; Smit & Wandel, 200@Figure 9.
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Capacity
Figure 4 Model of Climate Vulnerability. Aapted fom Fussel, 2007; IPCC, 2007; Smit

& Wandel, 2006

Factors that influence vulnerability include age, socioeconomic status, ethnicity,
class,gender, and health (Field et al., 2014). Socioeconomic status, inequality, and
inequity within a community may bae main factors that influence vulnerability. R.
Biesbroek et al., 2013WVhile individual sociodemographicdirs largely affect
vulnerability, communityrelated factors also play a role. For example, social support,
including social networks and social capital, can increase coping abilities and therefore
decrease vulnerabilitfpuarte, 2007)Social support can alsdlow an individual greater
access to information and economic resou(8esit & Wandel, 2006)Social resources
that aid in coping include community attachment (sense of communttplace identity)
and social cohesion (community turnover and socializvgll & Marzall, 2006)

Generally, the greater a per§eionnection to community is, the less vulnerable a person

is. If an individual has strong coping capabilities and good connections to the community
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to draw upon if circumstances of emergency or disaster, vulnerability will be reduced

(Reser & Swim, 2011

Barriers to Adaptation

Adaptation barrie® the factors that impede development and implementation of
adaptationd are a key determinant of climate preparedness and a relsesirch
domain.Although climate change adaptation is or will be needed in most communities, it
is often hindered for various reasons, including limited resoBiesbroek et al., 2013;
Moser & Ekstrom, 2010; Mozumder, Flugman, & Randhir, 20&aynitive barriers
(Gifford, 2011; Moser & Ekstrom, 2010; Reser & Swim, 2014gk of leadership
(Moser & Ekstrom, 201Q)nstitutional and governance constraif@geesbroek et al.,
2013; Measham et al., 201Bnd social factoréAdger et al., 2009; Jones & Boyd,
2011a)

Research indicates barriers arise from three areas: factors relating to individuals,
policy, and implementatio(Biesbroek et al., 2013jloser & Ekstrom, 2010)After
noting there could be innumerable barriers to adaptation, Biesbroek et al. (2013) found
that only three barriers are climate change specifiithE) longterm impacts of climate
change versus the shderm dynamics of polics and decisiomakingp 2) fithe reliance
on scientific models to identify, understand, and communicate the problem and propose
solutionsg and 3)fthe inherent uncertainties and ambiguities of climate chigipge
1124). Barriers that are naimate chage specific are those that can also be found in
other environmental, policy, and decisioraking realms, such as lacking resources,

technical skill, or leadership.
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Early adaptatiotbarrier research primarily focused on bigical and technical
barriers; havever,recent studies have broadened barrier research to include more social
science disciplines, finding that social factors play an integral role in influencing adaptive
capacity and adaptation implementat{@ennett et al., 2014; Jones & Boyd, 2011b;
Scally & Wescott, 2011; Wall & Marzall, 2006%ocial barriers include institutional,
governancegultural, political, informational, and cognitive dimensions of adaptation
(Biesbroek etl., 2013;Biesbroek et al., 2011, Gifford, 2011; Measham et al., 2011)

Cognitive barries are particularly powerful at impeding adaptation because
cognitive constraints can hinder adaptation even if the comn@siipibysical or financial
resources areneugh for adequate adaptation implementaf@ifford, 2011; Grothmann
& Patt, 2005; Reser & Swim, 2011; Swim et al., 20Bpecifically, researchers
demonstrate beliefs,avidviews, values, norms, and perceptions of control, efficacy, risk,
and uncertainty have constrained adaptation behé\dger et al., 2009; Clayton et al.,
2015; Gifford, 2011, 2014; Grothmann & Patt, 2005; Moser & Ekstrom, 2010; Reser &
Swim, 2011) Institutional and governance constraisish adack of leadership
throughout the understanding, planning, and managing phases of adaptation can prevent
or impede adaptatiofMoser & Ekstrom, 2010)Similarly, a lack of coordination and
communication within institutions and between institutions and the public on climate
change generally and adaptation specifically, along with a lack of public awaresress
constrain adaptation planning or implementation eff@tger et al., 2009; Jones &

Boyd, 2011a; Measham et al., 201A3 opposed to biological or technical barriers,

socialand cognitivebarriers are difficult to directly measure. If decision makers report on
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their perspectives and experiences with adaptatemiglos can be better identified and
evaluatedBiesbroek et al., 2011)

Based on adaptation literature and policy reviews, several frameharkbeen
proposed for categorizing, organizing, and understanding $xzcidrs to adaptation
(Adger et al., 2009; Biesbroek et al., 2011; Ma&d=kstrom, 2010)Adger et al. (2009)
indicates ethics, knowledge, risk, and culture are categorical barriers to adaptation, while
Biesbroek et al. (2011) proposes seven clusters of barriers to adaptation, which include

both climatespecific and nostlimatespecific barriers{able 3.

Table 3 Clusters of Barriers to Adaptation (Biesbroek et al., 2011).

Barrier Category Description
Lack of awareness and 9 Lack of communication between scientists, practitioner
communication and public

1 Lack of awarenesa result of lack of communication

Fragmentation 1 Institutions, organizations, agencies, policies and
individuals not connecting or coordinating

Resources Human (staff, time, skilled individuals)
Financial

Information (applied, local, credible)
Physicé (technological measures)

Natural (access to land)

=A| =2 =2 =001

Conflicting timescales Conflict between longerm scale of climate change and
more shorterm scale of planning and decision making

Other more immediate issues higher priority

=

=

Motives and willingness Cognitive decision making factors, such as attitudes,
to act beliefs, norms, and values may inhibit acting on adapté
9 Lacking leadership may also prevent adaptation action

Institutional crowdedness 1 Many institutions working oproblem, leading to
and institutional voids confusion about tasks, responsibilities, and goals
9 Few institutions working on adaptation
Substantive, strategic, and 1 Uncertainty about climate change phenomenon and

institutional uncertainty impacts
Uncertainty about human behavior
Uncertainty about decision making

=a =
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Methods

Aninformedgrounded theory approach wasedfor the studyCharmaz, 2006)
Qualitative research methods aim to study issues in their natural settings and capture
meaning through the participants involved in the rese@otswell, 2013)while
grounded theory methodology consistaaystematic and flexible approach to data
collection and analysis that leads to constructing theory from thetseff Charmaz,
2006) A qualitativeinformedgrounded theorgpproachuses a rigorous data collection
procesgCreswell, 2013

Researcherdeveloped an interview guide that includpegestions aimed at
documentingparticipant®perspectives oaxtreme weatheclimate changeand climate
prepaedness perceptions and beliefs arplored the study research gtiess through
in-depth interviews with residents of Duluth ahé surrounding communiti¢dppendix
E). Interviews allow for rich, thick descriptiq€orbin, 2008)and detailed information to
be gathered from participants around questions about community, climate change
preparedness, and adaptive capaditys rich, textubdata providedesearchers with
detailed information from which to explore emergent themes.

Researchers recruited participants usimggaerated stakeholder list and a
purposeful sampling approadResearchers aimed to recruit participants wehbision
makingauthority or influence within the subwatershédppendix C) For grounded
theory methodologypurposeful samplingneans selecting participants wben inform
the central purpose of the stu@@reswell, 2013)Researchers also used chain referral
samplingto seek out stakeholdendo may not beriginally identified by the research team

Researchers conducted 27 sestnuctured, ifperson interviews with local decision
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makers, resource managers, and key community informants. Intensive interviewing
allowsfor in-depth investigation into an isswehich is helpful in interpretive study

(Charmaz, 2006)nterviews were conducted between March and August of 2015.

Participant Profile

Demographic informatiarincludingsocicdemographic characteristics as well as
occupation, yearsf residencyn community, ancrganization membershipjas
collected so researdseensured they were interviewing a variety of participesis
could speak to the research togtarticipant@names were kept confidential and no
personally identifying data were linked to participant response in the an@ysie 27
participants irgrviewed, 15 were female, 11 were male, and one was not reported (Table
4). Median age of participants was 48, while median number of years lived in the
community was 17. Most participants had obtained a badsalegree or higher. A vast

majority of paricipants identified as white.

Table4. InterviewParticipant Profile

Somodem_ographlc N Percent

Characteristics

Gender Male 11 41
Female 15 56
Not reporting 1 4

Age Minimum 28 -
Median 48 -
Maximum 66 -

Race/Ethnicity White/Caucasian 25
Not reporting 2

Years lived in Minimum 3 -

community Median 17 -
Maximum 41 -

Highest level of Completed high school 1 4
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formal education ~ Some college but no
degree

Undergraduate degree 9
Graduate or

professional degree =
Occupation Natural resource 14
category professional

Decision maker 8

Community influencer 5

33
56

52

30
18

Study Area

The study area for thesearch wathe Mission Creek and Miller Creek
subwatershedsvithin the larger St. Louis River watershiedthe Lake Superidnasinof
Minnesota(Figure 5) The Miller Creeksubwvatershed cuts through the central part of
Duluth, and the northeastern tip of the city of Hermantown is also located in this
subwatershed. The Miller Creedubwvatershed isighly impacted antighly devebped
with 60% of the landtonsidered urban ugEitzpdrick et al., 2006)Igneous rock
underlies much of thisubwatershedand in the lower partsedrock reaches the surface.
Therefore, stormwater is not readily absorbed in many areas with these geologic
characteristics, and it continues moving downstimvatershed as runoff. Miller Creek

runs through much of the heart of the city of Duluth, but was enclosed and built over and

runs underground through downtown.
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Figure5. Miller Creek and Mission Creesubwatersheds. (Credit: National Land Cover

Dataset)

The Mission Creekulwatershed includes the southwest corner of Duluth. In
contrast to the Miller Creekubwatershed, Mission Creek has a much smaller amount of
developed or barren laédonly 21% is urban ugeand is primarily foreste@Fitzpatrick
et al., 2006)Beneath the Mission Creskibwatershed lies sedientary rock, which
allows for greater stormwater absorption and leads to less erosion than igneous bedrock.

In June 2012, northeastern Minnesota experienced a rboealling 500+ year
precipitation and flood evenuith 7.25 inches of rain falling in Duth in two days
(Czuba et al., 2012 he storm resulted iconomic, ecological, and infrastructure
damage to the regioifhe extreme weather event resulted in a large amount of damage to
the Lake Superior coastal community of Dulatid surrounding communities

Specifically, the Miller Creek and Mission Creslowatersheds were heavily impacted
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by the extreme weather. Stormter runoff and flooding in Miller Creek caused damage
to residences, infrastructure, and recreation areas and fa¢izgisa et al., 2012)
Mission Creek experienced erosion along the creeks and damage to the natural

ecosystemand stormwater control infrastructure

Data Analysis

Interviews were audio recorded anahscribed, and theanscriptionsverefirst
analyzedhrough coding, a process that entails naniisggments of data with a label
that simultaneously categorizes, summarizes, and accounts for each piece of data
(Charmaz, 2006, p. 43)ywo primary steps were involved in the coding procepsn
coding and focused codin@pencoding involves tagging each segmehthe data,
which canbea word, phrase, or paragraph. During this step, the researcher reads the data
closely and remains open to all potential theoretical directions, tagging each segment of
data without incorporating a theoretical framework. In theg$edwcoding stage,
researchers select the most significapredominantodes that emerged during the
opencoding stage to then organize the data arg@érmaz, 2006)n this step,
researchers synthesize larger segments of data and begin integrating tiodbgy in
analysis process.

The intent of collecting interview data within the Mission CreekMdritkr Creek
subwatersheds was to be able to compare and contrast the paired watersheds. However,
during the interview process researchers discovered participants often worked in both
subwatersheds or were familiar enough with both to inform on both atedy.

Therefore, a critical mass of interviewees distinct to each subwatershed was not obtained.
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Interview data was aggregated during analysis procedures and comparisons between
subwatersheds were not made.

The organization software QSR NVivo Whsusedfor analysis. This software
allows for coding and categorization of emergent themes within theMiatao writing,
diagramming, and conceptual mapping were used during analysis to elaborate on findings
anddiscover connections among codes and emergemethé&hreeresearchersoded
the dataand mefrequentlyduring early stages of analysis to perfaromsistency checks

and audits of coding as well ssdiscuss emerging themes

Findings
Researchers asked participants to discuss their overall perspecticémate
change, whether they have any concerns about climate change and extreme weather, and
if they consider the community prepared to handle future climate and extreme weather
impacts.Threeprimary themes emerged through data analysis. Eostjegence around
climate change beliefs was found. Secqatdticipants largely perceived the region to be
exposed and sensitive to climatic changdstd, participants indicateohultiple

constraints to andctionsfor climate preparedness

Climate Chang®eliefs
Researchers asked participaiffit&hat are your perspectives on climate change?
Generally, participants believed that climate change is happening in their community.
Onepatrticipant respondedl totally believe that w&ve been experiencing it fardecade
at least for sure, andit getting bigger and bigger and bigger. | have no doubts about it
whatsoeven Another participant acknowledgeiiDo | believe in it? Hell yes. Yeah, |

think ités right in front of us In contrast onestudyparticipantexpressegkepticism that
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climate change is or will be happenimpmmentingildn still formulating my opinions

from the people who are studyingit.

Percgtions ofCommunity Vulnerability

An ExposedSystem

Many participants perceived theommunityto be an exposed system to climate
changencludingextreme weathetargelyas a result ofiaving seen or personally
experienced impacts and extreme weather evBotae participants have lived in the
Duluth region for decades, and this longevity in the comity has allowedhem to see
climate change phenomeaecurring One participant observed,

I0ve been living here 25 years, and | do feel like the climate has changed

since bve been here. | feel like the moisture patterns, the way we get

snow, the way itomes our way, the temperatures, | mean, | feel like

thais a very natural assumption to make: thathaartly impacted by
climate change.

Another interviewee who has lived in the community for 20 years sfitsee the
impacts on the ground herévé been around just long enough to think of a before and
think of an after of what wi@e been througb.Similarly, a participant calls out time
spent in the community before indicating has seen ancrease in extreme weather:
fiOne of the things that igstussed a lot is the frequency of storms, and in my time here,
without looking at the data, | believe that the frequency of high intensity rainstorms has
increased

While participantsalsodiscussed hotter weather ahelake level changethey
observe, many participanticlimate change beliefs were largely influencedsbging
and experiencingrecipitation changes in the region. One participant summarized,

| have noticed that our precipitation events are more intense and more
frequent. Whereas the smured slow precipitation events that we used to
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have even ten, fifteen, twenty years ago are much more rare. So, instead of
getting soaking, slow, steady rainsaeegetting these flash flood runoffs
that seem to be out of control.

Particularly, participats expressed thakperiencinghe 2012 flood led to increased
awareness of climate change amdierstanding of the regi@®exposure to extreme
weather One participant expressdd,hat flood a couple of years ago blew everylisdy
mind as far as | coultll. It was a hell of a thing to live through. If thaa 100 year

flood thats going to become a 20 year flood or whateéver.

A ProtectedSystem

In contrastparticipants who viewed the region to be protected highlighted the
geography as shielding theea from stormsmpacts to be less severe than other regions,
and the longime horizon for climate impacts to occ&ior exampleparticipans
remarked that the lake shields the community from obvious shifting weather patterns and
extreme weather. One pi@ipantobservedfiLiving right by the lake | think that wie a
little bit buffered from it, so people ar@mmmediately jumping on board and sayjnve
have to fix a, b, and @ Another statedfiTornado risk isé great here. | dahsee that
changinghat mucho

Some intervieweelelievedthe community will not be exposedtite type of
severe impactthatother regions may experience. One participant explaiivéd,are not
a community thas like California or Las Vegas where th@réhis potentiafor drought
at any time and no drinking watéSimilarly, anotheparticipant observed,

Ités fair to say intellectually that an area like Duk&hperior will

guantitatively see less impact from climate change over the long run than a

lot of other placeswhere wée drastically less likely to be impacted by

hurricanes, w&e drastically less impacted by things like sea level
increases and that sort of thing
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Otherintervieweedelievedthe community is protected due to their perceived
temporaldistance bclimate changePerceived temporal distanicelicates the perception
thatclimate change phenomena and impagltisoccur a long time from now. One
participant perceived this to exist among the broader commdihityink that a lot of
times people sedimate change as something way off into the future, and so | think
therés a mindset that this is a distant thin§imilarly, some participants indicatetie
community was protected because thagerstoodhe 2012 floodo bea oncein-a
lifetime eventdemonstrating they do not see extreme weather as likely to happen more

frequentlyin their community

A SensitiveSystem

WaterResources

Most interviewees characterized their community as sensitive to a changing
climate, meaning their region is affectey climatic stimuli and will experience climate
change impactarticipants viewed community members as being sensitive to climate
change and climate change impacts. Community members are sensitive because water
plays a significant role in their lives @mhey hold avater ethic, which indicates
participantconnection to and value of watdihey value this relationship with water
and are concerned climate change may affect the resource or their relationship with
water.

Participants noted water is verigile within the Duluth and surrounding
communities. People can see Lake Superior, the St. Louis River, and neighborhood
streams throughout the community. One participant comméiiEgdrybody can see the

lake. IiGs the thing, you know?& a very compbeand deeply intimate connection to
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your waterd The community has a strong physical and emotional connection to water,
and participants stated how people in the community value being near the water. One
participant captured this sentimef®eople want tbe by the water. They want to live by
the water. They want to hear it running. They want to see it in its different mdddter
resources also serve as a way to connect people and neighboWNabdhis continual
connection to water, many interviewestated water as being a part of their identity, both
individually and as part of the community. Participants described water as being
fieverythingo filife,0 andfiifeblood.0 One participant describeflt the foundation of us
being here, right. We wouldinbe here without water. Sastour life force. Like | said, if
we didrét have it, we wouldé be hered

Participants viewed the water system itself to be sensitive in significant mays,
including to the 2012 flood and related events. Participants Heddnow the flood
affected water quality in Mission and Miller Creeks and Lake Superior and how it altered
Mission Creeks stream course. One participant detailed her fear of drexgletiencing
regions wanting to pipe out water from the Lake Superiottiaad@Great Lakes,
commentingfilY eah, this is going to be a huge problem in thetootistant future
because already thésea town in Wisconsin that wants to put a pipeline to Lake
Michigan becausthe groundwater of that area is gane. this way, paitipants

expressed concern about a sensitive system in which they hold strong attachment.

Plants Fisheries andWildlife

Many participants were alsdtachedo thebiologicalsystems of the community.

Participants who were attached to regional gst@snsand species perceivéiblogical
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systens to be sensitive to climate change and were coreckabout impact® these
systemsOne interviewee described this attachment in terms of system changes:
It seems just maybe with that connection with the resqueogle in this
area are extremely knowledgeable about kind of the cycles that this area

naturally goes through. And so tliey able to see when somethisg
different or when something is not the way tireyused to seeing it.

Interviewees pointed to larggosystem impacts, such as warming water temperatures
and its effect on fish and aquatic species. When discussing perspective on climate
change, one participant statéd@heres certainly an issue with how is the water
temperature going to impact the vayief fish in the river and in the lake and how does it
impact itd

Participantsndicatedattachmento regionalspeciesThey noted climate change
is impacting or may impact these components obtblegical systemand they were
particularly concernedbout these impacts. One person noted,

Tying in the climate change element to it, you think of things like the

moose population drastically declining, you think of things like warming

weather changing flora and fauna in the area and that sort of tmnog!d
certainly say those things would concern me.

One interviewee captured the general sentiment about how climate change is and will be
impacting tree species and fisheries:
We are already looking at how we might need to begin managing our
forest resoures differently. We are losing black ash, our hardwood
wetland tree species. .Can we continue to manage for the same kinds of
forest resources that have been traditionally used by the Ojibwe for many
centuries? We dahknow. We are going to lose sorogit.
This participant continues &xplicitly comment on the sensitivity of the natural system
to climate changdiThe implications for our fisheries and our wild rice are pretty
profound. Wild rice is sensitive, exceptionally sensitive, to hydrologangés. It has a

really narrow optimum in terms of the hydrologic regime that it can handle.
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Connection tdiological system$d to concern abodibrest sensitivityemerging
again and again. One participant stated direfitlgnow that a changing clint@ will
change the things that are growing in our forests. It will change the very nature of those
forestso In addition to the general concerns about current tree species in jeopardy, there
was also concern about how the loss of current tree speciesimpaldt the larger
ecosystem. One patrticipant noted the link of healthy trees to healthy riparian areas, noting
this system could be in jeopardy if vulnerable tree species cannot survive in their region.
He then addedil would be very concerned that agr@te change happens, those trees
are dying because of climate change and if nothing is being planted in replacement, you
could end up with just a mud baih.

CommunitylnfrastructureEconomics andSocial Justice

In addition to attachment to water andlbgical systems, grticipants also
indicated attachment to social and community systems in the region and perceived these
as sensitive systems as well, specifying concern about climate change impacts on these
systems. Explicitly, interviewees voiced cent about infrastructure, economics and
finances, and vulnerable populations.

One participant captured the sentiment of many regarding the uncertainty of
infrastructure handling changing precipitation pattefi&er this city, obviously with
extreme weatheevents, iis a concern. That is part of the issue, making sure we have the
infrastructure in place to manage tb&articipants also stated concern about the
financial and economic costs incurred by climate impacts. They noted that climate

change will &ect the cost of city services, local businesses, particularly those within the
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tourist economy, and individuals and families who experience direct impacts of extreme
weather, such as flooding. One interviewee captured the sentiment well:

If we have extrme winters, the financial cost of street maintenance and all

of that here is enormous, and every year, they are over budget&@\nd it

crazy. So it could very easily financially devastate. . . . And then building

up a tourist economy in a place with extremeather, when thé what

your entire bread and butter is about, in a place when all summer it could
look just like this.

A final sensitivity was of the social syste@ne person indicated that her main
concern about extreme weather events was abouirtipact on people. After
mentioning concerns about the 2012 flood, she shifted to discuss how future similar
events may affect the communifyt the financial impact on individual families that
card get to work and schools are canceled so now kidsare and theye not
learning. So | think more about those factors then the actual weather eventSeié
participantsavereconcerned about those most vulnerable, such as homeless populations,
and how they will be disproportionately affected by clieneltange impacts. Since they
are often outside, they will experience higher temperatures and related repercussions
more often. One participant observed about climate chéiigere are weeks in the
winter and weeks in the summer where we have hundredpfepliving outside who

are in danger from one extreme or the other. aitthe front of our mind.

A ResistanSystem

While many participants expressed system expoguotectionor sensitivity as a
lens through which to view regional climate imfsga¢he perception of a resistant system
also emerged, specifically in regards to the social system. For one partiaipa@ctease

in wildlife sightings will have little impact on dago-day life in the community
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Iove seen less than a handful of momwsthirty years of living in this area, so to

what extent is that,G@ more about existential changeartlit is a, a change to my

life. . . . Other areas of the world they might drastically have an effect on your day
to day.

Perceptions of€limate Prepadness

Participantsvere askedfin your opinion, is the community doing what it needs
to do to prepare or plan for climate change or extreme weather events? Pleas@explain.
Two predominant themes emerged as participants responded to this question. First,
beliefs diverged othe communitgs climate preparednessome participants
acknowledged the community was prepared to cope with climate imfidets for the
most par{we are prepared Though,others vehemently described the community as
beingunprepred fiOh, no, no. No, communities are not [prepaxef8iecond,
participants describeatultiple challengethe communities face ipreparednessas well
asopportuniy areador preparednes€hallenges include theature of climate impacts
low levels ofperceived efficacya lack of prioritization and coordinatiasf actions
limited communication and awarengasd nsufficient resourceand requirements
Opportunity areas emerging includactivities that resulted from the 2012 flood response
and recovey, and specific examples pfanningoriented action€Explanation of the

challenges andpportunity aregsalong with supporting data, are detailed below.

Challenged~acedin Climate Preparedness

The Nature of Climate Impacts

A predominant challenge thamerged was related to the challenges around
climate impacts, including uncertainty, lack of connection on climate impacts, and
conflicting timescales. This is the one challenge that is clitiz@ge specific, which

signifies the issue of climate chantgelf in some way hinders climate preparedness.
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When discussing climate change or climate preparedness, participants often spoke about
the inherent uncertainty of climate impacts and how this uncertainty poses challenges for
planning and preparedness.eéjuarticipant succinctly saidlf you doré know what you
are planmg for, how do you plan for iZAnother interviewee elaborated,

fiMy perspective on climate change is that \eegénno idea what is

coming. What it does is it increases uncertainty arad&hgoing to be

really difficult for human infrastructure because we designed things

around events we expect and when wdamger know what to expect . . .
you have nadea what you are designingao.

Participants suggested the nature of climate impaatses the issue of climate
change difficult to connect on and think about regularly. Impacts may not always be
visible or immediately concerning. One interviewee commefiiedipt of the
temperature changes are again harder for us becéibarntler to & aboutwhen you
ask somebody if it concerns them that temperatuaes thisen a couple of degrees.
Youdre not goingad get an overwhelming response @feah,|ém really concerned about
thatd Bue tdhis challenge, some participants noted it takes &erae event like the
2012 flood to bring home climate impacts, as one participant reflétiafortunately
with the climate adaptation piece it takes an event to really get that momentum and get
that response goiry

Conflicting timescales between plangjwhich is relatively shotterm, and
climate impacts, which are longer term, pose a challengétate preparednes®ne
participant saidfiWe still only design most of owonservation practices on a tg@ar or
twenty-five year stormWe dorit try totake in a 106/ear flood type of events no matter
how often they may happé@rAnother participant commented on the challenge of long
term planning, framing the constraint as a broader societal iF&ds really difficult,

especially because a Idtglanning only goes out about five to tg@ars so thinking
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really long term is something not just in this area but as a society we are not great at
really planning multiple years adtOne participant also noted longierm impacts are

fiharder impacts to adess, thefre harder to promotand theyre harder to fund

Low Levels ofPerceived Efficacy

Low perceived efficacy, including both response efficacy anee$itiacy, was a
common theme among participants. Many participants addressed low respicasg,eff
which indicates participants did not know how to prepare for climate change and did not
perceive solutions available to them to prepare adequately for impacts. Participants said
Al dond know how you prepa for an event like thaandfl dond think much is being
done because no one knows what t@dmother participant expressdi,think people
are starting to hear and see things about changes in plants, changesginddiol
community distributionsind thingsbut they do@ necessarily have adea ofhow to
help or what to da.

Similarly, low perceived response efficacy also includes the perception of
participants that it is not possible to prepare for climate change. One participant said,
fWell, boy some things | ges you can never be prepdrforo This relates to many
participantdexpressing little or no control over climate impacts. One participant said this
concisely fiwell certainly you cad really do anything about more floods or s@yeof
floods or drought®.Another person expresd a lack of control amidst the commuGity
good intentions to aciiSort of the pessimism comes in with someha tlimate change
application® these things thatre out of our control really. @/card really change a lot

of it.0
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Participants who expresséow perceived seléfficacy indicated they perceive
themselves or other individuals to have a limited ability to prevent, prepare for, or
respond to climate impacts. When speaking about climate change, one participant said,
filt is always in the back ofup mind that we need to thinka@ut this more and plan
betterand be more vge about our use of resourcest Biereis only so much we can
do .0 Several participants expressed that whatever individualsfi@ver enougle.One
participant captured the rsment with this statemenil feel like what they might do in

their little individual sphere is not enough.

Lack of Action Prioritization and Coordination

Participants noted prioritizing climate preparedness was a challenge among
themselves as decisianakers and resources managers, and within the broader
community. One participant perceived little attention paid to climate change in planning
processediAgency folks I think theyire aware of it, but at this pdihhaverd seen
where ifsa primary cocern or a prhary consideration in planningParticipants
indicated that, generally speaking, remvironmental issues often take priority within the
community:

fil think we could be doing what we need to do to be more resiéindt

again | think the dvie is there iis just kind of getting beyond that.

Delaying letting other things kind of come in and just kind of putting the
climate and environmental issues on the back burner over and ovebagain.

When environmental issues are prioritized, preparinglimate impacts is not the
priority action item. Regarding climate change, one intervieweef#adnd lay awake

at night worrying about it. | think thesgeother issues that are more pressing. Pollution
andillegal dumping are things that are prbbaa much more urgent need that we are

trying to address.
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Participants also perceived the broader public places climate impacts low on the
list of priorities the community needs to address for several reasons. First, as the flood
fades from peopli minds, there is less community call for action and prevention of a
future floodlike event. One participant said,

fAiThe farther wé&e getting out from this event the less importaist it

becomingand its kind of getting put on the back berrand put on the
back burner. Sthat is really definitely a challenge that we do deal with.

Participants also noted other concerns trump action on climate change and readiness,
particularly for vulnerable and poorer communities who have more pressiyig-day
concernsOne person saidité not fair of me to expect people, who have so many other
things to think about, to discomfort themseleedso discusseavere perceptions that
members of the broader community Baempetingobligations with little time to
advocatdor climate preparedness.

While a lack of prioritization of climate preparedness is a key challenge, the
related lack of connection and coordination specifically among decision makers also
emerged as a constraint. Many participant decision makers eaghrestsknowing
actions other decision makers were taking to prepare for climate change, as indicated by
this statement by one decision maker about another agéneguld say | dod pay real
close attention to hotheyde managing for climate changeAnother participant
discussed this through the lens of potential tree species changes and of the work his
organization and others do with trees:

Al dond know whatland managerare doingl know weie pretty

aggressively taking oemerald ash borgbut thad a different sort of

change th@ happening, a little rme immediate. You knows the city

forester planting more oak trees now versusetbing else? | dah
know .0
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Another participant saidil probably doid have the best background or have my finge
on everything thiathey are doing to know thatinally, participants noted a lack of
clarity on what their specific roles or responsibilities were in regard to preparing the
community for climate impacts. One interviewee séideel as a city wée just kind of
scratching the surface on even understanding some pbtéastial for natural disaster

and the impact it can have, or what our role is in either preventing it or preparing for it

Limited Communication and Awareness

Participants indicatedrhited communication and awareness about climate change
and extreme weathdilimited communication and awarenésscludesparticipant
decision makersdicating they doot frequently discusslimate change with the plio
andparticipantéperceptions tht the broader public is not discussing or aware of climate
change.

Some decision maker participants mentioned they are not explicitly discussing
climate change with the public. When asked if climate change was discussed with the
public, one participantasd,

Al would say no, because we are more thinking aboterglaed stuff that

we are doing and programs that we are doitign&le change is a much
larger, dynamic topic, ande are notaking it and discussing that.

Interviewees also perceived othecden makers did not discuss climate change enough
with the public. This participant reflected on the lack of climate change discusision:
think the very first thing that they are not doing is not having open and honest
conversations with the citizenrpaut ito

Similarly, participants perceived the broader public to lack conversation about

and awareness of climate change issues. One participanfisiodd hear dot of talk in
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my private life. We talk about it internally because we have a loteny\passionate
people on staff that are considering those things and very interested in the impacts, but |
dond hear a lot of pople discussing it in gener@llhe perception that only some
community members are thinking about it while most are not atssged. One
participant saidiil think there are subsets of the community that areamly involved in
that morel think that the broader communitypsobably not thinking about ¢ Another
participant expresseasimilar sentiment

fiSome people arghinking about climate changedspecially if they do

work in that environment and th&g more aware of it. But | wasnd
involved, | wouldn& be thinking about it

Likewise, participants also noted different landowners and residents understand climate
change more than others and that much of the public may be unaware of potential

changes coming.

Insufficient Resources and Requirements

A lack of resources and requirements emerged as a constraint among some
participants. These participants noted limifending, staff, and technical skills and
expertise constrained adequate climate preparedness. One participant discussed how the
unavailable money needed to update stormwater infrastructure made it necessary to
manage future rainfall changes with the eantrsystem:

Alf rainfall patterns over the next §@ars increase a little bieven if they

doubled, it is what it is, and it would take billiomgth a b to upgrade

major parts of it. Seve are better off managing the system we have
rather tharto build a bigger systeia.

Finally, preparing for climate impacts is not required at the national, state, or local level,

and this constrained preparation efforts. One participanti®afel) | | think thereare
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significant degrees of attention and systénas could le applied that we ar@rdoing,

mostly because@ not requiread

Opportunity Areasfor ClimatePreparedness

Though participantexpressed several challenges hindetadatepreparedness,
they also discussezpportunity areator building or leveragng climate preparedness
including those that stemmed from the 2012 floegpons@ndsomeplanningoriented

activities

Post2012 FloodResponse and RecovdEfforts

As a result of the 2012 flood, emergency response has been improved,
partnersips were built and knowledge shared, and infrastructure capacity was increased.
Participants discussed how the 2012 flood response became a catalyst for improved
response and recovery for future extreme weather ev@nésinterviewee noted think
thatthe flood from 2012 helped the community kind of come back around to thinking
about the natural environment and thinking about how do we prepare for future climatic
eventso This participant also noted the flood led agencies, departments, and
organizationgo improve their emergency response and hazard mitigation plans. Broadly
speaking, the flood was an intensive learning experience for all involved and helped
participants identify aspects of the response that could be improved for the Qutare.
interviewee saidfil would think we now maybe have some more systems in place in
terms of how the response will go for the next emergerilye noted the county instated
an emergency management team and supervisor, and emergency management plans are

now in place.
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Another result of the 2012 flood immediate response and longer term recovery
wasagencies, departments, amganizations built partnerships and increased
collaboration to respond to the commuistpostflood needs. Cooperation between
sectors and agemd increased as various stakeholders came together to mobilize
resources, share knowledge and best practices for the response, and diseusslavho
takewhat roles an@ddresguture needs. After noting the nonprofits and government
entities that workedogether after the flood, one participant descrilfiéde shared
knowledge, understanding what funds were available through the state, the city, the
county, the federal, where the gaps were, and identifyingsrgmng to help address
themo

Last, when th012 flood illustratedssues with the tyG stormwater
infrastructure andamagedr destroyed culverts and pipégcision makers were able to
think about how increased precipitation and flooding might impact the stormwater system
and respond by makingecessary upgrades where they could during the recovery. One
participant captured the sentiment expressed by many:

The storm of 2012 did it to us, in terms of preparing us. | mean it wiped

out the bridges that werérbuilt right. It wiped out the culverthat
wererd built right. So, we got a real test in that event that people | think

are responding appropriately too for the most part. . . . That taught us a lot
about stormwater, essentially capacity, and where some of these issues
might be.

Government gencies have incorporated green infrastructure where possible to improve
infrastructure capacity. One interviewee commeniéée did a project that really
focused on green infrastructure as a way to not only mitigate flood impacts and prepare

for climate tiange but that also has all these different berngfits.
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Anticipatory Planning

Interviewees talked about the plannioigented activities taking place that
contribute to climate preparedness and can be leveraged for furttlemate
preparednesd hese ativities include adjusting wildlife and stormwater management
plans, making planning a priority in shipping, incorporating mitigation into planning,
performing vulnerability assessments, and applyindeideralresilience funding.

Other actions governmeagencies have taken include not building in sensitive,
flood-prone areas and planting more diverse species for a changing climate. For example,
participants who are local and regional planners and resource managers described how
they are changing the treéhey are selling and planting in order to be more resilient to
future climatic conditionOne participant whose organization sells trees for an event
commented,

We are offering more species for sale that we would have seen a little

farther south whenflirst started. That kind of the one area where we

have made specific decisions and had specific discussions about climate
change.

Participantsalsonoted government agencies are considering adjusting wildlife

management plans to be more adaptive to ¢érohange. One participant described,
We need to think about what we can be doing in terms of harvest limits, and
habitat improvements or protections, to maintain the kinds of species that are
important, culturally and historically important. We are logkat potentially

reintroducing elk because moose seem to be getting hammered by, among other
things, climate change.

Otherparticipant decision makers within the community described how they were
thinking more often about water resources from a watershsdd management
perspective. One interviewee summariZz#&kople are moving toward watershed based

management, looking at things that are not easy to do, looking at how we cross political
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boundaries and work together to address these issues that oteéirlyadve their own

political boundaries.Climate change planning in other sectors is also underway.
Participants discussed how the port authority and harbor technical evaluation committee
has been thinking about climate change for several years, cangidghat climate

change could mean for levels in the estuary and how that would impact shipping and
shipping channels, excavation, making sure they had the right depths for the ships and
seasonal effects on shippiag.

Other actions that contribute ¢bmate preparedness thatlocal tribal
communitieshave not only been focusing preparednedsut have been incorporating
climate mitigation actionsito their longterm planningOne participant explainedQur
tribal council adopted the Kyoto Protocohse years ago, and we are working towards
our goals of 25% renewables by 2020, or something like that, and we are going to get
thered Communities in the study arbave started performing community vulnerability
assessments in order to learn what partieek@osures and sensitivities exist and how
communities can reduce these risks. Finailhterviewees were aware of and involved in
a federal grant the city of Duluth was applying for that was aimed at bringing in funding

for improving disaster resilience.

Discussion
This study investigated three research questions among decision makers and
leaders in the Lake Superior headwaters communityfo®y dodecision makers in the
study subwatersheds characterize climate change and climate change prepa2¢dness?
What do decision makers perceive drives and constrains preparation for and adaptation to

climate change3) How can this new understanding help the community build climate
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preparedness and adaptive capacityfough qualitative analysis, data revealed most
participants perceive the community to be exposed and sensitive to climate change,
largely based on seeing and experiencing changes and attachment to community systems.
However, some participanigewedcommunity systemasprotected or werdetached
from climate impacts. Additionally, several challengesma opportunities for building
preparednessereidentified

Several other studies investigated decisimaker®perspectives on climate
preparedness and adaptation in coastal communities, oftengfind@ptation challenges,
such adacking leadershigPetersen, Hall, Kahl, & Doran, 2013gsource constraints
(Kahl & Stirratt, 2012; Scally & Wescott, 2011ack of crosssector coordination and
communicatior(Kahl & Stirratt, 2012; Scally & Wescott, 201 linclear responsibilities
(Scally & Wescott, 2011 )nsufficient budget and staff tim{&ahl & Stirratt, 2012;
Mozumder et al., 2011)acking public demand for action, and few perceived solutions
(Mozumder et al., 2011While other coastal studies have found constraints to climate
adaptation, few have examined current actions and opportunitiaddptation
Additionally, few studesspecificallyon Great Lakes coastal communiiebmate
preparedness perceptions exist, and those that do often aggregate findingsiiipta
regions making it difficult to understand whapecifically is happening in certain
communitiesThis stugd& findingsconfirm challenges found in other coastal climate
preparedness research and highlight new challenges, further emphasizing prior research
that climate adaptation barriers are often community specifiall€ges and

opportunitiesdentified within the study areand the resultant climate preparedness
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framework will be instrumental in assisting Duluth area communities in building adaptive
capacity for climate change.

One purpose dahis study was to establish a framework for assessing andrguildi
climate preparedness in Lake Superior basin communities grounded in decisiorbmakers
climate change perceptions, concern, and revealed challenges to and opportunities for
climate preparedness. Based upon the moddinate vulnerability (Figure ¥ the
climate peparedness framework (Figurgti@s the study findings into a cohesive
framework for understanding the components affecting climate preparedness within the

community.
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Figure 6 Climate Preparedness FrameworktfaLake Superior Headwaters

Community
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This framework demonstrates how three key compoéepésceived system
exposure, perceived system sensitivity, and percguegharedness contribute to or
detract from climate preparedness in the community. Within perceived system exposure,
two sibthemes of distancing and relating emerged. Many participants related to system
exposure because they have seen and experienced extreme weather and changing weather
patterndWeber, 2010, 2016Few participants distanced themselves from exposure,
indicating a protected system due to protection by physical location, temporal distance of
climate impacts, or a lack of extreme weather occurring again. Witdrceived system
sensitivity the subthemes of concern and unconcern about system change emerged. In
general, when participants perceived the water, biological, or social and community
systems to be sensitive, they were concerned about system clfereggsieBaxter &
Armitage, 2012)This concern often stemmed from regional attachment and connection
to resources. A handful of participants perceived the sy&iebe resistant to change,
which was coupled with a detachment of impacts from daily life. Findings on perceived
system sensitivity and perceived system exposure compose perceived vulnerability,
which influenced participanigerspectives on communityirdlate preparednegbussel,
2007; IPCC, 2007; Smit & Wandel, 200®erceivectlimate preparednessaptures the
challenges and actions participants expressed about the comimabitity to adapt to or
prepare for climate change. Challenges inchiidersture of climate impactdow levels
of perceived efficacya lack ofactionprioritization and coordinatigrimited
communication and awarenessd nsufficient resource and requirememstions to

leverage include post012 flood activities and decisiemaker leadership and actions.
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Based on their perspectives on perceived system sensitivity and exposure and
perceivectlimate preparednesgarticipants held a wide range of responses about the
communitys overall preparedness, ranging from the commuisitgrepared to is not at
all prepared to handle climate impacts. The preparedness framework, with its inclusion of
the various responses on components of preparedness, indicate why these wide range of

responses were found.

Implications for Planning and Magement

The climate preparedness and adaptation literature demonstragtsaintghat
impede adequate climate adaptation exist in many communnitiésh this study
confirms within the Duluth area communityonstraintsnay be an indication of limited
adaptive capacity; therefore, building adaptive capacity is one approach to reducing
adaptatiorconstraints and increasing climate preparednéss IPCC and Adger and
colleagues identify capacity building as an opportunity for adapt@tidger et al., 2005;
Field et al., 2014)Researcherstatecapacity building includes research, education,
training, resarce provision, development of human capital, and development of social
capital(Klein et al., 2014)Raisingawareness, which includes positive stakeholder
engagement and communication of risk and uncertainty, is a crucial component of
capacity building as we({Adger et al., 2005; Klein et al., 2014)

This studys findings demonstrate that two specific actions may hold promise for
building adaptive capacity in the Duluth area community. Hesgragingthe strong
water ethic an@ttachmento community systems is an inroad for further climate
preparedness actioResearch has shovptace identity may be a key contributor to

adaptation ash capacity(Adger, Barnett, lii, & Ellemor, 2011; FresgiBaxter &
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Armitage, 2012)and eframing climate impacts and communicatingm as personal

and local to a community has been shown to lead to increased motivation to take action
(Marx et al., 200y. For a community that holds such strong community attachment and
place identity, communicating local climate impacts and making climate change
personally relevant for the public holds promiSeannell & Gifford, 2013)If a

community holds strong place identity and that place is threatened (e.g., due to climate
change), there may be a stronger moirato adapt to climate change sirfeestrong

sense bshared identity within a community may act as impetus for engaging in
communitylevel adaptation planning on a collective leM@iresqueBaxter & Armitage,
2012 p. 26).

Specifically, the communitg identity and values around water and natural
resources are key leverage points for furthering climate preparedness because measures
that protect water resources may dowdeclimate preparedness practices. For example,
green infrastructure and restoration of river and stream banks and wetlands. As
participants discussed, these activities are ongoing in the community. Scaling up these
efforts, while indicating to the communpithey will protect valued water and biological
systems and also help the community handle future extreme weather events similar to the
2012 flood may help gain increased boyor further adaptation practicéSresque
Baxter & Armitage, 2012)

Second, this research lays the foundation for the creationrokasector,
interagency, and crossulturalclimate preparedness task force aimeid@easing
adatationby addressing challenges, such as low prioritization, limited resources, few

discussions with the community, lack of coordination on adaptation efforts, and low
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levels ofperceived efficacyAdger, 2003) Thistask forcecouldserve as a hub for

synergy, resource mobilization, scientific and traditional knowledge sharing, and action
coordination It could also capitalizen the momentum &m the pos2012 flood

partnerships that have been built and knowledge that has been shared already between
and across organizations.

A primary role of the task force could be to encourage or require some form of
climatescenario planning in all levels gbvernment through ordinances, resolutions, or
joint powers agreements. Climate change having low prioritization emerged as a key
challenge from the study, and this approach would give climate change preparedness
greater priority among competing interedthis task force could ensure regional climate
data is useful and disseminated to all applicable pa@@simunicatingpest available
scienceand localized hazard impagtgy helpin decision making andddresssthe
uncertainty constraint participantspegssedPidgeon, 2012)

Another role of the climate preparedness task force could be increasing public
discourse about climate impacts and weather changes in the region, since lack of
discussion with the public was noted as an adaptive capacity challenge. Relaying climate
information and stories in ways that resonates with those who may be skeptical of climate
science is importar{Scannell & Gifford, 2013; Weber, 2010, 201Binking a changing
climate and weather patterns to current and potential negative impacts to thésregion
areas of strong identidy natural and cultural resources, watemoounity systems will
assist in this methoddemonstrating how areas of attachment and aspects of identity may
be harmed or disrupted may mobilize community members to call for increased

adaptation.
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This approach will also increase awareness and conceut @boate change
more broadly. To effectively do this, research indicates addressing issues of efficacy
alongside climate information. When people felt personal efficacy about climate change
impact® meaning they have the ability to address climate outsdrtieey are more
likely to have concern about climate impacts and a sense of responsibility to address it
(Kellstedt, Zahran, & Vedlitz, 2008; Patt & Weber, 2014 dressing individual self
efficacy to act is absolutely essential when building public awareness and support for
adaptation practices. Based on this research, communis&tiigs of adaptation
solutions from within the community and from other coastal communities similar to the

Duluth area willdemonstratéow specific steps can be taken to increase preparedness.

Conclusion

Other communities could lealassons from thistudy and the Duluth area
community The study design and methods hold promise for other communities interested
in examining their own climate preparedness. Additionally, findargsthe constructed
climate preparedness framework may asgtiser communieswith similar geography,
coastal location, and natural resource dependernténking aboutheir climate
preparednessfforts and the challenges and opportunities at play for.tRemexample,
directingadaptation efforts at leveraging current adifor adaptive capacity while
addressing anchinimizing challenges is one such lesson.

Future research extending beyond decision makers and exploring the broader
Duluth areecommunitys perspectives on climate change and preparedness may glean
additionalinsight into the communitg adaptive capacitfzurthermore, community

climate preparedness research often emphasizes adaptation barriers and cliididahges
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& Stirratt, 2012; Mozumder et al., 2011; Scally & Wet, 2011)and focuses little on
adaptation opportunities or capacities within communities that support or lead to effective
adaptation planning or implementation. More research on adaptation capacities may

provide other lessorrggardingopportunitieshat communitiegan leverage.
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CHAPTER 5
DISCUSSION
Climate change haaffectedand will continue to affect the Upper Midwest in the
form of higher temperatures, more intense episodes of extreme heat, increased frequency
and intensity of precipitationnd increased floodin{Karl et al., 2009; Melillo et a|
2014) Coastal communities in the Great Lakes basin that are reliant on water resources
for industry, tourism, and recreation are particularly vulnerable to extreme weather and
climate impacts. The 2012 extreme precipitation and flood event andritaeigal
effects in the Duluth area illustrates this poldw and inthefuturethese coastal
regionswill need to prepare for potential climatic changes and extreme weather. This
study sought to investigate climate change and climate preparednessigytiaesk
following questiondo community decision makers and key influencers:
1. How do participants characterize climate change and climate change preparedness
in the Duluth community?
2. What drives and constrains preparation for and adaptation to climagecimathe
Duluth community?
3. How can this new understanding help the community build climate preparedness

and adaptive capacity?

Key Findings
Through qualitative analysis, data revealed most participants perceive the
community to be exposed and sensitwvelimate change, largely based on witnessing
changes anbavingattachment to community systerkBwever,variability was found

with some participants indicating the community \pestected fromand resistant to
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climate changeAdditionally, severathalenges tandaction opportunities for
increasing climate preparednessergedChallenges include theature of climate
impacts low levels ofperceived efficacya lack ofactionprioritization and coordinatign
limited communication and awarenganrd nsufficient resource and requirements
Preparedness actions consist of activities that resulted from the 2012 flood response and
recovery as well as plannirggiented actions.

The study findings helpeektablish a climate preparedness framevibaided on
the revealedlimate change perceptions and consaswell as thepportunitiedor and
challenges ta@limate preparednes$isat emerged (Figure) 6This framework
demonstrates how three key compon@merceived system exposure, perceived system
sensitiviy, and perceived climate preparedi@essntribute to or detract from
preparedness in the community. The intent of the framework is to assist decision makers
in adaptation planning aimed at better preparing the community for climate change,
because the fram@rk illustrates what decision makers are currently thinking about
regarding regional climate change, what opportunities can be capitalized on, and what

constraints may need to be addressed.

Implications for Planning and Management
The literature statesdhbuilding adaptive capacity is omaportantapproach to
reducing adaptatiochallengesnd increasing climate preparedngsdger et al., 2005;
Field et al., 2014)Capacity building includes research, education, training, resource
provision, development of human capital, and development of social débéial et al.,
2014) Raising awareness, which includes positive stakeholder engagement and

communication of risk and uncertainty, is a crucial component @otgbuilding as
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well (Adger ¢ al., 2005; Klein et al., 2014Based on study findings, two primary
recommendations hold promise for building adaptive capacity:

1. Createa crosssector, interagency, and cresdtural climate preparedness task
forcethat couldeverageadaptabn oppotunities and addreshallenges, such as
low prioritization, limited resources, few discussions with the community, lack of
coordination on adaptation efforts, and lewels ofperceived efficacy.

2. Leveragehe strong water ethic and attachment to commgyistemsasan
inroad for further climate preparedness action.

To implement these recommendatiohe, communitgs Regonal Stormwater
Protection Team (RSP;Tyvhich isaimed at protecting and enhancing regional water
resources as well as providing edugatand technical assistance to reach these,goals
may be helpful to explor&’he RSPT works with public and private sectors to coordinate
water resource protecoh, and it leverages the commurd@ywater value and identity to
achieve its missiorin theseways, the RSPT provides a solid modelifoplementing
these two recommendations. Many participants in this study brought up thewR@RT
discussing water resource management and positive water activities in the community
indicating general awarenesstbé groupand effectivenes®ith some oRSP s
actions aligning witlihose of climate preparednéssuch as theole of green
infrastructuran both stormwater management and climate adaptatiorming a climate
preparedness task force alongside or othisfgroupmaybe an effectivenethod for
increasing climate preparedness through already known channels and effective

collaborative models in the community.
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Connecting Findings tothe Broader Project

The studyfindings and recommendations itth the lroader scope of the full
interdisciplinary project as well'he broader interdisciplinary projeociuded
hydrologic modeling aimed at predicting how future changes in land use and climate may
increase peak flows in regional watersheds and how stormiaegemanagement
practices (BMPs) can be used to offset these increases. Generally, results of the modeling
demonstrate thabcreasingBMPsleads to more effectivestormwater management
However theadditional BMPs ar&ess effective for high stormwatdowv rates, and
higher flow ratesirepredicted in the futurélhese results indicasdingBMPsin the
community willlikely be helpful during extreme precipitation events, thety do not
completely prepare the community foendlingextreme weather even

This studys social science findings also plakeyrole in preparing ta
community for extreme weather by identifying preparedness challenges that may need to
be addressed and action opportunities that can be maxirmzgether, the social science
and biophysical modeling findings paint a picture of the current status of preparedness
andopportunities for moving towarirther preparednesso enhance the utility dhis
studyss findingsfor the Duluth community, a fact sheet with study findings pimations,
and recommendations has been disseminated to community decision makers and leaders
duringa community workshopAppendix I} It is our hope that this research will assist

the Duluth area community in furthering their preparedness efforts.

Futur e Research
Theintent of this research was to analyzeclimate change and preparedness

perspectives ahose community members who have authority to make decisions
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influence in decision makinggarding climate change planning and preparedness within
the community decision makers, resource managers, and Keyeimcers. It is essential
to understand how these types of people are thinking alimaite change and
preparedness; however, decision makers are not the only actors in community
preparednesdferts. Itis also important to explore theoader communi@ perspectives
to glean additional insight into ghcommunitgs adaptive capacity constraints and
opportunitiesFor example, while the majority of participants in this study believed
climate clange is occurring in their region and are concerned about impacts, interviewing
broader community members may yield new perspectives that should be included in the
developed climate pparedness framework (Figu8e For the framework to be as robust
as pasible and for preparedness planning to be as effective as possible, the inclusion of
all perspectives is warranted.

Furthermorewhile other coastal studies have found barriers to climate
preparedness, few have identified or examined current actionppodunities for
climate preparedness. This is demonstrated by the lack of existing frameworks for
classifying adaptation opportunities as opposed to the several frameworks for assessing
and categorizing adaptation barriers. It is imperative that adaptaiitstraints be
addressed, but it is also helpful for communities to recognize what current capacities and
opportunities exist to leverage for climate preparedness. Further investigation into
opportunities for increasing climate preparedness within thetarea community and
Great Lakes coastal communities more broadly may lead to additional insights for
building adaptive capacitpplying the climate preparedness framework (Figura 6)

other coastal communitiesay serve a usefguide forexploratian.
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Conclusion

This study reveals the Duluth area community has several capacities that are
enabling it or will assist it to further prepare for climate change impacts, including
participantéconvergentlimate change beliefs and conceas well as stramplace
attachment and connection to resources. Shlljlengesre hindering adequate climate
preparedness in a numlzdrways. Specifically, decision makers, resource managers, and
community influencers notetie rature of climate impactsow levels d perceived
efficacy, a lack of prioritization and coordinatiphmited communication and awarengss
and nsufficient resource and requiremeassreasons why the community may not be

fully prepared to cope with extreme weather events or climate change.
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Appendix A. Map of St. Louis River Watershed
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Appendix B. Miller Creek and Mission Creek Subwatersheds
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Appendix C. Interview Recruitment Script

Hello [name],

My name is [X] | am a [position] conducting research on communities and water
resources for Mae Davenport, Associate Professor in the Department of Forest Resource
at the University of Minnesota. This study involves community residents, local leaders
and natural resource professionals in the [Mission Creek; Miller Creek] wate@ined

goal of this study is to identify different resources communities need atebgtsathey

can use to enhance their ability to respond to water resource impacts. To dodhie we
conducting interviews with local residents and professionals in the watershed.

| am hoping you would be able to assist me by participating in the ahgldgharing your
perspectives with me. The interview takes about one hour. Would you be willing to
participate?

If yes: fiThank youl am available on (days of week, times, have alternates
ready) is there a time that would work best for you? [Skt, diane location (get
directions)].l would like to send you a confirmation email with datee, and location
information.The email will include all of my contact information, in case you have any
guestions or concernBo you have an email addressain send the confirmation to?

a. If yes, take it down or confirm we have the correct eraddress for them.
fiThank you. look forward to meeting with you on ___ (agreed upon
date) 0

b. If no,fils __ (phone # you contact them with)__ the best way for rgetta
hold of you? In case you need to get a hold of me with questions or concerns,
my phone number is 0 l.look forward to meeting with you on
____(agreed upon date) .

If no: AOK, thank youor your time.Good byed

If they seem unsure:fiJust b be clear, participation is completely voluntary and if you
decide to participatgou can withdraw at any tim&our identity will remain

confidential and we woi include any information that would make it possible to
identify you in the final reportWege only talking to a limited number of key
representatives, so capturipgur perspective is importar€an | ask what you concerns
about participating ar@?Try to address their concerns]

If they want to know why they are being asked to participatefiWede interviewing a
variety of stakeholders in the watershed to try to get diverse pergseahd a range of
experiencesWedve been conducting a stakeholder inventory in your community and
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your name came up as someone who would be a good persontto &tice we are only
able to conduct a limited number of interviews, capturing your perspective is imgortant.

If they want to know how the information will be used:fiwWe are trying to better
understand people perspectives on community resources, coasienv practices, and
programs to determine the capacity of communities to respond to environmental risks.
Wedl be putting together a final report that describes how participants view these issues
to share with community leaders, educgtand resource pfessionalsYour

information will be kept confidential and there will not be any identifying information in
the reporo

If they want to know what the study is for:fiThis project is aimed at better preparing
communities to respond to water resource inmgpant building community readiness.

If they want to know who is supervising the researchiiMae Davenport ishe
supervisor for this studyshe is an assistant professor in the Department oftFores
Resources at the U of Nf.you would like to contact hetirectly | can give you her
phone number [61824-2721] or email address [mdaven@umn.eau].

If they ask about IRB: The research project has been reviewed by the IRB/Human
Subjects Committee.
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Appendix D. Interview Consent Form

Community Climate Readines: Duluth Study
Consent Form

You are invited to participate in a research study that explores community responses to
water resource impacts. You were selected as a possible participant for an interview
because you current live, work, or engage in watssuwee management in either Miller

Creek watershed or Mission Creek watershed. We ask that you read this form and ask any
guestions you may have before agreeing to be in the study. This study is being conducted
by: Mae Davenport, Associate Professor atddgpent of Forest Resources, University

of Minnesota.

Background Information:
The purpose of this study is to better understand community responses to water resource
impacts and to build community capacity for engaging in water resource management.

Procedures:

If you agree to be in this study, we would ask you to do the following things:

Participate in an interview, lasting approximately 60 minutes. The interview will be audio
recorded and transcribed.

Risks and Benefits of being in the Study

Risks assciated with this study are minimal.@3ponses are confidential and names will
not be linked to any information in any publications. Benefits of participation include
increased awareness of watershed and community issues. Study results will be made
availabk to the public and all participants will have access to them.

Confidentiality:

The records of this study will be kept private. In any sort of report we might publish, we
will not include any information that will make it possible to identify a subjeeserch
records will be stored securely and only researchers will have access to the records. Your
responses to the interview questions will be audio recorded, transenitoeklept for

three years in a locked office. Afterward, these tapes will be destr@nly those

directly involved with the project will have access to the audio tape of the interview

notes.

Voluntary Nature of the Study:

Participation in this study is voluntary. Your decision whether or not to participate will
not affect your currendr future relations with the University of Minnesota. If you decide
to participate, you are free to not answer any question or withdraw at any time without
affecting those relationships.

Contacts and Questions:
The researcher conducting this study iseMDavenport. You may ask any questions you
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have now. If you have questions latgou are encouragedo contact her at address: 115
Green HalL530 Cleveland Ave. North, St. Paul, MN 551®R12, phone: 61824
2721, email: mdaven@umn.edu.

If you have any questions or concerns regarding this study and would like to talk to
someone other than the researcieu are encouragedo contact the Resrch
Subject®Advocate Line, D528 Mayo, 420 Delaware St. Southeast, Minneapolis,
Minnesota 55455; (612) 628550.

You will be given a copy of this information to keep for your records.

Statement of Consent:
| have read the above information. | have dsfp@estions and have received answers. |
consent to participate in the study.

Al agree | disagree to have my responses audio rezorded

Al agree | disagree that Mae Davenport may quote me anonymously in her
papersd

Signature: Date:

Signature of Investigator: Date:
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Appendix E. Interview Guide

Community Climate Readiness: Duluth
Interview Guide (updated 02/25/15)
*Questions in bold are high priority questions

First, | have some general questions about you and your community. Many people
have different definitions of community ranging from a geographic area to a
community that is based in social relationships. So, befoask you questions about
your community, | would like to know how you define it.
1. When you think of fiyour community,0 what comes to mind?
2. What is your connection to the community?
a. How would you describe your role in the community [as a
professional/landower/activist]?
3. What would you say are the best things about [working in/being a member of] the
community?
4. Do you have any concerns about your community? Please explain.
a. What challenges do you face in working/engaging in this community?
5. Can you describe arsjtuations in which the community came together to
respond to a problem or opportunity? Please explain.
a. How did the community respond?
b. What things led to success (or failure) of community action?

Next, Ial like to ask some specific questions about natuegources and the
environment in the community. For clarity,dl just generally refer tofinatural
resources but that may include all aspects of the natural environment including
water.
6. What significant changes or impacts to natural resources have occled in
the community in the past 5 years? Please explain.
7. What were the effects of these changes/impacts on the community?
8. How would you characterize the response of the community?
9. What things led to success (or failure) of community action?
10.When events like this happenwho typically gets involved?
a. Community members?
b. Businesses? Owners?
c. Community groups?
d. What about government officials at local, tribal, state, or federal
levels?
e. How about nongovernment (nonprofit) organizations?
11.What types ofresourcesare typically used to address the impacts?
12.Are you concerned about changes or impacts to natural resource into the
future? Please explain.
a. [If list multiplg Which of these is your biggest concern?
13.In your opinion, are there ways in which the community couldbetter avoid,
prepare for, or respond to these types of events? Please explain.
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We are focusing our research project on water in this watershed [refer to the watershed
map]. Next, | have some general questions about water.
14.When you think of water in thigrea, what comes to mind?
a. How do you use water here?
b. What about water is important to you?
c. What about water is important to your community?
15.Do you have any concerns about water in this area? Please explain.
a. Are you concerned about your drinking water?
b. Areyou concerned about flooding or drought?
c. Are you concerned about lakes, rivers, or wetlands?
16.Have you ever talked to anyone specifically about water in this area or protecting
water before? Please explain.
a. If you had a question or concern about watehis &rea, who would you
go to?
17.Do you think the community is concerned about water in this area? Please
explain.
18. Are there success stories of protecting water in this area? Please explain.

One issue local resource professionals are particularly concerabdut is stormwater
runoff.
19. First of all, how familiar are you with stormwater runoff issues?
20.Many people have different things in mind when they think about stormwater
runoff [flooding]. When you think about stormwater runoff, what comes to mind?
21.Have yau observed any problems with rainwater, snowmeltor stormwater
runoff in the area? Please explain.
22.Who do you think should be responsible for addressing these types of water
resource problems in this area?

Some people we have talked to in the area aneceoned specifically about climate
change, extreme weather events, and effects on the natural environment.
23.First, what are your perspectives on climate change?
24. Are you concerned about the impacts of [climate change or] extreme weather
events on this area®Please explain.
25.1n your opinion, is the community doing what it needs to do to prepare or
plan for [climate change or] extreme weather events? Please explain.
26.1f you were in charge of planning for climate related impacts in the community,
what actions wold you prioritize?

Now just a few final wrapup questions:
27.What do you see as the 3 biggest challenges to protecting water in this area?
28.What do you see as the 3 most promising opportunities to protecting water in
this area?
29.Is there anything else you wold like to share with me about your
community, natural resources or water in the area?
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Appendix F. Interview Sociodemographic Form

ID#:

Community Climate Readiness: Duluth

Participant Demographic Information

Age:

Highest level of formal education:

Years lived in community:

Occupation:

Gender:

Race/Ethnicity:

Community groups/organizations:

93

Date:




Tables illustrate key themes that emerged during the analysis process. One quote that

Appendix G. Analysis Theme Tables

succinctly summarizes findgs is included for each category.

Theme Table 1. Climate Change €rspectives

Theme Subtheme Quote
Climate change climate change is Well my personal perspective is thaksiteal, and that
belief happening it does exist, and | have | mean, you knowaveri

kind of gone over the whole science of it, | Garally
feel like | need to. Bk like a no brainer to me.

perception that others
know climate change
is happening

| dond think there are a lot of people around here
walking around goingiiClimate change ish
happening | dond think thats happening too nuln. |
think people get it.

still formulating
opinion

I1ém still formulating my opinions from the people wh
are studying it. And | think theée a lot of, | think
therds more popular andpinion thas communicated
by those who feel that what we do and wedldo has
major influence and that we should change it. But |
dond know that thads the majority opinion, | think
thais the vocal opinion.

Theme Table 2.

Perceived System Exposair

Theme

Sub-theme

Quote

Exposed system

see impacts daily

| just believe that that is true, and happening, and |
think we can see every day.

observel changes over
time

I6ve been living here twendfjve years, and | do feel
like the climate has chaad since dve been here. | fee
like, you know, just the, just the moisture patterns, tl
way we get snow, the way it comes our way, the
temperatures, | mean | feel like téat very natural
jump, a very natural assumption to make thatéhat
partlyimpaded by climate change.

2012 flood Yeah, that flood a couple of years ago blew
everybodys mind as far as | could tell. It was a hell ¢
a thing to live through. If thét a 100 year flood thést
going to become a 20 year flood oratbver.
Protectedsystem geography keeps Itis a rural community, and so because of the lake f
protected variety of other topographical reasons, wedlon

experience that much wind activity. It would happen
certainly. If we had more tornados, | wibsay no to
that. Becase the tornado risk i@ngreat here, | dah
see that changgnthat much or drastically.

geographical distance
- unexposed compare
to other regions

I1tés fair to say intellectually that an area like Dututh
Superior will quantitatively see less impandirh
climate change over the long run then a lot of other
places, where, wiee drastically less likely to be
impacted by hurricanes, We drastically less impacte;
by things like, you know, sea level increases and thi
sort of thing, and so, | would sayathl have a lot less
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reason to be concerned about that personally, then
of othe area of the world might.

temporal distance

| think that a lot of times people see climate change
something way off into the future and so I think tiere
a mindséthat this is a distant thing, | think thiey
concerned about it butit a distant thing.

flood once in a
lifetime event not
indicative of anything
larger

Some people are wearing thin on patience, but over
people are understanding thds ifug a onein-a-
lifetime event thatakes time to recover from.

Theme Table 3 Perceived System Sensitivity

Theme

Sub-theme

Quote

water system and
ethic

Why ités also important to me, water is life. And cree
and streams have a different mood eveassn, year
on them. And the§e just beautiful to be by. People
want to be by the water, they want to live by the wat
they want to hear it running, they want to see it@ it
different moods, whends iced up and quiet, and you
dond hear a thing tevhen the falls are rushing like
they are now as the snow melts to a qgegitle flow in
the spring.

biological system

The implications for our fisheries and our wild rice a
pretty profound. Wild rice is sensitive, exceptionally
sensitive, to hydrolgic changes. It has a really narroy
optimum in terms of the hydrologiegime that it can
handle.

social and
community
systems

infrastructure

If we have extreme winters, the financial cost of stre
maintenance and all of that here is enormous, and
everyyear, they are over budget and itrazy. So it
could very easily financially devastate.

economics and
finances

what are people doing with this, this is now all the f¢
in their refrigerator spoiling, this is, and so the impac
of natural weather evénisrai just about how are we
going to plow out, where is this water going to g6 it
the financial impact on individual families that éan
get to work, schools canceled so now kids are home
and theyre not learning, you know. So to me fisat
think more about those factors then tlotual weather
event itself.

vulnerable populationg

There are weeks in the winter and weeks in the sun
where we have hundreds of people living outside wk
are in danger from one extreme or the other. ait
the front of our mind, and | think from most of our
communitie$existence that concern has been mostl
about the winter and extreme cold and people gettin
frost bite, and @s increasingly being about people ha
access to water outsidechshade.
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Theme Table 4. PerceivedResistant System

Theme

Quote

not affecting daily life

thing.

|6ve seen less than a handful of moose in thirty years of living in this are;
to what extent is that,G& more about existential change, then it is a, a cha
to my life ... Qher areas of the world they might drastically have an effeci
your day to day. You know, yée not able to growrops or that sort of

Theme Table 5. Challenges to Climate Preparedness

Category

Theme

Sub-theme

Sub-sub-
theme

Quote

Limited
communication
and awareness

Lack of
communication

decision makers
not talking
about with
public

I think the very first thing that
they are not doing is not
having open and honest
conversations with the
citizenry about it. | understan
that it will be dificult to plan
for that financially; you are
raising taxes and not allowing
certain people to build in
certain places and all of this
where its very hard stuff to
do, but at last start the
conversation.

public not
discussing

| dond hear a lot ofdlk in my
private life, we talk about it
internally because we have a
lot of very passionate people
on staff that are considering
those things, and very
interested in the impacts, but
dond hear a lot of peopl
discussing it in general.

Lack of
awaremss

perceived
misperceptions
among public

Okay. Is like Santa Claus, it
doesidt exist. No, fm just
joking. | guess the thing that |
kind of concerning, the
biggest challenge is peofte
perception of it. Becauseit
always like,fAOh, itts global
warming.0 Well, ités not
global warming, becausdfit
not just about our climate
getting warmerfiOh, okay, so
now ités called climate
changed | think people, their
idea is just government
wanting more money for
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various things, and | think the
uphill battleis probably just
public perception about what
climate change is. Is it real, ig
it Santa Claus? Thatthe
hardest stuff, because when
you talk to people about it,
they are just likefiNo, it6s
Santa Claus.So | think thais
the biggest challenge when
you are talking to people.

lack of
awareness
among the
broader
community

not thinking
about climate
change if not
working in
related field

But again | do@ have enough
knowledge of what is actually
happening, sodn going to
say things are being done to
help prepare for that.
Individually, some folks,
again Bm just speculating,
sorry, | would think some
people are, especially if they
do work in that environment
and theyre more aware of it.
But if | wasri involved, |
dond, | wouldni be thinking
aboutit. But again, this is all
speculation. | dod have any
data to go on there, sorry.

different
levels of
understanding
among public

I mean if again going back to
the community being the
county and other resource
agencies, certainly some
landowners geit to differert
degrees more than others.

public not
aware of
changes
coming

People come to the North
Shore thinking ifs going to be
a certain way and its always
cool up here and theie
resorts all the way up the
shore that are dealing with
skiing and different things like
tha, well things will change.

unaware of how
much
community
thinks/cares
about climate
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In terms of how concerned
they are in what they are
doing, | dorit have a great
handle on that, | think there
does seem to be a lot of
interest, sometimes we will g
and talk with lake association
or just, kind of, community
groups that they pull together
| mean there is a lot of
interest in climate and what is
going on, especially related t¢
forests, a lot of people are
really interestd in what is




going on with forest change
and the species in this area. |
dond have a great handle on
how much of the population
that is, thais really engaged i
this, sometimes you get the
usual suspects to the table
when you talk about climate
change ad it is a lot harder to
identify and really know
where the rest of the
population is. So that is
something d@d be really
interested in. Thefs a group
of folks who work on climate
in this area and | think they
are all pretty interested in tha
or where & the communities
as a whole because | din
think we really know that.

Political nature

climate change

The second challenge, you

of climate and relevant know, would clearly be an
change actions issue around conflictm you
politicized so know, political outlooks. And
people so in other words, | think the
disregard fact that so many of these
things are hyper politicized,
that it prevents reasonable
people from absorbing a
reasonable message of
integrity from someone
because it might contradict tt
pdlitical views that they sort
of own
hesitation to | dond know if | can go down
discuss climate that road of climate change,
change because because | know thé&t a hot
issue is topic, but I think that was a
politically wakeup call for the
charged conmunity
Low levels of | Lack of dond know And so, no | dod think much
perceived perceived what to do/how is being done because no on
efficacy solutions and | to prepare for knows what to do, because
response climate change you dor@t know how o
efficacy change

only so much
individuals can
do (lack of self
efficacy)

Or | think feel like what they
might do in their little
individual sphere is not
enough.

can never really
prepare for
climate change

Well, um, boy some things |
guess you can nevbe
prepared far
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have no control
over climate
change impacts

Sort of the pessimism comes
in with some of the climate
change applications, these
things that are out of our
control really, that we can
only, we cad really change a
lot of it. But | think, thats
gonna endanger some of the
paths wée on. If we really
want, if we really want wild
rice to thrive in the Harprey
area, whak gonna happen
when water levels, or water
temperatures get to high or
whatever, that hagnbeen,
thats not in ourcontrol, we
could have a nice vision, but
(laughs)

Behavior
change
challenges

better response
but little daily
behavior
change

| would think we now maybe
have some more systems in
place in terms of heés how
the response will go for the
next emergecy, or herés
how. But im not sure that
therds been a lot of change i
how people are practicing
their, you know, dily life or
systemic life.

difficult to
change property
owner behavior

However, we havehchanged
their actions. We havén
stoppa people from driving
more, or from them thinking
about their own private lot an
having the water run off their
own privae lot as fast as
possible.

lack of
prioritization
and
coordination

Prioritization
challenges

low priority for
vulnerable and
poorer
communities
who have more
pressing dayo-
day concerns

it not fair o
to model some of those thing
here, but is not fair of me to
expect people, who have so
many other things to think
about, to discomfort
themselves so we can lia@
ecologically pure life.

low priority for
decision makers

other
environmental
issues more
pressing

| dond lay awake at night
worrying about it. | think
there is other issues that are
more pressing. Pollution,
illegal dumping are things the
are probahl a much more
urgent need thiawve are trying
to address.
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non | think we could be doing
environmental| what we need to do to be mo
issues take resilient and again | think the
priority drive is there ifs just kind of
getting beyond that, delaying
letting other things kind of
come in and just kind of
putting the climate and
environmental issues kind of
on the baclburner over and
over again.
not primary Agency folks I think, | think
consideration | theyde aware of it and, but |
in planning dond think ités, at this point |

haverdé seen where @ itfs a
primary concern or a primary|
consideration in planning.

people are busy|
with other
obligations

And 16m talking not just in
terms of the city but of

residents of business owners
you know theyre dealing with
tons of stuff everyday and so
the farther we get out from it,
the harer it is to talk about it.

lower priority
as flood fades
from

The farther wé&e getting out
from this event the less
important its becoming and

communitys ités kind of getting put on the
mind back burner and put on the
back burner so that is really
definitely a challenge that we
do deal with and it comes
back to that capacity issue if
the community, if ifs not
immediately in front of them
they have 4ot of other thimgs
to do.
Lack of agency | dond know I dond know if like, land
connection and| what other managers, what thég doing,
coordination decision makerg in terms of, | know wée
are doing to pretty aggressively taking on
prepare our old ash bore, but that

more of a, thaks a different
sort of change thét
happening, a little more
immediate. You know, are
the, is the city forester
planting more oak trees now
versus something else, | dbn
know.

unsure what
role is in
climate
preparation

But I just,| feel like as a city
wedre just kind of scratching
the surface on even
understanding some of the
potential for natural disaster,
and the impact it can have, o

100



what our role is in either
preventing it opreparing for
it, you know.

people thinking
about climate
change from
only their
organizational
perspective
rather than from
systems view

It almost doesd, it sort of
depends on what yée, you
know if youire, if the only
tool you have is a hammer,
every problem looks like a
nail, right. If youre the
regional stormwater
protection team, you know,
youdre looking at stormwater,
and you dod really, you
dond have a dog in the fight
for the carbon dioxide
emissions. Some people are,
people end up in their silos.

Insufficient
resources and
requirenents

Resource
constraints

funding

But if rainfall patterns over
the next 50 years increase a
little bit, you know, even if
they doubled, it is what it is,
and it would take billions with
a b to upgrade major parts of
it, SO we are better off
managing theystem we have
controlling the flows, utilizing
BMPS, development ponds
and things to control the rate
rather tha to build a bigger
system.

staff

Theyhave limited budgets,
they have limited personnel
they tend to just band aid
things and so thedaptation
conversation does become a
little bit challenging
sometimes.

technical skills
and expertise

Sometimes a lot of it comes
back to capacity when talking
specifically about climate anc
climate adaptation you know
the biggest barriers thadvke
seen communities run into is
that they see changes are
happening, they want to do
something, they lack a
capacity, or really a link to
funding, technical support,
tools and resources, expertis|
to really address the issues.

Lack of
requirements

Well | think therds significant
degrees of attention and
systems that could be applie(
that we ared doing. And |
would say mostly becausést
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not required.

nature of
climate change
and climate
impacts

Conflicting planning time We dor@t, we still only design
timescales scale does not um most of our conservation
match climate practices on a ten year or
impacts time twenty-five year storm. We
scale dond try to take in a 100 year
flood type of events no matte
how dten they may happen
um soé
long-term Things like that are the harde
climate impacts impacts to address, thizg
harder to harder to promote and thig
promote, talk harder to fund and doing
about, get anything about them because
funding for its less obvious what you can
do with warmingstream
temperatures, warming
surface water temperatures ¢
Lake Superior, changing lake
levels, invasive species. So ¢
lot of the temperature change
are again harder for us
becausé t harder to talk
about when you ask
somebody if it concerns therm
that emperatures have risen
couple of degrees, yae not
going to get overwhelming
response ofiyea km really
concerned about that
society focuses Thats really difficult,
on shortterm especially because atlof
planning and planning only goes out about
lacks in long 5 to 10 years so thinking
term planning really long term is something
not just in this area but as a
society we are not great at
really planning multiple years
out
Lack of not linking Certainly wéve had the
connection personal flooding in Duluth in 2012,
(nature of experience or certainly, you know asdre

climate change
impacts makes
issue chllenge
to connect on)

local events to
climate change

observed the huge rise in the
Rainy River up in
International Falls last
summer. Yowknow, but
again, to what extent is
variability, variability and to
what extent is it related to
climate change, you know, s¢
| wouldn@ necessarily say tha
| can tie our local weather
events to a more broad, you
know, assoiation with

climate change.
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impacts of
climate change
not always
visible

inconsistent

| think Duluthts weather is so

weather fickle that there is no
makes consistent movement of
connection on| climate change, | mean 2012
climate we had a super early spring,
change and warmand then other thar
difficult the flood event, we had very
little rain, so we had a lot of
dryness, and then the next 2
years, we had tons of snow,
and lots of snow falling and
staying all the way through
April, so late, wet springs. So
the inconsistency of our
weabter, which ém sure has a
lot related to Lake Superior, |
dond think it gives the same
impact to people on how
climate change is really
happening.
rising | mean wéve talked a lot
temperatures | about extreme events and th¢
more difficult | flood butw h a haéder to talk
to notice about and what we havén

talked about a ton is more the
long term impacts of
temperature change

not affecting
daily life

|&ve seen less than a handful
of moose in thirty years of
living in this area, so to what
extent § that, is more about
existential change, then it is ¢
a change to my life ... Other
areas of the world they might
drastically have an effect on
your day to day. You know,
youde not able to grow ops
or that sort of thing.

takes an
extreme event
like 2012 flood
to affect daily
life and make
impacts more
visible

So it does and unfortunately
with the climate adaptation
piece it takes an event to
really get that momentuind
get that response going

Uncertainty

of climate
impacts

We dor@ibknow if we are
going to have more intense
storms or less intense stormg
or more rain or less rain, or
whateveés going to happen
and so we dod know.
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difficult

makes planning

My perspective on climate
change is that we have no id¢
what is coming anevhat it
does is it increases uncertain
and thafs going to be really
difficult for human
infrastructure because we
designed things around even
we expect and when we no
longer know what to expect .,
you have no idewhat you are
designing to.

ThemeTable 6.Action Opportunities for Preparedness

Category

Theme

Sub-theme

Quote

Post2012
flood

Emergency
response
improved

| think that what we are going to do is a lot of
reflecting on what we can learn from this. | think
that was one of the biggesiitigs that we were able
to take out of this. The community had a lot to
respond to. B a unique situation that many of us
have never had to respond to before. We are ab
look back and sayiwhat did we learn and how ca
we improve on this®? Rightnow, there is a lot of or
a couple different projects going on that would he
set the community up for a more organized respc
to somehing like that flood event.

Partnerships
built and
knowledge
sharing

So we brought together after the flood, ders,
direct service providers to non profit organization
government entities, so state, county, city, and w
all éit was this collec
understanding again, it wadjust philanthropic
agencies, it was really kind of this collective, haw
everyone involved and engaged? Again, shared
knowledge, understanding what funds were
available through the state, the city, the county, tl
federal, what werdh where the gaps were, and
identifying again, wh& going to help address ther

Recovery,
improved
infrastructure
capacity

We are having a lot of discussions with
development and developers about impervious
surface area, which increases-afhiand how we
need to retain it on site and to make sure that it h
slow release and have stratedimsgreen
infrastructure. | think that it just highlighted for
people that a ten inch rain fall might not happen 4
often. Five, six, or seven inch rainfalls are going
happen more often. Ve got to be ready for that.

addressing
runoff
problems

We 0 talken care of the runoff problems into Lake
Superior, so thé all done. It took us years. And §
thats good.
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more green
infrastructure

We did a project that really focused on green
infrastructure as a way to do, not only mitigate flc
impacs and prepare for climate change but has a
these different benefit so this project was done
through the NOAA office for coastal managemen
partnered with us partnered with the City of Dulut
DNR, Pollution Control Agency, our engirrasy

Planning
orierted
actions

Not building in
sensitive areas

To be able to look at hey, yéue got a school here
thats flooded a couple of times, and they filed
bankruptcy not too terrible long ago, maybe they
need to consolidate with another school district.
Moose Lakethey are done. They are building up |
a hill, actually. Obviously, they flooded 3 or 4 tim¢
so they got the money from the State to rebuild, 4
they were right down there by the lake, and now
they are gimg to build up over here.

Planting
differentmore
diverse specieg

We are also thinking about it in terms of what we
plant today. So, what kind of trees are we plantin
today? And if there is significant climate change,
will that tree be able to survive in 20 years, or
whatever, until full maturity Or will the weather
have changed enough where that treeG@survive
anymore? So, we are being more intentional abo
what species we plant, and we are also planting
more diversity, and we might be planting some tri
that maybe 50 years ago, nobody Wbliave ever
thought of planting up in our area, and now we at
planting. So, thds kind of the involvement vége
had.

Adjusting
natural
resource
management

Adjusting
wildlife
management
plans

We need to think about what we can be doing in
terms of havest limits, and habitat improvements
protections, to maintain the kinds of species that
important, culturally and historically important. W
are looking at potentially reintroducing elk. Becay
moose seem to be getting hammered by, among
other hings, climate change. Direct and indirect
impacts of climate change. So, if we Gakeep
moose, can we reintroduce elk, who were
historically presenhere, who were extirpated?

More thinking
at watershed
scale

People are moving toward watershed based
management, looking at things that are not easy
do, looking at how we cross political boundaries
and work together to address these issues that
clearly dordt have their own political boundaries
and have to be looked at formalistically and it fee|
like a lot of people are willingo try and meet that
goal.

Mitigation
actions

Our tribal council adopted the Kyoto Protocol son
years ago, and we are working towards our goals
25% renewables by 2020, or something like that,
and we are going to getate. This building is
LEED certified. Wéve got a rain garden and gree|
roof and all that kind of stuff just as demonstratio|
The chairwoman served on President Ob@ma
climate change adaptation task force, and there i
doubt about the concerns.
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Performing
community
vulnerability
assessment

Basic community vulnerability assessment so no
just talking about climate change on this national
this global scale because that ddesgally hit

home for a city tha@s updating their comprehensiv
plan anl if youGe talking super generally about it
that information is not incredibly helpful so we ha|
one tool that wése used here and a couple of othe
that have been used nationally at the Great Lake
really help a community tear down thearticular
vulnerabilities.

Applying for
grants

If we had endless funds, endless energy, endles:
time, of course thefis so much we can do. Sésit
really kind of focusing what is the impact, how ca
we help to kind of itch away our nicks towards
progress. So g, if we were able to get this grant
for thecity, it would be so huge.

Adaptation
planning in
shipping

Oneexample of considering climate change and
how it would affect business and resources woult
be the community around the harbor. The port
authaity and those involved in whét called the
harbor technical evaluation committee, | guess it
was five years ago started really talking about wt
climate change could mean for levels in the estue
and what that would, how that would impact
shipping andgshipping channels, excavation, makil
sure they had the right depths for the ships and
seasonal effects on shipping.

106



Appendix H. Glossary of Terms

adaptation

The adjustments made to human and natural systems to reduce vulnerability to climate
change, to cope with external stresses caused by actual or potential climate change
impacts, and to take advantage of any opportunities that may arise from a changing
climate(Adger et al., 2009; Christopolos et al., 2009; Fedldl, 2014; Smit & Wandel,
2006)

adaptive capacity
A systends ability to agust to climatic changes

attitude
A persoris evaluation about an object, event, person, etc., which can be negative or
positive

climate preparedness

The actions taken to prepare for and adequately respond to current and future climate
change phenomeraand their impacts (Heidrich, Dawson, Reckien, & Walsh, 2013).

Climate preparedness demonstrates how systems or communities are prepared to handle
climate change impacts. The terminology is similar to adaptation, which is defined as the
actions that are imMpmented to adjust to actual or potential climate change impacts to
prevent harm and take advantage of any opportunities that may arise from climate change
(Field et al., 2014).

coping
The process of responding to climate change impacts, often readiveaivated by
crisis, in a shorteterm time scale than longégrm adaptation.

exposure
The degree to which a system is exposed to climatic variations and often is a function of
geography or physical location.

human capital
Theknowledge, skills, andxperiencesf an individual ocommunity

mitigation
In the context of climate changeducing or stopping greenhouse gas emissions so as to
prevent the further accumulation of emissionthe atmospherand climate change.

norm
An action that desdres typical ousualsocial behaviar

perceived behavioral control

A persoids fiperception of the ease or difficulty of performing the behavior of interest
(Ajzen, 1991, p. 183)
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place identity
A persorts relationships, values, beliefs, and feelings in relation to the physical
environment

response efficacy
The belief that a particular behavior will have the intended out¢Bawedura, 1977)

risk perception
A subjective judgient an individual makesbout the severity, likelihood, and general
characteristics of a particular risk

self-efficacy
A persords belief omperception of his or her ability to enact a behavior.

sensitivity
The degree to which a system is affected by climatic change and dimpetets.

social capital
The networks of relationships among pedpla community that allow for effective
functioning

value
A persoids principles about or judgment of what is important and worthy in life

vulnerability

Thefpropensity or predisggition to be adversely affectely climate chang@-ield et
al., 2014 p. 5. Vulnerability can also be understood as a function of exposure,
sensitivity, and adaptive capac{fyussel, 2007; IPCC, 2007; Smit & Wandel, 2006)

worldview
A persoids particular conception or framing of the world
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