
ABSTRACT 

BITSURA-MESZAROS, KARLY AMANDA. Exploring Local Knowledge and Capacities 

to Address Climate Risk and Adaptation along the North Shore of Minnesota. (Under the 

direction of Dr. Jordan W. Smith and Dr. Myron F. Floyd). 

 

 Global increases in greenhouse gas concentrations over the past half-century have 

dramatically altered Earth’s climate. A one-size-fits-all solution does not exist for climate 

change adaptation however, as regional impacts are mitigated (or exacerbated) by human 

socioeconomic systems that are more (or less) capable of successfully adapting. Small 

communities, like those along the North Shore of Lake Superior, are especially vulnerable to 

the effects of climate change given their economies are heavily dependent upon nature-based 

tourism and outdoor recreation. This research, presented in two complimentary chapters, 

utilizes multiple methods to assess the vulnerability and adaptive capacity of natural and 

human systems along Minnesota’s North Shore. First, a climate change adaptation plan 

evaluation tool was modified and applied to existing resource management plans across the 

North Shore. The modified management plan evaluation tool can be used to assess other 

nature-based tourism and outdoor recreation dependent communities’ current capacity to 

adapt to climate change. Second, North Shore stakeholders were engaged in a climate change 

risk assessment process utilizing participatory GIS. Findings from the risk assessment 

process reveal important insights into understanding how local community members and 

resource managers think about climate and its effects on local resource conditions. 

Collectively, the findings of this research highlight how existing management plans as well 

as the knowledge and perceptions of local stakeholders can be leveraged and utilized in 

future regional adaptation efforts. 
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Introduction 

In their Fifth Assessment Report, the Intergovernmental Panel on Climate Change 

(IPCC) asserted their strongest position to date, concluding that global climate change is 

happening and that it is largely attributable to human causes (IPCC, 2014). After decades of 

research and debate about the certainty of Earth’s rising temperatures, the focus must now 

move towards identifying climate-related vulnerabilities and possible adaptation strategies. 

Numerous economic sectors across North America are vulnerable to climate-related risk and 

the tourism sector is no exception. In rural, amenity-rich, communities, nature-based tourism 

and outdoor recreation often drive local economies and distinct community identities.  

Climate-driven environmental changes have the potential to affect the demand for 

nature-based tourism and outdoor recreation. Geophysical processes, such as severe weather 

events, can damage recreation infrastructure and restrict access to sites while incremental 

environmental changes can alter the timing or duration of recreation seasons and overall site 

quality. Climate-related impacts to natural resources will vary by type and severity across 

spatial and temporal scales. Consequently, the way in which tourists will respond to potential 

environmental changes is highly uncertain. Additionally, not all human communities have 

the capacity to cope with climate-driven environmental change (Smith, Moore, Anderson, & 

Siderelis, 2012). Existing socioeconomic systems and governance play a key role in 

determining adaptive capacity, making no single climate risk assessment or adaptation 

strategy sufficient for all nature-based tourism-dependent communities. 
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 Effective adaptation is place and context-specific which justifies the need for a 

bottom-up approach to determine climate readiness in nature-based tourism-dependent 

communities, like those along the North Shore of Lake Superior. The North Shore of 

Minnesota (North Shore) is home to several relatively rural communities, whose economies 

are largely supported by nature-based tourism and outdoor recreation (Figure 1.1).  

 

 

 
Figure 1.1. Study area: The Minnesota North Shore of Lake Superior 

 

 

 

The two counties that comprise the North Shore, Cook and Lake, are both classified 

by the USDA as nonmetro recreation counties due to their high level of recreation-related 

employment, income and housing (Johnson & Beale, 2002). Recreation in the region is 

structured around coastal Lake Superior, hundreds of interior lakes and vast tracts of forests 

contained within numerous state forests and parks, Superior National Forest, privately-owned 
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resorts and nature-based attractions.  Many of the North Shore’s natural (and recreational) 

resources are collaboratively managed by different governments and private landholders.  

In 2012, Cook and Lake County produced $55M and $30M in gross sales in leisure 

and hospitality, respectively. Cook and Lake County both have a greater composition of 

employment, establishments and wages in the leisure and hospitality industry than the state 

of Minnesota as a whole (Table 1.1); this is in addition to a larger percentage of gross sales 

compared to other industries (Minnesota=4%, Cook County=11%, and Lake County=28%) 

(Minnesota Department of Revenue, 2012). 

 

 

Table 1.1  
Percent of Leisure and Hospitality Industry (1026) makeup of all industry totals for annual averages 

in 2013 (U.S. Bureau of Labor Statistics, 2013). 

  Minnesota Cook County Lake County 

Employment  9.89% 40.21% 20.92% 

Establishments  8.75% 25.00% 23.53% 

Wages  3.66% 28.98% 7.28% 

 

 

 

The research presented in this thesis is part of a larger, more comprehensive research 

and community engagement project – The Coastal Community Readiness (CCR) project. The 

CCR project was developed to assess and build climate readiness in communities along the 

North Shore (Bitsura-Meszaros et al., 2015). The CCR project’s research activities focus on 

assessing the capacity of local communities to adapt to changing climatic conditions (i.e., 

adaptive capacity) and determining the region’s destination risk (i.e., potential changes in 

nature-based recreation demand). The two studies in this thesis are key research activities 
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designed to assess North Shore communities’ adaptive capacity. All of the project’s research 

activities, along with their related objectives are shown in Figure 1.2. More detail on the 

project’s integrated and interdisciplinary framework and activities can be found in Bitsura-

Meszaros et al. (2015). 

 

 

 
Figure 1.2. Integrated process of Coastal Community Readiness project 

 

 

 

In the first study, a climate change adaptation plan evaluation tool was modified and 

applied to existing North Shore resource management plans. The purpose of this study was to 

reveal if existing planning processes in the region account for any climate-related impacts, 

and to gain insights into local decision-makers’ ability to practice adaptive resource 

management. The second study involved engaging stakeholders in a climate change risk 
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assessment process utilizing participatory mapping techniques. The findings from these two 

studies will be integrated with separate research activities completed as part of the CCR 

project to assess the North Shore’s adaptive capacity. The results of both studies documented 

here, as well as the other research completed under the CCR project, will be provided to 

North Shore stakeholders who are members of a Project Advisory Team (PAT). The PAT is a 

group of local community members and resource managers with a vested interest in building 

the region’s adaptive capacities. The PAT was assembled at the onset of the project to 

provide feedback on CCR objectives and methods via email with project personnel and a 

series of workshops held throughout the project’s duration. 

The findings from the adaptive capacity assessment, together with the destination risk 

assessments addressed in separate CCR objectives, will reveal the North Shore’s existing 

strengths, assets and potential risks related climate-driven environmental changes.
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Abstract 

Climate-related environmental changes have the potential to affect the economic livelihoods 

of nature-based tourism-dependent communities along the North Shore of Minnesota. Local 

natural and human systems are intricately linked throughout the region. Specifically, as the 

North Shore’s natural resources and environmental conditions change under altered climatic 

conditions (e.g., shifts in tree species composition and changes in average daily snow depths 

in the winter), the behavior of outdoor recreationists and tourists will likely change, 

subsequently altering the economic health of local communities. Without a region-wide 

climate change adaptation strategy, resource managers and local community members must 

utilize existing resource management plans to address the consequences of long-term 

climatic shifts. This study aims to reveal the synergies between key climate change 

adaptation planning processes and decision-making processes found within existing local and 

regional resource management plans created without climate-related impacts to local 

resources in mind. An existing evaluation tool developed to assess four adaptation planning 

stages was modified to suit the context of nature-based tourism-dependent communities. The 

modified management plan evaluation tool was applied to 16 resource management plans 

across the North Shore region as a case study. Total scores across the sample of plans ranged 

from a minimum of 14 (21%) to a maximum of 53 (80%) out of 66 possible points. The 

analysis revealed existing strengths in region-wide planning processes, this includes an 

abundance of both mandated and voluntary stakeholder engagement processes. The analysis 

also revealed a general lack of decision-making capabilities provided by the current planning 
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documents. A complementary overlay analysis was performed to reveal the spatial coverage 

and density of areas covered in the management plans. The overlay analysis allowed for an 

identification of spatial gaps in planning across the region. Collectively, these methods 

highlight existing strengths and weaknesses in the North Shore region’s ability to address the 

effects of climate on environmental and socioeconomic systems. 
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A Management Plan Evaluation Tool for Assessing Tourism and Outdoor Recreation 

Dependent Communities’ Climate Readiness 

Global increases in greenhouse gas (GHG) concentrations over the past half-century 

have dramatically altered Earth’s climate (IPCC, 2014). In response, many communities are 

actively attempting to both reduce local GHG emissions and identify potential policy and 

management options that allow them to adapt to and cope with change (Krause, 2011). There 

is no adaptation panacea, however. No single policy or management action can effectively 

address all of the climate-related impacts faced by communities. Rather, successful 

adaptation is likely to require the development or refinement of multiple management plans 

and policies (Adger, Arnell, & Tompkins, 2005). 

The need to identify viable climate change adaptation policy and management options 

is particularly salient in tourism and outdoor recreation dependent communities where local 

natural and human systems are intricately linked. The vulnerability of nature-based tourism-

dependent communities to climate change impacts is a double-edged sword. These types of 

communities, being located in natural amenity-rich locations, are predisposed to the effects 

of climate-related environmental changes. Additionally, the homogeneity of their tourism-

driven economies limits viable adaptation pathways (Adger, 2000). The vulnerability of the 

tourism and outdoor recreation industries is complex; the magnitude of climate-driven 

impacts is dependent upon individual regions’ dominant recreation activities and their 

existing stocks of natural resources. Incremental changes in environmental conditions can 

change the duration and timing of when recreational activities can occur. Similarly, 
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geophysical processes such as severe weather events can damage or prohibit access to sites 

and infrastructure. Shifts in local environmental conditions alter the demand for tourism and 

outdoor recreation, subsequently impacting the economic well-being of local communities. 

Several recent studies document these linkages. Both Scott et al. (2007) and  Richardson and 

Loomis (2004) used contingent choice experiments to reveal reduced visitation to mountain 

tourism and outdoor recreation destinations due to shorter, drier winter seasons. Additionally, 

the computer-based simulation work of Pons et al. (2014) and Johnson and Sieber (2011) has 

been used to estimate the economic impacts of shifts in the visitation patterns of tourists. In 

short, potential changes in the demand for tourism and outdoor recreation make small 

economically-homogenous communities especially vulnerable to the effects of climate 

change. 

The purpose of this study was to develop and evaluate a climate change adaptation 

plan evaluation tool for application to the unique context of nature-based tourism-dependent 

communities. The Minnesota North Shore served as a case study. The research aimed to 

reveal the synergies between key climate change adaptation planning processes and existing 

decision-making processes found within existing local and regional resource management 

plans. We accomplish this by modifying an existing evaluation tool developed to assess four 

adaptation planning stages to suit the context of nature-based tourism-dependent 

communities. The modified management plan evaluation tool was applied to 16 resource 

management plans across the North Shore region as a case study. The case study aimed to 

both test the validity of the plan evaluation tool and to provide insight into how one region’s 
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existing management plans could be leveraged to address climate change adaptation needs. 

The management plan evaluation tool is a matrix that allows an analyst to determine the 

extent to which existing policies and management documents address climate change, its 

associated impacts and the critical planning processes that can facilitate effective adaptation. 

The existing set of resource management plans throughout the North Shore are typical 

of many small, tourism-dependent communities in that none of the plans have been explicitly 

created to address climate-related environmental changes. However, local planning and 

management strategies developed to fulfill non-climate related goals (e.g., water 

management, emergency management, land use, etc.) might align with the goals of key 

climate change adaptation processes (Bierbaum et al., 2013). For example, fuels reduction to 

address human-ignited wildfire risk also helps to reduce risks related to extreme fire events 

exacerbated by drought and increasingly dry summer conditions. However, most resource 

management plans and policy guidance don’t explicitly address climate-related 

environmental change (West et al., 2009). This is likely attributable to the fact many plans 

and policies were created before climate change became a widely acknowledged and 

accepted fact. Broad legislative mandates, which often include multiple objectives, are 

another reason why existing planning documents and policies do not explicitly address 

climate-related environmental change. 

Numerous studies have evaluated local climate change adaptation plans, but few have 

assessed natural resource plans not explicitly created with climate change and its associated 

effects in mind. It is reasonable to believe the development of a local water management 
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strategy for stormwater or erosion control, for example, could have followed planning 

processes crucial for successful climate change adaptation planning such as assessing 

projections for increased occurrence of flood due to climate change. If this is true, the 

strategies found within existing management plans may cover climate-related impacts, 

allowing them to be used to decrease a region’s vulnerability. Even if strategies within 

existing plans are unrelated to the effects of climate change, assessing local governments’ 

ability to adapt to changing environmental conditions can provide more insight into the 

region’s collective adaptive capacity. 

Study Area 

This case study focused on communities located along the North Shore of Lake 

Superior in Minnesota, USA (Figure 2.1). The North Shore is a relatively rural region whose 

economies are largely supported by tourism, particularly in the form of nature-based outdoor 

recreation. The two counties that comprise the North Shore, Cook and Lake, are classified by 

the USDA as nonmetro recreation counties due to their high level of recreation-related 

employment, income and housing (Johnson & Beale, 2002). The North Shore region 

encompasses and serves as a gateway to a variety of well-known and highly visited 

destinations such as the Superior National Forest, the Boundary Waters Canoe Area 

Wilderness, nearly a dozen State Forests and Parks and numerous privately owned 

destinations including a downhill ski resort. 
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Figure 2.1. Study area: The Minnesota North Shore of Lake Superior. 

 

 

 

In 2012, Cook and Lake County produced $55M and $30M in gross sales in leisure 

and hospitality, respectively. Cook and Lake County both have a greater composition of 

employment, establishments and wages in the leisure and hospitality industry than the state 

of Minnesota as a whole (Table 2.1); this is in addition to a larger percentage of gross sales 

compared to other industries across the state (Minnesota=4%, Cook County=11%, and Lake 

County=28%) (Minnesota Department of Revenue, 2012). 

 

 

Table 2.1  
Percent of Leisure and Hospitality Industry (1026) makeup of all industry totals for annual averages 

in 2013 (U.S. Bureau of Labor Statistics, 2013). 

   Minnesota Cook County Lake County 

Employment   9.89% 40.21% 20.92% 

Establishments   8.75% 25.00% 23.53% 

Wages   3.66% 28.98% 7.28% 
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Like many nature-based tourism-dependent communities, the North Shore’s 

resilience depends on the capacity of social, economic and environmental systems to adapt to 

climate-driven environmental changes that can alter recreation demand (Smith, Moore, 

Anderson, & Siderelis, 2012). Mid-century projections for biophysical impacts which can 

impact recreation include an increase in annual average temperatures, shifts in forest 

composition, increases in average annual and heavy precipitation days and a decline in Lake 

Superior ice cover (Pryor et al., 2014). Climate and hydrological models using a medium 

emissions scenario (RCP4.5) for the region suggest that by 2065 for the months of 

December, January and February: 1) average daily high temperatures will increase by 4.1 F; 

2) average daily ice thickness at inland lakes will decrease by 2.9 inches; and 3) average 

daily snow depth will decrease by 5 inches (B. Wilson & K. Holmberg, personal 

communication, December 9, 2014). 

The region’s natural resources are actively managed, and in some cases 

collaboratively managed, by municipal governments (cities of Grand Marais, Lutsen, and 

Finland), federal agencies (USDA Forest Service), Minnesota’s Department of Natural 

Resources, county entities (Cook and Lake County, Cook and Lake County Soil and Water 

Conservation Districts) and by private landowners. Identifying, and successfully 

implementing, climate change adaptation planning options will require commitment and 

collaboration among these stakeholders (Bierbaum et al., 2013; Wondolleck & Yaffee, 2000) 

all of whom are vulnerable to climate-related impacts. However, to date none of the 
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communities along the North Shore have engaged in formal climate change adaptation 

planning. 

 This study will be integrated with results from interviews and focus groups with 

North Shore stakeholders in a collaborative effort to assess and build the climate readiness of 

communities throughout the region. In combination with separate project activities focused 

on quantifying shifts in the demand for tourism and outdoor recreation, the management plan 

evaluation tool presented here is designed to produce a comprehensive assessment of the 

region’s climate related risk and readiness. Results from applying the management plan 

evaluation tool to communities along the North Shore (i.e., the identification of climate-

related strategies and adaptive management potential) will be directly provided to North 

Shore stakeholders and business owners via workshops, focus groups and online decision 

support tools. Specifically, at the initiation of the larger project, North Shore stakeholders 

and business owners were invited to join a Project Action Team (PAT) to streamline the 

dissemination of results and also to enable stakeholders to provide feedback on project goals 

and objectives. Members of the PAT are a range of stakeholders representing regional 

resource management agencies and the communities of Grand Marais, Lutsen and Finland as 

well as several other smaller communities. Workshops are being held in each community to 

disseminate results and discuss adaptation strategies, with the purpose of building adaptive 

capacity by facilitating constructive communication around climate and local resource 

conditions.  
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Literature Review 

Adaptive Management 

The natural resource management systems that predominated in the early 20th century 

were developed around the idea of maintaining healthy, productive ecosystems under stable 

climate conditions. Many of these management systems did not offer the flexibility to alter 

management goals and desired outcomes in response to gradual shifts in environmental 

conditions over time (Baron et al., 2008). In response, static resource management systems 

have been gradually transitioning towards more proactive adaptive management approaches 

(Stankey, Clark, & Bormann, 2005). 

Acknowledging that a region’s capacity to adapt to climate-driven environmental 

changes is greatly influenced by the composition and structure of existing institutions (Noble 

et al., 2014), adaptive management approaches rely heavily on stakeholder involvement and 

collaborative decision making (Endter-Wada, Blahna, Krannich, & Brunson, 1998). 

Successful adaptive management requires collaborative governance structures that facilitate 

scientific and social learning whereby management actions are monitored and changed if 

needed (Lee, 1999). The concepts that define adaptive management (collaboration, social and 

scientific learning, monitoring and feedback, etc.) have unsurprisingly found their way into 

best practice recommendations and evaluation frameworks. Evaluation of current planning 

processes can be crucial to decrease climate-related risks and reveal the existence of, and 

capacity for, adaptive management (Adger et al., 2005). 
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Evaluating Adaptation Potential through Existing Management Plans 

Evaluation and monitoring are crucial to effectively managing climate-related risks 

and identifying potential adaptation planning and management solutions. The basis for 

evaluating quality in adaptation planning stems from the Logical Framework Analysis 

(LFA), a generalizable planning tool that is applicable to most disciplines. The structure of 

LFA (Figure 2.2) begins with identifying project goals and objectives followed by analyzing 

the activities and resources required to achieve them and their end results or outputs 

(Coleman, 1987). The transferability of LFA has shaped cross-discipline commonalities in 

defining the best practices of planning stages.  

 

 

 
Figure 2.2. Logical Framework Analysis stage descriptions and indicator qualities. 

 

 

 

The LFA has been applied to evaluate the quality of management plans related to 

climate change. Early applications focused on evaluating climate change mitigation policies 

and strategies (e.g., GHG emission reduction plans). However, more recent applications of 

LFA have been focused on evaluating the planning stages critical to successfully 
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implemented climate change adaptation plans (Baker, Peterson, Brown, & McAlpine, 2012; 

Bassett & Shandas, 2010; Baynham & Stevens, 2014; Preston, Westaway, & Yuen, 2011; J. 

B. Smith, Ragland, & Pitts, 1996; Tang, Brody, Quinn, Chang, & Wei, 2010; Wamsler & 

Brink, 2014; Wheeler, 2008). Adaptation is a relatively newer planning concept than 

mitigation and the way they are evaluated has varied. While evaluations of mitigation 

policies and plans tend to be outcomes-focused (e.g., did they effectively reduce atmospheric 

concentrations of CO2), evaluations of adaptation policies and plans tend to be process-based 

(e.g., who was involved in policy or plan development, how extensively were they involved, 

etc.). Across both types of plans, common indicators of plan quality include the extent to 

which a plan has: a) factual analyses to form an information base; b) clear goals and 

objectives; c) developed effective strategies; and d) facilitated implementation and 

monitoring (Baker et al., 2012; Bassett & Shandas, 2010; Baynham & Stevens, 2014; Ellis, 

Gunton, & Rutherford, 2010; Preston et al., 2011; Tang et al., 2010). 

Different studies have conceptualized and evaluated these four planning stages in 

alternative ways depending upon the context and scale of plans being evaluated. A few 

recurring themes of necessary criteria in quality planning include: stakeholder engagement 

(Ellis et al., 2010; Ivey, Smithers, De Loë, & Kreutzwiser, 2004; Wilhite, Hayes, Knutson, & 

Smith, 2000); integration or coordination with other policies (Ellis et al., 2010; Ivey et al., 

2004; Wamsler & Brink, 2014); and assigning roles and responsibilities (Baynham & 

Stevens, 2014; Ellis et al., 2010; Ivey et al., 2004). To provide more insight, many studies 

have supplemented management plan evaluations with data acquired through interviews with 
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state and local officials or other individuals involved in plan development (Bassett & 

Shandas, 2010; Wheeler, 2008). Generally however, there are no established comprehensive 

or widely accepted climate change mitigation or adaptation plan evaluation criteria (Conley 

& Moote, 2003). 

In response to lack of consensus among guidance instruments and plan evaluation 

frameworks, Preston, Westaway and Yuen (2011) analyzed the literature to define a set of 

comprehensive key adaptation planning processes. They referred to the planning stages in the 

LFA framework to define four stages of adaptation planning: 

1. goal-setting, which is establishing what decision-makers seek to achieve and how 

performance in obtaining goals will be determined; 

2. stock-taking, which is assessing institutional assets and liabilities that facilitate 

adaptation planning and assessing the five stocks of capital relevant to adaptation 

(human, social, natural, physical and financial); 

3. decision-making, which is the processes associated with determining the appropriate 

adaptation policies and measures; and 

4. implementation and evaluation, which is the processes of communication, removal of 

barriers and assignment of roles associated with the implementation of adaptation 

options. 

To define the key adaptation planning processes that should happen within each 

stage, Preston, Westaway and Yuen examined twenty adaptation planning instruments. The 

planning instruments were composed of adaptation manuals and handbooks across a range of 
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spatial and political scales, and nearly half of them were produced specifically for local 

governments. This led to an instrument consisting of nineteen evaluation criteria across the 

four planning stages (Table 2.2, details in Appendix A). 

 

 

Table 2.2 
The four planning stages and nineteen evaluation criteria from Preston et al. (2011). 

1. Goal-Setting 

a. Articulation of objectives, goals and priorities 

      b. Identification of success criteria 

 

3. Decision-Making 

 a. Stakeholder engagement 

 b. Assessment of climate drivers 

 c. Assessment of non-climate drivers 

 d. Assessment of impacts, vulnerability and/or risk 

e. Acknowledgement of assumptions and uncertainties 

 f. Options appraisal 

 g. Exploitation of synergies 

 h. Mainstreaming 

2. Stock-Taking 

                  a. Assessment of human capital 

                  b. Assessment of social capital 

                  c. Assessment of natural capital 

                  d. Assessment of physical capital 

e. Assessment of financial capital 

 

4. Implementation and Evaluation 

            a. Communication and outreach 

b. Definition of roles and responsibilities 

            c. Implementation 

            d. Monitoring, evaluation and review 

 

 

 

Although Preston et al.’s (2011) instrument was developed specifically in the context 

of climate change adaptation, it can be used for a diverse range of management strategies due 

to its comprehensive process-based nature. However, it may lack the ability to effectively 

evaluate multiple types of natural resource management plans. Their criteria were developed 

specifically to assess climate change adaptation-specific content, and may not be able to 

effectively assess planning processes found within broader natural resource management 

plans such as USDA Forest Service Forest Plans or National Park Service General 

Management Plans. Slight modifications to the instrument’s criteria specific to climate 

change adaptation plans could transform it into an effective adaptive management evaluation 

tool that local resource managers and engaged stakeholders can use to assess the viability of 



22 

 

 

 

 

current management plans to address climate change. Additionally, to our knowledge, there 

is no systematic approach to evaluating existing resource management plans and policies for 

their ability to address climate-related impacts. 

Climate is being integrated into resource management planning efforts, but this 

transformation is generally slow and agencies or communities rarely develop management 

plan guidance explicitly for addressing the impacts of climate change (Krause, 2011). The 

incremental steps that natural resource managers and local community leaders are taking to 

address climate can increase adaptive capacity. However, without clear guidance on what 

aspects of current planning documents are deficient, the efforts of managers and community 

leaders may be misguided. Altering and subsequently applying the general plan evaluation 

tool developed by Preston et al. (2011) can provide targeted guidance that ideally will lead to 

more informed and efficient resource management processes and decisions. 

Methods 

The management plan evaluation tool developed in this study was created through 

iterative applications of Preston et al.’s (2011) instrument to a selection of existing 

management plans created without climate change and its associated impacts in mind. 

Preston et al.’s assessment tool was also amended to suit the context of small nature-based 

tourism-dependent communities; it is intended to be used at this scale. During the iterative 

process of tool development and refinement, we attempted to make it generalizable and 

transferable to other small tourism and outdoor recreation dependent communities at risk of 

climate-related environmental changes (e.g., sea level rise). The assessment tool seeks to 
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determine if existing management plans can address climate-related impacts and if the region 

has the ability to execute the planning processes necessary for enhancing adaptive capacity.  

Development of Evaluation Instrument 

A great deal of consideration was given to the array of resources and management 

purposes within the selected plans. Therefore, the instrument was adapted to be inclusive of 

different resources and a detailed written protocol of items was produced to enhance the 

reliability of the tool’s application (Ellis et al., 2010; Stevens, Lyles, & Berke, 2014). The 

evaluation criteria were iteratively modified (i.e., some items were removed and others were 

expanded) to accommodate the range of foci between different North Shore management 

plans and to capture the context of the region. The modifications were structured around the 

resources that support tourism and outdoor recreation along the North Shore. The region’s 

most popular recreation activities depend on forest resources (walking/hiking and camping), 

water resources (boating and swimming) and wildlife (fishing and nature observation) 

(Davenport, Schneider, Date, & Filter, 2011). Infrastructure also plays a role in recreation 

opportunities, from supporting driving for pleasure on Route 61 to providing recreational 

fishing harbors. In addition to tailoring the evaluation instrument to critical resources, all of 

the evaluation criteria descriptions and scoring protocols were redefined. The original criteria 

descriptions and protocols referred to climate change adaptation planning, so they were 

reworded to be more general.  
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 Selection of Management Plans 

To test the modified tool, only resource management plans specific to the region were 

selected. The region comprises both Cook and Lake County, which includes the towns of 

Lutsen, Finland and Grand Marais. Larger scale government plans (e.g., state) were included 

if the extent of their coverage fell entirely within this defined area. Searches were also 

conducted to find plans produced by leaders of the Grand Portage Indian Reservation, which 

encompasses an area of the northeastern tip of Cook County. The reservation supports 

tourism through operating a casino and trading post, and they jointly manage Grand Portage 

State Park with the Minnesota Department of Natural Resources. The plans were identified 

through consultations with key informants or stakeholders and also through search queries 

performed on Google and local government websites. A plan was selected for this study if it 

had been developed to manage some facet of forest or water resources, wildlife, recreational 

experiences or built infrastructure. Overall, 16 management plans were identified and 

evaluated; a list of the plans and descriptive information is in Appendix B. 

Scoring of Evaluation Criteria 

The evaluation criteria were scored using a three-point scale consistent with Preston 

et al. (2011) and other plan evaluation studies (Tang et al., 2010). Quality in evaluation 

methodology consists partly of a consistent protocol that assigns a score indicating how well 

an item is represented within a plan (Stevens et al., 2014). The criteria were scored from 0 to 

2 where: 

0 = criteria not present in the plan; 



25 

 

 

 

 

1 = criteria present in the plan without assessment or evidence; and 

2 = criteria present in the plan with an assessment and articulation of evidence.  

For example, for a plan to be assigned a 0 for the forest resources subcategory in the 

assessment of natural capital it would have failed to mention any existing forest resource 

assets. A 1 would be assigned if some data were included about the current nature or status of 

forest resources, and a 2 would be assigned if there were a sufficient amount of data 

accompanied by some sort of assessment. While the range of the scale (i.e., 0, 1, 2) was 

consistent with previous applications of Preston et al.’s (2011) general plan evaluation tool, 

all of the evaluation criteria descriptions were redefined to suit the unique context of nature-

based tourism-dependent communities. The results section details how and why these 

evaluation criteria were changed. 

Plans were assigned scores in a Microsoft Excel spreadsheet that also stored 

descriptive information about each plan (e.g., the authors and year of last update). In a 

column adjacent to each evaluation criteria, notes were kept to justify the score given to a 

plan for that criteria. 

Reliability Assessment 

After the plan evaluation matrix was developed by the lead author, the 16 plans were 

divided evenly and evaluated by five external coders who were provided with the evaluation 

criteria descriptions, scoring protocols and an unpopulated spreadsheet. Krippendorff’s alpha 

was used to measure intercoder reliability (Krippendorff, 2011a). The ordinal difference 
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function was added to account for the ranks of the three-point scores (Krippendorff, 2011b). 

Percent agreement of the scores was also calculated to serve as a complementary measure.  

Spatial Analysis 

A spatial component was added to the analysis to better visualize the coverage, or 

lack thereof, of existing management plans throughout the region. Spatial planning has been 

shown to play an important role in developing strategies for climate change adaptation, and it 

can be imbedded as a component into broader planning frameworks (Eikelboom & Janssen, 

2013; Greiving & Fleischhauer, 2012). Aside from contributing critical geographic analyses 

for strategy development, spatial tools can serve as a platform to disseminate climate-related 

research results to stakeholders. A final map was created to portray the density of 

management plan coverage across the region. It will serve as a platform to communicate 

results from this study and to prompt a climate change adaptation discussion with North 

Shore stakeholders and natural resource managers during PAT and broader outreach 

workshops. 

Basic geoprocessing tools were used in ArcMap to create a map of the spatial density 

of the management extent covered by all 16 plans. A polygon shapefile was created to 

represent each plan’s management extent, and then an overlay analysis was performed to 

produce the density of coverage. Each plan’s management extent was determined by content 

found within the plan. 

The overlay analysis involved four steps. First, the 16 separate polygon shapefiles 

were merged into one via a spatial join. Second, the feature to point tool was used to produce 
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a separate shapefile of the central points within each polygon. Third, another spatial join was 

created between these points and the original merged polygons, it also created a new attribute 

describing the number of overlapping polygons. These processes led to a final joined multi-

part polygon shapefile detailing the count of overlapping areas (plans). Fourth and finally, 

this field was symbolized by quantity to reveal the density of management plans covering 

different parts of the study area. The spatial component of the management plan evaluation 

tool compliments the content analysis component by serving as a visual representation of co-

management, highly or sparingly managed regions, and the extent and amount of climate-

related strategies within natural resource management plans. 

Results 

Evaluation Tool 

The final evaluation instrument resulted in 33 criteria distributed across the four 

planning stages (Table 2.3). Figure 2.3 shows the modifications to the original tool. 

The adaptation criteria pertaining to the ‘goal-setting’ and ‘implementation and 

evaluation’ adaptation stages were only modified slightly for this instrument. The evaluation 

criteria for the assessment of the five stocks of capital relevant to adaptation in the stock-

taking stage were refined and expanded to provide a finer-grain level of assessment.  
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Figure 2.3. Modifications made to Preston et al. (2011) to define final evaluation criteria in blue. 

 

 

 

The ‘assessment of human capital’ was broken down into sub-criteria including the 

implied consideration or actual discussion of existing skills, knowledge and experience of 

individuals responsible for plan formation. A majority of the plans were produced by a 

committee, and it may be inferred that members of the committee were chosen because of 

their experience, knowledge and skills. Climate change adaptation plans may specifically 

identify these stocks in human capital. For example, climate change adaptation plans may 

describe the skills, knowledge or abilities of climatologists, hydrologists or social scientists 

required to inform management decisions (Krause, 2012). However, it seemed less likely that 

these non-climate plans would do so. 
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Natural capital assets were divided into four sub-criteria to assess the plans’ 

consideration of forest resources, water resources, wildlife and recreational experiences 

separately. It should be expected that a water management plan would fully assess the natural 

resource stocks in water resources. However, plans that assess other natural resource stocks 

not falling directly under their management in an external context facilitate a more holistic 

examination of assets and liabilities. The expansion of natural capital into four sub-criteria 

allows us to assess this, and adds structure to the otherwise general natural capital criteria. 

Built infrastructure was the only criteria included in the ‘assessment of physical capital’, and 

was expanded into three sub-criteria of ownership and management (i.e., government, private 

and public). The other types of physical capital were not applicable to nature-based tourism 

climate risk assessment, and were not included.  

Under the ‘decision-making’ adaptation stage, the two separate criteria included in 

the assessment of climate and non-climate drivers were collapsed into one criteria. The 

assessment of climate-drivers are specific to climate change adaptation plans and not to 

general resource management plans like those being evaluated. The assessment of climate-

drivers was collapsed into the assessment of non-climate drivers criteria because it would be 

a crucial step for plans that are considering climate impacts, but its presence was expected to 

be too rare to justify its own criteria. This difference in the type of plans being evaluated also 

led to the decision to address the ‘assessment of impacts, vulnerability and/or risk’ in terms 

of climate-related and general vulnerabilities as separate sub-criteria. Instead of evaluating 

the plans’ broad assessment of these impacts and vulnerabilities, the different types of 
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resources of interest were considered independently under both the climate-related and 

general vulnerabilities criteria. Both questions were expanded into five sub-criteria to address 

the impacts to forest resources, water resources, wildlife, recreational experiences and 

infrastructure. The mainstreaming criteria was omitted because the discrete management 

jurisdictions associated with each plan doesn’t warrant mainstreaming implementation 

(adaptation) measures like national climate plans.  The final evaluation criteria can be found 

in Table 2.3. 
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Table 2.3 
 

The 33 revised study criteria and descriptions within the four adaptation stages 

Adaptation stage Stage descriptions Adaptation processes Criteria descriptions 

Goal-Setting (Goals,   

  Objectives, Purpose) 

Establishing what decision-makers seek to  

  achieve through adaptation and how  

  performance with respect to obtaining  

  goals will be determined. 

Articulation of objectives, goals and  

  priorities 

Establishing the objectives, goals and priorities for  

  plan development. 

Identification of success criteria Consideration of what successful implementation will  

  look like and how it will be measured. 

Stock-Taking (Inputs) Assessing institutional assets and liabilities  

  that facilitate or hinder adaptation  

  planning and policy implementation. As  

  such, this stage effectively represents an  

  assessment of adaptive capacity. However,  

  to further discriminate between different  

  components of adaptive capacity, this  

  stage was conceptualized as assessment of  

  five stocks of capital relevant to  

  adaptation, based upon the sustainable  

  livelihoods literature (Ellis 2000; Nelson  

  et al. 2005, 2007; Iwanski et al. 2009). 

Assessment of human capital Consideration of the existing skills, knowledge and  

  experience of individuals responsible for  

  planning and implementation. 

Assessment of social capital Consideration of the existing governance, institutional  

  and policy contexts for planning and implementation,  

  including the capacity and entitlements of those  

  institutions, organizations and businesses responsible  

  for designing, delivering and implementing measures. 

Assessment of natural capital Consideration of natural resource stocks and  

  environmental services which are sensitive to climate  

  and/or integral to nature-based tourism. 

Assessment of physical capital Consideration of infrastructure that is sensitive to  

  climate and/ or integral to nature-based tourism. 

Assessment of financial capital Consideration of stocks and flows of financial 

  resources and obligations within and among  

  individuals and institutions including cash revenue,  

  credit and debt and mechanisms for financial risk  

  management. 

Decision-Making    

  (Activities) 

 

Processes associated with determining what  

  adaptation policies and measures are  

  appropriate. This stage encompasses a  

  variety of tasks, from engaging with  

  stakeholders about preferred adaptation  

  responses, assessment of climate and non- 

  climate system drivers, assessment of  

  impacts, vulnerability and risk and the  

  prioritization of different adaptation  

  options and their harmonization with  

  existing policy structures. 

Stakeholder engagement Engagement of relevant stakeholders and communities  

  throughout the planning process. 

Assessment of climate and non-

climate drivers 

Consideration of variability and trends in 

environmental and socio-economic factors relevant to 

the system of interest. 

Assessment of general impacts,  

  vulnerability and/or risk 

Assessment of non-climate impacts, vulnerability or  

  resilience to those changes and the relative importance  

  of non-climate risks. 
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Table 2.3 Continued 

Decision-Making 

  (Activities) 

 Assessment of climate-related impacts,  

  vulnerability and/or risk 

Assessment of the impact of changes in climate,  

  vulnerability or resilience to those changes and the 

  relative importance of climate risks. 

Acknowledgement of assumptions and  

  uncertainties 

Transparency about the assumptions made to establish  

  those impacts and risks and the uncertainties involved  

  in their estimation. 

Options appraisal Identification and comparison of different strategy  

  options and a means for selecting between them. 

Exploitation of synergies Identification of where opportunities exist to implement  

  strategies in a manner that promotes synergies with  

  existing policies or plans. 

Implementation and 

  Evaluation 

Processes associated with the  

  implementation of preferred adaptation  

  options which may include  

  communication, the removal of barriers  

  and the assignation of roles and  

  responsibilities. In addition, this stage also  

  includes downstream processes associated  

  with monitoring and evaluation of  

  implemented actions. 

Communication and outreach Communication and dissemination of the management 

  plan and any downstream outcomes to the appropriate  

  stakeholders and communities. 

Definition of roles and responsibilities Establishing who is responsible for different aspects of  

  a management strategy. 

Implementation Establishing the mechanisms that will allow  

  implementation of management measures. 

Monitoring, evaluation and review Establishing a system of monitoring and evaluation that  

  allows the performance of implementation to be  

  assessed against success criteria and for review of  

  inputs and procedures 
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Evaluation Scores 

The total scores for all criteria across each of the 16 management plans ranged from a 

minimum of 14 (21%) to a maximum of 53 (80%) out of 66 possible points (Figure 2.4). A 

comparable range was found in the total scores of Preston et al.’s climate change adaptation 

plans, which had a minimum of 16% and maximum of 61% of total criteria (2011).  

 

 

 
Figure 2.4. The distribution of total evaluation scores as the percent of plans that fall within  

                            each score range. The maximum score possible was 66. 

 

 

 

The criteria scored the highest across all plans was the ‘assessment of social capital’, 

specifically existing governance, institutional and policy contexts for plan implementation 

(Table 2.4). This may ultimately be a result of the region’s co-management of resources by 

multiple organizations. None of the plans were assigned a 0 for the ‘articulation of 
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objectives, goals and priorities’ criteria, but its overall score was only second highest due to 

the high frequency of 1’s.  

‘Engaging with stakeholders’ followed as the third most highly scored criteria, only 

six percent of scores were a 0 compared to 21 percent of Preston et al.’s plans (2011). The 

high scores for stakeholder involvement may be attributable to the regional scale of the plans 

in this study, with small resource-dependent populations having a greater chance of having 

established collaborations and partnerships relative to larger scales. Preston et al. surveyed a 

range of scales but did not provide results of the level of stakeholder engagement across 

scales, making comparison difficult. 

The criteria scored the lowest were those specifically related to the extent to which 

the plans addressed the potential impacts climate may have on forest and water resources, 

wildlife, recreation experiences and built infrastructure. Forest resources was the sole sub-

criteria in this category that scored high enough to differentiate it from its counterparts (38% 

scored 1 or 2). This discrepancy is likely due to the inclusion of multiple wildfire 

management plans and the synergies between strategies for human-caused and climate-

related wildfire risk. 
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Table 2.4 

 
The percentage of 0 and non-zero scores, 1’s and 2’s for each criteria in the ‘Goal-Setting’ (GS), ‘Stock-

Taking’ (ST), ‘Decision-Making’ (DM) and ‘Implementation & Evaluation’ (IE) stages. 
 Adaptation Criteria % of 0's % > 0 % of 1's % of 2's 

GS 
Articulation of Objectives, Goals, Priorities 0 100 38 63 

Identification of Success Criteria 56 44 31 13 

ST 

Assessment of Human Capital 19 81 69 13 

Assessment of Social Capital     

Contexts 0 100 19 81 

Capacity 13 88 50 38 

Assessment of Natural Capital     

Forest Resources 44 56 25 31 

Water Resources 38 63 13 50 

Wildlife 56 44 31 13 

Recreational Experiences 50 50 19 31 

Assessment of Physical Capital     

Government-managed 13 88 25 63 

Privately-managed 13 88 56 31 

Publicly-managed 13 88 38 50 

Assessment of Financial Capital 25 75 50 25 

DM 

Stakeholder Engagement 6 94 31 63 

Assessment of Climate or Non-Climate Drivers 25 75 25 50 

Assessment of General Impacts, Vulnerability and/or Risk     

Forest Resources 56 44 19 25 

Water Resources 31 69 25 44 

Wildlife 63 38 13 25 

Recreational Experiences 44 56 31 25 

Infrastructure 44 56 31 25 

Assessment of Climate-Related Impacts, Vulnerability and/or Risk     

Forest Resources 63 38 19 19 

Water Resources 81 19 19 0 

Wildlife 81 19 19 0 

Recreational Experiences 81 19 0 19 

Infrastructure 69 31 6 25 

Acknowledgement of Assumptions and Uncertainties 75 25 6 19 

Options Appraisal     

General 38 63 56 6 

Climate-Related 69 31 31 0 

Exploitation of Synergies 13 88 69 19 

IE 

Communication and Outreach 19 81 56 25 

Definition of Roles and Responsibilities 13 88 38 50 

Implementation 13 88 63 25 

Monitoring, Evaluation and Review 25 75 56 19 
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Figure 2.5. The percent of assigned scores out of the total possible for each planning stage. 

 

 

 

Across the four planning stages, the criteria with the lowest scores were all those 

within the ‘decision-making’ stage (Figure 2.5). The ‘implementation and evaluation’ stage 

criteria collectively received the highest percentage of the possible score.  

The majority of plans at least acknowledged roles and responsibilities required for the 

implementation of management actions described in the plan (88% scored 1 or 2). Similarly, 

the majority of plans acknowledged how management actions would be monitored and 

reviewed (75% scored 1 or 2). In addition, ideas to communicate management strategies 

were abundant throughout the plans (81% scored 1 or 2). 
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Inter-coder Reliability 

Our overall Krippendorff alpha value was 0.52, ranging from minimum of 0.27 to a 

maximum of 0.52 across the four planning stages (Table 2.5). This suggests the evaluation 

matrix still needs refinement to achieve acceptable reliability levels. Krippendorff suggests 

tentative conclusions may only be made when alpha is greater than or equal to 0.667 (2004a). 

Overall, our matrix is approaching this threshold but is likely hindered by the rarity of certain 

criteria (e.g., the acknowledgement or assessment of climate’s impact on forest and water 

resources, wildlife, recreational experiences and built infrastructure) present in these existing 

management plans.  

The mean percent agreement across all plans was 61%, ranging from a minimum of 

57% to a maximum of 64% agreement in the four planning stages. These are undesirable 

results if attempting to reach a suggested agreement of 80% (Stevens et al., 2014).  

Likely factors contributing to observed disagreements across coders include the fact 

some of the criteria were rarely present in the plans evaluated as well as the decision to 

divide the plans evenly among five external evaluators instead of having each coder evaluate 

all 16 of them. Secondary coders might have become more consistent with the primary coder 

if they had evaluated a larger sample of plans. A possible cause of the low Krippendorff’s 

alpha values is that the metric is known to degrade rapidly with low variance across the 

content being analyzed (Krippendorff, 2004b). Both Krippendorff’s alpha and the percent 

agreement metrics suggest the evaluation tool is capable of assessing critical criteria within 
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each of the key planning stages; however, it is not yet refined enough to be a comprehensive 

or definitive assessment instrument.  

 

 

Table 2.5 

Results of calculating inter-coder reliability with Krippendorff’s alpha (α) and percent agreement 

 All Stages Goal-Setting Stock-Taking Decision-Making 

Implementation 

& Evaluation 

Plan α Agreement α Agreement α Agreement α Agreement α Agreement 

1 0.64 67% 1.00 100% 0.13 46% 0.81 75% 0.79 75% 

2 0.42 58% 0.83 50% -0.55 27% 0.67 75% 0.53 75% 

3 0.40 58% 0.00 50% 0.80 91% 0.33 44% -0.38 25% 

4 0.31 46% -0.50 0% 0.18 36% 0.32 56% -0.17 50% 

5 0.57 58% 0.00 50% 0.65 55% 0.43 56% 0.53 75% 

6 0.41 49% 0.00 50% 0.71 64% 0.43 50% -0.75 0% 

7 0.63 70% 1.00 100% 0.50 64% 0.73 69% 0.53 75% 

8 0.51 64% 1.00 100% 0.48 55% 0.54 69% -0.13 50% 

9 0.58 58% 0.83 50% 0.48 36% 0.40 75% 0.60 50% 

10 0.45 58% 0.00 50% 0.56 64% 0.44 63% 0.07 25% 

11 0.76 73% 0.25 0% 0.52 64% 0.97 81% 1.00 100% 

12 0.34 70% 1.00 100% 0.79 82% 0.06 56% 0.53 75% 

13 0.76 79% 1.00 100% 0.79 73% 0.73 81% 0.00 75% 

14 0.23 48% 0.00 50% -0.03 55% 0.32 38% 0.53 75% 

15 0.81 79% 1.00 100% 0.75 73% 0.58 75% 1.00 100% 

16 0.46 46% 0.00 50% -0.17 27% 0.59 63% -0.40 25% 

OVERALL 0.52 61% 0.46 63% 0.41 57% 0.52 64% 0.27 59% 

 

 

 

Spatial Analysis 

The geographic areas covered by the greatest number of management plans were 

located along the coast of Lake Superior (Figure 2.6). This is unsurprising given the majority 

of the population within Cook and Lake Counties live in communities by the shore. The 



39 

 

 

 

 

largest area covered by the least amount of management plans is the Boundary Waters Canoe 

Area Wilderness. Wilderness areas are federally managed and subject to specific 

management restrictions to ensure human influence is unnoticeable, limiting the extent of 

possible co-management.  

 

 

 
Figure 2.6. Spatial extent and density of management plans in sample (N=16). 

 

 

 

 Smaller scale differences in management coverage are attributable to the spatial 

patterns of land ownership across the region. For example, the area near Finland with 

relatively less management coverage than the surrounding area (Figure 2.7) is explained by 

the boundaries of three management plans. The Superior National Forest Plan and 
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Minnesota’s Lake Superior Coastal Program boundaries both diverge around the region 

excluding it from their management coverage. The smaller areas within this region that show 

additional management coverage are the tax-forfeit lands managed under the Lake County 

Forestry Management Plan. 

 

 

 
Figure 2.7. Example of discrete spatial areas with less management coverage than surrounding areas. 

 

 

 

Discussion 

Climate-Related Risk in Existing Management Plans 

Existing management plans’ consideration of climate-related impacts, whether 

intentional or unintentional, can be easily revealed by looking at the scores given to criteria 

in the ‘decision-making’ stage. Although the ‘assessment of climate-related impacts, 

vulnerability and/or risk’ sub-criteria were on average scored the lowest, plans given a score 

of 1 or 2 would have had to at least mention climate-related impacts. Evidence to satisfy the 
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existence of this criteria was found within eight plans, five of which had developed a 

management strategy to address climate-related risk without an options appraisals. The eight 

plans included the Lake and Cook County Local Water Management, Hazard Mitigation 

(emergency management), and Community Wildfire Protection Plans. Hazard mitigation 

plans tend to be comprehensive and provide acknowledgements of more risks than any other 

type of plan evaluated. The community wildfire protection plans’ assessments of 

vulnerabilities to fire ultimately end up being climate-related, intentionally or not. The local 

water management plans did not provide assessments, but acknowledged some climate-

related risks to water resources or storm water infrastructure. The other plans with evidence 

of this criteria were the two with the largest spatial extents, the Superior National Forest Plan 

and the Minnesota Coastal Lake Superior Program Plan. This raised the question of whether 

to include them in this sample because they were produced under different legislative 

mandates (the former is authorized by the USDA and the latter is authorized by the state of 

Minnesota) than the other regional plans; nevertheless, they were included because their 

program boundaries fell entirely within the North Shore region. These plans’ assessments of 

climate-related risks was most likely supported by the additional resources they have at their 

disposal for plan creation, or because they had to be consistent with state or federal 

guidelines. 

Can the North Shore’s Existing Management Plans be used to Address Climate Change? 

This sample of management plans do not appear provide adequate risk assessments or 

strategies to respond to the effects climate change will have on North Shore resources. Half 
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of the plans acknowledged some facet of climate-related risk, but overall they lacked climate 

projections, baseline information and adaptation strategy options appraisals that are all 

central to effective climate change adaptation planning. However, most adaptation actions 

across all scales of governance in the United States have been incremental so far (Bierbaum 

et al., 2013). Building capacity to adapt to climate change is an ongoing process, and the 

ability to execute crucial planning processes and practice elements of adaptive management 

enhance communities’ resilience today. Insights to the North Shore’s potential start with 

existing management plans’ inclusion of the four planning stages for adaptation. 

Potential for Adaptation Planning 

Clear objectives, goals and priorities were common across the sample of plans with 

the collective goals of the region in mind. These objectives, goals and priorities rarely 

applied only to a single agency or organization. Rather the management plans in this study 

considered the wider governance context more frequently than the climate-specific plans 

evaluated by Preston et al. (2011). The majority of the plans evaluated acknowledged North 

Shore assets outside the extent of a specific statutorily obligated management area. Given the 

extent of resources acknowledged or assessed by North Shore management plans often fell 

outside of a management agency’s jurisdiction, it appears there is a clear understanding of 

the region’s collective vulnerability to climate change.  

The North Shore’s existing management plans also revealed strengths in considering 

implementation needs and barriers, defining roles and responsibilities and methods to 

communicate strategies. However, the plans lacked a key component of successful adaptive 
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management in their absence of systems for monitoring, evaluating and redesigning 

management actions. Poorly explained monitoring methods were coupled with an absence of 

measureable success criteria that could be a barrier to the success of future climate-related 

management actions. The plans were also weak in addressing criteria considered to be a part 

of decision-making processes for forest and water resources, wildfire, recreational 

experiences and infrastructure. There was a lack of definitive data mentioned that could be 

used to determine the magnitude, characteristics or certainty of possible risks. This ambiguity 

ultimately contributes to broad strategies that makes the process of successful monitoring and 

evaluation hard to develop. 

The literature commonly frames climate change adaptation as a local process, which 

is likely due to the variation in anticipated climate impacts and socioeconomic factors. 

However, local governments may not perceive climate change adaptation as their 

responsibility. In a case study of coastal adaptation planning, local governments perceived 

their role in climate change adaptation to be downstream of state and national governments’ 

actions, and relied on their decisions and regulations as guidelines to shape local planning 

processes (Nalau, Preston, & Maloney, 2015). Even if local governments have the capacity 

for adaptation planning, they must be empowered to leverage it. Considering the evidence 

suggesting stakeholders in the tourism industry depend on local authorities to lead adaptation 

planning efforts (Turton et al., 2010), it is crucial for North Shore decision-makers to take 

proactive actions. Overall, the North Shore’s existing management plans appear to indicate 

decision-makers along the North Shore are aware of the importance of region’s resources and 
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seek to maintain them collaboratively as a community. In evaluations of larger scale 

management plans, stakeholder engagement and collaboration are often weaknesses; 

however, in this study and others they tended to be stronger through the inclusion of 

decision-making processes. Consistent with past conceptual (Adger, 2000) and empirical 

(Smith et al., 2012) work, our findings suggest social networks formed around a communal 

sense of identity play a critical role in climate change adaptation planning.  

This implication brings to question what barriers may be preventing local 

stakeholders from implementing effective and efficient decision-making processes. The lack 

of monitoring and evaluation efforts may be creating a science and information barrier, 

which could explain the absence of data regarding projected climate impacts across the plans. 

Identifying and incorporating existing monitoring programs could create an opportunity to 

develop baseline information and indicators for managing resources (West et al., 2009).  

Monitoring efforts require funding and staff, and inadequate human and financial capital 

could be an interrelated barrier at play. Again, these findings are consistent with previous 

literature suggesting information and resources common barriers in local natural resource 

management (Keen, Mercer, & Woodfull, 1994) and climate change adaptation planning 

(Baker et al., 2012; Krause, 2011). 

Assessment and Further Refinement of the Evaluation Tool 

The evaluation criteria in this study could be refined for further application to other 

tourism-dependent communities. The unique environmental and socioeconomic context of 

the community should be the focus of future refinements given substantial variation extists 



45 

 

 

 

 

across nature-based tourism-dependent communities. For example, not all of these 

communities are adjacent to publically managed lands. However, we belief that future 

refinements remain consistent with the definitions of the planning stages and processes so as 

not to deviate from assessing the key climate change adaptation planning processes detailed 

by Preston et al. (2011). 

Future refinements to the instrument should also focus on developing more 

transparent and consistent scoring protocol so that evaluators can reliably assess planning 

criteria. Additionally, when possible the evaluation should be supplemented by interviews 

with local decision-makers to reveal additional institutional contexts or barriers not contained 

within the plans (Bassett & Shandas, 2010; Wheeler, 2008). 

Implications for the North Shore 

 The results of this study can guide North Shore decision-makers who are either 

updating current resource management plans or producing new ones. Mainstreaming climate 

change adaptation into existing plans is becoming increasingly common (Bierbaum, 2013). 

Exposing resource managers to the key phases of successful adaptation planning processes 

could be the basis to transform current modes of operation. Mainstreaming climate change 

adaptation along the North Shore could be spurred by state mandates or facilitated locally 

through community meetings with resource managers. Evidence exists of state and locally-

driven methods being used for mainstreaming climate adaptation into the same types of 

existing plans used in this study (Bierbaum et al., 2013).  
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The results of the spatial analysis could serve well as a prompt during a future PAT 

workshop with local natural resource managers. For example, it could be used to generate a 

much needed discussion about collaboratively managed resources, hopefully leading to more 

collaboration amongst all scales of governance along the North Shore. Local resource 

managers may be lacking updated climate information and collaborations could allow for its 

dissemination from state or national agencies present in the region who more likely have the 

scientific and technical capacity to access and utilize this information. Additionally, local 

natural resource managers are not specifically trained to utilize climate data or climate 

projections. Decision-making support tools that make climate data available, interpretable 

and meaningful would be useful to bridge this information gap. 

Limitations 

The evaluation tool, as currently developed, has limitations in its applicability and 

usefulness. The tool itself is not definitive, and its applicability is limited to tourism and 

outdoor recreation dependent communities like those along the North Shore. However, very 

similar communities may face drastically different climate risks depending on their unique 

environmental and socioeconomic contexts. Tourism and outdoor recreation dependent 

communities are not homogenous. This evaluation was tailored to assess the resources that 

foster North Shore tourism, including forests, inland lakes and coastal areas of Lake 

Superior. Applying it to another region will require modifying the criteria in a similar fashion 

to suit the context in the region of interest. 
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The low Krippendorff’s alpha and percent agreement values indicate a lack of 

reliability between coders, and thus prevent our ability to ascertain statistically-driven 

conclusions. Coder training has been proven to be a method to improve intercoder reliability, 

where the coding instructions (i.e., evaluation criteria) are communicated by the primary 

researcher to the coders (Hak & Bernts, 1996). Coder training can also mitigate inherent 

subjectivity by informing coders of practical rules that may not be implicitly stated within 

coding instructions (Hak & Bernts, 1996). Future research similar to this analysis would bode 

well to implement coder training prior to evaluation. 

The resulting evaluation scores do not provide a complete assessment of the extent of 

adaptation planning along the North Shore, or of the region’s climate readiness. Only content 

found within the management plans was evaluated. The plans’ respective organizations may 

be engaging in actions not mentioned in the plans that support climate change adaptation. 

Relatedly, the study sample was limited to regional resource management plans and did not 

include those produced for the state or nationwide. Other types of plans that address climate-

related risks or adaptation also exist at larger scales. These contexts play a collective role in 

influencing the North Shore’s ability to respond to climate change risks.  

The North Shore’s adaptive capacity cannot be explained through one study. 

However, we have gained some insight into existing governance systems that can be 

leveraged to promote proactive climate change adaptation planning efforts. The strong ties 

between communities and natural resources are a major strength of the North Shore, and 

bode well for future planning efforts. 
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Abstract 

The vulnerability to regional impacts associated with climate change is largely influenced by 

human socioeconomic systems, and communities’ capacity to cope with environmental 

change. In the case of nature-based tourism-dependent communities like those along the 

North Shore of Minnesota, impacts to the region’s abundant natural resources can 

subsequently affect their economic livelihoods. Many of the area’s natural and recreational 

resources are collaboratively managed, making cooperation essential to addressing climate-

related environmental change. In this study, we engaged North Shore stakeholders in a 

climate change risk assessment process through an exploratory application of participatory 

geographic information systems (PGIS).  Stakeholder involvement allows for the co-

production of science and local support tools, of which PGIS methods are an applicable 

medium. In addition to PGIS focus groups, pre- and post-surveys were administered to 

stakeholders to solicit their perceptions of risk thresholds (i.e., the time scale of impacts) and 

climate-related risk severity to built infrastructure sites, natural resource locations and 

recreation and tourism destinations. The stakeholders’ knowledge as well as their 

commitment to their communities and local environments influenced general perceptions of 

region-wide climate-related vulnerabilities. The PGIS exercises generated important 

discussion among stakeholders and useful data that can inform future resource management 

efforts. 
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Lessons Learned from a PGIS based Climate Change Risk Assessment Process Focused on 

Tourism and Outdoor Recreation Dependent Communities 

The warming of Earth’s climate system is a worldwide phenomenon. However, 

different regions around the globe are expected to experience different magnitudes of change 

(Wilby & Fowler, 2010). Shifts in average daily temperatures and precipitation rates will be 

more dramatic in some areas than others. Regional variation in the type and extent of climate 

change has and will continue to result in highly variable localized impacts (IPCC, 2014). 

This variation is exacerbated (or mitigated) by human socioeconomic systems that are more 

or less capable of adapting to long-term shifts in climate. Not all human communities have 

the same capacity to cope with environmental change (Smith, Moore, Anderson, & Siderelis, 

2012). Consequently, a one-size-fits-all solution does not exist for climate change adaptation. 

It is therefore essential to provide policy guidance and recommendations that are 

geographically and socioeconomically explicit. 

The North Shore of Minnesota (North Shore) is a tourism-dependent region along 

Lake Superior whose economies are especially vulnerable to the effects of climate change 

(Figure 3.1). The region’s vulnerability stems from an economy dependent upon nature-

based tourism and outdoor recreation opportunities provided by hundreds of interior lakes, 

vast tracts of publically-managed forests and privately-owned resorts. Outdoor recreation 

resources along the North Shore are managed by a variety of federal, state and local agencies 

as well as private landowners. Notable nature-based tourism and outdoor recreation 

destinations include the Superior National Forest, the Boundary Waters Canoe Area 
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Wilderness, nearly a dozen State Forests and Parks and a privately owned and operated ski 

resort. Many of the area’s recreational resources are collaboratively managed, making 

cooperation and long-term engagement essential to both delivering high-quality experiential 

opportunities to recreationists and managing the region’s unique environmental resources. 

 

 

 
Figure 3.1. Study area: The North Shore of Minnesota. 

 

 

 

Mid-century climate models for the region project an increase in annual average 

temperatures, shifts in forest composition, increases in average annual and heavy 

precipitation days and a decline in Lake Superior ice cover (Pryor et al., 2014). Climate and 

hydrological models using a medium emissions scenario (RCP4.5) for the region suggest that 

by 2065 for the months of December, January and February: 1) average daily high 

temperatures will increase by 4.1° F; 2) average daily ice thickness at inland lakes will 

decrease by 2.9 inches; and 3) average daily snow depth will decrease by 5 inches (B. Wilson 
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& K. Holmberg, personal communication, December 9, 2014). All of these climatic or 

environmental changes will impact the region’s recreational opportunities. For example, the 

dropping water levels in Lake Superior have already led to boat ramps being unusable during 

certain times of the year (personal communication, January 9, 2015). Reduced ice cover may 

limit the number of days recreationist can go ice fishing. Increased precipitation levels are 

likely to increase in-stream flow rates and may draw more tourists to the region’s numerous 

waterfalls. Additionally, the likelihood of heavy precipitation days may impact the built 

infrastructure (i.e., roads, bridges, buildings, etc.) that facilitates outdoor recreation activities. 

Consequently, the resilience of North Shore communities will depend largely on decision 

makers in those communities prioritizing critical infrastructure and resources likely to be 

impacted by climate change in the immediate future.  

Many of the climate-related impacts to nature-based tourism and outdoor recreation 

along the North Shore are similar to those noted elsewhere around the world. For example, 

Richardson and Loomis (2004) found increases in mean daily temperatures would likely 

result in increased visitation to Colorado’s Rocky Mountain National Park; Scott et al. (2007) 

found similar results for Waterton Lakes National Park in Alberta, Canada for climate 

scenarios up to the 2050s but also revealed a chance for reduced visitation in the late 21st 

century. Both of these studies utilized on-site stated preference surveys and attributed 

increased visitation to longer and warmer summer periods, which facilitates popular outdoor 

recreation activities like hiking and camping. Lise and Tol (2002) found similar results when 
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sampling members of the general public, discerning that climatic conditions are likely to 

increase nature-based tourism and outdoor recreation participation at higher latitudes.  

Despite the North Shore’s vulnerability to climate change, and climate’s subsequent 

impact on environmental conditions, communities within the region have not engaged in any 

formal local climate change adaptation planning processes to date. This is unfortunate given 

identifying and implementing climate change adaptation policies and management options is 

likely to require commitment and collaboration among stakeholders (Bierbaum et al., 2013; 

Moser & Ekstrom, 2010). The North Shore’s economic reliance on nature-based tourism and 

the region’s established system of collaborative planning between governments and private 

entities may bode well for efforts to integrate stakeholders into climate change risk 

assessment processes. Additionally, the identification of common risks and threats across a 

set of stakeholders, as is the case across the North Shore, can help facilitate effective 

collaborative planning activities (De Lopez, 2001; Lachapelle, McCool, & Patterson, 2003). 

The goal of this study is to engage North Shore stakeholders in an exploratory 

application of integrating participatory geographic information systems (PGIS) into a 

coastal community climate risk assessment process. North Shore stakeholders, which include 

resource management personnel, local residents and business owners, are affected by 

regional climate change either directly or indirectly through likely impacts to the region’s 

natural resources and the outdoor recreation activities they support. Stakeholder involvement 

in climate change risk assessment processes allows for the co-production of science and local 

knowledge to develop decision support tools that are tailored to local contexts (Eikelboom & 
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Janssen, 2013). Our intent is to examine the efficacy with which PGIS can be used to assess 

climate-related risks to the built infrastructure and natural resources that support nature-based 

tourism and outdoor recreation opportunities throughout the region. 

Literature Review 

Stakeholder Involvement in Climate Change Risk Assessments 

Stakeholder participation is increasingly being recommended and embedded into a 

variety of environmental planning processes (Wagenet & Pfeffer, 2007). Within climate 

change planning efforts in particular, stakeholder participation is believed to facilitate an 

equitable accounting of climate-related risks (Kloprogge & Van der Sluijs, 2006). Assessing 

stakeholders’ perceptions of local risks can be a critical step in reducing regional 

vulnerability to changing climatic and environmental conditions (Downing et al., 2005; 

Lemos & Morehouse, 2005). While some critics may discourage stakeholder engagement 

efforts, suggesting it contributes to a slower adoption of adaptation policies and management 

plans, recent research suggests engaging stakeholders can increase public support for 

resulting policies (Few, Brown, & Tompkins, 2007; Lemos & Morehouse, 2005). Increasing 

public support ultimately leads to more proactive climate governance, where policies are 

perceived to be valid and are suited to stakeholders’ needs.  

Of the various methods developed to assess climate-related risks, many have 

integrated stakeholders. In a series of two articles, Lorenzoni and colleagues provided an 

applied case of stakeholder involvement in addressing socioeconomic change and climate 

vulnerability (Lorenzoni, Jordan, Hulme, Turner, & O’Riordan, 2000; Lorenzoni, Jordan, 
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O’Riordan, Turner, & Hulme, 2000). Lorenzoni et al.’s method, which they refer to as “co-

evolutionary” involves using scenarios generated from downscaled climate models to assess 

stakeholders’ perceptions of vulnerabilities to social, economic and political systems. They 

applied a set of climate change indicators to capture the range and severity of potential 

climate-related impacts derived from the models. Lorenzoni and colleagues suggest the use 

of climate change indicators was effective in soliciting feedback from stakeholders. The 

authors suggest their method captures social feedback loops in that it provides stakeholders 

the ability to think-through how they, and their communities, would respond to alternative 

climate change scenarios.  

While stakeholder engagement in climate change risk assessments does not ensure 

complete success (i.e., the adoption of a climate change adaptation plan or policy), more 

successful stakeholder engagement processes tend to be: a) flexible; b) iterative; and c) 

interactive (Kirchhoff, Lemos, & Dessai, 2013). Stakeholder engagement is a primary goal of 

this study. We solicited this engagement through commonly used PGIS methods. These 

methods include both the use of web-based surveys to assess stakeholder-defined climate 

change risks and the use of an interactive focus group-based mapping exercise to do the 

same. Our intent was to assess the efficacy of utilizing these common PGIS methods to 

engage stakeholders in a climate change risk assessment process. 

Participatory Geographic Information Systems 

Participatory geographic information systems (PGIS) methods are tools and processes 

used to integrate spatial knowledge into policy with science (Dunn, 2007). PGIS methods 
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enable community ‘participants’ to spatially represent their knowledge or perceptions 

through the various materials used in a GIS (e.g., remotely sensed images, topographic maps, 

etc.). PGIS methods introduce a qualitative component composed of multiple stakeholder 

viewpoints and knowledge into traditional GIS research. PGIS methods may be ideal for 

assessing small, nature-based and tourism-dependent communities’ climate change related 

risks. In their meta-analysis of PGIS studies, Brown and Kyttä (2014) suggest PGIS methods 

are most likely to be successfully implemented in small, rural communities in which small 

groups of stakeholders have a large interest in, and influence over, resource management 

decisions. 

PGIS has been used for a variety of purposes including: the demarcation of local 

communities and neighborhoods; the development of spatial zoning tools to manage 

competition and conflict; and the mapping of equity and inequalities in efforts to promote 

awareness and building community strength (i.e., helping communities solve collective 

problems) (McCall, 2003). PGIS methods have been applied for these various purposes in a 

wide range of contexts including: natural resource management and planning (Brown & 

Weber, 2011; McCall & Minang, 2005); coastal decision-making (Green, 2010); 

environmental management (Jankowski, 2009; McLain et al., 2013); land use management 

(Bojórquez-Tapia, Diaz-Mondragón, & Ezcurra, 2001; Wang, Yu, Cinderby, & Forrester, 

2008); air quality assessments (Cinderby, Snell, & Forrester, 2008); flood risk management 

(Peters-Guarin, McCall, & van Westen, 2012; White, Kingston, & Barker, 2010); and 

community revitalization (Duval-Diop, Curtis, & Clark, 2010).   
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PGIS methods have also been used to assess communities’ perceptions of local 

climate change vulnerabilities (Cutts, White, & Kinzig, 2011; Preston, Yuen, & Westaway, 

2011; Reichel & Frömming, 2014). Generally, PGIS activities are integrated into larger 

vulnerability assessment processes and used to refine scientifically-based vulnerability 

assessments into more locally-relevant and contextually-meaningful assessments, maps and 

decision-support tools (Downing et al., 2005). The coproduction of local knowledge and 

science has a crucial role to play in climate change vulnerability assessments, and PGIS 

methods are a valid and interactive way to engage with local stakeholders. Integrating PGIS 

into vulnerability assessments is intended to improve both the communication between 

scientists and local stakeholders and the communication amongst stakeholders themselves 

(Eakin & Luers, 2006). PGIS methods in vulnerability assessments may also facilitate 

political empowerment, encouraging local stakeholders to proactively engage in adaptation 

and environmental planning processes (Elwood, 2008).  

Methods 

This study is part of a larger, more comprehensive climate change risk assessment 

project—the Coastal Community Readiness (CCR) project. The objectives of the CCR 

project are focused on assessing the risks to nature-based tourism and outdoor recreation 

destinations using a variety of data, methods and models from across the biophysical, 

economic and social sciences (Bitsura-Meszaros et al., 2015). 

Building a successful collaborative relationship between stakeholders and scientists 

depends on the delivery of actionable science that addresses the needs of local stakeholders 
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(Lindenfeld, Smith, Norton, & Grecu, 2014). This study utilizes multiple PGIS methods to 

assess stakeholder perceptions of climate-related risks. These methods include a pre-survey, 

a focus group exercise and a post-survey. At the outset of the CCR project, a Project Action 

Team (PAT) was assembled from county and municipal officials and planning staff, 

recreation and tourism industry service providers, members of tourism and commerce boards 

and employees from state and federal recreation resource management agencies. All of the 

PGIS methods used in this study were completed by members of the PAT as well as other 

identified stakeholders who were believed to have a high level of interest in, and influence 

over, local climate change adaptation planning decisions. In January of 2014, members of the 

PAT and other identified stakeholders were solicited to participate in one of two half-day 

focus groups dedicated to assessing North Shore communities’ climate-related vulnerabilities 

as well as their capacity to adapt to likely climate-related impacts. Forty-seven individuals 

were invited to participate in the focus groups; a total of 16 consenting stakeholders accepted 

and served as the sample for this study (Table 3.1). 

 

Table 3.1 

Study sample composition 

Affiliation # of Participants 

The U.S. Forest Service 3 

The MN Department of Natural Resources 1 

MN Department of Natural Resources Development Agency 1 

Non-profit organization 1 

Not-for-profit forest conservation group 2 

County tourism promotion agency 1 

Outdoor outfitter 2 

Recreation provider  3 

Food service provider 1 

Lodging provider 1 
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Pre-Survey 

A map exercise was created through Qualtrics and sent electronically in a survey with 

other questions specific to the CCR project for participants to complete online prior to their 

participation in the focus group. The map portion of the instrument was composed of three 

nearly identical sections. In each section, participants were presented with a map of the North 

Shore highlighting state parks and forests and the Superior National Forest (Figure 3.2).  

 

 

 
Figure 3.2. Map of the North Shore in the PGIS pre-survey. 

 

 

 

Survey participants were asked to identify three specific sites with built structures 

they believe are vulnerable to the effects of climate change by clicking the locations on the 

map. Following the identification of these three sites, an open-ended question asked them to 

describe why they believed these specific sites with built structures were highly vulnerable to 

the effects of climate change. In the subsequent sections, respondents were presented with 
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the same map and questions, however the type of setting differed. The second section asked 

about specific natural amenities (e.g., forests, lakes, waterfalls, etc.) that participants 

believed to be vulnerable to the effects of climate change. The third section solicited 

information about specific tourism and outdoor recreation destinations (e.g., trails, resorts, 

etc.) that participants believed to be vulnerable to the effects of climate change. The different 

types of settings were not meant to be discrete, but were created to capture the broadest 

possible suite of tourism and outdoor recreation related resources that might be affected (or 

perceived to be affected) by shifting climatic and environmental conditions. This pre-survey 

can be referenced in Appendix C. 

Focus Group Exercise 

Consenting participants were invited to one of two focus groups to discuss CCR 

project objectives and to participate in an interactive PGIS exercise with CCR project 

scientists. In addition to the interactive PGIS exercise, the focus group also involved a 

facilitated discussion with participants regarding their perceptions of climate change impacts, 

barriers to adaptation, existing policies and community leaders already taking action on 

climate change or those who should. The first focus group was geared towards natural 

resource managers and involved eight participants representing the U.S. Forest Service, the 

State of Minnesota’s Department of Natural Resources and a development agency and two 

non-profit organizations (Table 3.1). Eight regional business owners were represented in the 

second focus group; the participants consisted of lodging and recreation providers, outdoor 

outfitters and food service providers.  
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Prior to the focus groups, a web map was created through ArcGIS Online. The web 

map had a general topographic base and was absent of features. Point, polyline and polygon 

features were created and placed in the legend for built structure sites, natural resource sites 

and recreation and tourism destinations (Figure 3.3). This web map was duplicated so that 

each focus group could start from a blank map. The web map was projected onto a wall in 

the focus group room, and an eBeam Edge receiver was mounted on the side of the 

projection surface that provided the ability to interactively manipulate the map with a stylus. 

The eBeam Edge receiver and stylus were wirelessly connected to a laptop through a USB 

drive, essentially creating an external (projected) desktop to create and edit features that are 

simultaneously changed, saved and stored in an ArcGIS Online repository. 

 

 

 
Figure 3.3. Screenshot of ArcGIS Online web map and legend. 
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Two researchers operated the PGIS exercise, one served as a facilitator by reading the 

prompt and keeping notes of the participants’ discussion and the second digitized the 

features; an audio recorder was used to record the discussion as well. The written 

protocol/script was read aloud to the group, and it started with an introduction of the 

importance of having the participants’ involvement in the analysis and then went on to 

provide an overview of how the exercise would work. The mapping exercise was broken 

down similarly to the pre-survey, with built infrastructure sites, natural resource sites and 

recreation and tourism destinations each being discussed separately. 

Displaying or presenting a map can serve as a prompt for a group to discuss a specific 

region (Grenier, 1998); therefore, the results from the pre-survey questions (where 

participants identified the three built infrastructure sites, natural resource sites and tourism 

and outdoor recreation destinations believed to be vulnerable to the effects of climate 

change) were displayed in the form of three separate geospatial density maps. A table 

containing recent and projected winter climate conditions (e.g., average snow depth, daily 

high and low temperatures, daily maximum and minimum wind chill values) in 2065 was 

also presented on the bottom of each map. These projections were derived from a climate 

model parameterized by a medium emissions scenario that was produced, along with high 

and low emission scenarios, to fulfill a separate objective of the CCR project (Bitsura-

Meszaros et al., 2015). 

The facilitator guided the participants’ attention to the projected climate and 

environmental conditions and then asked them to collaboratively, as a group, discuss and 
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identify the top three sites they believed to be the most vulnerable to the effects of climate 

change. They were asked to guide the researcher digitizing their selected sites to fill in 

attributes about the structure and ownership types. In addition, they were asked to define the 

severity of risk for each site (i.e., extreme, high, moderate or low) and risk thresholds (i.e., 

immediate, imminent, moderate or low) (Table 3.2). The identification of stakeholder-

defined thresholds has been suggested as advantageous in climate risk assessments because 

they provide ownership of the outcomes and also provide a frame of reference (Jones, 2001). 

Soliciting participants’ perceptions of risk thresholds was intended to facilitate an 

understanding of how imminent participants perceive the risks to be, while also helping them 

to comprehend the time scale of projected impacts. The process of the group collaboratively 

selecting the three most vulnerable sites and defining the attributes (severity of risk and risk 

thresholds) was attempted three times, once for built infrastructure sites, once for natural 

resource sites and once again for recreation and tourism destinations. 

 

 

Table 3.2 

Feature attributes chosen by participants in web map 

Severity of Risk Risk Thresholds 

Extreme – the function of the structure will be  

   completely lost or rendered unusable under     

   projected conditions. 

Immediate – changing climatic conditions are  

   already impacting the structure. 

High – the function of the structure will be  

   completely lost under projected conditions. 

Imminent – changing climatic conditions are  

   likely to impact the structure by 2020. 

Moderate – the function of the structure will be  

   moderately affected under projected conditions. 

Moderate – changing climatic conditions are  

   likely to impact the structure by 2035. 

Low – the function of the structure will be  

   minimally affected under projected conditions. 

Low – changing climatic conditions are likely to  

   impact the structure by 2065. 
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Post-Survey 

A survey questionnaire was sent out to all participants within three weeks after the 

focus groups were held. Similar to the pre-survey and focus groups, it was divided into three 

sections of the same questions in regards to built infrastructure sites, locations with natural 

resources and recreation and tourism destinations. In each section, a table of the sites 

identified as highly vulnerable during the focus groups was presented (Table 3.3).  

Participants were asked to rank the severity of risk (extreme, high, moderate, low) 

and indicate the perceived threshold of risk (immediate, imminent, moderate, low) for each 

site; the severity and threshold categories were identical to those presented to participants in 

the focus groups. A final open-ended question was also included in the survey and solicited 

participants to express any difficulties they may have had with identifying the specific 

locations or assigning risk levels or thresholds to specific locations. Supplementing the focus 

group-based exercise with individual pre- and post-surveys helps to remove the risk of bias 

that can arise from some individuals dominating group discussion (Cutts et al., 2011). 

 

 

Table 3.3 

The vulnerable sites identified during the focus groups 

Section 1 - Built Infrastructure Sites Section 2 - Natural Resources 

Split Rock Lighthouse The Health of the Boreal Forest 

Highway 61 Moose Populations 

Forest Service Roads Lake Superior Water Levels 

Lutsen Ski Resort Native insect species 

Golf Courses Native plant species 

Harbors and docks on Lake Superior Native wildlife species 

Hiking Trails Native fish species 

Bridges Flow Rates of Rivers and Waterfalls 

Storm sewer infrastructure  
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Data Analysis 

Data analysis differed for each PGIS method used. The pre-survey data were 

analyzed for spatial autocorrelation of identified points and heat maps of identified points 

were created. The focus group exercise data were used to generate lists of locations discussed 

for different site types; identified sites were subsequently mapped. Descriptive statistics were 

used to analyze the majority of the post-survey data, including the percentage of responses in 

each risk severity and threshold levels. The open ended question in the post-survey was used 

to help us determine the efficacy of the PGIS methods. More specifically, the open ended 

question provided participants the opportunity to describe why they thought identifying 

specific highly vulnerability sites was difficult, informative, useful, etc. The open ended 

responses were used to guide our interpretation of the stakeholder-generated points and 

descriptive statistics. 

Results 

Pre-Survey 

A total of seventeen responses were obtained for the pre-survey. However, only ten 

respondents engaged in the map questions. The density maps representing the three most 

vulnerable built structures, natural resource locations and recreation and tourism destinations 

perceived by respondents are shown in Figure 3.4.  

The density maps suggest there was some confusion among respondents completing 

the pre-survey mapping exercise. Instead of clicking on the locations of these resources, a 

few stakeholders selected the callout labels of state parks in lieu of their actual geographic 
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location. It appears that after making the mistake in the first question regarding built 

infrastructure, some of them became aware of the proper technique and accurately depicted 

the locations for natural resources and recreation and tourism destinations. The concentration 

of the three sites stakeholders perceived to be the most vulnerable were in the same general 

locations along the shore for each type of resource. The high densities were mostly clustered 

around state parks and the communities of Finland, Lutsen and Grand Marais. 

 

 

 

  
Figure 3.4. Density of the top three locations participants perceived to be most vulnerable. 
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 An examination of the open-ended questions provided in the pre-survey soliciting 

descriptions of why participants believed identified specific sites were highly vulnerable to 

the effects of climate change revealed precipitation damage to state park infrastructure was a 

reason for multiple respondents’ selections; this was in addition to fluctuating water levels 

affecting marinas and safe harbors. Two respondents mentioned their concern for the 

region’s ski resort (located in Lutsen), noting it is dependent on snow. Stakeholders’ 

responses to the open-ended questions also revealed precipitation to be a major reason they 

believed the natural resource locations they selected to be vulnerable. Comments were 

centered on decreased precipitation altering the flow of waterfalls and rivers, Lake Superior 

water levels and the occurrence of drought conducive to wildfires. For recreation and tourism 

destinations, the majority of respondents mentioned the ski resort and the threat of shallower 

snow depths as the main reason for its vulnerability. In addition, increasing occurrences of 

wildfires were also mentioned by a few stakeholders. 

PGIS Focus Groups 

 The interactive focus group-based PGIS exercises encountered similar barriers to 

execution during both focus groups. The prompt worked exceptionally well to solicit 

discussion regarding what stakeholders believed to be highly vulnerable sites. However, the 

prompt was not focused or structured enough to enable the successful identification of three 

collectively identified vulnerable sites. The first focus groups’ discussion of built 

infrastructure surpassed the allotted time (~20 minutes) for all three types of resources. 

Participants could not guide the facilitator to digitize three built infrastructure sites, largely 
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because they believed large portions of the region as a whole were equally vulnerable to the 

effects of climate change. For example, the focus group discussion among resource 

management personnel centered, for some time, on the vulnerability of all secondary roads 

managed by the USDA Forest Service; there are hundreds of miles of forest roads managed 

by the agency within the Superior National Forest. Without being able to narrow the scope of 

the vulnerability-ranking task down to something that could be identified and digitized in a 

GIS, the first focus group’s discussions expanded into a productive, yet ultimately 

unsuccessful discussion of entire region’s vulnerability. The focus group facilitators were 

unable to guide participants’ discussion towards locations that could be mapped, or even to 

refocus the discussion from vulnerable built structures to vulnerable natural resource 

locations, let alone recreation and tourism destinations.  

 In an effort to try and ensure results from the second focus group, we did not deviate 

from the prompt and consciously attempted to be mindful of the time. However, these efforts 

resulted in a similar outcome as the stakeholders were unable to collaboratively, as a group, 

identify the three most vulnerable built structures. Anticipating a similar outcome as the first 

focus group, the discussion facilitator prompted the second focus group to attempt to identify 

vulnerable natural resource sites, even though they had not yet identified the three most 

vulnerable built structures. The group’s discussion revolving around vulnerable natural 

resources, again, led to an extended, productive and constructive discussion that could not be 

successfully focused to identify the three sites believed to me the most vulnerable to the 

effects of climate change. 



77 

 

 

 

 

Collectively, the two focus groups led to discussions on built infrastructure and 

natural resources, and a list of the locations that were discussed by participants. No data, 

spatial or non-spatial, were produced specific to the intended third section of the focus 

groups related to climate-related vulnerabilities to recreation and tourism destination 

resources. 

Post-Survey 

Every one of the 16 focus group participants completed the post-survey. The results 

for the severity of risk categories were coded from 1 (low) to 4 (extreme); larger mean values 

corresponded to an increase in perceived risk. The risk threshold categories were also coded 

from 1(low) to 4(immediate).  

The highest mean severity of risk across sites with built infrastructure corresponded 

to Forest Service roads (Figure 3.5). However, there was not a large range in the mean 

severity of risk scores across all built infrastructure sites; this excludes Split Rock Lighthouse 

which the majority of respondents did not perceive to be as vulnerable relative to the other 

sites. One respondent commented on this in the open-ended question, stating he/she 

disagreed with the lighthouse being considered as an option as climate wouldn’t impact it. 

Participants also identified Forest Service roads as having the highest mean risk threshold; a 

large portion of respondents ranked it as an immediate risk with impacts already occurring. 

The extent to which respondents perceived the risks to these sites to be more immediate was 

similar to their overall rankings of risk severity. The risk threshold of climate impacts to golf 
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courses and Split Rock lighthouse were the lowest (i.e., the most distant in the future) (Figure 

3.6). 

 

 

 
Figure 3.5. Mean severity of risk and distribution of rankings for built infrastructure sites. 

 

 

 

 
Figure 3.6. Mean risk thresholds and distribution of rankings for built infrastructure sites. 

 

 

 

Overall, the climate-related risks to natural resources were perceived to be greater 

than those to built infrastructure (Figure 3.7). The highest mean severity of risk was found 

for moose populations, followed by the health of the Boreal forest. Lake Superior water 
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levels had the lowest mean perceived severity of risk score. Mean risk threshold scores for 

natural resource sites were very similar to mean risk severity scores (Figure 3.8).  

 

 

 
Figure 3.7. Mean severity of risk and distribution of rankings for natural resource sites. 

 

 

 

 
Figure 3.8. Mean risk thresholds and distribution of rankings for natural resource sites. 

 

 

 

The response rate on the open-ended question that we had hoped would explain 

difficulties encountered during the focus groups was lower than expected. Seven out of 

sixteen stakeholders responded when solicited to express any difficulties they may have had 
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with identifying the specific locations in the focus groups or with rating risk severities or risk 

thresholds. Participants’ comments revealed they had a difficult time assessing the risks in 

the pre- and post-survey without being provided with projected climate and environmental 

conditions like those that were provided during the interactive focus group exercises. Some 

participants also revealed that identifying the impacts to native insects, plants or wildlife was 

also difficult because they had a general lack of knowledge about them. 

Discussion 

There are multiple reasons to justify engaging stakeholders in climate risk 

assessments. They are a source of knowledge that can add valuable information to a risk 

assessment that may not have been previously considered. This engagement often leads to 

community empowerment (Duval-Diop et al., 2010) and a sense of ownership and approval 

over resulting policy outcomes. There are many ways to engage stakeholders, and utilizing 

multiple PGIS methods, as we did in this study, can prove to be effective. Specifically, the 

iterative PGIS methods we deployed, consisting of a pre-survey followed by an interactive 

focus group discussion and a post-survey, helped to generate needed discussions about 

climate-related impacts to recreation and tourism resources along the North Shore. The PGIS 

methods also helped to facilitate a dialog between project scientists and stakeholders. The 

results of the PGIS exercises, namely the heat maps of individually-identified vulnerable 

locations and the rated lists, while not generalizable, can be used as discussion points by 

project scientists as they continue their ongoing work with local community members and 

resource managers.  
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Future work on the CCR project will involve one-on-one interviews, workshops with 

PAT members and on-site visitor surveys (Bitsura-Meszaros et al., 2015). All of these data 

collection efforts, as well as unrelated community meetings (e.g., town hall discussions) and 

resource management planning activities, could benefit from the insights gained from the 

PGIS exercises. For example, the Superior National Forest is currently in the process of 

developing a new Forest Plan, which provides general planning guidance for how the 

Forest’s natural resources and recreational opportunities are managed. The agency is actively 

attempting to make climate and climate-related impacts to forest resources more prevalent in 

the new plan. Data from the PGIS exercises revealed participants believe the Forest’s current 

network of secondary roads to be one of the most vulnerable resources across the entire 

North Shore region. However, transportation planning within the USDA Forest Service 

rarely, if ever, plans for long-term climate driven impacts (Turner, 2009). The data yielded 

through the PGIS exercises suggests the agency would be wise to identify specific climate-

related threats to forest roads (e.g., blow-downs caused by high-winds, fires exacerbated by 

drought conditions, the increased likelihood of flooding events due to extreme precipitation 

events, etc.) and specific ways to mitigate affiliated impacts. 

The process of conducting this study can also lead to more effective and efficient 

PGIS methods. Future interactive PGIS exercises designed to generate ranked lists of 

critically vulnerable sites would be well suited to develop and refine highly focused 

questions that relate specific climate-related environmental stressors to potential 

vulnerabilities. For example, this may involve asking participants to consider only one 
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projected environmental condition, such as reductions in winter snow depths or the thickness 

of ice on inland lakes, and then to identify specific sites that would be vulnerable to that 

stressor alone. Iterative pilot testing and vetting of the interactive PGIS script with local 

community members is also recommended. Pilot testing with non-locals is unlikely to 

generate the complex emotions, knowledge and personal histories tied to local place, as 

testing with local community members and resource managers. 

The most notable failure in our efforts was the inability to solicit the three most 

vulnerable built structures, natural resources and tourism and outdoor recreation destinations 

from focus group participants. We entered the focus groups with the belief that our script, 

provided in Appendix D, was sufficiently focused enough to allow participants to identify 

critical resources. This clearly was not the case as both focus groups failed to generate any 

spatial data via the web-based PGIS interface. Local community members and resource 

managers, especially those willing to provide their time to participate in a focus group, tend 

to be highly committed to their respective communities and local environments. These local 

community members’ opinions, attitudes and beliefs are grounded in years of lived-

experiences. More importantly, these local community members have a strong desire to have 

their voices heard and integrated into resource management plans. Past research in other 

resource-dependent communities (e.g. Davenport & Anderson, 2005; Smith et al., 2012) 

suggests the commitment to local place and a strong desire to be heavily involved in resource 

management decisions is not isolated to the participants in the focus groups conducted for 

this study.  
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Perhaps the indigenous knowledge and values present along the North Shore could 

have been better utilized. Understanding stakeholders’ perceptions of climate risk is crucial 

to reducing vulnerability; however, supplementing these perceptions with place-based values 

solicited through PGIS and integration with modeled climate impacts could provide a values-

based analysis that could be integrated into decision-support tools. Methods similar to this 

have been used in past research. As an example, Brown and Reed used PGIS to map the 

spatial distribution of public values in relation to proposed all-terrain vehicle locations, 

adding a new dimension to the economic trade-off analysis of a forest management plan 

(Brown & Reed, 2012). North Shore stakeholders’ values could be applied in a similar way 

by comparing their perceived climate risk to modeled projections, essentially resulting in a 

visual representation of highly valued and vulnerable recreation resources. 

In conclusion, this study set out to engage North Shore stakeholders in a climate 

change risk assessment process involving a PGIS workshop as well as a pre- and post-survey. 

The stakeholders were business owners and natural resource managers in the region; their 

tourism-dependent careers may have heightened their awareness of ecosystem-scale climate 

vulnerabilities. Although they did not go exactly as we had intended, the PGIS focus groups 

yielded some useful data and generated important discussion. There is room for 

improvement, and a need for future research that attempts to use PGIS methods to identify 

stakeholders’ perceptions of climate-related risks in nature-based tourism-dependent 

communities. It is crucial that future methods are developed around the specific 



84 

 

 

 

 

environmental and socioeconomic context of the study area to ensure policy guidance and 

management recommendations meet the needs of local stakeholders.  
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Conclusions 

 This research resulted in crucial knowledge of existing resource management, 

regional strengths, potential barriers and climate-related risks along the North Shore. Results 

from both the development and application of the management plan evaluation tool as well as 

the climate change risk assessment can be integrated into the larger CCR project. 

Collectively, they provide important pieces of information that can be used to determine the 

regions’ adaptive capacity and guide actionable decision support tools. 

The evaluation of North Shore resource management plans assessed the institutional 

context for decision-making in regards to recreation and tourism resources. It provides 

insight into the region’s current practice of and potential for adaptive planning, which can be 

utilized to reform management practices or to produce local climate change adaptation plans 

in the future. Stakeholders should utilize the map produced through the spatial overlay 

analysis to identify resource areas with a lack of management coverage that may warrant 

focused attention in the future. 

The results of integrating stakeholders into climate change risk assessment processes 

can be used to modify CCR project methods and to tailor decision support tools to the needs 

of North Shore stakeholders. The PGIS methods revealed the unique nature of this group of 

stakeholders, which deserves consideration in future project activities. In addition, 

knowledge of the resources stakeholders perceive to be the most vulnerable to climate-related 

risk should be utilized in resource management planning processes.  
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The collaborative management of resources in the region is a strength that can foster 

successful adaptation efforts. A current collaboration between the Superior National Forest 

and the North Shore Forest Collaborative provides a solid example of this. They are partners 

facilitating the North Shore Restoration Project trying to restore forests in the face of climate 

change through active forest management (Superior National Forest, 2012). Together, they 

are working on strategies to move towards the desired forest conditions in the Superior 

National Forest’s Management Plan. The project is being conducted under a regional effort 

across Minnesota, Wisconsin and Michigan called the Northwoods Climate Change 

Response Framework (Handler et al., 2014). A lack of current information on the state of 

climate change is a major barrier affecting adaptation action across all governmental scales 

(Bierbaum et al., 2013). The Northwoods Climate Change Response Framework is providing 

current, refined climate projections and assessments that guide the North Shore Restoration 

Project. Similar frameworks can be utilized by other resource managers in the region to 

transition towards adaptive planning for climate change. Collaboration can aid local decision 

makers by alleviating climate information, financial and human capital barriers (McCreary, 

Seekamp, Cerveny, & Carver, 2012; Seekamp, Cerveny, & McCreary, 2011). Collaborative 

partnerships can also be vital to successful long-term monitoring and evaluation efforts. 

Future CCR project workshops with the PAT should focus on discussing adaptation options 

and successes such as the North Shore Restoration Project. The sharing of best practices is 

essential to advance climate change adaptation activity (Bierbaum et al., 2013). 
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Finally, in order to provide decision support tools that are applicable to different 

resource managers, more research is needed on perceived information needs and funding 

constraints. In the PGIS post-survey, stakeholders were asked to rank future priorities for 

building climate readiness. Respondents’ top priorities were to get climate change education 

and outreach tailored to diverse populations and to secure funding. The results of this 

question may suggest a need for future research and outreach efforts to evaluate 

stakeholders’ perceived information needs and funding constraints in more detail. 
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Appendix A  

 

Preston, Westaway & Yeun’s (2011) Criteria Descriptions 
Adaptation stage Stage descriptions Adaptation processes Criteria descriptions 

Goal-Setting (Goals,  

  Objectives, Purpose) 

Establishing what decision-makers seek to  

  achieve through adaptation and how  

  performance with respect to obtaining 

goals will be determined. 

Articulation of objectives, goals and  

  priorities 

Establishing the objectives, goals and priorities for  

  adaptation. 

Identification of success criteria Consideration of what successful adaptation will 

  look like and how it will be measured. 

Stock-Taking (Inputs) Assessing institutional assets and liabilities  

  that facilitate or hinder adaptation planning   

  and policy implementation. As such, this  

  stage effectively represents an assessment  

  of adaptive capacity. However, to further  

  discriminate between different components  

  of adaptive capacity, this stage was  

  conceptualized as assessment of five stocks  

  of capital relevant to adaptation, based  

  upon the sustainable livelihoods literature  

  (Ellis 2000; Nelson et al. 2005, 2007;  

  Iwanski et  al. 2009). 

Assessment of human capital Consideration of the existing skills, knowledge 

  and experience of individuals responsible for 

  adaptation planning and implementation. 

Assessment of social capital Consideration of the existing governance, institutional  

  and policy contexts for adaptation, including the  

  capacity and entitlements of those institutions,  

  organizations and businesses responsible for  

  designing, delivering and implementing adaptation  

  measures. 

Assessment of natural capital Consideration of natural resource stocks and  

  environmental services which are sensitive 

  to climate and/or integral in the management of   

  climate risks. 

Assessment of physical capital Consideration of material culture, assets and  

  infrastructure that is sensitive to climate and/ or    

  integral in the management of climate risks. 

Assessment of financial capital Consideration of stocks and flows of financial 

  resources and obligations within and among  

  individuals and institutions including cash revenue,  

  credit and debt and mechanisms for financial risk  

  management. 
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Appendix A Continued 

Decision-Making   

  (Activities) 

 

Processes associated with determining what  

  adaptation policies and measures are  

  appropriate. This stage encompasses a  

  variety of tasks, from engaging with  

  stakeholders about preferred adaptation  

  responses, assessment of climate and non- 

  climate system drivers, assessment of  

  impacts, vulnerability and risk and the  

  prioritization of different adaptation  

  options  and their harmonization with  

  existing policy  structures. 

Stakeholder engagement Engagement of relevant stakeholders and communities  

  throughout the adaptation process. 

Assessment of climate drivers Consideration of historical climate trends, current 

  climate variability and future climate projections. 

Assessment of non-climate drivers Consideration of variability and trends in other 

  environmental and socio-economic factors relevant to  

  the system of interest. 

Assessment of impacts, vulnerability  

  and/or risk 

Assessment of the impact of changes in climate,  

  vulnerability or resilience to those changes and the  

  relative importance of climate and non-climate risks. 

Acknowledgement of assumptions and  

  uncertainties 

Transparency about the assumptions made to establish  

  those impacts and risks and the uncertainties involved  

  in their estimation. 

Options appraisal Identification and comparison of different adaptation  

  options and a means for selecting between them. 

Exploitation of synergies Identification of where opportunities exist to implement  

  adaptation in a manner that promotes synergies with  

  existing policies or plans, including mitigation. 

Mainstreaming Identification of ways in which climate change  

  adaptation can be institutionalized or embedded into  

  existing or new policies and plans. 

Implementation and  

  Evaluation 

Processes associated with the  

  implementation of preferred adaptation  

  options which may include  

  communication, the removal of  barriers  

  and the assignation of roles and  

  responsibilities. In addition, this stage also  

  includes downstream processes associated  

  with monitoring and evaluation of  

  implemented actions. 

Communication and outreach Communication and dissemination of adaptation plans  

  and any downstream outcomes to the appropriate  

  stakeholders and communities. 

Definition of roles and responsibilities Establishing who is responsible for different aspects of  

  an adaptation strategy. 

Implementation Establishing the mechanisms that will allow  

  implementation of adaptation measures. 

Monitoring, evaluation and review Establishing a system of monitoring and 

  evaluation that allows the performance of adaptation  

  to be assessed against success criteria and for review  

  of inputs and procedures 
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Appendix B 

 

Sample Management Plans 

Title Year  Author Scale Resource  Pages 

Land Use Guide Plan for Cook County,  

  Minnesota 

1997 Cook County Board of Commissioners; Land Use Planning Task  

  Force 

County Land Use 56 

Grand Portage Indian Reservation 20-year  

  Transportation Plan 

2003 Grand Portage Transportation Steering Committee Tribal Infrastructure 106 

Land and Resource Management Plan: Superior  

  National Forest 

2004 USDA Forest Service Region Forest 292 

North Shore Management Plan 2004 North Shore Management Board Region Land Use 141 

Cook County Local Water Management Plan:  

  2006-2012 

2005 Cook County Water Management Task Force County Water 29 

Cook County Community Wildfire Protection Plan 2009 Cook County Community Wildland Fire Protection Plan Group County Wildfire 71 

Cook County All-Hazard Mitigation Plan 2010 Cook County Emergency Preparedness Committee County Emergency 

Management 

180 

Section 309 Assessment and Strategies for 2011- 

  2015 

2011 Minnesota's Lake Superior Coastal Program State Coastal 75 

Lake County Soil and Water Conservation District  

  Comprehensive Plan 2010-2015 

2011 Lake County Soil and Water Conservation District County Water 27 

Multi-Hazard Mitigation Plan Lake County,  

  Minnesota 

2012 University of Minnesota Duluth Geographic Information  

  Sciences Lab 

County Emergency 

Management 

93 

Lake County Local Water Management Plan 

Update 

2012 Wayne Seidel (Lake County Water Plan Administrator); Jennifer  

  Thiemann (District Manager) 

County Water 14 

Lake County Community Wildfire Protection Plan 2013 Lake County Community Wildland Fire Protection Plan  

  Committee 

County Wildfire 77 

Lake County Comprehensive Trail Plan 2013 Arrowhead Regional Development Commission County Recreation 147 

North Shore Scenic Drive: Corridor Management  

  Plan 

2013 North Shore Scenic Drive Council Region Infrastructure 43 

Cook County Comprehensive Local Water  

  Management Plan 2014-2024 

2014 Cook County Soil & Water Conservation District County Water 59 

Lake County Forestry Department Management  

  Plan 

2014 Lake County Forestry Department County Forest 73 
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Appendix C 

 

Pre-Survey Instrument 
 

1. On the map below, please identify 3 specific 

sites with built structures (e.g., roads, 

buildings, bridges, etc.) that you believe are 

vulnerable to the effects of climate change 
(i.e., gradual increases in temperature and 

decreases in precipitation rates). [Limit 

response to three selected points]. 

 

 
 

Please describe why you believe these built 

structures locations are highly vulnerable 

(e.g., are they at high risk to be damaged due 

to more frequent freezing and thawing): [Open 

ended] 

 

 

 

 

2. On the map below, please identify 3 specific 

sites with natural resources (e.g., forests, 

lakes, waterfalls, etc.) that you believe are 

vulnerable to the effects of climate change 
(i.e., gradual increases in temperature and 

decreases in precipitation rates). [Limit 

response to three selected points]. 

 

 
 

Please describe why you believe the natural 

resources at these specific sites are highly 

vulnerable (e.g., are specific tree species 

threatened by pests and insects that might 

become more prevalent under warmer 

conditions): [Open ended] 

 

 

 

3. On the map below, please identify 3 specific 

recreation and tourism destinations that 

you believe are vulnerable to the effects of 

climate change (i.e., gradual increases in 

temperature and decreases in precipitation 

rates). [Limit response to three selected 

points]. 

 

 
 

Please describe why you believe these specific 

recreation and tourism destinations are 

highly vulnerable (e.g., would reduced snow 

depth impact the quality of winter recreational 

experiences): [Open ended] 
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Appendix D 

 

PGIS Script 

 
 

Introduction 

The purpose of this exercise is to have you, stakeholders and business owners who have a vested 

interest in the state of the North Shore, identify critical assets that you believe are the most 

vulnerable. We are going to start off by showing you the results to the pre-survey that you took 

identifying resources that you believe are vulnerable to climate change along the North Shore. 

Afterwards, you will be asked as a group to identify the top three sites that are the most vulnerable 

to the effects of climate change for natural, infrastructure, and recreational sites. These climate 

changes can be anything from gradual increases in temperature or decreases in precipitation rates. 

Jordan will use the eBeam pen to digitize these points or polygons on the smart screen and with 

your instruction he will fill in the dialog box with the structure type, ownership type, and what you 

perceive as the severity of risk and risk thresholds. The dialogue from your group discussion on 

what three sites to choose will be audio recorded, as it provides a better understanding of your 

perceptions of vulnerability as a group. Please make sure to state which locations you are choosing 

and why you believe they are most vulnerable. Now we will begin with infrastructure.  

 

Infrastructure 

On the screen to the _, you can view the 3 specific sites with built infrastructure such as buildings, 

bridges and roads that you identified individually as being vulnerable to the effects of regional 

climate change. Now, we’d like you, as a group to discuss and identify the top three built 

infrastructure sites that you believe are most vulnerable to the effects of climate change. Please 

state your chosen sites or locations and elaborate on why you believe they are most vulnerable. 

 

Natural Resources 

Next, we will follow the same process except we would like for you, as a group to discuss and 

identify the top three sites with natural resources such as forests, lakes, wetlands or waterfalls (or 

etcetera) that you believe are the most vulnerable to the effects of climate change. A map of the 3 

specific sites you identified as vulnerable in the pre-survey is now on the screen to the _.  

 

Recreation and Tourism Destinations 

Lastly, we’d like you to do this one more time for recreation and tourism destinations. On the 

screen to the _, you can view your responses to the pre-survey where you identified 3 specific 

recreation and tourism destinations that you believe are vulnerable to climate change. As a group, 

please discuss and identify the top three recreation and tourism destinations that you believe are 

most vulnerable to the effects of climate change. Please make sure to elaborate by stating the sites 

you are choosing and the reasons you believe they are the most vulnerable. 

 

Conclusion 

We want to thank you for being a part of this focus group and discussion on vulnerable sites today. 

This information about your perceptions of the most vulnerable sites to climate change is important 

to help guide recommendations and climate change adaptation plans. 
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Appendix E 

 

Post-Survey Instrument 

 

1. During the focus group, we had you identify North Shore locations with 

built infrastructure (e.g., roads, buildings, bridges, etc.) that you believed 

were vulnerable to the effects of climate change (i.e., gradual increases in 

temperature and decreases in precipitation rates). The table below lists the 

locations you identified. For each location, please rank the severity of 

risk using the categories provided. 

 

  Extreme High Moderate Low 

Built Infrastructure     

Split Rock Lighthouse     

Highway 61     

Forest Service Roads     

Lutsen Ski Resort     

Golf Courses     

Harbors and docks on Lake Superior     

Hiking Trails     

Bridges     

Storm sewer infrastructure     

Other (please specify):_________     

 

Extreme—  the function of the location will be completely lost or rendered   

                   unusable under projected conditions 

High—       the function of the location will be severely impacted under  

                   projected conditions 

Moderate—the function of the structure will be moderately affected under  

                   projected conditions 

Low—        the function of the structure will be minimally affected under  

                   projected conditions 

2. We would also like you to indicate the immediacy of climate-related 

impacts related to each location. For each location, please indicate the 

immediacy of climate-related impacts using the categories provided. 

 

  Immediate Imminent Moderate Low 

Built Infrastructure     

Split Rock Lighthouse     

Highway 61     

Forest Service Roads     

Lutsen Ski Resort     

Golf Courses     

Harbors and docks on Lake Superior     

Hiking Trails     

Bridges     

Storm sewer infrastructure     

Other (please specify):__________     

 

Immediate—changing climatic conditions are already impacting the location 

High—         changing climatic conditions are likely to impact the location    

                     by 2020 

Moderate—  changing climatic conditions are likely to impact the location  

                     by 2035 

Low—          changing climatic conditions are likely to impact the location 

by 2065 
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3. During the focus group, we also had you identify North Shore locations 

with natural resources (e.g., forests, lakes, waterfalls, etc.) that you believed 

were vulnerable to the effects of climate change (i.e., gradual increases in 

temperature and decreases in precipitation rates). The table below lists the 

resources you identified. For each resource, please rank the severity of 

risk using the categories provided. 

 

  Extreme High Moderate Low 

Natural Resource     

The Health of the Boreal Forest     

Moose Populations     

Lake Superior Water Levels     

Native insect species     

Native plant species     

Native wildlife species     

Native fish species     

Flow Rates of Rivers and Waterfalls     

Other (please specify):__________     

 

Extreme—  the function of the location will be completely lost or rendered   

                   unusable under projected conditions 

High—       the function of the location will be severely impacted under  

                   projected conditions 

Moderate—the function of the structure will be moderately affected under  

                   projected conditions 

Low—        the function of the structure will be minimally affected under  

                   projected conditions 

 

 

 

4. We would also like you to indicate the immediacy of climate-related 

impacts related to each resource. For each resource, please indicate the 

immediacy of climate-related impacts using the categories provided. 

 

  Extreme High Moderate Low 

Natural Resource     

The Health of the Boreal Forest     

Moose Populations     

Lake Superior Water Levels     

Native insect species     

Native plant species     

Native wildlife species     

Native fish species     

Flow Rates of Rivers and Waterfalls     

Other (please specify):___________     

 

Immediate—changing climatic conditions are already impacting the location 

High—         changing climatic conditions are likely to impact the location  

                     by  2020 

Moderate—  changing climatic conditions are likely to impact the location  

                     by  2035 

Low—          changing climatic conditions are likely to impact the location 

by 2065 

 

 

 

 

 

 

5. (Open-ended) Please express any difficulties you may have had with 

identifying these specific locations or assigning a level of risk to these 

locations. 


