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Abstract 

Canada's snowmobile industry is the second largest market in the world, with Ontario 

generating over $3 billion in economic activity and supporting over 10,000 full time jobs. 

Inter-annual climate variability and record warm winters have underscored the vulnerability 

of the industry, which is predicated on natural snowfall and low temperatures to support over 

100,000 riders across the 33,000 kilometers network of trails. However, critical regional and 

methodological gaps limit our understanding of the vulnerability of snowmobiling to both 

current conditions and projected climate change, with no available research that empirically 

explores the dynamic relationship between supply- and demand-side responses to marginal 

climatic conditions. The presented research develops an agent-based model (ABM) to 

simulate how trail availability influences the spatial redistribution of snowmobilers across 

Ontario. Using the record warm 2023/2024 winter season as a climate analogue, the ABM 

was informed by a geospatial analysis of trail network availability (i.e., supply-side 

vulnerability) and the results from an online survey of snowmobilers' (n=161) (i.e., demand-

side vulnerability). Results from the geospatial analysis revealed significant trail closures 

across the province, with 14 districts having ≤5% trail availability in December followed by 

an early end to the season (≤1% of trails available in March). Survey findings revealed that 

90.4% reducing riding frequency in response to trail closures, but strong willingness to travel 

(e.g., 61.5% travelled to alternative trails outside their preferred district due to closures, 

averaging 239.8km for day trips and 861.1km for overnight trips). The ABM simulated the 

movement of 1,000 snowmobiler agents across the 16 districts, resulting in significant 

redistribution patterns that underscore differential climate risks, such that some districts 

gained market share (e.g., Districts 1 and 3) while others incurred substantial losses (e.g., 

Districts 11 and 6). Collectively, the results suggest the future of snowmobiling in Ontario 

may involve substantial geographical shifts rather than outright market collapse, with 

important implications for tourism planning and rural economic development in a warming 

world.  

Keywords: Climate Change, Snowmobiling, Agent-Based Modelling, Behavioural 
Responses 
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Chapter 1 

Introduction 

Canada’s snowmobile industry is the second largest market in the world (followed by the 

United States) and is an important economic contributor to many rural communities. 

Canadian snowmobiling supports over 41,000 full-time jobs, and generated over $9.3 billion 

in 2019 through direct and indirect expenditures derived through snowmobile-related 

businesses (e.g., service stations, accommodations, food service, retail, insurance agencies, 

manufacturers) (CCSO, 2020). Ontario represents the second largest market in the country, 

with over 34,000 kilometers of signed and groomed trails that are organized into 16 

operational districts. During the 2022/2023 season, there were over 155,000 registered 

permits issued to snowmobilers, with snowmobile-related economic activity generating over 

$2.5 billion in the province, in addition to $538 million in tax revenues, as well as directly 

supporting nearly 10,000 full-time jobs (OFSC, 2023). The Ontario Federation of 

Snowmobile Clubs (OFSC) is the volunteer-led, not-for-profit association responsible for the 

provincial network of trails, which has made clear that the economic impacts of 

snowmobiling are dependent on weather (e.g., OFSC, 2014, 2019, 2023) Predicated on 

natural snowfall and low temperatures, Ontario’s trails network is highly vulnerable to 

warming conditions because snowmaking, snow farming, nor artificial surfaces, can be 

readily adopted across such vast terrain. Climate observations underscore shorter and more 

variable winter seasons (Environment and Climate Change Canada (ECCC), 2019a), 

reducing trail availability as evidenced by the 2022/2023 season whereby southern districts 

experienced merely 1-4 weeks of viable conditions (down from 12+ weeks) (OFSC, 2023).  

Critical regional and methodological gaps persist that limit our understanding of the 

vulnerability of snowmobiling to current warming conditions and projected climate change. 

Primary among these gaps is the failure to couple supply- and demand-side systems 

(Gössling & Scott, 2024; Rutty et al., 2021), with the vast majority of winter-tourism studies 

focusing solely on operating risks (Rutty et al., 2024; Steiger et al., 2024). While researchers 

have modelled snow cover change across trail networks (e.g., in the US - Wobus et al., 2017) 

and explored how snowmobilers respond to warm winters (e.g., shifts in permit purchases in 
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Ontario - Rutty et al., 2023), an integrated assessment that explores the synchronous 

evolution of behavioural responses to changing trail availability is notably absent. While all 

major winter tourism markets have faced several record warm winters over the past two 

decades, researchers have not seized the opportunity to empirically explore the climatic 

sensitivity of both the tourism industry and tourists in response to poor snow conditions 

(Steiger et al., 2019).The record warm 2023/2024 winter season is a critical climate analogue 

(i.e., record climatic conditions representative of future normal conditions) that can shed 

needed insight into how future climate change could alter snowmobile demand patterns in 

response to changing trail conditions. The geographic redistribution of snowmobilers will be 

a decisive factor in both the vulnerability and long-term sustainability of the snowmobile 

industry, with direct implications for the rural communities reliant on the significant 

economic contributions provided by this winter tourism market. 

1.1 Research aims and objectives 

Snowmobiling is reliant on natural snowfall, with inter-annual climate variability and 

changing climate conditions already impacting Ontario’s multi-billion-dollar snowmobile 

industry. The research addresses key limitations in the climate change and winter tourism 

literature, with no known study that empirically explores the impact of record warm 

conditions on the availability of snowmobiling trails, nor any known study that pairs supply- 

and demand-side snowmobile vulnerabilities together (Rutty et al., 2023). In turn, the aim of 

the presented research is to assess the differential climate risk of snowmobile tourism across 

Ontario’s 16 districts via the following three objectives:  

1. Assess the impact of the record warm 2023/2024 winter season on the availability of 

Ontario’s trail network across all 16 districts (i.e., supply-side vulnerability); 

2. Design and conduct a survey to examine the preferences and behavioural responses of 

snowmobilers under changing climatic conditions, including how they adjust their 

travel plans in response to trail closures and reduced trail availability (i.e., demand-

side vulnerability); 



 

3 

 

3. Develop an agent-based model (ABM) to simulate how trail availability (i.e., 

objective 1) influences the spatial redistribution of snowmobilers across Ontario's 

districts (i.e., objective 2) to evaluate the synchronous evolution of demand- and 

supply-side vulnerabilities. 

While the power and benefits of ABMs within a tourism context have been 

highlighted (e.g., Nicholls et al., 2017), their application remains very limited (Baktash et al., 

2023; Scott et al., 2020). The findings from this thesis will provide decision support for local 

economic development (e.g., shift in snowmobile demand patterns will have consequent 

impacts on surrounding businesses and communities), and can also inform risk assessments 

in other major snowmobile markets, including the USA and Europe. 

1.2 Structure of thesis 

The thesis is structured into six chapters. After this introduction, Chapter 2 presents a 

literature review covering snowmobiling, the critical role of weather and climate in the sport, 

and the application of ABMs in tourism and recreation studies. Chapter 3 provides a detailed 

methodology, including the study area, survey design and primary data collection, and ABM 

development process. Chapter 4 presents the trail availability, snowmobiler behaviours, and 

spatial movement patterns during the record warm 2023/2024 winter season. Chapter 5 

discusses the implications of these findings, evaluates the model's strengths and limitations, 

and suggests directions for future research. The thesis concludes with Chapter 6, offering 

practical recommendations for policy and practice in the snowmobiling industry. 
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Chapter 2 

Literature Review 

This chapter starts by introducing the snowmobile industry, including its economic 

significance, followed by how weather and climate affect snowmobiling, such as physical 

impacts on the trail network and in turn, how it influences riders’ behaviour. Finally, the use 

of Agent-Based Modelling (ABM) in tourism and recreation studies will be discussed, 

providing insights into the complexity of tourism systems and the advantages and limitations 

of this approach. 

2.1 Snowmobiling market 

Snowmobiling is an important winter activity in many countries and has grown to be a 

significant economic driver in many regions around the world. Given the large tracts of land 

required for trail networks, most snowmobiling occurs in rural locations, supporting local 

industries and employment (e.g., retail, accommodation, restaurants, service stations) (ISMA, 

2023; CCSO, 2020). Snowmobiling benefits go beyond economic impacts to also include 

socio-cultural significance, promoting community engagement and sense of belonging, along 

with family and intergenerational benefits (i.e., a family sport) through shared experiences 

(e.g., 95% of snowmobilers consider snowmobiling a family activity) (ISMA, 2023). There 

are also known health benefits to those who participate in the sport, including physical 

exercise, and enhanced well-being (e.g., stress reduction, improved mental health) (Pereira et 

al., 2021). 

2.1.1 Global market 

Snowmobiles are primarily used for recreational purposes, but they also serve an important 

role in patrolling, aiding police and search and rescue teams, and providing transportation in 

remote or snow-covered areas. In response, the industry offers snowmobiles that are 

comfortable, easy to use, prioritizing safety and better suspension systems to guarantee a 

good experience for the users (Cognitive Market Research, 2024). In 2023, the global 

snowmobile industry generated $39.3 billion in annual revenue, with over 124,000 sleds sold 

worldwide (ISMA, 2023). There are more than 3000 snowmobile clubs globally, which are 
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groups that collaborate with government organizations to manage trails (e.g., groom, 

develop, map), fundraise, organize events (local to international), monitor legislation, and 

participate in public hearings (ISMA, 2023). There are more than four million snowmobile 

riders worldwide, with most engaged in ‘day-trips’, though overnight trips are becoming 

more popular (ISMA, 2023).  

The greatest share of the global market is in the United States (43%), followed by 

Canada (39%). While there is a snowmobile market in Europe (e.g., generated $4 billion in 

economic activity in 2023), most of the market belongs to Scandinavian countries (e.g., 

22,964 registered sleds) (ISMA, 2023).  The Russian snowmobile market was substantial, 

with sales ranging from 5,900 to 7,300 units annually between 2020 and 2022. Following 

Russia's invasion of Ukraine, trade embargoes reduced sales to zero in 2023, representing a 

complete loss of what was previously one of the largest snowmobile markets outside North 

America (GMI, 2024). This drop significantly impacted global sales, with sales outside North 

America decreasing by 11.3% largely due to the Russian market closure. Secondly, the Asia 

Pacific market reached 61,620 units in 2021, with China dominating the region and projected 

to reach $156.6 million by 2030 (Cognitive Market Research, 2024). The region shows 

steady growth with a 4.0% growth rate (2023-2030), with Japan and India showing 

particularly strong growth rates of 4.4% and 3.7% respectively. The total Asian market size 

ranges from approximately $235-275 million to $663 million in 2024 (GMI, 2024). Finally, 

the South American snowmobile market is valued at $151 million in 2024, with Brazil and 

Argentina as key markets (GMI, 2024). The region shows promising growth potential with a 

7.9% growth rate projection through 2030, driven by sustainable tourism initiatives and 

infrastructure developments (Cognitive Market Research, 2024). The market is expected to 

reach $230 million by 2030, though it faces challenges including regulatory constraints and 

limited consumer awareness. 

2.1.2 North American market 

In North America, snowmobiling has established itself as an important player in the winter 

tourism market, with 1.27 million registered snowmobilers (ISMA 2023). Table 2.1 provides 

a summary of the North American market, compiling data gathered by both the CCSO (2020) 
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and ISMA (2023), with economic values recalculated to 2019 constant Canadian dollars for 

comparability. Overall, the larger US market has 25 state-level snowmobile associations, 

with the greatest share of registered sleds in Wisconsin (228,289), Minnesota (219,460), and 

Michigan (167,140). While limited, available data indicates that the total economic activity 

in the US ranges from $68.7 million in Alaska up to $2,100 million in New Hampshire, and 

up to1300 jobs in Wyoming. In Canada, there are 13 provincial and territorial snowmobiles 

associations, with Quebec and Ontario representing 63% of the total registered sleds in the 

country (236,973 and 155,000, respectively). Economic activity in Canada ranges from $44.2 

million in Yukon to $ 2,500 million in Ontario, supporting between 161 to 7,026 jobs (in 

Prince Edward Island and Alberta, respectively).  

Table 2.1 Economic impact of snowmobiling by province and state in North America. 

Province / State 
Registered 

snowmobiles1 

Total Economic Activity2  

(CDN Millions)3 
Total Jobs2 

Canada 618,872 $7,616  36,729 

Alberta 32,000 $1,073                7,026  

British Columbia 43,000 $306                1,424  

Manitoba 38,267 $332                     895  

New Brunswick 20,338 $105                1,176  

Newfoundland & 

Labrador 

36,500 $228                1,602  

Northwest Territories 7,600 $239                2,569  

Nova Scotia 9,680 $111                     433  

Nunavut 12,950 $347                3,722  

Ontario 155,000 $2,500                6,436  

Prince Edward Island 2,569 $31                     161  

Quebec 236,973 $1,900                6,572  

Saskatchewan 23,180 $395                4,240  

Yukon 815 $44                     473  

United States (US) 1,266,981 $26,000              63,271  

Alaska 69,500 $68  N/A 

California 17,200 N/A N/A 

Colorado 32,000 N/A N/A 

Idaho 44,000 N/A N/A 

Illinois 15,744 N/A N/A 

Indiana 9,987 N/A N/A 

Iowa 22,740 $189                1,101  
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Province / State 
Registered 

snowmobiles1 

Total Economic Activity2  

(CDN Millions)3 
Total Jobs2 

Maine 83,400 N/A N/A 

Massachusetts 13,400 $98  N/A 

Michigan 167,140 N/A N/A 

Minnesota 219,460 $606  N/A 

Montana 28,000 N/A N/A 

Nebraska 870 N/A N/A 

New Hampshire 42,700 $2,100  N/A 

New York 95,823 N/A N/A 

North Dakota 11,356 N/A N/A 

Ohio 4,050 N/A N/A 

Oregon 11,380 N/A N/A 

Pennsylvania 35,900 $338  N/A 

South Dakota 9,712 $199  N/A 

Utah 23,327 $98  N/A 

Vermont 21,500 $1,080  N/A 

Washington 22,929 $173  N/A 

Wisconsin 228,189 N/A N/A 

Wyoming 36,674 $260                1,300  

Source: 1ISMA (2023), 2CCSO (2020), 3Constant Dollars (2019) 

 

2.2 Importance of weather and climate for snowmobiling 

Snowmobiling is inherently dependent on natural snowfall and low temperatures, which not 

only determine the feasibility of the sport, but also significantly influences the quality of the 

experience for participants (Perry et al. 2018). Studies have identified snowpack depths of 15 

to 50cm as the minimum required to sled. For example, Mcboyle et al. (2007) and Scott et al. 

(2008) used 15cm to 30cm as the minimum snow depth requirement for snowmobiling in 

Northeast United States, after consulting with different stakeholders (e.g., snowmobile clubs 

and associations, trail maintenance crews, tourism boards, chambers of commerce). In a press 

release, the US Forest Service (2013) stated that the minimum depth should be 30cm for 

over-snow vehicles to safely travel without damaging the vehicles or terrain below, which 

aligns with Tercek & Rodman (2016) who identified 20cm to 50cm as the minimum depth 

for snowmobiling in Yellowstone National Park. The lower snowpack depths (15-20cm) are 

considered the minimum for smooth terrain (e.g., across fields, lakes) and lighter grooming 
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equipment (e.g., snowmobile-pulled drags, ultra-light trail groomers, single-blade drags), 

whereas the higher snow depth (30-50cm) is required for mountainous locations and heavy 

grooming equipment (e.g., tracked grooming tractors, multi-blade drags, and snow tillers) 

(Snowgroomers, 2024).  

In addition to snow depth, snow type is directly influenced by temperature, with 

warmer temperatures reducing the quality of the snowpack for riding. For example, higher 

temperatures result in heavy, wet, or slushy snow, which is both slower and more hazardous 

to ride on as trail conditions deteriorate (i.e., melt) and expose terrain features below (e.g., 

rocks, stumps). Consistently warm temperatures in early winter can also delay season 

openings, while early spring warmth can lead to premature season closures. Warm 

temperatures also reduce ice thickness, creating safety concerns with respect to trails that 

cross water (e.g., rivers, lakes), with inconsistent freeze/thaw resulting in hidden weak spots 

and pressure cracks (Borts-Kuperman, 2024). In turn, temperature trends are a decisive factor 

in determining the start and end of the snowmobile season. Although it is possible, but not 

recommended, for sleds to ride in suboptimal snow conditions (i.e., below minimum 

snowpack depths) (Polaris, 2020), thermal comfort also becomes problematic in temperatures 

above freezing, which subsequently reduces participation in the sport (Rutty & Andrey, 

2014). 

2.2.1 Observed climate 

In Ontario, average winter temperature (1986-2005) is -14.2°C, which ranges from –23.2°C 

in Northern Ontario to -1.2°C in Southern Ontario (York University, 2020). The maximum 

average temperature during the winter season is -9.5 °C while the minimum average 

temperature is -17.5°C (York University, 2020). Depending on the provincial region (Figure 

2.1), the average number of snow days varies from 22 to 101, with snow accumulation 

varying from 79 - 330cm (Table 2.2). However, observed climate change indicates the 

province is becoming warmer and wetter, with the greatest changes occurring in the winter 

months (December, January, February) (Climate Risk Institute, 2023) and in the northern 

regions of Ontario (ECCC 2022).  
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Figure 2.1 Ontario regions 
Source: Ontario Ministry of the Environment, Conservation and Parks (2023) 

 

Table 2.2 Ontario regional snowfall data 

Region Days of Snowfall Snowfall Accumulation (cm) 

Eastern 41-70 139-211 

Central 24-58 98-282 

Southwest 22-62 79-330 

Northeast 65-101 226-320 

Northwest 36-96 141-222 

Source: York University (2020) 

 

Globally, surface temperatures have increased significantly due to human activities 

that result in greenhouse gas (GHG) emissions, which has warmed the earth 1.1°C above pre-

industrial levels as of 2011-2020 (IPCC, 2023). Most recently, 2024 was a record breaking 
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year, with global average temperatures reach 1.54°C (±0.13°C) above pre-industrial (WMO, 

2024). Importantly, Canada has warmed at approximately double the rate of the global 

average, resulting in more extreme heat, less extreme cold, longer growing seasons, shorter 

snow and ice cover seasons, and rising sea levels (ECCC, 2019a; Natural Resources Canada, 

2015). In Ontario, average temperatures have increased 1 to 1.5°C (from 1948 to 2012) 

(ECCC, 2022). Ice cover has significantly decreased across Ontario lakes, including Lakes 

Superior, Huron, St. Clair, and Erie, which have all experienced a -5% loss in ice coverage 

every ten years since the 1970s (Climate Risk Institute, 2023). Although total precipitation 

has increased during Ontario’s winters (+5.2%) from 1948 to 2012, the balance between rain 

and snow is shifting, with rain becoming more common and snowfall decreasing in every 

region of the province (Climate Risk Institute, 2023). During the 2023/2024 winter season, 

average temperatures were the warmest on record for Ontario (and globally), at 5.4 °C above 

the baseline average for Central and Southern Ontario and at 6.3°C above the baseline 

average for Northern Ontario (ECCC, 2024). 

The observed changes in Ontario’s climate, including its consequent impact on 

snowmobiling, are evident in reports published by the Ontario Federation of Snowmobile 

Clubs (OFSC). For example, the economic contributions from the 2018/2019 season 

decreased by $65.6 million compared to the 2013/2014 season, which was directly attributed 

to a short winter season (down from 14 to 8 weeks). Relatedly, the 2022/2023 winter season 

had just 11 weeks of snowmobiling, with one district (District 5) experiencing just one week 

of sledding as precipitation fell mostly as rain or freezing rain (OFSC, 2023). In 2023/2024, 

Ontario experienced the warmest winter season on record (+5.4°C warmer than average), 

with media headlines replete with stories that the season was ‘doomed’ as many trails 

remained closed for the entirety of the winter season (Table 2.3). For example, in London 

(southern Ontario), snow conditions were so poor that grooming equipment remained unused 

throughout the season.  
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Table 2.3 Examples of media headlines of the snowmobiling season 2023/2024 

Headline Media Source Date 

Fickle Mother Nature not co-operating for winter 

sports enthusiasts in northeastern Ontario 

(Rutherford, 2023). 

CBC (News) 12/28/2023 

Algoma snowmobilers getting 'antsy' over lack of 

snow; Trailblazers president says local snowmobile 

season could be latest in recent memory 

(Darbyson, 2024). 

Sault Star 1/6/2024 

A winter without ice? Great Lakes' lack of ice 

cover will impact Waterloo Region and beyond 

(Waterloo Region Record, 2024) 

Waterloo Region Record 1/9/2024 

Late start to snowmobiling season in northern Ont. 

(Arangio, 2024). 
CTV (News) 1/9/2024 

Mild winter a disappointment for northeastern 

Ontario snowmobilers. (CBC News, 2024) 
CBC (News) 2/12/2024 

Everybody has just written off this winter': 

Snowmobilers talk no snow and its impacts 

(Toronto Star, 2024). 

Toronto Star - 

Metroland Newspapers 
2/14/2024 

Not snow fast: Mild weather impacting Kemptville 

snowmobiling season (Szperling, 2024). 
CTV (News) 2/17/2024 

Warmer weather slams winter-based businesses 

'This was the lost season,' senior climatologist says 

(Rubin, 2024). 

The Toronto Star 2/23/2024 

Outdoor activities in northeastern Ontario curtailed 

by wonky winter weather (Rutherford, 2024). 
CBC (News) 2/29/2024 

Snowmobile trails across Ontario remain closed 

due to lack of snow (Cruickshank, 2024). 
The Cottage Life 3/26/2024 

 

Snowmobilers were also active on social media channels, expressing discontent with 

the record warm conditions. Comments on Facebook had numerous complaints by active 
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snowmobilers who were upset they had purchased a permit but were not able to enjoy it. For 

example, when OFSC announced the availability of the permits for the season 2024-2025 on 

their Facebook page, one member commented “Nope not this year, I'll get a temp[orary] 

permit [and] that's about it. Just not worth it anymore with our weather conditions” 

(Facebook, 2024). On the same thread, another snowmobiler posted: “Hmm what about the 

ones we purchased last year and were unable to use due to conditions?” (Facebook, 2024). 

Snowmobilers are incentivized to buy their trail permits in advance of the season starting 

(e.g., early bird savings) to ensure associations and clubs receive funds to prepare the trails 

for the season. However, there is no mechanism for reimbursement to compensate for a 

shorter than average seasons, including seasons with little to no trail openings. Rutty et al. 

(2023) empirically notes the shift from season to daily passes, with the assumption that 

weather is the primary factor behind the shift in purchasing behaviour. The economic and 

operational implications are significant, yet not well studied. 

2.2.2 Future climate projections 

Global temperatures are projected to exceed 1.5°C in the early 2030s if emissions continue at 

their current pace, which is a critical threshold recognized by the science community as 

having significant and irreversible impacts on human systems and ecosystems (terrestrial, 

freshwater, coastal) if breached  (IPCC, 2023). In Canada, the magnitude of future warming 

depends significantly on the emission scenario, with annual mean temperatures projected to 

increase by 1.5-2.3°C by mid-century (2031-2050) and up to 1.8-6.3°C by late-century 

(2081-2100) under a low- and high-emission scenario (RCP2.6 and RCP8.5), respectively. 

While overall precipitation is projected to increase, it is projected to increasingly fall as rain 

versus snow under these warming temperatures (Climate Atlas of Canada, 2019; ECCC, 

2019a).  

In Ontario, average winter temperatures are projected to increase between 2.5-4.3°C 

by mid-century (2031-2060) and 2.6-7.4°C  by late-century (2081-2100) under a low- and 

high-emission scenario (Figure 2.2) (ECCC, 2019a), with precipitation increasing 28.8-

35.9mm by mid-century and 27-52.4mm by late-century (York University, 2020). 



 

13 

 

Importantly, during the winter season there will be a general increase in rain-on-snow events, 

which will lead to faster snow melt and result in an overall decrease in projected snow cover 

(ECCC, 2019a). However mid-winter snow cover in northern Canada is expected to remain 

relatively stable due to cold temperatures, and the changes are comparatively small when 

measured as a percentage (ECCC, 2019b). The values for ice cover are generalized for the 

country rather than just the province, with ice cover projected to decrease by an average of 

15 to 40 days by mid-century, as well as a decrease in ice thickness by 10-50cm, with 

variability dependent on snowfall and temperature changes, as well as context specific lake 

factors (e.g., surface area, depth) (ECCC, 2019b). 

Figure 2.2 Projected mean annual temperatures from 2031-2060 in Ontario under a 

high-emission scenario (RCP8.5) 

Source: ECCC (2022) 
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2.3 Snowmobile studies 

The first study to explore the impacts of projected climate change on the snowmobile 

industry was Mcboyle et al. (2007), who used daily snow depth, temperature and 

precipitation data from 13 climate stations across four Canadian regions (Praries, Ontario, 

Quebec, East Coast) in conjunction with a low- and high- emissions scenario (B2 and A1, 

respectively). For Ontario, the study projected an 11-44% decrease in season length by the 

2020s, with a climatically reliable snowmobile season (i.e., minimum of 30 days) eliminated 

by the 2050s under the high emissions scenario. The study also underscored that not all 

regions of Ontario would be impacted homogenously, with southern Ontario projected to 

experiencing a significantly shorter season compared to northern latitudes (e.g., under a low 

emission scenario, northern Ontario's winter season would shrink by 25% in 2020 and 32% 

by 2050, while southern Ontario would reduce by - 44% in 2020 and 56% by 2050). In a 

follow up study, Scott et al. (2008) explored the US Northeast, projecting that under a high 

emission scenario, up to 6 of the 15 snowmobile regions would lose over half their current 

snowmobile season by mid-century, with the season virtually eliminated by late-century. In a 

more recent study, Wobus et al. (2017) examined 247 winter recreation destinations across 

the US using a water and energy balance model to simulate snow accumulation under a 

medium- and high-emissions scenario (RCP4.5 and 8.5, respectively). The results indicated 

that season length would decline in almost all the locations studied, with the most significant 

reductions occurring in lower elevation locations such as the upper Midwest and the 

Northeast (e.g., by 2050s season losses of >80% under an RCP4.5 scenario and >90% for 

RCP8.5). Moreover, the study estimates that the shortened snowmobile season in the US 

could amount to economic losses of over $1.4 million by mid-century and over $5.4 million 

by late-century as snowmobiler visits decline.   

 A critical limitation to existing modeling studies is that season length is the only 

determining factor when assessing climate change risk for snowmobiling. As noted by Rutty 

et al. (2023), snowmobile networks are more nuanced than what is projected by supply-side 

studies, which fail to capture current operating realities, including seasonal variability (i.e., 

mid-season interruptions), as well as partial network capacity (i.e., some trails are open 
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longer within a singular district or network, such as those that traverse through forest versus 

transecting rivers and lakes). To more accurately assess climate risk, it is imperative to 

simultaneously explore snowmobiler response(s) to marginal conditions (past, current, 

projected) since climate alone will not determine the viability of the sport (Rutty et al., 2021).  

Despite the economic importance of snowmobiling and bleak future projections, there 

are only two studies that empirically explore how snowmobilers have, or will, respond to 

changing climatic conditions. First, an online survey (n=1450) distributed to the members of 

the Vermont Association of Snow Travelers (Perry et al., 2018; Xiao et al., 2020), which is 

an organization that grooms more than 8000 kilometres of trails in the state. The survey 

revealed that more than one-third of respondents have noticed a decline in season length, 

more variable snow coverage, an increase in winter temperatures, and a decrease in snow 

depth (Xiao et al., 2020), with the majority (>62%) decreasing their sledding in response 

(Perry et al., 2018). The sensitivity of riders to poor snow conditions differed between local 

and non-local snowmobilers, with the latter more likely to decrease their participation in 

response to a shortened season (Xiao et al., 2020). Key factors that influence snowmobilers’ 

participation included trail connectivity, with trail fragmentation reducing participation by 

12-17 days, followed by trail availability (e.g., 62% of the trails need to be open to be 

deemed acceptable for snowmobiling).  

Second, Rutty et al. (2023) used a temporal analogue approach to explore how the 

Ontario snowmobile industry has responded in the past to record warm winters that are 

representative of a mid-century (2046-2060) medium- and high- emissions scenario (RCP4.5 

and 8.5, respectively). Under the medium-scenario, grooming hours increased (+8%) as the 

industry sought to maintain the trail network despite climatic disruptions (e.g., rain, freezing 

rain, snowmelt), whereas the high-emissions scenario reveals a marked decrease in grooming 

hours (-28%) as temperatures sit well above freezing and trails become inoperable. The 

results also reveal that although seasonal permits declined in both scenarios (-1% and -8%, 

respectively), there are important temporal and spatial differences that demonstrate the 

resiliency of the market. Most notably, several districts in Ontario experienced an increase in 

permit sales (i.e., market gain), as snowmobilers opted to travel to northern districts and 
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shifted their purchasing behaviour from seasonal to daily permits. In turn, the results 

underscore the importance of exploring the demand-side sensitivity to climate, as even under 

conditions indicative of a mid-century, high-emissions scenario, the industry was not 

‘eliminated,’ as suggested by modeling studies (e.g., Mcboyle et al 2007, Scott et al. 2008, 

Wobus et al. 2017). Instead, snowmobilers are adapting their behaviour in response to 

changing trail networks, resulting in a redistribution of riders across the network.  

On the whole, research that explores how tourists behave in response to climatic 

variability and change continues to lag behind supply-side modeling approaches (Peeters et 

al., 2024; Rutty et al., 2021). Given that neither snowmobilers nor the industry responds to 

climatic changes in isolation, a systems-based approach is an important next step to assess 

the synchronous evolution of supply- and demand-side changes. Specifically, an integrated 

assessment is needed that couples changes in the snowmobile network (e.g., trail availability, 

season length), with associated shifts in demand (i.e., how snowmobilers will change their 

participation habits due to marginal snow conditions and trail network closures) if we are to 

assess climate risk at a regional (e.g., Ontario) and individual destination (e.g., districts) scale 

(Rutty et al., 2023).  

2.4 Agent-Based Modeling (ABM) in tourism and recreation studies 

As one of the fastest and largest sectors in the world, tourism is an economic behemoth, with 

business volume equaling or even surpassing that of oil exports, food products, and 

automobiles (UNWTO, 2024). The global spread of tourism both requires and contributes to 

many related sectors (e.g., transportation, accommodations, telecommunication, agriculture, 

construction), as well as influences environmental and socio-cultural elements (e.g., natural 

resources, international relationships, policy, community structure) at every geographic scale 

(international to local). Tourism is therefore exceptionally challenging to analyze (Baggio & 

Baggio, 2020), with the sector often defined as a complex system due to the number of 

components (i.e., subsectors) that interact with each other in a dynamic and non-linear way 

(Sainaghi & Baggio, 2017). Tourism destinations also have a diverse range of agents (e.g., 

businesses, entertainment facilities, government, NGOs, non-profits, tourists, local 
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communities) that also interact in dynamic and non-linear ways (Baggio & Baggio, 2020; 

Baggio, 2008; Baktash et al., 2023). Despite the complexity of the tourism sector and the 

ways in which the components interact, many researchers continue to rely on conventional 

research methods to empirically explore the relationships within the system (e.g., statistical 

analysis of survey data), which can fail to capture the dynamic and interconnected nature of 

the sector (Baggio & Chiappa, 2017).   

Founded in 1984 at the Santa Fe Institute (SFI), ABMs were developed at the 

intersection of complexity science and computational innovation, representing an 

interdisciplinary research method to address complex systems through modeling and 

simulation (i.e., a tool to represent decentralized, interacting entities within adaptive systems) 

(Waldrop, 1992). In ABMs, an "agent" is a computational entity that follows rules and 

interacts with other agents and its environment, which can represent individuals, 

organizations, or collective units. The framework emphasizes a bottom-up approach for 

emergent behaviour, evident as global patterns arising from local interactions (Anderson, 

1972; Holland, 1975; Wolfram, 1983). In turn, the intellectual roots of ABMs are grounded 

in evolving theories of emergence and adaptation that collectively established ABMs as a 

methodology uniquely suited for studying systems composed of heterogeneous, 

interdependent actors. Schelling's (1971) early model of residential segregation illustrated 

how simple individual preferences could produce large-scale social patterns, demonstrating 

the power of ABM to link micro-level behaviour to macro-level outcomes. Other notable 

precedents for ABMs included Anderson’s (1972) assertion that “more is different” 

emphasized how collective phenomena cannot be reduced to individual components, 

followed by Holland’s (1975) concept of complex adaptive systems, whereby agents evolve 

through interaction. May's (1976) mathematical modeling demonstrated that simple 

deterministic systems could produce "very complicated dynamics," influencing how ABM 

practitioners conceptualize system complexity and unpredictability. Wolfram (1983) revealed 

that simple rule-based systems like cellular automata could generate complex behaviour, with 

Axelrod's (1984) computational tournaments, and subsequent work on cooperation, 

demonstrating that simple rules governing individual behaviour could generate sophisticated 
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social phenomena. Holland and Miller (1991) extended this work through their study of 

Artificial Adaptive Agents, connecting economic behaviour with adaptive processes in 

complex systems. 

More recently, ABMs have been increasingly applied across social sciences as a 

means of exploring the interplay between individual decision-making and systemic dynamics 

(Zhang & Levinson, 2004; Amelung et al., 2016). Within tourism and recreation studies, 

ABMs offer a powerful approach for simulating visitor flows, land-use conflicts, and the 

spatial-temporal evolution of destinations. By modeling agent interactions based on explicit 

rules, ABMs generate data that can be analyzed inductively to identify emergent patterns and 

test theoretical propositions (Axelrod, 1997; Baggio & Baggio, 2020). ABMs are therefore 

not only a theoretical tool, but also a practical method for exploring and addressing real-

world questions and challenges in dynamic, adaptive systems such as tourism. 

For tourism, ABMs have proven particularly valuable for studying interdependent 

behaviour and feedback effects, whereby individuals' actions are contingent on others' past, 

present, and predicted future behaviours (Bruch & Atwell, 2015). The strength of ABMs 

therefore lies in its ability to represent feedback between micro and macro levels of analysis, 

where individuals both respond to and shape their social and natural environment over time. 

In turn, ABMs can enable researchers to understand tourism processes by modeling and 

representing the dynamic relationships between stakeholders in addition to measuring final 

outcomes (Johnson & Sieber, 2011). For example, ABMs can advance our understanding of 

how different stakeholders (e.g., tourists, local communities, tourism ministries, regulatory 

agencies, tourism businesses) make decisions in response to external factors (e.g., weather 

conditions, provincial regulations, gas prices) and internal factors (e.g., operational costs, 

grooming hours, riders experience levels), as well as how those agents’ decisions affect the 

overall environment (e.g., market redistribution) (Baktash et al., 2023). ABMs also allow 

research to explore different scenarios without requiring real-world realization (Majic et al. 

2023), such as how climate change might affect snowmobiling patterns through changing 

snow conditions, or how new trail development might redistribute rider traffic across a 

region.  
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Additionally, ABMs can integrate geographic information systems (GIS) to improve 

both the visual presentation and analysis of spatial data and processes, such as how 

snowmobilers interact with and move through the physical trail network. Specifically, GIS 

allows for the creation of detailed maps with accumulative information, which supports 

advance terrain analysis and accurate distance calculations (Ding et al., 2022; Pagou et al., 

2023). For example, Man et al. (2020) used a GIS-based ABM to explore tourists’ 

spatiotemporal patterns in Taiwan, demonstrating the significant impact that future light rail 

transit development could have on the city. In a snowmobile context, a GIS-enabled ABM 

can enable specific trail segments to be included (e.g., starting and ending location of the 

rider), along with realistic simulations of riders’ movements, including interactions with their 

specific environment (e.g., how riders choose routes based on trail availability and preferred 

riding distance). ABMs can therefore simulate visitor flows to aid in tourism planning (e.g., 

service station and grooming requirements, trail expansion or closure) (Wallinger et al., 

2023), but also support impact assessments through an analysis of the decision-making 

process and consequent destination(s) selected by riders (e.g., economic spending, capacity 

limits) (Pagou et al., 2023). 

In a systematic review, Baktash et al. (2023) identified 31 peer-reviewed tourism 

articles that have employed an ABM (48% of which were published in 2019 and 2020), 

which were categorized as tourism management (n=17), tourism planning (n=9) and tourism 

development (n=5). Importantly, the authors highlight the value of ABMs to advance 

sustainable tourism, including climate change impact assessments, as well as to better 

understanding tourists’ destination choices (i.e., decision making processes). The first 

tourism-ABM studies focused on the impacts of climate change on ski tourism in the 

European Alps, developing interactive multi-agent scenarios at a national level to simulate 

various temperature and snowfall conditions, season length, daily skier visits, snowmaking 

requirements, operating costs, tourist profiles, and adaptation strategies (Balbi et al., 2013; 

Pons-Pons et al., 2012; Soboll & Dingeldey, 2012; Soboll & Schmude, 2011). Recent 

updates have broadened the geographic scope, including a study in Canada (Scott et al., 

2020), as well as a multi-nation study in Europe (Prettenthaler et al., 2022). Collectively, the 
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research indicates that ski tourism will shift to larger and higher elevation resorts (i.e., market 

‘winners’), with increasing snowmaking requirements (including associated resources – 

energy, water, infrastructure investments) to remain competitive in a more variable winter 

season and meet the diverse needs of skiers.  

 In terms of tourist decision-making, Boavida-Portugal et al. (2017) presents a 

theoretical ABM as a proof of concept, exploring how individual factors influence the 

destination selection process across five coastal towns in Alentejo (Portugal). Factors 

included travel preferences, past experiences, awareness, emotions, satisfaction, and social 

networks. Alvarez and Brida (2019) developed a dynamic model to understand how tourists' 

personal characteristics (e.g., location, amount of information they have, preferences), inertia 

(i.e., bias to repeat the same destination) and crowding types (i.e., set of observable 

characteristics of a tourist that affect the welfare of the other tourists) affect destination 

choice, including how the destination itself changes over time in response to tourists' choices. 

The emergent patterns reveal that market concentration is influenced by individual 

characteristics and decision rules, which can lead to the disappearance of some destinations 

(e.g., as welfare decreases in response to crowding). Most recently, Zhang et al. (2021) 

integrated multiple theories of travel decision-making with user-generated content (UGC) 

distribution to examine how individual tourists' UGC shape tourist flows through online 

platforms (e.g., travel review and social networking sites). The results provide destination 

marketing organizations (DMOs) with insights into favorable UGC distribution strategies and 

offers a prototype for cost-effective UGC assessments. 

Despite the potential of ABMs to explore and analyze the tourism system, their 

adoption remains limited, which is primarily due to the technical complexity of executing an 

effective ABM (Johnson et al., 2017). Not only is there a lack of standardized methods, but 

the absence of empirical data to validate and calibrate the models is an ongoing challenge 

(An et al., 2021), particularly in a tourism context given the proprietary nature of the industry 

(Rutty et al., 2021; Scott et al., 2020). In turn, tourism scholars are often forced to rely more 

on assumptions and abstractions when building the models (Nicholls et al., 2017). 

Furthermore, the complexity of real-world tourism systems needs simplification, with 
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representations of stakeholders and their relationships typically reduced to only the most 

essential elements needed to address specific research questions or study objectives (Fan et 

al., 2019).  

ABMs also require interdisciplinary knowledge to blend tourism with complexity 

science, statistics, and programming (Pons-Pons et al., 2012). Balancing technical 

programmers’ details with conceptual information from the tourism literature requires 

disciplines to work in tandem (i.e., integrated as a foundational aspect of the research process 

rather than an afterthought) (Johnson et al., 2017). Working across social and natural 

sciences can lead to communication challenges, with model descriptions and outputs 

inherently complex, yet requiring results to be presented in a concise and straightforward 

manner. Some information may in turn be lost or lead tourism readers to feel overwhelmed 

with the technical method and subsequent outputs (Boavida-Portugal et al., 2017). 

As ABM research continues to expand, both within and outside of tourism, the debate 

around their predictive capabilities has also grown, with three notable positions: (1) positive 

– ABMS can and should be used for direct prediction given sufficient quality data, (2) 

pragmatic - there are challenges and limitations, but ABMs remain the best available tool for 

exploring possible futures, and (3) skeptical – although their predictive ability is 

questionable, ABMs are nevertheless valuable for explanation, description, theoretical 

exploration, and social learning (Elsenbroich & Polhill, 2023). This ongoing debate reflects 

the complexity of using computational models to understand and forecast social phenomena, 

while also highlighting the diverse ways in which ABMs can contribute to social science 

research.    
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Chapter 3 

Methodology 

The presented research adopts a multi-method approach to achieve each of the three 

interconnected research objectives that collectively seek to understand the synchronous 

evolution of both the supply-side vulnerabilities of trail infrastructure and demand-side 

behavioural adaptations of snowmobilers. First, to assess snowmobile trail network 

availability across Ontario, a colour-based trail classification using point sampling technique 

was used to quantify the impacts of the 2023/2024 warm winter season on Ontario's more 

than 30,000km snowmobile trail network across all 16 districts. The Ontario Federation of 

Snowmobile Clubs (OFSC), who are responsible for the management of the province's 

extensive trail network, publish daily interactive trail guides, that serve as a data source for 

the geospatial component of this study. Second, to assess snowmobilers’ behavioural 

responses to trail network availability, primary data was collected through an online survey 

to understand how snowmobilers responded to the record-warm conditions, including their 

travel patterns, preferences, and adaptation strategies. Third, an Agent-Based Model (ABM) 

was developed to create a simulation that integrated the trail availability data with 

snowmobiler behavioural patterns in order to model the redistribution of riders across the 

provincial trail network under changing climatic conditions. The integration of methods 

allows for a novel examination of the relationship between climate change, trail availability, 

and snowmobiler behaviour, ultimately contributing to our understanding of climate 

adaptation strategies for winter recreation. 

The following sections detail the study area, model input data, model development 

process, as well as the design concepts and details (ODD) protocol used in this study. The 

ODD is the standard structure to document and describe ABMs to allow for a better 

understanding on how the model works and ensures other researchers can more easily 

replicate the developed model (Grimm, 2020; Grimm et al., 2020). The chapter begins with a 

description of the study area and trail classification system, followed by an explanation of the 

primary survey data collection, and concludes with the development and validation of the 

ABM used to simulate snowmobiler behaviour under varying trail conditions. 
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3.1 Study area 

Ontario is the second largest province in Canada, with an area of more than 1 million square 

kilometres, over 250,000 lakes, and a population of 13.5 million (Government of Ontario, 

2024). It borders Quebec to the east, Hudson Bay and James Bay to the north, Manitoba to 

the west, and the St. Lawrence River and Great Lakes to the south. The OFSC is a non-profit, 

volunteer-driven organization that is responsible for the operation and maintenance of 

snowmobile trails in Ontario, serving as the organized voice for its 179 member clubs and 

350 grassroot volunteers (OFSC, 2024). OFSC’s Executive and Board of Governors are 

tasked with setting policy (e.g., health and safety), outlining best practices for recreational 

riding (e.g., to enhance experiences), develop long-term plans (e.g., network expansion, 

infrastructure investments, marketing), and managing operations and finances on behalf of 

their member organizations. OFSC is also tasked with issuing trail permits. As shown in 

Figure 3.1, Ontario is divided into 16 snowmobiling districts (numbered 1-15 and 17). With 

GPS data generated through grooming activity, the OFSC provides riders with real-time trail 

network availability (i.e., OFSC’s Interactive Trail Guide) which can be accessed directly 

through OFSC’s website (https://www.ofsc.on.ca/trail-maps/) or through their app (Go 

Snowmobiling Ontario)(OFSC, 2023). To legally access the trail network, permits must be 

purchased through OFSC, with seasonal permits sold for approximately $200 or multi-day 

passes for approximately $50. Over 100,000 permits are issued annually, with revenue 

generated by permit sales directly supporting the trail network (e.g., trail preparation, 

groomer acquisitions and operations, infrastructure replacement and maintenance) (OFSC, 

2023).  
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Figure 3.1 Ontario’s 16 snowmobile districts 
Source: Adapted from OFSC (2023) 

3.1.1 Existing snowmobilers’ demographic data 

While the behavioural parameters and decision criteria in response to changing trail 

conditions are based on the primary data collected through the electronic survey (Section 

3.3), the demographic foundation and initial market distribution are based on past district 

preferences informed by survey results published in the OFSC (2023) economic impact 

report. The OFSC survey is distributed via email to approximately 95,000 riders who have 

purchased a permit in Ontario, with a response rate of 7.57% (n=7196). According to the 

OFSC survey, the greatest share of Ontario snowmobilers resides in District 1 (Ottawa, 

Kingston; 15%) and District 5 (London, Kitchener, Brantford; 14%), followed by District 3 

(Uxbridge, Bellville, Peterborough; 9%) (Table 3.1). The district where respondents 

primarily ride include District 1 (Ottawa, Kingston; 11%), District 6 (Haliburton, Pembroke; 
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10%), and District 2 (Bancroft, Bobcaygeon; 9%). An additional 74% of respondents 

identifying a second district they commonly ride in, with a further 55% selecting a third 

district they commonly ride in (Table 3.1). In turn, the initial market distribution for the 

ABM is based on the collective market share (i.e., accounting for primary, second and third 

riding districts), with District 6 representing the largest share of the Ontario snowmobile 

market (10.8%), followed by District 6 (10.2%), and District 2 (8.8%) (Figure 3.2).  

Table 3.1 Snowmobilers place of residence and stated riding districts. 

 Snowmobilers (n=4382)  

Districts 
Primary 

residence Primarily ride 2nd Most 

likely to ride 

3rd Most likely 

to ride 

Riding 

preference 

(%)a 

1 644 493 148 113 7.58 

2 252 397 285 191 8.78 

3 405 180 134 105 4.21 

4 368 104 103 95 3.04 

5 606 138 101 86 3.27 

6 238 449 422 206 10.83 

7 210 379 271 198 8.53 

8 295 256 137 96 4.92 

9 346 335 148 115 6.01 

10 145 288 248 185 7.25 

11 178 350 372 295 10.23 

12 279 299 220 162 6.85 

13 115 153 78 83 3.16 

14 140 214 286 252 7.56 

15 58 207 226 190 6.26 

17 103 108 23 22 1.54 

Total 4382 4,350 3,202 2,394 100 

a Total cumulative percentage for primary, secondary, and third most likely district to ride 
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Figure 3.2 Distribution of Ontario snowmobilers by district 
Source: OFSC (2023) 

 

3.2 Classification of trial availability 

To assess the impact of the record warm 2023/2024 season on the availability of Ontario’s 

trail network across all 16 districts (i.e., supply-side vulnerability; Research Objective #1), 

weekly screenshots were taken of the OFSC’s interactive trail guide between December 12th, 

2023, and March 19th, 2024 (Table 3.2). The OFSC interactive travel guide provides notice 

of trail route accessibility, identifying trails based on one of three colour-coded statuses: (1) 

Available – Green (“route is accessible with the understanding that the trail will likely vary 

considerably in quality, attributes and terrain over its length”); (2) Limited Availability – 

Yellow (“route is limited with marginal riding opportunities, so snowmobilers enter with the 

understanding that they should ride with extreme care and reduced speed); (3) Unavailable – 

Red (“route is not available at this time, with access prohibited”).  
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Table 3.2 Sampling dates for snowmobile trail status assessment (2023/2024 season) 

Month Day 

December 12 27 29                         

January 8 11 12 16 24 25 27 31               

February 9 12 13 15 16 17 18 20 21 22 25 26 27 28 29 

March 1 6 7 8 9 15 19                 

 

 To determine the percentage of the trail network that was classified as available, 

limited, or unavailable, throughout the 2023/2024 season, ArcGIS Pro1 was used to process 

the screenshots. The following steps were taken to identify the number of nodes categorized 

by availability:  

1. Georectification and clipping of snowmobile trail maps to individual districts 

2. Compilation of trail data into separate geodatabases for each district 

3. Creation of a shapefile containing both the trail network and district 

boundaries 

4. Generation of points along trails at 100-meter intervals using the “Generate 

Points Along Lines” tool 

5. Attachment of RGB2  colour values from the raster data to each trail point 

using the “Multi Values to Point” tool 

6. Categorization of points based on RGB values: 

– Available: R < 150 and G > 160 (Ranges for green) 

– Limited availability: R > 150, G > 150, and B ≤ 100 (Ranges for 

yellow) 

– Unavailable: R ≥ 160 and G < 100 (Ranges for red) 

 
1 ArcGIS Pro is a Geographic Information System (GIS) software developed by Esri. It is designed for 

professional spatial analysis, data management, and cartography. It offers advanced 2D and 3D mapping 

capabilities, integrates with other ArcGIS platforms, and supports various data formats, making it a versatile 

tool for complex geospatial projects and research. 
2 RGB (Red, Green, Blue) is an additive colour model used in digital imaging and display technologies. It 

represents colors by combining varying intensities of red, green, and blue light, which are the primary colors of 

light, where each colour can have a value between 0 and 255. This model is widely employed in electronic 

systems for capturing, displaying, and storing color information. 
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Trail status was assessed on 33 specific dates throughout the 2023/2024 winter season (Table 

3.2), representing approximately 27% of the season, providing critical snapshots of trail 

conditions across Ontario's 16 districts. To generate a complete daily dataset for the entire 

season, an ARIMA (Autoregressive Integrated Moving Average) model that interpolated 

conditions between captured images was used. This approach synthesizes a continuous time 

series of trail availability that preserved the temporal patterns observed in the original 

imagery while simultaneously filling gaps between the observations. The resulting dataset 

provided daily trail status information for all districts throughout the winter season, enabling 

the ABM to simulate snowmobiler responses to changing conditions over the complete 

winter season timeframe (i.e., December 2023 to March 2024). 

3.3 Primary data collection 

An electronic close-ended survey questionnaire (see Appendix A) was developed for this 

research, which consisted of nine questions and 18 sub-questions to assess geospatial 

snowmobiling patterns in Ontario following the record warm 2023/2024 winter season. The 

survey incorporated a combination of multiple-choice and Likert scale questions, with 

several of them (i.e., 1-2, 7-9) adapted from the OFSC economic report (2023) to enable 

comparability with existing industry research. The survey was optimized for both mobile and 

desktop access to support in-person and ex-situ data collection. The survey was also made 

available in both official Canadian languages (English and French) to ensure broad 

accessibility. The survey received ethics clearance (REB #46258) through the Office of 

Research Ethics at the University of Waterloo in May 2024.  

In-person data collection occurred at the two largest snowmobiling shows in Canada: 

(1) Toronto Snowmobile Show, held from October 25 to 27, 2024, and (2) Salon de la 

Motoneige et du Quad Québec, which took place from November 8 to 10, 2024. At both 

events, trained research assistants approached attendees to participate, with surveys 

completed by respondents directly on an iPad for immediate digital data entry. At the same 

time, the survey was launched online (from October 2024 to January 2025), which was 

facilitated through the support of 28 Ontario snowmobile districts and clubs who sent the 
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survey link to their members (e.g., listservs) and/or posted on their club Facebook page.3 A 

total of  286 surveys were completed, which includes 190 in-person and 96 ex-situ responses, 

respectively. For the purposes of this research, only respondents who identified Ontario as 

their primary riding province were included in the analysis, resulting in 161 valid survey 

responses. 

The survey began with question one by asking respondents to identify their primary 

snowmobiling location (Ontario, Quebec, or Other) and based on their selection, respondents 

were then asked to specify the top three districts they snowmobile most frequently in, if 

applicable (i.e., some respondents only ride in one district). Question two explored how 

riders accessed Ontario trails, whether directly from their property or by towing to trailheads. 

Those who rode from their property were asked for their postal code and whether they would 

consider towing if necessary (e.g., due to trail closures) and if so, a follow-up question asked 

the maximum distance they would be willing to tow their sled for a day trip. In question 

three, snowmobilers were asked about their riding behaviours in response to trail closures in 

the 2023/2024 season, indicating whether they rode less, the same amount, or more. Follow-

up questions explored riding adaptation strategies, such as traveling to other trails or 

increasing frequency of riding once trails reopened. Question four asked at what percentage 

of trail closures would cause riders to stop sledding (i.e., exceeds their threshold of 

acceptability), while question five asked about the minimum season length needed to justify 

purchasing a pass. Question six examined the likelihood of riding under various conditions, 

including an inability to make loops and travel long distances (i.e., fragmented trail 

availability), closed water crossings, and limited accesses to services. Questions seven and 

eight focused on riding frequency (days per week) and timing preferences (weekdays, 

weekends, holidays). Question nine distinguished between day and multi-day trips, with 

follow-up questions about overnight trip frequency and duration. 

 
3 Districts (1,2,3,4,5,6,7,9,10,11,12,13,14,15,17), Kemptville Snowmobile Klub, Carleton Regional Snowmobile 
Club, Glengarry Snowmobile Club, Grenville Snowmobile Association, Nation Valley Snowmobile Association / 

NVS, Ellice Swampers Snowmobile Club, Athens & District Snowmobile Club, Carleton Regional Snowmobile 
Club, Glengarry Snowmobile Club, Kempville Snowmobile Klub, Nation Valley Snowmobile Association, Seaway 
Valley Snowmobile Association, L & A Ridge Runners. 
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3.4 ABM structure 

Although data regarding snowmobilers’ behavioural responses to climatic conditions is scant 

(Perry et al., 2018; Rutty et al., 2023), an ABM was chosen over traditional resampling 

statistical models (e.g., Monte Carlo, Bootstrapping). Unlike statistical approaches that 

typically require large datasets for validation, ABMs can produce meaningful results from 

smaller empirical samples through known causal relationships (Axtell, 2000; Epstein, 2008). 

As such, ABMs offer greater flexibility and adaptability when working with limited data 

(Bell et al., 2015). In this context, more agents can be added in the future (e.g., as datasets 

become available), while maintaining the ability to model heterogeneous agents with varying 

attributes (e.g., travel preferences and closure thresholds) that are representative of the 

diversity of snowmobiler preferences and responses to environmental changes. Relatedly, the 

complexity of the agents can increase (e.g., degree of rationality, ability to learn and evolve, 

rules of interactions), including an ability for various levels of agents to coexist within the 

model (e.g., single versus subgroups of snowmobilers or aggregate market trends) 

(Bonabeau, 2002). In turn, this research supports an incremental model development 

approach by identifying empirical data gaps that may have otherwise been overlooked in 

existing data sets that can be used as input in future model iterations (Epstein, 2008).  

The ABM developed for this study was executed using NetLogo, an open-source 

platform for multi-agent environment modeling (Tisue and Wilensky, 2004). NetLogo was 

selected because it offers robust capabilities for spatial ABMs (Donkin et al., 2017; Macal, 

2016), making it particularly suitable for simulating snowmobiler movement across 

geographic districts. The platform provides extensive support for GIS integration (Jaxa-

Rozen et al., 2019), which was essential for incorporating the Ontario district boundary 

shapefiles and accurately representing the spatial context of snowmobiler decision-making. 

The spatial integration allows agents to navigate realistically within and between the 

snowmobiling districts, ensuring that travel distances and district selections accurately 

reflected real-world geographic constraints. 

The conceptual framework of the model centres on three primary components: the 

snowmobiler agents, the trail network environment, and the decision processes that connect 
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them. Snowmobilers are represented as virtual agents with heterogeneous attributes, 

including home locations, travel preferences, and willingness to travel under different trail 

conditions. The environment consists of the 16 (OFSC) districts that include their associated 

trail networks and day-to-day operational status (i.e., available, limited availability, 

unavailable). The core processes in the model are: (1) daily activity decisions, including 

whether to ride based on day-of-week and weather conditions; (2) district selection based on 

distance, trail status, previous experience, social influence, and expected enjoyment; (3) 

social information sharing among snowmobilers; and (4) feedback mechanisms where 

positive riding experiences influence future decisions and renewal behaviour at the end of the 

winter season. 

3.4.1 Model implementation and process flow 

Overview of model structure 

The model initializes with the creation of the snowmobilers based on the data loaded from a 

CSV file. Each snowmobiler is assigned a home district and positioned on a random patch 

within that district's GIS polygon. Individual attributes are assigned using empirically-

derived information such as maximum travel distances and closure thresholds assigned 

probabilistically based on survey data. It is important to note that the agents in this model do 

not operate on a one to one basis with individual survey respondents. Instead, the model 

employs an aggregate approach whereby survey data is used to assign attributes across the 

agent population. Accordingly, while individual survey responses inform the statistical 

distributions used for agent parameterization, each agent represents a synthetic individual 

whose characteristics are drawn from the empirical distributions rather than directly 

replicating a specific survey respondent. The process allows the model to represent larger 

populations than the survey sample size while maintaining statistical fidelity to the observed 

data patterns, ensuring that agent behaviours are reflective of the overall population 

characteristics rather than being constrained to the exact responses of individual survey 

participants. 



 

32 

 

Social influence in this model represents the process by which agents modify their 

recreational behaviour and location preferences based on positive experiences shared by 

other agents within the population. The mechanism operates exclusively through positive 

influence transmission, meaning that only agents who have had successful or satisfying 

snowmobiling experiences become potential influencers. When an agent experiences a 

positive outcome, they randomly select other agents from the population to influence, and 

those agents designated as socially influenced may subsequently modify their behaviour, 

preferences, or decision-making patterns based on the positive experience shared with them. 

While agents begin with uncorrelated, independently assigned attributes, the social influence 

mechanism creates dynamic correlations that emerge during simulation runtime such that 

individuals initially have independent preferences but develop increasingly similar 

behaviours through social interaction over time. 

 

At each time step, the model follows these sequential processes: 

1. Reset daily status: Snowmobilers return to home locations, activity status reset 

2. Reset district densities: Density counts for each district reset to zero 

3. Activity decisions: Snowmobilers decide whether to ride based on day of week (i.e., 

weekday or weekend) 

4. Destination selection: Active snowmobilers evaluate all districts and select the highest-

scoring destination, incorporating social influence 

Snowmobilers select destinations by calculating a weighted score for each 

potential district. The scoring system combines practical factors (i.e., proximity, 

trail availability, and crowding) with social influences (i.e., recommendations 

and district popularity) and personal experience (i.e., if the rider rode the 

district before). Each factor is weighted differently, with trail openness (55%) 

the most influential, followed by distance (25%), and past experience (20%). 

Social influence accounts for 30% of the final decision, with home districts 

receiving a bonus. When snowmobilers are evaluating the districts to select 

their riding destination, the district where they live (i.e., home district) gets an 
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additional 20 points added to its score (i.e., the home district is more attractive, 

reflecting the convenience of riding close to home). The 20-point home district 

bonus represents an initial exploratory value based on empirical evidence (Xiao 

et al. 2020), indicating that proximity to home provides substantial utility 

beyond just reduced travel distance. The bonus represents approximately 20% 

of the maximum possible base score (which ranges 0-100 points), making it an 

important factor in destination selection that allows home districts to remain 

competitive when trail conditions are limited, but not overriding unavailable 

nor high density conditions. Ideally, preferred riding districts emerge 

organically over time through accumulated positive experiences. Agents 

ultimately choose the highest-scoring district that meets their minimum trail 

availability threshold, creating a balance between individual preferences and 

collective behavioural patterns. 

5. Movement: Snowmobilers move to selected destinations if closure percentage is below 

their threshold 

6. Density calculation: Calculate rider density for each district 

7. Experience update: Calculate enjoyment based on density and update district 

experience 

8. Update district popularity: Update the popularity of districts based on visitation 

9. Spread recommendations: Snowmobilers with good experiences share with others 

10. Update statistics: Update district counts and global statistics 

11. End of season check: On day 122, determine permit renewal decisions 

3.4.2 Design concepts 

Basic Principles: Snowmobiler movement is based on both trail availability and rider 

preferences. The decision for whether or not (and where) a snowmobiler will ride is 

empirically defined by the stated preferences and thresholds identified in the primary survey 

data (i.e., Research Objective 2) and whether or not that stated district has trails available to 

snowmobile on (i.e., Research Objective 1). The model incorporates spatial constraints 
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through GIS data of OFSC districts. Snowmobilers make decisions based on several factors, 

including how far they are willing to travel, their tolerance for closed trails, previous 

experience in different districts, current trail density, and social influence (i.e., 

recommendations from other snowmobilers based on their experience can influence future 

district selections by others). 

Assumptions: The model makes several key assumptions: 

- Snowmobilers always start from their home district and return home after each outing 

- Snowmobilers have different tolerance thresholds for trail closures 

- Certain percentage of snowmobilers are influenced by social recommendations 

- Weekend days have different participation rates than weekdays 

- Positive experience with a district increases the likelihood of returning to it 

- Successful outings contribute to season permit renewal decisions 

- Trail density negatively impacts enjoyment beyond a certain threshold 

- Travel distance is a limiting factor in district selection 

- Social recommendations decay over time (10% per day) 

Emergence: The sum of the individual choices made by each snowmobiler, which is 

influenced by trail availability (i.e., total market redistribution) and leads to visible patterns 

of total market redistribution. When trails are available, more snowmobilers are drawn to that 

district (i.e., market gain), while limited or unavailable trails lead to a decrease in the number 

of snowmobilers (i.e., market loss). Over time, these interactions create patterns in the 

distribution of snowmobilers, illustrating how district closures can result in larger-scale 

trends across the entire district network (i.e., Ontario). Individual choices can also lead to the 

formation of preference clusters (i.e., as snowmobilers develop positive experience with 

specific districts through repeated successful visits), self-reinforcing popularity cycles (i.e., 

where well-attended districts generate positive recommendations), exploratory density-driven 

redistribution patterns (i.e., as the model tests crowding effects on destination choice using 

initial threshold parameters), and overall permit renewal patterns based on accumulated 

successful outings. Note that this model focuses exclusively on positive experiences and 

positive social influence, such that negative experiences do not reduce district attractiveness 



 

35 

 

nor generate counter-recommendations, representing an initial exploration of optimistic 

recreational behaviour patterns. 

Adaptation: Snowmobilers adapt their behaviour in several ways. First, they can adjust their 

individual destination choices based on previous experiences, represented through the 

district-experience table. They can also avoid overcrowded areas that previously resulted in 

lower enjoyment, respond to recommendations from other snowmobilers, as well as 

implicitly learn which districts provide better experiences through the experience points 

system. 

Objectives: A snowmobiler’s objective is to maximize their enjoyment by finding the most 

ideal or suitable places to ride, which is implemented through the calculate-district-score 

function. The function evaluates potential districts based on travel distance (i.e., shorter 

distances are preferred), trail openness (i.e., less closure percentage is preferred), previous 

experience with the district (i.e., higher experience adds bonus points), current trail density 

(i.e., overcrowded trails reduce score), and social recommendations (i.e., recommended 

districts get score boosts). 

Prediction: The model incorporates implicit prediction in two ways. First, snowmobilers 

anticipate that the districts they have previously enjoyed will continue to provide good 

experiences. Second, snowmobilers predict recommended districts will be worth visiting. 

Interaction: Social influence is incorporated into the model such that snowmobilers with 

enjoyable experiences will share their district recommendations directly with 5-14 random 

snowmobilers across the entire Ontario network, regardless of home district or geographic 

proximity. This approach reflects today’s communication patterns whereby social media 

platforms, online forums, and digital snowmobiling communities enable riders to share 

experiences and recommendations with geographically dispersed networks rather than being 

limited to local, face-to-face interactions. Indirect interaction is incorporated through district 

density, which is calculated as the total number of active snowmobilers present in each 

district on a given day. When this district-level density exceeds a threshold value (i.e., set at 

3.0 in the current implementation but adjustable as a model parameter), the enjoyment for all 

agents riding in that district begins to decline. The enjoyment reduction follows a linear 
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function that simulates how overcrowding within a district can diminish rider experience, 

creating an emergent negative feedback loop whereby high-density districts may face 

declining rider enjoyment (i.e., reduction of district experience ratings) and potentially lead 

snowmobilers to seek alternative districts that are less crowded. This density-based 

interaction creates an indirect, aggregate form of agent interaction at the district level without 

requiring direct agent-to-agent communication.   

Stochasticity: Several aspects of the model are based on randomness to reflect the natural 

variation in individual preferences, capabilities, decisions, and network interactions. Initial 

assignment of closure thresholds follows a probabilistic distribution based on the primary 

survey responses (Section 4.2), with maximum travel distance assigned using a normal 

distribution (i.e., mean=240km, SD=100km). The daily decision to go snowmobiling uses 

different probabilities based on the primary survey results, with higher riding demand on the 

weekend versus weekdays (e.g., 80% probability on weekends compared to 65% on 

weekdays). Social influence status is randomly assigned to 70% of snowmobilers such that 

when snowmobilers share positive experiences, they influence a variable number of other 

riders (i.e., random 5-14). The multi-layered stochasticity ensures that model runs produce 

varied but realistic outcomes, preventing deterministic behaviour patterns while maintaining 

consistency with observed population-level trends. In turn, the randomness captures complex 

interactions between individual variability and emergent collective behaviour that 

characterize real systems. 

Collectives: While not explicitly organized into formal collectives, emergent groupings form 

in two ways. First, district preference clusters as snowmobilers develop similar experience 

profiles. Second, social influence networks as recommendations spread.  

Observation: The model collects data on daily counts of active snowmobilers per district, 

trail density by district (snowmobilers per kilometer), successful riding weeks for each 

snowmobiler, average enjoyment levels for active snowmobilers, district popularity metric, 

season-end statistics (e.g., renewal and non-renewal rates), and individual snowmobiler 

metrics (e.g., experience levels, travel patterns). Average enjoyment level is calculated as the 

mean enjoyment score across all active snowmobilers on a given day. Individual enjoyment 



 

37 

 

is determined on a 1-10 scale where agents experiencing district density below the threshold 

(currently 3.0 riders per kilometer) receive an enjoyment score of 10, while agents in districts 

exceeding this density threshold experience proportionally reduced enjoyment based on the 

degree of overcrowding. The average is calculated by summing all individual enjoyment 

scores for active riders and dividing by the total number of active snowmobilers, providing a 

system-wide measure of recreational satisfaction that reflects both participation levels and 

crowding effects across all districts. 

3.4.3 Model parameterization 

The model was parameterized using primary data (GIS analysis – Research Objective #1; 

survey results – Research Objective #2), secondary data (OFSC 2023, Xiao et al. 2020), and 

academic literature (Mauri & Minazzi, 2013; Dunbar et al., 1997; Dunbar & Spoors, 1995; 

Pham et al., 2015; Yoon & Uysal, 2005).  First, individual agent characteristics were derived 

from the survey data, which includes maximum travel distance following a normal 

distribution (M = 240 km, SD = 100 km), closure thresholds (see Figure 4.3), activity 

patterns (participation probability of 80% on weekends and 65% on weekdays), and permit 

renewal probabilities (see Figure 4.4). Individual agents were initialized using OFSC district 

preference data (see Table 3.1). 

 In terms of environmental and operational parameters, the total length of snowmobile 

trails within each of the 16 district boundaries were calculated using geospatial trail network 

data from OFSC. Trail statuses are based on the GIS analysis and ARIMA model to calculate 

daily closure percentages for the 2023/2024 season (see Figure 4.1). A density threshold of 

3.0 riders per kilometer represents the point at which enjoyment begins to decline, which was 

set as an exploratory parameter in the absence of empirical data. The 3.0 threshold implies 

that riders would encounter another snowmobiler approximately every 300-350 meters on 

average, representing a balance between social interaction opportunities and maintaining the 

perception of uncrowded recreational space. The threshold was selected based on the 

assumption that snowmobile trails, typically 2-4 meters wide, would begin to feel congested 

as riders would be required to slow down to allow one another to safely pass, impacting the 
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sense of wilderness and freedom that characterizes quality snowmobiling experiences  (Perry 

et al., 2018; Xiao et al., 2020). 

District popularity follows a daily decay rate of 10%, which is based on Pham et al. 

(2015), who developed a general graph-based recommendation model for event-based social 

networks to explore how recreational participants select activities and venues based on user 

data from Meetup.com in New York City and California (n=46,895 and n=59,989 

respectively). The researchers found that participation in events significantly influenced 

future choices, with temporal decay patterns showing that users were more likely to attend 

events similar to those they recently experienced. The 10% decay rate represents a 

conservative adaptation of their temporal decay function, which identified that user 

preferences for activities diminished over time when not reinforced by new positive 

experiences.  

 The decision-making parameters use a scoring system that evaluates potential riding 

destinations based on five factors, which include distance, trail openness, experience, social 

influence, and home district. The weights assigned to each factor are based on Xiao et al.'s 

(2020) survey results. For example, trail conditions were consistently rated as the most 

important factor in destination selection (80.6% stating it "adds a great deal" to experience), 

followed by travel distance considerations (70.1% viewing long driving distances 

negatively). In turn, a district with fully open trails but requiring long travel might score 

similarly to a closer district with partially closed trails, reflecting the trade-offs snowmobilers 

make when planning trips. The distance factor weight (0.25) is based on the 70.1% of 

snowmobilers that view long driving distances negatively, while the trail openness weight 

(0.55) reflects that 80.6% prioritize trail conditions as adding "a great deal" to their 

experience. These weights ensure that distance remains a significant factor in destination 

selection while maintaining trail quality as the primary determinant, allowing the model to 

replicate the trade-offs snowmobilers make between proximity and trail conditions when 

planning trips. 
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Social network parameters 

Due to limited research that empirically explores snowmobilers’ behavioural and social 

influence patterns, the model parameters are drawn from studies in social network theory, 

consumer behaviour, and tourism satisfaction research. While these studies do not directly 

work with snowmobile populations, they provide an approximation for understanding 

recreational decision-making and social information transmission that can be applied to this 

context until snowmobile-specific data becomes available.   

The influence susceptibility parameter is set at 70% of agents being influenced by 

positive peer recommendations, which draws on evidence from tourism and recreation 

studies with adjustment made for the demographic profile of snowmobilers. Specifically, 

Mauri and Minazzi (2013) conducted an experimental study with 349 young travelers in 

Italy, whereby 75% of respondents consult comments from other reviewers before booking, 

with purchase intentions increasing from 4.26 to 4.72 (on a 7-point scale) when exposed to 

predominantly positive reviews. Litvin et al. (2008) concluded that interpersonal influence is 

the most important information source when purchasing tourism products based on a 

literature review and conceptual model development of word-of-mouth communication, 

while a study conducted by the Travel Industry Association (TIA) (2004) found that 67% of 

US travelers used the Internet to search for travel information, based on telephone interviews 

with 1,300 randomly selected American adults conducted in July 2004. Moreover, in a study 

of online hotel booking intentions in Italy (n=557), Confente and Vigolo (2018) found that 

how travelers respond to word-of-mouth information differs by generation, such that the 

influence of electronic word-of-mouth is highest amongst Gen Y (19-35 years) at 66.5% 

susceptibility, followed by 46.5% for Gen X (36-56 years), and 16.6% for Baby Boomers 

(57-71 years), with traditional (offline) word-of-mouth influence more consistent and 

generally stronger across age groups (e.g., Gen Y at 54.5%, Gen X at 69.3%, Baby Boomers 

at 74.6%). Since snowmobilers typically have a demographic profile that skews toward older 

age groups (e.g., ISMA (2023) estimates the average snowmobiler to be 54 years old), the 

70% represents an estimated proportion that accounts for the age distribution of typical 

snowmobilers and their differential responsiveness to various recommendation channels. 



 

40 

 

This parameter reflects the proportion of snowmobilers whose destination choices can be 

affected by social recommendations, with the remaining 30% making decisions based solely 

on personal experience and preferences. 

The recommendation reach parameter, whereby 5-14 random agents receive positive 

experience information, is derived from social network research conducted on British 

populations, which collectively established that people typically maintain a sympathy group 

of 12-15 individuals and a closer support clique of 4-5 people with whom they actively share 

personal experiences and recommendations (Dunbar et al. 1997, Dunbar & Spoors 1995, Hill 

and Dunbar 2003).  Similar network patterns have also been recorded in Western societies, 

including the US using the National Survey of Families and Households (Kim and McKenry 

1998). Their findings showed that while sources of support differed (with ethnic minorities 

more likely to rely on children and Caucasians more likely to engage broader networks), the 

functional size of support networks (i.e. 5-6 people) remained relatively consistent across 

groups when controlling for socioeconomic status. The range of 5-14 agents receiving 

recommendations in the model represents this documented variability in social network sizes 

across Western populations, while accounting for the fact that not all network members may 

be reached in every information-sharing instance. This parameter captures how positive 

snowmobiling experiences might spread through similar social network patterns. 

The parameter for the enjoyment threshold where recommendations are triggered 

when satisfaction exceeds 7/10 is supported by multiple research findings in tourism 

satisfaction studies. Perles-Ribes et al. (2020) used a 0.7 reliability threshold in their 

structural equation modeling of tourist satisfaction in Mediterranean destinations, 

demonstrating that indicators exceeding this threshold reliably represent tourist experience 

quality. This statistical approach aligns with Yoon & Uysal (2005), who examined 

destination loyalty amongst tourists in Northern Cyprus using structural equation modeling 

with survey data (n=148). Their study found that satisfaction levels above 70% on 

standardized scales directly led to positive word-of-mouth recommendations and repeat 

visitation. Specifically, they discovered that when tourists rated their experience quality 

above 7 on a 10-point scale, they were significantly more likely to actively recommend the 
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destination to others and return themselves. This threshold is further supported by Wang et 

al. (2017), who found that tourists with high satisfaction respond positively through greater 

intention to recommend the destination to others. Additionally, Antón et al. (2014) examined 

destination loyalty drivers and confirmed a strong relationship between satisfaction and 

recommendation behaviour, noting that tourists transition from passive satisfaction to active 

advocacy when reaching satisfaction levels above 7 on their 10-point scale. In the model, this 

translates to snowmobilers sharing positive trail experiences only when their satisfaction 

score exceeds 7/10, reflecting the natural tendency for people to recommend experiences 

only when they meet a high-quality standard. 

Model population and scaling 

The model simulated the movement of 1,000 snowmobiler agents across the 16 districts 

throughout the 2023/2024 winter season (i.e., December through March), tracking how riders 

redistributed themselves in response to changing trail availability. The number of 1000 

agents were selected rather than the full population of approximately 155,000 Ontario 

snowmobilers. This sample size (representing 0.65% of the total population) exceeds the 

minimum required for statistical representativeness (i.e., 383). Using standard statistical 

sampling formula4 for a population of 155,000, with a 95% confidence level and 5% margin 

of error, a minimum sample of 383 is sufficient for valid statistical inference (Cochran, 

1977). The sample of 1000 agents therefore provides a statistically robust representation 

while maintaining computational efficiency. Computational efficiency testing showed that 

doubling the number of agents increased processing time by 25%, while behavioural patterns 

remained similar across different population sizes. 

3.4.4 Decision-making framework and submodels 

The final score for each district is a weighted combination of a base score (personal factors) 

and a social score (social influence). Specifically: 

 
4 Cochran’s formula: 𝑛 =

𝑧^2𝑥𝑝𝑥(1−𝑝)

𝑒^2
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- Final-score = (base-score * (1 - social-influence-weight)) + (social-score * social-

influence-weight) 

Where: 

- Base score = (distance-factor * 0.25 + openness-factor * 0.55 + experience-bonus * 0.2 - 

density-penalty) * 100 

- Social score is derived from district recommendations and popularity 

Base score components: 

Distance factor = (1 - (travel-distance / max-dist)) 

Openness factor = (open-percentage5 / 100)² 

Experience bonus = min(experience * 0.03, 0.3) 

Density penalty = min(0.5, (current-density - density-threshold) / (density-threshold * 

2)) if density > threshold, otherwise 0 

Social score components: The model employs a default social influence weight of 0.3, 

meaning that the decision-making score is 30% based on social factors and 70% on personal 

considerations (Cho et al., 2011). The weight applies only to agents flagged as socially 

influenced, which is a separate parameter affecting 70% of the total snowmobiler population 

(i.e., determined during agent initialization). The remaining 30% of snowmobilers make 

decisions based entirely on personal factors without any social component. For those agents 

who are socially influenced, their decisions incorporate both personal considerations and 

social factors according to the 70/30 split. Agents only select destinations with scores above 

20, and if no destinations meet this threshold, they remain inactive for that day. The social 

score is calculated such that: 

- Recommendation boost: 50 points if the district is in the agent's influenced-districts list 
- Popularity score: min(50, current-popularity * 2) 

Enjoyment calculation: An adjustable model parameter that is calculated on a 1-10 scale. If 

district density is below a defined threshold (currently set at 3.0 riders per kilometer), 

enjoyment equals 10, but when density exceeds the defined threshold, enjoyment decreases 

proportionally to the degree of overcrowding. 

 
5 Percentage of trails that are open in a district (calculated as 100 minus the closure percentage).  
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Experience accumulation: After each ride, experience for the visited district is increased by 

enjoyment/10, capped at a maximum value of 10. The experience accumulated creates a 

feedback loop where positive experiences increase the likelihood of return visits. Under 

optimal conditions (enjoyment = 10), an agent would reach the maximum experience cap of 

10 points after 10 successful visits to the same district, which could realistically occur within 

1-2 seasons depending on riding frequency. 

Social influence mechanism: The model incorporates social influence through (1) direct 

recommendations and (2) district popularity update. This dual approach to social influence 

reflects both direct, interpersonal information sharing and broader awareness of popular 

destinations. Specifically: 

- District Recommendations are set so that snowmobilers with enjoyment > 7 share 

recommendations by (1) each recommender randomly selects 5-14 other socially 

influenced snowmobilers, (2) the district they visited is added to the influenced-districts 

list of these selected agents, and (3) each agent's influenced-districts list is capped at 5 

entries (most recent recommendations). 

- District Popularity Update is done daily, such that (1) existing popularity decays by 10%, 

and (2) the added count of active snowmobilers visiting the district today 

Permit renewal decision: At the end of the winter season, renewal probability is based on 

the number of successful riding weeks the snowmobiler was able to complete. 

Due to limited historical data on snowmobiler movement patterns across the Ontario 

trail system, a full empirical calibration of the model was not possible. The parameters were 

selected based on survey responses of snowmobilers in Vermont (n =1450, Xiao et al. 2020). 

Trail conditions (openness factor): "Consistent snow cover along the trail" has the highest 

positive rating with 80.6% saying it "adds a great deal,” which strongly supports the decision 

to give openness factor the highest weight in the decision-making formula (i.e., 0.55). 

Distance considerations: "Having to drive to snowmobile trails" is viewed negatively by 

70.1% of respondents, while "being able to begin your ride at home" is highly valued (78.0% 

state it "adds a great deal"), which supports the inclusion of distance as a factor. Social 

density factors: "Encountering other snowmobiles along the trail" has mixed impact, with 
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22.4% seeing it as a detractor and only 18.9% seeing it as positive, which aligns with the 

model's density penalties when trails become overcrowded. Trail connectivity: 

"Interconnectivity of trails for making loops and tours" is highly valued having 56.9% of 

respondents saying it "adds a great deal", which supports the squared relationship for 

openness - partially closed trail systems disproportionately reduce utility because they break 

connectivity. 

3.4.5 Input data 

- GIS shapefile for district boundaries. 

- CSV file for daily district open/closed rates. 

- CSV file for snowmobiler preferences. 

3.5 Model verification and validation 

The model underwent several verification procedures to ensure computational correctness: 

1. Code reviews and unit testing of key functions 

2. Consistency checks for agent attribute distributions 

3. Boundary condition testing for extreme parameter values 

4. Conservation of agent counts throughout simulation runs 

3.5.1 Model execution 

The ABM was developed using NetLogo, which simulates the movement of snowmobilers 

across 16 snowmobiling districts (Figure 3.3) based on a combination of snowmobilers’ 

behaviour patterns and whether or not the trails within their stated preferred districts are 

available. The interface of the model depicts the GIS shapefiles with the OFSC district 

information, which are uploaded as part of the model setup (Figure 3.3). Additionally, 

monitors are included in the interface to allow the users to follow the changes (or evolution) 

of snowmobile demand in each district in response to trail availability (i.e., supply). The 

ABM code is provided in Appendix B. 
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Figure 3.3 ABM user interface 

 

3.5.2 Uncertainty analysis 

An uncertainty analysis was performed to assess the number of simulation runs required to 

support reliable model results. With stochastic ABMs, increasing the number of runs helps 

capture the range of possible outcomes due to random elements. According to the Central 

Limit Theorem, larger sample sizes provide better approximations to true parameter values 

(De Veaux et al., 2021). Therefore, the objective of this analysis was to determine the 

optimal number of runs needed to adequately characterize the variability in snowmobiler 

numbers across districts under different trail closure scenarios. The model's stochasticity is 

not cumulative by day because agents and their decisions are recreated at each tick (day). 

Instead, the analysis was conducted using the parameter values described in Section 3.4.4. 

Initially, District 1 was examined in detail because it consistently exhibits the highest 

average number of snowmobilers across the entire 122-day season. Figure 3.4 shows the 

mean snowmobiler counts for District 1 after 10, 30, and 50 runs. 
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Figure 3.4 District 1 Mean value comparison after 10, 30 and 50 runs 

 

The mean number of snowmobilers for District 1 across 10, 30, and 50 repetitions 

remain consistent (69.7, 69.7, and 69.3, respectively), while the standard deviations show a 

decreasing trend (5.95, 5.22, and 5.39), suggesting improved characterization of variability 

with more runs. To understand this pattern across all regions, Figure 3.5 shows the standard 

deviations for all 16 districts at different run counts. 
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Figure 3.5 Standard deviation comparison per district 

 
Most districts show decreasing standard deviations as the number of runs increases, 

indicating improved model stability with larger sample sizes. Districts 13, 14, and 15 

consistently exhibit lower standard deviations across all run counts, suggesting more 

predictable snowmobiler patterns in these areas regardless of stochastic model elements. 

While Zhang and Robinson (2021) in their paper found that 100+ model runs were 

needed to capture the variability produced by the model they were replicating, the model's 

computational complexity made this impractical within the available research timeframe. 

Each model run requires approximately 10 hours to simulate one season, with a complete 

season simulation involving over 122,000 agent decisions per run. Given these limitations, 

30 runs were conducted to balance statistical reliability with resource constraints. The 

comparison of results between 10, 30, and 50 runs showed diminishing improvements in 

variance reduction, suggesting that 30 runs captured the essential patterns of model 

behaviour while remaining computationally feasible. Future research with access to greater 

computational resources could expand this analysis to determine if additional insights emerge 
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with larger run counts, though our sensitivity analysis indicates that the primary findings 

regarding district redistribution patterns would likely remain stable.  

3.6 Comparative analysis of stated versus simulated preferences  

To evaluate whether and how trail closures may reshape snowmobile patterns in Ontario, the 

model's simulated rider distribution was compared with OFSC survey preference data. In 

other words, the difference between where snowmobilers stated they would prefer to ride 

(based on survey data) and where they actually ride when constrained by trail availability 

(based on model simulations). This was done because existing climate change impact studies 

have mainly focused on supply-side factors like season length while overlooking the ways in 

which snowmobilers change their behaviour in response to changing trail conditions (Rutty et 

al. 2023). As noted by Rutty et al. (2024), research that explores how tourists behave in 

response to climatic variability and changing environmental conditions continues to lag 

behind supply-side modeling approaches. By comparing survey versus simulated responses 

to trail closures, the presented study addresses a critical gap by revealing snowmobilers’ 

potential behavioural adaptations in response to changing conditions that have not been 

adequately captured in traditional supply-side models.  

The comparative process involved the following sequential steps: 

Baseline preference establishment: For each district, the baseline is the “expected” market 

share under ideal climatic conditions as stated by snowmobilers in the OFSC (2023) 

economic report (i.e., primary, secondary, and tertiary riding locations; Table 3.1). 

Simulation of constrained behaviour: Using the ABM parameterized with empirical data, 

the snowmobiler redistribution throughout the 2023/2024 season based on actual trail 

availability conditions was simulated. The model tracked the daily count of active 

snowmobilers in each district over the entire season. 

Extraction of peak distribution patterns: From the simulation results, three key 

distribution metrics were calculated, including maximum participation rate (i.e., highest 

percentage of total riders active in each district at any point during the season), average 

weekly participation (i.e., mean percentage of riders active in each district during each 
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week), and peak week distribution (i.e., percentage distribution of active riders across all 

districts during the three most active weeks [weeks 9, 10, and 12]). 

Calculation of market share changes: For each district, the difference between the 

expected market share (i.e., stated preferences) and the actual simulated market share was 

calculated using: 

   Δᵢ = Sᵢ - Pᵢ 

   Where: 

   - Δᵢ = Market share change for district i 

   - Sᵢ = Simulated market share for district i (from model) 

   - Pᵢ = Preference-based market share for district i (from survey) 

Categorization of districts: Based on market share changes, the districts were classified as 

districts with (1) Major Gains (i.e., market share change >20%), (2) Moderate Gains (i.e., 

market share change 5-20%), (3) Slight Gains (i.e., market share change 0-5%), (4) Slight 

Loss (i.e., market share change -5-0%), (5) Moderate Loss (i.e., market share change -20--

5%), or (6) Major Loss (i.e., market share change <-20%). 

Temporal evaluation: The comparative process was repeated for different time periods 

(monthly and weekly) to identify temporal patterns in market redistribution throughout the 

season This involved comparing data at both monthly intervals (December through March) 

and weekly intervals (weeks 1-16), tracking how snowmobilers shifted their destinations in 

response to changing trail conditions. 

While the results do not track individual decision processes, it reveals population-

level redistribution patterns that show collective behavioural responses to changing 

environmental conditions. The divergence between stated preferences and simulated 

participation demonstrates how trail access constraints due to warm temperatures can alter 

movement patterns beyond what would be predicted by stated preference data alone. 
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Chapter 4 

Results 

This chapter presents the findings from an ABM exploring the geographic patterns of Ontario 

snowmobilers during the record warm 2023/2024 winter season, which was characterized by 

temperatures between 5.4-6.3°C above the 30-year average (ECCC, 2024). The first section 

documents the impact of warm winter conditions on Ontario's trail network availability, 

quantifying the temporal and spatial patterns of trail closures across 16 districts based on GIS 

image processing. The second section reveals snowmobiler preferences and behavioural 

adaptations based on empirical survey data, including district preferences, responses to trail 

closures, and threshold conditions that influence participation decisions. The final section 

integrates these findings using an ABM that simulates the redistribution of 1000 

snowmobiler agents across the province in response to changing trail availability, 

highlighting differential market gains and losses throughout the winter season. 

4.1 Trail availability status 

Research Question #1: Assess the impact of the record warm 2023/2024 winter season on the 

availability of Ontario’s trail network across all 16 districts (i.e., supply-side vulnerability). 

The total number of nodes per district that resulted from the processing of the 33 

images of the trail network status (see section 3.2) are highlighted in Table 4.1. The 

variability in the number of nodes in each district reflects the different trail lengths, with 

District 1 home to the most expansive trail network in Ontario (28928 nodes) and District 4 

the smallest (3846 nodes). For some images, not all nodes had a valid corresponding RGB 

value (i.e., Available: R < 150 and G > 160, Limited availability): R > 150, G > 150, and B ≤ 

100 or Unavailable: R ≥ 160 and G < 100). For example, trails may have other features 

captured in the images (e.g., road markers, route numbers, labels, trails limits), resulting in 

nodes that returned invalid values (e.g., grey, black, white). Correspondingly, all images 

were visually checked by the researcher to confirm the nodes were located on top of the 

trails, with the remaining invalid colour values removed.  
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Table 4.1 Number of nodes per district after the images were processed 

 

 

After removing the invalid nodes, the relative percentages for each status category 

(available, limited, unavailable) were obtained for each of the 33 images. To inform the 

ABM, a conservative approach was taken, such that a limited trail status was deemed as 

available and acceptable to ride. As such, only the unavailable percentage values for each of 

the 16 districts (Figure 4.1) were recorded as the trail status.  

 

District 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 17

Number 

of nodes 28928 11394 7887 3846 17694 16693 9865 7716 19136 6530 16840 12807 19168 14023 16643 20526
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   Figure 4.1 Classification of trail status by district for the Ontario 2023/2024 snowmobile season 
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In general, the trail status for the majority of the 2023/2024 was unavailable, with 

only a few weeks of highly variable available trails. The influence of climatic seasonality is 

evident, with fewer trails available at the beginning (i.e., December) and end (i.e., March) of 

the winter season (i.e., when temperatures are warmer in Ontario), with trail conditions 

improving in late January through February. The start of the snowmobile season was delayed 

across the province, with 14 districts experiencing ≤5% trail availability in the month of 

December, with no trails available in any of the 16 districts on December 12th or December 

27th. Districts 14 and 15 had the strongest start to the season, though still marginal, with 

combined limited and available trail status reaching a maximum of 35%. The season began to 

improve in January, with the highest trail availability for the 2023/2024 season occurring 

between January 24th and February 27th. By March 6th, most trails across Ontario were 

closed, with ≤1% of trails available in Ontario, with the exception of Districts 15 and 17, 

who had 10% and 21% of availability, respectively. On March 19th, no trails were available 

in any of the 16 districts. Overall, District 5 experienced the greatest network closures in 

2023/2024, with no trail availability (i.e., 100% unavailable) on any of the image dates. 

Conversely, Districts 14 and 15 had the most favourable conditions, maintaining 20-30% 

availability (i.e., available or limited) throughout the season.  

4.2 Snowmobilers’ preferences and behaviours 

Research Question #2: Design and conduct a survey to examine the preferences and 

behavioural responses of snowmobilers under changing climatic conditions, including how 

they adjust their travel plans in response to trail closures and reduced trail availability (i.e., 

demand-side vulnerability). 

4.2.1 Snowmobiler riding habits and preferences  

To understand snowmobilers’ current preferences and riding habits, the first survey question 

asked respondents where they snowmobile most often, second most often, and third most 

often (Table 4.2). District 1 was selected as the most selected riding district (32.3%), 

followed by District 15 (17.1%). Of the 161 survey respondents, 101 selected a 2nd district 

most likely to ride, of which District 6 was selected the most (33.7%), followed by District 2 

(11.9%). An additional 66 respondents selected a 3rd district most likely to ride in, with 
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District 15 (16.7%) selected the most, followed by District 11 (15.2%). When examining 

overall district selection patterns (i.e., the sum of selected districts for primarily ride, second 

most likely to ride, third most likely to ridden), Districts 1, 6, and 15 were selected the most, 

accounting for 17.1%, 14.0%, and 14.3% of total selections, respectively.  

Table 4.2 Snowmobilers preferred riding districts 

District 
Primarily Ride 

(%) (n=158) 

2nd Most likely 

to ride (%) 

(n=101) 

3rd Most likely 

to ride (%) 

(n=66) 

Proportion of 

market totalb 

 (%) 

1 32.3 4.0 1.5 17.1 

2 8.9 11.9 9.1 9.8 

3 6.3 5.0 7.6 6.4 

4 1.9 2.0 0.0 1.5 

5 2.5 1.0 0.0 1.5 

6 1.9 33.7 13.6 14.0 

7 4.4 3.0 3.0 3.7 

8 1.3 4.0 1.5 2.1 

9 1.9 1.0 1.5 1.5 

10 1.9 1.0 6.1 2.7 

11 4.4 8.9 15.2 7.9 

12 5.1 3.0 9.1 5.2 

13 3.8 2.0 1.5 2.7 

14 5.1 8.9 12.1 7.6 

15 17.1 7.9 16.7 14.3 

17 1.3 3.0 1.5 1.8 
bSum of the selected district for primarily, secondarily and third most likely to ride. 

In terms of riding frequency, nearly one-third of the respondents ride three days per 

week (32.7%), followed by 2 days per week (24%). The distribution of responses suggests a 

core of dedicated riders, with some riding even more frequently (e.g., 18% ride 4 to 6 days 

per week, and 4.7% ride daily). Only a small portion (4.7%) ride less than once per week, 

indicating that most survey respondents are active participants in the sport. Moreover, the 

majority (80.7%) of respondents ride on the weekend, with slightly less (65.2%) riding 

during the weekdays. Winter holidays are another important period of riding, with 

approximately half of the respondents opting to snowmobile on long weekend and during 

winter holidays (e.g., Christmas and New Year) (52.8% and 46.0%, respectively).  
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Most respondents (44.8%) engage exclusively in day trips, while 40.7% engage in 

both day- and multi-day (i.e., overnight) trips, and 14% exclusive ride on multi-day trips. Of 

those riders that take overnight trips, 51.9% travel for 2-3 nights and 41.8% travel for 4+ 

nights (i.e., tours). When asked how they typically travel to their snowmobile trails, the 

majority (50%) indicated they ride directly from their property, while 30.4 % combine direct 

property access with towing to a trail head, and 19.6% exclusively tow to trailheads. If those 

respondents who ride directly from their property were faced with poor snow conditions that 

required towing, 90.5% (114 of 126 respondents) indicated they would be willing to do so, 

suggesting a high level of adaptability.   

 Next, respondents were asked the maximum distance they would tow their sled for a 

day trip, resulting in an average distance of 240km (Figure 4.2). However, there was 

considerable variation within the sample, with the majority (78,2%) indicating a maximum of 

< 300km, with 15.0% of respondents willing to travel between 300-500km, and 6.8% that 

would be willing to travel > 500km for a day trip. The maximum reported day trip distance of 

2000km appears to be an outlier, as fewer than 3% of respondents indicated willingness to 

travel more than 800km for a single day of riding. For overnight trips, respondents are 

willing to travel longer distances, resulting in an average of 861km (Figure 4.2). Less than 

20% would travel less than 400km, 14.3% would travel between 400-500km, another 35.1% 

would travel between 500-1000km, and a significant 18.2% were willing to travel between 

1000-2000km for overnight trips. A small but notable group (5.1%) reported extraordinary 

travel distances exceeding 2000km, with the maximum at 3000km. The difference in 

maximum travel distances for a day versus overnight trips highlights the distinct nature of 

these two types of snowmobiling activities and their respective planning considerations. Day 

trip participants typically operate within a limited geographic radius, suggesting the 

importance of climatically viable trail networks within 200-300km of primary residences. 

Overnight participants, by contrast, demonstrate a willingness to travel much farther for 

extended experiences, indicating the value of destination trail systems that can support longer  
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stays and more extensive exploration. 

 

Several survey questions were deliberately designed to align with the OFSC (2023) 

economic report to enable direct comparison between our sample and the broader Ontario 

snowmobiling population. When compared to the OFSC (2023) economic report, the results 

from the survey are not representative of Ontario snowmobilers district riding preferences 

nor frequency of riding. For example, there is an overrepresentation of snowmobilers that 

indicated they primarily ride in District 1 (i.e., 32.3% versus11.3%) and 15 (i.e., 17.1% 

versus 4.8%), with an underrepresentation of snowmobilers that primarily ride in District 6 

(i.e., 1.9% versus 10.3%) (Table 4.3). However, when comparing overall riding preferences 

(i.e., inclusive of primary, secondary, and third most likely to ride), the survey results align 

more closely with total provincial distributions (notable exceptions include district 1 and 15 

with an over representation of 9.5 and 8%, respectively). For the purposes of the ABM and 

limit representation bias, the distribution of riders within the ABM is based on current district 

market share as outlined by OFSC (Figure 3.2).   

In terms of riding frequency, 79.4% of respondents in this study ride two or more 

times per week with 4.7% riding less than once per week, compared to 27.3% and 40.8% in 

Figure 4.2 Maximum travel distance for day trips versus multi-day snowmobile trips 
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the OFSC report, respectively. Additionally, the survey reported higher participation in 

overnight trips (54.7% versus 32.4%). These differences suggest that the sample includes 

more active snowmobilers who ride more frequently and take more overnight trips than the 

average OFSC member, which could be the result of several factors, most notably self-

selection bias where more dedicated enthusiasts are more motivated to participate in both in-

person and online surveys), as well as differing distribution methods (e.g., the researcher did 

not have access to all OFSC permit holders and the locations of the in-person survey limits 

widespread distribution). These sampling differences likely reflect variations in survey 

distribution channels, regional response rates, or potentially stronger engagement from select 

district communities (discussed further in Section 6.3). 

Table 4.3 Comparison of district preference between survey and OFSC (2023) 

District 

Primarily ride 

Difference 

Proportion of total market 

Difference 
Primary 

Survey 

OFSC 

(2023) 
Primary survey OFSC (2023) 

1 32.3 11.3 +21.0 17.1 7.6 9.5 

2 8.9 9.1 -0.2 9.8 8.8 1 

3 6.3 4.1 +2.2 6.4 4.2 2.2 

4 1.9 2.4 -0.5 1.5 3.0 -1.5 

5 2.5 3.2 -0.7 1.5 3.3 -1.8 

6 1.9 10.3 -8.4 14 10.8 3.2 

7 4.4 8.7 -4.3 3.7 8.5 -4.8 

8 1.3 5.9 -4.6 2.1 4.9 -2.8 

9 1.9 7.7 -5.8 1.5 6.0 -4.5 

10 1.9 6.6 -4.7 2.7 7.3 -4.6 

11 4.4 8.0 -3.6 7.9 10.2 -2.3 

12 5.1 6.9 -1.8 5.2 6.9 -1.7 

13 3.8 3.5 +0.3 2.7 3.2 -0.5 

14 5.1 4.9 +0.2 7.6 7.6 0 

15 17.1 4.8 +12.3 14.3 6.3 8 

17 1.3 2.5 -1.2 1.8 1.5 0.3 
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4.2.2 Behavioural responses to marginal conditions  

The 2023/2024 season's trail closures significantly impacted riding behaviour, with all 

(100%) of respondents indicating they experienced trail closures. As a result, almost all 

(90.4%) indicating they reduced their riding frequency (i.e., stopped and waited for their 

preferred trails to open). An additional 8.3% maintained their usual riding frequency by 

waiting for their trails to open and then snowmobiling more frequently to make up for a 

shortened season (38.5%) and/or traveling to trails either outside or within their preferred 

district (61.5% and 38.5, respectively). Only two respondents (<1%) indicating they rode 

more than usual, with one participant reporting they traveled to other districts and the other 

selecting "other".  

Next, the survey asked snowmobilers at what percentage of trail closures would they 

not go snowmobiling and wait for better trail conditions (i.e., trail closure threshold). The 

majority of snowmobilers (54.1%) indicated that if trail closures exceeded 60%, they would 

not go snowmobiling, which increases to 74.0% that would not snowmobile if over 80% of 

trails were closed (Figure 4.3). The results indicate there is a highly committed segment of 

snowmobilers that will continue to ride despite near complete trail closures, with over one-

quarter (26%) opting to ride until over 90% of the trail are closed.  

 

Figure 4.3 Percentage of snowmobilers who would stop riding at different trail closure 

thresholds 
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If the length of the snowmobile season is 10-11 weeks, 100% of respondents would 

purchase a permit for the following season (Figure 4.4). Having a snowmobile season length 

of 8-9 weeks, 94.7% would renew their permit, which decreases slightly to 91.3% for a 

season length of 6–7 weeks. If the snowmobile season were to be reduced to 4-5 weeks of 

riding, 78.7% would purchase a permit for the following season, dropping to 51.3% should 

the season decrease to only 2-3 weeks of riding. With a season length of 1 week or less, only 

21.3 % of respondents in Ontario would be willing to purchase a snowmobile permit. 

 

Figure 4.4 Willingness to purchase a snowmobile permit based on season length 

 

To better understand the likelihood of snowmobiling under various marginal 

conditions, a 5-point Likert scale from very unlikely (1) to very likely (5) was presented for 

four key variables as identified in the literature (see Section 2.3). Importantly, over 85% of 

respondents indicated that they actively seek information on the status of trail conditions (i.e., 

available, limited, unavailable) using the OFSC interactive trail map prior to riding, including 

71.2% who are "very likely" and 15.3% who are “likely” to check the trail status prior to 

snowmobiling. This information seeking behaviour (M = 4.5, SD = 1.1) indicates that real-

time trail condition reporting systems are a key decision-making factor when deciding 

whether and where to participate in the sport (Table 4.4).  
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In terms of conditions that would limit riding, respondents were largely split down the 

middle. For example, if snowmobilers were unable to make loops or ride long distances (e.g., 

full trail length closed or not connected to other trails), 41.3% stated they were “likely” or 

“very likely” to go, while 43.6% would be "unlikely" or "very unlikely" to go (M = 3.0, SD = 

1.4). Similarly, if access to services were limited, 40.0% would be “likely” or “very likely” to 

continue riding, and 36.0% “unlikely” or “very unlikely” to go (M = 3.1, SD = 1.2). The 

closure of water crossing (e.g., rivers, lakes) emerged as the most limiting barrier (M = 2.9, 

SD = 1.3), but respondents were nevertheless largely divided, with 37.8% “likely” or “very 

likely” and 43.6% of respondents “unlikely” or “very unlikely” to continue riding if these 

areas were inaccessible. A Mann-Whitney U test revealed no statistically significant 

differences between riders who are unlikely to snowmobile when they cannot make loops or 

sled long distances and riders who are unlikely to snowmobile when water crossings are 

closed (U=1187, p=0.343).   

Table 4.4 Likelihood of snowmobiling under marginal conditions 

  

Very 

Unlikely 

(1) 

Unlikely 

(2) 

Neutral 

(3) 

Likely 

(4) 

Very 

likely 

(5) 

Average 
Standard 

Deviation 

Inability to make loops 

or sled long distances 

(e.g., full trail length 

closed or not connected 

to other trails)* 21.3% 21.3% 16.0% 15.3% 26.0% 3.0 2.3 

Water crossing closed 

(e.g., river, lake)* 20.1% 23.5% 18.8% 24.2% 13.4% 2.9 1.3 

Limited access to 

services and facilities 10.7% 25.3% 24.0% 27.3% 12.7% 3.1 1.2 

When planning to go 

snowmobiling, how 

likely are you to check 

the trail status before 

riding (e.g., interactive 

trail map)? 5.9% 0.8% 6.8% 15.3% 71.2% 4.5 1.1 

*Statistically significant difference (p<0.05) 

 
Given the bimodal distribution for each of the three conditions (inability to make 

loops, water crossings closed, limited access to services), the respondents were divided into 
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two group to explore whether mean trail closure thresholds differed between those who 

selected "likely" or "very likely" versus "unlikely" or "very unlikely.” Snowmobilers who are 

likely to continue riding despite loop or distance limitations have a higher mean closure 

threshold compared to those unlikely to continue riding (M=67.4% and 59.1%, respectively), 

with a Mann-Whitney U test revealing statistically significant difference (p=0.031). A similar 

result was found for water crossing closures (M=69.1% and 58.1%, respectively; p=0.007), 

with no statistically significant differences (p=0.120) between those who are or are not likely 

to ride when access to services is limited and their mean trail closure thresholds (M=67.5% 

and 60.6%, respectively).  

To explore whether different types of snowmobilers respond differently to various 

trail conditions, a comparative analysis was conducted based on trip type (i.e., day versus 

overnight), as well as riding frequency (i.e., two-three times per week versus four or more 

times per week). With respect to likelihood of riding when unable to make loops or sled long 

distances, mean responses ranged from 2.8 for day trips to 3.2 for overnight trips, which 

suggests riders that engage in day trips are less likely to snowmobile when conditions are 

marginal, but a Mann-Whitney U test indicated no statistically significant differences 

between groups (p=0.098). Similarly, for water crossing closures, mean responses revealed a 

comparable pattern (day: 2.7, overnight: 3.0), as did limited access to services and facilities 

(day: 2.9, overnight: 3.2) but neither were statistically significant (p=0.092 and p=0.135, 

respectively). In terms of riding frequency, there were no statistically significant differences 

for any of the conditions when comparing those who ride two-three times per week versus 

those who ride four or more times per week, including an inability to make loops or sled long 

distances (M=3.2 and 2.9; p=0.342), water crossing closed (M=2.9 and 2.9; p=0.956), and 

limited access to services and facilities (M=3.1 and 3.2; p=0.638). These results suggest that 

despite different riding frequencies; riders share similar attitudes toward marginal trail 

conditions. In turn, the survey sample's overrepresentation of frequent riders may not 

substantially bias the conclusions about snowmobiler responses to trail conditions and may 

apply broadly to the Ontario snowmobiling community. 
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4.3 Snowmobilers’ simulated movement in response to trail availability 

Research Question #3: Develop an agent-based model (ABM) to simulate how trail 

availability (i.e., objective 1) influences the spatial redistribution of snowmobilers across 

Ontario's districts (i.e., objective 2) to evaluate the synchronous evolution of demand- and 

supply-side vulnerabilities. 

4.3.1 Temporal patterns of snowmobile activity 

Given the results from the uncertainty analysis, the model was run 30 times for reliability 

(see Section 3.5.2). The results of the simulation showed that there are clear fluctuations in 

snowmobile activity in response to trail network availability (Figure 4.5). For example, the 

delayed start to the snowmobile season is evident in December, with limited trail availability 

resulting in low activity (i.e., 0% of active snowmobilers in weeks 1-4). A peak in 

snowmobile activity is notable in the month of February, which includes week 9 (9%), week 

10 (12%) and week 12 (21%), which marks the highest level of active snowmobilers in the 

ABM for the 2023/2024 season. Similar to the slow start to the snowmobile season, the 

season also ended early, with a notable decline in snowmobile activity in March (i.e., <5% of 

total snowmobilers are active in week 14, dropping to 0% by week 16). The pattern is 

consistent with the classification of trail status (Figure 4.1), with two notable peaks in 

activity (>10%) that align with the dates that had the greatest trail network availability (i.e., 

January 24-31 and February 16-27). The results suggest that trail status play an important role 

in the active participation of snowmobilers in Ontario.  
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Figure 4.5 Simulated weekly snowmobile activity (%) during the 2023/2024 winter 

season 

4.3.2 Geographic redistribution of snowmobile activity  

To assess potential changes in market share for each of the 16 snowmobile districts, a 

comparative analysis was conducted to explore the difference between the stated market 

share in 2022/2023 (Table 3.1) and the simulated market share based on the ABM results. 

First, a highly conservative, best-case scenario approach was taken, comparing stated market 

share with the maximum number of active snowmobilers simulated per district at any given 

time in the season. Next, a monthly comparison was done for the winter season (i.e., 

December to March), followed by a weekly comparison for the month of February, which 

was the month with the highest percentage of available trails. By calculating the 

redistribution of snowmobilers by various timeframes (i.e., seasonal, monthly, weekly) 

across the 16 districts, the comparison highlights the dynamic and coupled relationship 

between supply (i.e., trail availability) and demand (i.e., snowmobilers). 

Using the maximum simulated activity per district, market share changed in all but 

one district (District 4 - southcentral Ontario), with two districts gaining a slight market share 

(<2%), and the remaining districts losing market share (-0.5% to -7.6%) (Table 4.5). For 

example, District 1 (Upper Canada) had the largest simulated market share, with snowmobile 
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activity increasing from 7.6% of Ontario’s riders to 9.5%, which occurred in week 10 when 

15% of trails were available. District 3 (southeast) also had a slight increase from 4.2% to 

5.6%, which occurred in week 8 when 20% of trails were available. On the other hand, 

District 11 (near north) had the greatest decrease in market share, dropping from 10.2% to 

2.7%, with the maximum activity occurring in week 13 when 40% of trails were open. 

District 6 (Haliburton, Bancroft, Ottawa Valley) experienced similar losses, dropping from 

10.8% to 3.8% at its maximum activity (week 9, 66% trails open). Interestingly, because 

District 5 (southwestern Ontario) represents a smaller share of the total Ontario snowmobile 

market (3.3%), despite not having any snowmobile activity (i.e., 0% of trails available 

throughout the 2023/2024 season), the simulated market loss on a provincial scale is less than 

District 5 (i.e., -3.3 versus -7.0%). The localized implications within the district would 

nevertheless be significant, with direct losses for those businesses reliant on the industry 

during the winter months (e.g., hotels, service stations, restaurants).  

Table 4.5 Redistribution of snowmobilers based on maximum simulated activity per 

District 

Districts 
Stated market share 

(%)  

Simulated market share 

(%) 

Change in potential 

market share (%) 

1 7.6 9.5 1.9 

2 8.8 3.8 -5.0 

3 4.2 5.6 1.4 

4 3.0 3.1 0.0 

5 3.3 0.0 -3.3 

6 10.8 3.8 -7.0 

7 8.5 1.7 -6.8 

8 4.9 4.5 -0.5 

9 6.0 1.7 -4.4 

10 7.3 1.2 -6.1 

11 10.2 2.7 -7.6 

12 6.9 2.9 -3.9 

13 3.2 0.7 -2.5 

14 7.6 2.3 -5.3 

15 6.3 1.0 -5.3 

17 1.5 0.7 -0.9 
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Next, geographic redistributions were explored by comparing stated market share 

with the simulated share on a monthly basis. Given that the winter season began with no 

snowmobiler activity due to complete trail closures across the province, the ABM simulation 

reflects market losses across all 16 districts between week 1 (Dec 1 – Dec 7) and week 5 

(Dec 29 – Jan 4) (Figure 4.5). In January, several districts experienced significant market 

share increases relative to December's complete inactivity, with some districts exceeding 

their expected market share based on the stated riding districts selected in the OFSC survey. 

Specifically, Districts 6 (Haliburton, Ottawa Valley region; +13.2%), District 12 (Sudbury, 

Espanola and Manitoulin; +11.4%), and District 14 (Northeastern Ontario, New Liskeard, 

Kirkland Lake, Timmins; +11.3%) had the highest simulated gains, with more snowmobilers 

selecting these districts. 

February evidenced a more geographically distributed market, with positive changes 

expanding eastward to include Districts 1 (Ottawa, Kingston area; +3.4%) and District 2 

(Bancroft, Bobcaygeon region; +5.4%), while Districts 6 and 12 maintained their positive 

market position (+5.9 and +5.1%, respectively). Southern districts continued to experience 

simulated losses but showed improvements compared to January, with Districts 4 (Toronto 

area) and 8 (Collingwood, Barrie region) nearing market stability (-0.4% and -0.4%). The 

most dramatic redistribution occurred in March, with northeastern districts experiencing 

substantial gains, including District 14 (Cochrane area; +33.3%), District 17 (Kenora region; 

+30.0%), and District 15 (Timmins area; +10.8%), while all southern and central districts 

reverted to significant market losses, creating a north-south divide in snowmobiling activity 

(Figure 4.6). 
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Figure 4.6 Percentage change in stated versus simulated market share by month 
 

A weekly comparison of snowmobile patterns for February, which had the highest 

snowmobile activity throughout the 2023/2024 season, provides a more detailed view of 

redistribution trends compared to the monthly analysis (Figure 4.7). During week 9 (Jan 26 – 

Feb 2), provincial snowmobile activity was highest in Districts 6 (24.4%) and District 12 

(20.3%), substantially exceeding their stated preferences of 10.8% and 6.9%, respectively. 

Meanwhile, seven districts (3-5, 7-10) recorded no activity despite collectively representing 

37.2% of the stated market share. In week 10 (Feb 2 – Feb 8), there was a shift in market 

distribution, with District 1 simulating 22.4% of active snowmobilers, which is a substantial 

increase from its stated market share of 7.6% (+14.8%), with a complete market loss in 

District 11 (-9.6% from the week prior and -10.2% compared to stated market share). Week 

11 (Feb 9 – Feb 15) had the most concentrated distribution pattern of the month, with activity 

limited to just four districts. For example, District 2 (Bancroft, Bobcaygeon region) had 34% 
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of the simulated market share (+25.2%), followed by 31.53% of riders in District 6 (+20.7%) 

and 23.8% in District 14 (+16.2%). The remaining 10.7% of snowmobile activity occurred in 

District 15 (+4.4%), while the other twelve districts recorded no simulated activity despite 

collectively representing 57% of the stated market share. Finally, week 12 (Feb 16 – Feb 23) 

recorded the highest overall participation, which simulated riding activity in 14 of the 16 

districts, revealing the system's capacity for temporary geographical recovery when 

conditions improved (Fig. 4.8). Nevertheless, while the system demonstrated capacity for 

geographical recovery, the distribution remained uneven with certain districts still vulnerable, 

including Districts 10 (Georgian Bay region), 11 (near north), and 5 (southwestern Ontario) 

which experienced losses of 3.8%, 4.8%, and 3.3% respectively. 

 

 

Figure 4.7 Weekly percentage change in stated versus simulated market for the month 

of February (weeks 9-12) 
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The weekly comparison between stated versus simulated snowmobile activity reveals 

a more dynamic geographic pattern than the monthly comparison, suggesting that rider 

distribution can change rapidly in response to trail availability. At the monthly scale, there is 

a general north-south divide indicative of riders’ willingness to travel long distances to 

access available trails. Whereas on a weekly level, as trails became briefly available in the 

south, riders are more likely to choose them. The spatial redistribution suggests that the 

provincial market is not at uniform risk to climatic variability and change. The willingness of 

riders to adapt underscores demand-side flexibility, which may temporarily precede supply-

side contraction (i.e., reduction in trail availability) as the climate continues to warm in the 

future. The results highlight the climatic dependence of the system, with market gains (or 

losses) predicated on trail availability. The traditionally popular southern districts exemplify 

the vulnerability of lower-latitude snowmobile regions to warming trends, even when those 

regions have substantial infrastructure investments and established rider preferences.  
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Chapter 5 

Discussion 

The presented chapter discusses the implications of trail closures for the snowmobile industry 

Ontario, including the temporal and spatial patterns of the simulated market redistribution 

and the parameters that influenced these movement patterns the most. While the current 

parameterization provided valuable insights into the geographical redistribution of Ontario 

snowmobilers, future improvements that include empirically-derived social influence 

metrics, snowmobile-specific decay functions for district popularity, and Ontario-specific 

decision weights derived through choice experiments are discussed. 

5.1 Impacts on trail availability (supply-side) 

The 2023/2024 winter season saw significant snowmobile trail closures across Ontario due to 

record warm temperatures, with greater trail availability in eastern versus southern districts, 

including District 5 (southwestern) which experienced complete trail closure throughout the 

season. The snowmobile season experienced a delayed start (≤5% trails available in 

December across 14 districts), an early end (≤1% trails available by March 6th except 

Districts 15 and 17), with the greatest network availability in February (reaching a maximum 

in week 12 at 21%).   

It is important to note that District 17 is an outlier in the dataset. Located in the 

northwest, it was anticipated that there would be less seasonal variability and longer stretches 

of trail availability. However, the district did not have any available trails in 2023/2024, with 

limited availability in January (10% to 14.1%) no available trails in February until the 29th 

(20.3%), before closing by March 9th. A possible explanation is that the district has a 

significant number of trails that cross water (e.g., over 70,000 lakes in the region; Destination 

Ontario, 2025), that would require longer periods of cold temperatures to ensure the ice is 

thick enough to safely travel across. Moreover, the availability of the trails is not solely 

dependent on weather and snow patterns, but also trail management, with trail maintenance 

and grooming reliant on volunteers. As such, even if snow conditions are present, without 

available volunteer, trails could remain closed for longer periods of time. At present, the 
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average age of OFSC volunteers is 50, with some members raising concerns about the 

longevity of the organization if they are unable to attract younger volunteers moving forward 

(OFSC, 2023).  

The high supply-side vulnerability evidenced in 2023/2024 align with the warnings 

heeded by Mcboyle et al. (2007) who estimated that a reliable snowmobile season in Ontario 

(i.e., minimum of 30 days) was at risk of being eliminated by the 2050s, with southern 

districts at greatest risk. Based on the results, 8 districts did not meet the minimum reliable 

season of 30 days in 2023/2024, and if only available trails were included then none of the 

districts would be deemed reliable. The findings also align with Scott et al. (2008) who 

estimated that over half of the US Northeast snowmobile regions would lose their current 

snowmobile season by mid-century, and Wobus et al. (2017) who estimated season length 

would be most significantly impacted in the upper Midwest and Northeast (e.g., >80% 

season loss by mid-century under an RCP4.5 scenario). 

When evaluating the vulnerability of the trail network, this study used a conservative 

approach by classifying both available and limited availability trail statuses as suitable for 

snowmobiling. In reality, trails with limited availability are defined by OFSC as “limited 

with marginal riding opportunities, [and] snowmobilers enter with the understanding that 

they should exercise extreme care and reduce speed.” The actual usability of trails is 

therefore overestimated in this study, such that the movement of snowmobilers within the 

ABM is likely greater than reality, which was purposeful to minimize projected market loss 

(i.e., best case scenario to yield conservative estimates). Had snowmobiler movement been 

based only on available trails, agents would have been restricted to 11 weeks, and seven 

districts would not have had any activity throughout the 2023/2024 season (i.e., Districts 1, 2, 

6, 12-15). The rationale for such a conservative approach is based on the understanding that 

researchers seeking to enhance destination climate responsiveness should avoid the 

persuasive tactic of arousing fear, which is neither effective nor appropriate in the context of 

climate change risk communication and industry engagement (e.g., Reser & Bradley 2017, 

Knowles & Scott 2021).   
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Another methodological consideration is that the analysis relied on 33 trail status 

images representing the 2023/2024 season. This sampling, while providing some insights 

into seasonal patterns, may not fully account for daily fluctuations in trail conditions. Rapid 

changes in weather and trail status between sampling dates may have created additional 

disruptions or opportunities for snowmobile activity that is not captured in the results. As 

such, daily trail statuses, including daily datasets that span multiple winter seasons, would be 

valuable in future runs of the ABM. 

5.2 Impact on riding behaviours (demand-side) 

The survey findings revealed that Ontario snowmobilers are highly adaptive to 

marginal conditions. While all respondents (100%) experienced trail closures, the majority 

opted to travel long distances to trails outside their preferred district (61.5%) or wait until 

their trails opened and then increasing their riding frequency to make up for lost time 

(38.5%). Moreover, most respondents (78.6%) would continue to purchase a permit even if 

the season was as shortened to four weeks, including a dedicated minority (26%) that would 

continue to ride even if over 90% of the trails were closed. Similar to survey results from 

Vermont (Perry et al. 2018, Xiao et al. 2020), the importance of being able to ride long 

distances and access water crossings was found, with statistically significant differences 

found based on mean closure thresholds.  

However, given that the overrepresentation of active riders in the survey (i.e., 79% of 

respondents ride two or more times per week compared to the provincial average of 27%), 

the results may overestimate the acceptance of marginal conditions. Survey data that better 

reflects the Ontario market is needed to both calibrate and validate the ABM. It also remains 

unclear whether, and to what degree, a trail status marked as available versus limited 

availability influences a riders’ decision on when or where to go, including the influence trail 

status has on positive and negative experiences. Given the heavy reliance of snowmobilers on 

the OFSC interactive trail map prior to riding (i.e., 87% are likely to check), which aligns 

with Rutty and Andrey (2014) who found that 97% of Ontario snowmobilers use weather 
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forecasts when planning a trip, additional research on how the trail map informs snowmobiler 

decision-making is warranted.  

Based on snowmobilers’ behavioural responses to trail availability and stated 

preferences, the ABM simulated significant market redistributions across Ontario's 16 

districts, with 14 of the 16 districts resulting in market losses. A north-south divide was 

evident at a monthly level, with northeastern districts gaining market share as riders travelled 

from southern districts that were particularly hard hit by the record warm temperatures. In 

turn, weekly comparisons showed a more dynamic redistribution, revealing riders' preference 

for southern districts when trails were briefly available. Unlike the supply-side models that 

projected an elimination of the industry if the season were less than 30 days (e.g., Mcboyle et 

al. 2007; Scott et al. 2008), the findings suggest a more complex market response pattern 

similar to the one observed by Rutty et al. (2023), whereby riders redistribute geographically 

rather than abandon the activity entirely. The research underscores the need for further 

systems-based approaches for assessing climate risks in winter sports, recognizing that 

participants are not passive recipients of environmental changes but rather active agents 

making timely decisions in response to changing trail conditions. 

5.3 Future ABM considerations 

The ABM applied in this thesis explores the synchronous evolution of demand- and supply-

side changes in response to climate, addressing a notable gap in not only winter sports 

tourism, but climate and tourism research more broadly (TPCC 2023, Scott & Gossling 2022, 

Rutty et al. 2021). To further build on the success of the research, a number of refinements to 

the ABM are offered to calibrate model assumptions.  

First, the sample size used to empirically inform the decision-making rules of the 

ABM was low (n=161), with a larger and more representative sample of the 155,000 

snowmobilers in Ontario needed. A future survey could also expand on the questions asked 

in this study, directly informing district popularity decay rates, such as asking snowmobilers 

about their recent visits to specific districts and their corresponding satisfaction ratings (i.e., 

how recent trail experiences, including both positive and negative experiences, influence 
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subsequent riding decisions). To address the assumptions of the social influence parameter, 

future research could explore the information snowmobilers share with their community 

network (e.g., about trail status, snow conditions, riding experiences), along with the types of 

communication channels used (e.g., social media, word of mouth, online forums), with whom 

the information is shared (group size, relationship types), and the influence of peer 

recommendations on riding choices, including the influence of both positive and negative 

information. Snowmobilers likely develop adaptive strategies through complex social 

networks, and understanding these collective learning processes could reveal advanced 

decision-making strategies that go beyond individual preferences and a simplified social 

influence.  

The introduction of non-linear weights that consider context-dependent choices 

would also advance the ABM. A conjoint analysis or discrete choice experiments with 

Ontario snowmobilers would help inform decision weights, exploring items such as seasonal 

timing (e.g., willingness to accept various trail conditions based on early vs mid- vs end-of 

season expectations) and trip type, including who is participating on the trip (e.g., riding solo 

versus with family or friends), as well as rider experience level. The method would require 

participants to evaluate trade-offs between competing district attributes (e.g., trail availability 

versus travel distance), revealing how riders prioritize different environmental factors when 

deciding when or where to ride (i.e., preference hierarchies). Sensitivity testing of the 

decision weights could also be performed, yielding additional insights into how variations in 

these parameters affect model outcomes and identify which factors most significantly 

influence simulated redistribution patterns.  

Next, the ABM is currently set so that snowmobilers always start from, and return to, 

their home district. The oversimplification of the travel patterns would not accurately capture 

those riders engaged in multi-day trips, nor those who ride from second homes in different 

snowmobiling districts (e.g., cottages and recreational properties). In the same way, while the 

model incorporates different closure thresholds based on survey data, it considers these 

thresholds as static rather than evolving through experience or changing expectations. To 

address the lack of empirical real-time tracking data of snowmobiler movements, mobile 
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phone data could be leveraged to obtain geographical and temporal details on snowmobiler 

movement across trail networks. The data would also be useful for validating the spatial and 

temporal patterns simulated through this research, though the successful exploitation of 

mobile apps and smartphone-based GPS technology data for producing meaningful tourism 

statistics has been criticized (e.g., Grassini & Dugheri 2021; Reif & Schmucker 2020). An 

alternate validation option could include participatory modelling sessions with OFSC 

leadership (e.g., executive board, District governors) and volunteers (e.g., club organizers, 

trail groomers). By leaning on their experiential knowledge, including local rider preferences 

and trail management decisions, model assumptions could be discussed and revised in an 

iterative process. Collaborative research between tourism scholars and industry stakeholders 

to adequately assess and respond to climate risks, including data sharing to support climate 

action, remains a pertinent gap (Scheyvens & Cheer 2022, Becken & Loehr 2024). 

The assumption that successful riding experiences directly influence permit renewal 

decisions is a critical link for long-term market sustainability, and while drawn from the 

survey, it does not consider when permits are purchased (e.g., how far in advance of the 

season) nor how the decision may change should there be multiple seasons with marginal 

conditions.  The integration of historic permit sales data by district would transform the 

model's validation capabilities. If historical permit data were available, the model could be 

calibrated to match observed market shifts during previous seasons with anomalous 

conditions. Extending the ABM to include economic expenditure patterns would also support 

the exploration of how market redistribution affects local economies, such that different 

spending profiles could be assigned to agents and then track their movements and associated 

spending under different trail conditions. Given that the sport generates over $2.5 billion in 

provincial revenue, the redistribution of direct spending across rural economies will have 

consequent impacts on businesses and communities, necessitating continued research to 

inform climate risk assessments.  

As empirical data becomes available to refine the ABM, increasing the number of 

simulated agents from the 1,000 operationalized in this study to 155,000 agents would better 

represent the number of registered permit holders in Ontario. In turn, the ABM would offer 
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greater heterogeneity in agent characteristics while reducing stochastic effects in smaller 

districts. It would also influence the density parameter, as the additional agents would trigger 

more density-related enjoyment penalties. Furthermore, the model calculates trail density 

based on total trail kilometers per district rather than accounting for the percentage of trails 

that are actually open on a given day. This can potentially underestimate real-world density 

issues, as riders in reality would be concentrated on the limited available trail sections rather 

than distributed across the entire network. Future improvements should incorporate a 

dynamic density calculation that considers only available trail kilometers, which would better 

represent the crowding effects that might influence rider satisfaction and subsequent district 

selection decisions. 
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Chapter 6 

Conclusion  

The purpose of this research was to assess the differential climate risk of snowmobile tourism 

across Ontario's 16 districts through three interconnected objectives: (1) assess the impact of 

the record warm 2023/2024 winter season on snowmobile trail availability through a 

geospatial analysis, (2) examine the preferences and behavioural responses of snowmobilers 

under changing climate conditions through primary survey collection, and (3) develop an 

ABM to simulate and compare the coupled evolution of demand- and supply-side 

vulnerabilities. The findings yield insight into how climatic variability and change will 

reshape the geographic distribution of snowmobile activity across Ontario's trail system, 

offering future research directions to further refine the ABM.  

As the first empirical study to not only explore the impact of a record warm winter on 

snowmobiling but also develop an ABM to compare the dynamic relationship between riders 

and their environment, the presented research makes a novel contribution to the climate 

change and winter tourism literature. The stated and simulated movement of snowmobilers 

across Ontario’s 34,000 network indicates a high degree of adaptability, with a clear 

willingness among riders to pursue the sport despite marginal trail conditions. The 2023/2024 

Ontario winter season was +5.4°C warmer than average, which exceeds mid-century climate 

change projections for the province (up to 4.3°C under a high emission scenario), yet 

snowmobilers continued to ride, adapting spatially and temporally. In turn, the findings stand 

in contrast to studies that explore supply-side and demand-side risks in isolation, suggesting 

that the resilience of the sport may be greater than currently assumed in climate change 

studies. Traditionally, model-based research has presented the industry as either being viable 

or eliminated, failing to capture the nuance of both the partial operating capacity of the 

industry and snowmobilers’ willingness to ride despite fragmented trail networks. The record 

warm season also fell well below the 30-day threshold that has been held in the literature as 

the minimum viable season, with evidence that the majority of riders will continue to 

purchase permits even if there are fewer than four weeks to ride.  
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While the geographic redistribution of tourists in response to climate change is to be 

anticipated (Scott & Gossling 2022), researchers rarely seize the opportunity to use record 

breaking events (i.e., climate analogues) to empirically explore climate sensitivities and 

responses (Steiger et al., 2019). As demonstrated through this research, ABMs are a valuable 

tool for studying behaviour that is contingent on environmental conditions, enabling shifts in 

tourism flows over time and space to be empirically explored. Although the ABM was 

developed for Ontario, it can be readily modified to simulate snowmobiler behaviour in other 

major markets, including Quebec (the largest Canadian market with 236,973 of riders), the 

United States (over 1.2 million riders), and European destinations (e.g., Scandinavian 

countries with over 20,000 registered sleds). A cross-market comparison would also be 

valuable, particularly for those districts in Ontario that border Quebec, as riders are likely 

travelling between provinces to ride (e.g., Districts 1,6,11,14,15). However, it’s important to 

note that the selection of a single analogue year cannot capture annual variability, where 

snowmobilers are likely to face alternating favorable and unfavorable seasons rather than 

consistent decline. For instance, the following season (2024/2025), Ontario’s southern 

districts experienced significant above-average snowfall, with the deepest snowpack in 

decades (The Weather Network, 2025) that would have provided snowmobilers with an 

exceptional season that contrasted markedly with previous years' conditions. A multi-year 

study with varying temperature and precipitation scenarios, or alternatively, using 

downscaled climate model projections to generate synthetic trail availability data across a 

range of potential future conditions, would provide further insight into redistribution patterns 

across different climate futures. 

Based on past emissions and current trajectories, we have committed ourselves to a 

future of warming (IPCC, 2023), which requires careful sectoral risk assessments in 

anticipation of seasonal disruptions, loss of critical assets (e.g., snow), and the resultant 

implications for tourism demand, destination competitiveness, and the sector’s economic 

viability (Steiger et al., 2024, Scott et al., 2024). Tourism is complex, with differential 

supply- and demand-side climate vulnerabilities. Climate change will not affect the 

snowmobile industry uniformly, requiring different adaptation strategies to support tourism 
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planning and rural economic development in the face of unavoidable market changes. Clubs 

in northern districts with climatic advantages might prepare for increased market share 

during marginal periods (e.g., expanding and improving the trails infrastructure), while those 

in climatically vulnerable districts might consider alternate pricing or permit strategies to 

attract riders (e.g., flexible or transferable permits), along with targeted marketing during the 

shorter optimal weather windows (e.g., reduced price for last minute multi-day permits, 

develop a notification system that alerts riders when ideal conditions are present in the 

different districts). The development of response strategies requires continued research, 

ideally alongside industry stakeholders, to address ongoing data and knowledge gaps in 

support of climate preparedness.  

 

  



79 

References 

Alvarez, E., & Brida, J. G. (2019). An agent‐based model of tourism destinations choice. 

International Journal of Tourism Research, 21(2), 145–155. 

https://doi.org/10.1002/jtr.2248 

Anderson, P. W. (1972). More is different. Science. 177(4047), 393-396. 

https://doi.org/10.1126/science.177.4047.393 

Amelung, B., Student, J., Nicholls, S., Lamers, M., Baggio, R., Boavida-Portugal, I., 

Johnson, P., De Jong, E., Hofstede, G. J., Pons, M., Steiger, R., & Balbi, S. (2016). 

The value of agent-based modelling for assessing tourism–environment interactions 

in the Anthropocene. Current Opinion in Environmental Sustainability, 23, 46–53. 

https://doi.org/10.1016/j.cosust.2016.11.015 

An, L., Grimm, V., Sullivan, A., Turner II, B. L., Malleson, N., Heppenstall, A., Vincenot, 

C., Robinson, D., Ye, X., Liu, J., Lindkvist, E., & Tang, W. (2021). Challenges, tasks, 

and opportunities in modeling agent-based complex systems. Ecological Modelling, 

457, 109685. https://doi.org/10.1016/j.ecolmodel.2021.109685 

Antón, C., Camarero, C., & Laguna-García, M. (2014). Towards a new approach of 

destination loyalty drivers: Satisfaction, visit intensity and tourist motivations. 

Current Issues in Tourism, 1-23. https://doi.org/10.1080/13683500.2014.936834 

Arangio, S. (2024, January 9). Late start to snowmobiling season in northern Ont. CTV 

News. Retrieved from https://www.ctvnews.ca/northern-ontario/article/late-start-to-

snowmobiling-season-in-northern-ont/ 

Axelrod, R. (1984). The evolution of cooperation. Basic Books. 

Axelrod, R. (1997). Advancing the art of simulation in the social sciences. Complexity, 3(2), 

16–22. https://doi.org/10.1002/(SICI)1099-0526(199711/12)3:2<16::AID-

CPLX4>3.0.CO;2-K 

Axtell, R. (2000). Why agents? On the varied motivations for agent computing in the social 

sciences Washington, The Brookings Institution, Center on Social and Economic 

Dynamics, 22 p. (CSED Working Paper, n 17). Available online at: 

http://www.brook.edu/dybdocroot/es/dynamics/papers/agents/agents.htm. 

https://doi.org/10.1002/jtr.2248


 

80 

 

Baggio, J. A., & Baggio, R. (2020). Modelling and Simulations for Tourism and Hospitality. 

Channel View Publications. https://doi.org/10.21832/BAGGIO7420 

Baggio, R. (2008). Symptoms of Complexity in a Tourism System. Tourism Analysis, 13(1), 

1–20. https://doi.org/10.3727/108354208784548797 

Baggio, R., & Chiappa, G. D. (2017). Complex Tourism Systems: A Quantitative Approach. 

In M. Uysal, Z. Schwartz, & E. Sirakaya-Turk (Eds.), Management Science in 

Hospitality and Tourism (1st ed., pp. 21–41). Apple Academic Press. 

https://doi.org/10.1201/b19937-2 

Baktash, A., Huang, A., De La Mora Velasco, E., Jahromi, M. F., & Bahja, F. (2023). Agent-

based modelling for tourism research. Current Issues in Tourism, 26(13), 2115–2127. 

https://doi.org/10.1080/13683500.2022.2080648 

Balbi, S., Giupponi, C., Perez, P., & Alberti, M. (2013). A spatial agent-based model for 

assessing strategies of adaptation to climate and tourism demand changes in an alpine 

tourism destination. Environmental Modelling & Software, 45, 29–51. 

https://doi.org/10.1016/j.envsoft.2012.10.004 

Becken, S., & Loehr, J. (2024). Tourism governance and enabling drivers for intensifying 

climate action. Journal of Sustainable Tourism, 32(9), 1743-1761. 

Bell, A. R., Robinson, D. T., Malik, A., & Dewal, S. (2015). Modular ABM development for 

improved dissemination and training. Environmental Modelling & Software, 73, 189–

200. https://doi.org/10.1016/j.envsoft.2015.07.016 

Boavida-Portugal, I., Ferreira, C. C., & Rocha, J. (2017). Where to vacation? An agent-based 

approach to modelling tourist decision-making process. Current Issues in Tourism, 

20(15), 1557–1574. https://doi.org/10.1080/13683500.2015.1041880 

Bonabeau, E. (2002). Agent-based modeling: Methods and techniques for simulating human 

systems. Proceedings of the National Academy of Sciences, 99, 7280–7287. 

https://doi.org/10.1073/pnas.082080899 

Borts-Kuperman, L. (2024, February 13). Warm winters put snowmobile season, and safety, 

at risk. The Narwhal. https://thenarwhal.ca/ontario-snowmobile-mild-winter/ 



 

81 

 

Bruch, E., & Atwell, J. (2015). Agent-Based Models in Empirical Social Research. 

Sociological Methods & Research, 44(2), 186–221. 

https://doi.org/10.1177/0049124113506405 

CBC News. (2024, February 12). Mild winter a disappointment for northeastern Ontario 

snowmobilers: Some areas have only had their trails open for 2 or 3 weeks. CBC 

News. Retrieved November 11, 2024, from 

https://www.cbc.ca/news/canada/sudbury/mild-winter-snowmobile-trails-1.7110966 

Canadian Council of Snowmobile Organizations (CCSO). (2020). Economic Impact of 

Snowmobiling in Canada. 

Cho, E., Myers, S. A., & Leskovec, J. (2011). Friendship and mobility: User movement in 

location-based social networks. Proceedings of the 17th ACM SIGKDD International 

Conference on Knowledge Discovery and Data Mining, 1082–1090. 

https://doi.org/10.1145/2020408.2020579 

Cochran, W. G. (1977). Sampling techniques (3rd ed.). John Wiley & Sons. 

Climate Atlas of Canada. (2019). Climate Change: The Basics Prairie Climate Centre. 

Climate Change: The Basics. https://climateatlas.ca/climate-change-basics 

Climate Risk Institute. (2023). Ontario Provincial Climate Change Impact Assessment (p. 

534). https://www.ontario.ca/page/ontario-provincial-climate-change-impact-

assessment 

Cognitive Market Research. (2024). Snowmobile Market Report 2024 (Global Edition) (8th 

Edition). 

Confente, I., & Vigolo, V. (2018). Online travel behaviour across cohorts: The impact of 

social influences and attitude on hotel booking intention. International Journal of 

Tourism Research, 20(5), 660-670. 

Cruickshank, A. (2024, March 26). Snowmobile trails across Ontario remain closed due to 

lack of snow. Cottage Life. Retrieved November 11, 2024, from 

https://cottagelife.com/general/snowmobile-trails-across-ontario-remain-closed-due-

to-lack-of-snow/ 



 

82 

 

Darbyson, K. (2024, January 6). Algoma snowmobilers getting 'antsy' over lack of snow: 

Sault Trailblazers president forecasts latest snowmobile season start in recent 

memory. Sault Star. Retrieved November 12, 2024 from 

https://www.saultstar.com/news/algoma-snowmobilers-getting-antsy-over-lack-of-

snow 

De Veaux, R., Velleman, P., Bock, D., Vukov, A., & Wong, A. (2021). Stats: Data and 

Models (4th Canadian ed.). Pearson. 

Destination Ontario. (2025). Sunset Country. King’s Printer for Ontario, 2025. Retrieved 

from https://www.destinationontario.com/en-ca/cities-towns/sunset-country 

Ding, Z., Wen, X., Cao, X., & Yuan, H. (2022). A GIS and hybrid simulation aided 

environmental impact assessment of city-scale demolition waste management. 

Sustainable Cities and Society, 86, 104108. https://doi.org/10.1016/j.scs.2022.104108 

Donkin, E., Dennis, P., Ustalakov, A., Warren, J., & Clare, A. (2017). Replicating complex 

agent based models, a formidable task. Environmental Modelling & Software, 92, 

142–151. https://doi.org/10.1016/j.envsoft.2017.01.020 

Dunbar, R. I. M., Marriott, A., & Duncan, N. D. C. (1997). Human conversational behavior. 

Human Nature, 8(3), 231–246. https://doi.org/10.1007/BF02912493 

Dunbar, R. I. M., & Spoors, M. (1995). Social networks, support cliques, and kinship. 

Human Nature, 6(3), 273–290. https://doi.org/10.1007/BF02734142 

Elsenbroich, C., & Polhill, J. G. (2023). Agent-based modelling as a method for prediction in 

complex social systems. International Journal of Social Research Methodology, 

26(2), 133–142. https://doi.org/10.1080/13645579.2023.2152007 

Environment and Climate Change Canada (ECCC). (2019a). Chapter 4: Temperature and 

Precipitation Across Canada. In E. Bush & D. S. Lemmen (Eds.), Canada’s Changing 

Climate Report. Environment and Climate Change Canada, Zhang, X., Flato, G., 

Kirchmeier-Young, M., Vincent, L., Wan, H., Wang, X., Rong, R., Fyfe, J., Li, G., 

Kharin, V.V.; Government of Canada. https://doi.org/10.4095/314614 

Environment and Climate Change Canada (ECCC). (2019b). Chapter 5: Changes in Snow, 

Ice, and Permafrost Across Canada. In E. Bush & D. S. Lemmen (Eds.), Canada’s 



 

83 

 

Changing Climate Report. Environment and Climate Change Canada, Derksen, C., 

Burgess, D., Duguay, C., Howell, S., Mudryk, L., Smith, S., Thackeray, C. and 

Kirchmeier-Young, M.; Government of Canada. 

Environment and Climate Change Canada (ECCC). (2022). Chapter 3: Ontario. In Canada in 

a Changing Climate: Regional Perspectives Report. Environment and Climate 

Change Canada, Douglas, A.G., Pearson, D., F.J. Warren, N. Lulham, D.L. Dupuis 

and D.S. Lemmen; Government of Canada, Ottawa, Ontario. 

Environment and Climate Change Canada (ECCC). (2024). Winter 2023/2024. Environment 

and Climate Change Canada. 

https://www.canada.ca/content/dam/eccc/documents/pdf/climate-change/trends-

variations/winter2024/CTVB_Winter_2024-Bulletin_EN.pdf 

Epstein, J. (2008). Why Model? Journal of Artificial Societies and Social Simulation, 11(4 

12). 

Facebook. (2024, October 1). The Ontario Federation of Snowmobile Clubs—OFSC - 

Facebook Page. Go Snowmobiling Ontario. 

https://www.facebook.com/gosnowmobilingontario 

Fan, C., Gong, L., & Li, H. (2019). An agent-based model approach for assessing tourist 

recovery strategies after an earthquake: A case study of Jiuzhai Valley. Tourism 

Management, 75, 307–317. https://doi.org/10.1016/j.tourman.2019.05.013 

Global Market Insights (GMI). (2024). Snowmobile Market Report, 2023-2032. 

Gössling, S., & Scott, D. (2024). Climate change and tourism geographies. Tourism 

Geographies, 1–11. https://doi.org/10.1080/14616688.2024.2332359 

Government of Ontario. (2024). About Ontario. https://www.ontario.ca/page/about-ontario 

Grassini, L., & Dugheri, G. (2021). Mobile phone data and tourism statistics: a broken 

promise. National Accounting Review, 3(1), 50-68. 

https://doi.org/10.3934/NAR.2021002. 

Grimm, V. (2020). The ODD protocol: An update with guidance to support wider and more 

consistent use. Ecological Modelling, 428, 109105. 

https://doi.org/10.1016/j.ecolmodel.2020.109105 



 

84 

 

Grimm, V., Railsback, S. F., Vincenot, C. E., Berger, U., Gallagher, C., DeAngelis, D. L., 

Edmonds, B., Ge, J., Giske, J., Groeneveld, J., Johnston, A. S. A., Milles, A., Nabe-

Nielsen, J., Polhill, J. G., Radchuk, V., Rohwäder, M.-S., Stillman, R. A., Thiele, J. 

C., & Ayllón, D. (2020). The ODD Protocol for Describing Agent-Based and Other 

Simulation Models: A Second Update to Improve Clarity, Replication, and Structural 

Realism. Journal of Artificial Societies and Social Simulation, 23(2), 7. 

https://doi.org/10.18564/jasss.4259 

Hill, R. A., & Dunbar, R. I. M. (2003). Social network size in humans. Human Nature, 14(1), 

53-72. https://doi.org/10.1007/s12110-003-1016-y 

Holland, J. H. (1975). Adaptation in natural and artificial systems. University of Michigan 

Press. (2nd ed., MIT Press, 1992). 

Holland, J. H., & Miller, J. H. (1991). Artificial Adaptive Agents in Economic Theory. The 

American Economic Review, 81(2), 365–370. 

Intergovernmental Panel on Climate Change (IPCC). (2023). IPCC, 2023: Climate Change 

2023: Synthesis Report. Contribution of Working Groups I, II and III to the Sixth 

Assessment Report of the Intergovernmental Panel on Climate Change [Core Writing 

Team, H. Lee and J. Romero (eds.)]. IPCC, Geneva, Switzerland. (First). 

https://doi.org/10.59327/IPCC/AR6-9789291691647 

International Snowmobile Manufacturers Association. (ISMA).(2023). Snowmobiling 

Factbook. https://www. snowmobile.org/docs/isma-snowmobiling-fact-book. 

Jaxa-Rozen, M., Kwakkel, J. H., & Bloemendal, M. (2019). A coupled simulation 

architecture for agent-based/geohydrological modelling with NetLogo and 

MODFLOW. Environmental Modelling & Software, 115, 19–37. 

https://doi.org/10.1016/j.envsoft.2019.01.020 

Johnson, P. A., & Sieber, R. E. (2011). An Agent-Based Approach to Providing Tourism 

Planning Support. Environment and Planning B: Planning and Design, 38(3), 486–

504. https://doi.org/10.1068/b35148 

Johnson, P., Nicholls, S., Student, J., Amelung, B., Baggio, R., Balbi, S., Boavida-Portugal, 

I., De Jong, E., Hofstede, G. J., Lamers, M., Pons, M., & Steiger, R. (2017). Easing 



 

85 

 

the adoption of agent-based modelling (ABM) in tourism research. Current Issues in 

Tourism, 20(8), 801–808. https://doi.org/10.1080/13683500.2016.1209165 

Kim, H. K., & McKenry, P. C. (1998). Social networks and support: A comparison of 

African Americans, Asian Americans, Caucasians, and Hispanics. Journal of 

Comparative Family Studies, 29(2), 313-334. https://www.jstor.org/stable/41603567 

Knowles, N. L., & Scott, D. (2021). Media representations of climate change risk to ski 

tourism: a barrier to climate action?. Current Issues in Tourism, 24(2), 149-156. 

https://doi.org/10.1080/13683500.2020.1722077 

Litvin, S. W., Goldsmith, R. E., & Pan, B. (2008). Electronic word-of-mouth in hospitality 

and tourism management. Tourism Management, 29(3), 458-468. 

https://doi.org/10.1016/j.tourman.2007.05.011 

Macal, C. M. (2016). Everything you need to know about agent-based modelling and 

simulation. Journal of Simulation, 10(2), 144–156. https://doi.org/10.1057/jos.2016.7 

Majic, I., Scholz, J., Bulbul, R., & Wallinger, S. (2023). Tourist Flow Simulation in GAMA 

Using Historical Data Parameters. In B. Ferrer-Rosell, D. Massimo, & K. Berezina 

(Eds.), Information and Communication Technologies in Tourism 2023 (pp. 255–

260). Springer Nature Switzerland. https://doi.org/10.1007/978-3-031-25752-0_27 

Man, C.-Y., Shyr, O. F., Hsu, Y.-Y., Shepherd, S., Lin, H.-L., & Tu, C.-H. (2020). Tourism, 

transport, and land use: A dynamic impact assessment for Kaohsiung’s Asia New Bay 

Area. Journal of Simulation, 14(4), 304–315. 

https://doi.org/10.1080/17477778.2020.1806748 

Mauri, A. G., & Minazzi, R. (2013). Web reviews influence on expectations and purchasing 

intentions of hotel potential customers. International Journal of Hospitality 

Management, 34, 99-107 https://doi.org/10.1016/j.ijhm.2013.02.012. 

May, R. M. (1976). Simple mathematical models with very complicated dynamics. Nature, 

261, 459-467. https://doi.org/10.1038/261459a0 

Mcboyle, G., Scott, D., & Jones, B. (2007). Climate change and the future of snowmobiling 

in non-mountainous regions of Canada. Managing Leisure, 12(4), 237–250. 

https://doi.org/10.1080/13606710701546868 



 

86 

 

Natural Resources Canada. (2015). Overview of Climate Change in Canada. https://natural-

resources.canada.ca/maps-tools-and-publications/publications/climate-change-

publications/chapter-2-background-information/overview-climate-change-

canada/10321 

Nicholls, S., Amelung, B., & Student, J. (2017). Agent-Based Modeling: A Powerful Tool 

for Tourism Researchers. Journal of Travel Research, 56(1), 3–15. 

https://doi.org/10.1177/0047287515620490 

Ontario Federation of Snowmobile Clubs (OFSC). (2014). The Economic Impact of 

Snowmobiling in Ontario. An Assessment of the 2013-2014 Snowmobiling Season. 

 Ontario Federation of Snowmobile Clubs (OFSC). (2019). The Economic Impact of 

Snowmobiling in Ontario. An Assessment of the 2018-19 Snowmobile Season. 

https://ofsc.on.ca/wp-content/uploads/2019/09/OFSC-Economic-Impact-Study.pdf 

Ontario Federation of Snowmobile Clubs (OFSC). (2023). The Economic Impact of 

Snowmobile Trails in Ontario: 2022/2023. https://www.ofsc.on.ca/wp-

content/uploads/2023/11/2023-Economic-Impact-of-Snowmobile-Trails-in-Ontario-

Web-5.pdf 

OFSC. (2024). OFSC 57th OFSC AGM & Convention Kicks Off New Season [OFSC]. Go 

Snowmobiling Ontario. https://www.ofsc.on.ca/2024/09/19/ofsc-57th-ofsc-agm-

convention-kicks-off-new-season/  

Ontario Ministry of the Environment, Conservation and Parks. (2023). Ontario provincial 

climate change impact assessment: Technical report. Government of Ontario. 

https://www.ontario.ca/files/2023-11/mecp-ontario-provincial-climate-change-

impact-assessment-en-2023-11-21.pdf 

Pagou, E. S., Kamla, V. C., Tchappi, I., Mualla, Y., Najjar, A., & Galland, S. (2023). 

Shapefile-based multi-agent geosimulation and visualization of building evacuation 

scenario. Procedia Computer Science, 220, 519–526. 

https://doi.org/10.1016/j.procs.2023.03.066 



 

87 

 

Peeters, P., Çakmak, E., & Guiver, J. (2024). Current issues in tourism: Mitigating climate 

change in sustainable tourism research. Tourism Management, 100, 104820. 

https://doi.org/10.1016/j.tourman.2023.104820 

Pereira, T. J., King, T., & Burr, J. F. (2021). Mental health & physical activity: Could off-

road motorized recreation help combat depression and anxiety? Leisure/Loisir, 45(2), 

331–345. https://doi.org/10.1080/14927713.2021.1874829 

Perles-Ribes, J. F., Ramón-Rodríguez, A. B., Moreno-Izquierdo, L., & Torregrosa Martí, M. 

T. (2020). Tourism competitiveness and the well-being of residents: A debate on 

registered and non-registered accommodation establishments. European Journal of 

Tourism Research, 24, 2406. https://doi.org/10.54055/ejtr.v24i.408.  

Perry, E., Manning, R., Xiao, X., Valliere, W., & Reigner, N. (2018). Social Climate Change: 

The Advancing Extirpation of Snowmobilers in Vermont. The Journal of Park and 

Recreation Administration, 36(2), 31–51. https://doi.org/10.18666/JPRA-2018-V36-

I2-8307 

Pham, T.-A. N., Li, X., Cong, G., & Zhang, Z. (2015). A general graph-based model for 

recommendation in event-based social networks. 2015 IEEE 31st International 

Conference on Data Engineering, 567–578. 

https://doi.org/10.1109/ICDE.2015.7113315 

Polaris. (2020). The Buyer’s Guide to Snowmobiles. The Buyer’s Guide to Snowmobiles - 

Buying Guide. https://www.polaris.com/en-ca/snowmobiles/articles-videos/buying-

guides/snowmobile-buying-guide 

Pons-Pons, M., Johnson, P., Rosas-Casals, M., Sureda, B., & Jover, È. (2012). Modeling 

climate change effects on winter ski tourism in Andorra. Climate Research, 54(3), 

197–207. https://doi.org/10.3354/cr01117 

Prettenthaler, F., Kortschak, D., & Woess-Gallasch, S. (2022). Modelling tourists’ responses 

to climate change and its effects on alpine ski tourism – A comparative approach for 

European Regions. Journal of Outdoor Recreation and Tourism, 39, 100525. 

https://doi.org/10.1016/j.jort.2022.100525 



 

88 

 

Reif, J., & Schmücker, D. (2020). Exploring new ways of visitor tracking using big data 

sources: Opportunities and limits of passive mobile data for tourism. Journal of 

Destination Marketing & Management, 18, 100481. 

https://doi.org/10.1016/j.jdmm.2020.100481. 

Reser, J., & Bradley, G. (2017). Fear appeals in climate change communication. Climate 

Science. doi:10.1093/acrefore/9780190228620.013.386 

Rubin, J. (2024, February 23). Warmer weather slams winter-based businesses: 'This was the 

lost season,' senior climatologist says. Toronto Star. Retrieved November 15, 2024 

from https://www.magzter.com/stories/newspaper/Toronto-Star/WARMER-

WEATHER-SLAMS-WINTERBASED-BUSINESSES 

Rutherford, K. (2023, December 28). Fickle Mother Nature not co-operating for winter sports 

enthusiasts in northeastern Ontario. CBC News. Retrieved November 11, 2024 from 

https://www.cbc.ca/news/canada/sudbury/snow-ice-temperature-fishing-

snowmobiling-warm-1.7070568 

Rutherford, K. (2024, February 29). Outdoor activities in northeastern Ontario curtailed by 

wonky winter weather: A winter like no other in recent memory has some outdoor 

enthusiasts throwing in their toques. CBC News. Retrieved November 11, 2024from 

https://www.cbc.ca/news/canada/sudbury/winter-weather-disappointing-snowless-

1.7128830 

Rutty, M., & Andrey, J. (2014). Weather Forecast Use for Winter Recreation*. Weather, 

Climate, and Society, 6(3), 293–306. https://doi.org/10.1175/WCAS-D-13-00052.1 

Rutty, M., Cardwell, F., & Gunn, G. (2023). Snowmobiling and Climate Change: Exploring 

Shifts in Snowmobile Activity Using a Temporal Analogue Approach in Ontario 

(Canada). Tourism and Hospitality, 4(4), 604–617. 

https://doi.org/10.3390/tourhosp4040037 

Rutty, M., Hewer, M., Knowles, N., & Ma, S. (2024). Tourism & climate change in North 

America: Regional state of knowledge. Journal of Sustainable Tourism, 32(9), 1924–

1947. https://doi.org/10.1080/09669582.2022.2127742 



 

89 

 

Rutty, M., Steiger, R., Demiroglu, O. C., & Perkins, D. R. (2021). Tourism climatology: 

Past, present, and future. International Journal of Biometeorology, 65(5), 639–643. 

https://doi.org/10.1007/s00484-020-02070-0 

Sainaghi, R., & Baggio, R. (2017). Complexity traits and dynamics of tourism destinations. 

Tourism Management, 63, 368–382. https://doi.org/10.1016/j.tourman.2017.07.004 

Schelling, T. C. (1971). Dynamic models of segregation†. The Journal of Mathematical 

Sociology, 1(2), 143–186. https://doi.org/10.1080/0022250X.1971.9989794 

Scheyvens, R., & Cheer, J. M. (2022). Tourism, the SDGs and partnerships. Journal of 

Sustainable Tourism, 30(10), 2271-2281. 

Scott, D., Dawson, J., & Jones, B. (2008). Climate change vulnerability of the US Northeast 

winter recreation– tourism sector. Mitigation and Adaptation Strategies for Global 

Change, 13(5–6), 577–596. https://doi.org/10.1007/s11027-007-9136-z 

Scott, D., & Gössling, S. (2022). A review of research into tourism and climate change – 

Launching the annals of tourism research curated collection on tourism and climate 

change. Annals of Tourism Research, 95, 103409. https://doi.org/ 

10.1016/j.annals.2022.103409 

Scott, D., Hall, C. M., Rushton, B., & Gössling, S. (2024). A review of the IPCC Sixth 

Assessment and implications for tourism development and sectoral climate 

action. Journal of Sustainable Tourism, 32(9), 1725-1742. 

Scott, D., Steiger, R., Knowles, N., & Fang, Y. (2020). Regional ski tourism risk to climate 

change: An inter-comparison of Eastern Canada and US Northeast markets. Journal 

of Sustainable Tourism, 28(4), 568–586. 

https://doi.org/10.1080/09669582.2019.1684932 

Snowgroomers. (2024). Let it snow—Your guide to different types of Snow Groomers.. 

https://www.snowgroomers.net/types-of-snowgroomers/?srsltid=AfmBOopsuT0oG7-

VRoDEuJOK8XC_2Oir9HKM9cYeDjtyA3QYHvKnxBsG 

Soboll, A., & Dingeldey, A. (2012). The future impact of climate change on Alpine winter 

tourism: A high-resolution simulation system in the German and Austrian Alps. 



 

90 

 

Journal of Sustainable Tourism, 20(1), 101–120. 

https://doi.org/10.1080/09669582.2011.610895 

Soboll, A., & Schmude, J. (2011). Simulating Tourism Water Consumption Under Climate 

Change Conditions Using Agent-Based Modeling: The Example of Ski Areas. Annals 

of the Association of American Geographers, 101(5), 1049–1066. 

https://doi.org/10.1080/00045608.2011.561126 

Steiger, R., Knowles, N., Pöll, K., & Rutty, M. (2024). Impacts of climate change on 

mountain tourism: A review. Journal of Sustainable Tourism, 1–34. 

https://doi.org/10.1080/09669582.2022.2112204 

Steiger, R., Scott, D., Abegg, B., Pons, M., & Aall, C. (2019). A critical review of climate 

change risk for ski tourism. Current Issues in Tourism, 22(11), 1343–1379. 

https://doi.org/10.1080/13683500.2017.1410110 

Szperling, P. (2024, February 17). Not snow fast: Mild weather impacting Kemptville 

snowmobiling season. CTV News. Retrieved November 15, 2024 from 

https://www.ctvnews.ca/ottawa/article/not-snow-fast-mild-weather-impacting-

kemptville-snowmobiling-season/ 

Tercek, M., & Rodman, A. (2016). Forecasts of 21st Century Snowpack and Implications for 

Snowmobile and Snowcoach Use in Yellowstone National Park. PLOS ONE, 11(7), 

e0159218. https://doi.org/10.1371/journal.pone.0159218 

The Weather Network. (2025, February 18). Historic snow: GTA, Hamilton sees deepest 

snowpack in decades. Retrieved February 25, 2025 from 

https://www.theweathernetwork.com/en/news/weather/severe/historic-snow-gta-

hamilton-sees-deepest-snowpack-in-decades 

Travel Industry Association of America (TIA) (2004). Travelers’ Use of the Internet, 2004 

edition. Washington, D.C. 

Tisue, S., Wilensky, U., 2004. NetLogo: a simple environment for modeling complexity. In: 

International Conference on Complex Systems, pp. 1e10. http:// 

dx.doi.org/10.1109/ICVD.2004.1261037.UNWTO. (2024). Tourism – an economic 

and social phenomenon.  



 

91 

 

Toronto Star (2024, February 14). 'Everybody has just written off this winter': Snowmobilers 

talk no snow and its impacts. Toronto Star - Metroland Newspapers. Retrieved 

Novemebr 11, 2024 from 

https://www.thestar.com/news/canada/2024/02/14/everybody-has-just-written-off-

this-winter-snowmobilers-talk-no-snow-and-its-impacts.htm 

Tourism Panel on Climate Change (TPCC). (2023). Tourism and climate change Stocktake 

2023. https://tpcc.info/ 

UN World Tourism Organization (UNWTO). (2024). https://www.unwto.org/why-tourism 

US Forest Service. (2013). Modifications Made to Medicine Bow National Forest Winter 

Travel Special Order—Release date 15 November 2013 [US Government]. Forest 

Service - Caring For the Land and Serving People. Retrieved September 20, 2024, 

from  https://www.fs.usda.gov/detail/mbr/news-events/?cid=STELPRDB5440798 

Waldrop, M. M. (1992). Complexity: The emerging science at the edge of order and chaos. 

Simon & Schuster. 

Wallinger, S., Grundner, L., Majic, I., & Lampoltshammer, T. J. (2023). Agent-Based 

Modelling for Sustainable Tourism. In B. Ferrer-Rosell, D. Massimo, & K. Berezina 

(Eds.), Information and Communication Technologies in Tourism 2023 (pp. 355–

360). Springer Nature Switzerland. https://doi.org/10.1007/978-3-031-25752-0_40 

Wang, T.-L., Tran, P. T. K., & Tran, V. T. (2017). Destination perceived quality, tourist 

satisfaction and word-of-mouth. Tourism Review, 72(4), 392-410. 

https://doi.org/10.1108/TR-06-2017-0103  

Waterloo Region Record (2024, January 9). A winter without ice? Great Lakes' lack of ice 

cover will impact Waterloo Region and beyond. Waterloo Region Record. Retrieved 

from https://www.climate.gov/news-features/event-tracker/how-warm-winters-and-

low-ice-may-impact-great-lake 

Wobus, C., Small, E. E., Hosterman, H., Mills, D., Stein, J., Rissing, M., Jones, R., 

Duckworth, M., Hall, R., Kolian, M., Creason, J., & Martinich, J. (2017). Projected 

climate change impacts on skiing and snowmobiling: A case study of the United 



 

92 

 

States. Global Environmental Change, 45, 1–14. 

https://doi.org/10.1016/j.gloenvcha.2017.04.006  

Wolfram, S. (1983). Statistical mechanics of cellular automata. Reviews of Modern Physics, 

55(3), 601-644. https://doi.org/10.1103/RevModPhys.55.601 

World Metereological Organization (WMO). (2024). State of the Climate 2024—Update for 

COP29.  

Xiao, X., Perry, E. E., Gao, J., Lu, J., & Manning, R. (2020). Winter tourism and climate 

change: Exploring local and non-local snowmobilers’ perceptions of climate change 

and adaptation behaviors. Journal of Outdoor Recreation and Tourism, 31, 100299. 

https://doi.org/10.1016/j.jort.2020.100299 

Yoon, Y., & Uysal, M. (2005). An examination of the effects of motivation and satisfaction 

on destination loyalty: A structural model. Tourism Management, 26(1), 45–56. 

https://doi.org/10.1016/j.tourman.2003.08.016 

York University. (2020). Ontario Climate Change Data Portal [The Climate Change Group 

at LAMPS (Laboratory for Atmospheric and Climate Physics Modeling and 

Simulation]. Ontario Climate Change Data Portal. 

https://lamps.math.yorku.ca/OntarioClimate/ 

Zhang, Y., Gao, J., Cole, S., & Ricci, P. (2021). How the Spread of User-Generated Contents 

(UGC) Shapes International Tourism Distribution: Using Agent-Based Modeling to 

Inform Strategic UGC Marketing. Journal of Travel Research, 60(7), 1469–1491. 

https://doi.org/10.1177/0047287520951639 

Zhang, L., & Levinson, D. (2004). Agent-Based Approach to Travel Demand Modeling: 

Exploratory Analysis. Transportation Research Record: Journal of the 

Transportation Research Board, 1898(1), 28–36. https://doi.org/10.3141/1898-04 

Zhang, J., & Robinson, D. T. (2021). Replication of an agent-based model using the 

Replication Standard. Environmental Modelling & Software, 139, 105016. 

https://doi.org/10.1016/j.envsoft.2021.105016 

 



93 

Appendix A: Survey 

Snowmobilers' movements  

Consent:  

Hello, You are invited to participate in a master's research study being conducted by researchers at the 

University of Waterloo, Canada. Over the past few years, variable temperature and snowfall conditions have 

caused interruptions to the snowmobiling season.  Your participation in this study involves completing an 

online 10-minute survey to better understand snowmobilers’ perspectives on changes in trail conditions. 

Participation in this study is voluntary, with the freedom to decline to participate at any point, and no personal 

information is required to participate. You may decline to answer any question(s) you prefer not to answer by 

skipping to the next question and may stop participating at any time by not submitting your responses and 

closing your web browser. Only responses that have been completed and submitted will be included in the study 

analysis.  Your identity will be kept strictly confidential. When results are reported they will be combined with 

other responses so that your individual identity is confidential. Data collected during this study will be retained 

for at least seven years in a locked office or on a password-protected computer and then erased.  There are no 

known or anticipated risks to participation in this study.  This study has been reviewed and received ethics 

clearance through a University of Waterloo Research Ethics Board (REB #46070). If you have questions for the 

Board, contact the Office of Research Ethics, toll-free at 1-833-643-2379 (Canada and USA), 1-519-888-4440, 

or reb@uwaterloo.ca For all other questions contact mvrubiano@uwaterloo.ca  Sincerely,  Maria Rubiano  

Consent to participate  By agreeing to participate in the study you are not waiving your legal rights or releasing 

the investigator(s) or involved institution(s) from their legal and professional responsibilities. With full 

knowledge of all foregoing, I agree, of my own free will, to participate in this study. 

o I agree to participate  (1)  

o I do not wish to participate (Please close the web browser now)  (2)  

Skip To: End of Survey If Consent Hello, You are invited to participate in a master's research study being 
conducted by res... = I do not wish to participate (Please close the web browser now) 

Q1 Rank the district/region you snowmobile in most often:  

o Ontario  (1)  

o Quebec  (2)  

o Other  (3) __________________________________________________ 

 

Display this question: 

If Rank the district/region you snowmobile in most often: = Ontario 

Q1a I snowmobile 
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Most often in this 

district (4) 

Second most often in 
this district (if 
applicable) (5) 

Third most often in this 
district (if applicable) (6) 

District 1 – Kingston, 
Ottawa, Cornwall (1)  o  o  o  
District 2 – Kawrthas, 
Bancroft, Mazinaw (2)  o  o  o  
District 3 – Port Perry, 
Rica Lake, Tweed (3)  o  o  o  

District 4 – Newmarket, 
Orangeville, Sutton (4)  o  o  o  
District 5 – Strathroy, 

Grand Bend, St Thomas 
(5)  o  o  o  

District 6 – Haliburton, 
Bancroft, Ottawa Valley 

(6)  o  o  o  

District 7 – Muskoka (7)  o  o  o  
District 8 – Collingwood, 

Barrie, Midland, Orillia 
(8)  o  o  o  

District 9 – Grey Bruce, 
Perth, Huron, Wellington 

(9)  o  o  o  
District 10 – 

Muskoka/Parry Sound – 
Georgian Bay Region (10)  o  o  o  
District 11 – North Bay, 
Mattawa, Burk’s Falls 

(11)  o  o  o  
District 12 – Sudbury, 
Espanola, Manitoulin 

(12)  o  o  o  
District 13 – Algoma 

Country (13)  o  o  o  



 

95 

 

District 14 – New 
Liskeard, Kirkland Lake, 

Timmins (14)  o  o  o  
District 15 – Cochrane, 

Kapuskasing, Hearst (15)  o  o  o  
District 17 – Thunder 

Bay, Dryden, Kenora (17)  o  o  o  
Display this question: 

If Rank the district/region you snowmobile in most often: = Ontario 

Q1i Do you also ride in Quebec? 

o Yes  (1)  

o No  (2)  

Display this question: 

If Do you also ride in Quebec? = Yes 
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Q1aii  

I snowmobile  

 
Most often in this 

region (1) 

Second most often in 
this region (if applicable) 

(2) 

Third most often in this 

region (if applicable) (3) 

Region 1 – Gaspésie / 
Iles-de-la-Madeleine (1)  o  o  o  

Region 2 – Bas-Saint-

Laurent (2)  o  o  o  
Region 3 – Chaudière-

Appalaches (3)  o  o  o  
Region 4 – Côte-Nord (4)  o  o  o  

Region 5 – Saguenay – 
Lac-Saint-Jean (5)  o  o  o  

Region 6 – Québec / 
Charlevoix / Portneuf (6)  o  o  o  

Region 7 – Mauricie / 
Centre-du-Québec (7)  o  o  o  
Region 8 – Lanaudière 

(8)  o  o  o  
Region 9 – Abitibi-
Témiscamingue (9)  o  o  o  

Region 10 – Cantons-de-
l’Est (10)  o  o  o  

Region 11 – Montérégie 
(11)  o  o  o  

Region 12 – Laurentides 
(12)  o  o  o  

Region 13 – Outaouais 
(13)  o  o  o  

Display this question: 

If Rank the district/region you snowmobile in most often: = Quebec 
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Q1b  

I snowmobile  

  

 
Most often in this 

region (1) 

Second most often in 
this region (if 
applicable) (2) 

Third most often in this 

region (if applicable) (3) 

Region 1 – Gaspésie / 
Iles-de-la-

Madeleine:Right (1)  o  o  o  
Region 2 – Bas-Saint-

Laurent:Right (2)  o  o  o  
Region 3 – Chaudière-
Appalaches:Right (3)  o  o  o  

Region 4 – Côte-
Nord:Right (4)  o  o  o  

Region 5 – Saguenay – 
Lac-Saint-Jean:Right (5)  o  o  o  

Region 6 – Québec / 
Charlevoix / 

Portneuf:Right (6)  o  o  o  
Region 7 – Mauricie / 

Centre-du-Québec:Right 
(7)  o  o  o  

Region 8 – 
Lanaudière:Right (8)  o  o  o  
Region 9 – Abitibi-

Témiscamingue:Right (9)  o  o  o  
Region 10 – Cantons-de-

l’Est:Right (10)  o  o  o  
Region 11 – 

Montérégie:Right (11)  o  o  o  
Region 12 – 

Laurentides:Right (12)  o  o  o  
Region 13 – 

Outaouais:Right (13)  o  o  o  
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Display this question: 

If Rank the district/region you snowmobile in most often: = Quebec 

 

Q1bi Do you also ride in Ontario? 

o Yes  (1)  

o No  (2)  

 

 

Display this question: 

If Do you also ride in Ontario? = Yes 

 

Q2 How do you typically travel to your snowmobile trails? (check all that apply) 

▢ I ride my snowmobile directly from my property  (1)  

▢ I tow my snowmobile from a property to a trail head  (2)  

 

 

Display this question: 

If How do you typically travel to your snowmobile trails? (check all that apply) = I ride my snowmobile 
directly from my property 

 

Q2ai What are the first three digits of your postal code? 

________________________________________________________________ 

 

 

Display this question: 

If How do you typically travel to your snowmobile trails? (check all that apply) = I ride my snowmobile 
directly from my property 

 



 

99 

 

Q2aiii If you could not ride directly from your property due to poor snow conditions, would you be willing to 

tow your snowmobile to a trail head? 

o Yes  (1)  

o No  (2)  

 

Skip To: Q3 If you could not ride directly from your property due to poor snow conditions, would you be willi... = 
No 

 

 

Q2bi What is the maximum distance you would travel/tow your sled for a day trip (km)? 

________________________________________________________________ 
 

 

Display this question: 

If How do you typically travel to your snowmobile trails? (check all that apply) = I tow my snowmobile 
from a property to a trail head 

 

Q2bii What are the first three digits of your postal code? 

________________________________________________________________ 
 

 

 

Q3 When the trails you snowmobiled on were closed last season (2023-2024) due to poor snow conditions, 

what did you do? 

o I snowmobiled less (i.e., stopped and waited for my trails to open)  (1)  

o I snowmobiled the same amount  (2)  

o I snowmobiled more  (3)  

o I have never experienced trail closures  (4)  

 

 

Display this question: 

If When the trails you snowmobiled on were closed last season (2023-2024) due to poor snow condition... 

= I snowmobiled the same amount 
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Q3a In order to snowmobile the same amount despite trail closures, what did you do? (check all that apply) 

▢ Once my trails were open I snowmobiled more frequently to make up for the shortened season   

▢ I travelled to other trails WITHIN my district/region  

▢ I travelled to other trails OUTSIDE my district/region   

▢ Other  __________________________________________________ 

 

 

Display this question: 

If When the trails you snowmobiled on were closed last season (2023-2024) due to poor snow condition... 
= I snowmobiled more 

 

Q3b In order to snowmobile more despite trail closures, what did you do? (check all that apply) 

▢ Once my trails were open I snowmobiled more frequently to make up for the shortened season   

▢ I travelled to other trails WITHIN my district/region   

▢ I travelled to other trails OUTSIDE my district/region  

▢ Other   __________________________________________________ 

 

 

Display this question: 

If When the trails you snowmobiled on were closed last season (2023-2024) due to poor snow condition... 
= I have never experienced trail closures 
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Q3c If you were to experience trail closures due to poor snow conditions, what would you do? 

o I would snowmobile less (i.e., stop and wait for my trails to open)  (1)  

o I would snowmobile the same amount  (2)  

o I would snowmobile more  (3)  

o Other  (4) __________________________________________________ 

 

 

Display this question: 

If If you were to experience trail closures due to poor snow conditions, what would you do? = I would 
snowmobile the same amount 

 

Q3ci In order to snowmobile the same amount despite trail closures, what would you do? 

o I would travel to other trails WITHIN my district/region  (1)  

o I would travel to other trails OUTSIDE my district/region  (2)  

o Other  (3) __________________________________________________ 

 

 

Display this question: 

If If you were to experience trail closures due to poor snow conditions, what would you do? = I would 
snowmobile more 
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Q3cii In order to snowmobile more despite trail closures, what would you do? 

o I would travel to other trails WITHIN my district/region  (1)  

o I would travel to other trails OUTSIDE my district/region  (2)  

o Other  (3) __________________________________________________ 

 

 

Q4 If ____% of the trails I typically snowmobile on were closed, I would not go snowmobiling and wait for 

better snow conditions: 

o Over 90%  (1)  

o 80-89%  (2)  

o 70-79%  (3)  

o 60-69%  (4)  

o 50-59%  (5)  

o 40-49%  (6)  

o 30-39%  (7)  

o 20-29%  (8)  

o < 20%  (11)  
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Q5 If the snowmobile season in my district/region were to shorten to ____ weeks, I would stop purchasing a 

snowmobile pass/permit: 

o 10-11 weeks  (1)  

o 8-9 weeks  (2)  

o 6-7 weeks  (3)  

o 4-5 weeks  (4)  

o 2-3 weeks  (5)  

o 1 week or less  (6)  

 

 

Q6 How likely are you to snowmobile in the following conditions?  

 
Very Unlikely 

(1) (1) 
Unlikely (2) (2) Neutral (3) (3) Likely (4) (4) 

Very Likely (5) 
(5) 

Inability to 
make loops or 

sled long 
distances (e.g., 

full trail length 
closed or not 
connected to 

other trails) (1)  

o  o  o  o  o  

Water crossing 
closed (e.g., 

river, lake) (2)  o  o  o  o  o  
Limited access 
to services and 

facilities (3)  o  o  o  o  o  
When planning 

to go 
snowmobiling, 
how likely are 

you to check 
the trail status 
before riding 

(e.g., interactive 
trail map)? (8)  

o  o  o  o  o  
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Q7 How many days per week do you typically snowmobile in a season? 

o Less than once per week (< 1 day)  (1)  

o 1 day  (2)  

o 2 days  (3)  

o 3 days  (4)  

o 4 days  (5)  

o 5 days  (6)  

o 6 days  (7)  

o Every day (7 days)  (8)  

 

 

 

Display this question: 

If How many days per week do you typically snowmobile in a season? = Less than once per week (< 1 day) 

 

Q7a How many times per month do you typically snowmobile? 

o 3 times per month  (1)  

o 2 times per month  (2)  

o Once per month  (3)  

o Less than once per month  (4)  
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Q8 When do you typically go snowmobiling? (Check all that apply): 

▢ Weekday  (1)  

▢ Weekend  (2)  

▢ Winter holidays (e.g. Dec 23 - Jan 5)  (3)  

▢ Long weekend (e.g. Family Day)  (4)  

▢ School break (e.g. March Break)  (5)  

▢ Other  (6) __________________________________________________ 

 

 

 

Q9 What type of snowmobile trip do you typically take each season (Check all that apply): 

▢ Day trips  (1)  

▢ Multi-day (overnight) trips  (2)  

 

 

Display this question: 

If What type of snowmobile trip do you typically take each season (Check all that apply): = Multi-day 
(overnight) trips 
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Q9a How many multi-day (overnight) trips do you typically take each season? 

o 1  (1)  

o 2  (2)  

o 3  (3)  

o 4  (4)  

o 5+  (5)  

 

 

Display this question: 

If What type of snowmobile trip do you typically take each season (Check all that apply): = Multi -day 
(overnight) trips 

 

Q9b How many nights do you typically stay over? 

o 1 night  (1)  

o 2 nights  (2)  

o 3 nights  (3)  

o 4 nights  (4)  

o 5+ nights  (5)  

 

 

Page Break  

 

Display this question: 

If What type of snowmobile trip do you typically take each season (Check all that apply): = Multi-day 
(overnight) trips 

 

Q9c What is the maximum distance you would travel/tow your sled for a multi-day (overnight) trip (km)? 

________________________________________________________________ 
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Appendix B: ABM Code 

extensions [gis csv table] 
 
globals [ 
  OFSC-District 
  snowmobilers-data 
  district-status 
  current-day 
  district1-turtles 
  district2-turtles 
  district3-turtles 
  district4-turtles 
  district5-turtles 
  district6-turtles 
  district7-turtles 
  district8-turtles 
  district9-turtles 
  district10-turtles 
  district11-turtles 
  district12-turtles 
  district13-turtles 
  district14-turtles 
  district15-turtles 
  district17-turtles 
  initial-snowmobilers 
  world-envelope 
  total-non-renewals 
  average-successful-weeks 
  renewal-rate 
  all-district-numbers 
  snowmobiler-stats      ; Global list to track all snowmobilers 
  district-trail-lengths ; Store trail lengths of each district for density 
calculations 
  district-densities     ; Store current density of each district 
  density-threshold      ; Density at which enjoyment starts to decline 
 
  ; Social influence globals 
  district-popularity    ; Table storing the current popularity of each district 
  ;social-influence-weight ; How much social influence affects decision-making 
(0-1) 
] 
 
turtles-own [ 
  my-district 
  max-travel-distance 
  current-trip-distance 
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  home-location 
  has-moved?          ; Tracks if snowmobiler moved on the current day 
  active-today?       ; Tracks if snowmobiler is active on current day 
  closure-threshold 
  successful-weeks 
  last-ride-week 
  will-renew? 
  snowmobiler-id      ; Unique ID for each snowmobiler 
  district-experience ; Table to store experience points for each district 
  last-visited-district ; Last district successfully visited 
  enjoyment-today     ; Today's enjoyment level (affected by density) 
 
  ; Social influence variables 
  social-influence?     ; Whether this snowmobiler is influenced by others (70% 
are) 
  influenced-districts  ; List of districts the snowmobiler has heard good things 
about 
] 
 
to setup 
  clear-all 
  resize-world -500 500 -500 500 
  set-patch-size 0.5 
  setup-maps 
  set-trail-lengths 
  load-snowmobilers-data 
  set initial-snowmobilers [] 
  set snowmobiler-stats []  ; Initialize the tracking list 
  ; Create a list of all district numbers 
  set all-district-numbers (list 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 17) 
  ; Initialize district densities table 
  set district-densities table:make 
  foreach all-district-numbers [ d -> 
    table:put district-densities (word d) 0 
  ] 
  ; Set density threshold (snowmobilers per km of trail) 
  set density-threshold 3.0 
 
  ; Initialize district popularity 
  set district-popularity table:make 
  foreach all-district-numbers [ d -> 
    table:put district-popularity (word d) 0 
  ] 
 
  ; Set default social influence weight (adjustable via slider) 
  set social-influence-weight 0.3 
 
  create-snowmobilers 
  set current-day 0 
 
  ; Load district status data 
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  file-open "daily_status_2.csv" 
  set district-status [] 
  while [not file-at-end?] [ 
    let line csv:from-row file-read-line 
    set district-status lput line district-status 
  ] 
  file-close 
  reset-ticks 
end 
 
to setup-maps 
  set OFSC-District gis:load-dataset "OFSC_Districts_Project1.shp" 
  set world-envelope gis:envelope-of OFSC-District 
  gis:set-world-envelope world-envelope 
  let districts gis:feature-list-of OFSC-District 
  let colors [gray red orange brown yellow green lime turquoise cyan sky blue 
violet magenta pink black white gray] 
 
  foreach districts [ district -> 
    let district-number gis:property-value district "OFSCDIST" 
    let district-color item (district-number mod length colors) colors 
    ask patches with [gis:intersects? district self] [ 
      set pcolor district-color 
    ] 
  ] 
end 
 
to set-trail-lengths 
  set district-trail-lengths table:make 
 
  ; Set trail lengths based on provided node counts (100m per node) 
  table:put district-trail-lengths "1" 28928 * 0.1  ; Convert to km (100m = 0.1km 
per node) 
  table:put district-trail-lengths "2" 11394 * 0.1 
  table:put district-trail-lengths "3" 7887 * 0.1 
  table:put district-trail-lengths "4" 3846 * 0.1 
  table:put district-trail-lengths "5" 17694 * 0.1 
  table:put district-trail-lengths "6" 16693 * 0.1 
  table:put district-trail-lengths "7" 9865 * 0.1 
  table:put district-trail-lengths "8" 7716 * 0.1 
  table:put district-trail-lengths "9" 19136 * 0.1 
  table:put district-trail-lengths "10" 6530 * 0.1 
  table:put district-trail-lengths "11" 16840 * 0.1 
  table:put district-trail-lengths "12" 12807 * 0.1 
  table:put district-trail-lengths "13" 19168 * 0.1 
  table:put district-trail-lengths "14" 14023 * 0.1 
  table:put district-trail-lengths "15" 16643 * 0.1 
  table:put district-trail-lengths "17" 20526 * 0.1 
end 
 
to load-snowmobilers-data 
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  set snowmobilers-data csv:from-file "preferences2.csv" 
end 
 
 
to-report netlogo-to-world-coords [x y] 
  let gis-width item 1 world-envelope - item 0 world-envelope 
  let gis-height item 3 world-envelope - item 2 world-envelope 
 
  let real-x item 0 world-envelope + (gis-width * (x - min-pxcor) / (max-pxcor - 
min-pxcor)) 
  let real-y item 2 world-envelope + (gis-height * (y - min-pycor) / (max-pycor - 
min-pycor)) 
 
  report list real-x real-y 
end 
 
; Calculate real-world distance between two points 
to-report gis-distance [coord1 vertex] 
  let x1 item 0 coord1 
  let y1 item 1 coord1 
  let coords gis:location-of vertex 
  let x2 item 0 coords 
  let y2 item 1 coords 
 
  let dist sqrt ((x2 - x1) ^ 2 + (y2 - y1) ^ 2) 
  report dist / 1000  ; Convert to kilometers 
end 
 
; Find the closest point in target district and return distance 
to-report find-closest-district-distance [target-district-num start-x start-y] 
  let target-district one-of (gis:find-features OFSC-District "OFSCDIST" target-
district-num) 
  if target-district = nobody [ report false ] 
 
  let start-coords netlogo-to-world-coords start-x start-y 
  let min-distance 999999 
  let closest-point false 
 
  let boundary-points gis:vertex-lists-of target-district 
 
  foreach boundary-points [ points -> 
    foreach points [ point -> 
      let dist gis-distance start-coords point 
      if dist < min-distance [ 
        set min-distance dist 
        set closest-point point 
      ] 
    ] 
  ] 
 
  report min-distance 
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end 
 
to-report assign-closure-threshold 
  let rand random-float 100 
  if rand < 26.0 [ report 90 ]  ; Most flexible group 
  if rand < 33.5 [ report 80 ] 
  if rand < 45.8 [ report 70 ] 
  if rand < 57.4 [ report 60 ] 
  if rand < 82.1 [ report 50 ] 
  if rand < 86.9 [ report 40 ] 
  if rand < 93.7 [ report 30 ] 
  report 20                     ; Least flexible group 
end 
 
; create-snowmobilers to include social influence variables 
to create-snowmobilers 
  let id-counter 0 
  foreach snowmobilers-data [ row -> 
    let district-name item 0 row 
 
    set initial-snowmobilers lput (list district-name) initial-snowmobilers 
    let district one-of (gis:find-features OFSC-District "OFSCDIST" district-
name) 
 
    if district != nobody [ 
      create-turtles 1 [ 
        set my-district district-name 
        set max-travel-distance random-normal 239.8 100 
        if max-travel-distance > 2000 [ set max-travel-distance 2000 ] 
        if max-travel-distance < 50 [ set max-travel-distance 50 ] 
        set successful-weeks 0    ; Initialize successful weeks counter 
        set last-ride-week -1     ; Initialize last ride week 
        set will-renew? true      ; Initialize renewal status 
        set closure-threshold assign-closure-threshold 
        set snowmobiler-id id-counter 
        set active-today? false   ; Will be determined each day 
        set district-experience table:make  ; Initialize empty experience table 
        set last-visited-district 0 
        set enjoyment-today 0 
 
        ; Initialize social influence variables 
        set social-influence? random-float 1 < 0.7  ; 70% of snowmobilers are 
socially influenced 
        set influenced-districts [] 
 
        let new-entry (list snowmobiler-id district-name max-travel-distance 
successful-weeks will-renew?) 
        set snowmobiler-stats lput new-entry snowmobiler-stats 
 
        let target-patch one-of patches with [gis:intersects? district self] 
        if target-patch != nobody [ 
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          move-to target-patch 
          set home-location netlogo-to-world-coords xcor ycor 
        ] 
      ] 
      set id-counter id-counter + 1 
    ] 
  ] 
end 
 
to go 
  ; Reset all snowmobilers to their home district and reset active-today status 
  ask turtles [ 
    let home-district one-of (gis:find-features OFSC-District "OFSCDIST" my-
district) 
    let home-patch one-of patches with [gis:intersects? home-district self] 
    if home-patch != nobody [ 
      move-to home-patch 
    ] 
    set has-moved? false 
    set active-today? false 
    set enjoyment-today 0 
    show-turtle  ; Make sure all turtles are visible at the start of the day 
  ] 
 
 
 
  ; Reset daily density counts 
  foreach all-district-numbers [ d -> 
    table:put district-densities (word d) 0 
  ] 
 
  let current-week floor (current-day / 7) 
  let is-weekend (day-of-week current-day) = 6 or (day-of-week current-day) = 0 
  print (word "Is weekend: " is-weekend) 
 
  ; Process each snowmobiler 
  ask turtles [ 
    if (is-weekend and random-float 1 <= 0.8) or (not is-weekend and random-float 
1 <= 0.65) [ 
      ; First try: check if home district is viable 
      let home-district-num 0 
      ifelse is-string? my-district [ 
        set home-district-num read-from-string my-district 
      ] [ 
        set home-district-num my-district  ; It's already a number 
      ] 
      let home-district one-of (gis:find-features OFSC-District "OFSCDIST" home-
district-num) 
      let home-district-index ifelse-value (home-district-num = 17) [15] [home-
district-num - 1] 
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      ; Make sure index is within bounds 
      if home-district-index >= 0 and home-district-index < length item 0 
district-status and 
         current-day >= 0 and current-day < length district-status [ 
 
        let home-closure-percentage item home-district-index item current-day 
district-status 
 
        ; If home district is open enough, stay there 
        ifelse home-closure-percentage <= closure-threshold [ 
          let home-patch one-of patches with [gis:intersects? home-district self] 
          if home-patch != nobody [ 
            move-to home-patch 
            set has-moved? true 
            set active-today? true 
            set current-trip-distance 0  ; No travel distance for home district 
 
            ; Update last visited district 
            set last-visited-district home-district-num 
 
            ; Increment the density counter for this district 
            let district-key (word home-district-num) 
            let current-count 0 
            if table:has-key? district-densities district-key [ 
              set current-count table:get district-densities district-key 
            ] 
            table:put district-densities district-key (current-count + 1) 
 
            ; Update successful weeks if this is first activity in this week 
            if current-week != last-ride-week [ 
              set successful-weeks successful-weeks + 1 
              set last-ride-week current-week 
 
              ; Update the stats in the global list 
              update-snowmobiler-stats snowmobiler-id successful-weeks will-
renew? 
            ] 
 
             
          ] 
        ] 
        [ 
          ; Home district is too closed, try all districts by distance including 
home 
          let available-districts all-district-numbers  ; Include all districts 
          let sorted-districts [] 
          let current-pos (list xcor ycor) 
 
          ; First calculate distances to all districts 
          let district-distances [] 
          foreach available-districts [ target -> 
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            let dist find-closest-district-distance target xcor ycor 
            if dist != false and dist <= max-travel-distance [ 
              ; For home district, might want to give it special consideration 
              if target = home-district-num [ 
                ; Home district gets distance 0 or a very small value to 
prioritize it 
                ; This ensures it's always first in the sorted list 
                set dist 0.1 
              ] 
              set district-distances lput (list target dist) district-distances 
            ] 
          ] 
 
          ; Sort districts by distance (closest first) 
          set sorted-districts map first (sort-by [ [a b] -> item 1 a < item 1 b 
] district-distances) 
 
          ; Variables to track the selected district 
          let selected-district 0 
          let selected-patch nobody 
          let found-district? false 
 
          ; Try districts in order of increasing distance 
          foreach sorted-districts [ target -> 
            ; Skip if we already found a district 
            if not found-district? [ 
              let target-district one-of (gis:find-features OFSC-District 
"OFSCDIST" target) 
              let target-patch one-of patches with [gis:intersects? target-
district self] 
 
              if target-patch != nobody [ 
                ; Calculate closure percentage 
                let target-status-index ifelse-value (target = 17) [15] [target - 
1] 
 
                ; Make sure index is within bounds 
                if target-status-index >= 0 and target-status-index < length item 
0 district-status and 
                   current-day >= 0 and current-day < length district-status [ 
 
                  let target-closure-percentage item target-status-index item 
current-day district-status 
 
                  ; If district is open enough, select it 
                  if target-closure-percentage <= closure-threshold [ 
                    set selected-district target 
                    set selected-patch target-patch 
                    set found-district? true 
                     
                  ] 
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                ] 
              ] 
            ] 
          ] 
 
          ; If we found a district, move the snowmobiler there 
          if found-district? [ 
            move-to selected-patch 
            set has-moved? true 
            set active-today? true 
            set current-trip-distance find-closest-district-distance selected-
district [pxcor] of patch-here [pycor] of patch-here 
 
             
 
            ; Increment the density counter for this district 
            let district-key (word selected-district) 
            let current-count 0 
            if table:has-key? district-densities district-key [ 
              set current-count table:get district-densities district-key 
            ] 
            table:put district-densities district-key (current-count + 1) 
 
            ; Update last visited district 
            set last-visited-district selected-district 
 
            ; Update successful weeks if this is first activity in this week 
            if current-week != last-ride-week [ 
              set successful-weeks successful-weeks + 1 
              set last-ride-week current-week 
 
              ; Update the stats in the global list 
              update-snowmobiler-stats snowmobiler-id successful-weeks will-
renew? 
            ] 
          ] 
        ] 
      ] 
    ] 
  ] 
 
  ; Calculate density based on trail length and update enjoyment 
  calculate-trail-densities 
 
  ; Process each active snowmobiler to determine enjoyment and update experience 
  ask turtles with [active-today?] [ 
    ; Get the density of their current district 
    let district-key (word last-visited-district) 
    let current-density 0 
    if table:has-key? district-densities district-key [ 
      set current-density table:get district-densities district-key 
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    ] 
 
    ; Calculate enjoyment (1-10 scale) 
    ifelse current-density <= density-threshold [ 
      ; Full enjoyment if below threshold 
      set enjoyment-today 10 
    ][ 
      ; Decreasing enjoyment as density increases 
      let density-ratio current-density / density-threshold 
      set enjoyment-today max list 1 (10 - (density-ratio - 1) * 5) 
    ] 
 
    ; Add experience based on enjoyment 
    add-district-experience last-visited-district enjoyment-today 
  ] 
 
  ; Update district popularity and spread recommendations 
  update-district-popularity 
  spread-district-recommendations 
 
  ; Hide inactive snowmobilers from view (those who didn't move today) 
  ask turtles with [not active-today?] [ 
    hide-turtle 
  ] 
 
  ; If it's the last day of the season, determine renewal decisions and update 
global statistics 
  if current-day = 121 [ 
    ; Process renewal decisions for all snowmobilers 
    foreach snowmobiler-stats [ stats-entry -> 
      let sm-id item 0 stats-entry 
      let sm-weeks item 3 stats-entry 
      let renewal-decision determine-renewal sm-weeks 
 
      ; Update renewal status in global tracking list 
      update-snowmobiler-renewal sm-id renewal-decision 
 
      ; Also update turtles 
      ask turtles with [snowmobiler-id = sm-id] [ 
        set will-renew? renewal-decision 
      ] 
    ] 
    update-global-statistics 
  ] 
 
  update-district-counts 
 
  set current-day (current-day + 1) mod 122 
  tick 
  if ticks >= 122 [stop] 
end 
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to-report calculate-district-score [target-district-num start-x start-y current-
threshold max-dist] 
 
  ; Handle special case for home district 
  let is-home-district? false 
ifelse is-string? my-district [ 
  set is-home-district? target-district-num = read-from-string my-district 
] [ 
  set is-home-district? target-district-num = my-district 
] 
  let home-district-bonus 0 
 
  if is-home-district? [ 
   ; print "  This is agent's home district - applying home bonus" 
    set home-district-bonus 20 
  ] 
 
  ; Calculate travel distance 
  let travel-distance find-closest-district-distance target-district-num start-x 
start-y 
  print (word "  Travel distance: " travel-distance) 
 
  if travel-distance = false [ 
 
    report 0 
  ] 
 
  ; Skip distance check for home district 
  if (not is-home-district?) and travel-distance > max-dist [ 
    ;print (word "  FAILED: Distance " travel-distance " exceeds max " max-dist) 
    report 0 
  ] 
 
  ; Calculate status index 
  let status-index ifelse-value (target-district-num <= 15) 
    [target-district-num - 1] 
    [15] 
  
 
  ; Check if it's an invalid district number 
  if target-district-num != 17 and target-district-num > 15 [ 
    print "  FAILED: Invalid district number" 
    report 0 
  ] 
 
  ; Check bounds 
  if status-index < 0 or status-index >= length item 0 district-status [ 
    print (word "  FAILED: Invalid status index: " status-index) 
    report 0 
  ] 
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  if current-day < 0 or current-day >= length district-status [ 
     
    report 0 
  ] 
 
  ; Check closure 
  let closure-percentage item status-index item current-day district-status 
  let open-percentage 100 - closure-percentage 
   
 
  if closure-percentage > current-threshold [ 
     
    report 0 
  ] 
 
  ; Calculate factors 
  let distance-factor 0 
  ifelse is-home-district? [ 
    ; For home district, use perfect distance factor 
    set distance-factor 1 
  ] [ 
    ; For other districts, calculate based on distance 
    set distance-factor (1 - (travel-distance / max-dist)) 
    if distance-factor < 0 [ set distance-factor 0 ] 
  ] 
  
 
  let openness-factor (open-percentage / 100) ^ 2 
  ;print (word "  Openness factor: " openness-factor) 
 
  ; Get experience bonus 
  let experience-bonus 0 
  if table:has-key? district-experience (word target-district-num) [ 
    let exp-points table:get district-experience (word target-district-num) 
    set experience-bonus min list (exp-points * 0.03) 0.3 
  ] 
  
  ; Calculate density penalty 
  let density-penalty 0 
  if table:has-key? district-densities (word target-district-num) [ 
    let current-density table:get district-densities (word target-district-num) 
    if current-density > density-threshold [ 
      set density-penalty min list (0.5) ((current-density - density-threshold) / 
(density-threshold * 2)) 
    ] 
  ] 
  
 
  ; Calculate base score 
  let base-score (distance-factor * 0.25 + openness-factor * 0.55 + experience-
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bonus * 0.2 - density-penalty) * 100 
  if base-score < 0 [ set base-score 0 ] 
  ;print (word "  Base score: " base-score) 
 
  ; Calculate social influence score 
  let social-score 0 
 
  if social-influence? [ 
    if member? target-district-num influenced-districts [ 
      set social-score 50 
      ;print "  Socially influenced for this district" 
    ] 
 
    let district-key (word target-district-num) 
    if table:has-key? district-popularity district-key [ 
      let popularity table:get district-popularity district-key 
      let popularity-score min list 50 (popularity * 2) 
      set social-score max list social-score popularity-score 
    ] 
  ] 
   
 
  ; Ensure social-influence-weight is defined 
  let influence-weight 0.3  ; Default value 
  carefully [ 
    set influence-weight social-influence-weight 
  ] [ 
      
  ] 
 
  ; Calculate final score 
  let final-score (base-score * (1 - influence-weight)) + (social-score * 
influence-weight) + home-district-bonus 
  print (word "  Final score: " final-score) 
 
  report final-score 
end 
 
; Calculate the density (snowmobilers per km of trail) for each district 
to calculate-trail-densities 
  foreach all-district-numbers [ d -> 
    let district-key (word d) 
 
    ; Get the count of snowmobilers in this district 
    let snowmobiler-count 0 
    if table:has-key? district-densities district-key [ 
      set snowmobiler-count table:get district-densities district-key 
    ] 
 
    ; Get the trail length of this district 
    let trail-length 1 ; Default to 1 km to avoid division by zero 
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    if table:has-key? district-trail-lengths district-key [ 
      set trail-length table:get district-trail-lengths district-key 
    ] 
 
    ; Calculate density (snowmobilers per kilometer of trail) 
    let density snowmobiler-count / trail-length 
 
    ; Update the district density 
    table:put district-densities district-key density 
  ] 
end 
 
; Add experience to a district based on enjoyment level 
to add-district-experience [district-num enjoyment] 
  let district-key (word district-num)  ; Convert to string for table key 
 
  ifelse table:has-key? district-experience district-key [ 
    ; Current experience points 
    let current-exp table:get district-experience district-key 
 
    ; Calculate experience gain based on enjoyment (0.1 to 1.0) 
    let exp-gain enjoyment / 10 
 
    ; Add experience, but cap at maximum of 10 
    table:put district-experience district-key min list (current-exp + exp-gain) 
10 
  ] [ 
    ; First visit to this district - start with experience based on enjoyment 
    table:put district-experience district-key (enjoyment / 10) 
  ] 
end 
 
;Procedure to update district popularity based on activity 
to update-district-popularity 
  ; Decay popularity over time (10% decay each day) 
  foreach all-district-numbers [ d -> 
    let district-key (word d) 
    if table:has-key? district-popularity district-key [ 
      let current-popularity table:get district-popularity district-key 
      table:put district-popularity district-key (current-popularity * 0.9) 
    ] 
  ] 
 
  ; Count today's active snowmobilers by district 
  foreach all-district-numbers [ d -> 
    let district-key (word d) 
    let active-count count turtles with [active-today? and last-visited-district 
= d] 
    if table:has-key? district-popularity district-key [ 
      let current-popularity table:get district-popularity district-key 
      table:put district-popularity district-key (current-popularity + active-
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count) 
    ] 
  ] 
end 
 
 
to spread-district-recommendations 
  ; Snowmobilers with good experiences (enjoyment > 7) will share with others 
  ask turtles with [active-today? and enjoyment-today > 7] [ 
    ; Randomly share with a percentage of other snowmobilers 
    let recommender-district last-visited-district 
    let number-to-influence 5 + random 10  ; Influence 5-14 other snowmobilers 
 
    ask up-to-n-of number-to-influence other turtles with [social-influence?] [ 
      ; Only add the recommendation if it's not already there 
      if not member? recommender-district influenced-districts [ 
        set influenced-districts lput recommender-district influenced-districts 
 
 
        if length influenced-districts > 5 [ 
          set influenced-districts but-first influenced-districts 
        ] 
      ] 
    ] 
  ] 
end 
 
to update-snowmobiler-stats [id weeks renewal] 
  let i 0 
  foreach snowmobiler-stats [ entry -> 
    if item 0 entry = id [ 
      ; Create updated entry 
      let district-name item 1 entry 
      let max-dist item 2 entry 
      let new-entry (list id district-name max-dist weeks renewal) 
 
 
      set snowmobiler-stats replace-item i snowmobiler-stats new-entry 
    ] 
    set i i + 1 
  ] 
end 
 
 
to update-snowmobiler-renewal [id renewal-decision] 
  let i 0 
  foreach snowmobiler-stats [ entry -> 
    if item 0 entry = id [ 
      ; Create updated entry with new renewal status 
      let district-name item 1 entry 
      let max-dist item 2 entry 



 

122 

 

      let weeks item 3 entry 
      let new-entry (list id district-name max-dist weeks renewal-decision) 
 
      set snowmobiler-stats replace-item i snowmobiler-stats new-entry 
    ] 
    set i i + 1 
  ] 
end 
 
; Determine the day of the week given the current day 
to-report day-of-week [day] 
  report (day + 5) mod 7 ; December 1, 2023 is a Friday (5th day of the week 
starting from Sunday) 
end 
 
to-report determine-renewal [weeks] 
  let will-renew false 
  let rand random-float 100 
  let probability 0 
   
  if weeks <= 1 [ set probability 21.33 ] 
  if weeks > 1 and weeks <= 3 [ set probability 51.33 ]  ; 21.33 + 30.0 
  if weeks > 3 and weeks <= 5 [ set probability 78.66 ]  ; 21.33 + 30.0 + 27.33 
  if weeks > 5 and weeks <= 7 [ set probability 91.33 ]  ; 21.33 + 30.0 + 27.33 + 
12.67 
  if weeks > 7 and weeks <= 9 [ set probability 94.66 ]  ; 21.33 + 30.0 + 27.33 + 
12.67 + 3.33 
  if weeks > 9 and weeks <= 11 [ set probability 99.99 ] ; 21.33 + 30.0 + 27.33 + 
12.67 + 3.33 + 5.33 
  if weeks > 11 [ set probability 100 ]  ; Always renew if more than 11 weeks 
   
  if rand < probability [ set will-renew true ] 
   
  report will-renew 
end 
 
to update-global-statistics 
  ; Calculate statistics from our global tracking list 
  let total-count length snowmobiler-stats 
  let renewal-count 0 
  let total-weeks 0 
 
  foreach snowmobiler-stats [ stats -> 
    let weeks item 3 stats 
    let will-renew item 4 stats 
 
    set total-weeks total-weeks + weeks 
    if will-renew [ 
      set renewal-count renewal-count + 1 
    ] 
  ] 
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  ; Update global variables 
  set total-non-renewals total-count - renewal-count 
  set average-successful-weeks ifelse-value (total-count > 0) [total-weeks / 
total-count] [0] 
  set renewal-rate ifelse-value (total-count > 0) [(renewal-count / total-count) 
* 100] [0] 
end 
 
to-report get-average-successful-weeks 
  report average-successful-weeks 
end 
 
to-report get-renewal-rate 
  report renewal-rate 
end 
 
to-report get-total-non-renewals 
  report total-non-renewals 
end 
 
 
to update-district-counts 
  ; Create a list to temporarily store counts for debugging 
  let district-counts [] 
 
  ; Count active snowmobilers by their last visited district (where they're 
currently active) 
    foreach all-district-numbers [ d -> 
    let count-in-district count turtles with [active-today? and last-visited-
district = d] 
    set district-counts lput (list d count-in-district) district-counts 
 
    if d = 1 [ set district1-turtles count-in-district ] 
    if d = 2 [ set district2-turtles count-in-district ] 
    if d = 3 [ set district3-turtles count-in-district ] 
    if d = 4 [ set district4-turtles count-in-district ] 
    if d = 5 [ set district5-turtles count-in-district ] 
    if d = 6 [ set district6-turtles count-in-district ] 
    if d = 7 [ set district7-turtles count-in-district ] 
    if d = 8 [ set district8-turtles count-in-district ] 
    if d = 9 [ set district9-turtles count-in-district ] 
    if d = 10 [ set district10-turtles count-in-district ] 
    if d = 11 [ set district11-turtles count-in-district ] 
    if d = 12 [ set district12-turtles count-in-district ] 
    if d = 13 [ set district13-turtles count-in-district ] 
    if d = 14 [ set district14-turtles count-in-district ] 
    if d = 15 [ set district15-turtles count-in-district ] 
    if d = 17 [ set district17-turtles count-in-district ] 
  ] 
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  ; Debug print to check total active 
  print (word "Total active turtles: " count turtles with [active-today?]) 
  print (word "District counts: " district-counts) 
end 
; Reporter to get the total number of active snowmobilers today 
to-report get-active-today-count 
  report count turtles with [active-today?] 
end 
 
; Reporter to get current density of a district 
to-report get-district-density [district-num] 
  let density 0 
  if table:has-key? district-densities (word district-num) [ 
    set density table:get district-densities (word district-num) 
  ] 
  report density 
end 
 
; Reporter to get trail length of a district 
to-report get-district-trail-length [district-num] 
  let trail-len 0 
  if table:has-key? district-trail-lengths (word district-num) [ 
    set trail-len table:get district-trail-lengths (word district-num) 
  ] 
  report trail-len 
end 
 
; Reporter to get a snowmobiler's experience for a specific district 
to-report get-district-experience [sm-id district-num] 
  let experience 0 
 
  ask turtles with [snowmobiler-id = sm-id] [ 
    if table:has-key? district-experience (word district-num) [ 
      set experience table:get district-experience (word district-num) 
    ] 
  ] 
 
  report experience 
end 
 
; Reporter to get average enjoyment across all active snowmobilers 
to-report get-average-enjoyment 
  ifelse any? turtles with [active-today?] [ 
    report mean [enjoyment-today] of turtles with [active-today?] 
  ] [ 
    report 0 
  ] 
end 
 
to-report export-snowmobiler-stats 
  report snowmobiler-stats 
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end 
 
; Reporter to get the current popularity of a district 
to-report get-district-popularity [district-num] 
  let popularity 0 
  let district-key (word district-num) 
 
  if table:has-key? district-popularity district-key [ 
    set popularity table:get district-popularity district-key 
  ] 
 
  report popularity 
end 
 
; Reporter to check if a snowmobiler is socially influenced 
to-report is-socially-influenced? [sm-id] 
  let influenced? false 
 
  ask turtles with [snowmobiler-id = sm-id] [ 
    set influenced? social-influence? 
  ] 
 
  report influenced? 
end 
 
; Reporter to get the number of socially influenced snowmobilers 
to-report count-socially-influenced 
  report count turtles with [social-influence?] 
end 
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Appendix C: Entities and Scales 

 
The model has two types of entities (snowmobilers, the environment) and two scales (spatial, 

temporal), which are detailed below.  

Snowmobilers (agents): Each snowmobiler agent has 16 attributes including: 

my-district: Home district (integer 1-15 or 17) 

max-travel-distance: Maximum distance willing to travel (kilometers) 

current-trip-distance: Distance of current trip (kilometers) 

home-location: Coordinates (x, y) of home location 

has-moved?: Boolean indicating if snowmobiler moved today (true or false) 

active-today?: Boolean indicating if snowmobiler is active today (true or false) 

closure-threshold: Maximum percentage (%) of closed trails tolerated 

successful-weeks: Count of weeks with successful riding (counter) 

last-ride-week: Last week in which the agent went riding (counter) 

will-renew?: Boolean indicating renewal decision, will snowmobilers buy their permit 

again next season (true or false) 

snowmobiler-id: Unique identifier (integer) 

district-experience: Table storing experience points for each district (scale 1-10) 

last-visited-district: Most recently visited district (district number) 

enjoyment-today: Enjoyment level for today's riding (scale 1-10) 

social-influence?: Boolean indicating if this snowmobiler is influenced by others (true 

or false) 

influenced-districts: List of districts the snowmobiler has heard good things about 

Environment: The environment represents Ontario's 30,000km snowmobile trail system 

which are divided into 16 individual districts and include the following five environmental 

state variables: 

district-status: Percent of trails closed in each district for each day 

district-trail-lengths: Length of trail network in each district (kilometers) 
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district-densities: Current snowmobiler density in each district (riders/km) 

density-threshold: Density level at which enjoyment begins to decline (riders/km) 

district-popularity: Table storing the current popularity of each district (calculated 

value) 

Spatial scale: The model incorporates actual geographic boundaries of Ontario’s 16 

snowmobiling districts through a shapefile loaded with the GIS extension for NetLogo. The 

patches in NetLogo are the basic units of the grid that make up the world. In this case the 

spatial resolution of each patch represents an area of approximately 5x5 meters. 

Temporal scale: One winter snowmobile season (122 days, December through March), with 

each time step representing one day (i.e., temporal resolution).  

 


