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ABSTRACT 

 

MODIFYING RECREATIONAL TRAIL DESIGN GUIDELINES TO INCORPORATE GIS: 

SASKATCHEWAN’S BUFFALO POUND PROVINCIAL PARK CASE STUDY 

 

Stuart Cameron     Advisor:  

University of Guelph, 2022    Sean D. Kelly 

 

This research explored how best to incorporate Geographic Information Systems (GIS) 

into the existing trail industry standard design guidelines. A literature review was used to 

establish the trail industry standard design guidelines, and then a case study was 

conducted to determine how best to incorporate GIS. A set of modified guidelines were 

generated and then reviewed by key informants to create a final set of guidelines. 

Results indicate that GIS should be used throughout the trail design process but holds 

particular importance for the Site Inventory Mapping phase where GIS can be used to 

create slope maps, three-dimensional models, and help mitigate environmental impacts. 

Conclusions show that GIS has a significant role in trail design and can improve the 

efficiency of creating maps, collecting data, and accessing data. 
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1 Introduction 
1.1 Justification of Research 

Many trail organizations have published their own trail manuals detailing a system of 

guidelines for designing trail networks, and these guidelines are consistent amongst the 

different trail manuals (Government of Alberta, 2019; Minnesota Department of Natural 

Resources, 2007; Parks Canada, 1978; USDA Forest Service, 2007). These guidelines 

walk through how best to design trails using the technology that has been utilized in trail 

design for decades. However, in recent years new technologies have become widely 

available including Geographic Information systems (GIS) and Global Positioning 

Systems (GPS). Recent trail manuals state that GIS should be used; however, the trail 

industry standard design process has not been updated to reflect how best to and 

where to incorporate GIS into the trail design process (Government of Alberta, 2019; 

Minnesota Department of Natural Resources, 2007). Out of date trail industry standard 

design guidelines are problematic for the following reasons. First, Prominski noted that 

guidelines like the trail industry standard design process are static and fixed with time 

(Prominski, 2016). When technology or theory changes, the guidelines are no longer 

representative of the optimal design standard (Prominski, 2016). Since the trail industry 

standard design guidelines do not mention how best to incorporate GIS, it is evident that 

the trail industry standard design process is out of date and needs to be updated. 

Second, the primary purpose of guidelines is to allow practitioners access to optimal 

theories quickly so that practitioners do not need to search outside of the guidelines for 

the best theories (Prominski, 2016). Since trail manuals do not state how best to use 

GIS within the trail industry standard design guidelines, practitioners will have to search 

for this information on their own. In addition, there is no guarantee that practitioners will 

locate the best methods for incorporating GIS on their own; thus, they could end up 

operating with suboptimal theories and get suboptimal results (Prominski, 2016). For 

these reasons, it is necessary to update the trail industry design standard guidelines to 
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incorporate how best to use GIS to ensure that practitioners have the most up to date 

information for designing trails. 

1.2 Research Purpose 

The aim of this research is to explore how best to incorporate GIS into the trail industry 

standard design guidelines and then to update the trial industry standard to reflect this 

research. While pursuing this objective, multiple questions arose which guided the 

research: what is the current trail industry standard procedure for designing trails, how 

can and should GIS be incorporated into the existing procedure, and what advantages 

does using GIS offer to trail design.  

The development of GIS guidelines for provincial parks informed by recreational activity 

and ecological consideration will contribute to the body of knowledge related to trail 

design and planning for provincial parks. These guidelines will contribute to better trail 

management of provincial recreation areas, theoretically increasing the ecological 

integrity and user experience of these parks.   

 

1.3 Research Design 

The research is presented as follows. First a literature review is conducted to establish 

the current trail design process in Saskatchewan, the industry’s sustainable trail design 

practices, new technology in the field, and the current findings of GIS trail research. 

Then the methods of the research will be presented. Within the methods, a thematic 

analysis of four trail manuals was conducted to establish a trail industry standard design 

process. This is followed by a case study at Buffalo Pound Provincial Park. For the case 

study, a GIS analysis was performed, direct observations were made, and drone aerial 

photography was taken. Based on the thematic analysis and case study, a set of 

recommendations of how best to incorporate GIS were made and these 

recommendations were reviewed by key informants who gave feedback. With the 

feedback gathered from the key informants, a final set of recommendations were made, 
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and a new set of trail industry standard design guidelines were proposed. Finally, the 

discussion and conclusions are presented.  

 

2 Literature Review 
2.1 History of Trails 

The earliest trail networks throughout North America were made by Indigenous peoples 

who followed game and travelled throughout the land (National Park Service, 2018). 

When Europeans arrived in North America many of these trails were used by people 

migrating across North America. The California National Historic Trail was used by over 

250,000 emigrants in the 1840s (National Park Service, 2018). In the 1800s, trails and 

recreational hiking become a part of American culture and hotel companies constructed 

footpaths as part of their grounds for travellers (National Park Service, 2018). In the 

1850s a network of trails was created at Yosemite Valley Park which is the first trail 

network in a park (National Park Service, 2018). Many of the first trails were run by 

private companies. The Bright Angel Trail built in the Grand Canyon in 1890 was a toll 

trail (National Park Service, 2018). Eventually the National Park Service developed and 

issued their own set of design and construction standards in the 1920s and 1930s for 

trails (National Park Service, 2018). The focus of these standards was on master 

planning. The National Park Service built three types of trails: rough trails, tourist trails, 

and wildflower garden trails (National Park Service, 2018). By 1932, over 700 miles of 

tourist trails were built in 15 parks (National Park Service, 2018). However, when World 

War Two broke out, the trail system fell into disrepair, and only recovered in the 1960s 

(American Trails, 2021). In Canada, the first interpreted nature trails were probably 

developed in Banff National Park in 1959 (Spalding, 2016). Parks Canada which was 

established in 1911 was in charge of administering the parks and reserves throughout 

Canada and was the world’s first national park service (Dick & Routledge, 2019). They 

released their own trail manual in 1978 which included construction details, and a 

standard method for designing trails (Parks Canada, 1978).  
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2.2 Trail classification 

Trail classification has changed considerably from the earliest days of trail design when 

trails were classified as either rough trails, tourist trails, or wildflower garden trails 

(National Park Service, 2018). Now, a trail classification is comprised of 5 elements: trail 

type, enthusiast group, use type, level of development, and activity type (Government of 

Alberta, 2019). For trail type, there are four options: summer, winter, water, and vertical 

(Government of Alberta, 2019). There are four categories for enthusiast group: non-

motorized, mechanized, motorized, and mixed use (Government of Alberta, 2019). The 

use type of a trail determines how many activities will be permitted on the trail. A single 

use trail only allows one type of trail activity whereas multi-use trails permit multiple trail 

activities. The level of development varies wildly from simple backcountry trails to 

completely developed trails and everything in between including mid-country, and front 

country (Government of Alberta, 2019). The level of development desired determines 

the level of trailhead amenities that will be required to support the trail. There are 

numerous types of trail activities that are carried out on trails including the following: 

• Pedestrian (walking, running, hiking) 

• Equestrian 

• Wagon (horse drawn) 

• Cross-country skiing classic and skate 

• Snowshoeing 

• Dogsledding 

• Cycling 

• Two-wheel motorized vehicles. 

• Four-wheel motorized vehicles 

• Snow vehicles.  

The selection of the appropriate classifications for these five trail classification elements 

generated the trail’s overall classification (Government of Alberta, 2019).  
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The trail activities listed above are not equal in terms of their impacts on the 

environment and trail systems. Motorized activities degrade the trail systems and 

disturb wildlife greater than non-motorized trail activities (Buckley, 2004a; Cole, 2004; 

Pickering et al., 2010; St. Williams Conservation Reserve, 2017). The noise that is 

produced by motorized vehicles disturbs animals and causes them to leave areas 

(Buckley, 2004c, 2004b). Although non-motorized forms of recreation degrade the 

environment less than motorized, non-motorized trail activities such as hiking can still 

degrade the environment and disturb wildlife (Buckley, 2004c; Cole, 2004). This 

disturbance to wildlife is greater when dogs accompanying humans are brought onto the 

trail system, especially if they are off leash (Buckley, 2004c; Cole, 1993). Equestrian 

activities degrade trail systems worse than non-motorized human movement due to the 

greater weight of horses (Newsome et al., 2004; Pickering et al., 2010). Overall, 

motorized trail activities are worse for trail networks and local ecology than non-

motorized.  

 

2.3 New technology: GIS benefits 

The technology used for designing trials has changed recently with the development of 

Geographic Information Systems (GIS), Global Positioning Systems (GPS), drones, and 

Light Detection and Ranging technology (LIDAR). GPS technology allows users to 

accurately determine the locations of data points in the field (Alberta TrailNet & Alberta 

Community Development, 2001). GPS is a United States owned utility that provides 

positioning, navigation, and timing services (GPS.gov, 2021). GPS receiving equipment 

receives signals from satellites and uses the information to calculate the user’s position 

(GPS.gov, 2021). This allows a user to accurately record the location of a data point. 

GIS technology is used to manipulate and plot the data that is collected with GPS 

technology (Alberta TrailNet & Alberta Community Development, 2001).GIS helps 

professionals predict and visualize patterns in data in an efficient manner that aids in 
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decision making (Esri, 2022b). Drones or unmanned aerial vehicles are vehicles that 

can be used to fly above a site and document a site either using photography or using 

LIDAR. Photos of a site captured by a drone can be stitched together to create a large 

and up to date site map for an area. LIDAR capable drones use light from a pulsing 

laser to measure the distance from the earth (American Geosciences Institute, 2017). 

This technology can generate precise three-dimensional information about the surface 

of a site which can be used to generate the elevations (American Geosciences Institute, 

2017). The Canadian Government is using LIDAR to map Canada in the High-

Resolution Digital Elevation Model service (Government of Canada, 2021).  

There are numerous GIS companies which offer a suite of GIS tools. For this research, 

Esri’s suite of tools were employed which included ArcGIS Pro, ArcGIS Field Maps, and 

ArcGIS online. ArcGIS Pro is the desktop version of Ersi’s GIS program, and it allows 

professionals to import data and resources on top of a base map. Different layers of 

data can be added, and their visual symbology can be adjusted to create visually 

pleasing maps (Esri, 2022b). Imported data can also be inputted into functions to 

generate helpful output data including buffers, clipped surfaces, and Digital Elevation 

Models (Esri, 2022a). Once a map is created in ArcGIS Pro, it can either be printed or 

uploaded to ArcGIS online.  

GIS can also be used out in the field to collect a variety of data. ArcGIS Field Maps can 

access maps uploaded to ArcGIS Online and have them available for use in the field 

(Esri, 2022a). In the field an employee locates the desired information such as scenic 

viewpoints and then captures this data with Field Maps forms (Esri, 2022a). The forms 

can store a wide range of information about the data point including text, photographs 

videos, and GPS coordinates (Esri, 2022a). The GPS coordinates are obtained from the 

latitude and longitude of the GPS device which Filed Maps is operating on (Esri, 2022a). 

In addition to recording data points, Field Maps can track the travel route of a person 

and generate a polygon path of the travel route (Esri, 2022a). After collecting data in the 

field, this information can be downloaded back into ArcGIS Pro to be analyzed and 

visualized.  
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There are many areas where GIS can help improve the speed of mapping and reduce 

costs including collecting data, manipulating data, adjusting the display of data, printing 

maps, and adjusting maps. First, many agencies have their spatial data available 

publicly online. This data can be accessed quickly and effectively by GIS programs to 

be used in map making. Once the data is collected, GIS can manipulate the data to 

create interesting maps within minutes. For instance, contour data can be converted 

into a Digital Elevation Model and then a slope model in two simple steps. This process 

done by hand would take considerably longer. In GIS, the data that will be used for a 

map can have its transparency settings changed to allow information to be displayed 

overtop of other information which is extremely helpful. This type of manipulation would 

be challenging and probably impossible by hand. Maps can be generated rapidly, and 

the scale can be adjusted to whatever scale is necessary with ease. Finally, if 

alterations to the maps need to be made in the case of new data, the maps can be 

adjusted quickly and reprinted. Altogether, GIS offers many time saving opportunities for 

trail designers and will improve the time efficiency of designing trails if incorporated into 

the process.  

Additionally, it is possible that by using GIS more opportunities and constraints can be 

identified and either taken advantage of or avoided. First, data from trail user 

enthusiasts may be publicly available and could reveal how trail enthusiasts use a site 

such as the places they visit within a site or how they access a site. This information is 

valuable and would not be available without using GIS technology. Next, data for 

endangered and at risk species can be collected by trail enthusiasts and birders in the 

field using GPS and then uploaded to a public server. This data can be valuable for trail 

designers to map out where endangered species occur within a site. Without the use of 

GIS, this data would not be readily available. Altogether, by using GIS trail designers 
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have access to possibly more data than they 

would without GIS and the speed of mapping 

is improved.  

2.4 Saskatchewan’s Ecosystems 

Grasslands are one of the most threatened 

ecosystems throughout the world (Prairie 

Conservation Action Plan, 2022). In North 

America, tall grass prairies have been 

reduced to 1% of their former range, and 

mixed and short grass prairies are 20-30% of 

their former range (Prairie Conservation 

Action Plan, 2022). This massive loss in 

habitat, along with government programs to 

reduce prairie species labelled as pests, has 

had dramatic impacts on the fauna and 

avifauna of the prairies (Paul A. Johnsgard, 

2005; Smith & Lomolino, 2004). Grassland 

birds, for instance, have shown more 

significant decline over the “past 30 years 

than any other avian guild” (Smith & 

Lomolino, 2004). Furthermore, “Seven of the 12 endemic avian species of the Great 

Plains have steadily declined in recent decades,” and “14 of 25 widespread grassland 

species have also shown declines” (Smith 

& Lomolino, 2004). To stop the declines, 

grassland habitat must be preserved. 

Saskatchewan contains four distinct prairie ecosystems: Aspen Parkland, Moist Mixed 

Grasslands, Mixed Grasslands, and Cypress Upland. It is estimated that 17 to 21% of 

the original native grasslands remain intact in Saskatchewan (Prairie Conservation 

Figure 1 Saskatchewan's Ecosystems. (The Encyclopedia of 
Saskatchewan, 2021). 
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Action Plan, 2022). As a result of this habitat loss, many prairie species in 

Saskatchewan are at risk or endangered: Burrowing Owls, Swift Foxes, Black Tailed 

Prairie Dogs, Chestnut Collared Longspur, Bair’s Sparrow, Piping Plover, and many 

others (Paul A. Johnsgard, 2005; Prairie Conservation Action Plan, 2021; Smith & 

Lomolino, 2004). Ensuring native prairie habitat remains intact is important for the future 

of the prairies and prairie species. As such, it is important that when designing trails for 

Saskatchewan Parks within the prairie ecosystem that trails are designed to minimize 

habitat fragmentation and human disturbance on wildlife. Hopefully by doing this more 

prairie species will inhabit Saskatchewan Parks which should increase the tourism value 

of these parks if managed responsibly.   

There are currently 38 Provincial Parks in Saskatchewan including one Interprovincial 

Park which is shared with Alberta (Saskatchewan Parks, 2022b). These parks are 

scattered throughout Saskatchewan and represent all the ecosystems of Saskatchewan 

(Saskatchewan Parks, 2022b). Together a total of 1,148,287 square hectares is 

covered by all the parks (Saskatchewan Parks, 2022b). The total amount of trails and 

the length of those trails is not publicly available information.  

 

2.5 What Saskatchewan Parks is currently doing 

Saskatchewan Parks does not have their own guidelines for designing and planning trail 

systems in Saskatchewan’s provincial parks. Instead, they use the United States 

Department of Agriculture (USDA) Forest Services’ guidelines as well as Minnesota 

Department of Natural Resources (MDNR)’s guidelines (J. Milligan, personal 

communication, January 21, 2022). Both systems follow a similar set of steps in 

designing trails: project background, base mapping, control points, concept plans, field 

verification, and in field layout (Minnesota Department of Natural Resources, 2007; 

USDA Forest Service, 2007).  
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Before a trail can begin to be planned, the project’s background information is required. 

It is important to establish who the trail users will be, the type of trail activities, the site, 

the theme of the trail, and the desired difficulty level. This information guides the trail 

design decisions.  

Next base maps and information for the elevation, soils, waterways, and human made 

features are collected for the chosen site (Minnesota Department of Natural Resources, 

2007; USDA Forest Service, 2007). This data along with aerial photographs are used to 

identify both positive and negative control points. A positive control point is where the 

trail has to go: destination, trailheads, water crossings, rock outcrops, scenic overlooks, 

waterfalls, or lakes (Minnesota Department of Natural Resources, 2007; USDA Forest 

Service, 2007). Negative control points are areas to avoid: places with noxious weeds, 

threated and endangered species, critical wildlife habitat, or poor soils (USDA Forest 

Service, 2007).  

After identifying all control points, the designer should draw concept plans for the trail by 

trying to connect the positive control points while avoiding the negative control points 

and following the contours of the site (USDA Forest Service, 2007). It is important to 

ensure that grades stay below the maximum allowable grade for the designated trail use 

(USDA Forest Service, 2007). There may be multiple possible routes that connect the 

positive control points; all these routes and concept plans should be explored in the 

field.  

During the reconnaissance phase, the designer validates in the field the control points 

which were identified previously and records any possible new control points discovered 

which will impact the trail (USDA Forest Service, 2007). In addition, the designer should 

layout with flagging all the possible trail options. Is it important to walk the proposed 

routes multiple times to determine which trail route is the best choice.   

Once a best route has been chosen, an environmental assessment which “includes 

alternative trail locations and the expected impacts on wet-area soils, slope soil stability, 

stream crossings, visual resources, cultural sites, and planned recreational 
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opportunities, as well as other natural resources such as wildlife” is completed (USDA 

Forest Service, 2016). Upon review and approval by management, the proposed trail 

can proceed with construction documentation and tendering. 

 

2.6 The purpose of trail design standards 

Trails and trail activities provide numerous benefits for society and the environment. 

They support healthy lifestyles, help protect environmentally sensitive areas, help 

preserve heritage, and provide significant economic benefits for a community 

(Government of Alberta, 2019). As such, it is important that trails are well planned to 

ensure that trails deliver all these benefits. Successful trails are not by accident but are 

a result of meticulous planning (Government of Alberta, 2019). The purpose of trail 

manuals is to ensure that trails are planned well to meet the needs of trail users and the 

environment (Government of Alberta, 2019). According to the Government of Alberta, 

trail manuals have the following purposes: 

• Enable the creation of quality and sustainable trail experiences.  

• Provide consistent and practical guidelines for the planning, design, construction, 

maintenance, and management of quality trails. 

• Establish a consistent trail classification system that enhances clarity and 

communication between government agencies, trail operators and trail 

enthusiasts.  

• Provide consistent and practical guidelines for the design of major trail 

infrastructure and amenities.  

• Help trail operators effectively build and manage trails. 

• Create a common language and definitions relating to trails and related 

infrastructure.  

Altogether, trail manuals help trail designers balance the needs of trail users while 

maintaining the environment.  
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2.7 Trail user preferences 

When selecting positive control points, it is important to consider human aesthetic 

preferences to ensure the trails meet the desires of the trail users. By designing 

appropriate trails that meet the needs of the users, it is argued that users will be less 

likely to stray off the trail and disturb vegetation and wildlife (Cole, 1993; Synder et al., 

2008). An examination of the literature on trail user aesthetic preferences will be 

conducted.  

There are numerous studies which look at different values and preferences of trail 

users. These studies found that the following elements are important to trail users: 

water elements, sound, and ecosystem diversity. First, water elements within a 

landscape and along trails are valued highly above all other elements for most user 

groups (Abildtrup et al., 2013; De Valck et al., 2017; Howley, 2011). Thus, water 

elements should be regarded as positive control points and incorporated into the trail 

design. Second, De Valck et al., found a strong preference from all trail user groups, 

hikers, joggers, cyclists, and dog walkers, for quiet places over noisy places (De Valck 

et al., 2017). Consequently, when designing trails, it may be advisable to plan for a 

sound buffer between non-motorized and motorized trails. This was done by Synder et 

al., who placed a 1km buffer around existing trails in GIS when calculating new ATV 

trails (2008). Third, De Valck et al., found that all user groups preferred diverse 

landscapes as opposed to uniform landscapes (2017). This finding supports Parks 

Canada’s Trail Manual suggestion that a variety of landscape experiences along a trail 

increases user experience and trail utility (Parks Canada, 1978). Thus, trail designers 

should aim to route trail corridors to take advantage of multiple ecosystems. Altogether, 

the current literature suggests prioritizing water elements, tranquility and diverse 

landscapes when planning trails. 

 



13 
 
 

 

2.8 Background Information 

The first phase of the trail design process according to the four trail manuals is to 

establish the project’s background information including the types of trail users and their 

preferences, the trail activities, and the different levels of technical difficulty for each trail 

activity (Government of Alberta, 2019; Minnesota Department of Natural Resources, 

2007; Parks Canada, 1978; USDA Forest Service, 2016). In the following sections, the 

background information for the Buffalo Pound Provincial Park case study will be 

explored. This includes trail user profiles and technical difficulty levels for trail activities. 

The site that is used for the case study at BPPP is currently used by mountain bikers, 

hikers, and potentially cross-country skiers in winter. As such, these three activities and 

their implications on the trail design process will be examined below and then 

incorporated into the trail study. 

 

2.8.1 Trail difficulty and slope maps 

One of the benefits of GIS is the ability to derive a slope model of a site from a site’s 

elevation data and classify this slope model based upon its grade. To properly classify a 

slope model the grade intervals should be determined by the proposed trail activity’s 

grade limits for different technical difficulty levels. Thus, it is important to establish the 

proposed trail activities and their respective difficulty levels. For this study mountain 

biking, hiking and cross-country skiing are the proposed trail activities; thus, an 

exploration of the different trail difficulty classifications for these activities will be 

conducted.  

2.8.2 Mountain biking technical difficulty 

The Whistler Cycling Committee in 2003 published a set of guidelines for mountain bike 

trails detailing the different technical difficulty ratings of mountain bike trails (Whistler 

Cycling Committee, 2003). The guidelines are summarized in the following table. Parks 
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Canada has guidelines for bicycling but not for mountain biking (Parks Canada, 1978). 

Thus, the guidelines of Whistler will be deferred to for mountain biking. 

Level Preferred 
average 
grade 

Max. 
Grade 

Max sustained 
climb grade 

Max. descent 
grade 

Easiest 5% 10% NS Not specified 

Easy Not 

specified 

15% 8% Not specified 

More 

difficult 

Not 

specified 

25% 10% 35% 

Most 

difficult 

Not 

specified 

30% 15% Not specified 

Table 1 Mountain biking technical difficulty 

 

2.8.3 Hiking technical difficulty 

Both Parks Canada and the MDNR have guidelines for hiking; however, Parks 

Canada’s guidelines are older (1987 versus 2007) and do not distinguish between 

different technical difficulties (Minnesota Department of Natural Resources, 2007; Parks 

Canada, 1978). Thus, the MDNR’s guidelines will be used which will keep the technical 

difficulty metrics consistent.  

 

Level Grade Max Grade 
Easiest 5% or less average 15% max. for short distance 

Intermediate 10% or less average 15% for longer distance 

Advanced 15% or less average 15% or more 
Table 2 Hiking technical difficulty 
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The maximum allowable grade for the advanced technical difficulty from MDNR is 15% 

or more. To define the upper limit of this level, Parks Canada’s maximum grade of 30% 

for short distances over 30m will be used (Parks Canada, 1978).  

Based on a comparison of technical difficulty ratings between hiking and mountain 

biking, the easiest and intermediate hiking difficulties line up with the easiest and easy 

technical difficulties of mountain biking. The advanced rating for hiking matches up with 

the more difficult and most difficult mountain biking difficulties relatively well. As such, it 

is possible to design a variety of trails that can be used by both mountain bikers and 

hikers.  

 

2.8.4 Cross-country skiing technical difficulty 

Minnesota’s trail manual has guidelines for cross-country skiing which are presented 

below. Although the guidelines are consistent by keeping with average grade and 

maximum hill grade categories, the guide presents two new categories for technical 

difficulty classification: average total climb per km, and maximum hill height (Minnesota 

Department of Natural Resources, 2007). The easiest and intermediate difficulty levels 

match up with the easiest and easy difficulty levels of mountain biking when just 

considering the average grade and maximum hill grade. The advanced cross-country 

skiing difficulty level matches up with the more difficult and most difficult levels of 

mountain biking. The average total climb per km and maximum hill height are additional 

factors which will have to be taken into consideration when designing trails, but for the 

purpose of the slope model classification the primary focus will be on average grades 

and maximum grades. 

Level Average 
Grade 

Max. Hill Grade Average total 
climb per km 

Max. hill height 

Easiest 4-10% 10-12% 10-15m 10-30m 

Intermediate 6-12% 12-18% 15-25m 30-50m 
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Advanced >12% >18%, with 40% 

max for short 

distance  

25-35m 50-80m 

Table 3 Cross country skiing technical difficultyTable 4 Slope map classification 

 

In the end, the technical difficulty levels for mountain biking, hiking, and cross-country 

skiing line up well. As such, it is possible to design a system of trails which meets the 

needs of these three user groups.  

By classifying and colour coding a slope map based on a technical difficulty two things 

can be accomplished. First, the trail designer can determine what technical difficulty 

level of trails are possible in the area during the initial planning phase. Second, once the 

level of technical difficulty of trail is chosen, the trail designer can use the colour coded 

slope map to plan the route of the trail while accounting for the technical difficulty of the 

trail. Altogether, it is important to account for trail technical difficulty and slope when 

planning trails and this should be done at the beginning of the project.  

 

2.8.5 Slope DEM  

After examining the three trail activities’ technical difficulty ratings, a proposed slope 

classification interval system based on five percent intervals is proposed below. No 

colour refers to slopes between zero and five percent which are easy. Green is for 

moderate, orange is for difficult, and red is for impossible. It is important to note that 

these classifications only apply when moving up or down the slope and not along the 

contours.  
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Level Average Grade 
Easy 0-5% 

Moderate 5-10%, and 10-15% 

Difficult 15-20% and 20-25% 

Impossible >25% 

 

2.8.6 User Profiles 

To properly design trails which meet the user group expectations it is helpful to 

understand what the trail users desire in a trail system. The Minnesota Department of 

Natural Resources conducted studies of different user groups in 1999 (Minnesota 

Department of Natural Resources, 1999). Since Minnesota is the only government 

organization out of Alberta, Parks Canada, and the USAD to have published research 

on trail users, Minnesota’s data will be used to inform this research.   

 

Trail user 
preferences 

Hikers Mountain Biking Cross-country 
Skiing 

Prefers looped 
trails 

Yes. Yes. Yes. 

Rest along trail to 
observe and 
socialize  

Yes. Not specified. Yes. 

Varying difficulty Yes. Not specified. Yes. 

Trailhead Rest areas, parking 

lots, water sources, 

and bathrooms. 

Rest areas, 

parking lots, 

water sources, 

and bathrooms. 

Rest areas, 

parking lots, 

water sources, 

bathrooms, and 

warming huts. 
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Natural setting, 
trees, rolling 
terrain, and animal 
viewing 
opportunities. 

Yes. Yes. Not specified. 

Distance Beginners 3 to 6km. 

Advanced 8 to 

14km. 

2 to 3 hours of 

riding. 32 to 40 

km. 

4 to 10km. 

Table 5 User profiles 

 

Overall, the different trail user groups had many similarities in trail preferences. All user 

groups preferred looped trails and wanted trail systems with varying difficulty 

(Minnesota Department of Natural Resources, 1999). All user groups wanted to be 

immersed with nature and wanted places to stop and rest along the trail to socialize. In 

addition, trailheads with bathrooms, parking, water sources, shade, and heating in the 

winter were desired (Minnesota Department of Natural Resources, 1999). User groups 

differed in their preference for the length of trails. However, the maximum length 

available for a trail system will depend on induvial site characteristics. Altogether, this 

information provides valuable guidance for the design of a trail system and its’ trailhead.  

 

2.9 Ecological guidelines for sustainable design  

When designing trail systems in Provincial Parks, it is important to balance the need to 

provide recreational opportunities with the need to protect sensitive ecosystems (J. 

Milligan, personal communication, January 21, 2022). As such, an understanding of the 

effects humans and trails have on ecosystems and how to mitigate these effects is 

necessary to preserve the natural environment. To generate this understanding an 

examination of the relevant literature will be undertaken.  
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2.9.1 Human impacts on vegetation 

Human disturbance can have profound impacts on vegetation and soils. It has been 

noted that trampling from humans decreases vegetation cover, decreases species 

richness, decreases organic soil, and compacts mineral soil (Cole, 1987). Human 

impacts on vegetation and soils is a circular process. As humans trample an area, soil 

becomes compacted which creates less favourable conditions for plant growth (Cole, 

1987). Less plant growth decreases vegetation cover which increases the soils’ 

susceptibility to erosion (Cole, 1993). Consequently, Organic matter which acts as a 

cushion for mineral matter is eroded which leaves mineral soils exposed. Mineral soils 

without organic matter became more compacted with trampling which reduces pore 

sizes in soil causing a reduction in aeration and water availability(Cole, 1993). 

Consequently, germination and plant vigor are reduced. Compacted soils, in addition to 

being less hospitable, also lose their ability to absorb water; thus, surface runoff and 

erosion increase (Cole, 1993). 
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The relationship between human disturbance and the impacts on vegetation and soils is 

an asymptotic relationship meaning initial increases in disturbance generate large 

increases in degradation, but as disturbance increases, the marginal increase in 

degradation decreases and approaches zero (Cole, 1987). As such, the amount of 

disturbance required to generate significant degradation is minimal and additional 

increases in disturbance 

are inconsequential. See 

figure 2 below. Therefore, 

the strategy of spreading 

out human impact to reduce 

degradation is futile (Cole, 

1987). Instead, a more 

appropriate strategy is for 

trail designers to 

consolidate human 

disturbance to smaller 

areas to limit the amount of 

land effected (Cole, 1987, 

1993; Marion & Leung, 

2004).  

Not all plants are affected 

by trampling at the same 

rate. Studies have found 

that ecosystems dominated by grass typically have the largest resistance to trampling 

effects (Cole, 1987, 1993). In contrast, ecosystems dominated by “short shrubs with 

brittle stems and tall caulescent forbs” are the most susceptible to trampling effects 

(Cole, 1987). In general the plants characteristics which increases resistance to 

trampling are “being either very small or very large, growing either flat along the ground 

or in dense tufts, and having leaves and stems that are tough or flexible” (Cole, 1993). 

Figure 2 Asymptotic relationship (Cole 1987) 
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Interestingly it has been observed that resistance to trampling increases as tree canopy 

cover decreases. “A dense overstory discourages the growth of resistant graminoids 

and encourages adaptation to low light intensities – such as large leaf areas, thin 

cuticles, cell walls, and stems – that make plants particularly susceptible to trampling 

damage” (Cole, 1987). Thus, trail designers should as a strategy favour grass 

ecosystems for trail corridors to reduce vegetation impacts unless the grass ecosystem 

is more endangered and thus more valuable. Given the endangered prairies of 

Saskatchewan, this is the case. Thus, perhaps grasslands should not be preferred but 

instead treated equally to shrublands and forest areas. 

Another factor to consider while laying out trails is that saturated soils are more 

susceptible to damage from hikers treading through them as well as hikers walking on 

vegetation to avoid the mud. Thus, landscape architects should avoid routing trails in 

low lying areas and periodically water logged areas (Cole, 1993). Furthermore, soils that 

are high in silt and clay become muddy when wet or cracked when dray and should be 

avoided as well (Marion & Leung, 2004).  

Altogether, trail designers should aim to consolidate human impact into smaller areas to 

reduce impact on the environment, favour grass ecosystems over forest ecosystems for 

trails unless grass ecosystems are more valuable and avoid waterlogged and low lying 

areas.  

 

2.9.2 Human impacts on animals 

Human disturbance can greatly affect terrestrial animals and this relationship is an 

asymptotic relationship as well. This asymptotic relationship was observed in Alberta 

where moose and elk moved away from ski trails when in use by skiers; however, the 

distance they moved away was constant regardless of the amount of skiers (Cole, 

1993). Trail designers, as a strategy to limit human impacts on animals, should 
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consolidate human use to smaller areas to reduce the total amount of habitat 

fragmentation (Cole, 1993). 

Numerous studies have shown that human presence on trails fragments and reduces 

the size of habitat. For instance, cougars in Cypress Hills inhabited areas further away 

from trails and roads during summer months when human activity was high (Morrison et 

al., 2014). In the winter when human activity was low, cougars moved in closer to and 

used trails. Thus, in the summer the trails and human presence reduced cougar habitat, 

but without humans, the trails were used as corridors. Trails, which act as corridors, 

help cougars transverse through dense vegetation, and in winter the plowed trails are 

easier to transverse then fields of deep snow(Morrison et al., 2014).  

Cougars are not the only animals which avoid trails and roads utilized by humans 

reducing their habitat. White tailed deer, grizzly bears, elk and moose all avoid humans 

(Buckley, 2004c). White tailed deer will move away from trails even when only two snow 

vehicles pass per day (Buckley, 2004c). This again highlights the asymptotic 

relationship between human disturbance and animals. The reduction in habitat for 

animals caused by human disturbance is significant (Buckley, 2004c; Cole, 1993). For 

instance, an 8.7% reduction in habitat was observed for grizzly bears who stayed 250m 

away from roads (Buckley, 2004c). This reduction in habitat is especially problematic 

when areas high in food sources are avoided by animals including grizzly bears due to 

human presence on trails. Altogether, trail designers should avoid routing trails through 

or near key foraging habitats and other ecologically critical areas to reduce the damage 

of habitat fragmentation.  

In addition to a reduction in the size of habitat available for animals, human disturbance 

decreases food consumption and increases energy output which can have deadly 

consequences. For example, Elk in Yellowstone exerted 5.5% of their daily winter 

energy in moving away from cross country skiers (Buckley, 2004c). If animals do not 

have sufficient body fat to make it through winter, the consequences can be deadly. If 
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animals are disturbed and forced out of rich grazing areas in the summer and fall, they 

may not develop sufficient energy stores to make it through the winter (Buckley, 2004c). 

Altogether, it is important to design trails to minimize the fragmentation of habitats by 

reducing the number of trails and to avoid routing trails through high forage areas. 

 

2.9.3 Human impacts on birds 

Birds also suffer habitat reductions from human disturbances. Miller observed that the 

abundance of birds increased proportionally as the distance from the trail increased (S. 

G. Miller et al., 1998). Bird nests within grasslands were also less likely to occur near 

trails than away from trails (S. G. Miller et al., 1998). The zone of influence where an 

effect of human presence was observable was 75m (S. G. Miller et al., 1998). 

Altogether, trails and human presence have noticeable negative impacts on bird 

communities and nests. As such, the number of trails should be kept to a minimum to 

reduce habitat fragmentation. 

Trails act as corridors through the landscape facilitating the movement of predators 

such as blue jays, and cow birds. It has been observed that avian nest predators were 

attracted to narrow open corridors such as trails and utility corridors and used these 

corridors to penetrate forest interiors (Hickman, 1990; Rich et al., 1994). As such these 

trails experience higher levels of predation (S. G. Miller et al., 1998). For example, Miller 

and Hobbs, noted a 95% predation rate along recreational trails in Colorado (J. R. Miller 

& Hobbs, 2000). Altogether, trails and corridors create opportunities for predators to 

penetrate forest interiors and prey on interior birds which could alter the ecosystem’s 

balance. 

In addition to increasing predation, evidence shows that trails and corridors act as forest 

edges within forests fragmenting the habitat. Researchers have found that habitat 

interior species were less abundant and habitat edge species were more abundant near 

these forest corridors (Ferris, 1979; Kroodsma, 1982; Rich et al., 1994). In addition, it 
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was found that habitat edge species such as blue jays, american robins, and brown-

headed cowbirds were more abundant on sites with trails than on sites without trails 

(Hickman, 1990). Thus, it is evident that trails cause habitat fragmentation through the 

creation of edge habitats. As such trail designers should aim to reduce habitat 

fragmentation by minimizing the number of trails and locating trails on the edges of 

ecosystems to maintain as large of an untouched ecosystem as possible.  

Altogether, trail designers should reduce the number of trails to reduce habitat 

fragmentation and should route trails on the edge of habitats to further reduce the 

amount of fragmentation.  

After examining the impacts of humans and trails on ecosystems it is evident that there 

are a range of detrimental effects and strategies for mitigating these effects. First, the 

effects of humans on the environment are an asymptotic relationship; thus, 

consolidating trails to smaller areas will reduce the total amount of degradation (Cole, 

1987). Second, prairie systems are more resilient to trampling than forest interiors; thus, 

grasslands should be favoured for trail routes unless the grasslands are more 

ecologically important (Cole, 1987). Third, trails act as corridors which allow predators 

to travel into forest interiors; to mitigate this, trails should be kept to the edges of 

ecosystems to preserve as large of an unaltered ecosystem as possible (Hickman, 

1990; Rich et al., 1994). Trails act as ecosystem edges and attract edge species. Again, 

trails should be routed along the edges to preserve the ecosystem. 

The goal of keeping trails to the edges of ecosystems to preserve as large of an 

unaltered ecosystem as possible is also supported by How Much Habitat is Enough 

(Henshaw & Graham K., 2013). In How Much Habitat is Enough, it was noted that larger 

ecosystems possess greater species diversity and species abundance. Thus, creating 

and maintaining large unaltered ecosystems is ideal. A trail through the middle of an 

ecosystem will have a greater effect on the habitat size and consequently the species 

richness than a trail on the edge.  
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2.10 Provide Buffers 

The strategy of providing buffers to limit ecosystem damage is beneficial but requires 

scientific research to determine appropriate buffer sizes. As such, literature dealing with 

the buffers for water bodies and ecotonal areas will be examined. 

 

2.10.1 Ecotonal Buffers 

Ecotonal zones are transition zones between two ecological systems where native plant 

diversity is often greatest (Minnesota Department of Natural Resources, 2007). These 

zones are also heavily used by wildlife as travel corridors throughout the landscape. As 

such, limiting human disturbance of these zones is critical (Minnesota Department of 

Natural Resources, 2007). According to the Minnesota Department of Natural 

Resources, ecotonal edges are typically 15m to 30m in width on either side of a 

vegetation transition line, and should only be crossed at locations where the impacts 

can be mitigated (Minnesota Department of Natural Resources, 2007). An example of 

an ecotonal zone is included below from the MDNR. As such, ecotonal buffers of 30m 

will be used for the Buffalo Pound Provincial Park case study. 
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2.10.2 Wetland Buffers 

Buffers also known as protection zones are intended to protect natural areas from the 

impacts of human use so that the level of ecological value of the natural areas that 

existed prior to human intervention is maintained (Beacon Environmental Ltd., 2012). 

For wetland buffers, it is important that the buffer protect not only the wetland but also 

the critical function zone (Henshaw & Graham K., 2013). Critical function zones are 

“non-wetland areas within which biophysical functions or attributes directly related to the 

wetland occur” (Henshaw & Graham K., 2013).  

Figure 3 Ecotonal regions (Minnesota Department of Natural Resources, 2007) 
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Figure 4 Critical funcion zone (Henshaw & Graham K., 2013) 

 

Although it is desirable to have an exact prescribed width for the combined Critical 

Function Zone and Protection Zone, this is challenging due to the multitude of factors 

that influence the appropriate distance (Beacon Environmental Ltd., 2012; Henshaw & 

Graham K., 2013). When approximating adequate buffers for avian species, the Flight 

Initiation Distance is often used as a measurement (Beacon Environmental Ltd., 2012). 

A Flight Initiation Distance [FID] is the minimum distance at which human activity 

impacts wildlife either by demonstrating alert behaviour or taking flight (Beacon 

Environmental Ltd., 2012). Each avian and fauna species has a different FID; thus, it is 

difficult to determine an appropriate buffer size to use when there are varying FIDs 
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which impact the potential buffer size (Beacon Environmental Ltd., 2012; Henshaw & 

Graham K., 2013). Nevertheless, different government and conservation organizations 

have prescribed minimum distances that should be maintained as guidelines.   

Environment Canada in ‘How much Habitat is Enough’ recommends that “streams 

should have a minimum 30-meter-wide naturally vegetated riparian area to provide and 

protect aquatic habitat” (Henshaw & Graham K., 2013). For wetlands, Environment 

Canada dictates that planners should “ensure no net loss of wetland area” (Henshaw & 

Graham K., 2013). However, no exact distance is given as a guideline; instead, 

designers should develop Protection Zones which “consider sensitives of the wetland 

and the species that depend upon it, as well as local environmental condition, 

vegetative structure of the Protection Zone, and nature of the changes in adjacent land 

use” (Henshaw & Graham K., 2013). 

The Credit Valley Conservation group conducted a review on the implementation of 

buffer zones by different conservation groups through southern and eastern Ontario. 

Each organization had different guidelines; however, the guidelines were relatively 

consistent (Beacon Environmental Ltd., 2012). The Credit Valley Conservation group 

recommended 10m for non-significant wetlands, and 30m for provincially significant 

wetlands (Beacon Environmental Ltd., 2012). The Conservation of Halton requires 7.5m 

buffers for minor watercourses, 15m for major watercourses, 15m for non-provincially 

significant wetlands, and 30m for provincially significant wetland (Beacon Environmental 

Ltd., 2012). Non-provincially significant wetlands are classified as less than 2 ha, and 

provincially significant wetlands are classified as greater than 2 ha according to the 

Conservation of Halton (Beacon Environmental Ltd., 2012). 

Since there is no conservation group or authority which recommends buffer sizes for 

watercourses and wetlands in Saskatchewan. The wetland and watercourse buffers 

proposed by Environment Canada and the conservation groups in Ontario will be 

deferred to. As such, a 30m buffer will be used for riparian areas and watercourses for 

the case study. For wetlands, the Conservation of Halton’s guidelines of 15m for non-
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provincially significant wetlands and 30ms for provincially significant wetlands will be 

used.  

 

2.11 GIS Articles 

To assess how best to incorporate GIS into the existing trail planning standards, it is 

helpful to examine how other researchers have incorporated GIS into trail planning. 

Researchers have looked at optimizing trail routes using GIS based upon human 

preferences, user needs, ecological needs, and erosion prevention. Four studies which 

used GIS to map trails as well as animal population will be discussed below. Each of 

these studies has valuable lessons which are beneficial for the development of GIS 

implementation guidelines.  

The paper by Tomczyk presented a GIS model which could accurately predict erosion 

based upon soil erosion factors as well as vegetation factors (2011). In terms of soil 

erosion factors, the Universal Soil Loss equation was used which accounts for rainfall 

runoff, soil erodibility, slope and vegetation cover (Tomczyk, 2011). For vegetation 

susceptibility to trampling, plant communities were divided into different categories 

based on their ability to withstand degradation due to trampling (Tomczyk, 2011). Solar 

energy was also considered since north facing slopes are more susceptible to erosion 

due to longer periods of snow cover and additional time required to dry out. The results 

generated using the GIS model were evaluated with on site evaluations; overall, the 

model was determined to be successful at predicting soil erosion (Tomczyk, 2011).  

The researcher generated a heat map which visually showed areas more susceptible to 

erosion (Tomczyk, 2011). This study exemplifies the types of variables and how to 

manipulate these variables to account for erosion. The use of a heat map to graphically 

represent erosion susceptible areas is interesting. In addition, the inclusion of different 

plant communities’ susceptibility to degradation caused by trampling is an important 
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factor to consider as well. Altogether, this paper layouts the variables and a method for 

predicting erosion in GIS. 

The paper “Can managers inform models? Integrating local knowledge into models of 

red deer habitat use” is valuable for two reasons: it shows how to include animal 

variables into a GIS model, and it shows that expert opinions are important to determine 

the correct weight of each variable when accuracy is important (2009). To generate a 

model which accurately predicted the distribution of red deer throughout a site, variables 

impacting red deer as well as interviews with land mangers were used. For variables, 

forage preference, comfort from flies, human disturbance, and shelter preference which 

is based on vegetation and topography shelter were used (Irvine et al., 2009). An initial 

prediction of red deer distribution was generated where the variables were evenly 

weighted. The generated results were only 50% accurate to the true distributions (Irvine 

et al., 2009). Based upon interviews with land managers regarding the importance of 

each variable compared to the others, the weights of each variable were altered, and 

the model was run again. This time the accuracy was 80% (Irvine et al., 2009). Thus, 

the inclusion of expert opinions to determine the weights of variables is crucial to the 

accuracy of predicting animal population distributions.  

Altogether, this paper presents a GIS model and a system of variables which are 

valuable in the prediction of animal distributions throughout a site. The variables 

included in predicting red deer distributions can be modified to account for the 

preferences of different target animals and used to identify important ecosystems which 

should be avoided. Furthermore, the inclusion of park mangers’ knowledge on the 

location of species is incredibly important for the accuracy of a GIS model.  

Synder et al., created a GIS model which accounted for ATV rider preferences, 

aesthetic values as well as ecological and physical values (2008). To begin, interviews 

were conducted with ATV riders to determine their preferences for ATV trails. From the 

interviews, the researchers learned that ATV users enjoyed trails which offered scenic 

vistas, trail loops, and passed through deciduous forests (Synder et al., 2008). To 
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account for scenic views, a viewshed was constructed from a digital elevation model, 

where for each pixel of the GIS model the number of other pixels visible from that pixel 

was calculated. The greater the number of pixels visible from a certain location, the 

more desirable this area is as a scenic lookout (Synder et al., 2008). To account for a 

deciduous forest preference, deciduous forest cover was weighted higher than other 

ecosystems. In addition to these factors the researchers accounted for water bodies 

with a 30m buffer, noise disturbance with a 1km buffer around existing trails, and roads 

with a 30m buffer (Synder et al., 2008). Finally, to account for trail loops, two 

intermediate points of interest were added into the model, and the Least Cost Path 

Algorithm was used to generate a looped trail for these two points (Synder et al., 2008). 

The inclusion of variables accounting for trail user preferences should lead to the 

generation of a more enjoyable trail experience and successful trail network. 

A general problem with using the Least Cost Path Algorithm to generate trails is the 

value of importance given to each variable when weighting the equation. As the weights 

change, the outputted trail will change. Thus, the final result is dependant on the level of 

importance the trail designers place on each variable. Irvine et al, showed that the 

inclusion of park mangers’ input greatly increased the predictions capability of a GIS 

model when modelling red deer distributions (2009). Thus, when choosing to use a 

Least Cost Path Algorithm method to generate trails, the input of experts is crucial. 

Without the input, the results will be arbitrary. The approach used by Synder et al., in 

this paper was to run the algorithm numerous times while changing the relative 

importance of each variable for the algorithm (2008). This resulted in multiple best fit 

solutions which could then be compared against one another to determine a best fit.   

Ferrarini et al., created a GIS model for determining optimal trail locations that 

accounted for numerous ecological factors including the presence of fauna and avifauna 

(2008). This differs from the work of Irvine et al. in that trails are being generated while 

accounting for animal populations instead of predicting animal population distributions. 

Irvine et al. created a list of variables which were divided into costs, benefits and 

constraints and then scored using a fuzzy scoring system (2009). In this system, 
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constraints were avoided, benefits received positive scores, and costs received 

negative scores (Ferrarini et al., 2008). The summation of these fuzzy scores generated 

a GIS heat map layer which was inputted into a Least Cost Path Algorithm to generate 

optimal trail locations (Ferrarini et al., 2008). The method of Least Cost Path Algorithm 

and heat maps based on fuzzy scoring were also used by Tomczyk (2011) and Synder 

et al (2008). In this research the researchers used the occurrence of animal species, the 

occurrence of grazing, slopes, and geomorphologic risk as costs. The distance from 

important ecosystems, and the distance from endangered plant species were calculated 

as benefits. For constraints, buffers were placed around priority habitats, including 

wetlands, areas with slopes greater than 45 degrees, and places with elevated 

geomorphologic risk (Ferrarini et al., 2008). These variables were then inputted into the 

fuzzy scoring function to generate a heat map to use for the Least Cost Path Algorithm.  

The four research articles discussed above present three interesting elements to 

consider when determining how best to incorporate GIS into the current trail design 

standards. First, the method of generating trails using a Least Cost Path Algorithm 

[LCPA] function with a heat map for input is different than the trail industry standard of 

laying out trails by hand. For the industry standard, knowledge regarding trail user 

desires and ecological sustainability is used to select specific control points which are 

then connected by a trail corridor (Government of Alberta, 2019; Minnesota Department 

of Natural Resources, 2007; Parks Canada, 1978; USDA Forest Service, 2016). With 

the LCPA, the knowledge regarding trail users’ desires and ecological sustainability is 

used to generate a model which calculates the value of each pixel of a site based on its 

ecologically sustainability and aesthetic value or other possible chosen variable 

(Ferrarini et al., 2008; Synder et al., 2008). The LCPA then calculates the path with the 

best score between two chosen locations which can be either control points or start and 

end points. Both methods accomplish the same task of laying out trails, but the LCPA 

requires more data, data manipulation GIS knowledge and seems less intuitive.  
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Next, there were numerous variables and combinations of variables used in the four 

research papers. All these variables could be important to the trail planning process in 

different circumstances. As such, this information should be considered moving forward.  

Finally, the importance of including park managers’ knowledge and expert opinions in 

the animal population modelling and GIS modelling was exemplified by Irvine et al 

(2009). This inclusion should be a regular part of the trail planning process to help 

design trail networks which are enjoyable, successful, and sustainable.  

 

3 Methodology 
3.1 Overview 

The following methodology was followed when studying how best GIS can be 

incorporated into the trail design process for Saskatchewan Provincial parks. First, a 

key informant from Saskatchewan Parks was contacted and interviewed regarding the 

current trail design process in Saskatchewan. Based upon this conversation, a 

document analysis which focused on examining four different trail manuals to establish 

the trail industry standard design guidelines was conducted. Next, a case study was 

done for Buffalo Pound Provincial Park to explore the trail design process and how best 

to utilize GIS in this process. Based on this case study, a set of modifications were 

made to the trail industry standard design guidelines which were reviewed by key 

informants to assess their validity. The feedback from these reviewers was used to 

create a final modified version of the trail industry standard design guidelines which 

discussed how best to incorporate GIS into the current trail design standard. 
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Figure 5 Methodological outline 

 

3.2 Key informant interview 

To begin the research process, an interview was conducted with the head of trails 

planning for Saskatchewan Parks, Joe Milligan. The interview was conducted on the 

21st of January 2022 by phone call (J. Milligan, personal communication, January 21, 

2022). A set of interview topics concerning the trail design and development process of 

Saskatchewan Parks were sent to the interviewee prior to the interview. However, the 

interview was structured as a free-flowing informal conversation to facilitate a friendly 
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rapport. The answers were compiled and analyzed to understand the process of trail 

design in Saskatchewan and to inform the necessary document analysis to follow. 

 

3.3 Document analysis 

During the document analysis phase, four trail manuals were analyzed to determine 

what the trail industry standard design guidelines are, what the standard sustainable 

trail guidelines are, and what positive control points are standard for trail design. The 

four trail manuals that were analyzed are from the following organizations: the 

Minnesota Department of Natural Resources, the United States Department of 

Agriculture, Parks Canada, and the Government of Alberta. 

 

3.3.1 Trail design best practices 

Before determining how best to incorporate GIS within the trail design process, it is 

necessary to examine numerous trail design manuals to determine what is the current 

trail industry standard design process. To accomplish this, six trail manuals were 

examined but only four were included in this analysis: USDA, MDNR, Government of 

Alberta, and Parks Canada. The other two manuals are Ontario’s Best Trails, and the 

manual by Alberta TrailNet. These four trail manuals were selected to create a sample 

group that met the following criteria: 

(i) Included the trail manuals used by Saskatchewan Parks. 

(ii) Included trail manuals from multiple nations to create an international sample 

group.  

(iii) Included trail manuals from multiple levels of government within a nation: 

National, Provincial.  

(iv) Included trail manuals that use GIS and that do not use GIS.  

(v) Trail manuals need to have a step-by-step process for designing trails.   
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In regard to which manuals are used more widely, it is not possible to ascertain this 

information; thus, it is not a criterion that can be used. Only the Government of Alberta 

tracks how many times their manual has been downloaded. As of May 3rd, 2022, the 

manual had been downloaded 851 times (Government of Alberta, 2019).  

USDA and MDNR were both mentioned by Joe Milligan as influencing his trail design 

practice when designing parks for Saskatchewan, so they were included in the sample 

group (J. Milligan, personal communication, January 21, 2022). To create a sample 

group that represents multiple nations, the trail manuals from Parks Canada and The 

Government of Alberta were used to represent Canada, and the trail manuals from 

Minnesota and the United States Department of Agriculture represent the United States 

of America. For representation across multiple levels of government, both the trail 

manuals from Alberta and Minnesota are Provincial/ State level whereas the manuals 

from USDA and Parks Canada are Federal. Both the Government of Alberta’s trail 

manual and MDNR trail manual mentioned GIS. The manuals from Park’s Canada and 

USDA did not mention GIS. All the trail manuals that were included in the analysis had a 

step-by-step process for designing trails. Altogether, the four guidelines provide a varied 

sample group for determining the trail industry’s standard for trail design. By using 

guidelines from different countries and levels of government to form a trail industry 

standard design process, it is likely that the final recommendations will be applicable 

across a larger area than just Saskatchewan. 

The two trail manuals which were not selected for review were excluded because they 

did not have a step-by-step design process. Instead, the recommendations were 

general and bullet form.  Furthermore, since Ontario’s Best Trails and Alberta TrailNet’s 

trail manual were written by community organizations and not governments, they 

explored the trail process from a community group perspective (Alberta TrailNet & 

Alberta Community Development, 2001; Trails for All Ontarians Collaborative, 2006). 

For these two reasons, these two trail manuals were not chosen to be reviewed.  
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Criterion  Gov. of 
Alberta 

Parks 
Canada 

MDNR USDA Ontario’s 
Best 
Trails 

Alberta 
TrailNet 

Used by 
Saskatchewan 
Parks 

No. No. Yes. Yes. No. No. 

Nationality Canada Canada USA  USA Canada Canada 

Level of 
Government 

Prov./ 

State 

Federal Prov./ 

State 

Fed. Community Community 

Uses GIS Yes. No. Yes. No. Yes. Yes. 

Step by step 
process 

Yes. Yes. Yes. Yes. No. No. 

Table 6 Trail manuals reviewed. 

 

Upon examining and comparing the four guidelines, a great deal of consistency 

amongst the guides was found. This consistency points to a standard design procedure 

that is consistent throughout provincial and federal governments as well as 

internationally. The guidelines are summarized and discussed below. 

All the trail manuals begin the trail design process by gathering the necessary 

background information for the project. Although the form of this background information 

differed, the information required was similar. Both Alberta and USDA use TMO’s (trail 

management objectives) while Canada uses a project definition and MDNR uses a 

vision statement (Government of Alberta, 2019; Minnesota Department of Natural 

Resources, 2007; Parks Canada, 1978; USDA Forest Service, 2016). The information 

required included the project’s location, intended users, desired trail activities, desired 

experience, desired difficulty level and desired maintenance level. The trail manual from 

Alberta also required the theme of the trail and the trail amenities to be determined. 
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After writing out the project definition, all trail manuals began the process of base 

mapping. With the exception of Parks Canada, which was written in 1978, the trail 

manuals mentioned to varying degrees using GIS during base mapping but did not 

discuss the specifics. Again, all the information required during this phase was 

consistent: vegetation, soils, hydrology, topography, satellite imagery, aerial 

photography, elevation data, historic resources, and human made features 

(Government of Alberta, 2019; Minnesota Department of Natural Resources, 2007; 

Parks Canada, 1978; USDA Forest Service, 2016).  

The information gathered during base mapping is then analyzed during the Control 

Points phase to identify both positive and negative control points. Positive control points 

are desirable locations in the landscape to include in the trail plan, and negative control 

points are areas to avoid while planning the trail (USDA Forest Service, 2007). The 

USDA refers to the positive and negative features as control points whereas Alberta, 

and the MDNR call them opportunities and constraints (Government of Alberta, 2019; 

Minnesota Department of Natural Resources, 2007; USDA Forest Service, 2016). Parks 

Canada refers to this as the analysis phase (Parks Canada, 1978). Regardless of the 

name, the results are the same; an opportunities and constraints map is developed.  

Concept plans are then drafted from the opportunities and constraints map. The 

objective is to connect the opportunities with a trail corridor while avoiding the 

constraints. The aim is not to determine the exact trail location but rather the general 

corridor (Government of Alberta, 2019; Minnesota Department of Natural Resources, 

2007; Parks Canada, 1978; USDA Forest Service, 2016). The exact location will be 

determined in the field.  

Once the concept plans have been drafted both the Alberta and Minnesota trail manuals 

suggest engaging in public consultation with all relevant parties including First Nations 

communities, and trail enthusiasts (Government of Alberta, 2019; Minnesota 

Department of Natural Resources, 2007). Neither Parks Canada nor the USDA 

specified the necessity for public consultation.   
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After updating the concept plans, the proposed trails and control points should be 

verified in the field to ensure their accuracy. Any new control points should be 

catalogued and incorporated into the concept plans (Parks Canada, 1978; USDA Forest 

Service, 2016). The potential trails should be marked with flagging and walked 

repeatedly to determine the best route. 

Once the best route has been determined, the American trail manuals require an 

environmental review to be completed whereas the Canadian manuals do not 

(Government of Alberta, 2019; Minnesota Department of Natural Resources, 2007; 

Parks Canada, 1978; USDA Forest Service, 2016). The review ensures that the 

proposed trial does not inflict harm upon the environment. If harm occurs, the proposed 

route should be altered to mitigate environmental impacts (Minnesota Department of 

Natural Resources, 2007; USDA Forest Service, 2007).  

After completing the environmental review, the chosen trail path can be adjusted and 

fine tunned in the field to complement the landscape. Flagging should be used to mark 

the final trail location (Minnesota Department of Natural Resources, 2007; USDA Forest 

Service, 2007). This final trail route should be mapped out in the field and brought back 

to the office to prepare construction drawings for the tendering phase (Government of 

Alberta, 2019; Minnesota Department of Natural Resources, 2007).  

Overall, the trail design processes specified within the trail manuals are relatively 

consistent at an international and national level. The only exceptions are for the need 

for an environmental review or stakeholder consultation. Thus, it is reasonable to concur 

that the trail design standards discussed in the four trail manuals are standard across 

the industry. As such, these standards will be used as the basis for the case study of 

this research.  

In terms of the use of GIS, the trail manuals from the Government of Alberta and MDNR 

prefer to use GIS whereas Parks Canada and USDA do not mention GIS (Government 

of Alberta, 2019; Minnesota Department of Natural Resources, 2007; Parks Canada, 

1978; USDA Forest Service, 2007). The Government of Alberta suggests that the trail 
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planning team have experience and expertise in “Geographic Information Systems 

based spatial analysis and mapping” (Government of Alberta, 2019). GIS is the 

preferred method of mapping for the Government of Alberta. The MDNR suggest 

conducting base mapping in GIS format but does not mention how best to implement 

the use of GIS (Minnesota Department of Natural Resources, 2007).  

 

 

 

Process Alberta Parks Canada Minnesota USDA 
Project 
Background 

Yes.  

Use a TMO 

to define user 

and trail 

objectives. 

Determine 

the trails 

theme. 

Yes. 

Project 

definition 

defines user 

and trail 

objectives.  

Yes. 

Vision 

statement to 

define user and 

trail objectives. 

Yes. 

Use a TMO to 

define user and 

trail objectives. 

Base mapping Yes. 

GIS is 

preferred. 

Yes. Yes. 

GIS is 

preferred.  

Yes. 

 

Positive and 
negative 
control points 

Yes. 

Opportunities 

and 

constraints 

mapping. 

Yes. Site 

features to 

incorporate 

and avoid. 

Yes. 

Control points 

for 

opportunities 

and 

constraints. 

Yes. 

Identify positive 

and negative 

control points. 
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Stakeholder 
consultation 

Yes. Not specified. Yes. Not specified. 

Concept plans Yes. 

Take 

advantage of 

opportunities 

and avoid 

constraints. 

Yes. 

Utilize site 

features and 

minimize 

environmental 

impacts. 

Yes 

Take 

advantage of 

opportunities 

and avoid 

constraints.  

Yes 

Connect positive 

control points 

and avoid 

negative control 

points. 

In field work 
verification 

Yes. 

Verify trail 

inventories 

for 

developing 

opportunities 

and 

constraints. 

Yes. 

Visit the site 

multiple times 

for the site 

inventory. 

Not specified. 

Discusses site 

photos for base 

mapping. 

Yes. 

Verify control 

points and trails 

in field. 

Environmental 
review 

Not specified. Not specified. Yes. To assess 

potential 

impacts. 

Yes. To assess 

potential 

impacts.  

In field laying 
out 

Yes. Final 

route laid out 

and 

determined in 

field. 

Yes. Final 

route laid out 

and 

determined in 

field. 

Not specified. Yes. Final route 

laid out and 

determined in 

field.  

Construction 
documents 

Yes. Yes. Yes. Yes. 

Table 7 Trail manuals compared. 
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3.3.2 Sustainable Design Strategies  

The four trail manuals all offer guiding principles for designing sustainable trails except 

for the trail manual from USDA. The guiding principles of the manuals are summarized 

and compared below. The three principles that are consistent in the trail guidelines are 

to avoid sensitive areas, to provide buffers for sensitive areas, and to minimize 

disturbing the landscape (Government of Alberta, 2019; Minnesota Department of 

Natural Resources, 2007; Parks Canada, 1978).  

For sensitive ecosystems, the recommendation is to avoid the area where possible. If 

the area needs to be accessed for the user experience, access should either be limited 

to a few select areas or viewing stations should be used to view the area from a 

distance (Minnesota Department of Natural Resources, 2007; Parks Canada, 1978). 

The Alberta trail manual lists the following ecosystems as sites to avoid altogether: 

waterbodies, riparian areas, wetlands, critical habitats, nesting areas, and large 

unfragmented habitat (Government of Alberta, 2019).   

If avoiding sensitive areas altogether is not possible, all trail manuals suggested using 

buffers to protect them (Government of Alberta, 2019; Minnesota Department of Natural 

Resources, 2007; Parks Canada, 1978). Deciding on the correct distance to use for a 

buffer is difficult due to the different species and their respective Flight Initiation 

Distances (Government of Alberta, 2019; Minnesota Department of Natural Resources, 

2007; Parks Canada, 1978) However, there are conservation groups and government 

organizations that have published documentation on the appropriate buffer size to use 

when dealing with water systems and other ecosystems (Beacon Environmental Ltd., 

2012; Henshaw & Graham K., 2013).  

The MDNR is the sole trail manual which suggests using buffers around ecotonal zones 

(Minnesota Department of Natural Resources, 2007). Ecotonal zones are transition 

zones between two ecological systems where native plant diversity is often greatest 

(Minnesota Department of Natural Resources, 2007). Ecotonal areas are also used as 

corridors for animal movement (Minnesota Department of Natural Resources, 2007). 
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The final guiding principle discussed by the three trail manuals was to minimize the 

amount of new disturbance. To accomplish this, it was recommended to limit the 

amount of disturbance in unaltered ecosystems and instead focus new disturbance in 

previously disturbed areas where possible (Government of Alberta, 2019; Minnesota 

Department of Natural Resources, 2007; Parks Canada, 1978). By concentrating 

disturbance in previously disturbed areas, habitat fragmentation can be limited. Another 

suggestion it to route the trail to limit vegetation clearing (Government of Alberta, 2019; 

Minnesota Department of Natural Resources, 2007).  

The three recommendations from the trail manuals on designing sustainable trails are 

supported by the literature examining trail impacts on the environment. First, the 

recommendation to avoid sensitive areas altogether is directly supported by the 

evidence that human disturbance along high foraging sites and along bird nesting sites 

can have drastic impacts on wildlife (Buckley, 2004c; Cole, 1993). As such, there are 

ecosystems and sites which are too important ecologically to disturb and should be 

avoided altogether. However, if the area is important from an educational point of view 

or a scenic point of view, Parks Canada recommends creating spur trails to a lookout of 

the area (Parks Canada, 1978). The spur trails will decrease the amount of people that 

access the area, and the lookout will allow people to view the area without harming it 

(Parks Canada, 1978). Overall, people are less likely to take spur trails compared to the 

main trail especially if the spur trail is more difficult in terms of tread and slope (Cole, 

1993; Parks Canada, 1978). 

The strategy to provide buffers around important ecosystems based upon Flight 

Initiation Distance was discussed in the literature. However, Flight Initiation Distances 

vary widely between species; thus, it is difficult to determine an appropriate buffer based 

upon a single Flight Initiation Distance (Beacon Environmental Ltd., 2012; Carrete & 

Tella L., 2013). Nevertheless, the use of buffers appears to be a good approach to 

mitigate negative environmental consequences when avoiding an ecosystem altogether 

is not an option. The Flight Initiation Distance used for a buffer could also be used to 

position a viewing station an appropriate distance from a sensitive ecosystem.  
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The final strategy of minimizing the disturbance of the landscape is supported by the 

literature as well. The asymptotic relationship between human disturbance and 

environmental damage along with habitat fragmentation, decreased species abundancy 

and increased predation all support the strategy of minimizing landscape disturbance 

(Buckley, 2004c; Cole, 1993). The Government of Alberta’s trail manual suggestion to 

use existing disturbed areas for trails and trailheads follows the advice to consolidate 

trail activities to limit habitat fragmentation (Government of Alberta, 2019).  

 

Level Alberta Parks Canada Minnesota USAD 
Avoid 

sensitive 

areas 

Avoid sensitive areas 

where possible 

including: 

• Waterbodies 

• Riparian areas 

• Wetlands 

• Critical habitats 

• Nesting areas 

• Large 

unfragmented 

habitat 

Locate trails 

away from 

sensitive areas. 

Use viewing 

stations to view 

sensitive 

ecosystems 

from a safe 

distance.  

Avoid 

sensitive 

ecosystems 

and habitats. 

Route trails 

around the 

periphery of 

sensitive 

areas, and 

only allow 

limited access 

as specific 

areas.  

Not 

discussed.  

Provide 

buffers to 

protect 

sensitive 

areas. 

Use buffers to protect 

ecologically sensitive 

areas and historical 

areas.  

Use buffers to 

prevent human 

disturbance and 

impact upon 

wildlife.  

Use buffers to 

provide 

protection for 

ecologically 

sensitive 

areas 

Not 

discussed.  
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including 

wetlands, 

ecotonal 

areas and 

habitat 

fragmentation. 

Minimize 

disturbing 

the 

landscape.  

Minimize disturbances 

with the following 

strategies: 

• Use existing 

linear 

disturbances for 

trails  

• Selecting trail 

routes that limit 

vegetation 

clearing  

• Minimize water 

crossings  

• Place trail 

amenities in 

disturbed areas 

and 

• Limit habitat 

fragmentation 

Not discussed. Minimize 

disturbances 

by developing 

trails in 

already 

developed 

areas.  

Not 

discussed. 

Table 8 Trail manual sustainable design strategies 

 

In the discussions with Mr. Milligan from Saskatchewan Parks, another strategy was 

proposed for sustainable design. This strategy called Negative Reinforcement aims to 
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limit human impacts on sensitive ecosystems by making the ecosystems more difficult 

and inconvenient to access (J. Milligan, personal communication, January 21, 2022). 

This is in line with Parks Canada suggestion to limit access to sensitive areas by using 

spur trails (Parks Canada, 1978).  Some suggestions Mr. Milligan offered were locating 

parking further away from the sensitive areas, not having cell coverage in sensitive 

areas, and making the journey to the sensitive area longer and more challenging (J. 

Milligan, personal communication, January 21, 2022). The main benefit of this strategy 

is that the strategy goes unnoticed by trail users compared to prohibitive rules which 

can lead to complaints. Altogether, this Negative Reinforcement is another valuable 

strategy for sustainable design (J. Milligan, personal communication, January 21, 2022).  

 

In conclusion, the following strategies for designing sustainable trail networks were 

derived from the four trail manuals as well as the literature review focused on human 

and trail impacts on ecosystems: 

1. Avoid sensitive ecosystems. 

2. Buffer sensitive ecosystems. 

3. Minimize disturbance of sensitive ecosystems. 

4. Consolidate disturbance to minimize habitat fragmentation. 

5. Prefer trail routes through grasslands unless they are endangered. 

6. Route trails on the edges of habitats to avoid habitat fragmentation and to limit 

predation. 

7. Use negative reinforcement design strategies.  

8. Avoid low lying areas susceptible to flooding. 

9. Avoid steep slopes subject to erosion. 

10. Limit the number of water crossings and plan them well. 
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3.3.3 Positive Control Points 

To properly identify positive control points, it is important to examine what the four trail 

manuals use as positive control points. The suggestions made by the four trail manuals 

will be used as positive control points in this research.  

Overall, the guidelines from the Government of Alberta, Parks Canada, and USDA are 

consistent with their suggestions for positive control points. They all recommend 

favouring viewpoints, rock outcrops, unique vegetation, canyons, and water features as 

positive control points. Both Alberta and Parks Canada mention old buildings as an 

opportunity which is extremely applicable to Saskatchewan which has numerous 

abandoned farming structures throughout the prairies (Government of Alberta, 2019; 

Parks Canada, 1978). Parks Canada and MDNR recommend wildlife viewing areas as 

positive control points; this must be done while minimizing the disturbance of animals. 

The MDNR also suggested favouring trail challenges as positive control points 

(Minnesota Department of Natural Resources, 2007). This agrees with the suggestion 

by Joe Milligan who mentioned designing trails that center around a trail experience; the 

challenging parts of a trail will be remembered (J. Milligan, personal communication, 

January 21, 2022). For example, in Zion National Park the water walk through the red 

rock canyons is difficult yet unforgettable. Altogether, there is large agreement amongst 

the trail manuals as to what to include as positive control points. Furthermore, the 

suggestions to favour water conditions and unique vegetation fits with the literature 

examining trail user preferences for water elements and ecosystem diversity.  

The suggestions made by the trail manuals for elements to use for positive control 

points should all be taken into consideration and are accounted for in the case study of 

Buffalo Pound Provincial Park.  
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Positive 
control point 

Alberta  Parks 
Canada 

MDNR USDA 

Viewpoints 

and outlooks 

Yes Yes Yes Yes 

Rock outcrops 

and bluffs 

Yes Yes Not specified  Not specified 

Unique 

vegetation and 

trees 

Yes Yes Not specified Yes 

Canyons and 

valleys 

Yes Yes Not specified Yes 

Old buildings Yes Yes Not specified Not specified 

Waterfalls, 

lakes and 

water features 

Yes Yes Yes Yes 

Wildlife Not specified Yes Yes Not specified 

Trail 

challenges 

Not specified  Yes Not specified 

Table 9 Positive control points 

 

3.4 Case study 

Case studies as a method provide a “a well-documented and systematic examination of 

the process, decision making and outcomes of a project that is undertaken for the 

purpose of informing future practice, policy, theory and/or education” (Francis, 2001). 

Thus, in order for case studies to be relevant for theory they need to seek and provide 

general insights that will improve future practice and theory instead of the specifics of a 

case study (Swaffield, 2016). As such, using a case study method for investigating how 

best to incorporate GIS into the existing trail industry standard design process is 
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appropriate. The knowledge gained from this case study helps inform the modification of 

the trail industry standard design guidelines to include how best to use GIS which will 

improve future practice and theory for trail designers.   

This case study will use multiple sources of data including maps, GIS analysis, 

document analysis, photographs, drone photography, direct observations, and key 

informant interviews. Using a large source of information will increase the accuracy of 

the results from the case study.  

Using a single case study to evaluate the use of GIS in the trail design process is 

acceptable since the guidelines which will be generated from this research will focus on 

the general application of GIS for Saskatchewan parks. The individual idiosyncrasies of 

different parks or ecosystems will not influence the overall implementation of GIS since 

the process depends on the general data availability of a site and not on the individual 

site characteristics.   

  

3.5 Site Selection Criteria 

The selection of an appropriate site for this case study is based upon the following 

criteria. (i) The research was interested in provincial parks located in Saskatchewan. (ii) 

The park needed to have a mixture of both Grasslands and Aspen Parkland 

ecosystems. (iii) A large waterbody or river was required. (iv) The site needed to have a 

valley system. (v) The park needed to have vantages suitable to viewsheds. (vi) The 

park needed to have an existing trail system.  

The following Provincial Parks were examined to determine which park would be the 

best fit for the case study based on the selection criteria: Buffalo Pound Provincial Park, 

Greenwater Lake Provincial Park, Douglas Provincial Park, Echo Valley Provincial Park 

and Cypress Hills Interprovincial Park. The analysis of these parks is presented below. 

Since Buffalo Pound Provincial Park met all the selection criteria it was chosen for the 

case study.  
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Park Name Buffalo 

Pound 

P.P. 

Greenwater 

Lake P.P. 

Douglas 

P.P. 

Echo 

Valley P.P. 

Cypress 

Hills I.P. 

Saskatchewan 

Provincial Park 
Yes. Yes. Yes. Yes. Yes. 

Mixture of 

Grasslands and 

Aspen Parkland 

Yes. No. Yes. No. Yes. 

A large waterbody 

or river 

Yes. Yes. No. Yes. No. 

Valley system Yes. Yes. No. Yes. Yes. 

Vantages for 

viewsheds 

Yes. Yes. Yes. Yes. Yes. 

Existing trail system Yes. Yes. Yes. Yes. Yes. 
Table 10 Site selection 

 

3.6 Buffalo Pound Provincial Park background 

BPPP was established in 1963 and is located 20 minutes North of Moosejaw. Once 

used by First Nations people to hunt bison, the park is now a tourist destination 

(Tourism Saskatchewan Canada, 2022). The park is nestled in the Qu’Appelle Valley 

and has a mixture of Aspen Parkland and Grassland ecosystems. At a size of 1,930 

hectares, the park contains part of Buffalo Pound lake and a wetland birding sanctuary 

called Nicolle Flats Marsh (Eh Canada Travel & Art, 2022).  
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Figure 6 Buffalo Pound Provincial Park overview 

 

 

Figure 7 Buffalo Pound Provincial Park drone footage 
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Figure 8 Buffalo Pound Provincial Park site photo 

 

3.7 Direct Observations 

Direct observations were used to gather on site information and an understanding of the 

site. Without direct observation significant information would have been unattainable.  

Buffalo Pound Provincial Park [BPPP] was visited and studied on the 17th and the 18th 

of September 2021. The focus of the direct observations was to determine the location 

of scenic viewpoints, evaluate the site for aesthetic quality, develop an understanding of 

the ecological conditions, examine the existing trail network, take drone photography, 

and chose the specific site for evaluation within BPPP. 
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The observations and data that were collected during the direct observation phase were 

recorded with photography and notebooks. Positive and negative control points were 

observed and recorded for scenic viewpoints, and ecologically sensitive areas. All 

recorded data points required four pieces of information to be recorded: the GPS 

location of the data point (generated by a smartphone), a photo of the control point, the 

category of control point, and a brief description of the control point.  For the control 

point categories three options were available to select: viewpoint, sensitive area, and 

interesting area. After collection, this data was manually imported into ArcGIS Pro and 

then downloaded to the researcher’s hard drive to be imported into ArcGIS Pro where it 

was further manipulated. 

 

3.8 Site analysis 

Site analysis was performed using GIS to map the features of Buffalo Pound Provincial 

Park. Maps where generated that examined the topography, slope, digital land cover, 

water systems, and existing trail network of BPPP. For trail planning, a scale of 1:5000 

was used for the maps. At this scale, the general layout of a trail system seemed 

feasible since the entire site was visible and there was still enough aerial detail to layout 

the trail system accurately.  The maps were rescaled to a scale of 1:25,000 for 

reproduction in this document.  

ArcGIS Pro version 2.9.2 was used to generate maps for the analysis and trail design of 

Buffalo Pound Provincial Park. Contour data, road data, and water system data were 

obtained from the Government of Canada’s CanVec product (Government of Canada, 

2017a, 2017b, 2017c, 2017d). The 50K resolution format for each data set was chosen 

since these were the most accurate and detailed sets.  All the data was published on 

December 15th, 2017 by the Government of Canada, and used a coordinate system of 

NAD 1983. Data for the digital land cover was obtained from the Government of 

Saskatchewan’s Geohub website and was published on November 27, 2019 

(Government of Saskatchewan, 2022). The digital land cover data used a coordinate 
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system of NAD 1983 as well. Data for the occurrence of endangered species was 

obtained from the Saskatchewan Conservation Data Center and was published on 

October 17th 2016 (Government of Saskatchewan, 2016). The data used a coordinate 

projection system of NAD 1983 as well. To keep the coordinate projection systems 

consistent, the maps were projected using the NAD 1983 system. The existing trails 

data came from a map of the mountain biking trails from the Government of 

Saskatchewan (Saskatchewan Parks, 2022a).  

 

3.9 Recommendations Method 

3.9.1 Guidelines 

Guidelines as a tool are a great means of bridging the gap between academic literature 

and landscape design (Prominski, 2016). Guidelines which summarize and present the 

current and optimal theories on a given subject, save practitioners time by reducing the 

need for an extensive literature review to find these theories (Prominski, 2016).  

Furthermore, there is no guarantee that an extensive literature review will discover the 

optimal and current theories for a given subject matter. Thus, landscape architects 

could be wasting time and ending up with suboptimal results (Prominski, 2016). 

Guidelines ensure that landscape architects save time and use the best theories for the 

job. As such, they improve and accelerate the design process in the future. For these 

reasons, the creation of guidelines to explain how best to incorporate GIS into the 

existing trail industry standard design process is warranted.  

The purpose of guidelines is to provide principles or strategies to achieve an outcome 

instead of an outcome itself (Prominski, 2016). Thus, guidelines must be neither totally 

specific nor completely universal. It is best that guidelines are at an intermediate level 

(Prominski, 2016).  
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The primary weakness of guidelines is that they are static and fixed with time 

(Prominski, 2016). Thus, as information changes or as technology advances, the 

guidelines will need to be updated to reflect the new reality (Prominski, 2016). 

Based upon the lessons learned while completing the trail development process for 

Buffalo Pound Provincial Park and from the review of the four trail design manuals, the 

trail industry standard design guidelines were updated to include how best to 

incorporate the use of GIS within Saskatchewan’s trail planning system. The guidelines 

focus on the principles of incorporating GIS within the trail design process to ensue that 

they are applicable in different situations.  

.  

3.9.2 Key informant review 

The key informant technique is a qualitative research method that started in the field of 

cultural anthropology and has become more widely used in social sciences (Marshall, 

1996). Its main benefit is the quality of information which can be gathered in a short 

period of time compared to other more time intensive methods (Marshall, 1996). The 

main drawback of key informants is that some informants may be unwilling to give 

controversial or politically incorrect opinions (Marshall, 1996). In the case of trail design, 

it is unlikely that such a problem exists. The key informant technique is a strong 

research technique and can be used in conjunction with other qualitative research 

methods (Marshall, 1996). The use of key informants to review the guidelines which are 

generated from this research is warranted since these key informants will be able to 

generate and give key feedback on the guidelines in a quick and efficient manner which 

is unattainable with other methods. The knowledge that these key informants have is 

critical to the overall success of the guidelines being widely applicable and delivering 

the optimal theories required by trail designers in an efficient manner.   

When selecting key informants, the key informants should meet a few criteria: role in the 

community, knowledge, and willingness (Marshall, 1996). First, the key informant should 
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have a role that exposed them to the types of information that are being investigated in 

the research (Marshall, 1996). In this case, the key informants should have experience 

with trail design. Second, in addition to being exposed to the necessary information 

because of their role, the key informant must have also absorbed and understood the 

information (Marshall, 1996). Thus, the key informants in this case should be experts in 

the field of trail design with extensive experience. Finally, key informants should have a 

willingness to communicate their knowledge and participate in the research (Marshall, 

1996).  

 

To ensure the guidelines are useful and applicable to the trail design profession, three 

key informants were contacted to review the guidelines and make recommendations for 

their modification and improvement. All interviewees were contacted by email in April of 

2022 and were sent the guidelines to review by email. Recommendations were received 

back by email, and telephone. They were then analyzed and summarized based on 

different themes. These themes then informed the modifications required for the GIS 

recommendations. The interview responses were recorded in Appendix A. 

 

3.9.3 Selection Criteria  

It was decided that three reviewers would be asked to review the document. By having 

three reviewers, multiple viewpoints could be accounted for while minimizing the 

amount of logistical work that would be required of larger sample sizes. In order to 

qualify as a key informant, the individual needed to have professional experience with 

trail design. From there, the aim was to attract a diversity of opinions in regard to 

provincial experience, and GIS experience. The three individuals that were selected 

were Joe Milligan, Jay Cranstone, and Daniel Scott.  

Joe Milligan is the head Trail Designer for Saskatchewan Parks and oversees all trail 

development projects in Saskatchewan. He himself does not use GIS, but he uses 
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resources generated in GIS from the Government of Saskatchewan to help in the trail 

design process. 

Jay Cranstone has worked for many years in the private landscape architecture field 

designing trail corridors. He now works for the City of Guelph with the Forestry and 

Sustainable Landscape team. 

Daniel Scott works as a Provincial Trails Specialist with the Government of British 

Columbia and previously worked with private trail design companies.   

Altogether, the three key informants bring varying provincial experience to the review: 

Ontario, Saskatchewan, and British Columbia. As such, if the key informants find the 

recommendations to be accurate, these guidelines will have a greater applicability 

outside of Saskatchewan and may be suitable across Canada. This would make sense 

since trail manuals from different countries along with provinces and states were used 

to form the structure of the recommendations. The three key informants also bring a 

large amount of collective experience to the review; thus, it can be assured that the 

review feedback is of high quality and is relevant.   

 

3.9.4 Data collection and Analysis 

The feedback from the key informants was recorded over the phone and by email. 

Feedback was transferred into Microsoft word and then analyzed for key emerging 

themes. The key emerging themes were colour coded and summarized. These 

summarized themes were then accounted for and the necessary modifications for the 

GIS guidelines were made.  
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4 Results 
4.1 Elevation analysis 

Contour lines from the Government of Canada were converted into a Digital Elevation 

Model [DEM], and then into a slope map to help reveal the underlying characteristics of 

the site. Before beginning to generate a DEM, the contours from the Government of 

Canada’s CanVec service were clipped with a bounding polygon to reduce the file size 

of the contours which reduced the rendering time required and improved the efficiency 

of ArcGis Pro. The bounding polygon was made greater than the site area to preserve 

enough contour data to generate an accurate DEM.  

To create a DEM from the clipped contour files, the Topo to Raster command was 

executed. The Contours Clipped layer was used as the input and all parameters of the 

Topo to Raster tool were kept as the default. The resulting DEM was colour coded to 

improve the visibility of the data. A DEM helps to visualize the topography of a site 

quickly. The site contours were displayed with the DEM to help aid with the intelligibility 

of the data.  

After generating a DEM, the Slope tool was utilized to generate a slope map from the 

DEM. The slopes of the slope map were classified into 5% slope intervals. These slope 

interval classifications were then colour coded to graphically illustrate the maximum and 

preferred grades for each proposed trail activity of the site as discussed in the literature 

review: mountain biking, hiking, and cross-country skiing. The classification is shown 

below. 

Level Average Grade 
Easy 0-5% 

Moderate 5-10%, and 10-15% 

Difficult 15-20% and 20-25% 

Impossible >25% 
Table 11 Slope map classification 



59 
 
 

 

Slope maps are important in the trail design process because they graphically illustrate 

the difficulty of traversing the topography of a site. After choosing the desired difficulty of 

a trail and the respective preferred and maximum grades for that difficulty rating, a trail 

designer can route a trail network following the appropriate slope pixels while avoiding 

slope pixels that exceed the maximum.  

If it is desirable to traverse slope pixels that exceed the maximum allowable slope to 

reach a positive control point, the trail designer can route the trail through this area 

using a cross slope approach and/ or switchbacks (Government of Alberta, 2019; 

Minnesota Department of Natural Resources, 2007). Thus, it is important to include the 

site contours with the slope map to allow the trail designer to properly plan for cross 

slopes and switchback applications.   

 

4.2 Water buffer  

Within the case study site there is both wetlands and a lake. To mitigate the potential 

environmental impacts on these sensitive ecosystems, 30m buffers will placed around 

them. The justification for the 30m is derived from the literature review on wetland 

buffers. To generate a buffer, the waterbodies data from the Government of Canada 

was inputted into the Buffer command. The resulting buffers graphically illustrate the 

Critical Function Zone. Access should be limited/ avoided to these areas to mitigate 

environmental damage.  

 

4.3 Wildlife habitat  

To avoid impacting endangered wildlife, rare and endangered species data was 

imported into ArcGIS Pro from the Saskatchewan Conservation Data Centre (SCDC). 

Placing a buffer around endangered species is desirable; however, an accurate buffer is 

impossible for two reasons. First, all animals as discussed in the literature review have 
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different Flight Initiation Distances (Cole, 1987, 1993; S. G. Miller et al., 1998). Thus, a 

single buffer size that accounts for all species in an ecosystem is unattainable.  Second, 

the rare and endangered species data from SCDC does not identify the type of species 

recorded in an area in order to prevent collectors from using the data to seek out and 

harvest rare and endangered species (SKCDC). Only under certain conditions where 

the potential good outweighs the potential harm will the SCDC release the specific 

identifying data for the species. Since even with this data the selection of an appropriate 

buffer size tailored to a specific species will not adequately buffer environmental 

impacts, a request for the identifying species information was not made. In the end, the 

areas where endangered wildlife and ecosystems were not provided with a buffer but 

were instead avoided altogether which is the first sustainable recommendations made 

by the reviewed trail manuals.  

 

4.4 Ecotonal regions  

Generating ecotonal buffer zones from digital land cover data would be valuable in 

order to avoid potential negative impacts on these sensitive habitat transition zones as 

discussed in the literature review. However, the digital land cover data available from 

the Government of Saskatchewan is organized into 30x30m data squares; 

consequently, the data is pixelated and inadequate for the implementation of ecotonal 

buffers (Government of Saskatchewan, 2022). Ecotonal buffer zones could be 

generated if the habitats were traced with polygons in ArcGis Pro and then used as the 

inputs into a buffer function; however, this process would be extremely time consuming 

and may not the best use of time for Provincial or Regional trail design teams. Instead, it 

is easier to account for ecotonal zones when drawing concept plans out by using a 

scale to measure the ecotonal distance and avoiding this area.  
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4.5 Viewshed analysis 

Although there is a Viewshed function in ArcGIS Pro which can generate a map of all 

the areas which can view a determined control point, this function seems to be 

inaccurate. The Viewshed function requires a DEM as an input, which was interpolated 

in ArcGIS Pro. Inconsistencies that effected the accuracy of the viewshed analysis 

arose which seemed to be artifacts of the DEM interpolation process. As such, the 

generated viewshed functions do not appear to be highly accurate. Furthermore, the 

viewshed analysis only takes into consideration the DEM and not the land coverage 

upon that DEM. As such, trees which will obstruct viewpoints are not accounted for by 

the Viewshed function. Instead of pursuing the use of the Viewshed function for the 

viewshed analysis, a 3D model of the site was generated to conduct a manual viewshed 

analysis.  

ArcGIS Pro allows for three-dimensional mapping. The 3D model generates elevation 

values for the terrain either from the World Elevation 3D/ Terrain 3D layer from Ersi or 

from a DEM generated by contours. For this case study, the DEM generated from the 

contours from the Government of Canada was used for the terrain of the 3D model. An 

exaggeration factor of 2 for the elevation was used to make the elevation changes more 

apparent. Aerial imagery available from Ersi in ArcGIS Pro was projected onto the 3D 

model to generate a realistic 3D representation of the site that showed the environment. 

Drone imagery could be used but was not in this case. 

Within the 3D model, the navigation tools were used to fly around the site to find 

locations for possible scenic viewpoints. A strategy that worked well was to identify a 

positive control point such as Buffalo Pound Lake, navigate to this control point, observe 

which high points are visible from this control point, and then mark these high points as 

possible scenic viewpoints. These identified high points were then navigated to and 

explored to determine if they offered pleasant scenic viewpoints of the relative positive 

control point. While making this determination, the possible obstruction of trees was 

factored into the analysis. If the high point offered a pleasant scenic viewpoint, it was 
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noted with a marker symbol as a positive control point. This method was used to 

generate a series of positive scenic control points. 

 

Figure 9 3D model image 

4.6 Control Points 

In addition to identifying positive scenic control points within the 3D model, positive and 

negative control points were identified and marked on the 2D map. Buffalo Pound Lake 

and the wetlands within the site were identified as both positive and negative control 

points. They are desirable to observe but should be avoided due to environmental 

impacts. Thus, the approach of using a spur trail with a lookout to these areas will be 

the most effective method for both observing them and mitigating environmental 

impacts.  
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Figure 10 Existing conditions 
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Figure 11 DEM analysis 
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Figure 12 Slope map analysis 
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Figure 13 Water buffer analysis 
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Figure 14 Endangered species analysis 
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Figure 15 Control point analysis 
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Figure 16 Viewshed analysis 



70 
 
 

 

4.7 In field verification of control points 

Buffalo Pound Provincial Park was visited for direct observation on September 18, 

2021, before the implementation of the GIS analysis. Thus, the verification of the scenic 

control points identified using the 3D model could not be completed. However, during 

the direct observation of the site, numerous positive and negative control points were 

identified and later recorded into ArcGIS Pro. 

4.8 Drone footage 

While at the site, aerial drone footage was taken at 120m above ground level with a DJI 

Spark drone. This aerial footage was then stitched together with Photoshop’s merge 

function to create a composite of the aerial footage. This aerial footage was then 

imported, scaled, and positioned in ArcGIS Pro. The drone footage captured in the field 

has greater detail and is less pixelated than the imagery available from ArcGIS Pro or 

Google Earth. Furthermore, the drone footage is more recent than the satellite imagery. 

Altogether, capturing and importing drone footage is a valuable tool to get accurate and 

detailed aerial imagery for a case study.  

Due to time constraints and battery constraints, it was not possible to map out the entire 

site area for BPPP; thus, the drone photography only covers part of the site. To keep 

the aerial imagery consistent, the satellite imagery from Ersi was used instead of the 

drone footage. For future work, using a drone with a longer battery life and with the 

ability to map out the flight path before flight would be valuable.  
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Figure 17 Drone analysis 

 

 



72 
 
 

 

4.9 Concept Plans 

After gathering all the relevant information in ArgGIS Pro and generating maps, base 

maps which would be used to trace out potential trail routes were printed out. Trace 

paper was laid overtop of the maps, and potential trail routes were sketched out 

connecting positive control points. While sketching, the slopes of the site were taken 

into consideration and the recommended guidelines for sustainable trails were also 

adhered too. Negative control points including the endangered species data were 

avoided and the number of trails located within the water buffers was limited. Avoiding 

routing trails through ecotonal areas was attempted and the trails were kept on the 

edges of habitats to avoid significant habitat fragmentation.  

After tracing out the potential trail network, these concept plans were scanned and then 

imported into GIS where they could be traced out.  
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Figure 18 Proposed trails analysis 
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4.10 In field verification  

From here the next step would be to evaluate the proposed trails in the field at Buffalo 

Pound Provincial Park. However, this is not possible since the author is residing in 

Ontario and unable to travel back to Saskatchewan. The inability to complete this phase 

or move on with the trail planning process is not detrimental for the following reasons. 

First, the review of the four trail planning manuals has generated a trail industry 

standard design process from which to build the GIS implementation guidelines on. This 

model not only informs the recommendations for the trail planning phases that have 

been completed but informs the recommendation for how to incorporate GIS into the 

final remaining phases. Thus, the process of creating GIS implementation 

recommendations for the trail planning process can be managed while achieving 

validity. Second, the guidelines will be reviewed by three key informants; thus, any 

unrealistic recommendations or errors will be noted and remedied.  

 

4.11 Trail planning recommendations 

After reviewing the four trail manuals and working through a case study example of trail 

planning at BPPP, a set of GIS implementation guidelines for trail planning were 

created. These guidelines follow the trail industry standard design process discerned 

through the literature review and make suggestions on how best and where to 

incorporate GIS. The recommendations are presented on the following pages.  

It should be noted that these recommendations will be of use to individuals who have 

previous experience with GIS, and experience with trail design. To use these guidelines 

an understanding of how to operate and navigate within a GIS program is required. 

Without experience operating GIS, these guidelines will be difficult to implement. 
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These recommendations were reviewed by the three key informants and the feedback 

they gave on the recommendations was recorded, analyzed, and summarized. The 

feedback from each key informant is presented in Appendix A. Overall, the following 

themes were derived from the feedback.  

• At the beginning of the project, a public and stakeholder engagement plan should 

be developed. This plan should identify the groups and appropriate methods for 

engaging with these groups. There are numerous groups that could/ should be 

contacted including, the Accessibility community, Indigenous communities, 

landowners, land managers, adjacent landowners, and agencies that may be 

either directly or indirectly involved with trails.  

• Stakeholders should be involved early and often to avoid public criticism. Ideally, 

stakeholders should be engaged first during the visioning of the project which 

includes its goals, objectives, key opportunities, and constraints. Next, 

stakeholders should be involved once a site inventory has been completed to get 

feedback from interested parties. Finally, stakeholders should be involved during 

the concept development phase to get feedback on the different proposed 

options.  

• Documents from relevant Municipal and conservation authorities should be 

reviewed to determine what policies and regulations apply to the project. In 

addition, if there are existing trail design standards for the local municipality, 

these standards should be considered.  

• Data on the types of ecosystems in the site should be collected during the GIS 

reconnaissance phase.  

• Classifying slopes by drainage factors is difficult due to the lack of site level data 

as well as the degree of soil variability across a site. Thus, it might not be 

possible to accurately classify soils based on drainage factors.  

• Organic soils, property boundaries, and archaeological sites should be included 

as a negative control point.  
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• Add infrastructure and amenities such as shelters, outhouses, campsites as 

positive control points. 

• The slope classifications should be simplified. Anything over twenty five percent 

should be avoided due to its unsustainability.  

• Preliminary cost estimates need to be created during the concept development 

phase to inform the public consultations and client engagement.   

• Before the public consultation, a field assessment should be undertaken to 

ensure the trail designers have a strong understanding of the site.  

• Public GIS data can be obtained for certain trail user groups to determine how 

they are choosing to access sites and what they are choosing to see. This 

information can help inform trail connections between sites and determine what 

trail users are seeking to see at a site.   

• The slopes of the site can also be analyzed for accessibility instead of just for 

trail difficulty.  

 

All the themes for improvement that were derived from the feedback were taken into 

consideration and the necessary modifications to the GIS guidelines were made. Below, 

the modified guidelines are shown with the modifications in red. The final guidelines, 

without the modifications in red, are contained in Appendix A.  
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5.0 Discussion  
The aim of this research was to develop a set of recommendations for how best to 

implement GIS within the existing trail industry standard design guidelines. The trail 

industry standard design guidelines were utilized as the framework from which to 

conduct this research and case study. In the end, the proposed guidelines for 

incorporating GIS within the existing trail process follow the existing guidelines closely 

but are altered to include GIS. During the key informant review process, feedback that 

dealt with the proposed phases of the trail industry standard design guidelines were 

received. This feedback focused on stakeholder engagement frequency, base mapping, 

and site familiarity building. The trail industry standard design guidelines from the four 

trail manuals are shown below flowed by the guidelines including the feedback from the 

key informants.    

1. Project background 

2. Base mapping 

3. Positive and negative control points 

4. Stakeholder engagement 

5. Concept plans 

6. Preliminary cost estimates 

7. In field work verification 

8. Environmental review 

9. In field laying out 

10. Construction documentation 

Based upon the case study and the feedback gathered from the key informants, the 

process was modified with the inclusion of more phases and with different names for 

each phase.  

1. Project vision 

2. 1st Stakeholder engagement 

3. Site inventory mapping 
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a. GIS reconnaissance 

b. Data manipulation 

c. Control points 

d. Field work 

4. 2nd Stakeholder engagement 

5. Concept plans 

6. Preliminary cost estimates 

7. Build site familiarity  

8. 3rd Stakeholder engagement 

9. Detailed field review 

10. Construction documentation   

Both procedures are relatively consistent but differ strongly in the amount of stakeholder 

engagement explicitly required. From the key informant review, it was found that it 

would be best to engage with stakeholders three times at the beginning of the project, 

after the site inventory is developed, and after the concept plans are developed. The 

aim is to engage the public as well as relevant trail groups and Indigenous communities 

in the process to build public support, and to ensure the project meets the needs of its 

intended users. The industry standard model included stakeholder engagement but did 

not specify at which stages the engagement should take place. Furthermore, only the 

Government of Alberta and the MDNR trail manuals stated the need for stakeholder 

engagement. Parks Canada and USDA did not mention the need for this.  

Next, the industry standard gathers information about the site during the base mapping 

phase and uses this information to generate positive and negative control points during 

the Control Point phase. In the proposed procedure of this research, these procedures 

fall under the Site Inventory Mapping phase and is comprised of four steps: GIS 

Reconnaissance, Data Manipulation, Control Points, and Field Work.   

Next, the proposed procedure, after feedback from the key informants, includes a Site 

Familiarity Building phase where the trail designers walk through the site to become 
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more familiar with the site before engaging with stakeholders. This phase will prepare 

the trail designers for the stakeholder engagement.   

Except for the three differences discussed above the overall procedures of the 

proposed standard and the industry standard are similar. The names of the phase are 

different, but the principles are the same.  

Each phase of the trail industry standard design guidelines was modified to include how 

best to incorporate GIS along with non-GIS related recommendations suggested from 

the key informant review. The changes that were made to each phase are discussed 

below following the format of the guidelines. 

For the Project Vision phase most of the recommendations follow closely to the trail 

industry standard: the area of interest is identified, trail users and their objectives are 

identified, a preliminary understanding of the trail requirements and a review of legal 

requirements are conducted. There are however differences. First, a stakeholder 

engagement plan which layouts out who to engage with and how best to engage with 

them is established. By establishing the stakeholder engagement plan early, the 

stakeholders can be engaged with often to improve the overall project. Next, the Project 

Vision includes a review of the local municipality and conservation groups to check if 

there are existing trail standard or best practices already in place. Various municipalities 

have their own set of landscape design standards. These standards are beneficial since 

they save time and keep designs consistent throughout a municipality. It is also 

important to check if there is an existing trail transportation plan for the site which could 

show possible connection points to a larger trail system. For the Project Vision phase no 

GIS is proposed. All the recommendations come from the literature review and the 

feedback from the key informants.  

The second phase Site Inventory Mapping consists of four steps and revolves around 

the use of GIS. During the first phase of GIS Reconnaissance, information for the 

contours, soil types, endangered species, water bodies, land cover data, types of 

ecosystems, and human made features is collected. This information is also collected in 
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the original trail industry standard guidelines. The difference between the proposed 

guidelines and the industry guidelines is the inclusion of gathering publicly available 

data from trail user groups in the area to see how these groups connect from site to site 

and how they use a site. This information can help determine how user groups such as 

cyclists move from one park to another park. Perhaps there are certain roads they 

utilize which could then be taken into consideration when designing larger trail 

networks. Data from hiking enthusiasts could also help reveal areas that are currently 

not part of the trail network but that are accessed regularly by hikers. This information 

could identify possible positive control points for the Concept Phase and can help trail 

designers locate areas that could be potentially overlooked. This approach of using 

publicly available user data is similar to the idea of paths of desire marked in the 

landscape by pedestrians who walk along the grass instead of the paths.  

In the Data Manipulation phase, the use of GIS programs and tools to manipulate data 

to create valuable maps and outputs for the trail design process is discussed. The four 

trail manuals that were reviewed did not propose how best to manipulate GIS data to 

create relevant information to help in trail planning; thus, this phase differs completely 

from the trail industry standard.  

First, GIS should be used to create slope maps which can be generated from site 

contours and then classified with different grade intervals based on the technical 

difficulty of a proposed trail activity. This classification helps greatly when planning trails 

that meet technical difficulty requirements. These slope maps can also be classified by 

accessibility to plan trails that do not exceed the allowable grades for accessible trails. 

Calculating slope maps in GIS is an extremely important tool and opportunity especially 

as the desire for more accessible trails grows.  

GIS should also be used to generate 3D models from the site’s Digital Elevation Model. 

Satellite imagery should be mapped out overtop of the DEM unless sufficient aerial 

drone footage is available to create a realistic 3D model. These 3D models allow the 

trail designers to view the site from a bird’s eye view which can create new 
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understandings of the site and insights about how the site connects to the larger 

landscape. These models also allow a trail designer to rapidly move throughout a 

landscape and explore a site virtually without having to travel to the site and walk 

around, which helps greatly in becoming familiar with a site and finding scenic 

viewpoints. 

GIS should be used to create buffers for waterbodies, watercourses, ecotonal areas, 

and sound disturbances. Watercourse and waterbody data can be used in GIS to 

generate waterbody buffers to be avoided when routing trails. Ecotonal buffers would be 

beneficial to generate if sufficiently detailed land classification data was available or if 

time was available to trace out ecosystems. If neither is the case, ecotonal buffers 

should be accounted for by hand when drafting concept plans. Finally, sound buffers as 

proposed by Synder et al. (2008) should be used around motorized routes to allow for 

tranquility along new proposed trails.  

GIS can be used to map out soil information based on drainage factors to determine 

which areas are susceptible to flooding and will remain waterlogged. Unfortunately, site 

specific soil data with sufficient detail to map out drainage factors is not publicly 

available. To work around this, on site test pits could be dug to generate the necessary 

data. This may not be the best approach for some projects given the availability of 

resources. Thus, whether soil data is included in the analysis depends on the resources 

available for the project and the need for this information.  

Wildlife data can be imported into GIS to find locations of endangered species which 

should be avoided. This data can also help trail designers locate potential wildlife 

viewing stations that can be verified in the field for accuracy. The use of wildlife data will 

depend on the availability and accuracy of this data.  

The Control Points phase has the same recommendations that were presented by the 

four trail manuals for both positive and negative; however, GIS can help in the process 

of identifying control points. The 2D and 3D maps created in GIS from the data created 

in the Data Manipulation phase allow the trail designer to find control points with ease 
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within the GIS program. Trail designers can navigate through the 3D model to find 

scenic vistas and interesting geological features throughout the site quickly and 

efficiently as opposed to walking around the site. The 2D maps can also be used to find 

positive and negative control points including sensitive ecosystems, geological 

formations, and possible wildlife viewing points.    

GIS field recording apps can greatly increase the efficiency and accuracy of gathering 

data in the field compared to recording data on physical maps. When a positive control 

point is found in the field, the data point should be recorded along with its GPS location 

and required information including a photograph and brief description. The ability to 

record the GPS location of control points in the field and then easily import this 

information back into a GIS program in the office greatly increases the efficiency of field 

work compared to recording this information on physical maps and then tracing the 

information into a GIS program. GIS field apps should also be used to track the travel 

routes of field workers so that any possible trail route discovered and walked in the field 

can be easily imported into a GIS program in the office. This is more efficient than 

manually tracing a possible trail route found in the field onto a map and then tracing this 

route out in a GIS program.   

For the Concept Plan phase, there were a few changes on how best to conduct this 

phase with GIS; however, the trail industry standard guidelines of connecting positive 

control points while avoiding negative control points was followed. The difference is that 

once concept plans have been drawn up, these concept plans should be traced into 

GIS. From there, the plans can be imported into a GIS field app which will allow a field 

worker to locate the proposed trial in the field easily using a GPS device.  

The Preliminary Cost Estimate phase is the same here as it is in the industry standard 

method. This phase is necessary in order to provide the client with cost data to make 

appropriate decisions when evaluating the concept plans. GIS can help with the 

Preliminary Cost Estimate. The proposed length of trail can be quickly calculated and 
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then multiplied by a base factor for calculating a rough cost estimate. Using GIS to 

calculate the proposed trail length is faster then using a scale. 

The Build Site Familiarity phase does not require the use of GIS but was proposed 

during the key informant review.  

For the Detailed Field Review phase, GIS field apps can help the trail designers locate 

and mark the correct locations in the field of concept plans using GPS which will 

expediate the process. The procedure of marking trails with flagging and using a 

clinometer to ensure the grades remain within the acceptable grades is the same in the 

proposed guidelines as in the trail industry guidelines.   

For the Construction Drawings phase, the trail systems drawn in GIS can be easily 

imported into AutoCAD or another CAD drawing software. This expediates the process 

of transitioning into CAD compared to transitioning to CAD without GIS which would 

require having to scan concept plans, import the concept plans into CAD, scale the 

plans, and then trace them.  

Altogether, there are many areas where GIS can be beneficial and should be used in 

the trail design process. GIS offers considerable time savings both in the office and in 

the field when tracking data and travel paths. GIS also allows for data to be manipulated 

to create valuable maps which help in identifying control points for the Concept Plan 

phase. Furthermore, the 3D modeling in GIS allows trail designers to navigate 

throughout a site virtually and locate control points quickly and efficiently. 
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6.0 Conclusion 
6.1 Summary 

The focus of this research paper was to examine how best to incorporate GIS within the 

existing trail industry standard design guidelines for Saskatchewan Parks. To first 

establish what the trail industry standard was for trail design, an examination and 

comparison of four trail manuals was undertaken. This examination revealed the trail 

industry standard design guidelines that are consistent across Canada and North 

America. Using this trail industry standard design guidelines, a trail design case study 

was conducted for Buffalo Pound Provincial Park. During this process, lessons were 

learned about how best to use and implement GIS. With these lessons, a set of 

modifications to the trail industry standard design guidelines were made for how best to 

incorporate GIS. These recommendations were then reviewed by three trail design 

specialists across Canada who gave feedback about how best to improve the 

recommendations so that the guidelines would be more accurate. This feedback was 

used to modify the guidelines, and again a final set of guidelines were created.  

In addition to these GIS guidelines, the trail manuals along with literature on sustainable 

trail design were reviewed to create a list of sustainable best practices for trail design. 

These best practices will be helpful for landscape architects and trail designers to use 

as they design trails in the future. The best practices are as follows: 

1. Avoid sensitive ecosystems. 

2. Buffer sensitive ecosystems. 

3. Minimize disturbance of sensitive ecosystems. 

4. Consolidate disturbance to minimize habitat fragmentation. 

5. Prefer trail routes through grasslands unless they are endangered. 

6. Route the trail on the edges of habitats to avoid habitat fragmentation and to limit 

predation. 

7. Use negative reinforcement design strategies.  

8. Avoid low lying areas susceptible to flooding. 
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9. Avoid steep slopes subject to erosion. 

10. Limit the number of water crossings and plan them well. 

 

6.2 Limitations 

There are two limitations to this research which are limited GIS data, and limited access 

to Buffalo Pound Provincial Park.  

First, the GIS data which was accessed for the Buffalo Pound Case Study is all publicly 

available. However, some of the data could be more detailed and informative. For 

example, the elevation data available from the Government of Canada’s CanVec 

service uses ten meter intervals for measuring elevation. In comparison, the 

Government of Canada’s High Resolution Digital Elevation Model uses two meter 

intervals for measuring elevation (Government of Canada, 2021). This information is 

currently unavailable for Buffalo Pound Provincial Park and other provincial parks. The 

coverage is primarily for large metropolitan areas (Government of Canada, 2021). The 

soil data from the government of Canada is also limited in its applicability at a site level. 

The data does show the average soil class across a larger area but is not useful for site 

specific soil variation when locating possible trail networks. Data would need to be 

collected on site to accurately include soil data into the GIS analysis. The lack of 

detailed site specific data is a limitation for GIS analysis; however, this limitation is not 

exclusive to solely academic research but also impacts trail designers. Thus, it is a 

limitation consistent across academia and industry.  

Finally, due to the researcher residing in Ontario, access to Buffalo Pound Provincial 

Park was limited. With greater access, it would have been possible to visit the site 

regularly to gather information and further test out the trial development process and 

how best GIS could be incorporated. However, the researcher still managed to visit the 

site once and gathered an extensive amount of data while there. Thus, this limiting 

factor will not impact the accuracy and validity of the GIS recommendations.  
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6.3 Further research 

This research explored how best to implement GIS into the existing trail industry 

standard design guidelines but did not explore how GIS technology can be used to 

analyze and evaluate trails designed by hand. The ability for GIS to be used as an 

evaluation tool for trails designed by hand is an interesting concept. The GIS articles 

which presented models for laying out trail locations based upon a Least Cost Path 

Algorithm and a fuzzy scoring system could be modified to instead evaluate trail 

systems. Using environmental research to inform the selection of environmentally 

sustainable factors, a GIS model could be created which evaluates the environmental 

sustainability of a proposed trail network compared to other trails. This would be 

beneficial when completing environmental reviews since there would be a scientific 

metric which is justifying the environmental score of a trail system. There are many 

different factors that could be included in such a model, and there are many different 

focuses an evaluation model could take: water sustainability, ecosystem sustainability, 

and habitat fragmentation among others.  

A limiting factor that most be overcome in order to create a successful GIS evaluation 

model is the amount of scientific research required. Without sufficient research on trail 

sustainability factors, any model will be arbitrary. In addition, as shown by Irvine et al. 

(2009), the inclusion of expert’s knowledge in the creation of a GIS model is extremely 

valuable. Thus, experts in environmentally sustainability will need to be consulted to 

develop such a model.  

Another possible research focus is the development of a model which evaluates habitat 

fragmentation. As discussed in the literature review, habitat fragmentation should be 

limited since fragmented habitats have less species richness and diversity (Henshaw & 

Graham K., 2013). Thus, a model that could evaluate the degree of habitat 

fragmentation of one trail system compared to another trial system would be valuable. 

This could be done simply by clipping a site area by a proposed trail network and 

comparing the size of the resulting polygons to the sizes of polygons from other 
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proposed trail networks. However, it would be more beneficial if the model placed 

varying degrees of importance on different ecosystems based on their importance. For 

instance, ecosystems that are prime foraging habitats, prime areas for bird nesting, or 

significant wetlands could be ranked higher than ecosystems which are less important. 

Thus, the habitat model would not be evaluating all habitat fragmentation as equal but 

acknowledging that some habitats are more important than others. Such a model would 

require extensive research but would be a valuable pursuit in the future.  

 

6.4 Closing remarks 

It is hoped that this research will help trail designers and landscape architects 

implement GIS into the trail design process efficiently and effectively. It is important to 

ensure that the environment is protected, and any possible damage is mitigated. The 

guiding sustainable principles discussed in the literature review should help achieve 

environmentally sustainability if followed.   
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APPENDIX A 

Preliminary Interview with Joe Milligan  

• When beginning a new trail project, the trail designer must first determine if there 

is enough money to carry out the project. The maintenance cost of a trail is ten to 

fifteen percent of the total budget cost per year.  

• The second step is to begin mapping out the area. Gather information on soil 

conditions, soil types, water bodies, springs, plants, and landslide locations.  

• The third step is to walk around the site and visit all the interesting and unique 

areas.  

• Fourth, talk with the park planning unit about the project.  

• Fifth, talk with the landscape protection unit about the project.  

• Sixth, conduct a heritage review and determine if there are archaeological 

resources in the area.  

• Seventh, engage with the park advisory committee about the project.  

• Eighth, engage with all relevant First Nations communities.  

• Ninth, engage with the public about the project.  

• Tenth, conduct a title search to see if there are public utility corridors or other 

easements on the site.  

• When designing trails, we need to focus on designing the overall experience. The 

experience is what people will remember about the trail and what will encourage 

people to return for repeated use.  

• The United States Department of Agriculture’s trail manual as well as the 

Minnesota Department of Natural Resources trail manual are used as the 

primary resources for trail design in Saskatchewan.  

• If an endangered species such as a Burrowing Owl were discovered on the site, 

the endangered species would be avoided altogether.  

• A strategy to reduce the amount of environmental degradation is called Negative 

Reinforcement. With this strategy, the aim is to make it more difficult to access 
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environmentally sensitive areas. This can be done by moving parking lots further 

away, making the trail system more challenging, and removing cell coverage.  
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Feedback from Jay Cranstone on GIS recommendations 

On April 23, 2022 the following feedback was received from Joe Milligan through a 

telephone call. The feedback is summarized below.  

 

• During the project definition phase, a public and stakeholder engagement plan 

should be developed. This plan should identify the groups and appropriate 

methods for engaging with these groups. There are numerous groups that could/ 

should be contacted including, the Accessibility community, Indigenous 

communities, land owners, land managers, adjacent land owners, and agencies 

that may be either directly or indirectly involved with trails.  

• Stakeholders should be involved early and often to avoid public criticism. Ideally, 

stakeholders should be engaged first during the visioning of the project which 

includes its goals, objectives, key opportunities and constraints. Next, 

stakeholders should be involved once a site inventory has been completed to get 

feedback from interested parties. Finally, stakeholders should be involved during 

the concept development phase to get feedback on the different proposed 

options.  

• The trail classification, desired maintenance level, trail theme, and trailhead 

amenities should be part of a subset of the visioning aspect at the beginning of 

the project. These should be refined later as you develop design guidelines that 

will drive your detailed design.  

• In addition to reviewing Federal, Provincial, and Regional Policies, a review of 

the local/ municipal authorities as well as conservation groups is necessary. They 

will have policies and regulations that will inform the design.  

• While reviewing the municipal authorities, it is important to check if they have 

design guidelines or best practices relevant to trail design. Most municipalities 

will have standard details.  
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• Background review should include a review of any relevant master plan or trail 

transportation plan for the area. There may be connection points to surrounding 

trail systems.  

• Human made features should also include any existing trails, abandoned logging 

roads, former rail lines etc. on the site.  Often, there will be existing/ad hoc trail 

on your site and you will want to consider if the fit into the plan (maybe some of 

the ad hoc routes can become part of the desired routing, in some cases they 

should be closed an rehabilitated. 

• During the GIS reconnaissance phase the Ecological Land Classification data for 

Ontario or an equivalent if outside of Ontario should be collected.  

• Classifying soils by drainage factors is a good idea but difficult since soil data at 

the site level is difficult to obtain. Soils can change within a few meters. This data 

can be gathered during site reconnaissance.  

• Organic soils should also be included with the negative control points.  

• For road crossings, an analysis should be done to determine the best location 

and check for sight lines.  

• Consider simplifying the slope classification system. For example, instead of 

having categories for 25-30%, 30-35%, and 35-40% just classify these all as one 

class. Slopes above 25% should be avoided since they are unsustainable.  

• Add photo inventory to the field work.  

• Move the note section to the front of your recommendations to inform the user.  

• The evaluation of different concepts for the site should include a preliminary cost 

estimate so the client can make an informed decision.  

• During the concept phase, areas requiring additional studies should begin such 

as water crossings so that this work can run parallel to the trail development 

process. This is necessary since these processes can be time consuming.  

• During concept development stage you'll also want to create design guidelines to 

explore and communicate how various aspects of the trail design and amenities 

will be applied to the site, and fit within the overall vision for the project. 
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• I'd include a field assessment of the concepts during the Concept Plans phase 

(before you go to step 7), so you will be well informed on the site's nuances 

relative to different trail alignments before you do the engagement.  

• Update the costing as the plans become more refined.  

• You could refer to the Field Review as Detailed Field Review (to help refine 

concepts, make the final call on best routing, consider things you heard about in 

Phase 7 from trail users and stakeholders. 
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Feedback from Joe Milligan on GIS recommendations  

On April 12, 2022 the following feedback was received from Joe Milligan through a 

telephone call. The feedback is summarized below. 

 

• With covid, the amount of people accessing outdoor sites has increased. This is 

leading to more degradation.  

• Buffalo Pound Provincial Park is a recreation hub. It is two hours from Swift 

Current, Regina, and Moosejaw.  

• Drought has been an issue that has increased the amount of damage done to the 

ecosystems. It is necessary to plan out alternate trails and give the land time to 

heal.  

• Slope data can also be used to plan out accessible trail systems.  

• Saskatchewan Parks has a dual mandate: protect the environment and offer 

recreational opportunities to the public.  

• Trails can nudge people in the right direction away from sensitive ecosystems.  

• Negative feedback approach: make sensitive areas harder to access to prevent 

degradation.  

• How does recreation and culture play into the design. Cross country cyclists have 

a certain culture. They enjoy finishing the bike ride off with a beer in the parking 

lot. Can facilities be planned around this? 

• Can GIS be used to help users plan out their trail experience? 

• With GIS you can tap into public user data to help plan out trail systems that 

connect larger areas. For instance, the cycling community uses certain roads to 

go from Douglas Provincial Park to Danielson Provincial Park. These roads could 

be designated as part of the larger trail system. This data reveals path of desires. 

GIS should be able to tap into the paths of desire.  
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Feedback from Daniel Scott on GIS recommendations 

On May 11, 2022, the following feedback was received from Daniel Scott through an 

email. The feedback is summarized below.  

 

• Add property boundaries and utilities to negative control points 

• Add infrastructure and amenities such as shelters, outhouses, campsites as 

positive control points. 

• Add archaeological to both positive and negative control points. 

• A GIS script that could determine when a proposed trail exceed the allowable 

maximum grade would be a great tool. It would be a good tool to develop one 

day.  

• A GIS script that could determine when a trail breaks the “half rule” would be 

beneficial as well. The “half rule” is when the trail grade is greater than half the 

grade of the side slope. This is one of the primary cause of trial degradation.  

• Flagging should be hung at eye level. The next flagging should be visible from 

the previous flagging.  

• For GPS, a Timble or EOS  device should be used due to their higher accuracy.  
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Final recommendations for incorporating GIS into the trail design process 
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