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Introduction 
In order to purse the McIntosh Run Watershed Association’s (MRWA) mandate of promoting 

public access and appreciation of the McIntosh Run Watershed, a system of non-motorized, back-

country, low-impact trails has been conceptualized for the public land (Crown and HRM) situated within 

the watershed. This project aimed to further investigate the proposed trail system, specifically through 

the lens of topographic analysis. Utilizing a LiDAR derived Digital Elevation Model (DEM), the proposed 

trails were realigned to meet specific trail slope criteria and then examined for length, minimum and 

maximum slope and elevation change to provide further insight into what each trail segment may look 

like in reality. The project goals examined in this report are as follows: 

 Place concept plan on LiDAR derived DEM 

 Realign trails to meet slope requirements 

 Identify stream/drainage crossings 

 Create elevation profiles for each trail 

 Determine cost estimate based on realigned trail distance 

 Make some suggestions as to which trails should be constructed first (low cost/most users) 

Along with the maps created for this report, the digital GIS files used for analysis are also delivered 

to the MRWA for further use. A description of the directory structure and the digital files contained can 

be found in Appendix B. 

Methodology 

Data Preparation 

McIntosh Run Watershed Trail Concept Plan 

Analysis of the proposed concept plan was based upon the concept plan trail map created by 

the trail design company TrailFlow Outdoor Adventures (Figure 1). In order to perform the desired 

topographic analysis, the first task of this project involved accurately placing the proposed concept plan 

on the LiDAR derived DEM (characteristics of the DEM to be explained in the following section).  

 

Figure 1 - McIntosh Run Trail Concept Plan as proposed by TrailFlow 



Given that the trail map (Figure 1) had no digital spatial reference, it was necessary to 

georeference the image to known, spatially referenced points. To georeference an object, in this case 

the trail concept plan, means to define its existence in physical space, establishing its location in terms 

of a map coordinate system (Website 1, 2013). To achieve this, the extent of the public land in the trail 

map (e.g., crown land) was matched to a spatially referenced digital file of crown land (Figure 2). This 

digital version of the public land comprising the study area was based on data sourced from the 

Department of Natural Resources as compiled in the Nova Scotia Geographic Database by the Advanced 

Geomatics Research Group (AGRG). 

 

Figure 2 - Spatially referenced digital format of public land in study area 

As no known coordinates were available within the trail map to validate the accuracy of 

georeferencing, visual checks were completed by comparing spatially referenced road and water data 

from the Nova Scotia Geographic Database (sourced from Nova Scotia Geomatics Centre) to road and 

water data visible in the trail map extent. As these separate data types lined up successfully with the 

road and water data visible in the trail map, it was determined georeferencing was completed 

successfully, resulting in a spatially referenced trail concept map. 

Upon completion of georeferencing the concept map created by TrailFlow, the existing and 

proposed trails within the map were converted into digital format, resulting in a trail concept plan that 

could be placed over the LiDAR derived DEM and used as a guide for further topographic analysis.  

 

Digital Elevation Model 

The source of the topographic information utilized for analysis was a 1 metre resolution LiDAR 

(Light Detection and Ranging) derived digital elevation model (DEM), acquired from the Dalhousie 

School of Architecture. A DEM is essentially a digital representation (i.e., model) of the terrain’s surface. 

LiDAR is a remote sensing system that utilizes focused beams of light (i.e., LASERs) and measures the 

time required for the light to reflect off a surface and return to the sensor. With this measured time, and 

the known speed of light, the precise elevation of each LASER “hit” can be determined. As the LASER is 

fired across a given landscape at 1000’s of times per second, the resultant surface generated from these 

points is an accurate representation of the surface under study. While LiDAR data does have the ability 

to detect all structures it interacts with (e.g., buildings, vegetation etc.), the LiDAR derived DEM utilized 



for this project involved only the ground LASER hits, resulting in a bare-earth digital elevation model. As 

such, within the scope of this project, only ground elevation (i.e., topographic) data was considered for 

analysis. The DEM utilized in this project was employed to determine three main data characteristics 

that were used for analysis: elevation, surface slope and the delineation of stream/drainage channels 

within the study area.    

 

Surface Slope 

The main focus of the topographic analysis involved in this project revolved around surface 

slope (grade). Surface grade refers to the inclination of the surface in respect to the horizontal. Grade is 

calculated as the rise (vertical distance) divided by the run (horizontal distance). Multiplying the 

aforementioned fraction of 
    

   
 by 100 gives the surface slope as a percentage (Figure 3).    

 

Figure 3 - Schematic defining a 5 % grade (Source: http://engineering.purdue.edu) 

Grade was chosen as the primary analysis characteristic since trail construction guidelines and 

trail ratings are defined by the trail’s average and maximum grade. In order to achieve a sustainable 

natural trail the ideal average slope for each trail should be in the range of 5 – 10 % (Havel, 2009). This 

allows for water drainage, while minimizing the effects of surface erosion. Furthermore, large, flat, low-

lying areas (e.g., ~ 0 % grade) should be avoided as they will typically collect and hold water. The type of 

trail (in the case of this project, natural back-country trails) and intended user give indication to the 

desired maximum grade each trail should have. As defined in the Alberta Recreation Corridor and Trails 

Classification System (Government of Alberta, 2009) natural back-country trails for cyclists, cross-

country skiing and snow-shoeing should have a maximum grade no greater than 30 %. Trails intended 

for hikers can a have higher maximum grade of 45 %. As such, it was determined that when realigning 

the concept plan trail system the majority of trails should have a desired maximum grade up to 30 % in 

order to maximize the type of trail users. Furthermore, an absolute maximum trail grade of 45 % should 

be enforced for all trails. Appendix A, Figure 5 displays slopes within the study area.     

 

Stream/Drainage Channels 

The LiDAR derived DEM was utilized to delineate channels where water would tend to flow 

when traversing the surface. These channels can be thought of as stream or water drainage channels. It 

should be noted however, that the indicated presence of these channels in the study area doesn’t 

necessarily mean they always contain water, but instead give an indication to where water would tend 

to flow over the surface given a high water presence (e.g., after a storm event or spring run-off). The 



intersection between these channels and the realigned trail system were identified for each trail 

segment, indicating locations where the trail may require a raised platform or small culvert to account 

for the intermittent presence of water to allow for drainage or prevent a soggy trail.     

 

Least Cost Path Analysis 
 The main procedure utilized to realign each trail segment according to the aforementioned trail 

grade criteria was Least Cost Path Analysis. This involves calculating the least-cost path from a source to 

a destination. This “cost” involved that was minimized was surface slope, meaning that the path defined 

by this method would act to follow a path of least slope. Given the wide range of surface slopes within a 

trail path in the study area, this was performed in an attempt to achieve the desired average slope for 

each trail of 5 – 10%. Furthermore, areas of surface slope greater than 30% and 45% were each assigned 

relatively higher costs respectively, to prevent the trail from passing through areas with these slope 

values. The result for each trail segment was a realigned path that minimized slope, while avoiding 

slopes greater than 30% if possible, and avoiding slopes of 45% always.    

 

Cost ($) of Construction Estimate 
 The monetary cost estimate for each realigned trail was based on the trail’s length and the cost 

estimate provided by TrailFlow in their concept plan. Using the cost per km of single track trail in 

average conditions ($21 000 - $16 500 labour, $4 500 materials) the cost was evaluated by the length of 

the trail under examination. As TrailFlow noted in their concept plan, this is only a very rough estimate 

and would be subject to change based on the materials selected and the final layout of the trail (e.g., the 

presence of granite would require minimal to no surface material).  

 

Trail Ratings 
Each trail was rated according to the International Mountain Biking Association (IMBA) trail 

ranking system (Figure X). The trails were assigned difficulty ratings based upon their average and 

maximum grade. The majority of trails were found to have a “Blue” rating, while Trails B, I and J 

(Appendix A - Figures 7, 14 and 15) were given the rating of “Black Diamond”. 



 

Figure 4 - IMBA trail rating system 

Summary of Results 
The results of the analysis were broken into 10 distinct (Appendix A, Figures 6 – 15) trail portions of 

the overall trail system. The following attributes were determined for each trail:   

 Trail length (in metres)  

 Average and maximum slope (% grade) 

 International Mountain Biking Association (IMBA) trail rating 

 Elevation range (in metres), displayed as elevation profile 

 Monetary cost, as determined by TrailFlow trail cost estimates  

While the majority of route alterations were based on avoiding slopes greater than the 

aforementioned surface slope criteria, there were alterations based upon the presence of marshland. 

The most notable of these trail route alterations occurred in trail I and J (Appendix A, Figures 14 – 15). In 

both of these trail assessments, the original trail route as suggested by TrailFlow ran through large areas 

of low-lying, flat marshlands, as revealed by the LiDAR derived DEM. These areas would be subjected 

water inundation, greatly increasing erosion and creating considerable soggy trail conditions. As a result, 

the route was altered to circumvent these areas.  

Given the short distance (640 m), and therefore comparatively minimal cost, it is suggested that 

Trail A (Appendix A, Figure 6) be one of the trails considered for first construction. With an average trail 

grade of 6.87 % and an elevation range of only 7 m, this trail would offer a route to the maximum 

amount of users (i.e. all skill levels and transportation types). The trail also has the benefit of connecting 

to a well-established existing trail. Furthermore, with only a single stream/drainage crossing, there 

would be comparatively little (if any) expense required to circumvent the lone stream channel. 



Trail F (Appendix A, Figure 11) should also receive consideration for initial construction. This trail has 

the obvious benefit of connecting the north and south ends of the park, linking two already existing 

trails. Furthermore, the trail is one of the shorter in length (and therefore less costly) considered and has 

a relatively low average grade of only 6.94% and a maximum grade of 25%, making it accessible to most 

types of users, with varying skill levels. 

From the analysis completed, it is suggested that trails I and J (Appendix A, Figures 14 – 15) be slated 

for construction last. Both these trails are relatively long (3287 m and 1869 m, respectively) indicating 

they would have a relatively high construction cost associated with them. Furthermore, both were rated 

with IMBA ratings of “Black Diamond” owing to their high average grade (10.02% and 12.32%) and high 

maximum grade (44.77% and 35.81%). As such, both of these trails would be primarily utilized by 

intermediate to advanced users, limiting the number each trails number of users. Having said that, there 

is surely a benefit in connecting the western portion of the park, where the majority of the trails are 

intended to exist, with the east; allowing for users to transverse the park in all directions.    
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Appendices 

Appendix A – Map Products Created 

 

Figure 5 - Surface Grade within Study Area 
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Figure 6 - Adjusted Trail Plan for Trail A 
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Figure 7 - Adjusted Trail Plan for Trail B 
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Figure 8 - Adjusted Trail Plan for Trail C 
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Figure 9 - Adjusted Trail Plan for Trail D 
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Figure 10 - Adjusted Trail Plan for Trail E 
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Figure 11 - Adjusted Trail Plan for Trail F 
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Figure 12 - Adjusted Trail Plan for Trail G 
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Figure 13 - Adjusted Trail Plan for Trail H 
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Figure 14 - Adjusted Trail Plan for Trail I 
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Figure 15 - Adjusted Trail Plan for Trail J 
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Appendix B – Digital Products 
 

DIGITAL PRODUCTS 

FOLDER/FILE NAME DESCRIPTION 

COGS_MRWA_Project_Deliverables Project Parent Folder 

Digital Data/Stream Channels Folder Containing Stream Files 

/stream_studyArea (.shp, .sbx, .sbn, .shx, .dbf, .prj) Shapefile of Stream Channels within Study Area 

/Proposed_Trails_Stm_Xings (.shp, .sbx, .sbn, .shx, 
.dbf, .prj) 

Shapefile of Location of stream/trail crossings 

Digital Data/Study Area Folder Containing Study Area Extent 

/ Public_Land_Study_Area Xings (.shp, .sbx, .sbn, 
.shx, .dbf, .prj) 

Shapefile of Study Area Extent (Crown and HRM 
lands) 

Digital Data/Trails Folder Containing Trail Files 

/Existing_Trails (.shp, .sbx, .sbn, .shx, .dbf, .prj) Shapefile of Existing Trails in the Study Area 

/Original_ConceptPlan_Trails (.shp, .sbx, .sbn, .shx, 
.dbf, .prj) 

Shapefile of Original Concept Plan Trails in the 
Study Area as proposed by TrailFlow 

/Adjusted_Trail_Network (.shp, .sbx, .sbn, .shx, 
.dbf, .prj) 

Shapefile of Realigned Trails in the Study Area 

Digital Data/SurfaceAnalysis Folder Containing Surface Analysis Files 

/Contour_5m (.shp, .sbx, .sbn, .shx, .dbf, .prj) Shapefile of 5 m contours within Study Area 

/Water (.shp, .sbx, .sbn, .shx, .dbf, .prj) Shapefile of water bodies (lakes) in Study Area 

Map Products Folder Containing Map Products Created 

/Slope_map.pdf Surface Slopes within Study Area 

/Trail_(A-J)_map.pdf 10 maps of Individual Realigned Trails 

 


