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Increasing demands increases the need for solutions 

Courtesy: Kevin Wirtanen 

High resolution solutions for sustainability 
Full  Feature LiDAR Surface (1m Resolution) 

The wet area mapping process 
Predicted Wetness 

LiDAR DEM surface 
Predicted Channels 

Bare Earth LiDAR Surface (1m Resolution) 

Predicting  areas of risk 
The TRAILS tool; high resolution risk mapping by user type 
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Developing constraints 

Soil map Soil map with topography and WAM Soil polygon homogeneous for 6.5km 

Soil trafficability: the need for high resolution soil property raster  

Z = Rut Depth 
N = Number of vehicle passes 
NCI = Numeric Cone Index 
r1 = Adjustable parameter 
a = p1 x NCIn

p2 where p = adjustable parameter 
CF = Coarse fragment percentage of soil 

= tire deflection = 

W = Load of vehicle (Kn) 
b = Tire width 
d = Tire diameter 
h = Tire section height 
p = Tire inflation pressure 
CI = Cone Index 

CI = Cone Index (Kpa) 
Sand = Sand Content of Soil (%) 
PS = Soil Pore Space (%) 
MCps = Moisture Content of PS  

Pedo-transfer functions & WAM to create high resolution solutions 

MC ps = Moisture Content of Soil Pore Space (soil moisture index) 
MC ps, low = Moisture Content @ Low Landscape Position 
MC ps, high = Moisture Content @ High Landscape Position 
h wt, high = Height Above Water Table @ High Landscape Position 
h wt = Height Above Water Table (WAM) 
K mc & p mc = Coefficients  

Sand= Sand Content of Soil 
Sand wet area = Sand Content @ Low Landscape Position 
Sand ridge= Sand Content @ High Landscape Position 
h wt, ridge = Height Above Water Table @ High Landscape Position 
h wt = Height Above Water Table (WAM) 
K sand & p sand = Coefficients  

CF= Coarse Fragment Content of Soil 
CF wet area = Coarse Fragment Content @ Low Landscape Position 
CF ridge= Coarse Fragment Content @ High Landscape Position 
h wt, ridge = Height Above Water Table @ High Landscape Position 
h wt = Height Above Water Table (WAM) 
K CF & p CF = Coefficients  
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Additional risk considerations 
Terrain Ruggedness Index 

FS = Factor of safety 
Yd = dry unit weight of soil (Kn/m^3) 
Z = Soil thickness 
�M = Slope angle 
�¦ = Soil internal friction angle 

Factor of Slope Safety 

Penalty raster development 
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= User & Condition Specific Penalty Raster  

Tool example from southern Alberta 
Setting: Ghost River Forest land Use Zone 
User Type: All terrain vehicle 
Task: Analyze proposed routes for new trail; offer feedback to trail layout design 
Methodology: Compared 6 runs on two proposed routes (12 total runs) 
                           Tested varying levels of WAM, vegetation, and slope risk interpretations 

Proposed routes on hill-shade DEM Proposed routes on slope raster 

Trail preference setting Penalty 

( Penalty raster #)  
WAM  (0-

10) 
Vegetation  

(0-10) 
Slope Degree (max 

allowable) 

GSMG Proposed  -  -  -  

1 10 10 25 

2 10 0 25 

3 8 5 25 

4 10 10 15 

5 10 0 15 

6 8 5 15 

Yu-Feng Lin et al. (2008). Center for Groundwater Science  
Illinois State Water Survey / University of Illinois at Urbana-Champaign 
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Flow Direction Surface (1m Resolution) 

WAM (1m Resolution) Flow Accumulation (1m Resolution) 
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3 x 3 grid kernel 

Soil Recharge/Discharge 

This poster informs about the GIS process for recreational trail planning based on high-resolution terrain 

rasters , and evaluating associated risks according to user preferences, and soil-user interactions,  across 
wide ranging terrain types.  This approach involves a systematic synthesis of available data layers  (DEM, 
DEM-derived slopes, flow channels and wet areas, soils, land-use and vegetation pattern ), assesses the 
mechanical footprint of the recreational vehicles  (tire specifications,  loads,  frequency of use), and 
integrates each into trafficability penalty rasters. These rasters are used to automatically delineate trail  
locations using the least cost path algorithm. Doing so for each stated user preference produces  a 
framework for informed decision-making with regard to selecting �^�•�µ�•�š���]�v�����o���_ route locations. 

Many risks, many risk types 


