
SUSTAINABLE TRAILS



Select graphics and photos courtesy of the International Mountain Bicycling 
Association, the Bureau of Land Management, and the Bicycle Product 
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Today’s Schedule

09:00 – 12:00 = Indoor presentation
12:00 – 13:00 = Lunch
13:00 – 16:00 = Get eBikes, field visit



Today’s Schedule

09:00 – 12:00 = Indoor presentation
- Trail sustainability
- User experiences
- Trail design
- Trail construction and 

maintenance
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FISCALLY SUSTAINABLE TRAILS

Hong Kong

Environmental
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Gifford Pinchot National Forest, USA
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WHAT MAKES A SUSTAINABLE TRAIL?

Gifford Pinchot National Forest, USA



SOCIAL SUSTAINABILITY

Gifford Pinchot National Forest, USA White Ridge, Colorado, USA



SOCIAL SUSTAINABILITY

People seek experiences on the trail.



TRAIL EXPERIENCES

EXERCISE

• Benefits of physical fitness
• Away from cars
• More stimulating to be in nature



TRAIL EXPERIENCES

EXERCISE

• Typically going to get more exercise under 
human power
• Can be a barrier to accessing nature



TRAIL EXPERIENCES

NATURE

• Getting away from buildings, 
roads, cars
• Relieves stress



TRAIL EXPERIENCES

NATURE

• Singletrack!



TRAIL EXPERIENCES

ADVENTURE

• New, different, exciting
• Exploring, discovering
• Just a little stressful



TRAIL EXPERIENCES

CHALLENGE

• Technical, not physical (that’s 
exercise)
• Feeling of accomplishment



TRAIL EXPERIENCES

CHALLENGE

• Many forms



TRAIL EXPERIENCES

CHALLENGE

• Relative



TRAIL EXPERIENCES

CHALLENGE

• Skill rating



TRAIL EXPERIENCES

PLAY

• Child-like pursuit of joy
• Enjoying the journey, not just 
seeking a destination



TRAIL EXPERIENCES

PLAY

• Doesn’t mix well with other users



EXERCISE
What do you think is the primary experience for each of the 
following activities?

• Play
• Exercise

• Nature
• Challenge

• Adventure



Photo #1



Photo #2



Photo #3



Photo #4



[insert photo]

MATCHING EXPERIENCES WITH 
LANDSCAPES

• Should compliment experiences



MATCHING EXPERIENCES WITH 
LANDSCAPES

• Nature and development 😕
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MATCHING EXPERIENCES 
WITH LANDSCAPES

• Play or Challenge and 
development 😊



EXERCISE
What do you think are good experiences for the following 
landscapes? Why?



EXERCISE
What do you think are good experiences for the following 
landscapes? Why?



Landscape #1



Landscape #2



Landscape #3



Landscape #4



ENVIRONMENTAL SUSTAINABILITY
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ENVIRONMENTAL 
SUSTAINABILITY

EROSION

• Process by which 
wind, water, and 
users move soil



ENVIRONMENTAL SUSTAINABILITY

EROSION

• Process by which wind, water, and 
users move soil



SUSTAINABLE ALIGNMENTS

• First step against erosion



SUSTAINABLE ALIGNMENTS

• Rolling contour alignment



SUSTAINABLE ALIGNMENTS

• Rolling contour alignment 😍



SUSTAINABLE ALIGNMENTS

• Fall-line alignment 😪



SUSTAINABLE ALIGNMENTS

• Contour versus fall-line alignment

Rise
1 m

Run 10 m



%°
(DEGREES) (PERCENT)

SUSTAINABLE ALIGNMENTS

• Inclinometer (“clino”)



Measure the grade of the terrain

Sideslope = 16%

Max. Trail Tread Grade = 8%

÷ 2



Max. Trail Tread Grade = 8%



SUSTAINABLE ALIGNMENTS

• The “Half Rule”

50%

15%

50% / 2 = 25%

15% < 25% = 😊



SUSTAINABLE ALIGNMENTS

• The “Half Rule”



SUSTAINABLE ALIGNMENTS

• Fall-line versus contour
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• Fall-line versus contour



SUSTAINABLE ALIGNMENTS

• Fall-line versus contour



SUSTAINABLE ALIGNMENTS

• Maximum sustainable grade
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• Maximum sustainable grade
• Clay-based soil with rock 
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• Maximum sustainable grade
• Clay-based soil
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• Maximum sustainable grade
• Silty-sandy soil



SUSTAINABLE ALIGNMENTS

• Maximum sustainable grade
• Sandy soils



SUSTAINABLE ALIGNMENTS

• Ideal soil type for trails
• Local soils



SUSTAINABLE ALIGNMENTS

• Field soil test



SUSTAINABLE ALIGNMENTS

• Terrain grade of 50%
• Soils are a mix of sand and silt
• What is the ideal maximum grade of the 
trail?



SUSTAINABLE ALIGNMENTS

• The Half Rule: 50% terrain grade / 2 = 25% 
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• The Half Rule: 50% terrain grade / 2 = 25% 
• Maximum Sustainable Grade: silty/sandy soils = 10%



SUSTAINABLE ALIGNMENTS

• The Half Rule: 50% terrain grade / 2 = 25% 
• Maximum Sustainable Grade: silty/sandy soils = 10%
• Answer = 10% to minimize water and user-based erosion



SUSTAINABLE ALIGNMENTS

• Terrain grade of 20%
• Soils are a mix of clay, sand, and silt
• What is the ideal maximum grade of the 
trail?



SUSTAINABLE ALIGNMENTS

• The Half Rule: 20% terrain grade / 2 = 10% 



SUSTAINABLE ALIGNMENTS

• The Half Rule: 20% terrain grade / 2 = 10% 
• Maximum Sustainable Grade: clay/silty/sandy soils = 20%



SUSTAINABLE ALIGNMENTS

• The Half Rule: 20% terrain grade / 2 = 10% 
• Maximum Sustainable Grade: clay/silty/sandy soils = 20%
• Answer = 10% to minimize water and user-based erosion



SUSTAINABLE ALIGNMENTS –
TRICK QUESTION

• Terrain grade of 16%
• Soils are a mix of rock, sand, 
and silt
• What is the maximum grade 
of the trail?



SUSTAINABLE ALIGNMENTS

• The Half Rule: 16% terrain grade / 2 = 8% 



SUSTAINABLE ALIGNMENTS

• The Half Rule: 16% terrain grade / 2 = 8% 
• Maximum Sustainable Grade: rock = UNLIMITED



SUSTAINABLE ALIGNMENTS

• The Half Rule: 16% terrain grade / 2 = 8% 
• Maximum Sustainable Grade: rock = UNLIMITED
• Answer = as steep as the users can hike/bike!



SUSTAINABLE ALIGNMENTS

BREAKING THE RULES - STEEP

• Rock armoring



SUSTAINABLE ALIGNMENTS

BREAKING THE RULES - STEEP

• Durable but expensive



SUSTAINABLE ALIGNMENTS

BREAKING THE RULES - STEEP

• Blocks



SUSTAINABLE ALIGNMENTS

BREAKING THE RULES - STEEP

• Import



SUSTAINABLE ALIGNMENTS

BREAKING THE RULES - STEEP

• Must have binder material



SUSTAINABLE ALIGNMENTS

BREAKING THE RULES - FLAT



SUSTAINABLE ALIGNMENTS

BREAKING THE RULES - FLAT

• Raised tread (import)
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BREAKING THE RULES - FLAT

• Raised tread (import)
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BREAKING THE RULES - FLAT

• Armoring
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BREAKING THE RULES - FLAT

• Armoring



SUSTAINABLE ALIGNMENTS

BREAKING THE RULES - FLAT

• Armoring



SUSTAINABLE ALIGNMENTS

BREAKING THE RULES - DISCUSSION



SUSTAINABLE ALIGNMENTS

• Slide #1
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• Slide #2



SUSTAINABLE ALIGNMENTS

• Slide #3



SUSTAINABLE 
ALIGNMENTS

• Slide #4



SUSTAINABLE ALIGNMENTS

GRADE REVERSALS

10%
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GRADE REVERSALS
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GRADE REVERSALS



SUSTAINABLE ALIGNMENTS

GRADE REVERSALS

• Every couple meters
• Water can’t flow 

down the trail



SUSTAINABLE ALIGNMENTS

GRADE REVERSALS

• Feels more natural



SUSTAINABLE ALIGNMENTS

• Drainage crossings

GOODBAD



SUSTAINABLE ALIGNMENTS

FIELD DESIGN

• Apply rules
• Use clino and flags



QUESTIONS? COMMENTS?



CONSTRUCTION AND MAINTENANCE

• Different but shared techniques
• Emphasis on maintenance
• Reroutes are maintenance but look like 

construction



Knick                    CONSTRUCTION AND MAINTENANCE

TREAD SHAPE

• Flat Flat Trail Tread



Knick                    CONSTRUCTION AND MAINTENANCE

TREAD SHAPE

• Insloped Insloped Trail Tread



Knick                    CONSTRUCTION AND MAINTENANCE

TREAD SHAPE

• Cupped Cupped Trail Tread



Knick                    CONSTRUCTION AND MAINTENANCE

TREAD SHAPE

• Crowned Crowned Trail Tread



Knick                    CONSTRUCTION AND MAINTENANCE

TREAD SHAPE

• Outsloped



Knick                    CONSTRUCTION AND MAINTENANCE

TREAD SHAPE

• Outsloped = sheet flow



Knick                    CONSTRUCTION AND MAINTENANCE

“KNICK”

• Drain trails
• Mimic grade reversal



Knick                    CONSTRUCTION AND MAINTENANCE

“KNICK”

• Drain trails

1.5 – 3.0 m



Rolling Grade DipCONSTRUCTION AND MAINTENANCE

“ROLLING GRADE DIP”

• Drain steeper trails

3.0 – 6.0 m 1.5 – 3.0 m



Rolling Grade DipCONSTRUCTION AND MAINTENANCE

ADVANCED TECHNIQUES

• Raised tread
• Import material
• Armoring
• Reroutes



FISCAL SUSTAINABILITY
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FISCAL SUSTAINABILITY
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QUESTIONS? COMMENTS?



TRAIL COEXISTENCE

Gifford Pinchot National Forest, USA White Ridge, Colorado, USA



TRAIL COEXISTENCE

PROBLEMS

• Speed differential

Gifford Pinchot National Forest, USA White Ridge, Colorado, USA



TRAIL COEXISTENCE

PROBLEMS

• Hiking abreast

Gifford Pinchot National Forest, USA White Ridge, Colorado, USA



TRAIL COEXISTENCE

SOLUTIONS - PHYSICAL

• Singletrack

Gifford Pinchot National Forest, USA White Ridge, Colorado, USA



TRAIL COEXISTENCE

SOLUTIONS - PHYSICAL

• Pinch points/chokes

Gifford Pinchot National Forest, USA White Ridge, Colorado, USA



TRAIL COEXISTENCE

SOLUTIONS - PHYSICAL

• Texture
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SOLUTIONS - PHYSICAL

• Texture
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TRAIL COEXISTENCE

SOLUTIONS - PHYSICAL

• Texture
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TRAIL COEXISTENCE

SOLUTIONS - PHYSICAL

• “Wiggle”
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SOLUTIONS - PHYSICAL

• “Wiggle”
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TRAIL COEXISTENCE

SOLUTIONS - PHYSICAL

• Sightlines

Gifford Pinchot National Forest, USA White Ridge, Colorado, USA



TRAIL COEXISTENCE

SOLUTIONS - PHYSICAL

• Sightlines
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TRAIL COEXISTENCE

SOLUTIONS - PHYSICAL

• Separation with the 
trail corridor
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SOLUTIONS - PHYSICAL

• Directionality
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SOLUTIONS - PHYSICAL

• Directionality
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TRAIL COEXISTENCE

SOLUTIONS - PHYSICAL

• Single-use

Gifford Pinchot National Forest, USA White Ridge, Colorado, USA



TRAIL COEXISTENCE

SOLUTIONS – PROGRAMMATIC

• Education @ Trails 
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SOLUTIONS – PROGRAMMATIC

• Education @ Trails 
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SOLUTIONS – PROGRAMMATIC

• Education @ websites
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TRAIL COEXISTENCE

SOLUTIONS – PROGRAMMATIC

• Education @ brochures/maps
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TRAIL COEXISTENCE

SOLUTIONS – PROGRAMMATIC

• Education @ rental shops
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TRAIL COEXISTENCE

SOLUTIONS – PROGRAMMATIC

• Bells
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TRAIL COEXISTENCE

SOLUTIONS – PROGRAMMATIC

• Fair Trail by Allegra (www.fairtrail.ch)

Gifford Pinchot National Forest, USA White Ridge, Colorado, USA



QUESTIONS? COMMENTS?



REMAINING SCHEDULE

12:00 – 13:00 = Lunch
13:00 – 16:00 = Get eBikes, 
field visit



KITTOS!

Gifford Pinchot National Forest, USA White Ridge, Colorado, USA


