
Beyond Physical 

Sustainability:

Beyond Physical Sustainability: A 

multi-faceted approach to 

developing lasting and valued 

trails and trail systems.



Introductions
• Dr. Jeremy Wimpey- Applied Trails 

Research



Why is this important?
• Many new trails are being built, some without 

good planning/design process or effective user 

input

• Many older trails and systems are being retro-

fitted to bring into a more sustainable condition, 

sometimes at the dissatisfaction of users

• Trail users are ever changing and diversifying

• Desired trail experiences are often left out of a 

sustainable trail development process 



Classifying Trail 

Sustainability
• Primary focus in popular literature has 

been on:

• Physical Sustainability

• Maintenance and Construction 

Tools/Techniques

• Lacks important social and managerial 

contexts



• Ecological Sustainability

• Physically Sustainability

• Managerial Sustainability 

• Social Sustainability

What is a sustainable 

trail? Sustainable Trails have

4 main areas of concern

•Trail sustainability is 

not a yes or no scenario 

but instead a sliding 

scale measurement 

•If one of the legs of the 

stool is weak or missing, 

another strong leg can 

compensate



Ecological Sustainability: 

•Trail types that fit into 
surrounding landscapes

•Right type of trail and users 
for given area

•Level of impact during 
development stage 
appropriate for sensitivity of 
area

•Level of long term impact of 
trail commensurate with 
landscape 

This trail is having a large impact on 

water  resources. 



• Physical robustness of the 
trail

• Ability of the trail to shed 
water thus preventing water 
based erosion

• Ability of the trail tread to 
withstand the impacts of 
permitted users

• Alignment is most important 
aspect

• Challenged alignments can 
be mitigated with various 
techniques: hardening or 
armoring

Physical Sustainability



• Ability of the land managing agency and its 

partners to actively manage and maintain the trail

• Where management budgets lack in maintenance 

money, volunteers can make up deficit with trained 

volunteer labor

• Regular inspections and assessments of 

conditions

• Trail decisions (including wet weather closures) 

based on real time information

• Risk Management strategy

Managerial Sustainability



Social Sustainability
• Trail system generally meets the 

needs/desires of users

• Good variety of trails with a range 

different difficulties

• Good relationship between users 

and managing agency

• Design helps to mitigate user 

conflicts

• If enough and right type of trails 

are not provided, users will create 

their own

• Trail systems that “make sense”

• Ease of navigability



Picture, no words



Trail Conditions



Trail Conditions



Defined as the trail’s ability to 

withstand the negative effects of water-

based erosion and user- caused tread 

damage. This is the physical robustness of 

the trail tread. Without physical 

sustainability, it is impossible to have 

managerial sustainability and difficult to 

have social sustainability. 

Physical Sustainability



• Alignment/Design

• Soil type

• Quality of construction 

• Ongoing maintenance

• Trail design and 

construction matched 

to use level and type of 

users

Physical Sustainability



• Maximum sustainable 

grades under different 

use matrices

• Erosion-deposition 

locations and materials

• Maintenance intervals

• Resource impacts 

relative to planning 

goals

Evaluation Context



.

To prevent soil loss (erosion) on trails, water must be 

micro managed.



Hydrology basics for trails:
• Water always wants to go downhill

• Water does not like to change directions

• With enough volume and/or velocity,  
water will carry away soil (erosion)

• The greater the volume and velocity water 
gains, the more damage it will do

• Water likes to cling to itself and other 
surface areas (surface tension)

• Water takes the shape of it’s container



Fall Line:
The steepest route of descent down a slope.

Water flowing down a hillside will travel 

along the fall line.





Trail gradient: the key to understanding preventing 

water and user caused damage to trail tread

%°

(DEGREES) (PERCENT)
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The Half Guideline (not a hard-fast rule):

If possible keep the grade of the trail less than half the grade 

of the prevailing  

side-slope, to keep water from diverting down the tread. You 

can cheat this by more frequent trail undulation. 

Sideslope = 20% Trail tread=10%



Water damage to trails. What is the trail grade of 

these trails?



Fall-line trails do not manage the water, nor the user



As trail tread rugosity  increase, some users will move over to 

seek an easier route.





Trail Design Strategies

➢ Select resistant alignments – most 
important factor (trail alignment 
relative to topography and trail 
grade)

➢ Design trail generally on contour 
w/land and with rolling grade

➢ Construct resistant trails (apply the 
most sustainable construction 
practices)

➢ Get the water off the trail, keep the 
user on the trail



Why do rolling 

contour trails work?

They micro manage water by keeping it in 

sheet flow, water is not allowed to focus.

They keep users on the trail, this protects 

the vegetation and soils off trail by 

minimizing the trail footprint.

They have little long term impacts on the 

resources.

They are sustainable and fun to travel for all 

user groups.

They harmonize with the surrounding 

landscape by being respectful and 

mimicking shapes found in nature.

They help achieve the balance between 

resource protection and user experience.



High Alignment

angle

Trail Alignment 

Angle to the 

Prevailing Slope

Erosion- Resistant 

Alignments

Low Alignment 

angle





Sheet FlowManaging water:





Controlling water:

45%

14%

25%

8%

35%

9%



Every pin 

flag matters: 



Maximum Trail grades:

Maximum allowable trail tread grade is very site specific and 
varies 

based on a number of factors. The variables to considered 
include: 

• Difficulty rating of trail 
• Amount of planned use
• Seasonality of trail use (how many months each year is the trail used)
• Type of trail users and predicted user impacts
• Soil compositions that make up trail tread
• Annual average precipitation and how it comes (snow, hard rains, mist)
• Steeper trails may require trail structures such as steps or armor to produce 

sustainability

As trail grades increase, so does the need for more frequent 
grade      reversals (to effectively shed water).



Maximum trail grade guidelines

• An average overall  trail grade of 10% or less makes for a trail 
easy to travel in both directions (if desired).

• Hikers and mountain bikes have similar impacts and tread 
grades can run as high as 20% for short distances (in perfect soil 
conditions) for these 2 user groups. Don’t forget frequent grade 
reversals for steeper trails.

• Horses have much higher impacts (soil displacement  and 
sediment yield) and as such trail grades should be kept very 
conservative for sustainability(8-10%).



Sustainable trails made easy:

Get the water off the trail, keep the users on the trail.



Upslope Landform 

Watershed













Trail tread watershed:

What is the run-off potential 

of the landscape?



The Sidehill Trail

• Erosion resistant and low maintenance

• Keeps users on the trail

• Keeps water off the trail

Lake Fontana, NC





Grade reversals and dips look natural 





Micro drain dips working along with larger grade reversals



Trail tread grades will exceed the over-all average grade 

by a sometimes significant margin, but trail roll 

(undulation) is the most important tool for managing water 

and preventing water based erosion 



Undulation: manages water and provides fun for 

users











Picture, no words



Social Assessment



Social Sustainability
• Defined as having a trail system that generally 

meets the needs (desired goals) of your visitors

• Right types of trails in the right places

• Diversity within system

• Information sharing with trail user/visitor

• Ease of navigability

• Shared use vs. separated use (benefits to both 

styles of management)

• Strategy for reducing user conflict



• Public/land 

manager education 

and discussion of 

issues

• Mapping/Intersectio

n/Signage/Online 

resources

• Partnership issues 

and opportunities

Evaluation Context



Public Desires/Opportunities

KAY-LINN
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Table 4. Likes of Yellow River Park 

“ Likes”  of Yellow River Park Number of 

Respondents

Extensive network and variety of trails 10

Natural setting and river views 6

Challenging trails 4

Historic, “old” system of trails 3

Everything, “perfect as it is” 3

Smooth trails (w/o rocks for horses/equestrians) 1

Table 5. “Dislikes” of Yellow River Park Trails

“ Dislikes”  of Yellow River Park Number of 

Respondents

Confusing navigation, signage, intersections 11

County alterations to the trails 7

Erosion on wider trails 5

Lack of advanced mountain bike trails 2

Overbuilt, slippery bridges 2

Lack of access across Yellow River 1

New trails being cut by mountain bikers 1

Horse use designation 1

Lack of wildlife 1

Lack of solar lights 1

Nothing 1

Can’t recommend trail system to new visitors 1

PUBLIC IN VO LVEM EN T
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Yellow River Park Trail System: Assessment and Redevelopment Plan

Gwinnett County, Georgia, Parks and Recreation Division, 2012

at the two managed trailheads, as USFS vehicles have limited access to the trail system for monitoring and 

enforcement, especially up to and along the ridgelines of the property; travel by foot around the system is very 

slow which limits the efficiency of USFS staff on the system.  Personnel have enforcement capacity , but that 

limited capacity is stretched across all the open OHV  systems in the Chattahoochee-Oconee.

The Forest Service has a stewardship partner , the Georgia Bounty Runners 4WD Club, which is very active in 

the maintenance and management of the trail system.

Stewardship Partner - Georgia Bounty Runners Four  Wheel Drive Club

“The Georgia Bounty Runners Four Wheel Drive Club is pr oud of the 

partnership we have built with the Chattahoohee-Oconee National 

Forest.  Our open, collaborative relationship with Forest Service staff 

has made possible the effective and efficient r esponse to issues on the 

Beasley Knob trail system.  We are committed to the improvement of 

natural resources, the scenic integrity, and quality of the amenities 

and have consistently “put our money and time wher e our Club mouth 

is”.  We have blocked countless unauthorized trails, some of them 

over and over again, have installed 1,000’s of feet of board fence to 

discourage off-trail use, constructed and installed many public 

information kiosks, assisted with heavy maintenance by installing 

miles of silt fence and cleaning drain dips, and picked up tons of 

garbage.  But most importantly we are ready for the next work 

weekend to help keep our Forest clean, managed and open for OHV  

use.” –G. Curtis Barnhart Jr.

The Georgia Bounty Runners Four Wheel Drive Club is a family-oriented four -wheel drive club based out of 

North Georgia.  Members drive full size vehicles and the club was established in 1992 as a non-profit 

organization fulfilling the needs of of f-road enthusiasts. GBR has a Board of Directors, club by-laws and 

vehicle safety requirements. They are involved with several agencies in Geor gia offering our assistance for their  

needs.  GBR  has been working with Chattahoochee-Oconee National Forest for over fifteen years.  The club 

Beasley Knob OHV Trail System:  Inventory, Assessment, and Management Plan

Chattahoochee-Oconee National Forest, Blue Ridge Ranger District 2011
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GBR leader, Curtis Barnhart, in front of 
eroding fire break that GBR has helped to 
close to ohv access on many occasions

KAY-LINN
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Managerial Sustainability

Ability of land 
managers and 
trail stewards 
to provide for 

oversight, care 
and 

maintenance 
of trail system



Managerial Assessment
• Examine current 

conditions

• Describe 
desired/predicted 
future conditions

• List and prioritize 
actions/items to move 
towards future 
desired conditions

• Trail system 
expansion/reduction

• Forecasting use 
trends

• Resources (internal 
and external)

• Success often hinges 
on cooperation with 
outside 
volunteers/stewards



Managerial Context
Resources:

– Expertise

• Knowledge

• Skills

– Staffing, time 
allocation, support

– Funding

• External 
assistance

• Additional staff

• Volunteer- driven



Qualitative vs. Quantitative

Qualitative

– Interviews

– Documentation

• Maintenance 

logs/plan

• TMOs

– Observation 

• Trail/site 

conditions

Quantitative

– Observation/In

ventory of 

trails meeting 

desired 

standard

– Cost/mile 

• Time, money, 

resources



Assessing Managerial 

Context
Complexities of:

• Multiple use

• Competing land 

use(s)

• Bureaucracy



History/Consistency
Owl Creek Horse Trail System: Assessment, and Management Plan

National Forests of Alabama, Wm. B. Bankhead Ranger District 2011
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HISTORIC TRAIL DOCUMENTATION

In addition to the current Trail Management Objectives for the trail system, the Bankhead District was able to 

provide the following documents regarding the Owl Creek Horse Trail System:

· Biological Opinion (BO): Horse Trail Stream Crossings, Bankhead National Forest (USFWS, Wehrle, 

1994)
· Design Narrative For Non-Motorized Trail Relocation (USFS, Malone, 1995, included as Appendix XX)
· Revised Land and Resource Management Plan (RLRMP): National Forests of Alabama (USFS, 2004)
· Biological Evaluation of Federally Listed Species (BE): Owl Creek Horse Trail Addition (USFS, 

Counts, 2008)
· Review Of The Owl Creek Equestrian Trail System: Alignment, Visitor Information, Reconstruction and  

Maintenance Needs and Costs (USFS- Trails Unlimited, Lockwood, 2008, included as Appendix XX)

From the information provided, the following can be gleaned.  The formal Owl Creek Horse Trail System is 

relatively young, developed in the early to mid-1990’ s, around the time of the USFWS Biological Opinion and 

the Design Narrative. At the time, the existing trail system was referred to as the Black Warrior Horse Trail 

System and the Design Narrative states the system required relocation and reconstruction to:
· Protect threatened and endangered (T&E) aquatic species, particularly at stream crossings
· Provide safety improvements for trail users, specifically relocating trails of f of heavily used Forest 

system roads
· Improve trail location to minimize soil displacement- tread washing and gully formation where trail 

sections are too steep and improperly drained- and encourage trail users to remain on the trail rather than  

forming multiple paths around wet and boggy areas

The stated objectives of the relocation project were to:

1. Reduce the number of stream crossings where T&E species were present

2. Reduce the number of trail miles located on forest roads

3. Improve the trail location and construction

4. Convert the existing trail to a non-motorized trail (primarily pack and saddle and mountain bike 

emphasis, with foot travel permitted)

5. Disperse use through the construction of day-use parking (Pine Torch Trailhead)

The Design Narrative employed guidance for T&E species presence from the USFWS Biological Opinion and 

led to field location of stream crossings at control points where impact potential was minimized, noting that all 

crossings would be hardened.  It was also stated that if future issues with T&E species developed at these 

crossings, then bridges would be considered.  At the time, the Biological Opinion stated that “the direct and 

indirect effects of the USFS’ continued operation of horse trail stream crossings located on Brown (now 

closed), Brushy, Owl, and Rush (also closed), together with the accumulated impacts of past and present actions  

and the expected cumulative effects of future actions, is not likely to jeopardize the continued existence of the 

dark pigtoe, fine-lined pocketbook, upland combshell, Alabama moccasinshell, Coosa moccasinshell, triangular 

KAY-LINN
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Cave Run Trail Initiative:  Assessment and Management Plan

Daniel Boone National Forest, Cumberland Ranger District 2011

Finally, the trail system was assessed within the past and potential future managerial context of 

the Cumberland Ranger District, specifically through the Sideboards and Scoping documents 

provided by USFS staff as part of this process.  The existing system of designated trails and 

potential additions to that system were assessed based on resource and management factors, 

including:

• Land and Resource Management Plan (LRMP) 

direction regarding the management of sensitive 

and important resources such as Potential 

Endangered and Threatened Species (PETS), 

sensitive ecological communities, and wildlife, 

water, and land quality management 

• Maintenance protocols and effectiveness to-date 

by USFS staff and volunteers

• Anticipated capacity for trail management in the 

future by both USFS staff and volunteers.

Public interaction regarding the assessment procedure 

was scheduled for the weekend of April 2nd and 3rd.  

Due to complicating factors of a potential federal 

government “shutdown,” very few members of the 

public participated in the scheduled educational 

session (seven, total).  An additional weekend of 

public interaction was held on May 20 th -22nd.  The 

weekend’s events included a full-day meeting with 

Forest Service staff at the Regional Office, a half-day 

presentation by the contractors on the current conditions of the trail system, and two half-day 

field-based educational sessions demonstrating trail issues, challenges, and basic design/

maintenance needs for improvement of the area trails.

Following the field assessment, 

meetings with USFS officials, and 

public interaction, this document was 

developed to reflect the findings of the 

assessment, recommend improvements 

related to the physical, social, and 

managerial sustainability of the trail 

system, and assist USFS and volunteers  

to prioritize and implement 

improvements.
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Strategy
• What partnerships can 

you create?

• How does the plan fit into 

the “big picture”?

• Healthy Communities, 

Economic Development 

& Tourism initiatives, 

Regional/Neighborhood 

Improvement Initiatives



Picture, no words



Case Study: Yellow River Park 
• 565 acre urban woodland park 

(½ acreage not accessible)

• Divided use trail system

• Master plan- 12 miles, 

assembled from existing trails

• Currently: 23 miles and 

growing

• Small park but difficult to 

navigate for many users

• Sign pollution due to single 

use trails crisscrossing

• Master plan trails and user 

created trails resulted in 220 

intersections

• Spaghetti bowl trail system



Project components:
• Assessment of entire 

trail system from a 
solutions based point of 
view

• Public meeting with 
user input and 
assessment team 
presentation

• GIS work

• Management plan 
document



Process
• Public Outreach: communicating with trail users to gain 

an understanding of their needs and desires

• Development of a Trail Planning document that 

prioritizes improvements for higher levels of physical, 

social, and managerial sustainability.

• Developing trail specifications that will lead to higher 

levels of user satisfaction, improved maintenance and 

regulatory compliance

• RFQ and RFP processes to hire the best-suited 

contractor for the particular project being undertaken

• Management of trail contracts to assure a high quality 

project that is developed on-time and within budget.



Trail Conditions



Stakeholder Outreach



Spatial Analyses

Visualization

– Locations

– Patterns

– Networks



Framing Issues



Recommendations
• Complete overhaul and system re-development 

• 20+ miles of trail, some shared use w/ horses

• Different types of trail experiences and difficulty 

levels

• Outer loop easy (shared with horses) and inner 

trails of increased difficulty

• Greatly reduce the number of intersections for 

increased navigability (and reduced sign 

pollution)



Recommendations
Owl Creek Horse Trail System: Assessment, and Management Plan

National Forests of Alabama, Wm. B. Bankhead Ranger District 2011

-36-

Trai l  Management Recommendations

Recommendation 4.1: Regulated Use

Large group rides or endurance events are not recommended for the Owl Creek Horse Trail System.  The soil 

conditions are not durable enough to withstand these types of extremely high use over a short time duration, 

especially if it coincides with a precipitation event.  Likewise, lar ge social rides (over 5-6 horses) also have 

more potential for trail tread impacts as horses follow in a line, creating a focused impact in a 12-18” wide area 

of tread.  Outreach through the organized trail community to voluntarily ride in smaller groups, consider EZ-On  

boots over traditional horse shoes, carry individual high lines for rest area stops, etc. could further reduce 

impacts and maintenance needs.

Recommendation 4.2: Use Volume Monitoring

The gross and seasonal use of the Owl Creek Horse Trail System cannot be accurately defined at this time.  This 

confounds the USFS’ ability to develop fee compliance rates, as well as monitor visitation levels and trends.  If 

this data were collected, it could then be qualitatively related to management and maintenance protocols in an 

effort to determine effectiveness and appropriateness of dif ferent actions.  The best manner for accomplishing 

this is through trail counters:  Simple trail counters can count total user passes.  This counter information, 

coupled with recurring weekday and weekend-long trailhead observation and counting activities on a monthly 

basis, would provide enough information to make confident estimates of use. More refined systems can be 

linked to box-protected cameras that would provide a breakdown by type of user and fee compliance. Ideally , 

information garnered from either type of visitor use data collection would also be linked to some form of visitor  

outreach such as web- or paper-based survey about use patterns, desired experience, and visitor satisfaction.

Recommendation 4.3: Use Impact Monitoring

With data collection protocols in place and maintained, it becomes much easier to create an adaptive 

management environment where USFS and volunteer stewardship actions can be used to create performance 

measures to monitor incremental progress, develop results-oriented goals, strategies to achieve those goals, and 

time frames for implementing strategies. Working together, USFS and the organized equestrian community can 

determine acceptable levels of change in physical resources, necessary maintenance activities to maintain a 

level of resource management, and suitable facilities to service use levels. This data collection and outreach 

would also help to bridge a communication gap between the Forest Service and the recreating public and 

subsequent regulatory compliance.

Recommendation 4.4: Staff Capacity

The Owl Creek trails have many needs to bring the entire system into a manageable state that serves the needs 

of the users while doing a better job of protecting the natural resources. Better water management on trails to 

remain in the system, re-grading tread surfaces in many places where outslope has been lost, needed trail 

relocations of bad alignments, trail restoration of trails to be closed, surface hardening of trails in certain places 

to create all weather tread surfaces collectively combine to make a lar ge task for trail managers and partner 

organizations moving forward.

KAY-LINN
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Cave Run Trail Initiative:  Assessment and Management Plan

Daniel Boone National Forest, Cumberland Ranger District 2011

features.  Additionally, the trail grades are often greater than 15%, which is not in keeping with 

the much more gentle trail grades expected in a highly developed condition.  In total, the excess 

width and trail grades, combined with a lack of rolling grade and functioning water management,  

has exacerbated trail wetness, erosion and deposition issues, rather than improving the situation.

The subsequent maintenance of the degrading condition has focused on the use of imported 

materials, most commonly engineered tri-block, various geotextiles, and sub-2” fill material.  

These methods have achieved moderate success in some limited situations, such as stream 

crossings on the Stoney Cove section of the Sheltowee Trace.  More often, the results have not 

significantly improved the condition of the trail, as geotextiles laid on slopes have lost the 

capping material and exposed the fabric or imported fill placed on flat trail sections has washed 

away.  Additionally, the width that these maintenance prescriptions must be applied has 

significantly increased the costs.
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Potential Solutions



Prioritization
• Best matches for specific 

projects

• Timeline for 
giving/implementation

• Possible $ - what are the limits?

• Who “holds” the money

Many projects, many 
funders!



Funding
• Government grants

• Private Foundation grants

• Corporate grants

• Local business marketing/giving

• Individual giving

• Events and In-Kind Services or 
Goods



Picture, no words


