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The Site – Phillips Farm Park
• 5 miles north of Moscow Idaho
• Owned by the City of Moscow 

and maintained by Latah County
• 160 acres 
• Open prairie & Forested land
• Current Uses:

• Nature trails
• Orchard for apple picking
• Dog Walking
• Multi-use trail (.67 miles)

• Lack of beginner to intermediate 
trails



Learning ObjectivesProject Goals

Welcome 
an array of users by designing 
trails to suit the needs of diverse 
user groups

Embraces 

the fact that activity zones are 
to be established for specific 
user groups (i.e., multi-use vs. 
hiker or biker only)

Analyze 
the topography to propose multi-
use trail expansions that support 
and adhere to sustainable trail 
design guidelines

Accessible
 

trail network close to home and 
accommodates individuals who 
identify themselves at a 
beginner or intermediate fitness 
level



Conceptual Framework



A Literature Review-
Supporting topics to 
inform the project design

• Physical Activity in Nature
• Sustainable Trail Design Elements
• UAV, Photogrammetry, and GIS 

Analysis 



Physical Activity in Nature
The links to overall human well-being

• Staying physically active contributes 
to longevity

• The environment plays a key role

• Access to green infrastructure is 
important

• Positive experiences on human 
health justify the need 



Sustainable Trail Design Elements
The three main pillars

• Environmental Sustainability 

• Social Sustainability 

• Economic Sustainability 

A trail is considered sustainable if it meets the needs of the users and 
provides the necessary environmental protection while minimizing 
maintenance needs (Marion, 1)



Environmental Sustainability
TRAIL GRADE & HALF-RULE TRAIL ALIGNMENT

8%
20%

(Adapted by Carsten, 28)

(USGS, 2017)



Environmental Sustainability
GRADE REVERSAL OUT SLOPE

(Adapted by Carsten, 29)

(Adapted by Carsten, 29)

5%



Social Sustainability
Recreation Opportunity Spectrum

Understanding the behavioral 
aspects of why people recreate 
(Kliskey, 22)

Stages of the Recreation Opportunity Spectrum 

Engagement in the activity

Recreating in a specific setting (physical, social, 
and managerial) 

Realizing the psychological outcomes, and 
experiences (specific to the individual)

Realization of the benefits following the activity

Unnatural                                            NaturalPHYSICAL

High-Density                                        Low DensitySOCIAL

MANAGERIAL Developed                                     Undeveloped



Social Sustainability – 
Outcomes Focused Management



Social Sustainability
Trail User Objectives



Social Sustainability
Tying it all together 



Economic  Sustainability

• A positive correlation between trail 
systems and economic health.

• Relies on ongoing management and 
maintenance plans.

• Maintenance plans for trail vitality



UAV, photogrammetry, and GIS Analysis
Tools to support the development of sustainable trail networks



METHODS
• Participatory Action 

Research
• Precedent Studies
• Spatial Analysis
• Qualitative and 

Quantitative evaluation



Participatory 
Action Research –
A Charrette



Attendees: 
Friends of Phillips Farm Park 
Moscow Area Mountain Biking Association
Palouse Road Runners
City of Moscow
Palouse Composite – Youth Mountain Biking 

What: Charrette to collaborate on future expansions 

Where: 1912 Center in Moscow Idaho on 
 October 24th, 2023



Categories – Opportunities & Strengths

Opportunities by Priority

Strengths by Priority

1. Improved/Upgrade Trails
2. Awareness of park opportunities
3. Additional educational & conservation 

programming
4. More Trails
5. More events/uses

1. Good trail system
2. Multi-purpose (terrain, habitat, & uses)
3. Orchard
4. Natural setting
5. Proximity 



Precedent Studies



Park Setting
(Physical)

Size
(acres) Clients Trail 

Amenities
Mileage
(Miles) Connections

Ada/Eagle Bike 
Park Front-Country 200 City/County Multi-use 10 Ridge to River 

trail network

Colers Mountain 
Bike Preserve Front – Country 300 Private/Non-

Profit Multi-use 17

Ozark mountain 
trails & to 
downtown 
Bentonville

White Clouds 
Trail Network Front-Country ~220 Private Multi-use 5

Paved trail 
network to Sun 

Valley

Beacon Hill Front-Country 1,024 Non-profit/City Multi-use 53
Near Spokane’s 

paved trail 
network

Phillips Farm 
Park Front-country 160 City/County Multi-use ~3.2 No connections



Site Inventory &
Analysis

• Existing Trail Network
• Existing Conditions
• Points of Interest
• Drone mission & photogrammetry 

outputs



Existing Trail Network

Trails Map designed by 
Chelsea Feeney



Existing Conditions

Contours

Aspect

Slope

Soils

Wetlands



Points of Interest Map
• August 26th site visit
• CalTopo – GPS markers
• Green dots 

• Ideal for a node, a 
viewpoint, or 
connection to other 
trails

• Red dots
• Areas to avoid based 

on observation



Feasibility Map
The feasibility map proposes 
activity zones based on 
inventory elements and 
observation. 

Zone 1: Hiker–only (Passive 
zone)

Zone 2: Multi-use trail 
proposed (Active zone)

Zone 3: Tree planting and 
unsuitable soils (avoid)



Drone Mission
• April 26th at Phillips Farm 

Park
• Myself, along with UI 

students and the PI of the 
Drone Lab, Dr. Jason Karl

• DJI Mavic Pro 
• Real-Time kinematic (RTK) 

base station and rover 
(absolute accuracy)

• 10 ground control points 
(GPS coordinates) 

RTK Base station

RTK Rover



Photogrammetry Outputs

Orthomosaic 

DEM 
3D Model 



Least-Cost Path 
Analysis



Least Cost Path Concept
• 9 different segments were 

evaluated
• Illustrates that each segment 

takes the path of least 
resistance or the most efficient 
slope grade

• A helpful analysis for an initial 
layout that can then be re-
evaluated

SLOPE IN %



Conceptual Trails 
Plan Proposal



Final Design
Key Elements

• Downhill only for 
fun/playfulness and safety

• Front-country location for 
access, security, and safety

• 5 stacked loops for variety, 
connectivity, exercise, and 
challenge

• Opportunities for 
connection with nature, 
friends/family, and solitude 



Recap of Goals 

• Welcomes a diverse group of 
recreationists (hikers, 
cyclists, and trail runners)

• Embraces that this area is the 
active zone at the park and 
does not infringe on other 
areas

• Analyzes the topography to 
ensure it is both socially and 
environmentally sustainable

• Provides accessibility to the 
community as a network that 
is close to home and easy to 
access



Loop 1 & Beginner Downhill trails



Perimeter loop and Intermediate Flow 
downhill



Performance
Evaluation



Evaluating for Trail Rating

Trail Average Slope Maximum Slope

Loop 1 3% 13%

Beginner Flow
(Downhill Only)

3% 11%

Perimeter Loop 2 2% 11%

Intermediate Flow
(Downhill Only)

2% 12%

Southeast 
Connector

4% 11% 

• Rating trails for user awareness
• Add Surface Information tool to calculate 

average and maximum grade
• Beginner friendly 



Evaluating for Environmental Sustainability

SIDEHILL
LOCATION

ALIGNMENT
PERPENDICULAR 
TO FALL LINE

GENTLE
GRADE

OUTSLOPED 
TREAD

GRADE
REVERSAL

(Adapted by Carsten, 30)

Rolling Contour Trail



Evaluating for Social Sustainability
Recap Social Sustainability

• Meeting the demands and needs of 
users

• Recreation Opportunity Spectrum
Specific to the individual 

• Outcomes-Focused management
Management response to the ROS
Focuses on providing targeted, positive 
experiences

• Suggested data-gathering techniques
• Survey stakeholders
• Design charrettes/community 

engagement meetings



Research Reflection

• Prioritize social sustainability
Applying the ROS, OFM, and trail 
objectives to trail planning

• Drones as effective tools in 
planning and design

• Future development
Additional design charrettes 
Surveying users
Maintenance and management plans for economic 
sustainability 
Community partners

Moscow Area Mountain Biking Association 
Friends of Phillips Farm
Palouse Road Runners
Palouse Land Trust
Palouse Composite (Youth mountain biking team)



QUESTIONS?
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