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Who Are We 

▪ R&D-focused civil engineering 
software company

▪ Born in Forestry in the steep slopes 
of British Columbia, Canada

▪ Solve a problem ---- Unbuildable 
roads, high cost roads, safety issues

Matthew Dickie, P.Eng.
.



What we are talking about today…

• Forestry Roads:
• Their importance
• Their cost (Financial and Environmental)

• How our forest road needs & 
environment are changing

• Technology advancements that 
support improved design

Photo credit: Unsplash



CANADA: 
600,000-800,000km  

UNITED STATES: 
1,200,000-1,600,000km  

GLOBALLY: 25 - 30 Million km  

Forest & Resource Roads are Massive in Scale:



High Cost, Potential for Severe Impacts

ROAD SURFACE 
EROSION 

SLOPE FAILURES  / 
SLIDES

WATER POLLUTION & 
ALTERED STREAM 
CHARACTERISTICS

HABITAT LOSS



Road Design

• What you think it is: 
• Drawn out process
• Completed by team of 

drafters

• What we actually do:
• Practical
• Fast 
• Efficient

Photo credit: Aratu Forests / RoadEng (left), Government of BC Forest Engineering Manual (right) 



Road Design is an Important Tool 

Alignment In GIS Software Alignment in Geometric Design Software



Poorly Designed or Constructed Roads – 
Impact Safety, Cost & Environment

• Increase Cost
• To Construct,
• To Maintain,
• To Repair,

• Disrupt Operational Efficiency
• Impact Environment
• Reduce Safety

Photo Credit: New Zealand Forest Grower’s Manual



Case Study: 2021

Photo Credit: NASA



Landslides Flooding Lateral Channel Movement

Case Study: 2021 Atmospheric River in BC, Canada

Photo Credits: CBC News



Severed Access to Every Major Highway

VANCOUVER

Photo Credit: BC Ministry of Transportation



Landslides Attributed to Forestry Roads

Photo Credit: Hancock Wlodarczyk 2025 (left),  Beatrice Collier-Pandya

1,300 landslides & debris flows during 2021 event: 
46 % (~600) were found to originate in disturbed forests.



6-Hour Rainfall and Major Highway Slide Locations

Major Highway 
Slide Locations

Photo Credit: Hancock Wlodarczyk 2025



Duffey Lake Road Slide Claims 5 Lives

Photo credit: CNN (left) & CBC (right)



FORESTRY ROAD

HIGHWAY 99 
(DUFFY LAKE ROAD)

Photo Credit: Province of British Columbia/UBC Geography Dept



This is Not a One-off Event
2015: 2017:

Not just safety → Environmental Damage / Cost,  Financial Cost   

Photo Credit: Castanet, ChekNews



Monetary costs:

• $27,000 to repair excavator
• $48,000 in lost production (6 day shutdown x 

$8,000/day)
• $32,000 in transportation costs (crew, 

investigators, professionals)
• $16,500 in other professional and administrative 

costs
• $26,000 to build tote road to recover excavator
• Lost harvest opportunity – gross value $400,000

Example: Yeo Island Incident

Total direct cost of this landslide: $549,500 plus human impact

Photo Credit: BC Forest Safety



Water Gravity Geology & Topography

Key Considerations Influencing Road Impacts:

ALL ROADS HAVE IMPACTS.
Goal: Minimize Impact. 



Water Impacts All Roads 
Erosion Sediment Debris Flows 

& Floods
Landslides

Disturbance 
Areas

Altered Stream 
Characteristics

Water Flow Weakened 
Road Prism



Water

Interception of 
water

Accumulation 
of water

Redirection of 
water



This is not a new problem, or a problem unique to BC
2008 Report: Landslides from forestry occurring 

across US according to OSU Study: 

Photo Credit: James W. Schwab & Marten Geertsema (Left); National Science Foundation (right)



Changing Industry Needs: Road Network Maturity

Q: How do I get there? Q: How do I improve my 
roads?

Photo Credit: Google Earth

Q: How do I reduce risk?





Climate is Changing

Precipitation:
Heavier & Intense Events

Atmospheric Rivers:
Longer, Wider, Wetter

More Storms:
Frequency & Strength

Droughts:
Drier & Longer

More Wildfires: 
Larger Areas & Longer Seasons

Photo Credit: : Wildlands League (left), Brian Chow (centre), Diana Vieira (right)  



Designing Roads That Balance What Matters

Sustainable:

• Capable of 
Continuing For 
Perpetuity

• …Without degrading 
the environment.

Operational Needs:

• Safe
• Traffic Volume
• Design Vehicle
• Seasonality of Use
• Duration of Use

Resilient:

• Withstand future 
weather events, or

• Decommissioned



Water Gravity Geology & Topography

Key Considerations To Find Solutions:



Water Gravity Geology & 
Topography

Key Considerations To Find Solutions:

Cost



“THE MOST IMPORTANT TIME 
IN THE LIFE OF A ROAD IS THE MOMENT 

YOU DECIDE WHERE IT IS GOING TO GO.”
Brian Chow, P.Eng. FEC

Chief Engineer
British Columbia Ministry of Forests, Lands, Natural Resource Operations & Rural Development



The Next Pivotal Moment:

Do you keep the road 
as-is?

Photo Credit: Jeremy Araki



The Next Pivotal Moment:

Do you repair and 
improve a road? 

Photo Credit: Jeremy Araki



The Next Pivotal Moment:

Do you relocate the 
road?

Photo Credit: Idaho Peak Shuttle



Technology Advancements

Understanding the 
Problem:

• LiDAR Availability
• Field Data Collection
• GIS Improvements

Finding the Best 
Solution:

• Road Design 
Software 
Improvements

Implementing the 
Solution:

• Detailed construction 
plans

• GPS Accuracy & 
availability

• Machine Control
• Geosynthetics & 

material sciences



Road Design Software is Advancing

TERRAIN 
ANALYSIS 

ROAD LOCATING / 
PRELIMIN DESIGN 

(Path Explorer AI)

ROAD’ S IMPACT 
ON SURFACE 

WATER  
(Hydrology Tools)

Photo Credit: :  RoadEng Software

EARTHWORKS 
OPTIMIZATION 



Example: Repairing a Road 
Failure



REPAIR EXAMPLE – Road Failures



Ability to Add a Tote Road



Repair Section in Detail



Hydrology – Understand Water 
Interception by Road



Hydrology – Culvert & Drainage Area



Earthworks Quantities, Costs, Output



Consider Alternatives with Path Explorer AI



Define & Include No-Go Zones:
Geotechnically unsuitable, environmentally sensitive, etc.



Path Explorer AI: Output



Consider Alternatives



Optioneering



Example: Steeper Terrain



Steep Example: Terrain Analysis



Terrain Analysis – Streams & Ponds 



Path Explorer AI



Path Explorer AI



Converting into a Full  3D Alignment



Converting into a Full  3D Alignment



(Dark Blue)  Natural Drainage Patterns BEFORE the Road



(Light Teal)   Hydrology Impact FROM Road Design



The Impact of Changing Natural Drainage & Switchbacks

Photo Credit: Abir Roy Barman 



Steep Example: Road - Hydrology ImpactThe Important Role of Culverts



Steep Example: Road - Hydrology Impact



Real Project from BC Ministry of Forests: 
Original Design Completed by a Consultant



The revised, OPTIMIZED design 
was done quickly in RoadEng 
by BC MOF with support from 

Softree) 



Manual Design vs. Optimized Design 

12% Reduction In Length. 21% Reduction In Disturbance Area. 
67% Reduction In Earthworks.



Why Am I Here & How Does This All Connect?

Goals: Connections:
• Share technology advancements! • Roads can have an enormous 

impact.
• We strive to minimize negative 

impacts.

• Determining Best Solution? 
   -   Hindsight = Investigation
   -   Foresight = Design… 
       (and no case-study)

• Emphasize THIS STUFF MATTERS!

• Could changes have been made 
to prevent case study events?



Summary

• All roads are going to have an impact
• Goal is to minimize those impacts 

amidst all the changes: climate, industry 
needs

• Leverage changes and improvements in 
technology 

• Informed Decision-Making:
Use Design → Design Smarter

BENEFITS OF IMPROVING 
ROAD DESIGN:

✓ More resilient road systems
✓ Reduced environmental impact
✓ Cost-effective operations
✓ Alignment with modern forestry 

practices
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