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Agenda

• Why evolve?

• Evolving from event-based inventory

• Using lidar for statewide inventory 

• Measuring and forecasting risk



Why evolve?

Geohazard and geotechnical risk management is 
a critical tool for building resilience



The objectives of our practice are evolving

New                                                       Infrastructure Age >50 years                                       Aged

$                                                   Replacement value of infrastructure                                      $$$$$$$

Construction of 
new assets
1950s-80s

Emergence 
of technology

2000-2020s

Preservation and 
resilience

Today

Local Inter-connectedness, e.g. the supply chain Global



The intersection of infrastructure with natural hazards is 
a substantial threat to resilience

Former FDA Commissioner Congressional 
Testimony following Hurricane Maria:

“The impact of Puerto Rican manufactured 
medical products to the public health of all 
Americans is significant.”



It’s a different era with much less tolerance for impact



Geo-professionals reduce risk and build resilience to 
natural hazards 



In the last 20 years, pipeline operators have 
reduced geohazard caused failures by up to 80%



Evolving from event-based 

inventory

Managing Geohazards and Geotechnical Assets 
where they have and have not happened
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1990-94

RHRS Colorado Specific 
Improvements 

Colorado RHRS 
Initiated

“What about all 
geohazards and risk to 

other objectives?”

CDOT Geohazard 
Management Plan 

(GMP) initiated

“What about locations 
without events?”

GMP v2 initiated with 
recognition of credible 

hazard locations

“Rockfall is a safety 
threat”

Rockfall Hazard Rating 
System (RHRS) 

initiated

30 years of GAM evolution at CDOT

2004 2012-14 2020-24

Inventory is event-based – meaning an adverse event has already happened
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SWGEC, 2024 – CDOT Geohazard Management Plan

What is in the Geohazard Management Plan?
Geotechnical asset deterioration and geohazards are system-wide

Slopes within 
the right-of-

way

Hazards from 
outside the 

right-of-way



All assets 
crossing steep 

creeks

Geotechnical 
assets: cut slopes

Geotechnical 
assets: 

embankments

All assets 
crossing deep 

seated landslides



How do we quickly 
find credible 

geohazards sites 
with an unknown 

history?



Using lidar to answer the 

question

What does lidar enable in GAM that wasn’t 
feasible before?



Public high-resolution lidar 2016 Public high-resolution lidar 2023

It’s different now

Near complete country-wide high resolution lidar coverage evolution from USGS, 
regional efforts, and agency projects

USGS 3DEP Status
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SWGEC, 2024 – CDOT Geohazard Management Plan

Bare earth lidar enables evolution in geo-practice

AERIAL PHOTOGRAPHY LIDAR CHANGE DETECTIONLIDAR SURVEY
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SWGEC, 2024 – CDOT Geohazard Management Plan

From: Daily Life in the 1800's Prior to the Invention of the X Ray, 2014.

Evolution is good
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SWGEC, 2024 – CDOT Geohazard Management Plan

Aerial imagery 
vs. 

Bare Earth Lidar



Lidar Analysis for Automated CDOT Geohazard Inventory
Desktop/office-based screening algorithm example

(1) Draw elevation profiles 

perpendicular to the roadway

(2) Identify continuous slopes 

over a specified gradient, height 

and distance to the roadway

(3) Outputs include polygons 

representing the credible geo-

asset or geohazard



Lidar Analysis
Example algorithm input

Treat upslope and downslope 

“sides” of the transect separately:

Upslope parameters (looking 

for rock cuts):

• 45 degrees

• >3 m in height

• Shadow angle from the 

crest of the cut to the 

roadway shoulder of > 30 

degrees

Downslope parameters 

(looking for embankments):

• 1/3 slope (~18 degrees)

• >2.9 m in height

• Distance from the slope 

crest to the roadway 

shoulder of <25 m



Lidar Analysis
Example output – embankment assets



Lidar Analysis
Example output – retaining walls 



Screening Output example



Measuring and forecasting 

the credible geohazard 

risk exposure
What is the future risk with deterioration, varying 
investment levels, and changes in climate



Annual Risk Exposure (ARE) and Total ARE (TARE)
Site and statewide annual risk (in $) from geohazards for asset management reporting

Example of ARE algorithm for embankment assets; from CDOT Embankment Risk Assessment Framework, 2024 (in progress)
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TRB 2024 Annual Meeting: Advancing GAM at CDOT

Going from site level to statewide measurement

• Each exposed highway segment has annual 

annual risk exposure value

($$ in impacts to safety, mobility, operations, 

and assets)

• Risk exposure is categorized into grades for 

asset management reporting at each 

segment

• Total of all highway segment exposures is 

the Total Annual Risk Exposure (TARE) for 

geohazards in Colorado
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TRB 2024 Annual Meeting: Advancing GAM at CDOT

Risk Exposure and Decision Support

• Find candidates for risk and resilience 

investment

•

• Model risk exposure change with investment 

scenarios 

• Sudden change in risk exposure (e.g. 

wildfire) can quickly be measured and 

communicated
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TRB 2024 Annual Meeting: Advancing GAM at CDOT

Modeling Change in Risk Over 20 Years
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TRB 2024 Annual Meeting: Advancing GAM at CDOT

Evolution continues – adding data where data is needed



Contact us

www.bgcengineering.ca

Bob Group, P.E.

https://www.codot.gov/
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Robert.Group@state.co.us


