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A LANDSLIDE IS…

• …the downslope 
movement of soil, 
rocks, vegetation, 
water, etc. driven by 
gravity

• Two major categories 
of landslides
• Shallow 

• Deep



SHALLOW VS. DEEP

• Difference? Location 
of the failure surface
• Deep landslide failure 

surface in bedrock

• Shallow landslide 
failure surface in “soil”

• Rate of movement

• Hazard: life safety vs. 
structural

“Bedrock”

Soil



SHALLOW LANDSLIDES
• Debris slides, debris flows

• Media calls them: mudslide, mudflow, slide

• Most common landslide and often associated with land use 

• Often associated with short, intense rain events

• Most fatalities associated with shallow landslides
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WA DOE website
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Presentation Notes
 Involve only upper few meters of geologic materials 
 Most common type of landslide in Puget Sound
 Typically occur during prolonged periods of heavy rainfall
 Common along steep slopes
 Shallow landslides on upper slopes can turn into fast-
   moving debris flows on lower slopes
 vegetation can hide slide areas
 reduce risk by managing drainage




DEEP LANDSLIDES

• Often associated with extended periods of precipitation -
months to years

• When reported, nearly always a pre-existing landslides that 
reactivated

• Typically a structural/infrastructure hazard
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 Failure plane > rooting-depth of plants
 Hard to predict – movement incremental and infrequent
 May reactivate after long periods of inactivity
 Repair costs high due to large size




SIGNIFICANT DEEP LANDSLIDES

• Perkins Lane, Seattle, 1997

• Aldercrest-Banyan, Kelso, 1998

• Carlyon Beach, Thurston County, 1999

• Ledgewood, Island County, 2013

• SR 530 “Oso” slide, 2014; killed 43 people

• All reactivated landslides



PERKINS LANE LANDSLIDE, SEATTLE, 1997

• A regional storm damaged or 
destroyed over 8000 homes 

• A reactivated deep-seated 
landslide in the Magnolia 
District of Seattle claimed 
five houses. 

1938

1938 - Seattle Municipal Archives

WA Dept. of Ecology

WA Dept. of EcologySeattle PI
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Precip for Dec 1996 was nearly 200% of normal in Seattle.



LANDSLIDE DAMAGE IS 
COSTLY

• All geologic hazards can 
be insured except
landslides and earth 
movement

• For those with 
landslide-damaged 
property litigation is 
often the only 
recourse
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Very expensive race horse
Rare art or antique collection
Custom-made yacht
Home built on the side of steep bank



WGS LANDSLIDE HAZARDS PROGRAM

• Emphasis is mapping where there is population, 
infrastructure, highways

• Map inventory (where landslides have occurred) and 
susceptibility (where landslides may occur)



INVENTORY AND SUSCEPTIBILITY
The Products



LANDSLIDE MAPPING PRODUCTS

• Detailed landslide inventory
• Where landslides have 

occurred
• Mapped from lidar
• 10 percent field validated

• Simple landslide inventory
• Mapping in areas with no 

people or infrastructure
• Landslide susceptibility

• Where landslide may occur
• Deep and shallow 

landslides
• Fans
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Presentation Notes
Alluvial and debris fans mapping after wildfires in 2018. Structures on fans were at risk of debris and flooding after the wildfires. 
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1276 landslides and no fans mapped yet



SUSCEPTIBILITY MAPPING
Where landslides may occur



LANDSLIDE SUSCEPTIBILITY



• Comparison of the existing Pierce County unstable slopes 
map to the WGS landslide and susceptibility map 

• Results in a 51 percent reduction in landslide susceptible 
areas
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Removed 38,000 parcels from PC unstable slopes layer; added 1,000




THE FUTURE?

• Landslide runout modeling – if 
a landslide occurs, how far will 
it travel? 

• How do we map runout for 
EM, planners, etc.? 

• Refined susceptibility modeling
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LANDSLIDE FACTS FOR PIERCE COUNTY –
LANDSLIDE INVENTORY
• 628 deep landslides mapped in PC

• Built on existing landslides:

• 2.4 miles of highway 

• 29.5 miles of arterial roads

• 1 bridge (University Place)

• 3.9 miles of rail 

• 21.6 miles2 of tax parcels ($371M estimated value) 

• 1658 buildings 

• 0 fire, police, and hospitals

• 1 school play field is on a landslide (Eatonville)

• 0 miles of high-tension transmission lines, 0 high tension towers

https://fortress.wa.gov/dnr/geologydata/publications/ger_ri39_pierce_county_landslide_inventory.zip

https://fortress.wa.gov/dnr/geologydata/publications/ger_ri39_pierce_county_landslide_inventory.zip


• 71,225 buildings 

• 89.3 miles of rail 

• 646.3 miles of roads

• 215 bridge

• 96.0 miles2 of tax parcels 
($10.0B estimated value) 

• 14,195 buildings 

• 0.8 miles of rail 

• 9.0 miles of roads

• 120 bridge

• 48.2 miles2 of tax parcels 
($1.6B estimated value) 

LANDSLIDE FACTS FOR PIERCE COUNTY –
SHALLOW LANDSLIDE SUSCEPTIBILITY

High hazard areas Moderate hazard areas



• 12,509 buildings 

• 6.6 miles of rail 

• 40.7 miles of roads

• 55 bridge

• 83.4 miles2 of tax parcels 
($2.0B estimated value) 

• 2815 buildings 

• 4.7 miles of rail 

• 43.0 miles of roads

• 2 bridge

• 27.9 miles2 of tax parcels 
($0.6B estimated value) 

LANDSLIDE FACTS FOR PIERCE COUNTY –
DEEP LANDSLIDE SUSCEPTIBILITY

High hazard areas Moderate hazard areas
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