
EUSGS 
science for a changing world 

Mitigating Landslide Hazards in Seattle: A Partnership 

The Problem 
Seattle, Washing ton, has suffered significant 
damage from landslicks in recent years. Sleep, 
hilly topography and susceptible geo logy have 
combi ned to cause landslides throughout the city 
during periods of above-no nnal prec ipitation. 
The resultant direct property loss. business loss­
es, and recovery expenses exceed tens of millions 
of do llars . The human and fin ancial costs re la ted 
to lands lid ing have made residents and c ity offi­
cials aware of the need (0 review existing polici es 
and programs dc::; igncd to mitig(lte landslide 
damage. 

One innovative approach to solving landslide 
problems is the recellt fU lTnalion uf a t:o llabora­
tive partnershi p among the U. S. Geological 
Survey (USGS), the c ity o f Seattle, the Federal 
Eme rgency Management Agency (FEMA), and 
Shannon and Wilson, Inc. (a geotechnical con­
sulting tirm. working for the c ity o f Seattle). 
Facilitated by PROJECT IMPACT (FEMA's haz­
ard reduction program to r communities: 
/ItII' :I/ II .... wIelll({.gOl ·/illll'''cr ), public and private 
entities have ag reed to work together to morc 
e ffect ivel y solve the landslide problem in the 
Seallle, Washing ton, area. A set o f dig itally based 
maps that c learly portray the landslide hazards in 
Seattle are be ing developed through this partner­
ship. These maps will serve as a basis fo r deve l­
oping mitigation opti ons to aclclress the landslide 
hazards fac ing Seattle 's residents and businesses. 

Direction 
To create thi s new set of lands lide hazard map:". 
an invento ry of lands lides that occurred during 
1997 has been combined with a 90-year histori ­
cal record kept by the c ity. Shannon and Wilson, 
Inc., has been respons ible fo r convert ing this 
record, ke pt in vario us fo rms, to a dig ital data­
hase. The USGS is developing probabilistic haz­
ard maps from these newly compiled hi storical 
data, meteorological and cl imato logica l charac-

Landslide in northwest Seattle. The foundation of the house at far right and 
decks of neighboring houses were undermined. (Photo: AI Chleborad, USGS) 

te ristics. d igi tal topography, and geotechnical information. Map develop­
ment also includes spatially defining landslide susceptibility and detemlin­
ing precipitation anti meteurolugical d laraclerislics needed to initiate slope 
failure. 

Additional studies a re underway to unde rstand the interac tion hetween 
geology and ground water and their effects on landslide susceptibility and 
occurrellce. Al so, a partnership betwee n Shannon and Wilson, Inc., the 
Burl ington Northe rn Santa Fe Railway, and the USGS is proposing to 
install th ree monito ring sites on coastal bluffs between Seaule and Evere tt , 
Washington. The monitoring is designed to record rainfall. g round-water 
levels, and surface motions. These new data will provide the information 
needed to advance the understanding of the relation between rainfall. 
ground-water response, and landslide initiation. 

The USGS, c ity offic ials, and Sil annon and Wilson, Inc., are working to 
realize the objectives of Project llilpact in Seau le. Their partnership has laid 
the foundat ion for understanding the natural and human c auses of slope 
failure in Seattle. Planning and design aitem atives that lower the landsl ide 
risk to public and private properry and help ensure tile safety of communi­
lies can be based upon this scienlHic untierstanuillg. 
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Landslide Hazards in the United States 
Landslides ot:cur in sigllilicant lIumbers in all 50 Slales. They threate n our 
communi ties and their transportation, energy, and communications infra­
structure. Landslide-related fatalities average 25-50 per year nationally. and 
landslide-re lated economic losses cost between $ 1 billion and $2 hillion per 
year. Rapid urban development, pal1icularly in the Western United States, 
has created abundant new exposure to landslide conditions. This was 
demonstrated by widespread damage in Oregon, Washington, Californi a, 
and Idaho associated with landsliding during the winter Slorm seasons of 
1996, 1997, and 1998. 

The U.S. Geological Survey Landslide Hazards 
Program 
The U.S. Geological Survey (USGS) Lands lide Hazards Program has oper­
ated s ince the mid-1970's as a congres<ionally all thorized program dedicat­
ed to the reduction of damage and avoidance of hazards from the differenr 
fooms of landslides. As the on ly Federal prog ram dedicated tu landslide 

A house (overlooking Puget Sound in the Magnolia area of Seattle) destroyed 
by a landslide. (Ph%; Ed Harp, USGS) 

hazards, the USGS Landslide Hazards Program 
addresses the national lands lide problem by 
(I) developing quantitative, regiona lly based 
probabilistic lands lide hazard maps; (2) foc using 
pmcess research and development of real-time 
monitoring systems on landslide types that pro­
duce the greatest hazards; (3) providing 
landslide-di saster emergency response; and 
(4) provid ing information through the National 
Landslide Infoomation Center in Golden, 
Colorado, and on the Inte rnet at 
lilt" :111" Ildslides .usgs .gOl·. 

USGS-de,cloped probabili stic landslide hazard 
maps serve as prototypes that can be llsed by 
local and State governments, o ther Federal agen­
cies. and private entities as models for develop­
ing their own hazard maps. These maps arc 
developed digitally llsing landslide inventories, 
topographic mode ls. infonnatioll on geologic 
mate rials and propcl1ics, output from spatially 
distribured slope-stabi lity models, and temporal 
information on the frequency of triggering 
events. Research on landslide processes and the 
development o f real-time moni toring systems 
fucus un landslides lhal are uf the g reatest potell­
tial hazard and on landslides that arc associated 
with other natural hazards !-iuch as volcanic erup­
lion s, eal1hquakes, meteorological events, and 
wildtires. Finally. the landslide emergency 
response and outreach efforis ensure that needed 
disaster assistance and landslide infonnation are 
available to the Nation. 
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