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ABSTRACT 
 

A landslide occurred in 2014 in Washington state, taking 43 lives and destroying a community of 

about 50 homes. Compared to three previous landslides at this location in the past 60 years, the 

2014 event was about three times higher, involved ten times the volume of material and had a 

runout seven times further. In hindsight, the risk to people below this slope is above thresholds 

considered acceptable for landslides in other countries and major dams in the U.S.; however, the 

risk is similar to or even smaller than that associated with flooding from levees at multiple 

locations in the U.S. The following lessons about managing risk from natural landslides can be 

learned from this landslide: (1) History is not always the best guide to the future; (2) Many 

existing natural slopes are marginally stable and will only be a problem if they become 

destabilized in the future; (3) An early warning system may be helpful but not necessarily 

feasible; and (4) There is a need to improve the assessment and communication of risk. 

  
INTRODUCTION 

 
A landslide occurred on March 22, 2014 near Oso, Washington (Fig. 1), taking 43 lives and 

destroying the Steelhead Drive Community (Fig. 2). This paper summarizes the physical 

characteristics of the landslide and describes the risk management measures that were in place at 

the time of the landslide. The paper then provides a hindsight assessment of the risk and 

concludes with lessons that can be learned about managing risks from landslides. 

 

 



 

 

 
Figure 1. Site plan (adapted from Keaton et al. 2014). 

 

   
Figure 2. Aerial photographs of Steelhead Drive Community before and after 2014 

Landslide (photos from Google Earth®). 
 

LANDSLIDE DESCRIPTION 

 
Geology. The landslide occurred in glacial soils (Fig. 3) on the north side of the valley of the 

North Fork of the Stillaguamish River (Fig. 1). These soils were deposited in the most recent 

glacial period ending about 15,000 years before present. The 2014 event was preceded by three 

documented failures of the lower part of the slope occurring in 1949, 1967 and 2006 (Fig. 4). 

Compared to the three previous landslides, the 2014 event was about three times higher, involved 

about ten times the volume of material and had a runout of landslide debris about seven times 

further from the toe of the slope. 

 



 

 

Hydrology: The weather was dry and clear when the 2014 landslide occurred. There was about 

20 mm of precipitation 3 days before the landslide. In the year before the landslide, the only 

remarkable aspect of the hydrology was the cumulative precipitation for the period 21 days prior 

to the event; this 21-day cumulative precipitation has a return period of about 100 years based on 

historical records (Henn et al. 2015). 

 

Stability: The documented landslides prior to the 2014 event were all within the glaciolacustrine 

clay (Fig. 4). A stability analysis of the 2006 event indicates one plausible hypothesis for this 

failure: the drained shear strength of the glaciolacustrine clay was mobilized, with a fully 

softened shear strength in the “intact” material and a shear strength between the fully softened 
and residual shear strengths in a zone of previous shearing from ancient 2014-like events that 

created the existing slope (ancient head scarp) above the glaciolactustrine clay (Fig. 5). A 

mobilized shear strength in the zone of ancient shearing that is 80-percent of the way between 

the residual and fully softened shear strengths gives a factor of safety of close to one for the 2006 

slope (Fig. 5). 

Following the same approach that gives a factor of safety of one for the 2006 event, the 

factor of safety with the topography at the time of the 2014 event (i.e., the post-2006 landslide 

topography) is also about one (Fig. 6). If the geometry of the head scarp in the lower slope was 

similar to what was produced by the 2006 event, then the factor of safety for the slope above the 

glaciolacustrine clay is well below one after a failure of the lower slope (Fig. 7). Therefore, one 

plausible hypothesis for the large 2014 landslide is that it was triggered by a smaller landslide 

similar to the 2006 event, which then caused a much larger failure that extended up nearly 200 m 

to the top of the valley side. 

The runout of landslide debris from the 2014 landslide was the cause of the catastrophe 

for the community. The runouts from both the 1967 and 2006 landslides at this location did not 

impact homes and people in the Steelhead Drive Community (note that the community was not 

there prior to 1960). However, the community was destroyed by the 2014 landslide because the 

debris ran out all the way across the valley (Fig. 2). Field reconnaissance after the failure 

indicated there were two stages of run-out: the first stage was larger and likely responsible for 

destruction of the Steelhead Drive Community, while the smaller second stage came down onto 

the back side of the first stage (Wartman et al. 2016). Based on empirical correlations between 

the volume of debris and the height of the slope, the runout from the 2014 landslide is not 

surprising and consistent with other landslides in similar geologic settings (Fig. 8).  

 

Consequences: The consequences of the 2014 landslide were catastrophic. Forty-three lives 

were lost, making it the deadliest landslide in the history of the United States. About 50 homes 

were destroyed. A major road, State Highway 530 (Fig. 1), was destroyed over a 600-m length. 

The North Fork of the Stillaguamish River was temporarily dammed by the landslide debris, 

causing upstream flooding. 

 



 

 

 
Figure 3. Cross-section from north to south of 2014 landslide. 

 

 
Figure 4. Cross-section from north to south of 2006 landslide. 

 

 
Figure 5. Stability analysis for 2006 landslide. 

 



 

 

 
Figure 6. Stability analysis for 2014 landslide – initial condition. 

 
Figure 7. Stability analysis for 2014 landslide – post-failure of lower slope. 



 

 

 

 
Figure 8. Comparison of runout from 2014 Oso landslide with other landslides (from 

Keaton et al. 2014). 

 

RISK MANAGEMENT BEFORE EVENT 

 
Risk Assessment: Risk is the possibility of suffering loss, and it is represented by the 

consequence and probability of a loss. Before the 2014 landslide, there were several studies of 

the landslide hazard at this location: Shannon and Associates (1952), Thorsen (1969), Miller 

(1999) and GeoEngineers (2001). All of these studies focused on the lower slope, which had 

failed several in the last century and most recently in 2006 (Fig. 4). Also, all of the studies were 

conducted with a focus on the river as a natural resource and a habitat for an endangered species, 

the Chinook Salmon. None of the studies explicitly assessed the probability of another failure. 

However, the GeoEngineers (2001) report included a statement that “Catastrophic failure 

potential places human lives and properties at risk.” The maximum runout estimated in Miller 

(1999) is 275 m, which was larger than but similar to the runouts that had occurred in previous 

failures of the lower slope and larger than the runout in the 2006 failure. 

 

Risk Management: The primary methods for risk management prior to the 2014 landslide were 

restrictions on land use. The entire slope above the Steelhead Drive Community was designated 

as a “Landslide Hazard Area” by Snohomish County (Fig. 9). This designation restricted 

development on the slope and within 90 m of the toe of the slope; the nearest home to slope 

before the 2014 landslide was 120 m away and outside of any land-use restrictions. The 

Washington Department of Natural Resources restricted logging activity on or above the slope. 

In addition to people and property, the Chinook Salmon in the river were also at risk 

because continual erosion from the slope was fouling their habitat for spawning. In an attempt to 

minimize erosion from the river bank, the Stillaguamish Tribe of Indians (the entity responsible 



 

 

for the river as a resource) had constructed a 4.5-m high, 430-m long timber wall along the toe of 

the slope following the 2006 failure. 

  

RISK ASSESSMENT IN HINDSIGHT 

 
Studies since the 2014 landslide indicate that this type of a failure has occurred numerous times 

in this valley in the vicinity of the 2014 event (e.g., Fig. 10). Radiocarbon dating of buried trees 

in ancient landslide debris exposed by the scarp of the 2014 landslide indicates that the trees 

were killed 5,000 to 6,000 years before present (Keaton et al. 2014). Since this debris 

corresponds to the oldest mapped landslide unit in Figure 9, it is likely that all of the ancient 

landslides shown in Figure 9 occurred within the past 6,000 years. 

Based on this post-landslide information, a rough assessment of the risk for landslides in 

this valley is as follows: 

 Landslides with runouts of several hundred meters that are capable of pushing the 

river from the toe of the slope (like the previous landslides in 1949, 1967 and 

2006) occur once every 10 to 100 years. 

 Landslides with runouts of several thousand meters that are capable of covering 

the valley floor (and destroying people and property in their path) occur once 

every 100 to 1,000 years. 

The risk of landslides to people in this valley, assuming that development is allowed as it has 

been in the past, is compared with several benchmarks for risk in Figure 11. The risk is above 

thresholds considered acceptable or tolerable for landslides in Australia and Hong Kong and 

major dams in the U.S. (Fig. 11). However, the risk is similar to that associated with flooding 

from levees in the Green River Valley, just south of Seattle and not far from Stillaguamish River 

Valley. Also, the risk is less than that associated with flooding from levees in the California 

Delta and New Orleans, which are both many orders of magnitude above what is considered 

acceptable for large dams in the United States (Fig. 11). 

 



 

 

 
Figure 9. Designated Landslide Hazard Areas in Snohomish County Map dated 2007 

(adapted from Keaton et al. 2014). 

 

 
Figure 10. Relative age classes (A youngest to D oldest) of pre-2014 landslides in the 

immediate vicinity of the 2014 Oso Landslide (from Haugerud 2014). 
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Figure 11. Comparison of rough assessment for risk from landslides in North Fork 

Stillaguamish River Valley with related benchmarks: 
1
AGS 2000, 

2
GEO 1998, 

3
USACE 

2014, 
4
Gilbert 2013, 

5
IPET 2009 and 

6
DWR 2008 (adapted from Keaton et al. 2014). 

 

LESSONS LEARNED ABOUT MANAGING RISKS FROM NATURAL LANDSLIDES 
 

The following lessons about managing risk from natural landslides can be learned from the 2014 

Oso landslide: 

1. History is not always the best guide to the future. This slope had failed three times in the 

past 50 years, twice with homes just below it that were not impacted. Assessments of the 

stability and the potential for runout all focused on these types of failures and missed the 

potential for a larger failure with a much more significant runout. 

2. The factor of safety for an existing natural slope can be very close to one. Many natural 

slopes are the remnants of previous failures and are just marginally stable. The challenge 

with these slopes is to assess the possibility and probability that the factor of safety will 

become less than one in the future either due to natural causes (such as dissipation of 

negative shear-induced pore water pressures from previous failures that relieved stresses 

or erosion) or man-made causes (such as changes to the hydrogeology through land use).  

3. An early warning system may have been helpful here, but it may not have been feasible. 

First, it is not known if deformations or water pressures exhibited some type of signature 

in advance of the event indicating what was about to happen. With water pressures, it is 

possible localized measurements would have been required in the zone of shearing, 



 

 

meaning that this zone would have to be known in advance. Second, it is not clear who 

would have been responsible for deciding to evacuate people from the community and 

what the criteria for deciding would have been. Last, it is not clear who would have been 

responsible for allowing people to return to their homes if the slope did not fail when they 

were evacuated.  

4. There is a need to do better at assessing and communicating risk. The people living in the 

valley were not aware that a slope failure like this could occur, even though there was 

and is ample evidence that these failures have been happening every thousand years or so 

as the river has widened the valley since the last glaciation. However, the people also 

need to know how this risk compares to other risks, say from flooding in similar river 

valleys. Lastly, it is important that benefits, costs and risks all be considered collectively. 

There are many benefits to living in this beautiful valley, and there are limited resources 

available to minimize the risks.  
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