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ABSTRACT 
 

ARkStorm is a statewide emergency planning scenario hypothesizing severe storms that entrain huge 
amounts of moisture from the tropical Pacific and dump it on California over a few days.  The storm is 
projected to be similar to, but more intense than recent historic storms that have struck California in recent 
decades, and approach the massive storms of 1861-1862 in total rainfall.  A meteorological model for the 
ARkStorm has been developed from records of the 1969 and 1986 storms, both of which caused widespread 
and severe landslides in California.  
 
Estimating the numbers and impact of landslides from the ARkStorm requires models relating rainfall to the 
numbers and distribution of landslides and detailed records of the impact of landslides in past storms. 
Neither of these basic data sets exists.  Models that estimate the areas with the greatest susceptibility to 
landsliding do exist, however, and can be combined with the detailed maps of small areas showing the 
numbers of landslides triggered in individual storms.  We have extrapolated the distribution of landslides 
mapped in past storms to areas where no such maps exist using the landslide susceptibility maps.  Similarly, 
we have extrapolated the incomplete records of damage from landslides in past storms to the ARkStorm 
using the susceptibility maps.  We anticipate that the ARkStorm would trigger thousands of landslides 
causing hundreds of millions of dollars in direct repair costs. 



Landslides and Debris Flows

Chris Wills, CGS; John Stock, USGS, 
Ante Perez, CGS, David Branum, CGS, & Sue Perry, USGS



Types of Landslides
Rock slides
Earth flows

Debris slides
Debris flows 

Landslide maps
Landslide-inventory maps

Landslide-susceptibility maps 

Landslide Losses
Loss to residential structures
Loss to commercial structures

Loss to infrastructure

 

Presenter
Presentation Notes
This talk will briefly cover what geologists call different types of landslides, and why that’s importantTypes of landslide maps, and how they’re useful, and how we are trying to project the numbers of landslides and amount of landslide damage in ARkStorm



Presenter
Presentation Notes
Geologists put landslides on maps, which typically show polygons representing where landforms indicating slope movement have been observed.



Large, deep, slow moving landslides that damage structures

Small, shallow, fast-moving landslides that kill people
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Presenter
Presentation Notes
Landslide maps commonly include the classification of slides by the type of movement and by the materials involved. The geological classification can be simplified into two types by their social significance.



 

The 1983 McWay or J.P. Burns slide, an example of a deep rock slide that 
damaged infrastructure.



An earth-flow in Sycamore Canyon, Santa Barbara County.



A historic (1998?) debris slide near Highway 1



Debris slide (left) and debris flows (right) originating from slightly different 
materials on a very steep slope.



1982 debris flow on Oddstad
Drive in Pacifica triggered by 

intense rains 

Newspaper headline from 
winter 2010, this is what we 
expect each rainy season



1999 debris flow in Forest Falls, San Bernardino County 
Debris flows in high mountain areas can be damaging, and can 

occur in summer thunderstorms



Presenter
Presentation Notes
To estimate numbers of landslides in the ARkStorm, we’re constructing a landslide susceptibility map based on rock strength (existing landslides are given the lowest strength value) and steepness of slopes



PRELIMINARY SOIL‐SLIP SUSCEPTIBILITY MAPS, SOUTHWESTERN CALIFORNIA 
By D.M. Morton, R.M. Alvarez, and R.H. Campbell: USGS Open‐File Report OF 03‐17 

We are also preparing separate maps of debris flow potential.

Presenter
Presentation Notes
We are also preparing separate maps of debris flow potential.



Deep landslides are sensitive to long-term rainfall (weeks to a full season)
Debris flows are triggered by intense rainfall (inches per hour)

For both types of landslide, we can prepare maps showing relative 
susceptibility,  after that we need to know how many landslides are triggered 
by a storm with a given intensity, and how much damage they cause:

We need to calibrate our landslide susceptibility model with historic records 
of landslides and landslide data.

Presenter
Presentation Notes
We are calibrating the landslide susceptibility maps with historic records of landslides and landslide damage 



January 2005 storm initiates
Failures in Ventura area
(peak hourly rainfall 10-12 mm/hr)

Presenter
Presentation Notes
To illustrate how we’re calibrating our landslide susceptibility maps with historic data, some slides from Jonathan Stock’s study in the Ventura area…



Presenter
Presentation Notes
Very detailed topographic models from LiDAR (Aerial laser swath mapping) are a key data set for this kind of landslide study.



High–resolution historic
imagery and LiDAR used to
inventory timing and location 
of failures

Presenter
Presentation Notes
With very detailed topographic models from LiDAR and multiple generations of aerial photos, John has been able to map when landslides last moved



Shallow landslide models
(SHALSTAB) can be used to 
estimate locations of 
instability

Presenter
Presentation Notes
We can compare the landslides that moved in a given year to the model showing which areas were most likely to move



Problem: landslide susceptibility 
models overpredict instability for 
a given storm (212 slides, 0.5 % 
of red cells failed in this basin)

Presenter
Presentation Notes
The landslides do correlate with the areas that the model shows as most likely to fail at a regional scale



Presenter
Presentation Notes
And at a detailed scale



Problem: landslide susceptibility 
models overpredict instability for 
a given storm (212 slides, 0.5 % 
of red cells failed in this basin)

Presenter
Presentation Notes
The problem is that only a small percentage of the areas that the model shows are most unstable actually fail in any given storm.



Need to calibrate…
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Presenter
Presentation Notes
We hope to use this by finding the percentage of most unstable areas that fail different storms, then projecting that trend to the ARkStorm.



Presenter
Presentation Notes
Landslide damage is a different problem, there is no systematic gathering of landslide damage data. We were very fortunate to acquire data gathered by the City of Los Angeles in 1969 and 1978. This data was gathered by City grading inspectors who visited all sites of reported slope damage.



681 records of 1969 storm damage from City of Los Angeles 
Sorted by “rotation” (deep landslide) vs “mudflow” (debris flow)
Aggregated as total dollar damage in each census tract.

Presenter
Presentation Notes
We only have 1969 data from the central Los Angeles area, but we can sort those by type of landslide and by census tract to develop ratios between the damage and the value of wood frame structures in a census tract (from HAZUS saftware). 



2004 records of 1978 storm damage from City of Los Angeles 
Sorted by “rotation” (deep landslide) vs “mudflow” (debris flow)
Aggregated as total dollar damage in each census tract.

Presenter
Presentation Notes
We have 1978 data from most of the City of Los Angeles area and sort those the same way to arrive at a “loss ratio” that we will extrapolate to other areas based on the susceptibility map.



Presenter
Presentation Notes
We have data from several storms in the Bay Area, which will help to calibrate the model, but is so incomplete that we will only use it minimum values of loss.



Presenter
Presentation Notes
Damage to infrastructure from landslides is difficult to estimate, fortunately Caltrans keeps records of landslides that damage state highways.  We can use those as minimum values, and correlate the amounts of damage recorded by Caltrans with landslides. 



Flooding and

Erosion

Shallow 

Landslides

Deep 

Landslides

count 28 15 12

total $ 48,077,743 $ 29,602,000 $ 74,995,850

average $ 1,780,657 $ 2,114,429 $ 6,817,805

2005 Caltrans District 7 damage data

Our preliminary data from Caltrans suggest that a high percentage of 
storm damage to infrastructure comes from a few large landslides and that 
landslide damage is correlated with rainfall.

Presenter
Presentation Notes
Our preliminary data from Caltrans suggest that although flooding, erosion and small landslides are more common, but a high percentage of storm damage to infrastructure comes from a few large landslides. 
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Presenter
Presentation Notes
Statewide data shows that highway damage is localized in areas that we know have significant landslide potential, especially the northern Coast Ranges and the Transverse Ranges. Landslide damage is highly correlated with annual rainfall.



Conclusion
• Landslide maps show potential for landslides. The 

hazards are related to steepness of slopes, strength 
of rocks and the types of landslides that occur. 

• Information on the cost of cleanup and repair of 
historic landslides is needed to relate landslide 
susceptibility maps to potential losses from the 
ARkStorm – preliminary data suggest thousands of 
landslides and hundreds of millions of dollars in 
repair costs.
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