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Figure 2. Basin in San Fernando, CA, filled with debris after the 2008 “Sayre” Fire.

Products  This research effort will produce a review of currently available process-based debris flow
models in a scientific publication on post-fire debris flow modeling that considers potential
climate change impacts.

Benefits  Process-based models are useful for predicting debris flow events because, unlike
empirical models, extrapolation is not limited to regression analysis of historical events,
which enables projection on future climate change conditions (e.g., precipitation pattern,
vegetation, soil conditions) to be performed. One promising processed-based model
successfully shown to predict debris flow in Europe is Rapid Mass Movements module
(RAMMS; Christen et al. 2008). RAMMS combines three-dimensional process modules
for debris flow with protection (forest, dams, barriers) and G1S-based visualization
modules (GUI) in one user-friendly tool for hazard mitigation studies in mountainous
regions affected by gravity driven, rapid mass movements. The objective of this project is
to evaluate alternative process-oriented debris flow models (e.g., RAMMS) and their
suitability for predicting debris flows under climate change scenarios in southern
California.
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Issue

Description

In the past 20 years, wildfires in the western United States have increased in frequency,
duration, and size. The total forested area burned from 1987 to 2003 is 6.7 times the size of
the areas burned from 1970 to 1986 (Westerling et al. 2006). Wildfires threaten life and
property not only by direct impact but also through secondary effects like floods and
debris flow triggered by storm events after a fire. Debris flow is a flood flow that contains
20-45 percent solid debris, making it particularly devastating if it reaches urban areas (Fig.
1). An increased threat for larger and more dangerous debris flow events (Mote et al. 2005,
Knowles 2006) is predicted as a result of more frequent and intense storms and wildfires
stemming from climate change impacts, bringing warmer temperatures, longer dry
seasons, and more precipitation occurring as rain (Westerling et al. 2006, 2009). Debris
basins, (Fig. 2) downstream of fire-prone watersheds, are designed and constructed to
prevent debris from entering urban areas. They are sized based on empirical data from
previous fire, precipitation, and debris flow events (USACE 1992; Pak and Lee 2008).
However, it is unclear whether and to what extent the currently used, empirically-based
methods to assess post-fire debris flow (Rowe et al. 1949; LA County Department of
Public Works (LACDPW) 1991; USACE 1992; Pak and Lee 2008) can be applied under
altered climate conditions.
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Figure 3. California historical and projected July temperature increase 1961-2099 (Source:
Cayan et al. 2009)

To develop the review of process-based debris flow models, the following tasks will be
performed:

1. Review process-based post-fire sediment and debris flow methods to extend the
base of knowledge on this topic for the USACE.

2. Validate selected model(s) from Task 1 using data from recent post-fire debris
flow events within the LA Basin.

3. Develop 3-5 climate change scenarios, based on the regional California climate
change model (California Natural Resources Agency 2009), including alterations
of precipitation pattern, vegetation, and soil moisture status. Scenarios may
include but are not limited to (a) temperature increase of 2-5°F by 2050 and 4-9°F
by 2100, (b) precipitation increase of 12-35 percent by 2050 (Cayan et al. 2009).
Scenario will be developed in close collaboration with the UFDP FY10 research
effort titled “Climate Change and Flood Risks” lead by Rina Schumer.

4. Predict debris flow with selected models taken from Task 2) using scenarios from
Task 3) and compare the results to the status quo.

5. Visualize post-fire debris flow events under different scenarios developed in Task
4).
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