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Abstract
Debris flows, a natural geological process, pose an ongoing hazard in communities situated on alluvial
fans. In the San Gabriel Mountain foothills of Los Angeles, a network of debris basins has reduced, but
not eliminated, this risk. During intense storms, particularly following wildfires, these basins can
overtop, exposing communities to significant residual risk. As fire-storm cycles intensify with climate
change and development expands, residual risk might increase in the region. Through researching debris
flow history and current planning tools, this paper evaluates how debris flow risk is managed and
communicated in Los Angeles County, identifying gaps in hazard mapping, public awareness, and long-
term planning. Results show that current planning frameworks emphasize structural works, post-fire
modeling, emergency warnings, and evacuation, reflecting a largely reactive approach to hazard
management. We propose to improve risk communication and integrate historical data and modeling
into proactive land-use strategies that will reduce future impacts and support more informed, resilient
communities.
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1. Introduction
For the hundreds of thousands of residents living in the foothills of the San Gabriel Mountains, wildfire
risk is widely recognized, but post-fire debris flow risk is often overlooked. Debris flows are driven by the
rapid uplift and erosion of the San Gabriel Mountains and are triggered by intense rainfall, especially
after wildfires. Following fire, the loss of vegetation leaves hillsides exposed to erosion, allowing storm
runoff to mobilize sediment and boulders into powerful debris flows that can travel downslope into
foothill communities. Floods after fires are common in southern California (Serra-Llobet et al., 2023).
However, in Los Angeles (LA) County, intensifying fire-storm cycles and continued development in the
Wildland-Urban Interface (WUI) might increase the frequency and severity of post-fire debris flows.

To reduce this hazard, 162 debris basins have been built in the foothills of the San Gabriel
Mountains to capture sediment before it reaches neighborhoods in LA County (Public Works, 2021).
However, past events have shown that some basins can overtop during extreme storms, resulting in
severe damage. Research indicates that many of these basins may be undersized for increasingly intense
post-fire events (Caltech, 2025). This produces “residual risk”, or the remaining hazard that persists even
after structural mitigation measures have been implemented (Serra-Llobet et al., 2022). At the same
time, development in foothill areas places more residents in hazard zones, straining planning systems
and increasing exposure. This paper evaluates how post-fire debris flow risk is managed and
communicated in LA County and proposes a shift towards proactive, pre-disaster planning to better
address long-term risk.

2. Methods
This study used a mixed-methods approach combining historical analysis, spatial mapping, policy review,
and qualitative observations. We documented historically overtopped basins and mapped debris flow
extents to identify communities exposed to debris flow hazards. We reviewed LA County planning

documents regarding debris flow risk management. We also compared post-fire debris flow modeling



results from LA County Public Works (Public Works), the U.S. Army Corps of Engineers (USACE), and
California Watershed Emergency Response Teams (WERT), and conducted interviews with agency staff
to understand basin management and emergency planning. To assess public awareness and perceptions
of debris flow risk, we reviewed existing literature and supplemented it with informal conversations
with residents and local organizations in Altadena, La Cafiada-Flintridge, and La Crescenta-Montrose
during a field trip in the area. Finally, we used the Shields Canyon debris basin area in La Crescenta-
Montrose, which overtopped during the 1978 debris flows, as a case study for exploring elements of a
potential pre-disaster mitigation strategy.
3. Results and Discussion

3.1. What is the history of post-fire debris flows in LA County? How is this risk managed?

Debris basins were built across LA beginning in the 1930s following destructive debris flows in
1934 and 1938. Despite this infrastructure, there have always been incidents of debris basins
overtopping during severe post-fire storm events (Figure 1). Although LA County’s Floodplain
Management Plan documents mention some historical debris flow incidents, no comprehensive public
record of overtopping events exists (Public Works, 2021). This lack of accessible documentation limits
both public awareness and broader recognition of residual risk in planning processes. Figure 1 was

compiled from historical records and archival news sources.
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Figure 1. Timeline of debris basins overtopping before and after debris basin construction in the 1930s,
alongside fires larger than 5000 acres in the western San Gabriel Mountain foothills from La Crescenta
to Sierra Madre, California.



Major debris flows in 1969 and 1978 caused multiple debris basins to overtop, resulting in 53 and 20
fatalities, respectively (Public Works, 2021). These events demonstrate the persistent nature of residual
risk despite existing mitigation infrastructure. Furthermore, our research revealed that, aside from
mapping conducted after the 1969 debris flows in Azusa and Glendora (Figure 2), there exists little
spatial documentation of areas historically impacted by debris flows. This lack of information limits
understanding of debris flow pathways and extents.
Multiple agencies are involved in debris flow hazard
management, but Public Works remains the primary agency
responsible for post-fire assessment, sediment removal, and
emergency response (LA County, 2023; LA County, 2025).
After fires, debris basins must be cleared before the next

storm, requiring significant effort and cost. While LA County’s
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Figure 2. Documented extent of 1969 debris

current planning efforts remain largely focused on structural
flow in Azusa and Glendora (USGS, 1971)

works and emergency response (LA County, 2025) rather than long-term land use planning.

Several agencies have developed debris flow models to estimate sediment volumes and
potential overtopping extents. Two of these models for debris flow risk post-Eaton Fire (2025) are
shown in Figure 3. The models by Public Works and WERT used different assumptions and methods, and
thus, produced different results (Figure 3). The LA County model includes a public-facing interface that
allows residents to view predicted debris flow extents for three storm severity scenarios, with Phase 3
representing a 50-year storm event. While it remains unclear how these models collectively inform
emergency planning, Public Works plays the central role in interpreting results and communicating risk

due to its jurisdiction over the debris basin system. However, these modeling efforts are, again,



primarily reactive, initiated only after fires occurs. As the interval between fires and storms shorten —
for example, storms began two weeks after the 2025 Eaton Fire was fully contained — opportunities for
post-fire assessment become increasingly limited. Expanding the use of these models to inform long-
term land-use planning could help communities better prepare for recurring debris-flow hazards.
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Figure 3. Modeled extents of debris basin overtopping scenarios following the Eaton Fire from (A) WERT
and (B) Public Works (Public Works, 2019; WERT, 2025)
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3.2. How is residual risk communicated?

A complex web of public agencies in LA County works to communicate debris flow hazards to
residents, mostly in the wake of imminent post-fire storm events. Public Works supports these efforts
through outreach and publicly available educational resources on debris flow risk and mitigation
strategies (Public Works, 2018). However, based on informal conversations with residents in local
foothill communities, we found limited awareness of debris basins, both in their function and role within
broader watershed infrastructure. Most debris basins we visited also lacked public-facing informational
signage or interpretation. Responsibility for risk communication and protection is highly distributed
across agencies, which appears to limit transparency and creates a confusing and fragmented
understanding of debris flow risk for residents living within these areas.

Furthermore, not all hazard maps depicting residual risk associated with debris basins
overtopping are publicly available, limiting public understanding of potential hazard exposure. Although

LA County’s Floodplain Management Plan includes limited discussion of post-fire debris flow perceptions



among residents (Public Works, 2021), we encountered no targeted academic studies examining debris
flow risk awareness in LA foothill communities. This represents a significant gap in both research and
hazard communication. Improving transparency and public awareness around debris flows, debris basin
infrastructure, and residual risk will be essential to support future mitigation and planning efforts.
3.3. Land-use planning as a key element to reduce future risk

While emergency response and infrastructure improvements are essential for managing debris
flow hazards, more could be done to address the long-term risks in foothill communities. Solely relying
on reactive measures may become increasingly costly and ineffective. In the aftermath of debris flows,
recovery efforts typically prioritize rebuilding and restoring pre-disaster conditions, limiting
opportunities to reduce exposure. Long-term planning strategies offer alternative options that can
reduce exposure before disasters occur. For example, in Portland, Oregon, repeated flooding along a
channelized Johnson Creek prompted the City to study watershed processes and flood history, leading
to a 1996 program that acquired properties within the floodplain and relocated residents. The project
restored natural floodplain function, expanded public green space, and was projected to generate
approximately $30 million in avoided repetitive flood damages over 100 years (Cohen-Shacham et al.,
2025). Similarly, integrating debris flow history, modeling results, and risk mapping into land-use
decisions can help communities and agencies align development patterns with the realities of living in
debris flow-prone landscapes.
3.4. A possible planning strategy

Figure 4 presents a conceptual planning approach based on the 1978 debris flows in the Shields
Canyon area of La Caiada-Flintridge, famously chronicled in John McPhee’s The Control of Nature
(McPhee, 1989). Using the approximate extent of historical debris flows alongside modeled post-fire
debris flow projections from the 2010 Station Fire, we can identify high-risk zones (Cannon, 2010).

Within these zones, voluntary buyouts could be used to gradually relocate vulnerable properties and



reduce long-term exposure. The resulting land could be converted to public open space, including
restored floodplains that accommodate debris flows and seasonal runoff, while providing recreational
and ecological benefits. This approach utilizes hazard areas as managed landscape buffers rather than

allowing for repeated rebuilding within these ultra-hazardous zones.
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Figure 4. Potential long-term changes to the area beneath the Upper Shields Debris Basin in La
Crescenta-Montrose, California.

4. Key findings and recommendations

Our research shows that: (1) debris basins in the San Gabriel Mountain foothills have overtopped at
least 13 times in the last 75 years; (2) post-fire debris flow models vary significantly in their predicted
hazard extents; (3) current planning frameworks emphasize structural works and emergency response
over long-term land-use planning; and (4) information on debris flow hazards is scattered and not
systematically documented in a way that supports public understanding or decision-making.

In light of these findings, we recommend that LA County: (1) compile and maintain publicly
accessible records of historical debris flows and basin overtopping events to improve hazard assessment
and risk awareness; (2) expand the use of debris flow modeling beyond emergency applications to
inform long-term land-use planning and identify high-risk areas for voluntary buyout programs; (3)
develop hazard maps that reflect residual risk by integrating historical data with participatory mapping
approaches involving local communities; and (4) establish a centralized communication platform to
consolidate information, enhance public awareness, and support community preparedness.

5. Conclusion



As fire-storm cycles intensify with climate change in the San Gabriel Mountain foothills, our
research shows that continued reliance on debris basins and emergency response leaves significant
residual risk unaddressed. Reducing this risk will require a shift toward more proactive and transparent
planning that moves beyond post-disaster response. Strengthening debris flow hazard communication
and better integrating historical records with modeling efforts can improve how risk is understood and
conveyed. In doing so, agencies and communities can be better equipped with the information needed
to make informed decisions around residual risk exposure and long-term land-use planning.
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