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User needs assessment for postfire debris-flow inundation

hazard products

By Katherine R. Barnhart!, Veronica Y. Romero!, and Katherine R. Clifford’2

Abstract

Debris flows are a type of mass movement that is more
likely after wildfires, and while existing hazard assessments
evaluate the rainfall intensities that are likely to trigger debris
flows, no operational hazard assessment exists for identifying
the areas where they will run out after initiation. Fifteen par-
ticipants who work in a wide range of job functions associated
with southern California postfire hazards were selected using
purposive sampling for unstructured interviews about useful
characteristics and needs for postfire debris-flow inundation
hazard assessments. The interview guide was developed by
a team of social and physical scientists following best prac-
tices for engaging with users. The guide focused on target
information that could influence ongoing or not-yet-initiated
research on debris-flow physics and hazard assessment
methodology. Following standard methods for user needs
assessment, the audio from the unstructured interviews was
recorded, transcribed, and analyzed using a thematic coding
scheme. Participants reported engaging with postfire debris-
flow inundation as one of multiple postfire hazards and their
information needs reflect this breadth. Most participants were
from organizations with life and property mandates, and this
focused their concerns on where debris-flow inundation could
impact people’s physical safety, the ability of populations to
egress, and damage to property. Common comments included,
(1) the need to interpret inundation hazard assessments in the
context of forecast rainfall—which are typically associated
with different timeframes, 15 and 60 minutes, respectively;
(2) the need to provide multiple scenarios in a hazard assess-
ment to show how the hazard changes under different external
factors such as varying rainfall intensity; and (3) the tension
between fully reflecting all sources of uncertainty in identify-
ing impacted areas and a high level of precision needed to
determine evacuation zones in order to reduce evacuation
fatigue. Participants saw utility in both low-resolution haz-
ard assessments over large areas and fine-resolution targeted
assessments over small areas, noting that the identifica-
tion of target areas could pose an ethical challenge because

1'U.S. Geological Survey.

2 Current affiliation: University of Colorado at Boulder, Cooperative Insti-
tute for Research in the Environment and Western Water Assessment.

some areas might be prioritized over others. Participants

were concerned about the hazard posed by the continuum

of postfire hydrologic hazards, including hyperconcentrated
flows. Finally, participants recognized that the shrinking time
window between the end of fire season and the start of the wet
season in southern California makes the production, interpre-
tation, and use of rapid postfire debris-flow inundation hazard
assessments both important and challenging.

Introduction and Motivation

Debris flows are water-laden slurries of sediment and
rock. When debris flows exit their steep upland source basins
and run out onto urbanized fans or floodplains, they are a
hazard to human life, infrastructure, and property (Dowling
and Santi, 2014). Wildfire exacerbates this hazard by modify-
ing the hydrologic properties of the soil in the debris-flow
initiation zone, commonly increasing surface-water runoff
generation, erosion and mobilization of sediment, and conse-
quently, debris-flow sediment volumes. Over the last century,
debris-flow events that damaged at least 40 structures occurred
in southern California on average every 13 years (Kean and
Staley, 2021, table 1). Since the year 2000, these events
include the 2003 Christmas Day Storm following the 2003 Old
and Grand Prix Fires (Chong and others, 2004; Bernard, 2007;
Cannon and others, 2008), the 2010 La Cafiada-Flintridge
event following the 2009 Station Fire (Lin and others, 2010;
Kean and others, 2012), and the January 9, 2018, Montecito,
California event following the 2017 Thomas Fire (Oakley
and others, 2018; Kean and others, 2019; Lukashov and oth-
ers, 2019; Lancaster and others, 2021). In the most recent
major event in Montecito, California, a 100-year precipitation
storm over the still-burning Thomas Fire, and the debris-flow
inundation resulted in 23 deaths, at least 167 injured, and 408
damaged homes (fig. 1; Kean and others, 2019; Lukashov and
others, 2019; Lancaster and others, 2021).

The U.S. Geological Survey (USGS) currently provides
hazard assessments of debris-flow likelihood and debris-flow
volume across a burned area given its soil and steepness char-
acteristics, and the magnitude of a design rainstorm (Cannon
and others, 2010; Staley and others, 2017; https://landslides
.usgs.gov/hazards/postfire_debrisflow/).
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Figure 1. A, soil burn severity for a portion of the 2017 Thomas Fire used as input to the current hazard assessment product for postfire
debris flows; B, debris-flow likelihood in percent (%) from a pre-event hazard assessment that used a 15-minute rainfall intensity (I,5) of
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24 millimeters per hour (mm/h); and, C, a map of inundation and damage that occurred on January 9, 2018, in Montecito, California.



Systematic dissemination of these hazard assessments is an
outgrowth of recommendations from the National Oceanic
and Atmospheric Administration (NOAA)-USGS Task Force
(NOAA-USGS Debris Flow Task Force, 2005). At the request
of Federal, State, or Local agencies, or any private organiza-
tion, the USGS calculates and distributes a likelihood hazard
assessment for tens of fires (for calendar year 2021, 66 assess-
ments totaling over 18,000 square kilometers were produced).

The hazard assessments are used by a diverse array of
stakeholders to address a variety of needs. For example, U.S.
Forest Service Burned Area Emergency Response (BAER)
teams and California Watershed Emergency Response Teams
(WERT) use the results to help identify values-at-risk to
debris-flow impacts, such as roads, homes and structures,
culverts, and cultural resources (for example: BAER, 2018;
WERT, 2018). The National Weather Service use the esti-
mated rainfall thresholds from the hazard assessments to issue
watches and warnings in advance of rainstorms that may
impact the burn area. Watches and warnings can, in turn, be
used by transportation departments to perform road safety clo-
sures (for example, Kostelnik and others, 2021) and by county
agencies to issue evacuation orders or mobilize emergency
response personnel (for example, County of Santa Barbara
Office of Emergency Management, 2018). However, despite
these utilities, the current hazard assessments do not pro-
vide information about the debris-flow runout path or which
areas may be exposed to inundation and damage by debris
flows (fig. 1). This information is critical to better identifying
postfire risk and developing robust emergency response and
evacuation plans.

The USGS has experience constructing hazard assess-
ments focused on the runout of volcanic lahars using the
LaharZ model (Scott and others, 2000) but less work has been
done on assessing potential inundation for postfire debris
flows. In one instance, LaharZ was used to enhance postfire
hazard assessments of debris-flow likelihood and volume with
estimates of potential inundation (Cannon and others, 2009,
for the Station Fire in the San Gabriel Mountains). A well-
tested and operationalized approach for constructing postfire
debris-flow inundation hazard assessments does not yet exist
(see section “How Far?”). Current research is evaluating the
capability of existing debris-flow runout models to simulate
postfire debris-flow inundation (for example, Bessette-Kirton
and others, 2019; Barnhart and others, 2021). Should it be pos-
sible to generate hazard assessments that include information
about which areas are likely to be inundated under a suite of
scenarios, such a product may have a wide user base. Potential
users of postfire debris-flow inundation hazard assessments
may include professional decision makers and interested
members of the public (see the description of possible users
for USGS information products in Ludwig and others, 2018,
fig. 3). We expect that certain professional decision makers
may regularly interact with this type of information. Examples
of this type of user include: Nation Weather Service Warning
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Coordination Meteorologists, National Forest Service BAER
team members, county geologists and floodplain managers,
and emergency management professionals.

Because postfire debris-flow inundation hazard assess-
ment products are currently unavailable, the details of the
form, dissemination mechanism, user interface, and visual-
ization specifics of a potential product are undetermined. A
postfire debris-flow inundation hazard assessment is likely a
map indicating areas downslope of a fire that may be impacted
by one or more scenarios. However, because the specific
details of both the content and the user interface of the poten-
tial product are undetermined, we will generically refer to it
as a postfire debris-flow inundation hazard assessment. Such a
product is distinguished from the existing hazard assessments
(estimating debris-flow likelihood, volume, and rainfall thresh-
olds) in the inclusion of inundation information.

Approach and Intended Audience

The purpose of the research was to conduct a user needs
assessment of the professional decision makers in south-
ern California that we expect would use and benefit from a
postfire debris-flow inundation hazard assessment, should it
be possible to generate such a product. A user needs assess-
ment is a type of user engagement in which users are asked
to provide input and guidance, often in the planning phase of
a project. Ongoing, active research on the scientific capabili-
ties of debris-flow models makes conducting a user needs
assessment a timely choice as results from the assessment
may help guide future research. For example, it may provide
direction for developing a robust methodology for producing
inundation-focused hazard assessments and identifying high-
priority areas for improved understanding of debris-flow phys-
ics. Additionally, engaging early with potential users follows
the best practice of usability science and the co-production of
scientific information (see section “Methods”). Our restricted
geographic scope for selecting participants may mean that the
results of this study do not translate to other geographic areas;
however, we chose this scope because southern California has
the greatest incidence of postfire debris flows and thus partici-
pants have the most experience. Notably, while the intention
of the user needs assessment was to understand user needs
related to a specific product—a postfire debris-flow inundation
hazard assessment—participants provided answers related to
a wide range of postfire hazard analyses including debris-flow
triggering rainfall or postfire hydrologic recovery.

The intended audience for this report is research scien-
tists and engineers tasked with improving the capabilities of a
postfire debris-flow inundation hazard assessment. In conduct-
ing and synthesizing this user needs assessment we intended
to provide this audience with information about user needs to
support them in designing and implementing their research. A
secondary audience is professionals who interact with postfire
hazards as part of their work. Accordingly, this report is writ-
ten for an audience with experience in debris-flow hazards.
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Origin of this Study

Because the scientific basis for a potential postfire
debris-flow inundation product is an area of active research,
the authors determined that it was an appropriate time in
the research cycle to engage with potential users. This was
because the core research necessary to underpin such an
inundation hazard assessment has not been completed and user
input can still be incorporated into the design of additional
research studies. As specific details of a postfire debris-flow
inundation product do not yet exist, the study design attempted
to solicit user feedback on the general capacity of a potential
product, rather than specific feedback regarding user interface
and usability.

Katherine Barnhart, author of this report, is actively
engaging in physical science research regarding debris-flow
inundation (Barnhart and others, 2021), but lacked the neces-
sary knowledge to follow best practices for usability stud-
ies and formally engage with users through standard social
science methodologies such as the unstructured interview
employed here. To that end, Barnhart engaged with authors
Katherine Clifford and Veronica Romero, funded in part by
the USGS Risk Community of Practice. Clifford and Romero
provided expertise in study design and methods and Romero
conducted and analyzed interviews.

This project represents a combination of physical and
social science. The research was designed around a physi-
cal science problem and goal: to improve the core content
of a potential postfire debris-flow inundation hazard assess-
ment. However, the project employed social science meth-
ods (unstructured interviews to collect qualitative data and
thematic analysis) to inform the design of ongoing physical
science research. This combination allowed for findings that
could shape the scientific choices made by scientists that have
important consequences for the type of information generated
(King and Tadaki, 2018). We note that this project, while using
social science methods, did not attempt to ask or answer social
science questions, and instead served to enhance the physi-
cal science.

In the remainder of this report we describe the current
state of science underpinning postfire debris-flow hazards;
how this contribution connects to the USGS Plan for Risk
Research and Applications (hereafter, the “USGS Risk Plan”;
Ludwig and others, 2018), and define key terms; provide
background on coproduction and usable science; describe
the methodology used to conduct the user needs assessment,
including participant selection; and present our results. We
conclude with the implications of the user needs assessment
for product development and discuss methodological lessons
learned from this study.

Elements of Postfire Debris-Flow
Hazards

Debris flows are a complex geophysical phenomenon
(Iverson, 1997). They are a mass of poorly sorted water, sedi-
ment, and other debris that travel down slope. Debris flows
often contain coarse, high sediment concentration fronts and
lower sediment concentration “watery tails.” In southern
California and other semi-arid postfire settings, they typically
initiate after high-intensity rain and within four years of a fire
(for example, Santi and Rengers, 2022). Fire also impacts
other characteristics of watershed response to rainfall, increas-
ing the frequency and size of clear water flows and sediment
laden or hyperconcentrated flows (for example, Moody and
others, 2013). Such flows are less destructive than debris
flows, but still pose a hazard after fire. Most practitioners who
manage postfire hazards are concerned with the full spectrum
of hydrologic response, from clear water flows to debris flows.

A postfire hazard assessment provides information about
one or more aspects of the physical hazard posed by a debris
flow after a fire assuming one or more hypothetical meteo-
rological events, or design storms. A hazard assessment may
provide results in a spatially distributed manner, depicting
areas that are likely to be inundated given a design storm, or
may provide synthesized information such as the fire-wide
rainfall threshold described in section “Dissemination and
Synthesis of Current Hazard Assessments.”

Inundation is only one of many debris-flow characteris-
tics for which a hazard assessment may prove useful for users
(fig. 2). In this section, we describe how the most essential
aspects of this hazard are currently simulated. Past research
was focused on the first three aspects (when and where will
a postfire debris flow occur, and how big will it be). For each
aspect, we summarize the current state of knowledge for all
elements of the hazard to provide context for the information
targeted in the user needs assessment and the answers pro-
vided by users.

Where and When?

Early hazard assessments to determine where and when
a postfire debris flow might occur considered debris-flow sus-
ceptibility as a function of basin characteristics and the rainfall
that initiates a debris flow, and were generally regionally spe-
cific and subjective (Cannon and others, 2009). Development
of the hazard assessment methodologies relied on research
into postfire debris-flow processes (for example, Cannon and
others, 1995;1998) and the hazard assessment methodology
has evolved based on subsequent research (for example, Kean,
Staley and Cannon, 2011; Gartner, Cannon, and Santi, 2014).
Starting in 2002 with the Coal Seam and Missionary Ridge
fires, emergency assessments of peak debris-flow discharge
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Figure 2. Conceptual schematic describing the relationship between core elements of postfire debris-flow hazards. Not all hazards
are shown. Each model requires a variety of input data, none of which are shown.

were generated and delivered as USGS Open-File Reports
(Cannon and others, 2002a; 2002b). Evaluation of the prob-
ability of debris-flow activity was added in 2003 (Cannon and
others, 2003) after the development of an initial predictive
model (Rupert and others, 2003). Finally, peak debris-flow
discharge estimates were replaced with estimates of debris-
flow volume in 2008 after the development of an initial predic-
tive model for volume (Cannon and others, 2007; Gartner and
others, 2008).

Evaluation of when debris flows occur relies on rainfall
intensity-duration thresholds, which demarcate the bound-
ary on a graph of rainfall intensity against rainfall duration
above which a debris-flow event is likely to initiate. Rainfall
intensity-duration thresholds are used extensively in mass
movement studies outside of the postfire setting (for example,
Baum and Godt, 2010). Determining rainfall intensity-duration
thresholds requires collecting high temporal-resolution obser-
vations of rainfall and mass movement event occurrence (for
example, Cannon and others, 2008; Cannon and others, 2011;
Kean and others, 2011). In contrast with unburned areas, in
recently burned areas the antecedent moisture conditions are
an insignificant factor in the propensity for debris-flow initia-
tion (for example, Cannon and others, 2008; Schmidt and oth-
ers, 2011). In these burned watersheds, the significant predic-
tive factor is whether short (less than or equal to 30 minutes)
duration rainfall intensities exceed an initiation or “triggering”
threshold (Cannon and Gartner, 2005; Kean and others, 2011;
Staley and others, 2013).

Staley and others (2017) established the current method,
combining susceptibility and likelihood conditional on rain-
fall, in an objective, non-regional way, thereby generating a
framework by which triggering thresholds are identified. The
current method for calculating debris-flow initiation likeli-
hood uses the 15-minute rainfall intensity (1,5, or the average
rainfall rate sustained over 15 minutes) and characteristics of
the burned watershed (Staley and others, 2013; Staley and oth-
ers, 2017). The choice of I reflects a combination of training
data availability and observations of the debris-flow initiation
process. High-temporal resolution monitoring of rainfall and
debris-flow timing documents near-zero lag time between high
intensity rainfall and debris-flow occurrence (Kean and others,
2011). This monitoring showed temporal correlations between
rainfall and debris-flow initiation between 5- and 30-minutes
and identified I, 5 as best correlated with debris-flow generation
(Kean and others, 2011; Kean and others, 2012; Staley and
others, 2013).

More recent work developing rainfall thresholds based
on a non-dimensionalized version of discharge provides a
possible path forward for process-based threshold delineation
but requires site-specific information like median grain size
that may be difficult to define in rapid-response contexts or for
geologically heterogeneous watersheds (for example, Tang and
others, 2019).

The traditional methods for determining rainfall thresh-
olds are empirical and thus limited in application to the scope
of the training data. The relative paucity of postfire debris-flow
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events beyond two years postfire mean that the existing thresh-
olds are only relevant for the first few years after fire. Recent
work using a simulation-based method may be able to extend
the timeframe for rainfall threshold estimation into locations
with fewer observations and beyond the second year after a
fire (Thomas and others, 2021).

How Big?

The current method for estimating the size of post-
fire debris flows relies on observations of sediment volume
mobilized in individual events. The resulting empirical model,
which requires measurement of debris-flow deposit volume
for individual events, relates debris-flow volume with burned
basin characteristics and I, ; rainfall intensity for application
in southern California (Gartner and others, 2014). The present
relationship predicts the natural logarithm of volume and has
a standard error of 1.04. This implies an order of magnitude
95 percent prediction confidence interval, meaning that there
is 95 percent probability that the volume will be between 13
percent and 770 percent of the expected value. This large
uncertainty in the prediction confidence interval derives
from multiple factors, including large error in the measured
deposit volumes.

Dissemination and Synthesis of Current Hazard
Assessments

In 2014, many aspects of hazard assessment calcula-
tions were automated, and dissemination moved to an online
geographic information system (GIS) webpage. This allowed
users to download hazard assessment information as GIS files
that can be readily used for planning. Each hazard assessment
results in the calculation of debris-flow likelihood and debris-
flow volume, given a specified rainfall scenario, for each
watershed and all channel segments within a burn perimeter
under 8 square kilometers. The hazard assessment results are
either depicted as polygons covering each watershed or poly-
lines following the stream network, with each feature colored
based on debris-flow probability or size. For each fire, the
spatially distributed results are synthesized into a whole-fire
rainfall threshold. This whole-fire or “triggering” threshold is
the best estimate of the rainfall intensity that has a 50 percent
probability of triggering a debris flow in the first year after a
fire. It is calculated by taking the median across the stream
network of the rainfall intensity value associated with a 50
percent probability of triggering a debris flow.

How Far?

Forecasting the extent of debris-flow inundation requires
knowing how much material will be mobilized and routing
that material from debris-flow initiation zones until it comes

to rest. As described in the prior section, estimating the size
of postfire debris flows carries large uncertainty bounds.
Multiple options exist for routing the runout of debris flows

to identify potential inundation zones, presuming the initial
conditions of the simulated scenario are specified (McDougall,
2017). While multiple models exist, none of them implement
an agreed-upon method for representing debris-flow routing
across a topography because there is no agreed-upon stan-
dard for representing the internal dynamics of debris flows.
Models include empirical approaches (LaharZ; Iverson and
others, 1998; Schilling, 1998), cellular automaton or reduced
complexity (FlowR and ProDF; Horton and others, 2013; Gorr
and others, 2022), and depth-averaged numerical approaches
(RAMMS, DAN3D, HEC-RAS, FLO-2D, r.avaflow, or
D-Claw; O’Brien and others, 1993; Christen and others, 2010;
George and Iverson, 2014; Iverson and George, 2014; Mergili
and others, 2017; Gibson and others, 2021). The study of
Cannon and others (2010) represents an early application of
LaharZ to the Station Fire, while Bessette-Kirton and others
(2019) and Barnhart and others (2021) are evaluations of mul-
tiple models in the context of the 2018 Montecito event.

In addition to the absence of a standard model for
representing debris-flow dynamics, there is no established
method for specifying the initial conditions of a simulated
scenario. Presuming a rainfall scenario can be linked with a
debris-flow volume, the task of determining how and from
where that volume begins to move remains. Two common
options are an “inflow hydrograph” in which a discharge-time
relationship is specified at a watershed outlet or fan apex, and
a “block release” in which the material is allowed to move
from a specified location within the watershed. Neither of
these approaches represents the typical mechanism of post-
fire debris-flow initiation such as sheetwash, raindrop-driven
detachment, rilling, and entrainment of channel material.
Whether and to what extent these details may impact the
simulated inundation extent in postfire debris-flow simula-
tions is not well constrained. If an inflow hydrograph is used,
some information must be leveraged to determine its func-
tional form. Other potential approaches include the results
of rainfall-runoff analysis (for example, Rengers and others,
2019) and scaling relationships between total volume and peak
discharge (for example, Rickenmann, 1999). Additionally,
entrainment of sediment along the debris-flow path presents a
substantial volume source with poorly constrained physics.

Depending on the model used, a different set of inunda-
tion attributes (extent, depth, and velocity being the most com-
mon) may be simulated, exported, and summarized into time-
invariant quantities such as maximum depth. These attributes
are hierarchical, in that all models that simulate depth also
simulate extent. Finally, we note that the paucity of data on
event-scale curtails the ability to evaluate this aspect of model
evaluation. Spatially distributed measurements of maximum
flow depth may exist for well-studied events (this type of data-
set is provided by Kean and others [2019] for the Montecito
event), but equivalent datasets of velocity are rarely available
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is itself an iterative process with many elements, including
determination of the content provided and how the informa-
tion is provided (for example, visualization choices in the
user interface). Inspired by the USGS Risk Plan and the state
of research on knowledge coproduction summarized in the
next section, this study was envisioned as the first step in an
iterative cycle of knowledge co-production and participatory
design (for example, NOAA-USGS Debris Flow Task Force,
2005). On its own, however, this study represents an example
of consultation (Bamzai-Dodson and others, 2021).
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Figure 3. The scope of presented work within the, A, critical
components of risk reduction and, B, the cycle of knowledge
co-production.

Risk research and applications support decision makers
and communities to make decisions about the individuals,
populations, or systems that a hazard may impact. The distinc-
tions between hazard, vulnerability, and risk are important
for understanding what information is necessary to provide
distinct information products (a hazard assessment as com-
pared with an exposure assessment). Accordingly, we define
key terms here, quoting heavily from the definitions provided
in the text and glossary of the USGS Risk Plan (Ludwig and
others, 2018). Note that the term “risk research and appli-
cations” encompasses research and applications spanning
hazard to risk.
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Types of Vulnerability as defined by

Ludwig and others (2018, p. 51).

Exposure is, “the presence of people, livelihoods,
species or ecosystems, environmental functions, services,
infrastructure, or other assets (for example, economic,
social, or cultural resources) in places that could be
adversely affected.”

Sensitivity is, “the personal or situational conditions
that influence the degree to which an individual, group,
system, or species may be affected by a hazard.”

Adaptive capacity is, “the ability of systems, institu-
tions, humans, and other organisms to adjust to potential
damage, to take advantage of opportunities, or to respond
to imminent threats.”

A “hazard” is a dangerous, “process, phenomenon, sub-
stance, activity, or condition that may cause loss of life, injury
or other health impacts, property damage, loss of livelihoods
and services, social and economic disruption, or environmen-
tal damage” (Ludwig and others, 2018, p. 51). Accordingly,
“hazard assessments” include

* % * efforts to characterize and delineate areas and
(or) times where adverse physical events may occur
and the specific characteristics of those events.
Hazard assessments support risk reduction efforts
because of their use for actionable outreach, pre-
paredness efforts, emergency response and mitiga-
tion planning, and other activities. Important hazard
attributes for decision makers include spatial extent,
speed of onset, duration, magnitude, the potential for
pre-event warnings, and post-event recovery consid-
erations. (Ludwig and others, 2018, p. 8)

“Forecasts and warnings” build off hazard assessments or
similar information by integrating initial or boundary condi-
tions. This type of information is often used for situational
awareness or to direct human behavior.

“Vulnerability” is, “the combination of physical, social,
cultural, economic, historical, and political components that
influence the degree to which an individual, community, or
system is susceptible to damaging effects of a hazard * * *,
[Clommon elements within the hazards literature include con-
cepts of exposure, sensitivity, and adaptive capacity” (Ludwig
and others, 2018, p. 51).

Thus, vulnerability assessments move beyond hazard
assessments and report, “the exposure, sensitivity, and adap-
tive capacity of individuals or systems to adverse events.
Vulnerability assessments focus not only on what is threatened
by an adverse event, but also on why and how individuals or
systems may be affected, and in some cases describe the soci-
etal forces that contribute to these vulnerabilities” (Ludwig

and others, 2018, p. 4). Vulnerability assessments do not
typically assign absolute likelihoods to the occurrence of an
adverse event.

Finally, “risk” is, “the potential for consequences where
something of value is at stake and where the outcome is
uncertain, recognizing the diversity of values. Risk sometimes
is represented quantitatively as probability of occurrence of
hazardous events multiplied by the [consequences] if these
events occur. Risk results from the interaction of hazards and a
vulnerable asset or system” (Ludwig and others, 2018, p. 51).

Methods

Scholars have studied what elements of the scientific
process result in research outcomes that are usable and action-
able by stakeholders and decision makers (McNie, 2007;
Dilling and Lemos, 2011; Beier and others, 2017; Wall and
others, 2017). A common, yet incorrect, assumption is that
high quality, available science will inherently be used—this is
commonly referred to as the “loading dock” model in which
researchers only interact with intended users to share their
findings (Cash and others, 2006). In contrast to the loading
dock model, usable science must be considered salient, cred-
ible, and legitimate by the user or decision maker (Cash and
others, 2003). In this context, salience refers to the relevance
and importance of the information to the decision needs,
credibility refers to robustness of the scientific evidence and
practices, and legitimacy refers to beliefs that the scientists
and scientific process was unbiased, transparent, and inclusive.
Usability research centers on the needs and perspectives of
the user, rather than of the producer of scientific information.
Accordingly, the same information may be considered usable
to some and not usable to others and a scientist may need to
clarify for whom and for what purpose their science is usable
because of inherent tradeoffs between user needs.

Approaches to user engagement in the scientific process
can take many forms and there is no single approach that
works for all use cases. Bamzai-Dodson and others (2021)
describe a range of participation approaches that span from
the scientist informing users (the loading dock approach) to
empowering users (participatory design). The work presented
here would be classified as the scientist consulting with the
users. Bamzai-Dodson and others (2021) emphasize that
each form of participation is suited for different topics and
timeframes. For example, emergency rapid response may not
have sufficiently long timeframes to support extensive user
engagement and the informing approach may be the only
feasible option.

This user needs assessment used qualitative data col-
lected in unstructured interviews (a qualitative research
method described by Zhang and Wildemuth, 2016) conducted
by Romero following an interview guide. Interview audio
recordings were transcribed to yield a dataset of partici-
pant quotes. The data were qualitatively coded in NVivo



(Qualitative Research Software International Pty Ltd., 2020)
using thematic coding schemes, which was then used to iden-
tify trends within qualitative data that could shape ongoing
research.

Interview Guide

The interview guide was developed iteratively by the
entire research team to ensure questions and discussion topics
focused on important choices made in the scientific process
and variables that influence postfire debris-flow research.
Unstructured interviews provided a flexible method suited to
user needs assessments because they allow for unexpected
information and give more agency to the participant to help
shape the discussion and determine what themes are impor-
tant. Less structured interactions can be more conversational
and are well-suited for understanding a new area of inquiry
and one with many intersecting influences (Creswell and
Creswell, 2017). They also allow the researcher to ask follow-
up questions and respond to unexpected themes that can arise
during the interview (Rubin and Rubin, 2011), which are
often particularly important when exploring a less studied or
understood topic.

Importantly, interviews were focused on aspects of ongo-
ing postfire debris-flow research that could be influenced or
manipulated. That is, interviews focused on specific deci-
sions about possible research direction (for instance, which
spatial scales were participants most interested in) rather than
a general inquiry into participant’s thoughts about postfire
debris-flow inundation and scientific information that may be
interesting but not end up being actionable or able to shape
ongoing research.

Participant Selection and Classification

This study included 15 participants who use information
about postfire debris flows as part of their jobs and would be
intended users of this information. Because this project did
not aim to produce representative findings, it used purposive
sampling. Purposive sampling is non-random and ensures
specific categories of participants are selected (Mason, 2002);
ensuring that a sample of users included key user groups rather
than a random one that might be missing key constituencies.
This type of sampling is particularly well suited to projects
that want to study experts, rather than lay people. The sample
was additionally constrained by geography, focusing on
participants who make decisions or support decision makers
in southern California. This means that there may be limita-
tions for generalizing findings not only arising from the small
sample size, but also from the geographic factors. Users from
different regions may differ in their needs and intended uses of
a postfire debris-flow inundation hazard assessment.

To select potential participants, Barnhart first worked
with colleagues to identify a set of possible participants
(approximately 30) who could be reasonably expected to use
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the product. We hypothesized that different user groups might
have different needs; thus, we categorized participants into
four general groups spanning users with a primary function

in analysis and support of decision making and those charged
with implementation and management decisions. These groups
were named according to the functions and responsibilities of
the participants in respect to postfire hazard and emergency
response efforts. We then identified a final participant set by
choosing between three and four individuals from each of
these four sub-groups, depending on participant availability.
The four groups were: weather forecasting and warning (sam-
ple size of n=4), postfire hazard assessments (n=4), floodplain
and geology (n=4), and emergency services and management
(n=3). Participants spanned federal government (n=06), state
government (n=2), county government (n=5), and private sec-
tor (n=2) employees.

Unstructured Interviews

Interviews were conducted by Romero between June
and August 2021 and overseen by Clifford, both of whom are
social scientists. To ensure that Romero and Clifford met fun-
damental ethical principles for human-subjects research, par-
ticipants were promised confidentiality, even from team mem-
ber Barnhart. Accordingly, all identifying information was
removed from quotes before analysis. This decision was made
by the whole research team because while the social scientists
did not have professional relationships with any of the par-
ticipants, Barnhart did and expected to continue to work with
them. At the beginning of the interviews all participants were
read the same text requesting consent to record the interview
and describing what efforts would be taken to ensure confiden-
tiality. Offering confidentiality typically improves data quality
because participants can answer honestly without being wor-
ried about impacts on their professional relationships.

Transcription and Coding

All interviews were audio recorded and then transcribed
by a professional transcription service. Transcripts were quali-
tatively coded using NVivo software. Qualitative analysis uses
a rigorous, systematic process called coding (Saldaiia, 2016)
that identifies concepts or themes in sections of transcribed
text and then assigns labels and categorizes them. The analysis
presented here primarily used deductive coding methods
(Guest and others, 2011), or codes that were developed before
analysis takes place to analyze data for specific goals (the
research direction choices identified earlier). At this phase,
excerpts of anonymized transcripts were shared with Barnhart
to ensure that the analysis by Romero and Clifford were not
missing important, subject-specific information that required
physical science expertise. This allowed Barnhart to engage
with the data in a way that protected confidentiality and helped
refine, steer, and further validate the analysis and ensure
subtle, but important, elements were captured in the analysis.
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These explicit roles and types of engagement with data were
important for the research team to establish early and allow for
this type of cross-disciplinary collaboration.

Results

The focus of the unstructured interviews was the target
information presented in table 1. However, after integrating
all transcripts, additional topics emerged as consistent themes
across multiple participants. We begin by describing the two
most common themes (challenges and data used). We then
discuss results following the structure of table 1. Throughout
the results we provide example quotes from study participants.
These quotes were anonymized by removing reference to spe-
cific events and locations. While we hypothesized that there
would be substantial systematic differences in the stated needs
of the four participant groups, we did not observe this result.
Accordingly, while we note the group from which each inline
quote is derived, we do not present results to compare between
participant groups.

Table 1. Target information for user needs assessment.

General Findings

Challenges

Participants reported challenges in three main areas when
planning and implementing hazard mitigation measures for
postfire debris flows: (1) correspondence between rainfall
prediction timescales and debris-flow initiation timescales, (2)
limited information about fire recovery, and (3) difficulty in
forecasting runout, or debris-flow inundation path.

To forecast the inundation hazard associated with postfire
debris flows, inputs such as rainfall intensity and burn severity
are required for inundation modeling. Because rain gages can
measure rainfall over short timeframes (less than 5 minutes),
analysis of debris-flow initiation has found the highest degree
of correspondence between short (5-30 minute) rainfall inten-
sities. In contrast, weather models struggle to produce useful
forecasts at sub-hourly rates. Additionally, weather models
have limitations that can affect their ability to forecast specific
rainfall intensities over smaller geographic areas such as over
a small, steep canyon. The mismatch between the rainfall
intensities that trigger debris flows and those that can be
forecast can challenge evacuation planning and the issuance of

Target information

Why it is important

General desired capabilities of a postfire debris-flow inundation
hazard assessment product.

Prioritization between less accurate information over a larger area or
more accurate information over a smaller area.

What human concerns (people, residences, roads, other buildings)
are most important to consider.

What characteristics (presence, depth, velocity) of debris-flow inun-
dation are most important to define a hazard.

Which rainfall and soil burn scenarios are important to consider.

All other interview topics were designed with a specific research
decision in mind. We wanted to give users an opportunity to talk
generally about the capacity they would like to see in an inunda-
tion hazard assessment. In addition, because we were reaching out
to professional decision makers, we expected that they may have
ideas we had not thought of.

Different models may be more suitable to make hazard assessments
at different scales. Knowing what scale of information users
prioritize enables the design of studies that evaluate debris-flow
inundation at that scale.

Simulating debris-flow inundation can be computationally intensive
and interpreting those results is also time intensive. Therefore, we
do not expect to be able to provide inundation hazard assessments
everywhere (at any scale). This information can guide which areas
are targeted. In addition, it points to which data need to be com-
piled to assess exposure to an inundation hazard.

Different models for calculating debris-flow inundation may be
better suited for estimating different characteristics of inundation.
Knowing which characteristics are most important guides which
models are evaluated.

Any debris-flow inundation model will require some specification of
the initial volume of moving material. This value will depend on
rainfall scenario, soil burn severity, and basin topography. There
is uncertainty in mobilized volume given the rainfall scenario.
Additionally, volume can be estimated based on observed or hy-
pothetical burn severity. We wanted to understand what scenarios
users believe are most important and how they think about uncer-
tainty in volume.




evacuation orders. Specifically, comparing debris-flow initia-
tion thresholds generated by the current debris-flow hazard
assessments with rainfall recurrence intervals can help with
planning, but typical postfire debris-flow initiation thresholds
are exceeded by frequently recurring storms (less than two
years; Staley and others 2020).

Similarly, limited availability of fire recovery informa-
tion for burn areas past their second-year mark contributes to
uncertainty as emergency response planners are often unsure
if recovering burn areas still pose a threat to nearby communi-
ties. In the following quote, a participant describes the impor-
tance of fire recovery, regional climate, and drought conditions
for the persistence of debris-flow hazards after a fire:

Whereas in the Big Sur—the microclimate is just
crazy. It's constantly moist. They have the marine
layer; they have the coastal sea air. That soil really
regenerates quickly. It recovers very quickly. You'll
see sprouts on a burn scar within two months.
Whereas [in other locations, the] burn scar has
nothing on it. It's still very black. There are no new
sprouts, and then we have our drought going on right
now which means it'll likely look like that and have
that significant amount of risk for the next 2 or 3—5
years. (Participant group: Emergency services and
management)

The participant noted that microclimate in Big Sur
results in rapid recovery of vegetation. This contrasts with
areas experiencing drought conditions or areas with more arid
climates. The participant indicated that for fires with little
vegetation recovery, the hazard associated with postfire debris
flows would persist longer than for areas with rapid vegetation
recovery.

Lastly, due to limited geophysical knowledge on the
behavior of debris flows in stream channels and the built envi-
ronment, it remains difficult for scientists and technical experts
to forecast debris-flow inundation runout paths and to advise
emergency response planners on where to focus mitigation
measures and delineate evacuation zones.

Data Currently Used to Make Decisions

Study participants already work with a range of different
data to analyze debris flows and make decisions about emer-
gency management. Rainfall and weather information, includ-
ing weather forecasts, observed rainfall, rainfall thresholds for
debris-flow initiation, historical records, and compilations of
values-at-risk adjacent to burned areas are used most by sup-
porting scientists and technical experts when making scientific
determinations and when reporting to emergency response
planners on debris-flow risks. Information about soil burn
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severity includes burned area reflectance classification maps.
Information about debris-flow potential includes those com-
municated via BAER or WERT reports, California Geological
Survey alluvial fan mapping products (WERT, 2020), debris
and mudflow potential forecasts within Los Angeles County
(Los Angeles County Department of Public Works, 2022), and
USGS hazard assessments, are used by emergency response
planners, scientists, and technical experts to identify debris-
flow hazards in proximity to communities, roads, and critical
infrastructure. BAER and WERT reports aid in risk analysis
by providing vulnerability information about values-at-risk,
such as human life and safety, cultural resources, ecological
resources, infrastructure, and property, on land susceptible

to postfire debris-flow hazards. Some participants use topo-
graphic (lidar, shaded relief maps), soil and geological layers
in GIS mapping programs when performing risk analyses. A
few participants use in-house methodologies or methodologies
provided by the Army Corps of Engineers to calculate debris-
flow potential or debris yield estimates. In addition to formal
products and process, participants use historical records of
debris flows and heuristics for debris-flow potential such as
steep hillslopes.

Specific Feedback

This section of the results synthesizes participant state-
ments in the organizational structure provided in table 1.

Desired Capabilities

We asked participants how postfire debris-flow inunda-
tion hazard assessments would support their decision-making
and postfire debris-flow response and what kind of data or
features a potential product might contain. Participants were
encouraged to discuss data or features that may not currently
be feasible either due to technological limitations or limita-
tions in the state of postfire debris-flow science. Encouraging
feedback beyond what they knew was possible allowed for
a broader set of product characteristics that was not limited
by what participants thought was scientifically possible (an
assumption that may or may not be true). Even in cases where
what they asked for was not possible, a speculative question
such as this one helped highlight what needs or questions were
most important to them. Broadly speaking, participants want a
product that includes a debris-flow inundation hazard assess-
ment but were also interested in a wide range of supporting
information. In addition, participants reported needs that
included those topics identified in the section “Challenges”
above (weather and rainfall, fire recovery, debris-flow hydrau-
lics) and extended to others, such as the location of important
structures. Information needs are summarized in table 2.
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Participants anticipated great benefit to having access
to a postfire debris-flow inundation product that included the
desired capabilities summarized in the first row of table 2.
They described the importance of such a product for risk
analysis, public education, and emergency response, particu-
larly for informing the following activities:

* Aiding in risk analysis as well as providing and main-
taining situational awareness;

* Determining where mandatory and voluntary evacua-
tion zones should be delineated,;

+ Using inundation data as inputs into hydraulic models
to understand flows and potential damages;

* Determining where mitigation measures, such as barri-
ers, should be placed before postfire debris flows have
occurred;

* Educating decision makers and the public on spe-
cific characteristics of the postfire debris-flow hazard
(depth, velocity, boulder or sediment content) or risks
(loss of life, damage to property, movement of large
objects);

 Creating customized alerts depending on the affected
location for the general public; and

* Determining where emergency response personnel and
other resources should be allocated before and after
postfire debris flows have occurred.

While this summary combines many different visions,
interests, and needs, it also highlights the broad range of
ways a postfire debris-flow inundation hazard assessment
could be used. We note that some of these anticipated uses

Table 2. Summary of information needs for different topics.

might conflict—some may require a smaller area and others, a
larger area—so one product may not be able to meet all goals.
However, they provide a picture of the range of use cases that
may support a researcher thinking explicitly about use during

product research and development.

Scale

When asked to choose between inundation hazard assess-
ments displayed over a large area (an entire fire perimeter, an
entire city) with less detail and accuracy or hazard assessments
focused on smaller areas (less than a square mile) with more
detail and accuracy, most participants opted for the larger
areas. In arguing for inundation hazard assessments over a
large area, some participants cited the “whole-fire approach”
taken for emergency response operations where emergency
managers are responsible for identifying hazards, including
non-debris-flow related hazards, over the entirety of a burn
perimeter. Participants also cited the importance of having a
“big picture” to aid in risk analysis and emergency response
when time constraints limit the capacity to plan a detailed
response. Moreover, participants planning and responding to
postfire debris-flow hazards are also responsible for identify-
ing flood hazards. Such efforts require maps that capture a
larger area and include the extent of an approaching storm. In
the following quote, a participant describes why they preferred
information over a large area:

Being able to do one square mile in great detail
[means] nothing if that’s not where my high-risk
variables are. I would much rather have a little more
general information about the entire fire because in
that methodology, at least, I can address, in a way,
arisk to the public, be it on a freeway, or is it a

Topic

Stated information need

Debris-flow inundation

Expected inundation characteristics (extent, depth) under different rainfall scenarios representing

Weather and rainfall
Debris-flow triggering
Topography
Structures

Hydrology and hydraulics

Fire recovery

varying degrees of severity; visuals that aid users in comparing the inundation depth in relation to
the built or natural environment; size of mobilized flows; chemical constituents in mobilized in the
flow (for example, metals, arsenic, phosphorous); size composition of flow (mud, rock, boulders).

Rain gage information; weather radar information.
Precipitation thresholds associated with different inundation severities.
Up-to-date topographic lidar to accurately determine postfire debris-flow risk.

Up-to-date built environment lidar to identify at-risk structures and to understand how structures
might be impacted by debris flows.

Hydrographs and bulk hydrographs for debris-flow events; identification of flow type (flood, hyper-
concentrated flow, debris flow); runoff potential and rainfall-runoff modeling; channel capacity for
handling expected debris.

Postfire second- and third-year fire recovery characteristics such as infiltration rates and potentially
intensity-duration thresholds.




railroad line, or is it a small community at the canyon
type thing. I would much rather have the whole-fire
approach. (Participant group: Weather forecasting
and warning)

In this quote the participant indicated that an inundation
hazard assessment in a small area would not be useful unless
that area was where “high-risk variables” (such as people
and residences) are located. Instead, the participant preferred
information over a larger area because it would permit them to
evaluate the risk posed to the public. Other participants saw a
need for both detailed, small-area and less detailed, large area
hazard assessment, but typically prioritized information over
a large area. In the following quote, a participant describes the
different uses they see for each scale:

For our unified command, or for us in [Emergency
Operations Center], we always say we need to be
thinking and looking at the 10,000-foot level. That
might be good for detailed information or map-
ping later on, and during incident or preplanning or
response, but in preplanning our big picture of where
we need to do evacs, which for a fire or debris flow
are probably gonna cover huge areas, that usually
our debris-flow plans, they’re not small for like
one neighborhood. They cover a lot of homes, and
so we’re lookin’ big picture anyways. (Participant
group: Emergency services and management)

The participant indicated that while more detailed infor-
mation over smaller areas was important for some of their
activities, an understanding of the big picture was needed for
operations shortly after a fire such as evacuation preplanning.

In contrast, participants who opted for more detailed
inundation hazard assessments focused on smaller areas cited
the need to develop more precise response plans including,
but not limited to, the installation of diversion structures in
critical locations to mitigate the inundation footprint as well as
the development of more refined evacuation zones to prevent
evacuation fatigue. Some participants also believed that post-
fire debris-flow inundation hazard assessments over large areas
could be known through other sources or would generally be
known through local knowledge, common heuristics for the
generation of postfire debris flows (for example, locations
downstream of steep burned slopes), or past experiences'.
Lastly, there was also a concern that maps presenting large
areas with less accuracy and detail would decrease the utility
of a postfire debris-flow inundation hazard assessment.

One participant recommended focusing postfire debris-
flow inundation hazard assessments on areas with potential
exposure:

I still think we’re gonna be focused on where the
most impact is gonna be, where the most people
are gonna be impacted. There’s plenty of burn scars

T Author’s note: We are unaware of such common heuristics for debris-flow
inundation
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out there where if something happens, nobody even
knows about it because nobody is impacted, or they
couldn’t even get out there to see where the problem
may have been. (Participant group: Weather forecast-
ing and warning)

In this quote the participant emphasized that some fire
extents contain large areas with little human presence lead-
ing them to prioritize areas with greater potential for human
impact. However, participants also brought up a challenge
in identifying smaller areas for more detailed analysis: that
choosing areas necessitates prioritizing one area over another,
which may present an ethical dilemma. One participant
described why they would find making a decision about which
areas to prioritize difficult:

I would find it difficult to request a high level of
detail for a certain part of the area expected to be
impacted in the debris flow versus another. Because
it would place a bias and preference on a certain part
of, for example, an urbanized area over others, and I
don’t think anyone wants to be in a position making
that kind of decision. (Participant group: Floodplain
and geology)

The quote illustrates that determining specific areas to
prioritize is a difficult task. The participant indicated that they
would not want to make the decision to prioritize one popu-
lated area over another, or one populated area over an area
with critical infrastructure.

Interestingly, participants who have a supportive role to
decision makers, but themselves did not make emergency or
land management decisions, often expressed a preference for
small-extent, more detailed inundation data due to anticipat-
ing the needs of said decision makers. These anticipated needs
contrast with the reported preference of interviewed decision
makers for large-extent maps or, at minimum, potentially
being hindered in their ability to make decisions if they only
had access to small-extent maps. It is important to note that
all participants recognized the importance of having both
large- and small-extent inundation hazard assessments and
often stressed the importance of getting pertinent information
in the hands of decision makers responsible for emergency
response in a timely fashion. In the following quote a partici-
pant described the different uses they see for both large- and
small-extent hazard assessments:

You almost kind of need both, right? One for the
rapid inundation assessment when you have a storm
two days out. The other one for more refined inun-
dation analysis—if you have the luxury to do that.
(Participant group: Postfire hazard assessments)

This quote highlights that participants anticipated using
hazard assessments at different scales at different points in
time. Specifically, that a large-extent hazard assessment would
be used for decision making after a storm was forecast. In
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contrast, the small-extent hazard assessment would be used
only if there were sufficient time to act on the information
provided at that scale.

Human Concerns

When prioritizing human concerns, participants often
stated their organizations’ mission to protect life and property.
All participants ranked the protection and wellbeing of people
as the highest priority. Most participants cited property as
equally important and were primarily focused on residential
structures. Consequently, residential structures are likely sites
for evacuation or mitigation measures. Participants anticipated
needing information about the location of homes, areas with
high population density, busy roads, and information about
where vulnerable populations may be located, including hospi-
tals, nursing homes, and schools. One participant specifically
indicated the potential usefulness of having social vulnerabil-
ity information such as the Social Vulnerability Index (Cutter
and others, 2003) available as a supporting GIS layer when
interacting with visualizations of spatially distributed postfire
debris-flow hazard assessment results. In the following quote,
a participant describes the emphasis placed on protecting lives:

You can replace your belongings. You can replace
your house. You can’t replace yourself. That’s the
same with fire evacuation for fires. It’s the same
for debris flows. Infrastructure can be repaired, and
people can’t. It really comes down to where those
people are. (Participant group: Weather forecasting
and warning)

In this quote, the participant emphasizes the importance
of the impacts to life and safety. The participant drew a paral-
lel between the hazards of fire and the hazard of postfire debris
flows—that in both cases, their primary objective is to keep
people out of the way.

Transportation sector critical infrastructure such as
roads and other transportation corridors were reported as the
second highest priority. This prioritization was attributed to
the importance of transportation corridors for efficient ingress
and egress for both residents evacuating and returning after
an evacuation order and emergency vehicles and personnel
mobilizing should postfire debris flows occur. A participant
reported that evacuation center locations, where people who
have evacuated are directed to go, were often far from evacua-
tion zones because the location of evacuation centers consid-
ers road connectivity and aims to remove people from the
impacted area. Road-intersecting hydraulic infrastructure was
also cited as important, specifically culverts that direct water
under roads and drainage features that direct water away from
the roads.

Non-transportation sector critical infrastructure such as
fire stations, telecommunications, gas lines, water infrastruc-
ture and waste infrastructure were ranked as the third high-
est priority. However, the kind of non-transportation critical

infrastructure that a participant would find useful to know
about varied drastically and depended heavily on their scope
of responsibilities or past experiences with postfire debris
flows. For example, one participant prioritized the location of
natural gas infrastructure because they witnessed a gas line
explode due to impact from postfire debris-flow event.

Inundation Attributes

Inundation hazard assessments may be based on simu-
lation results that produce a variety of variables including
inundated area, flow depth, and flow velocity under a particu-
lar scenario. Participant input indicated inundation area was
seen as particularly relevant for emergency management while
all three are relevant for mitigation strategies. In addition to
flow velocity distributed over an area of interest, participants
stated a need for debris-flow-front velocity, the speed at which
a debris flow moves through an area.

Participants reported three use cases for inundation
characteristics. The first potential use case was to perform risk
analyses. All inundation characteristics would likely be used to
identify areas of exposure and compounding risks that could
impact communities or critical infrastructure. Flow velocity
was identified as useful for understanding the damage poten-
tial of certain debris flows to structures. The second use case
was risk communication regarding postfire debris-flow hazards
to multiple, distinct audiences with differing prior knowledge
and experience with debris-flow hazards. Example audiences
included members of the public and professional decision
makers. Inundation flow depth and flow velocity were per-
ceived as useful variables to describe postfire debris flows to
emergency managers (one participant stated, “a 6-foot wall of
mud moving at 30 miles per hour”). Some participants stated
that they already have rules of thumb for using information
about inundation to make management decisions. The follow-
ing quote is an example of one participant’s approach:

If there’s more than six inches of water, we’re clos-
ing the road. We’re just closing the road. If there’s a
debris flow, if there’s any sort of debris flow across
the road, we’re closing the road. While the depth
and the velocity are interesting, the presence of it,
the boundary [of the debris flow] is probably the
most important for us. (Participant group: Floodplain
and geology)

The participant indicated that they are most concerned
about the presence of a debris flow in a particular area because
the threshold they use for closing a road was the presence of a
debris flow, not its depth or velocity.

The final use case, which would draw from existing
hydrologic and risk analyses, as well as risk communica-
tion efforts, would be to support the development of hazard
avoidance strategies. Inundation extent, or area, was cited as
particularly useful for generating evacuation zones and issuing
evacuation orders. Many participants, however, stated the need



for precision when delineating inundation extents to ensure
unnecessary evacuation orders that contribute to evacua-
tion fatigue.

In addition to these use cases, participants expressed that
the scientific advances likely necessary to underpin a post-
fire debris-flow inundation hazard assessment would support
their own internal efforts in hydraulic and hydrologic model-
ing. Participants who have flood management responsibili-
ties or provide flood expertise to decision-makers commonly
described the difficulty of predicting the behavior of non-clear
water flows. At present, participants had limited guidance
regarding how to specify the initial conditions for debris flows
into the models they currently use.

Inundation Threat

The majority of respondents described the most concern-
ing or threatening type of postfire debris-flow inundation
as an inundation path that intersects with people, homes, or
transportation corridors. Although there were concerns about
depth, velocity, and the composition of debris flows (sedi-
ment size characteristics), participants indicated they would be
prompted to respond only when debris flows put lives at risk
or obstructed transportation corridors critical to the movement
of emergency personnel and resources for recovery. When
asked to describe inundation threat, one participant indicated:

I think, at least for our areas, it would be the areas
that pose a threat, regardless of boulder, logs, mud,
debris [or] history. In [county name], there's a lot of
history of catastrophic flash floods unrelated to burn
scars and related to burn scars. (Participant group:
Weather forecasting and warning)

Another participant indicated that their intent was to,

< * * jdentify where the threat is so people can
make sure they're out of the way of it.” (Participant group:
Emergency services and management)

Notably, neither of these quotes describes specific physi-
cal characteristics, such as large boulders, that make a debris
flow especially threatening. Both quotes prioritize information
about debris-flow runout that could be a threat to life safety.

A few participants expressed being equally concerned
with flood flows as much as postfire debris flows for the
same reasons.

Should a postfire debris flow with the potential to
adversely affect communities and roads be forecasted, partici-
pants were concerned with the velocity of the flowing debris
as well as the quantity of boulders or other debris. Velocity
was reported as particularly threatening due to the limited
time for the public to flee and increased time needed by
first responders to arrive on scene. Large boulders and other
debris were considered threatening and described as “incred-
ibly destructive” due to their ability to damage structures and
injure people via impact, as well as clog culverts and other
hydraulic infrastructure that conveys water under roads and
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through urban areas. Maintaining clear conveyance in hydrau-
lic infrastructure is important to unpredictable changes in
runout path.

Rainfall Intensity

Rainfall intensity is one of the key inputs to estimating
the size and probability of events, and the interview guide led
the discussion to multiple aspects of rainfall intensity to under-
stand how to make usable rainfall scenarios.

Distinction Between Moderate and Extreme Rainfall

In defining moderate and extreme rainfall, participants
recalled experience with previous events and considered other
variables affecting inundation, such as geographical location,
topography (steepness of burned terrain), impervious cover in
urban environments, or event-specific details (burn severity
or size of fire). While opinions about what constituted moder-
ate or extreme rainfall had some overlap, answers varied and
conflicted.

Participants expressed that debris flows are triggered by
short, intense rain, typically 5-30-minute bursts, consistent
with current research. Participants also understand that ante-
cedent moisture is nearly irrelevant for the triggering of post-
fire debris flows and stated that they rely on existing scientific
literature to discuss this point with professionals who are not
familiar with this finding.

Participants recognized that the relationship between
rainfall scenarios and runoff is different in postfire contexts.
For example, a 2-year recurrence interval rain event may
inundate an area typically inundated during 5-year or greater
recurrence interval storm. One participant described the dif-
ficulty they face in modeling postfire debris flows:

I know how to model 100-year clear water storm

* % * Where we need assistance from professionals
in the field is in modeling these coast-storm post-

fire debris events, because the yields are just off the
charts * * *. You end up with much more rainfall
runoff per unit area, and these incredible bulking fac-
tors that are surreal. We saw in the [names of multiple
fires] * * *. we got a half inch of rain that when you
looked at the runoff, you would have been convinced
it was 100-year storm. (Participant group: Floodplain
and geology)

The quote indicates that the participant has the knowl-
edge and technical skill to simulate hydrological response
and runout for clear-water flows, in which little sediment is
entrained. In contrast, they indicated a need for guidance to
simulate postfire flows, including postfire debris flows because
burned watersheds produce larger volumes of water and sedi-
ment than unburned watersheds.

When asked to give examples of moderate rainfall,
responses varied in format. Some participants gave recurrence
intervals (a 1-year storm) and others gave an intensity-duration
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value (an I value). Common responses include a 1-hour
intensity (L)) of 7.6-15.2 millimeters per hour (mm/h), equiv-
alent to 0.3-0.6 inches per hour (in/h), an I, of 2028 mm/h
(0.79-1.1 in/h), and a 1-year recurrence interval. Multiple par-
ticipants cited the “USGS triggering threshold” as an example
of a moderate rainfall scenario with respect to debris flows,
because it is the rainfall at which material begins to move.
Similarly, the one-year recurrence interval was justified as a
moderate event because this is the most common recurrence
interval for a debris flow, consistent with Staley and others
(2020). One participant referred to the use of NOAA Atlas 14
(NOAA, 2022) to determine the boundary between moderate
and extreme rainfall based on a consistent recurrence interval.

When asked about extreme rainfall, the most common
theme in the responses was short duration, high intensity
rainfall, typically durations of less than 15 minutes (12.7 milli-
meters [mm] or 0.5 inches [in.] in 5 minutes, corresponding to
an I5 of 152.5 mm/h; 50.8 mm or 2 in. in 15 minutes, corre-
sponding to an I,5 of 203 mm/h). When participants connected
extreme rainfall to scenarios useful for inundation modeling,
they responded based on impact. One participant provided an
answer contingent on the triggering threshold, or the rainfall
intensity the current hazard assessments indicate will initiate
debris flows:

I [want to] know what's the impacts at the triggering
threshold, and then what's the impacts all the way
going up to fairly extreme situations that could hap-
pen. (Participant group: Floodplain and geology)

This participant describes wanting information starting at
rainfall intensities that just initiate debris flows, and conse-
quently are smaller in volume, and increasing in size to large
events. Additionally, participants recognized that common
rainfall intensities, close to typical triggering thresholds could
have large debris-flow inundation impacts:

It’s always surprising how big these things can be
even towards those lower rainfall thresholds * * *. |
mean, I think 20 mm, 22, 24 [1,5] is a pretty common
one down in southern California, and you can get
some pretty big debris flows from a storm like that.
(Participant group: Postfire hazard assessment)

Multiple Rainfall Scenarios

Participants reported that inundation hazard assessments
with multiple rainfall intensities would be useful for risk com-
munication and emergency response planning. Participants
thought that rainfall scenarios might either use common
rainfall intensities (a 1,5 of 12.7 mm/h [0.5 in/h], or 25.4

2Author’s note: A recurrence-interval based approach for defining rainfall
rates was previously used by the USGS for postfire hazard assessment. The
methodology stopped using recurrence-interval based rainfall rates because
NOAA Atlas 14 is not available for several states in the northwest and rainfall
recurrence intervals can vary greatly over burn areas with large planimetric
extent and differences in elevation.

mm/h [1 in/h]) or rainfall intensities based on precipitation
return intervals for an area of interest (the one-year, 10-year

or 20-year return interval)?. Participants indicated that access
to inundation hazard assessments based on multiple scenarios
would enable county-level emergency management operations
to make rapid adjustments or to shift gears with more agility if
actual rain intensities were much higher than forecast rainfall
intensities. One participant indicated how they already use
rainfall forecasts for decision making, specifically the decision
to call a specific type of meeting:

If you have a rainfall over a half an inch per hour
[1.27 centimeters per hour] predicted, then that would
trigger us to have what we call a storm risk decision
team meeting. We would call that meeting as soon

as we got that word. (Participant group: Emergency
services and management)

Another participant described how they might use
multiple scenarios to make decisions about how large an area
might need to be evacuated:

If we’re predicting a half inch an hour [1.27 centi-
meters per hour], we might identify that there are 10
homes at risk that need to evacuate. If we’re talking
about an inch an hour, it might be 100 homes that
need to evacuate. Having that information about mul-
tiple intensities or multiple rainfall scenarios allows
us to better manage not only our mitigation strategies,
but also how we are looking at protecting our com-
munities. (Participant group: Floodplain and geology)

Finally, participants described that county-level hydrau-
lic engineers commonly use multiple scenarios for hydraulic
modeling—that is, using multiple recurrence intervals storms
to understand the range of scenarios and the associated flood
and erosion hazards. A participant described multiple scenarios
that are typically requested by decision makers:

The first scenario would be a high-frequency event,
meaning one that is likely to occur. A lot of times
we’ll assume that that would be rainfall that has the
ability to occur once every two years. Then we’re
asked to define conditions [for] a less frequently
occurring event, and that would be something that
would have a high magnitude of volume associated
with the higher intensity rainfall event. That, we gen-
erally look at a 10-to-20-year recurrence interval in
providing that kind of assessment. (Participant group:
Postfire hazard assessment)

This participant indicated that they see a use for rainfall
scenarios with both high and low likelihood of occurrence.
Broadly speaking, participants indicated that scenarios allow
for multiple types of users to understand how inundation
extents might change due to different rainfall intensities
or storms.



While there was consensus around the usefulness of
multiple rainfall intensity scenarios, there was not consensus
regarding which rainfall intensities to use. Specific scenarios
proposed by participants varied depending on geographical
area, variations in geology and topography, and experience
with previous postfire debris-flow events. Lastly, some partici-
pants expressed concerns about erring on the side of caution
and using the largest reasonable debris-flow volumes given
a rainfall intensity to develop inundation hazard assessments
because such a worst-case scenario may lead to needless
evacuation.

Other Relevant Rainfall Intensities

Other useful rainfall intensities or scenarios included
microbursts, bursts of high intensity rain that occur within
long-duration, moderate intensity storms. Participants respon-
sible for postfire hazard assessments reported finding 2-year,
S-year, and 10-year events useful for runoff modeling. Some
participants urged the importance of identifying rainfall
intensities that would contribute to any type of impactful
flow event—from hyperconcentrated flows to debris flows—
and emphasized that a wide range of postfire hydrologic
responses are hazardous to people and property. A participant
discussed the distinction between sediment-laden floods and
debris flows:

While that’s not, maybe we don’t want to try to
model debris flows in that way, but certainly flood
hazard. Flood hazard, some of these floods look
very close to a debris flow, right? These hyper-
concentrated flows, it’s really just a continuum
between clear water and the debris flow, so some
of these things transport a lot of boulders, trees, a
ton of sediment. People call them debris flows even
though they’re, take a strict definition, they’re not.
(Participant group: Postfire hazard assessment)

The participant indicated both debris flows and sediment-
laden hyperconcentrated flows can cause substantial damage.
Additionally, an individual event may include both flow types.
The quote emphasizes that identifying rainfall intensities
that contribute to any type of impactful flow is important for
their work.

Uncertainty in Debris-Flow Volume

Under the current practice described in the section “How
Far?” the rainfall scenario strongly influences the expected
value of debris-flow volume. In addition, at a given I, value,
the prediction uncertainty for debris-flow volume is large.
When asked about uncertainty in debris-flow volume, very
few participants indicated a strong preference for having
access to one specific debris-flow volume scenario over
another (the expected value, or the range of the prediction
interval at a given I,5). One participant expressed concern
with only having access to the highest predicted debris-flow
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volume (worst-case scenario) due to the potential for unneces-
sary evacuation orders. While participants did not have strong
stated preferences for how uncertainty in debris-flow volume
factored into rainfall scenario choices, multiple participants
expressed that those results ought to indicate uncertainty asso-
ciated with all relevant model inputs. In the following quote, a
participant described the importance of clearly communicating
the uncertainty associated with forecasts:

The range in hydrology and the error associated with
the hydrology needs to be propagated and combined
with the error associated with the hydraulic models.
The combined error or range needs to be communi-
cated and displayed on map products. If it is not, then
I think that the data can be misinterpreted or relied
on at a high level that is not commensurate with

the potential errors associated with the data that’s
being displayed. (Participant group: Postfire hazard
assessments)

This participant thought that postfire debris-flow hazard
assessments should consider and depict the uncertainty associ-
ated with both the basin hydrologic response that generates
debris flows and the models used to identify areas impacted by
inundation. The concern described here was that not including
a depiction of uncertainty would result in misinterpretation of
the hazard assessment, including overconfidence in the results.

Another participant called out the debris-flow volume
component of an inundation hazard assessment as particularly
important for uncertainty quantification:

The part of that that raises my concerns is, again, the
predictability of the—in the range and data used or
the range of results in the current debris-flow model
volume estimate. (Participant group: Postfire hazard
assessment)

The participant raised concern that the model used to
forecast volume has a high standard error, and thus produces a
large prediction interval for a given rainfall intensity.

Soil Burn Severity

Most participants reported preference for an observed soil
burn severity over a synthetic soil burn severity. Participants
understood the value in using synthetic soil burn severities for
long-term planning or out-of-season emergency planning. This
participant indicated that using synthetic soil burn severities
was not part of their current procedures but would be useful
for understanding more extreme scenarios:

Again, everything [ view is through these larger
streams on these built alluvial fans, so running those
more extreme scenarios, | think there’s utility in
doing that. Even if it’s outside of our process and just
more of a programmatic approach to pre-fire inunda-
tion mapping, assuming a certain burn scenario in

a certain storm, running a more extreme scenario
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at least gives you that upward prediction, I think
that’s useful. (Participant group: Postfire hazard
assessment)

While this participant did not currently use synthetic
soil burn severities, they saw utility in their use for identify-
ing the impacts of more extreme (larger debris-flow volume)
events on urbanized alluvial fans. However, most participants
prioritized the USGS developing a debris-flow inundation
hazard assessment for postfire emergency application that uses
observed soil burn severities from fires that have occurred and
need to be planned for.

Discussion

Implications

In this section, we synthesize the results to describe their
implications for a potential postfire debris-flow inundation
hazard assessment. While any individual product may not
be able to address all the needs identified in the interviews,
collating the needs provides for the identification of common
themes and conflicting requirements. In the following section
we synthesize the implications into a list of beneficial charac-
teristics of a potential postfire debris-flow inundation hazard
assessment product.

From Debris Flows to Flood Flows, It is the Threat
that Matters

Participants engage with postfire debris flows as one part
of broader postfire hazards. Accordingly, there is less distinc-
tion between debris flows and hyperconcentrated flows, but
more of a focus on whether either type of flow will pose a
threat to people and property.

When participants were asked about a postfire debris-
flow inundation hazard assessment, their answers pointed to
the entire range of postfire flow hazards, from debris flows to
flood flows. In addition to characterization of the hazard, par-
ticipants were interested in assessments of potential impacts to
populations and structures. Answers also spanned timeframes
from pre-event planning to post-event forensics. To reflect
this, a postfire debris-flow inundation hazard assessment might
make clear that debris flows are just one type of postfire haz-
ard. Additionally, research focused on defining the delineation
between debris-flows and other postfire flows (Kean and oth-
ers, 2016) may support users in determining when a postfire
debris-flow hazard assessment is applicable.

The locations of populations and transportation infra-
structure that influences egress capabilities are the most rel-
evant human concerns for identifying exposure to debris-flow
inundation hazards. The results of a postfire debris-flow inun-
dation hazard assessment could be made available in a visual-
ization context that permits inclusion of this geospatial data.

Spatial Scale of Hazard Assessments

Participants see benefit to both less accurate inundation
hazard assessments over large areas and more accurate assess-
ments over small area, but typically think assessments for
large areas are needed more often, or first.

Some participants thought that hazard assessments over
large areas may be available by other means or local heuris-
tics, though we are not aware of such approaches. Participants
recommended that, at any scale, areas with high potential
exposure to inundation hazards be analyzed first. Focusing
analysis on areas with high exposure could address a partici-
pant concern that any spatial scope smaller than a whole-fire
inundation hazard assessment could result in bias associated
with picking target areas. Finally, participants noted differ-
ent roles for inundation hazard assessments at fine and coarse
spatial scales. For example, less detailed inundation hazard
assessments over large areas may be useful for evacuations
and pre-event planning, while higher resolution assessments
over small areas may be better for designing mitigation
measures.

To reflect these priorities, researchers may want to
prioritize development and evaluation of methods for postfire
debris-flow inundation hazard assessment that are feasible to
apply at the scale of a whole fire. Additionally, given partici-
pants focus on life and property, researchers may consider
developing a standardized approach for delineating portions of
a fire requiring detailed analysis based on potential population
exposure.

Participants recognized that the shrinking time window
between fire season and rainy season in southern California
may provide an external constraint such that focused, high-
resolution inundation hazard assessments are not possible.
This short and decreasing time frame emphasizes the need for
the development and testing of methods that can be deployed
rapidly (days rather than months).

Ancillary Geospatial Information for Decision
Support

Inundation hazard assessments are likely to be interpreted
in the context of population, residences, and roads.

Participants with mandates to protect human life and
property were most interested in hazard assessment that
provided information about who or what was at risk, particu-
larly people, residences, and roads. They were interested in
other types of non-transportation sector critical infrastructure
and the built environment, but to a lesser extent. A postfire
debris-flow inundation hazard assessment would not directly
determine the vulnerability of people or roads to the hazard.
However, providing spatially distributed results from postfire
debris-flow inundation hazard assessments in the context of
other geospatial layers (population density, critical infrastruc-
ture, commercial or residential buildings), may support users
in drawing their own exposure inferences.



Utility of Multiple Scenarios

Multiple scenarios are useful because they help users
understand how inundation varies across scenarios, providing
quick situational awareness as rainfall forecasts change.

Participants brought up a variety of ways to represent
rainfall intensities in scenario development (regional stan-
dard precipitation intensities, regional recurrence intervals
or exceedance probabilities) and there was no consensus
regarding a standard approach for rainfall scenario selec-
tion. Participants recommended that the results of inundation
hazard assessments reflect the likelihood that a given scenario
triggers a debris flow, and the consequence of that debris flow.
We note that transitioning from a characterization of the haz-
ard to an estimate of risk for hazard requires information and
models that do not yet exist (fig. 2). One possible approach for
evaluating the consequence of a debris flow might be whether
it escapes a confining channel.

Participants were more interested in scenarios based on
observed soil burn severity for past fires than synthetic, or
“pre-fire,” soil burn severity. The amount of uncertainty intro-
duced in modeled debris-flow volume due to the influence of
rainfall intensity was not a top concern for most participants,
though one participant stressed that any hazard assessments
depicting results on a map ought to represent the propagation
of relevant uncertainty sources from one or more scenarios.

There is an important tension between rainfall intensi-
ties that trigger debris flows (I; to I;,) and those that can be
forecasted (usually I,). This tension originates from observa-
tional data that indicates short, high-intensity rainfall triggers
debris flows. It is difficult to forecast this type of rainfall on
this timescale. Finally, participants expressed concern that
using worst-case scenarios may result in result in unnecessary
evacuations and evacuation fatigue. While the development
of inundation hazard assessment capabilities may not directly
address either of these concerns, the concerns underscore the
importance of scenarios that are interpretable in the context of
rainfall forecast information.

Relevance of Different Inundation
Characteristics

Different inundation attributes are useful for different
applications and whether inundation comes from a debris flow
or a hyperconcentrated flow is not often relevant to partici-
pants. Hazard assessments reporting debris-flow extent were
seen as most broadly usable, though depth, velocity, and surge
front velocity were also important for understanding the haz-
ard and mitigation planning. Critical depths reported for taking
actions like closing a road are small (an example of 6 in. was
given). Researchers may want to consider prioritizing research
evaluating methods to reliably forecast debris-flow extent.
However, to estimate levels of damage within considered
scenarios, the models that underpin hazard assessments would
also need to be able to reliably forecast the required inputs to
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models that link hazard to damage. Such models include fra-
gility functions that link damage to debris-flow depth or depth
and velocity (Jakob and others, 2012; Kean and others, 2019).

Additionally, because participants noted that they already
have rules of thumb in hand for use in decision making,
researchers may want to work with users to ensure that hazard
assessment results are interpreted correctly in the context of
these rules of thumb.

Other Elements of Decision Support

Some participants do their own hydrologic and hydrau-
lic modeling. In addition to products produced by the USGS,
participants are interested in methods developed by USGS sci-
entists to create inundation hazard assessments. Accordingly,
researchers developing methods for postfire debris-flow
inundation hazard assessment might ensure that the methods
are clearly described, published in accessible information
products, and that supporting data is also accessible.

Participants articulated information needs for postfire
decision making well beyond the scope of inundation haz-
ard assessments. Most notably participants articulated needs
regarding high-resolution topography, understanding the
recovery state of burned watersheds and its implication for
hazards, and linking hazard characterization to vulnerability
and risk. Some of these needs are within the scope of postfire
debris-flow processes, while others likely require collaboration
with experts in other domains.

Beneficial Characteristics

The implications point to a set of beneficial characteris-
tics that a postfire debris-flow inundation hazard assessment
might have. While it may not be possible for one product to
have all these characteristics, we synthesize them here:

1. A postfire debris-flow hazard assessment that considers
multiple scenarios is preferred over one that only consid-
ers one scenario because the relative differences between
scenarios provide context as forecasts change.

2. Usable scenarios are interpretable in the context of
ancillary information (such as rainfall forecasts) and the
likelihood of triggering an event.

3. A hazard assessment that includes information about
inundation extent is minimally sufficient. Other desired
quantities include forecast depth and velocity, and the
location of the transition between debris flows and
hyperconcentrated flows.

4. A postfire debris-flow hazard assessment would either
consider an entire fire or a subset of smaller areas within
the fire that have been chosen based on a standardized
criteria (for example, all areas with potentially exposed
population).
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5. Usability of an inundation hazard assessment for
interpreting the hazard would be improved if it were
visualized in the context of population and transportation
infrastructure.

6. Visualization of an inundation hazard assessment should
clearly describe how relevant sources of uncertainty
were considered.

Lessons Learned

In this section we report some of the methodological les-
sons we have learned from the interdisciplinary collaboration
necessary to undertake this work.

To ensure that user input would be usable to guide ongo-
ing research, it was necessary to identify areas in the research
process where this would be possible. This was an area where
multiple iterations between the three project personnel were
necessary to identify and refine conversation topics. After
Barnhart wrote initial drafts of the target information, she
would iterate with Romero and Clifford based on their experi-
ence conducting interviews. Common challenges were that
while Barnhart initially thought some information might guide
ongoing research, after scrutiny from Romero and Clifford,
it was determined that this was not the case. Most typically,
Barnhart would have thought the information was actionable
but when pressed to describe how she might use it, she was
not able to. Another common challenge was that Barnhart’s
topics of interest were too broad, yielding unspecific draft
questions that Clifford and Romero determined would be dif-
ficult for participants to answer. The three project personnel
found success in narrowing the scope of target information by
describing a range of possible answers.

Overall, this approach to identifying target areas where
ongoing or future research might be influenced or redirected
by the results of a user needs assessment was not something
to which Barnhart was accustomed. It would not have been
possible without Romero’s and Clifford’s experiences design-
ing studies, creating thematic coding schemes, and conducting
interviews. It was made easier by a culture of mutual respect
of disciplinary knowledge created by all three project person-
nel (epistemic humility; Gardiner, 2020). Notably, because so
much effort was spent designing the interview guide, the pro-
cess of designing a thematic coding scheme followed neatly
from the guide. This characteristic, however, is likely unique
to studies such as this one which are not intended to advance
the practice or theory of social science but instead serve as
implementations of well-established methods.

All three project personnel worked together to determine
a strategy regarding anonymization, and we determined that it
was important that Barnhart not see any of the interview tran-
scripts but instead only saw anonymized quotes. The nature
of the content meant that to sanitize the quotes, Romero and
Clifford needed to remove any reference to places, years, and
specific fires, as that information might have de-anonymized

the quotes. Quotes were labeled only by participant category
not by a unique identifier. We found that it was important that
Barnhart see these quotes because her disciplinary perspective
allowed her to see a different set of themes than Romero or
Clifford could have identified. For example, through her dis-
ciplinary read Barnhart better understood the expressed need
for methodologic guidance for setting inflow hydrographs.
This directly resulted in the revision of the supplementary text
of Barnhart and others (2021) to compare the hydrographs
constructed through different methods.

Conclusions

We undertook a user needs assessment via unstructured
interviews for postfire debris-flow inundation hazard assess-
ments. Such a product is not presently provided by the U.S.
Geological Survey. We selected 15 participants associated
with decision making for postfire debris-flow hazards in south-
ern California using purposive sampling. These participants
spanned a range of job functions, from generating meteoro-
logical forecasts and issuing watches and warnings, conduct-
ing postfire hazard assessments, providing flood and geology
expertise, and executing emergency services. Interviews were
recorded, transcribed, and thematically coded for analysis.

Across all participant categories there was strong interest
in postfire debris-flow inundation hazard assessments. This
presently unmet information need sits alongside other insuf-
ficiently met information needs, such as the need for better
information about postfire hydrologic recovery of burned
watersheds. Participants identified existing challenges, such as
connecting the short-duration, high-intensity rainstorms that
trigger debris flows with the longer time periods of forecast
rainfall. Participants thought that a hazard assessment that
considered multiple scenarios would support situational
awareness as rainfall forecasts changed. They identified the
tension between reflecting all relevant sources of uncertainty
in hazard assessments, and a need to make hazard assessments
as precise as possible because unnecessary evacuations can
result in evacuation fatigue.

With respect to the scale of a hazard assessment and the
relevant inundation attributes, different participants wanted
different things. Some participants primarily focused on emer-
gency management were interested in a whole-fire assessment
in which debris-flow inundation extent would be sufficient,
while those focused on designing mitigation measures were
interested in a more detailed hazard assessment. Participants
identified that the location of focused hazard assessments
would need to be based on consistent application of estab-
lished criteria to prevent any favoritism or bias.

Ultimately, the nature of a postfire debris-flow inunda-
tion hazard assessment will reflect the intersection of what is
scientifically possible and methodologically robust with the
needs of users. This user needs assessment represents an initial
effort to understand what users need and thus sets the stage for



researchers to expand what is possible in the direction of user
needs. Each user and user group may have slightly different
needs and the development of a hazard assessment will likely
involve tradeoffs, both between different user group needs,
and between what is desired and what is possible. Continued
interaction with users and studies that build on this work, such
as usability assessments, will increase the likelihood that an
operational product provides high quality, timely information.
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