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Modeling Post-Wildfire Debris Flow 
Erosion for Hazard Assessment
By Thad Wasklewicz, Ph.D; Richard Guthrie, Ph.D; Paul Eickenberg, PE; Benjamin Kramka, PE
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Post-wildfire secondary hazards (debris floods 
and flows) play a prominent role in sediment 
transport along hillslopes, channels and alluvial 
fans.1 Wildfires have increased2, 3 in conjunction 
with more frequent, intense rainfall4 where the 
rainfall is a key factor in secondary hazards.5 While 
awareness of debris flow initiation has increased, 
a need persists to predict debris flow pathways, 
runout and inundation. This information is essential 
to understanding and managing the potential hazard 
to human life, infrastructure, and property. Landslide 
modeling6, 7 was used to estimate sediment volume, 
runout, and probability of occurrence to examine a 
recent debris flow at Black Hollow Road near Rustic, 
Colorado, USA. The results highlight the potential 
for taking a more proactive approach to landslide 
hazard assessment and mitigation.

Study Site
The Black Hollow drainage basin is 6.67 mi2 (17.28 
km2) with a perennial stream and mean slope of 
32% (Figure 1). The maximum basin elevation is 
11,400 ft (3,475 m), and minimum basin elevation is 
9,691 ft (2954 m). The basin receives mean annual 
precipitation of 20.15 in (51.18 cm). Stored colluvium 
and alluvium, >3.37 ft (>1 m) deep, are consistent 
throughout drainage.

The area was burned in the 2020 Cameron 
Peak Fire, which consumed 208,913 acres (84,544 
hectares). The fire reduced or eliminated canopy and 
ground cover and altered the soil structure.8

Hydrophobicity was highly inconsistent across 
the Cameron Peak Fire and was estimated to be 
55% across half the burned area.8 The Black Hollow 
debris flow occurred on 20 July 2021, taking four 
lives, and destroying five homes, after an intense 
rainstorm occurred within the burned watershed 
(Figure 2). The peak 15 minute rainfall intensity 
was 37 mm/hr (0.36 inches in 15 min) as recorded 

Figure 1: Map of Study Area.
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from the nearby Washout Gulch rain gage.9 This 
equates to an approximate 1-year recurrence 
interval rainstorm according to NOAA Atlas 14.

Methods
A 10 m digital elevation model (DEM), which 
was the best available resolution for this area, 
was downloaded and imported into the modeling 
software. A user-defined initiation zone (30 m 
x 30 m) was established for the current project 
based on Burned Area Emergency Response 
(BAER) soil burn severity (SBS) map, slope and 
evidence of past debris flows (Figure 1). Initiation 
points were established in steep, first-order 
channels where high to moderate SBS were 
dominant.10, 11, 12

Our model consisted of parameters defined 
by simulations based on our observations from 
multiple sources of information and our past 
experiences (Table 1).

The debris flow data were produced from 
two separate simulations. First, 500 debris 
flow iterations were run to produce an average 
measure of depth, erosion, maximum depth and 
likelihood of occurrence per pixel occupied by 
the debris flows. Second, estimates of debris flow 
volumes, necessary for mitigation options, were 
measured using the same set of initiation points 
in 15 separate individual models runs.

Findings
Simulated debris flow runout traveled across 
the channel to the north bank of the Poudre 
River (Figures 2 and 3). Lower debris flow depths 
on the eastern side of the alluvial fan were 
consistent with field evidence (Figures 2 and 3). 
The debris flows also avulsed to the western side 
of the alluvial fan, a noted aspect of the debris 
flow at the site and a common occurrence in 
alluvial fans13 (Figures 2 and 3).

A maximum average depth of 2.7 ft (0.82 m 
in) from the 500 debris flow simulations was 

Model Inputs Values
Fan Maximum Slope 27°

Steep Slopes 0.34

Low Slopes 1.34

Skew Fan Coefficient 3.3

Maximum Spawns Allowed 15

Deposition Multiplier 0.3 x

Erosion Multiplier 0.8 x

Mass Loss Per 45° Turn 0%

Minimum Initiation Depth 0.25 m (0.82 ft)
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consistent with what was evident on the mid-fan 
and fan apex (Figure 3). The maximum depth 
evidenced from the 500 individual debris flows 
simulations averaged 3.6 ft (1.1 m), which would 
be consistent with depths found in the vicinity 
of the mid-fan to the toe of the alluvial fan. The 
average estimated volume of material brought to 
the fan was 44,372.5 yd3 (33,925.2 m3) but ranged 
from 32,066.5 yd3 (24,515.6 m3) to 57,659.5 yd3 
(44,083.8 m3).

The likelihood of occurrence for the homes 
destroyed in the debris flow at Black Hollow 
were all more than 80%, except in one location 
where the probability of occurrence was 56% 
(Figure 4). The lower occurrence likely reflects 
a difference in the DEM compared to the actual 
elevation at the time of the debris flow or could 
be a change in elevation during the debris flow 
that could not be accounted for in our simulation.

The average flow depths at each of the 
residences would predict approximately 30% to 
70% expected loss to a single-story timber frame 
home based on the widely used damage curves 
for wood structures.14 The maximum debris 
flow depths (as opposed to the average depths) 
occurring at the homes in the individual runs 
would have resulted in 82% to 100% expected 
loss to a single-story timber frame home and 
50% to 100% expected loss to a two-story timber 
frame home.

Taking a Proactive Approach to  
Landslide Geohazards
The model results from Black Hollow credibly 
produced debris flows like the event that 
occurred on July 20, 2021. This landslide 
modeling approach can, and is intended to, be 
run as a proactive tool (rather than proven as 

Figure 2: Look up the Black Hollow fan after debris flow. Photo courtesy of the Larimar County 
Office of Emergency Management.

Figure 3. Map of the modeled debris flow depths.

Table 1. Model inputs and values.
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a forensic tool) with comparable results and, 
indeed, has predicted the size and nature of 
debris flows that may yet occur in adjacent 
watersheds. The ability to use modeling and 
expert opinion to advance evidence-based 
management goals and make more informed 
decisions is a critical step in reducing 
the risks associated with these and other 
geohazards. The following steps are necessary 
to reduce the threat to lives and infrastructure 
from similar events based on the results 
presented here and our expert experience:

1.	 Identify susceptible hazard areas. This is 
now done frequently in Colorado where 
wildfires and high intensity storms 
(rainfall) are well understood to increase 
the probability of debris flow hazards. 
Susceptibility can be documented based 
on burn intensity and the monitoring of 
landslide triggering storms over the period 
of concern.

2.	 Model debris flow runout hazard. This is 
possible with the model employed for the 
Black Hollow Road site. Other methods 
such as geomorphic mapping and dating of 
debris flow deposits on occupied fans can 
also be deployed.

3.	 Effectively communicate model assessment 
findings to create the recognition and 
understanding of the hazard by residents 
and land managers. Ideally this would 
include some analysis of probability of 
occurrence.

4.	 Commitment to mitigation, monitoring, 
early warning, rezoning or buyout, as befits 
the situation; a plan to reduce the threat to 
lives most of all. The empirical model, used 
in this study, allows the land manager to 
better understand mitigation options that are 
necessary if other options are not considered.

Debris flow runout, volumes, burial depths 
and inundation extents are critical as there 
has been rapid expansion of development into 
the wildland urban interface. While planning 
expertise may not have been historically 
available, methods are now available to 
proactively estimate the threat posed by 
post-wildfire secondary hazards and assist in 
making informed decisions. Unfortunately, for 
communities affected by the Cameron Peak fire, 
the debris flow potential remains high for the 
next two or more years at this site and other 
locales within the Cameron Peak Fire. 
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Figure 4. Map of the likelihood of occurrence from 500 modeled debris flows from the burned 
watershed.




