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• What are postfire debris flows? 

• What we do at the USGS to assess this hazard?

• Running the assessment

• Debris-flow likelihood results

• Rainfall results

• Accessing the data
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What Are Post-Fire Debris-Flows?

• Approximately 50% sediment

• Initiate from surface runoff and erosion processes.

• Progressive entrainment of sediment.

• Often exhibit evidence of both debris-flow and flood processes.

Debris flows:

Water (Flood) flow 
and sediment transport

Debris flowFlow Continuum
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Debris flows are worse than flash floods 

hf
vf

hdf

vdf

Flow velocity (v ) can be the same or greater for debris flow

Flow height (h 
) up to 5x 
greater for 
debris flow

Debris Flow

Flood
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Wildfire increases 
the potential for 
runoff and erosion

Makes soil more 
easy to erodeReduces soil 

infiltration capacity

2016 Fish Fire
Duarte, Los Angeles County, CA

DEBRIS FLOW

Wildfire Rainfall



Las Lomas Video Timing
00: - 00:05: minor flooding
00:05 : sediment-laden flooding
00:20 - 00:40ish: Debris flow surge
00:40 – 00:50: More water-rich slurry, but still a debris flow
00:52 – 00:57: Big boulders!!!
00:57 – end: water-rich slurry, still df

The watershed slope averages 30 degrees and is about 500 yards by 250 yards in 
dimension.

The June 2016 Fish Fire burned over 12 km^2 in Los Angeles 
County, California. After the fire, the USGS installed an 
automated rain-triggered camera to monitor post-wildfire 
flooding and debris flow in a small canyon above the Las 
Lomas debris basin in Duarte. This video shows the peak flow 
triggered by an intense rainstorm on January 20, 2017.
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What is the USGS role in assessing debris-
flow hazard following wildfire?

Jaime Kostelnik



USGS Rapid assessment of debris-flow hazard

Results are used by local, state, and federal agencies to develop post-fire emergency response plans & provide early warning.

Under development

How fast/far?

How long?

Inundation model

Where? Which watersheds in the 
burn area are susceptible 
to debris flows?

When?

Rain Duration

Ra
in

 In
te

ns
ity

How hard must it rain to 
trigger debris flows?

How big? How much sediment 
can debris flows carry?

Jaime Kostelnik



CDOT

Don Lindsay (CGS) Jaime Kostelnik

Don Lindsay (CGS)

USGS Hazards Assessment 2013-2023
• 22.3 Million Acres

• 484 Wildfires

• 80 National Forest

• 11 National Parks



USGS Hazard Assessments

2020 Cameron Peak Fire, Arapahoe & Roosevelt NF
2020 East Troublesome Fire, Grand County, Colorado

Hazard maps – Where are debris flows likely? 

Used by state and federal post-fire emergency response teams for 
evaluating values at risk.

Rainfall thresholds – How hard must it rain?

Used by NWS as guidance for issuing debris-flow watches and 
warnings for burn areas.
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Performing an assessment

USGS Hazard Assessments
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Modeling the Hazard
Post-fire hazard assessments are dependent upon readily available data

What data to do we need and where do we get it?

WERT

BAER

• Fire perimeter
• Fire Severity – remote sensing products

• Soil Data
• Terrain Data (1-meter digital elevation model)
• Land Use Data

Modeling Steps

1. Delineating the watershed network
2. Model calculations and results
3. Distributing the data
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Building the watershed network
The watershed network is comprised of numerous stream segments (thousands) and small drainage 
basins (hundreds) in the burn area.

Stream reaches: 500 meters
Basins: 0.25 to 8 km2

Basin outlet Stream network Drainage area

Criteria specific to debris flows
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• Developed Areas

• Roads

• Water features

Step 1: Delineating the Watershed
Identify basins and stream segments 
that meet the following criteria: 

2020 East Troublesome 
Burn Area

Land Use Characterisitc 
(LANDFIRE)
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Terrain Characteristics – 10-meter 
digital elevation model (DEM)Step 1: Delineating the Watershed

2020 East Troublesome 
Burn Area

• Slopes of at least 6˚

Identify basins and stream segments 
that meet the following criteria: 

• Confinement angle of less than 174 ˚



Example watershed

• Avg slope of >6 
degrees

• Confinement angle 
<174 degrees
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East Troublesome Fire Network
Streams and basins

10,000 Stream segments

578 Small drainage basins
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Calculating the Hazard

Rainfall
(R)

Fire Severity 
(F)

Soil Properties
(S)

Terrain Steepness 
(T)

Model Inputs

What data to do we need and where do we get it?

• Fire perimeter
• Terrain Data (DEM)
• Land Use Data

Rainfall
(R)

Fire Severity 
(F)

Terrain Steepness 
(T)

=
=

Likelihood

Volume

• Fire Severity – BAER TEAM
• Soils Data
• Rainfall
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Calculating the Hazard
Burn Severity

dNBR

Measure of vegetation change

Soil Burn Severity

Moderate and High Severity 
(orange and red areas)

WERT

BAER 53% of the East 
Troublesome area is 
burned at high and 
moderate severity
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Hazard Assessment Outputs
Streams and basins

10,000 Stream segments

578 Small drainage basins
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Calculating the Hazard

Rainfall
(R)

Fire Severity 
(F)

Soil Properties
(S)

Terrain Steepness 
(T)

Model Inputs

What data to do we need and where do we get it?

• Fire perimeter
• Terrain Data (DEM)
• Land Use Data
• Fire Severity – remote sensing products
• Soils Data
• Rainfall

Rainfall
(R)

Fire Severity 
(F)

Terrain Steepness 
(T)

=
=

Likelihood

Volume
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We calculate the hazard for a variety of design storms

Design Storm: A hypothetical event with a specific rainfall depth and duration, or intensity

Increased hazard level

Increased rainfall intensity

Calculating the Hazard
Rainfall Intensity

16 mm/h 24 mm/h 32 mm/h
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Rainfall intensity by recurrence interval
NOAA Atlas 14

Choosing the correct design storm

East Troublesome burn area

31 mm/h
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Hazard Assessment Results

USGS Hazard Assessments
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USGS Hazard Assessments Results 
Hazard Maps

1. Likelihood

2. Volume

3. Combined Hazard
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USGS Hazard Assessments Results 
Hazard Maps

1. Likelihood

2. Volume

3. Combined Hazard

Design storm:

32 mm/h

Jaime Kostelnik



Terrain Characteristics

Fire Name East Troublesome

Start Date 14-Oct-20

State Colorado

Area_km2 1.7363

UpBurnArea_km2 1.7343

Slope 0.16

Relief (m) 438

Confinement 170

Model Variables

T 0.11

F 0.59

S 0.22

T = Slopes >23˚ burned at moderate/high 
severity

F = dNBR value/1000

S = Soil erodibility 

USGS Hazard Assessments Results 
Terrain Characteristic and Model Variables
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Basin-scale

Which design storm?

Likelihood

32 mm/h

How will this map change with less intense 
rainfall? More intense rainfall?

USGS Hazard Assessments 
Results 

Debris-flow Likelihood

P (Likelihood) 0.76

PCl (Classification) 4

PCl_Legend 60-80%
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Basin-scale

Which design storm?

Volume

32 mm/h

How will this map change with less 
intense rainfall? More intense rainfall?

Volume (m3)

Volume Range

1,207-77,379 m3

Debris-flow Volume

Volume 9667

VolMin 1207

VolMax 77,379

VolCl 2

VolCl_Legend 1,000-10,000
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Basin-scale

Which design storm?

Combined Hazard

32 mm/h

How will this map change with less 
intense rainfall? More intense rainfall?

< 1,000 1,000 - 10,000 10,000 - 100,000 > 100,000

0 - 20% Low Low Moderate Moderate

20 - 40% Low Moderate Moderate Moderate

40 - 60% Moderate Moderate Moderate High

60 - 80% Moderate Moderate High High

80 - 100% Moderate High High High
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East Troublesome Burn Area – July 2021
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Rainfall Thresholds

Rainfall conditions that when met or exceeded a debris flow is likely to occur

Support Early Warning
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Rainfall Thresholds

• We report the rainfall intensity that has a 50% likelihood of 

producing debris flows

• Year 1 and Year 2 Thresholds

• Durations: 15-, 30-, and 60-minute

• Accumulation and Intensity

• Firewide and site-specific thresholds

Rainfall
(R)

Fire Severity 
(F)

Soil Properties
(S)

Terrain Steepness 
(T) =

Solved for various debris-flow probabilities

Modeled
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Year 1 Firewide rainfall thresholds
Median value of all segments or basins thresholds in the burn area

Cameron Peak Fire, Colorado

Most of the burn area is estimated to have a moderate level of debris-flow hazard.  Most stream reaches and watersheds are estimated to have a greater 

than 50% likelihood of producing debris flows at 15-minute rainfall intensities between 32 and 40 mmh-1. The east-facing watersheds on the east side of 

Sierra de Salinas, and the steep sub-catchments within the Tularcitos and Agua Mala watersheds are estimated as having higher likelihoods.  Debris-flow 

magnitude is somewhat aspect-dependent, with watersheds on the eastern side of the burn area having volume estimates in excess of 10,000m3, and those 

on the west side typically in the range of 1,000 – 10,000 m3. The model-estimated thresholds (basin-scale) are as follows: 

 

    15-minute: 33 mm/h, or 0.3 inches in 15 minutes 

     30-minute: 26 mm/h, or 0.5 inches in 30 minutes 

     60-minute: 24 mm/h, or 1 inches in 60 minutes

Rainfall Thresholds
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Year 1: Site-specific Thresholds

1. Predict the likelihood that a debris flow 
will occur at a given rainfall intensity for 
any stream segment or basin in the burn 
area

2. Help identify values at risk

Cameron Peak Fire, Colorado

Rainfall Threshold Map (Year 1)

Firewide threshold = 33 mm/h

Site-specific thresholds can be considerably 
lower (more hazardous)

NOAA Atlas 14
1 year recurrence interval storm = 33 mm/h

Rainfall Thresholds



Cameron Peak Burn Area, July 2021 Peak 15-min rainfall intensity: 36-52 mm/h
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Thresholds change over time as the burn area recovers

Cameron Peak Fire, Colorado

Rainfall Thresholds
Year 2: Firewide Thresholds
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Rainfall Thresholds
Cameron Peak burn area
Site-specific 

Year 1 Year 2
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• Difficult for forecasting

2021 Dixie Fire

Can you think of challenges with using rainfall thresholds?
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• Large fires may span precipitation 

regimes

• Spatial variability of intense rainfall



Model Limitations

USGS Hazard Assessments
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Accessing the Data

USGS Hazard Assessments

Jaime Kostelnik



How do I access the data?
Data download
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How do I access the data?
Data download
Basins and segments – Debris-flow Likelihood
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Thank you! 

Jaime Kostelnik

jkostelnik@usgs.gov

Questions? Feedback?

mailto:jkostelnik@usgs.gov

