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https://www.firelab.org/project/firesev-modeling-and-mapping-fire-severity


Burn severity… high severity… severe fire

This is intensity… not severity
P h o t o :  G e t t y  I m a g e s



Burn severity… high severity… severe fire

Rooster Rock Fire, OregonP h o t o :  F I R E S E V  p r o j e c t
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Kootenai Creek Fire, MontanaP h o t o :  F I R E S E V  p r o j e c t
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Gird End Fire, MontanaP h o t o :  F I R E S E V  p r o j e c t
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Burn severity… high severity… severe fire

Smith Lake Fire, WashingtonP h o t o :  F I R E S E V  p r o j e c t



Burn severity… high severity… severe fire

SHU Lightning Complex, CaliforniaP h o t o :  F I R E S E V  p r o j e c t



Burn severity… high severity… severe fire

Indian Fire, California
P h o t o :  F I R E S E V  p r o j e c t



Burn severity… high severity… severe fire

Green Mountain Fire, Great Smoky Mountains National Park P h o t o :  U S G S  a n d  N P S



Burn severity… high severity… severe fire

Rockytop Fire, Shenandoah National Park P h o t o :  U S G S  a n d  N P S



Burn severity… high severity… severe fire

Iron Complex, CaliforniaP h o t o :  F I R E S E V  p r o j e c t



Burn severity… high severity… severe fire

Kootenai Creek Fire, MontanaP h o t o :  G r e g  D i l l o n
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Objectives

1.Develop a comprehensive map of the potential for high 
burn severity for all areas in the contiguous United 
States using empirical observations and statistical 
modeling

2.Evaluate the quality of the map to provide managers 
with guidance on its interpretation and use

3.Contribute to our understanding of what factors drive 
the occurrence and patterns of high burn severity



Study Areas



Study Areas
Forest and Nonforest

Current Conditions
• LANDFIRE Existing 

Vegetation Cover (EVC)

Prefire
• LANDFIRE Environmental 

Site Potential (ESP)
• Landsat Time Series 

Stacks – Vegetation 
Change Tracker

• LANDFIRE EVC



Methods



Methods



Methods

Satellite-derived 
severity metrics
• West – RdNBR
• East – dNBR and 

prefire NBR

> 12,000 fires

> 3600 field plots

Firesev CBI plots: https://doi.org/10.2737/RDS-2013-0017 |   Compiled CBI plots for CONUS: https://doi.org/10.5066/P91BH1BZ

https://doi.org/10.2737/RDS-2013-0017
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdoi.org%2F10.5066%2FP91BH1BZ&data=02%7C01%7C%7Ce798dd86f69b44a6abc508d860ca69a0%7Ced5b36e701ee4ebc867ee03cfa0d4697%7C0%7C0%7C637365769754018742&sdata=kicx2rXXAwFxdXilt5eCm1wLvugZWlaX8K2uhw8g6fM%3D&reserved=0


Methods Convert to binary severity
• West – High
• East – High + Moderate

Draw a 1% sample of burned pixels 

• > 2 million sample points



Methods



Methods
Response Variable
• Binary severity

Predictor Variables
• Topography

• 30m elevation
• 11 topographic 

indices
• Solar radiation

• Vegetation
• NDVI

• Fuel Moisture
• 1000-hour fuel 

moisture percentiles, 
inverted



Methods
• Random Forest, implemented in R
• 1500 classification trees
• Select optimal model with lowest 

classification error
• Outputs

• Model performance
• Variable importance
• RF model object for predictions

https://doi.org/10.1890/ES11-00271.1

https://doi.org/10.1890/ES11-00271.1


Methods
Predictor Variables
• Must be spatially 

comprehensive
• Represent the landscape 

for which you want 
predictions

• Topography – static
• Vegetation – used NDVI 

from MODIS
• West – 2011
• East – 2014 

• Fuel moisture – use 
constant values at common 
fire weather thresholds 
(80th, 90th, 97th percentile)

Predictions
• Every 30m pixel classified 

by each tree
• 1500 predictions of binary 

severity

Example:
1,245 yes

255 no
1,245 / 1,500 = 83%
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Methods
Predictor Variables
• Must be spatially 

comprehensive
• Represent the landscape 

for which you want 
predictions

• Topography – static
• Vegetation – used NDVI 

from MODIS
• West – 2011
• East – 2014 

• Fuel moisture – use 
constant values at common 
fire weather thresholds 
(80th, 90th, 97th percentile)

Predictions
• Every 30m pixel classified 

by each tree
• 1500 predictions of binary 

severity

Example:
330 yes

1,170 no
330 / 1,500 = 22%



Methods



Results
Forest

Random Forest Model Performance
• PCC = Percent Correctly Classified
• AUC = Area Under receiver operating 

characteristic Curve



Results
Nonforest

Random Forest Model Performance
• PCC = Percent Correctly Classified
• AUC = Area Under receiver operating 

characteristic Curve



Results

h t t p s : / / w w w. f r a m e s . g o v / f i r e s e v / h o m e

https://www.frames.gov/firesev/home


Results

h t t p s : / / w w w. f r a m e s . g o v / f i r e s e v / e a s t

https://www.frames.gov/firesev/east


Results
Distribution of SFP values
• Mostly below 50
• Values above 80 are rare

Mean = 38.4 Mean = 36.4

Mean = 33.3 Mean = 41
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Average
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41Patterns in SFP predictions – West 
• Average SFP values are highest on cool slopes
• Influenced by Middle and Northern Rockies
• Exception: S Calif, Sierras, and Great Basin
• SW and Southern Plains consistently lower

Forest
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Results

29

Average

33

38

31

32Patterns in SFP predictions – East 
• Average SFP values are highest on ridges
• Great Lakes higher on all slopes and ridges
• SFP in Appalachians high on warm slopes and ridges
• Central and Eastern Plains consistently low

Forest



Results Forest Nonforest

Patterns in MTBS data
• Average percent high 

severity in the west
• Forest: 33%
• Nonforest: 33%



Results
Patterns in MTBS data
• Average percent high 

severity in the west
• Forest: 33%
• Nonforest: 33%

• Average percent higher 
severity in the east
• Forest: 20%
• Nonforest: 10%

Forest Nonforest



Results
SFP Map Validation
• Evaluate the predictive ability of the map

• How often are our predictions “right”?
• Use a 10% subset of sample pixels withheld 

for validation
• Only used fires between 85th and 95th

percentile of 1000-hour fuel moisture index
• Reclassify SFP to binary, testing a range of 

breakpoints (25 – 75)
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Results
SFP Map Validation
• Evaluate the predictive ability of the map

• How often are our predictions “right”?
• Use a 10% subset of sample pixels withheld 

for validation
• Only used fires between 85th and 95th

percentile of 1000-hour fuel moisture index
• Reclassify SFP to binary, testing a range of 

breakpoints (25 – 75)
• Compare to binary severity from MTBS



Results
Forest

SFP Map Validation
• Best SFP breakpoints mostly under 50
• AUC values mostly under 0.7
• PCC values mostly 50-70%



Results
Nonforest

SFP Map Validation
• Best SFP breakpoints mostly under 50
• AUC values mostly under 0.7
• PCC values mostly 50-70%



Results

West
1. Elevation (avg rank 1.6)
2. NDVI (avg rank 2.1)
3. Fuel moisture (avg rank 2.6)

East
1. Fuel moisture (avg rank 2.1)
2. NDVI (avg rank 2.5)
3. Elevation (avg rank 3.0)

Variable Importance – Forest 



Results

West
1. NDVI (avg rank 1.2)
2. Elevation (avg rank 2.2)
3. Fuel moisture (avg rank 3.0)

East
1. Fuel moisture (avg rank 1.2)
2. NDVI (avg rank 2.4)
3. Elevation (avg rank 3.0)

Variable Importance – Nonforest



Key Findings
1. Burn severity is a complex phenomenon. Evaluating it across different 

ecosystems requires flexibility and adaptability. Data are noisy.

2. Availability of burn severity data is patchy… affects ability to model 
everywhere.

3. Vegetation, topography, and site-specific fuel moisture affect severity.

a. Topographic variables may be surrogates for vegetation distribution

b. Fires can burn hotter where there is more fuel… especially in the West

c. Fuel moisture is most important in the East… severity is climate-limited



Key Findings
4. Independent validation is important with this type of modeling and mapping.

5. High burn severity occurs on a relatively small portion of burned area.

a. About 1/3 of burned area in the West, much less in the East

b. Proportion of high severity generally stable over time (Dillon et al. 2011)

c. Area burned with high severity is increasing (Parks and Abatzoglou 2020)

6. Data from our work has contributed to ongoing studies of severity

a. Next Generation Fire Severity Mapping – Sean Parks and others

https://www.frames.gov/NextGen-FireSeverity


Management Implications
1. Best use of SFP map is for long-term assessments and strategic planning.

2. The strength of the SFP map is in generalized patterns in potential severity, 
rather than how a specific pixel is mapped.

3. The SFP index represents the likelihood of high severity (or moderate and high 
in the East) but says nothing about the likelihood of low severity fire.

4. The SFP map could provide a starting point to inform where fuels treatments 
could help to moderate severe fire potential, but it is not detailed enough to 
guide specific placement of treatments.



Thank You
greg.dillon@usda.gov

P h o t o :  G r e g  D i l l o n
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