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FIA plot data (plot locations are fuzzed)

We have a lot of 
information about a 
small percent of the 

total landscape.

(For all plots)

• Land use

• Individual tree measurements:

– DBH

– Species

– Live/Dead

– Mortality agents

• Recent disturbance history

(For a subset of plots):

• Fuels

• Soils

• Understory vegetation



LANDFIRE and DAYMET datasets

We have sparse  information for 
every 30 m point on the 

landscape.

Overlaying raster data allows us 
to create a combined dataset for 

the sparse data, called Target 
Data.

Existing Vegetation Cover
Existing Vegetation Height
Existing Vegetation Group



TreeMap Random Forest Imputation

FIA Plot Data

• Canopy cover

• Canopy height

• Existing Vegetation Group

• Disturbance 

• Disturbance year

True FIA Plot Location

• Latitude

• Longitude

Biophysical Data

• Precipitation

• Solar radiation

• Snow-water equivalent

• Max and min temperature

• Vapor pressure 

• Vapor pressure deficit 

Reference Data

Fuzzed FIA plots identify 

location of rich data

Existing Vegetation Cover
Existing Vegetation Height
Existing Vegetation Group

LANDFIRE Grids

• Existing Vegetation Cover

• Existing Vegetation Height

• Existing Vegetation Group

• Disturbance

• Disturbance year

Grid point locations

• Latitude 

• Longitude

DAYMET Grid Data

• Precipitation

• Solar radiation

• Snow-water equivalent

• Max and min temperature

• Vapor pressure 

• Vapor pressure deficit 

Target Data

Raster grid sandwich of target data (this 

is a subset)



TreeMap Random Forest Imputation



Updates and Improvements

• Landscape updates from LANDFIRE to 2020 and 2022.

• Update to DAYMET biophysical variables.

• Species ride-along improvements.



Daymet variable updates

Biophysical variables were updated to Daymet maps because the methods are published 
through peer-review (Thornton 1997, Thornton 2021).

Reference variables include:

• Precipitation

• Shortwave radiation

• Snow water equivalent

• Maximum temperature

• Minimum temperature

• Vapor pressure

• Vapor pressure deficit



Ride-along update: The problem

Native range of balsam fir 

(Abies balsamea). 
Source: 

https://research.fs.usda.gov/silvics/balsam-fir



Ride-along update: Methods

• Random Forest is run for each LANDFIRE 
zone.

• Earlier iterations used all single-condition, 
forested plots, allowing plots far from a 
given location to be available for imputation.

• In this update, we compiled all the unique 
tree species identified in FIA plots within 
each zone and adjacent zones. This list was 
used to limit the FIA plots available to each 
zone by species.

• Results show that there is a small reduction 
in accuracy for EVH, EVC, and disturbance 
when limiting plots. 



Ride-along updates: Results

• Red = present in 2016, excluded by fix

• Blue = not present in 2016, added in 
2020 and 2022

• Black = present in all datasets



Ride-along updates: Results



Results for TreeMap 2020 and 2022

TreeMap 2020

• Imputed 64,743 plots to 2,696,548,860 forested pixels

TreeMap 2022

• Imputed 65,043 plots to 2,687,805,994 forested pixels



TreeMap Results
Validation 

Method
Year EVC EVH EVT-GP

Disturbance 

Presence

OOB Accuracy 

(%)
2016 99.30 99.96 99.65 100.00

2020 99.47 99.98 99.68 100.00

2022 99.47 99.98 99.68 100.00

Target Layer 

Accuracy (%)
2016 97.70 99.60 94.80 99.98

2020 96.28 99.48 97.24 99.77

2022 96.13 99.43 97.14 99.70



TreeMap Use Case: Wildfire risk to carbon

Burn Probability from FSim Conditional Intensity Probability 

from FSim

Carbon Impact from TreeMap + 

FuelMap and FVS



Likelihood: FSim: the Large Fire Simulator



Landscape 
maps (static 

condition from 
LANDFIRE)

Weather 
observations 

(RAWS or 
gridded, e.g. 

GRIDMET)

Fire records 
from Short’s 

Fire Occurrence 
Database 

(1992-2020)

Fire 
containment 
records (ICS-

209)

Ignition

Fire behavior 
(spread, 

intensity)

Fire 
suppression

Weather

FSim: 10,000+ 

years of fire 

simulation

Fire cessation 
due to weather

Burn Probability

0

0 - 0.0001

0.0001 - 0.0003

0.0003 - 0.0006

0.0006 - 0.001

0.001 - 0.003

0.003 - 0.006

0.006 - 0.01

0.01 - 0.03

0.03 - 0.06

0.06 - 0.1

Likelihood: the Large Fire Simulator
INPUTS MODEL COMPONENTS OUTPUTS: FIRE PERIMETERS OUTPUTS: BURN PROBABILITY



Rasters from three individual fires in California

Intensity: FSim



Tree-level model of forests of CONUS: TreeMap
Main ingredients: FIA plots, gridded map of LANDFIRE, and DAYMET predictors

Plot ID (CN) =
175742190010854

Plot ID (CN) =
264159709489998

Susceptibility: Wildfire risk to forest carbon



Susceptibility: Wildfire risk to forest carbon

• FuelMap dataset provides information on loading of litter, duff, 
coarse and fine woody debris

– Critical for emissions calculations

– The dataset is a second imputation using only plots where FIA 
records Downed Woody Material (DWM)

Total DWM carbon (black = FIA plot, blue=FuelMap)



Bringing together the datasets

Baseline carbon from TreeMap & 
FuelMap in forested pixels, as 

modeled in FFE-FVS

Likelihood: Annual burn 
probability from FSim

Intensity: Flame 
length probability 

from FSim (6 rasters)

Susceptibility: TreeMap 
carbon emitted under fires 
of six different intensities in 

forests using FVS-FFE



Actuarial risk calculation: Expected emissions: annual emissions 
given probability of burning

• E(Cs) =  expected carbon emissions 
• fi = flame length categories 0’ (no 

fire), 2’, 4’ 6’, 8’, 10’, and 20’ (six 
flame length categories)

• P(fi) = probability of a fire of flame 
length category i

• RFc = amount of carbon predicted 
to be emitted in a fire of intensity 
level i

• j = number of pixels in landscape



Wildfire risk to carbon dashboard



Thank you and questions

Contact: 
Dr. Karin Riley
US Forest Service
Karin.L.Riley@usda.gov 

Rachel Houtman
US Forest Service
Rachel.Houtman@usda.gov 

Scott Zimmer
US Forest Service
Scott.Zimmer@usda.gov 



Accessing TreeMap: Full Raster Datasets

TreeMap 2009 (western states only)

Riley, Karin L.; Grenfell, Isaac C.; Finney, Mark A.; Wiener, Jason M. 2018. Fire Lab tree list: A tree-level model of the western US circa 2009 v1. Fort Collins, CO: Forest Service 
Research Data Archive. https://doi.org/10.2737/RDS-2018-0003

Riley, Karin L.; Grenfell, Isaac C.; Finney, Mark A. 2016. Mapping forest vegetation for the western United States using modified random forests imputation of FIA forest plots. 
Ecosphere. 7(10): e01472.

TreeMap 2014

Riley, Karin L.; Grenfell, Isaac C.; Finney, Mark A.; Wiener, Jason M.; Houtman, Rachel M. 2019. Fire Lab tree list: A tree-level model of the conterminous United States landscape 
circa 2014. Fort Collins, CO: Forest Service Research Data Archive. https://doi.org/10.2737/RDS-2019-0026

Riley, Karin L.; Grenfell, Isaac C.; Finney, Mark A.; Wiener, Jason M. 2021. TreeMap, a tree-level model of conterminous US forests circa 2014 produced by imputation of FIA plot 
data. Scientific Data. 8: 11.

TreeMap 2016

Riley, Karin L.; Grenfell, Isaac C.; Finney, Mark A.; Shaw, John D. 2021. TreeMap 2016: A tree-level model of the forests of the conterminous United States circa 2016. Fort Collins, CO: 
Forest Service Research Data Archive. https://doi.org/10.2737/RDS-2021-0074

Riley, Karin L.; Grenfell, Isaac C.; Shaw, John D.; Finney, Mark A. 2022. TreeMap 2016 dataset generates CONUS-wide maps of forest characteristics including live basal area, 
aboveground carbon, and number of trees per acre. Journal of Forestry. 2022: 607-632.

TreeMap 2020

Zimmer, Scott N.; Houtman, Rachel M.; Leatherman, Lila S. T.; Housman, Ian W.; Shrestha, Abhinav; Shaw, John D.; Riley, Karin L. 2025. TreeMap 2020 CONUS: A tree-level model of 
the forests of the conterminous United States circa 2020. Fort Collins, CO: Forest Service Research Data Archive. https://doi.org/10.2737/RDS-2025-0031

TreeMap 2022

Houtman, Rachel M.; Leatherman, Lila S. T.; Zimmer, Scott N.; Housman, Ian W.; Shrestha, Abhinav; Shaw, John D.; Riley, Karin L. 2025. TreeMap 2022 CONUS: A tree-level model of 
the forests of the conterminous United States circa 2022. Fort Collins, CO: Forest Service Research Data Archive. https://doi.org/10.2737/RDS-2025-0032
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Accessing TreeMap: Raster Data Gateway 

https://data.fs.usda.gov/geodata/rastergateway/treemap/index.php



Accessing TreeMap: The TreeMap Explorer

https://apps.fs.usda.gov/lcms-viewer/treemap.html



Accessing FuelMap: Full Raster Datasets

FuelMap 2014

Riley, Karin L.; Grenfell, Isaac C.; Shaw, John D. 2023. FuelMap 2014: Imputed map of carbon stored in litter, duff, fine woody debris, 
and coarse woody debris for CONUS forests circa 2014. Updated 30 August 2024. Fort Collins, CO: Forest Service Research Data 
Archive. https://doi.org/10.2737/RDS-2023-0042

FuelMap 2020 and 2022

Zimmer, Scott N.; Riley, Karin L.; Grenfell, Isaac C.; Shaw, John D. 2026. FuelMap 2020 and 2022: Imputed map of carbon stored in 
litter, duff, fine woody debris, and coarse woody debris for CONUS forests circa 2020 and 2022. Fort Collins, CO: Forest Service 
Research Data Archive. https://doi.org/10.2737/RDS-2026-0016
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Accessing Wildfire Risk to Carbon Datasets

Risk to Forest Carbon 2014

Houtman, Rachel M.; Riley, Karin L.; Finney, Mark A.; Ager, Alan A. 2026. Spatial datasets of wildfire risk to forest carbon for the 
conterminous United States (30m) circa 2014 landscapes. Fort Collins, CO: Forest Service Research Data Archive. 
https://doi.org/10.2737/RDS-2026-0014

Risk to Rangeland Carbon 2014 and 2020 (related dataset)

Zimmer, Scott N.; Riley, Karin L.; Reeves, Matthew C; Urbanski, Shawn P. 2026. Spatial datasets of wildfire risk to rangeland carbon for 
the conterminous United States (30m) circa 2014 and 2020 landscapes. Fort Collins, CO: Forest Service Research Data Archive. 
https://doi.org/10.2737/RDS-2026-0015

Wildfire Risk to Carbon Dashboard provides users access to visualize and summarize subsets of the 2014 
data here: https://app.wildfireriskcarbon.org/home/ 
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Additional Citations
LANDFIRE. (2025, November ). [Homepage of the LANDFIRE Project, U.S. Department of Agriculture, Forest Service; U.S. Department of Interior], [Online]. Available: 
https://www.landfire.gov [2025, December 2].

Thornton, P. E., R. Shrestha, M. Thornton, S.-C. Kao, Y. Wei, and B. E. Wilson. 2021. Gridded daily weather data for North America with comprehensive uncertainty quantification. 
Scientific Data 8. https://doi.org/10.1038/s41597-021-00973-0

Thornton, P.E., Running, S.W., White, M.A. 1997. Generating surfaces of daily meteorological variables over large regions of complex terrain. Journal of Hydrology 190: 214 - 
251. https://doi.org/10.1016/S0022-1694(96)03128-9
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