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Abstract

TheTreeMap 2016 dataset provides detailed spatial ion on forest istics

number of live and dead trees, biomass, and carbon across the entire forested extent of the contin-
ental United States at 30 x 30m resolution, enabling analyses at finer scales where forest inventory
is inadequate. We used a random forests machine learning algorithm to assign the most similar
Forest Inventory Analysis (FIA) plot to each pixel of gridded LANDFIRE input data. The TreaMap
2016 methodology includes disturbance as a variable, Iting in d accuracy in
mapping disturbed areas. Within-class accuracy was over 90% for forest cover, height, vegetation
group, and disturbance code when compared to LANDFIRE maps. At least one pixel within the
radius of validation plots matched the class of predicted values in 575% of cases for forest cover,
B80.0% for height, 20.0% for tree species with highest basal area, and 87.4% for disturbance. A new
feature of tha dataset is that it includes linkages to select FIA data in an attribute table included
with the TreeMap raster, allowing users to map summaries of 21 variables in a GIS. TreeMap esti-
mates compared favorably with those from FIA at the state level for number of live and dead trees
and carbon stored in live and dead trees.

Study Implications: TreeMap 2016 provides a 30 = 30 m resolution gridded map of the forests
of the continental United States. Attributes of each grid call include a suite of forest characteris-
tics including biomass, carbon, forest type, and number of live and dead trees. Users can readily
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TreeMap is
visualization improvements make it easier

What Is TreeMap?

The TreeMap dataset provides detailed spatial information
on forest characteristics, including number of live and dead
trees, biomass, and carbon across the entire forested extent
of the continental United States. The objective of TreeMap

is to combine the complementary strengths of detailed-but-
spatially-sparse Forest Inventory and Analysis (FIA) data with
less-detailed-but-spatially-comprehensive LANDFIRE data to
better estimate forest characteristics at a variety of scales.

TreeMap data are used in both the private and public sectors
for a variety of projects, including fuel treatment planning,
snag hazard mapping, and estimating terrestrial carbon
resources. The dataset is produced by the USDA Forest
Service Rocky Mountain Research Station (RMRS), working
in close partnership with the Forest Service Geospatial
Technology and Applications Center (GTAC) on data delivery
and data visualization.

a tree-level model of U.S. forests. New data delivery and

Lo use.

What's New With TreeMap?
Three new utilities are available for
inspecting and downloading TreeMap data:

-

. TreeMap Explorer: An interactive web-based
application for viewing and downloading
TreeMap data (see figure 1 below).

N

. TreeMap Raster Data Gateway: Data and
standardized symbology are hosted on the
Forest Service Geodata Clearinghouse.

. Google Earth Engine (GEE) Data Catalog
Entry: To facilitate using TreeMap in cloud-
based geospatial workflows.

TreeMap will continue to be stored in the

Forest Service Research Data Archive, which

contains the full dataset download, metadata,

and supporting documents.

w




Modeling Components

Subplot:
24.0 ft radius

\ Macroplot:
le——— 58.9 ft radius
1

; FIA plot
s et data

A Distance between
4 A subplot centers is
) 120.0 ft horizontal
- 1 - ~
- ) - ~
7’ N ’ N
3

\

7> Microplot: \ 7
7 68ftradius center o

- is 12.0 ft horizontal Y
@ 90* azmuth from

the subplot center. Ra n d om FO reSt
Imputation

Azimuth 1-2 = 360°

DAYMET LANDFIRE

TreeMap f Forest

and » Vegetation
FuelMap L Simulator

Mapped
forest

Query FIA plot attributes
attributes




FIA plot data (plot locations are fuzzed)
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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

750 Miles
]

Existing Vegetation Type (2020)
Fill-NoData
North Pacific Oak Woodiand
Northwestern Great Plans Aspen Forest and Parkland
Northern Rocky Mountain Westem Larch Savanna
Rocky Mountain Aspen Forest and Woodland
Rocky Mountain Bigtooth Mapie Ravine Woodland
I Western Great Plains Dry Bur Oak Forest and Woodland
Central and Southern California Mixed Evergreen Woodland
Californéa Coastal Redwood Forest
Colorado Plateau Pinyon-Juniper Woodland
Columbia Plateau Western Juniper Woodland and Savanna
I East Cascades Mesic Montane Mixed-Conifer Forest and Woodland
1 Great Basin Pinyon-Juniper Woodland
1= Basins Subalpine Pine Woodland
R Klamath-Siskiyou Lower Montane Serpentine Mixed Conifer Woodiand
Klamath-Siskiyou Upper Montane Serpentine Mixed Conifer Woodland
W Madrean Encinal
W Modrean Lower Montane Pine-Oak Forest and Woodland
Madrean Pinyon-Juniper Woodland
N Modrean Upper Montane Conifer-Oak Forest and Woodland
N Mediterranean California Dry-Mesic Mixed Conifer Forest and Woodland
I Mediterranean California Mesic Mixed Conifer Forest and Woodland
W Mediterranean California Mixed Oak Woodland
R Mediterranean California Lower Montane Conlfer Forest and Woodland
I California Montane Jeffrey Pine-(Ponderasa Pine) Woodland
W Mediterranean California Red Fir Forest
Mediterranean California Subalpine Woodland
Mediterranean California Mesic Serpentine Woodland
I North Pacific Dry Douglas-fir-(Madrone) Forest and Woodland
I North Pacific Seasonal Sitka Spruce Forest
I North Pacific Maritime Dry-Mesic Douglas-fir-Western Hemiock Forest
R North Pacific Maritime Mesic Subalpine Parkland

Torth Paciic Maritime Mesic-Wet Douglas-fir-Western Hemlock Forest

I North Pacific Mountain Hemlock Forest

I North Pacific Mesic Western Hemlock-Silver Fir Forest

B Mediterranean California Mixed Evergreen Forest

I Northern California Meskc Subalpine Woodiand

I Northern Rocky Mountain Dry-Mesic Montane Mixed Conifer Forest
Northern Rocky Mountain Subalpine Woodiand and Parkiand

B Northern Rocky Mountain Mesic Montane Mixed Conifer Forest
Northwestemn Great Plains Highland White Spruce Woodland
Rocky Mountain Foothill Limber Pine-Juniper Woodland
Rocky Mountain Lodgepole Pine Forest

I Southern Rocky Mountain Dry-Mesic Montane Maxed Conifer Forest and Woodland
M Southem Rocky Mountain Mesic Montane Mixed Conifer Forest and Woodland

Northern Rocky Mountain Ponderosa Pine Woodland and Savanna
Southem Rocky Mountain Ponderosa Pine Woodland
Rocky Mountain Subalpine Dry-Mesic SpruceFir Forest and Woodland
Rocky Mountain Subaipine Mesic-Wet Spruce-Fir Forest and Woodiand
B Rocky Mountain Subalpine-Montane Limber-Bristiecone Pine Woodland
Sierra Nevada Subsipine Lodgepole Pine Forest and Woodland
Southern Rocky Mountain Pinyon-Juniper Woodland
East Cascades Ponderosa Pine Forest and Woodland
Inter-Mountain Basins Aspen-Mixed Conffer Forest and Woodland
Inter-Mountain Basins Curk-leaf Mountain Mahogany Woodiand
North Pacific Broadieaf Landside Forest
198 Colorado Plateau Mixed Low Sagebrush Shrubland
B Columbia Plateau Scabland Shrubland
W Inter-Mountain Basins Mat Saitbush Shrubland
Mediterranean California Alpine Fell-Field
W North Pacific Dry and Mesic Alpine Dwar-Shrubland
T North Pacific Dry and Mesic Alpine Feikfield or Meadow
W Rocky Mountain Alpine Dwerf-Shrubland
Sierra Nevada Alpine Dwarf-Shrubland
B Wyoming Basins Dwarf Sagebrush Shrubland and Steppe
B Raia Somi-Necset Caactal Swrilant Senih

T Chihuahuan Creosotebush Desert Scrub
W Chihuahuan Mixed Salt Desert Scrub
W Chihuahuan Stabilized Coppice Dune and Sand Flat Scrub
W Chihuahuan Succulent Desert Scrub
I Colorado Plateau Blackbrush-Mormon-tea Shrubland
Great Basin Xeric Mixed Sagebrush Shrubland
I [nter-Mountain Basins Bi Sagebrush Shrubland
B Inter-Mountain Basins Mixed Salt Desert Scrub
I Mojave Mid-Elevation Mixed Desert Scrub
I North Pacific Avalanche Chute Shrubland
W Nocth Pacific Montane Shrubland
I Northwestern Great Plains Shrubland
I Rocky Mountain Lower Montane-Foothill Shrubland
I Sorora-Majave Creosotebush-White Bursage Desert Scrub
W Sonora-Mojave Mixed Salt Desert Scrub
W Sonoran Granite Outcrop Desert Scrub
W Scroran Mid-Elevation Desert Scrub
W Scuthern Calfornia Coastal Scrub
I Scuthern Colorado Plateau Sand Shrubland
W Viestern Great Plains Sandhill Steppe
W California Maritime Chaparral
I Calffornia Mesic Chaparral
B California Montane Woodland and Chaparral
R California Xeric Serpentine Chaparral
' Chihuahuan Mixed Desert and Thomscrub
B Madrean Oriental Chaparral
Colorado Plateau Pinyon-Juniper Shrubland
(R Great Basin Semi-Desert Chaparral
R Mogolion Chaparral
I Northern and Central California Dry-Mesic Chaparral
I Northern Rocky Mountain Montane:Foothill Deciduous Shrubland
1 Rocky Mountain Gambel Oak-Mixed Montane Shrubland
M Sonora-Mojave Semi-Desert Chaparral
B Sannean Palowsrde-Mived Carti Nocart Genih,




TreeMap Random Forest Imputation

Reference Data

ﬁ Plot Data

+ Canopy cover
+ Canopy height
+ Existing Vegetation G
* Disturbance

* Disturbance year

True FIA Plot Location
» Latitude
* Longitude

Biophysical Data
* Precipitation
«  Solar radiation 0?;0\\0
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TreeMap Random Forest Imputation

/

Input 1:
Reference data
Forest plot data from FIA

Precip. = 16
Veg. group = PP
Tree 1 = PP
Tree 2 — DF
Tree 3 = PP

Etc .

Precip.= 12
Veg. group = MC
Tree I = DF
Tree 2 = DF
lree 3 = LP

Lte.

[

Input 2:
Target data
Gridded landscape
data from Landfire

Precipitation
15 (16 | 16
15 16
16 |16 | 16

Vegetation Group
PP | PP | PP
MC PP
MC | MC | MC

\

LA L I L R R L L

LL L L I L L A L Ll
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L L L .

/’

Output:
Grid of forest
plot IDs

\

20 5|5

12

*1
12 | 12 | 12

&

Plot 1
Iree 1 = PP
Tree 2 = DI
Tree 3 - PP

Ew.




Updates and Improvements

* Landscape updates from LANDFIRE to 2020 and 2022.

* Update to DAYMET biophysical variables.

* Species ride-along improvements.

3 Willamette NF

TreeMap Forest Type (2020)

. Juniper woodland

= Pinyon / juniper woodland

W Evergreen oak woodland

. Grand fir

= Lodgepole pine

. Douglas-fir

N Ponderosa pine

. Western redcedar

. Aspen

B Deciduous oak woodland

. Intermountain maple woodland
. Cercocarpus (mountain brush) woodland
W Subalpine fir

. Limber pine

I Engelmann spruce / subalpine fir
= Engelmann spruce

== Bur oak

. Nonstocked

W Blue spruce

W Paper birch

== Whitebark pine

= Cottonwood

= White oak / red oak / hickory
. Virginia pine

. Rocky Mountain juniper

= White fir

I Cottonwood / willow

350

1,400 Kilometers
J

. Western hemlock

. Western juniper

. Red alder

. Mountain hemlock

= Tanoak

== Western larch

== Noble fir

W California black oak

W Oregon white oak

. Redwood

= Canyon live oak

= Blue oak

W Coast live oak

W Gray pine

= California mixed conifer

W Western white pine

. Mesquite woodland

. Pacific madrone

I Bigleaf maple

. Pacific silver fir

. )effrey pine

. [nterior live oak

. Red fir

= Other hardwoods

. California white oak (valley oak)
 Mixed upland hardwoods

. White oak

W Chestnut oak / black oak / scarlet oak
= Sweetbay / swamp tupelo / red maple
. Loblolly pine / hardwood

B Loblolly pine

= Yellow-poplar / white oak / northern red oak

. Yellow-poplar

= Sugarberry / hackberry / elm / green ash

= Elm / ash / black locust

W Eastern redcedar / hardwood

. Sycamore / pecan / American elm
W Eastern white pine

= Chestnut cak

W Eastern hemlock

W Cherry / white ash / yellow-poplar
= Red maple / lowland

B River birch / sycamore

= Balsam poplar

. Post oak / blackjack oak

= Shortleaf pine / oak

== Norway spruce

. Red maple / oak

W Eastern white pine / northern red oak / white ash W Scotch pine

= Sugar maple / beech / yellow birch
W Other pine / hardwood

= Atlantic white-cedar

= Jack pine

. Tamarack

= Red pine

W Hard maple / basswood

W Black ash / American elm / red maple
= Red maple / upland

- Willow

. Black walnut

== Balsam fir

= Northern red oak

. Silver maple / American elm

W Foxtail pine / bristiecone pine

W Red spruce

W Red spruce / balsam fir

W Gray birch

== Northern white-cedar

W Black spruce

. Black locust

W Sassafras / persimmon

= Other exotic hardwoods

W Eastern redcedar

W Siash pine

' Shortleaf pine

N Overcup oak / water hickory

. Sweetgum / Nuttall oak / willow oak
. Swamp chestnut oak / cherrybark oak
W Baldcypress / water tupelo

B Slash pine / hardwood

= Longleaf pine

N Sand pine

= Southern scrub oak

. Longleaf pine / oak

W Baldcypress / pondcypress

- Palms

= Pond pine

== Sweetgum / yellow-poplar

= Virginia pine / southern red oak

. California laure!
. Miscellaneous woodland hardwoods
. Sitka spruce

B Incense-cedar

== Oregon ash

== Port-Orford-cedar

= Alaska-yellow-cedar

W Scarlet oak

W Giant chinkapin

== Coulter pine

. Southwestern white pine

= Miscellaneous western softwoods
. Knobcone pine

. Sugar pine

B Spruce pine

W Black cherry

= Table Mountain pine

' Eastern white pine / eastern hemlock
. Pin cherry

. White spruce

. Pitch pine

= Mangrove

= Introduced larch

== Melaleuca

== Paulownia

. Other exotic softwoods

. Monterey pine



Daymet variable updates

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

%% | EARTHDATA Other DAACs -

Reference variables include: —
* Precipitation "
e Shortwave radiation

Direct Download

* Snow water equivalent )

* Maximum temperature

. o Direct Download Single Pixel Extraction Tool Web Services
* Minimum temperature
I I Daily Surface Weather Data for North Enter a single geographic point by latitude Retrieve data subsets for any pixel location
America, pre-derived Climatologic and longitude in decimal degrees. Daily data time period, variable and area subset
Summaries, and spatially referenced cross from the nearest 1 km x 1 km Daymet grid programmatically using a RESTful Web
validation files with companion cell are extracted from the database and Service.
L Va p O r p ress u re documentation files formatted as a table
Daymet Data - ORNL DAAC Single Pixel Extraction Tool d

 Vapor pressure deficit




Ride-along update: The problem

0 125 250
Lig g 3 0§ 3

500 Miles

Forest Types (2016)
I ack pine

I Balsam fir

B \hite spruce

I Black spruce

B Northern white-cedar
[ Douglas-fir

[ Ponderosa pine
B \Western white pine
B white fir

B Red fir

I noble fir

B Pacific silver fir

it Engelmann spruce

I Engelmann spruce / subalpine fir
B Grand fir

B subalpine fir

B Mountain hemlock

B Lodgepole pine

B viestern redcedar

B Western larch

I Miscellaneous western softwoods
[ other pine / hardwood

B Hard maple / basswood

I Red maple / upland

B Aspen

B Paper birch

-~

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.

 Earlieriterations 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.

1,000 Miles
L 1 1 1 1 1 | |

LANDFIRE Zone I Eastern Great Basin W Horthern Appalachla B Southeastern Great Plaing
W Allegheny Plateau I fostern Great Plains I Northern California Coastal Range B southern Appalachia
) l h h h M l l d M W Appalachia B Fostern Till Plains I Northarn ades B southern Califarnla Coastal Range

ReS u tS S OW t a t t e re I S a S m a re u Ctl O n B Appalachia Bluegrass Hills B Eduards Plaleau B Northern ains B southern Greal Plains
B Blue Mountain Region of the Columbia Plateau . I Northern Country B southern Pledmont

. f EV H EV C d d . b I California Central Valisy i stal Plain I Northern Rocky Mountains B southern Rocky Mountains

I n a C C u ra Cy O r 9 ) a n I St u r a n Ce B Cascade Mountain Range ee Be eau I Northweslern Great Plains B The Narth \Woods

° ° ° W Central Great Lakes Uplands areq B Northwestern Rocky Mountains B Tl Plains
h l t l t I Central Till Plains ai B Oregon Coastal Range: B Utah High Plateaus

W e n I m I I n g p O S . I Chesapeake Bay B Gulf Plains B Ouachita Hills B \estern Great Basin
B Chihuahuan Desert B Middle Recky Mountains B Ozark Highlands B \ostern Great Plains
B Coastal Gulf Plains B Mississipi Alluvial Plains I Prairie Coteau Lands B vestern Gulf Plains
B Colorado Plateau B Mississippi Delta I Rio Grande Basin B \iestern Till Plains
W8 Connecticut River Basin and Highlands I Missouri River Plateau I sandbils B \iiyoming Basin
M Cumberland Highlands I Mogollon Rim B Sierra Nevada Mountain Range B \yoming Highlands

[ Death Valley Basin I Navajo Plateau I Snzke River Plain I <all other values>



Ride-along updates: Results

Willamette National Forest
Unobserved Forest Types

ASpe
. . . Balsam fir+
California mixed coniferq BEEF=Z=—2==4
Paper birch -

Western white pine 4 P22
Sugar ma’&le / beech / yellow birch 4
ixed upland hardwoods A
Elm / ash / black |locust 4
~ Tanoak A
White spruce A
California laurel 4
Jeffrey pine A
: Black spruce A
White oak / red oak / hickory
Hard maple / basswood -
Eastern redcedar / hardwood -
Cherry / white ash / yellow-poplar 4
alsam poplar
Port Orford cedar -
Red maple / upland -
Post oak / blackjack oak -
Other exotic hardwoods A
Northern white-cedar
Black locust
Willow -
Western juniper
Sycamore / pecan / American elm -
Swamp chestnut oak / cherrybark oak -~
Sugarberry / hackberry / elm / green ash A
Pinyon 7 juniper woodland -
Pin cherry 4
. Paulownia 1
Miscellaneous western softwoods -
: ) Grae/ pine A
Eastern white pine / northern red oak / whife ash A
Eastern white pine -
, Blue oak 4
. Juniper woodland -
Intermountain maple woodland A
) Interior live oak 4
Deciduous oak woodland -
, Coast live oak 4
Cercocarpus (mountain brush) woodland

g
h
\
\
\
\
\

* Red =presentin 2016, excluded by fix

* Blue =not presentin 2016, added in
2020 and 2022

.

* Black = present in all datasets

b-____-T_ s e R

0 0.05 0.10 0.15
Percent of Area

o

Year [/} 2016 | | 2020



Ride-along updates: Results

Willamette National Forest
Most Common Forest Types

Douglas fir

Pacific silver fir 4
Mountain hemlock -
Western hemlock -
Red alder ~

Noble fir 4

Bigleaf maple A

Western redcedar -

*F“rmll

20 40 60
Percent of Area

O -

Year [/) 2016 | | 2020

National Forest
“Forest Types
Douglas-fir

~ Pacific silver fir
J Mountain hemlock
Western hemlock
F-’-’ Red alder
Noble fir
Bigleaf maple
AN Western redcedar
' Oak types
Other hardwoods <
Other softwoods L

Ar
Sar-
b

Unobserved forest ;
types :
Nonstocked




Results for TreeMap 2020 and 2022

TreeMap 2020

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

920 Miles
|

TreeMap 2020
Forest Type

N Juniper woodland

I Pinyon ] juniper woodland
N Evergreen oak woodland
W Grand fir

- pino
st redesdor

- e

T Deciduous ook woodland

I (ntermountain maple woodland

B Cercocarpus (mountain beush) woodand
W suoalpee fr

. Uenber pine
I Engeimann spruce / subsipne fir

W Whitebark pine
. Cottormood

T White ok / red 0k  hickory
. Vigine pine.

A Rocky Mauntain Jursper
- e

T Cottorwood / witow

- stom pormlock
st e

- e

W Mourtain hemiock

- ook

e trch

- icbie

I Caifonia back osk
I Oregon white ook

- oo

I Conyon v ook

- e ook

. ot ve 0k
-y pive

I Caifornia mived conier
W westorm whta pro

- oo sihes fr
. etrey pioe

W [nterior bve oak

W Red fir

W Otrer nardwoods

W Catfornia white osk (valey osk)

I Viced uptand hardwoods

- o ose

I st oak  black osk / scarlet ook
W Sweetbay [ swamp tupelo / red maple
I Lobiciy pine / hardwood

. Cosloly pire

T eton-popler | white 0k / northern red sk

Yelow-poplar

N Sugarberty  hackberny / ehm / green ash

W e / ash / black locust

I Eastern redcedar | harcwood
I Sycamore / pecan / American eim
. Eaern whte ire

W Chstrus osk

W Eactom white pine / northern rod osk / whits ash
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TreeMap Results

Validation

Disturbance

vanoat Year EVC EVH EVT-GP sturbane
8/(;'3”‘“””"3’ 2016 99.30 99.96 99.65 100.00
0
2020 99.47 99.98 99.68 100.00
2022 99.47 99.98 99.68 100.00
Target Layer — /4 97.70 99.60 94.80 99.98
Accuracy (%)
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
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Likelihood: FSim: the Large Fire Simulator

Wildfire Likelihood

. Susceptibility

Wildfire Likelihood

1-in-X Chance of Fire in Any Year

o

[ 0 to 1<in=10,000

] 1=in«10,000 to 1=in=4,643 Stoch Environ Res Risk Assess (2011) 25:97-1000

[C]1-in-4,643 to 1-in-2,154 DO 10, 1007 a0 7701 -2 -2

[ 11-in-2,154 to 1-in-1,000

im0t et RIGINALPAPER

[ 1«in=464 to 1=in=215

] 1-in-215 to 1-in-100

- ey A simulation of probabilistic wildfire risk components
[ 1-in=22 to 1+in<8 for the continental United States

Mark A. Finney + Charles W, McHugh -
Isaac C., Grenfell « Karin L. Riley « Karen C. Short

— @ g’- e
= ] . PYROLOGEX SEESNENIES Aprii 2020 | Source:https://dol.org/10.2737/RDS-2020-0016




Likelihood: the Large Fire Simulator

INPUTS
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)

MODEL COMPONENTS

OUTPUTS: FIRE PERIMETERS

FSim: 10,000+
years of fire
simulation

Fire behavior
(spread,
intensity)
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suppression
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due to weather

OUTPUTS: BURN PROBABILITY
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Intensity: FSim

Wildfire
risk

Susceptibility
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Rasters from three individual fires in California




Susceptibility: Wildfire risk to forest carbon

Plot ID (CN) =
175742190010854

Suscenptibility

Plot ID (CN) =
264159709489998

SCIENTIFIC D AT A 'A ‘M\

11011
011107’

M) Chosk ter upduiea

OPEN TreeMap, a tree-level model of
pATADESCRIPTOR | cOnterminous US forests circa 2014
- produced by imputation of FIA plot

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




Cumulative Proportion

Susceptibility: Wildfire risk to forest carbon

Total DWM carbon (black = FIA plot, blue=FuelMap)
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* 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)
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Bringing together the datasets

Likelihood: Annual burn Intensity: Flame
probability from FSim length probability
e from FSim (6 rasters)

Baseline carbon from TreeMap &
FuelMap in forested pixels, as
modeled in FFE-FVS

Susceptibility: TreeMap
carbon emitted under fires e B e s
of six different intensities in
forests using FVS-FFE

Forest Carbon (tons/acre)
1.029 - 31.269

31.27 - 63.669

B 63.67 - 106.87

B 106.871 - 169.51 .
B 169511 - 551,832 W'ldﬂre
risk
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Actuarial risk calculation: Expected emissions: annual emissions
given probability of burning

E(C) = ) pUFIRF(f)
n=1

* E£(C,) = expected carbon emissions

* f; = flame length categories 0’ (no

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

* P(f,) = probability of a fire of flame
length category |

* RF_=amount of carbon predicted
, ico (bcle.emltted in a fire of intensity
. evel i

i e j = number of pixels in landscape

0 M25 225 450 Miles

Expected Forest Carbon
Emissions (tons/acre)
I 0.001 - 0.049

0.05-0.194




Wildfireris

k to carbond

ashboard

WILDFIRE

]
DATA
CATALOG

K1

ANALYSIS

{s]

CARBGN

FOREST CARBON

Total Initial Forest
Carbon 2014

Calculated by simulating TreeMap
stands in the Fire and Fuels
Extension to the Forest Vegetation
Simulator and extracting the total
stand carbon from the carbon table
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Emissions by Flame
Length 2014

Flame Length Category
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@ Expected Annual
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Calculated using the expected
carbon emissions framework laid
out in the Comparative Risk
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Fire Management (Calkin et al. 2011)
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Expected Annual
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Remaining 2014

Calculated using the expected
carbon frameviork laid out in the
Comparative Risk Assessment
Framework for Wildland Fire
Management (Calkin et al. 2011)
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Thank you and questions

EE An official website of the United States government Here's how you know v

= orest Service
— RESEARCH & DEVELOPMENT
_ U.S. DEPARTMENT OF AGRICULTURE Forest Service Home | Inside the Forest Service = About the Agency

Missoula Fire Sciences Laboratory DOV scarch FIRELAB

Home Research - Products v About v

Research > Missoula Fire Sciences Laboratory > Data and Tools > TreeMap: A tree-level model of United States forests

Data and Tools TreeMap: A tree-level model of United States forests
Publications Release Date: August 26,2021
Articles

Researchers used machine learning to pair forest plot data with biophysical characteristics of the landscape to produce

Multimedia a seamless tree-level forest map.

Seminar Series The TreeMap dataset is a spatial model of the trees in continental US forests. It provides detailed spatial information on forest
characteristics including a list of trees for each pixel (with tree species, DBH, height, and live or dead status), and summary
information for each pixel including forest type, number of live and dead trees, biomass, and carbon. TreeMap covers the
entire forested extent of the continental United States at 30 x 30m resolution, enabling analyses at fine scales. Inputs to
TreeMap include detailed forest plot data measured by Forest Inventory and Analysis (FIA), national gridded maps of forest
cover, height, and vegetation type provided by the LANDFIRE project, and climatic variables from Daymet. TreeMap includes

disturbance as a response variable, resulting in increased accuracy in mapping disturbed areas.

Using random forests (a type of machine learning algorithm) we match the forest plot data to the gridded vegetation maps,
producing a seamless model of the trees of the forests of the US. Specifically, the result is a map of plot ID numbers, which
identify the best-matching forest plot for each 30x30 pixel in the map. The map of plot ID numbers can be linked back to the
FIA databases to generate maps of any number of forest characteristics, ranging from basal area to biomass to species types.

Contact:

Dr. Karin Riley Rachel Houtman Scott Zimmer

US Forest Service US Forest Service US Forest Service
Karin.L.Riley@usda.gov = Rachel.Houtman@usda.gov 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
circa2014. 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.; Fi.nne?;, Mark A.; Shaw, John D. 2021. TreeMaf 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-2021-007

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, lan W.; Shrestha, Abhinav; Shaw, John D.; Riley, Karin L. 2025. TreeMag 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, lan W.; Shrestha, Abhinav; Shaw, John D.; Riley, Karin L. 2025. TreeMag 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

United States Department of Agriculture - FSGeodata Clea ringhouse U*\ .
==l Forest Service - L.

e e I e s S
;;* pw% o ng

Clearinghouse Home Help Contact Us

Enterprise Data

TreeMap

Purpose:

Geospatial data describing tree species or forest structure are required for many analyses and
models of forest landscape dynamics. Forest data must have resolution and continuity sufficient
to reflect site gradients in mountainous terrain and stand boundaries imposed by historical
events, such as wildland fire and timber harvest. The TreeMap 2014 dataset (Riley et al. 2019)
was the first of its kind to provide such detailed forest structure data across the forests of the
conterminous United States. Prior to to the TreeMap 2014 imputed forest data, assessments
relied largely on forest inventory at fixed plot locations at sparse densities. The TreeMap 2016

Raster Data dataset (Riley et al. 2021, Riley et al. 2022) updated the 2014 version to include disturbance
as a response variable, which improved accuracy in disturbed areas.

The TreeMap 2020 and 2022 CONUS datasets update the TreeMap 2016 dataset to landscape

conditions circa 2020 and 2022 respectively and updates the methods by 1) using a different

suite of climate variables in the imputation and 2) improving species composition assignments
to prevent plots being imputed to areas where their existing vegetation type was not present,
an issue which affected a small number of pixels in previous TreeMap versions.

TreeMap is being used in both the private and public sectors for projects including fuel
treatment planning, snag hazard mapping, and estimation of terrestrial carbon resources.

Data Availabilitv:

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



Accessing TreeMap: The TreeMap Explorer

— e v

= PARAMETERS

TreeMap Year Selection

TreeMap Model Year
®2016 O2020 O2022
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O QMD_RMRS: Stand Quadratic Mean Diameter ——— ¥ v B Easters redcedar
E@}f &' Active tools: Pixel Tools-Query Visible Map Layers Number of map layers loading: 0  Lng:-121.8427, Lat: 44.4397, Elevation: 1090(m), 3576(ft), Zoom: 14, 1:72,224 Privacy Policy Accessibility Statement Disclaimers / Airbus, Landsat / C i i 500mu 1 Terms Reportamap emor

https://apps.fs.usda.gov/Icms-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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