‘ORNL DAAC

DISTRIBUTED ACTIVE ARCHIVE CENTER

FOR BIOGEOCHEMICAL DYMAMICS

About Get Data Submit Data Tools Resources

DAAC Home > Get [)-ta > Science Themes > Vegetation and Forests > User guide in

Mature and Old-growth Forest Probability Maps for the
Conterminous United States

Get Data

Documentation Revision Date: 2026-04-08

Dataset Version: 1
Summary

This dataset contains maps of succession-related forest classes across the conterminous US: mature-forest, old-growth-forest, other-forest, and non-
forest. The three forest classes have also been combined into an all-forest class. The first map type is a predicted, class presence probability map at 1-ha
spatial resolution (the native mapping resolution of this study). The second map type is an aggregated set of class proportion maps at 5-km (25-km2)
resolution, representing the proportions of total land area and the proportions of forest land area, for the mature-forest, old-growth-forest, and all-forest
classes. To derive these data, a spatial Bayesian modeling framework was developed that integrated U.S. Forest Inventory and Analysis (FIA) plot-level
mature and old-growth (MOG) definitions with a stack of data layers derived from both active and passive satellite remote sensing platforms. To reduce
spatial heterogeneity in predictor response relationships, CONUS was segmented into 29 strata based on forest composition and U.S. Environmental
Protection Agency Level Il and Ill ecoregions, while trying to maintain at least 100 plots in each class within any given stratum. Quadratic discriminant
analysis (QDA) models were calibrated and applied independently in each stratum, with the FIA plot MOG labels as the response variable and the remote
sensing data as predictors. The maps represent the state of U.S. forests circa 2022, the year that best matches the range of dates used for the remote
sensing data, although the inventory data span slightly a wider and earlier range of years of data collection. The data are provided in cloud optimized
GeoTIFF (COG) format.

There are three data files in cloud optimized GeoTIFF (COG) format in this dataset.
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Figure 1. Probability of MOG class presence mapped at 1-ha spatial resolution. Mature (A) and old-growth (B) probabilities are shown, with the strata
boundaries overlaid in black (image from Bruening et al., 2026).
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1. Dataset Overview

This dataset contains maps of succession-related forest classes across the conterminous US: mature-forest, old-growth-forest, other-forest, and non-
forest. The three forest classes have also been combined into an all-forest class. The first map type is a predicted, class presence probability map at 1-ha

spatial resolution (the native mapping resolution of this study). The second map type is an aggregated set of class proportion maps at 5-km (25-km2)
resolution, representing the proportions of total land area and the proportions of forest land area, for the mature-forest, old-growth-forest, and all-forest
classes. The maps represent the state of U.S. forests circa 2022, the year that best matches the range of dates used for the remote sensing data,
although the inventory data span slightly a wider and earlier range of years of data collection.

To derive these data, a spatial Bayesian modeling framework was developed that integrated U.S. Forest Inventory and Analysis (FIA) plot-level mature
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and old-growth (MOG) definitions with a stack of data layers derived from both active and passive satellite remote sensing platforms. To reduce spatial
heterogeneity in predictor response relationships, CONUS was segmented into 29 strata based on forest composition and U.S. Environmental Protection
Agency Level Il and Il ecoregions, while trying to maintain at least 100 plots in each class within any given stratum. Quadratic discriminant analysis (QDA)
models were calibrated and applied independently in each stratum, with the FIA plot MOG labels as the response variable and the remote sensing data as
predictors. The data that underpin both map types are a predicted distribution of class membership for each 1-ha pixel. From these posterior class
distributions, presence probabilities were calculated for each class at the native mapping resolution (1-ha). These distributions were spatially aggregated

to produce predicted class proportions (relative to both total land area and forested land area) for each class (5-km x 5-km resolution; 25 km?).
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2. Data Characteristics

Spatial Coverage: Conterminous US (CONUS)

Spatial Resolution: 1 ha and 25 km?

Temporal Coverage: 2022-01-01 to 2022-12-31

Temporal Resolution: One-time estimate for year circa 2022

Study Area: Latitude and longitude are given in decimal degrees.

Site Westernmost Easternmost Northernmost Southernmost
Longitude Longitude Latitude Latitude
CONUS -124.7614 -66.9295 49.37394 24.2956

Data File Information
There are three data files in cloud optimized GeoTIFF (.tif) format in this dataset.

Data Note: In recognition of data sovereignty of Tribal Nations and Indigenous people, map data that fall within the administrative boundaries of federally
recognized Tribal lands (as designated by the U.S. Bureau of Indian Affairs) have been masked out. Tribal Nations seeking access to these masked data
should contact the author.

The projection for all files is WGS 84/ NSIDC EASE-Grid 2, DATUM WGS 1984, EPSG 6933. Map units are meters.
File Descriptions

1) CONUS_mature_old_growth_probabilities_0100m.tif:

This file has five bands. Data are stored as integers. The no data value is 255. Valid range for all bands is 0-100.

The file is a 1-ha resolution (100 m x 100 m) stack of class presence probability for the 5 classes (5 bands). Values for all bands represent the probability
of class presence anywhere within the 1-ha grid cell and have been rounded to the nearest integer. Here, class presence does not imply the entire pixel
belongs to the target class, only that the target class is present in at least part of the cell.

« Band 1: non-forest class presence probability

« Band 2: all-forest class (combination of other-forest, mature-forest, old-growth-forest) presence probability
« Band 3: other-forest class presence probability

« Band 4: mature-forest class presence probability

« Band 5: old-growth-forest class presence probability

Bands [1, 2] sum to 100%. Bands [1, 3, 4, 5] sum to 100%. Bands [3 ,4, 5] sum to equal band [2].
2) CONUS_mature_old_growth_proportions_5000m.tif:

This file has 28 bands. The no data value is -9999.

The file contains a stack of class proportion values with 25 bands (five proportions x five metrics for each proportion), at 25-km 2 (5 km x 5 km) spatial
resolution. See band descriptions encoded in the GeoTIFF.

The five proportions are:

« forest proportion of total land area (bands 4-8 with five metrics listed below in order),
« mature-forest proportion of total land area (bands 9-13),

« mature-forest proportion of forest land area (bands 14-18),

« old-growth-forest proportion of total land area (bands 19-23), and

« old-growth-forest proportion of forest land area (bands 24-28)

For each of the five proportions, the five metrics are:
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« lower Cl bound (2.5% quantile),

e Mmean,

« upper Cl bound (97.5% quantile),

« 95% Cl range, and

« 95% Cl range as a fraction of the mean

Example of five bands of data for the "mature proportion of total land area" (bands 9-13):

« mature-forest proportion of total land area: lower Cl bound (2.5% quantile)

« mature-forest proportion of total land area: mean

« mature-forest proportion of total land area: upper Cl bound (97.5% quantile)

« mature forest proportion of total land area: 95% CI range

« mature-forest proportion of total land area: 95% CI range as a fraction of the mean

Three additional bands in this file provide data for:

« the number of hectares that contribute to the estimate (band 1),
« a 5-km raster cell index (band 2), and
« a 50-km raster cell index (band 3)

3) CONUS_mature_old_growth_strata_0100m.tif
This file has one band stored as an integer. The no data value is 255. Valid range is 0-29.

The file shows the modeling strata boundaries in the same raster format as the 100-m probability grids, with 1-ha resolution (100-m x 100-m) grids. See
Figure 2 for a strata legend and map.
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Figure 2. Strata boundaries used to calibrate and apply localized MOG models (from Bruening et al., 2026)

3. Application and Derivation

Mature and old-growth (MOG) forests hold significant ecological and societal value in the United States. In 2022, a presidential executive order directed
the U.S. Forest Service to conduct a MOG forest inventory, and regional definitions were developed using the Forest Inventory and Analysis (FIA) system.
National-scale MOG forest mapping, based on the national MOG definitions and at high spatial resolution, is essential for balancing and harmonizing
MOG conservation, stewardship and management activities across government agencies and a diverse set of forest land-owners.

4. Quality Assessment
A 10-fold cross validation of the calibrated QDA models was performed and revealed minimal bias nationally but moderate over-prediction in some strata.

The 100-m probability surface does not have an associated uncertainty budget, and instead can be thought of as an assessment of certainty (or

uncertainty) regarding class presence within each 100-m pixel. The accompanying 25-km? mean class proportion estimates do have associated
uncertainties, expressed in the form of 95% credible intervals. These intervals are directly calculated from the predicted posterior class distributions that

underpin both the 100-m probability predictions and the 25-km? proportion estimates.

Refer to Bruening et al. (2026) for an extensive discussion on the validation procedure and results, as well as the sources of uncertainty in the analysis,
and how these are (and are not) reflected by the credible intervals.



5. Data Acquisition, Materials, and Methods

Multi-scale mature and old-growth forest (MOG) maps were derived from a Bayesian model-based enhanced forest inventory analysis that integrates
Forest Inventory and Analysis (FIA) data with a stack of remote sensing predictor variables (Figure 3). The inventory data are publicly available from the
U.S. FIA program and the remote sensing data are also publicly available.

Unique definitions of mature and old-growth forest classes were independently created for each FIA region using criteria based on a suite of tree- and
stand-level inventory variables measured on FIA plots (Pelz et al., 2023; Woodall et al., 2023). MOG definitions were applied to FIA plots, which were
spatially intersected with the remote sensing predictor variables to build the model training data. Six sources of gridded remote sensing data were
considered as predictor variables:

30-m Landsat composite images from 2022 (Hansen et al., 2013);

30-m phenology time series derived from Landsat Sentinel-2 fusion Enhanced Vegetation Index (EVI) (Friedl, 2020);
25-m ALOS PALSAR-2 L-band SAR polarization mosaics (JAXA, 2018);

10-m canopy surface texture metrics derived from a 2022 Sentinel-2 EVI composite;

10-m canopy height model derived from GEDI-Sentinel-2 fusion (Lang et al., 2023);

25-m topographic variables generated from the SRTM digital elevation model (NASA JPL, 2013).
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A total of twenty candidate predictor variables were generated from these six data sources. GEDI prediction data from May et al. (2025) were used to
produce two GEDI variables at the FIA plot locations to be considered for model training: 1) a common proxy for maximum canopy height (RH98), and 2)
vertical distribution ratio (VDR) lidar metric defined as a normalized ratio of relative heights, VDR = (RH98-RH50)/RH98. GEDI Level 2A collected between
April 2019 and March 2023 (Dubayah et al., 2021) were used to make predictions of the posterior MOG class distributions with the 1ha spatial grid. GEDI
data were filtered for quality using the Level 2A quality filter and additional filtering from Bruening et al. (2023). For each strata’s model calibration, a single
GEDI variable was selected for inclusion as a predictor.

CONUS was segmented into strata based on forest composition and U.S. Environmental Protection Agency Level Il and Ill ecoregions, while trying to
maintain at least 100 plots in each class within any given stratum (Figure 2). This resulted in 29 unique strata, all with at least 100 mature, other, and non-
forest labels (four strata contained slightly fewer than 100 old-growth labels). The quadratic discriminant analysis (QDA) models were independently
calibrated and applied in each stratum. The models predicted a posterior distribution of class membership in each 1-ha land pixel, comprised of the
following mutually exclusive classes: non-forest, old-growth-forest, mature-forest, and other-forest. The posterior class distributions were then used to
generate two map types that enable broad-scale MOG reporting and localized forest management and conservation activities: the presence probability (1-
ha resolution) and land and forest-area proportions (5-km x 5-km resolution; 25 sg-km) of each individual class. The presence probability data file also
contains a band for non-forest and all-forest classes (combining the other- mature- and old-growth forest classes). These maps represent the state of U.S.
forests circa 2022, the year that best matches the range of dates used for the remote sensing data. The inventory data span earlier years (approximately
2010-2023) of data collection, so this is an approximate date. For additional details, refer to Bruening et al. (2026).
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Figure 3. An overview of the workflow. Source: Bruening et al. (2026).

6. Data Access

These data are available through the Oak Ridge National Laboratory (ORNL) Distributed Active Archive Center (DAAC).
Mature and Old-growth Forest Probability Maps for the Conterminous United States

Contact for Data Center Access Information:

« E-mail: uso@daac.ornl.gov
« Telephone: +1 (865) 241-3952
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