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Summary

This dataset provides estimates of forest aboveground biomass (AGB; in Mg ha-1) at a resolution of 250 m for the southwestern United States over the
time period 2000-2021. The AGB estimates were derived from the Jet Propulsion Laboratory Multiangle Imaging Spectro-Radiometer (MISR) Level 1B2
Terrain radiance data and a multi-angle approach that exploits the relationship between forest AGB and a suite of red band reflectance values modeled at
viewing angles with respect to the direction of illumination. The year 2000 National Biomass and Carbon Dataset (NBCD 2000) AGB estimates were used
to fit a model coefficient for the MISR-derived AGB estimates for the year 2000, with AGB estimates for all subsequent years dependent on both this
coefficient and MISR red band bidirectional reflectance factors (BRFs). Quality assurance (QA) files are also provided that allow users to impose criteria
of varying stringency. The bidirectional reflectance distribution function (BRDF) model-fitting root mean square error (RMSE) value was used as one of
the criteria to determine if the AGB estimates were reasonable. This dataset is the first example of forest AGB estimation based on a multi-angle index
applied using MISR data.

There are three data files in GeoTIFF (*.tif) format included in this dataset.
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Figure 1. Generalized 2005 aboveground biomass (AGB) map for the southwestern U.S, derived from the Multiangle Imaging Spectro-Radiometer
(MISR).
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1. Dataset Overview

This dataset provides estimates of forest AGB (Mg ha'l) at a resolution of 250 m for the southwestern United States over the time period 2000-2021.
The AGB estimates were derived from the Jet Propulsion Laboratory Multiangle Imaging Spectro-Radiometer (MISR) Level 1B2 Terrain radiance data and
a multi-angle approach that exploits the relationship between forest AGB and a suite of red band reflectance values modeled at different viewing angles
with respect to the direction of illumination. The year 2000 National Biomass and Carbon Dataset (NBCD 2000) AGB estimates were used to fit a model
coefficient for the MISR-derived AGB estimates for the year 2000, with AGB estimates for all subsequent years dependent on both this coefficient and
MISR red band bidirectional reflectance factors (BRFs). Quality assurance (QA) files are also provided that allow users to impose criteria of varying
stringency. The BRDF model-fitting RMSE value was used as one of the criteria to determine if the AGB estimates were reasonable. This dataset is the
first example of forest AGB estimation based on a multi-angle index applied using MISR data.

Project: North American Carbon Program

The North American Carbon Program (NACP) is a multidisciplinary research program designed to improve understanding of North America's carbon
sources, sinks, and stocks. The central objective is to measure and understand the sources and sinks of Carbon Dioxide (CO,), Methane (CH), and

Carbon Monoxide (CO) in North America and adjacent oceans. The NACP is supported by a number of different federal agencies.
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2. Data Characteristics

Spatial Coverage: Southwestern U.S. (Arizona, California, Colorado, Nevada, New Mexico, Utah, parts of Wyoming and West Texas)
Spatial Resolution: 250 meters

Temporal Coverage: 2000-05-15 to 2021-06-30

Temporal Resolution: Annual

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

Site Northernmost Latitude | Southernmost Latitude | Easternmost Longitude | Westernmost Longitude

Southwestern U.S. | 46.281 28.599 -99.019 -126.180

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

Table 1. File names and descriptions.

Number
File Names of Description
Bands

Estimates of forest AGB (live, dry) per year; Band 1 corresponds to the year 2000,
MISR_agb_estimates_20002021.tif | 22 Band 2 corresponds to the year 2001, and Band 22 corresponds to the year 2021; see
Table 2 for an explanation of cell values

QA codes for each AGB estimate per year; Band 1 corresponds to the year 2000, Band
MISR_ga_codes_20002021.tif 22 2 corresponds to the year 2001, and Band 22 corresponds to the year 2021; see Table
3 for an explanation of cell values

Number of AGB estimates passing all tests; see Table 4 for an explanation of cell
MISR_ga_passed.tif 1 values




Data File Details

Forest aboveground biomass (AGB) is in units of Mg ha™l.

The data type for MISR_agb_estimates_20002021.tif is a signed 16-bit integer. Other files use the unsigned 8-bit integer data type.

Each file contains 6648 rows and 8501 columns.

The Coordinate Reference System is “Albers Equal Area (Conic)” (EPSG:9822); +proj= aea +lat_1= 29.5 +lat_2= 45.5 +lat_0= 23 +lon_0= -96
+x_0= 0 +y_0= 0 +datum= WGS84 +units= m +no_defs

Table 2. Value descriptions for the file MISR_agb_estimates_20002021.tif.

Value Description

-1 No data were available or the values were out of bounds.
0 Data were available, and the AGB estimate was 0.

>0 Data were available, and the AGB estimate was >0.

Table 3. Value descriptions for the file MISR_ga_codes_20002021.tif. Details of the QA criteria are provided in Section 4.

Value | Description

0 For cells where data were available (i.e., values 20 in MISR_agb_estimates_20002021.tif), the AGB estimate for the year 2000
failed to meet the QA criteria so all AGB estimates for all years at that cell are suspect.

1 For cells where data were available, the AGB estimate for the given year met the QA criteria.

2 An estimate is missing for the given year.

3 For cells where data were available, the AGB estimate for the given year met the BRDF model-fitting RMSE criteria (i.e.,
>0.008).

4 For cells where data were available, the AGB estimate for the given year was much greater than the AGB estimate for the year
2000 (i.e., >AGBgo+100).

Table 4. Value descriptions for the file MISR_ga_passed.tif.

Value Description
0 The number of years (across the 22 year period) that passed all QA criteria is 0.
>0 The number of years (across the 22 year period) that passed all QA criteria is >0.

3. Application and Derivation

This dataset is the first example of forest AGB estimation based on a multi-angle index applied using MISR data. The map time series spans two
decades, providing a history for each location that may include carbon losses from disturbance (fire, insect, pathogen, or harvest) or carbon
sequestration (i.e., growth).

4. Quality Assessment

The 2005 MISR-derived AGB map for the entire southwestern U.S. was spatially consistent with the 2005 Ice, Cloud, and land Elevation
(ICESat)/Geoscience Laser Altimeter System (GLAS) AGB map trained with USFS Forest Inventory Analysis (FIA) data (Harris et al. 2016). For the

mapped areas (11,019,944 cells), this yielded an R? of 0.90 and an RMSE of 37 Mg ha'l. These error values were derived using results that only
excluded instances with missing data or RMSE values =0.02; it did not impose the more stringent criteria developed for QA in this distribution that would
have excluded estimates contaminated by snow.

AGB trajectories were reasonably stable through time for undisturbed locations, and areas of forest loss from fire and beetle disturbance matched
historical data in published sources (Berner et al., 2017a, 2019; Walters et al., 2011). Trajectory estimates that represented important excursions from
the expected range most often resulted from snow cover (depressing the AGB estimate), although unreasonably large estimates also appeared.
Therefore, QA files were created to allow users to impose criteria of varying stringency.

QA Criteria

The file MISR_ga_codes_20002021.tif provides QA codes for each AGB estimate for the time period 2000-2021, with bands 1-22 corresponding to each
year in the 22 year period (Table 3). The bidirectional reflectance distribution function (BRDF) model-fitting root mean square error (RMSE) value was
used as one of the criteria to determine if the AGB estimates were reasonable. Since all estimates depend on the model fit to the NBCD 2000 data, if
the AGB estimate for 2000 (i.e., AGB2qgp) had a BRDF model-fitting RMSE=0.008 or was missing, the corresponding cell in all QA layers (i.e., for the
entire time period) was assigned the value "0", even though some yearly AGB estimates might appear reasonable. If an AGB estimate is available for a
given year, the corresponding QA layer was assigned the value "1"; if no AGB estimate is available, it was assigned the value "2". If an AGB estimate
for a given year had a BRDF model-fitting RMSE=>0.008, the QA layer was assigned the value "3". Lastly, if a cell's AGB estimate for a given year was
greater than AGB2gg+100, the QA layer was assigned the value "4". This is unlikely for most locations as the annual AGB growth rate is generally less

than 5 Mg hal yr’l for dry locations (Berner et al., 2017b) but it is possible for wetter ones, or sequoia (Sillett et al., 2019).
The file MISR_ga_passed.tif provides the number of AGB estimates across the 22 year period that passed all criteria (Table 4). The MISR AGB

predictions will be invalid for locations where data for the year 2000 are missing (i.e., the beige areas over land in Fig. 2) and this is propagated through
the predictions for all years; however, these locations do not include forested lands.
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Figure 2. Number of AGB estimates in the 2000-2021 time period that passed all QA criteria. Source: MISR_ga_passed.tif

5. Data Acquisition, Materials, and Methods

Overview

This dataset provides forest AGB (Mg ha™1) for the southwestern U.S. annually for the period 2000-2021. The extent of the study area was
approximately 3,035,346 km? and includes upland forest, desert grassland with significant woody shrub encroachment, and riparian woodlands.

The primary data were collected using the Jet Propulsion Laboratory Multiangle Imaging Spectro-Radiometer (MISR) and obtained using the MISR Order
and Customization Tool hosted at the NASA Langley Atmospheric Science Data Center (available at https://I0dup05.larc.nasa.gov/MISR/cgi-
bin/MISR/main.cgi). MISR is flown on NASA's Terra satellite and views the sunlit Earth simultaneously at nine widely spaced angles, providing well-
calibrated spectral radiance data in four spectral bands centered on 446 nm, 558 nm, 672 nm, and 866 nm (blue, green, red, and near-infrared,
respectively). Atmospheric aerosol loading estimates from MISR allowed the retrieval of high-quality, 275 m surface bidirectional reflectance

factors (BRF)s for all bands at nadir and in all nine cameras in the red band. The change in red band reflectance in MISR’s different views depends
strongly on the physical structure of forest canopies as well as leaf optical properties and those of the substrate. Thus, a multi-angle approach (Chopping
et al., 2020; 2022) exploits the relationship between forest AGB and a suite of red band reflectance values simulated at different viewing angles with
respect to the direction of illumination.
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Figure 3. MISR and AGB input data (square boxes with bold outline) and operations performed (rounded boxes) to produce AGB maps using the multi-
angle index approach. Source: Chopping et al. (2022)

MISR Data Preparation

BRF Calculation and Resampling

MISR Toolkit routines were used to project 275 m MISR surface BRFs on an Albers Equal Area (Conic) grid centered on intervals of 250 m. The input
MISR products include the MISR Level-1B2 Terrain-projected Radiance product (MI1B2T; Jovanovic et al., 2012), the MISR Level-1B2 Geometric
Parameters product (MI1B2GEOP; Jovanovic et al., 2012), the MISR Level-2 Land Surface product (MIL2ASLS, surface BRFs at 1.1 km; Jovanovic et
al., 2012), and the Ancillary Geographic product (MIANCAGP; Jovanovic et al., 2012). The BRFs were obtained in these routines by performing a linear
regression of the red band 1.1 km MISR surface BRFs against the red band 1.1 km MISR Level-2 Land Surface product BRFs (Garay et al., 2018). The
data extraction and processing were performed in sets of up to seven blocks. Temporal compositing was performed on the stacked path data, using the
minimum BRDF model-fitting RMSE values as the criterion to select, for each location, the observation least likely to be contaminated with clouds.

BRDF Model Inversion & Compositing

The RossThin-LiSparse-Reciprocal BRDF model was adjusted against all available red band BRFs acquired May 15 through June 15 of each year for the
period 2000-2015. The model’s isotropic (iso), geometric (geo), and volume scattering (vol) kernel weights were obtained by adjustment against MISR
red band BRFs in all available cameras, with the objective the minimization of the absolute RMSE (i.e., the error on BRDF model fitting). The BRDF



moael outputs were compaosited using min(riviske) as the compositing criterion since nign Rivise are reliaoly obtained 1or cioud, snow, water, and parren
surfaces.

Creation of Modeled MISR Data

To estimate forest AGB using multiangle red band BRF ratios, observations from all nine MISR cameras are required but not always available owing to
cloud or topographic obscuration. Therefore, forward modeling was performed for all locations in the composited data using the RossThin-LiSparse-
Reciprocal BRDF model and the retrieved kernel weights. The optimal geometry for this application was found to be the MISR camera view zenith angles
but in the solar principal plane.

AGB Prediction with a Multi-Angle Index

Modeled BRFs for a representative forested landscape in the vicinity of Mount Lindsey, Colorado, allowed the derivation of a multi-angle index
demonstrate a loge relationship with AGB. The approach used the year 2000 National Biomass and Carbon Dataset (NBCD) AGB estimates (hereafter,
NBCD_AGByq0), and the selected model was described by the equation y=89.157*In(x)-210.75, which yielded a predicted AGB of R2=0.91 (n=19) and

RMSE of 15.4 Mg ha'L.
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Figure 4. Multi-angle index relationship to NBCD_AGByqgg estimates for the Mount Lindsey area, Colorado, excluding rocky sites. The index was

obtained using MISR BRFs modeled in the solar principal plane. The corresponding R? values for MISR spectral-nadir metrics were 0.07, 0.32, and 0.37
for near-infrared band BRFs, NDVI, and red band BRFs, respectively.

Enabling Region-Wide Mapping
To map AGB across the southwestern U.S. while accounting for variations in forest type, soils, and topography.

A simplified single coefficient model for MISR-predicted AGB was fitted to the NBCD_AGBgqg by adjusting the coefficient using numerical
methods (i.e., minimizing the root of the average of squared differences with the year 2000 MISR-derived and NBCD_AGBgqg across all data). The
resultant model was reduced to:

modeled AGB = a x logg(MAI),

where a is a fitted coefficient and MAI is a multi-angle index derived as:

MAI = (DAgrr/AABRF)/CFRRF,

where DAgRrg, AAgRE, and CFgre are red band BRFs derived at the viewing and illumination angles of these three MISR cameras and predicted using
the RossThin-LiSparse-Reciprocal BRDF model that was adjusted against all available MISR red band BRFs. The resulting index was used to predict

AGB for all locations and all years, 2000-2015. Missing data and estimates greater than 1,000 Mg ha™! are indicated with a value of -1 (see Table 2).
Note that the 2021 MISR data are from the FIRSTLOOK product (Garay et al., 2018), which used the prior year's snow/ice mask and cloud screening
thresholds.

6. Data Access

These data are available through the Oak Ridge National Laboratory (ORNL) Distributed Active Archive Center (DAAC).
Forest Aboveground Biomass for the Southwestern U.S. from MISR, 2000-2021

Contact for Data Center Access Information:

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