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Introduction

Exotic species can have long-term effects in any ecosystem.
However, invasion of exotic grass species in arid/semi-arid western
U.S rangelands not only impacts conservation and weed control but
persists because of altered wildfire regimes.

Key exotic annual grass species like cheatgrass (Bromus tectorum)
and medusahead (Taeniatherum caput-medusae) can be highly
problematic for land managers. However, beneficial perennial
species like Sandberg’s bluegrass (poa secunda), which is native
to the region, share similar characteristics with cheatgrass and
medusahead. Sharing characteristics can complicate distinguishing
the exotic from the native in remote sensing studies, leading to
difficulty in interpreting results for land managers. Availability

of these species maps can provide valuable information to land
managers, policy makers, and other scientists.

We are testing a method to concurrently develop several exotic
annual grass species percent cover maps (30m spatial resolution),
along with a Sandberg’s bluegrass map, for the sagebrush biome of
the western U.S. (Figure 1).

Development of cloud-free, 30m weekly near infrared (NIR),
shortwave infrared (SWIR), and normalized difference vegetation
index (NDVI) data based on Harmonized Landsat and Sentinel 2
(HLS) datasets can help us achieve the goal of generating early
estimates of exotic grass species abundance.

Methods

We automated procedures to acquire 30m HLS data and develop
cloud-free weekly spectral data and vegetation indices (e.g., NDVI,
and NDWI) using machine learning techniques.

Field observations, weekly spectral composites and other
environmental datasets are integrated with machine learning models
for the simultaneous prediction of the abundance of exotic annual
grasses and Sandberg’s bluegrass.

We use an ensemble of models to improve predictions and develop
spatially explicit estimates of model uncertainties for three cover
types (i.e. exotic annual grasses, cheatgrass, Sandberg’s bluegrass
across four HLS tiles as pilot study.

Results and Discussions

Despite a limited amount of training data, we achieve satisfactory
accuracies for multiple species percent cover mapping within the
4-tile area. Accuracy results are reported as mean absolute error
(MAE), and median absolute error (MeAE) of percent cover and
Pearson’s correlation coefficient (r) (Table 1).

We developed percent cover 2020 maps for exotic annual grasses,
cheatgrass, and Sandberg’s bluegrass. We also generated
uncertainty maps for each percent cover map, which provides a
level of confidence for each mapped pixel (Figure 2).

Comparing the annual herbaceous maps from this study with
previously published 2020 annual herbaceous maps for larger area
shows similar spatial distribution of the annual herbaceous cover
(Figure 3).

We anticipate publishing four early estimate 2021 maps for 1) exotic
annual grasses 2) cheatgrass, 3) medusahead, and 4) Sandberg’s
bluegrass for much of the western U.S. (defined by red polygon in
Figure 1) no later than May 31, 2021.
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Table 1. Summary of training and testing accuracies from regression tree models
showing mean absolute error (MAE), and median absolute error (MeAE) of percent
cover and Pearson'’s correlation coefficient (r). AnnHerb is exotic annual grasses,
BRTE is cheatgrass, and POSE is Sandberg’s bluegrass.

Training accuracies
Species |MAE  |MeAE  |r | [MAE  [MeAE  |r |
AnnHerb | 856415 | 51009 | 0.92+0.08
POSE | 756414 | 552#15 [ 0854015 |

Figure 2. Percent
cover maps (Panel
A) and confidence
level maps (Panel

B) 2020 for pilot
area (small black
box in Figure 1).

All exotic annual
herbaceous: panel 1;
Cheatgrass (Bromus
tectorum): panel

2; and Sandberg’s
bluegrass (poa
secunda): panel 3.
Smaller confidence
values denote
higher confidence in
the mapped pixel.
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Figure 3.
Comparison of
annual herbaceous
2020 maps
generated from two
different models.
A) this study where
models were
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] the pilot area (4
HLS tiles) with ~600
training points. B)
Previously published

0 20 40 60 80 data where models
were developed
for a larger area
(132 HLS tiles) with
~11,000 training
points.
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