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Rangeland Condition Monitoring Assessment  
and Projection (RCMAP)

Background
Vegetation condition and landscape composition provide 

vital ecological, hydrological, agricultural, and recreational 
ecosystem goods and services. Rangeland vegetation in arid and 
semiarid regions is particularly important for sustaining a variety 
of landscape functions. At the same time, rangelands are subject 
to increasing pressure from climate change, management prac-
tices, altered fire regimes, energy development, and recreational 
use. Efforts to evaluate rangeland health with field observations 
are often insufficient to characterize landscape change and varia-
tion across the vast extent of rangelands (covering at least 207 
million hectares across the Western United States).

Our Work
The Rangeland Condition Monitoring Assessment and 

Projection (RCMAP) project has partnered with the Bureau of 
Land Management (BLM) to provide annual maps of rangeland 
vegetation condition across the Western United States from 1985 
to present (fig. 1). Annual mapping can assist land managers 
and scientists with monitoring changes to vegetation composi-
tion, evaluating past management practices, targeting future 
improvements, determining locations of critical wildlife habitat, 
and assessing landscape health and fragmentation. Impacts of 
climate variability and long-term change are often gradual and 
frequently do not present as a land cover change (for example, 
shrubland to grassland); however, RCMAP fractional vegetation 
cover data capture these gradual changes (fig. 2).

Method
RCMAP component cover maps use data collected over 

space and time at high resolution image sites, BLM field data, 
and field data curated by the LANDFIRE program to train 
artificial intelligence and machine learning (AI/ML) models 
(fig. 1). The AI/ML models associate the patterns of component 
cover observed in the field data with independent variables. 
The primary independent variable is Landsat imagery; a com-
posite is generated for each year to represent peak vegetation 
growth. A second composite represents senesced (that is, brown) 
conditions. Topographic data and various spectral indices are 
also included as independent variables. The AI/ML models are 
applied to Landsat data of each year, and a series of postprocess-
ing steps are utilized to limit noise and accurately capture post-
fire component trajectories. Time-series trends for each compo-
nent are generated using a linear model and a structural change 
method, which determine break points in the time-series using a 
temporal moving window (fig. 3). Maps are rigorously validated 
(Rigge and others, 2019) using field data not included as training 
(that is, independent) with data from long-term monitoring sites, 
and by assessing model fit to training data.

Findings
Based on currently (2022) available RCMAP data, net 

cover of shrub, sagebrush, and litter cover has decreased since 
1985, whereas annual herbaceous increased, and bare ground 
and herbaceous did not change. Component trends varied 
strongly by ecoregion; some regions were strongly influenced 

Figure 1.  Field observations, high resolution imagery, Landsat satellite imagery, and ancillary data are used to train artificial intelli- 
gence and machine learning (AI/ML) models to predict annual vegetation cover from 1985 to present. Maps are fractional and repre- 
sent the 0–100-percent cover of each rangeland component.
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EXPLANATION

Figure 2.  Rangeland Condition Monitoring Assessment and Projection (RCMAP) time-series data provide yearly cover and temporal trends 
of vegetation conditions since 1985. Data are provided for individual 30-meter pixels and also summarized by relevant management units 
(pastures, allotments, watersheds, and so forth) on the Multi-Resolution Land Characteristics rangelands  
viewer application (h​ttps://www​.mrlc.gov/​rangeland-​viewer/​).

by fire history, and others by climate variation. Climate factors, 
including temperature maximums and growing season precipita-
tion, were associated with all component cover trends, but bare 
ground was most sensitive to climate variation. Case studies 
demonstrated on-the-ground applicability of the dataset in rela-
tion to various causes of cover change, with more planned in col-
laboration with the BLM (Rigge and others, 2021a, 2021b).
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Figure 3.  Rangeland Condition Monitoring Assessment and 
Projection (RCMAP) datasets currently available.

Implications
Rangeland vegetation tends to change gradually in response 

to management practices, interannual climate variation, vegeta-
tion composition, and annual grass invasions. RCMAP’s spatial 
and temporal classification of rangeland condition can contribute 
to understanding patterns of change.

Data Availability
RCMAP fractional component time-series data from 1985 

onwards are available for download (https://www.mrlc.gov/data​), 
in map services (Web Map and Coverage Services; h​ttps://www​
.mrlc.gov/​data-​services-​page), on the rangelands viewer appli-
cation (h​ttps://www​.mrlc.gov/​rangeland-​viewer/​; fig. 2), and 
in Google Earth Engine (https://de​velopers.g​oogle.com/​earth-​
engine/​datasets/​catalog/​ [key word: RCMAP]). Planned annual 
updates will extend and improve the time-series with additional 
training data and enhanced methodology. RCMAP time-series 
data have been leveraged to produce ecological potential frac-
tional cover maps, which reflect expected vegetation conditions 
in the absence of disturbance. Contemporary departures from 
ecological potential reflect these disturbances (fig. 3). Climate 
relations observed in the time-series are used to project compo-
nent cover under several climate change scenarios (fig. 3).
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For additional information, visit https://www.mrlc.gov/ or  
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