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Accurate and timely information on the condition 
and trend of natural resources is crucial for 
making effective management decisions. Within 
the Bureau of Land Management (BLM), as in 

many land management agencies throughout the world, 
much effort is invested in monitoring for and assessing spe-
cifi c management needs. Because these specifi c management 
needs are often focused on a single objective, the data often 
are of limited utility for other management objectives. The 
ability to use monitoring data for more than one purpose is 
becoming increasingly important as the use of public lands 
simultaneously intensifi es and diversifi es. It is not effi cient, 
nor ultimately effective, to develop individual monitoring 
plans for different management objectives (e.g., resource 
planning, permit compliance, restoration, recreation impacts, 
invasive species, and energy development). An assessment, 
inventory, and monitoring approach built on consistent 
indicators of ecological function and capacity (that can be 
supplemented with additional indicators for local needs or 
specifi c ecosystem characteristics) can provide data that can 
be combined to address multiple needs at multiple scales.

Many management issues faced by the BLM and other 
land management agencies are inherently multiscale in 
nature. Local decisions are made at the scale of a BLM fi eld 
or district offi ce; they require local monitoring and assess-
ment information, and they can be informed by broad-scale 
information. Other decisions are made at broader scales 
(e.g., state or national levels) and need consistent information 

collected across management boundaries. An example of a 
multiscale management issue is the impact of invasive spe-
cies. At a local level, the distribution and prevalence 
of invasive species can be assessed through individual fi eld 
surveys, and appropriate management can be implemented 
and monitored over time. Consistent monitoring of invasive 
species across all fi eld offi ces in a state is necessary to detect 
broad-scale patterns (e.g., linking invasive species distribu-
tion to land uses). Monitoring and assessment data collected 
to meet the local management needs should also contribute 
to regional and national monitoring and assessment 
efforts.

The BLM Assessment, Inventory, and Monitoring 
(AIM) Strategy was initiated, in part, to evaluate and to 
make recommendations for improving the effi ciency and 
effectiveness of monitoring activities.1 A goal of the AIM 
Strategy is to provide the BLM and its partners with the 
information needed to understand terrestrial resource location 
and abundance, condition, and trend, and to provide a basis 
for effective adaptive management. The Strategy supports 
an integrated approach that includes three components:

1) A standard set of fi eld-measurement indicators and asso-
ciated methods for terrestrial vegetation and soils that refl ect 
the status of key attributes of ecosystem sustainability

2) A statistically valid sampling framework that allows data 
sets collected in different areas and for different objectives 
to be aggregated at different scales to address regional 
and national information needs
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3) Integration of remote sensing and ground-based tech-
nologies to maximize BLM’s capacity to cost-effectively 
address management questions at multiple spatial scales

Collectively, these components help ensure that data col-
lected to support local decision making are defensible and 
can be easily integrated to address multiple questions at 
multiple scales. Our objective in this paper is to provide an 
overview of these three components. We recognize that the 
BLM has a large amount of legacy data and data collection 
programs that do not adhere to these components yet con-
tinue to have value for supporting some management objec-
tives. We describe a strategy to ensure that future data 
collection will have greater utility to address a broad range 
of objectives, and to the extent possible, will be statistically 
defensible. This strategy can also be used, as time and 
resources permit, to improve existing data collection 
efforts.

Key Attributes of Ecosystem Sustainability
All three components above are designed to increase the 
ability to detect changes in three key attributes of ecosystem 
sustainability on which virtually all land uses depend2: 1) soil 
and site stability, 2) hydrologic function, and 3) biotic integ-
rity (Fig. 1). Soil and site stability refers to the capacity of 
a site to limit redistribution and loss of soil resources (e.g., 
nutrients and organic matter) by wind and water. Hydrologic 
function is the capacity of a site to capture, store, and safely 
release water from rainfall, run-off, and snowmelt. Biotic 
integrity is defi ned as the capacity of a site within an ecosystem 
to support natural processes within a normal, or expected, 
range of variability. Collectively, ecosystem status can be 
determined by comparing measured indicators of the three 
attributes to what is expected based on site potential.3

The approach we describe here also allows individual 
management objectives to be more directly addressed through 
1) generation of additional indicators from the standard 
methods and 2) inclusion of supplementary methods.

Core Indicators and Methods
Sampling under the AIM Strategy is based on a suite of 
consistent indicators of the three key attributes of ecosystem 
sustainability (i.e., what to measure) and specifi c, repeatable, 
easy-to-implement methods for measuring those indicators 
(i.e., how to measure). The core indicators were developed 
by a collaborative process that synthesized knowledge and 
experiences of nearly 200 scientists, rangeland managers, 
and ecologists from different agencies and institutions.4 
A large number of potential indicators were rated against 16 
criteria, and the most general indicators with the broadest 
applicability to a range of management questions were 
selected. Standard methods for measuring the AIM Strategy 
indicators were selected that met the following criteria: 
1) well documented, 2) widely used, 3) easy to implement, 
and 4) minimal potential for bias. An effort was made to 
identify methods that were used in existing monitoring 
programs and that could be used to measure multiple indi-
cators. The extent to which comparable data can be collected 
using remote-sensing technologies was also considered. 
The core indicators and methods are also nationally applied 
to rangelands by the NRCS National Resources Inventory 
(NRI) program,5,6 which was extended in 2011 to BLM 
managed lands in the lower 48 states.

To interpret indicator measures for a single point in time 
or to establish a trend over time, the indicator values must 
be evaluated in relation to on-the-ground site characteristics 

Figure 1. Assessing and monitoring natural systems requires consideration of the major structural components of ecosystems (boxes) and their 
functional relationships (solid arrows). Biotic integrity, soil and site stability, and hydrologic function have been identifi ed as three key attributes that 
can be evaluated to determine ecosystem function.2,13 Figure inspired by Miller.14
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developed for areas having similar potential to produce veg-
etation and response to management actions and distur-
bance. For instance, an increase in the amount of bare 
ground may indicate a positive or negative trend, depending 
on the site potential or management of the site. An increase 
in the amount of bare ground in a sagebrush (Artemisia spp.) 
plant community could signify excessive livestock grazing 
or drought. However, a sagebrush plant community at site 
potential may have greater bare ground when compared 
against cheatgrass (Bromus tectorum)-infested areas. 
Interpretation of indicators is facilitated by knowing their 
expected ranges for a site and by using multiple indicators 
(e.g., adding cover of invasive species to the above example) 
to provide observations against which changes can be com-
pared. The AIM Strategy relies on ecological site descrip-
tions developed by the NRCS for determining site potential 
and expected indicator values.

Core Indicators
The indicators and methods supported by the AIM Strategy 
(Table 1) represent a minimum set of information for new 
and, to the extent possible, existing monitoring projects. 
Core indicator data sets from different areas collected using 
the core methods can be combined at scales larger than an 
individual monitoring program. To meet local information 
needs, additional indicators can be calculated from the core 
methods and, where necessary, supplemented by additional 
methods.

The AIM Strategy recommends that six core indicators be 
quantifi ed wherever BLM implements quantitative vegetation 
or soil monitoring in grassland, savanna, woodland, forest, 
and riparian ecosystems. Bare ground is one of the most 
sensitive indicators of rangeland condition and can be linked 
to erosion potential, forage production, wildlife habitat, and 
risk of invasion by non-native plant species. Vegetation 

composition, measured in almost all monitoring protocols, 
is sensitive (when combined with bare ground) to changes 
in the status of terrestrial ecosystems. Composition is also 
necessary for determining Fire Regime Condition Class 
(FRCC). Non-native invasive species have the potential to 
alter ecological processes and displace native plant commu-
nities. Plant species of management concern contribute 
notably to biotic integrity and biodiversity. Vegetation 
height is necessary to characterize vegetation structure—an 
important determinant of wildlife habitat and potential for 
wind erosion. Proportion of a site with large inter-canopy 
gaps is strongly related to wind and water erosion rates and 
can be used in conjunction with composition and height 
information to describe wildlife habitat.

Two contingent indicators are measured only when there 
is reason to believe problems exist on the site related to 
either indicator (Table 1). Soil stability is an indicator of 
changes in soil erodibility and soil organic matter cycling. 
This indicator should be evaluated on sites where soils are 
not expected to be highly stable. Accumulation of toxins—
an indicator of major threats to human and environmental 
health—should be evaluated when there is reason to believe 
that signifi cant accumulations of toxins exist, such as where 
a chemical spill has occurred.

Core Methods
A method is a specifi c technique or protocol for measuring 
an indicator. There may be many suitable methods for 
measuring an indicator. Methods may differ from each other 
in terms of the type of information recorded (e.g., cover, 
density, or abundance), precision, repeatability, potential for 
bias, or cost. Some methods are capable of measuring many 
indicators. When combining measurements of an indicator 
made at different times or from different areas, it is neces-
sary that the information be of the same type. However, the 

Table 1. Core and contingent indicators for the Assessment, Inventory, and Monitoring Strategy and their 
recommended collection methods. Core indicators are always implemented. Contingent indicators are 
only implemented if there is reason to believe they are necessary for monitoring or assessing the site.
Type Indicator Method* Where applied?

Core Amount of bare ground Line-point intercept (LPI, including 
modifi cations described in Table 
2) supplemented with plot-level 
species inventory

All vegetation monitoring

Vegetation composition

Non-native invasive species

Plant species of management 
concern

Vegetation height Height at selected LPI points All vegetation monitoring

Proportion of site in large, 
intercanopy gaps

Canopy gap intercept All vegetation monitoring

Contingent Soil aggregate stability Soil stability When soils are potentially
 unstable (most rangeland)

Signifi cant accumulation of toxins Sampling for toxins in soil When toxins are believed present 
(e.g., chemical spills)

* See Table 2 for more details on the individual methods.
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measurements can have differing precision. Often, small 
differences in the way a method is implemented (i.e., data 
are collected) can limit the ability to combine data for 
comparative analysis.

An example of this is the difference between using foliar 
cover (i.e., actual exposed plant area) versus canopy cover 

(i.e., perceived area of infl uence of a plant) when measuring 
cover indicators (Fig. 2). For the same area, canopy cover 
measurements will be greater than those for foliar cover. 
This could have implications when comparing two measure-
ments taken using different defi nitions, when trying to combine 
these data to make larger-scale inferences, or when trying to 
use the data to train remotely sensed imagery. Also, there 
are many different defi nitions of canopy cover.7 Without 
consistent methods, combining data sets becomes diffi cult 
or impossible. This example illustrates methodological dif-
ferences that can affect the accuracy of measurements (i.e., 
the estimates derived from each method would be different). 
Other types of modifi cations, such as changing the number 
of measurements per plot, can often be made without affecting 
accuracy, though they may affect precision.

The fi rst four core indicators are measured using the 
line-point intercept (LPI) method for foliar cover8,9 along 
with modifi cations for data collection in tree cover aug-
mented by a plot-level plant species inventory (Table 2). 
The fi fth core indicator, vegetation height, is measured by 
recording height of the highest living or dead vegetation 
within a 15-cm radius of a subset of the LPI points per 
transect. In many cases, such as the NRI, and for monitor-
ing of sage grouse habitat, the maximum height of both 

Figure 2. Example of a difference in method that results in incompatible 
data. Blue shapes represent parts of a single plant (e.g., a sagebrush 
[Artemisia spp.] plant). When measuring plant cover, the decision of 
whether to measure foliar or total canopy cover must be made. Foliar 
cover (A) measures just the exposed plant area, whereas total canopy 
cover (B) measures the area of infl uence of the plant. Relative to each 
other, a total canopy cover method will produce greater estimates of 
plant cover and lesser estimates of bare ground cover than will a foliar 
cover method. Because the two methods are measuring different as-
pects of plant cover, estimates from the two methods cannot be com-
bined. Canopy cover estimates are often biased by differences in how 
the canopy “margins” are defi ned (B vs. C) by different observers and 
by the same observer at different times of the day or for different spe-
cies or morphologies.

Table 2. Recommended methods and measurements for core and contingent indicators
Method Indicator(s) Description

For core indicators
 Line-point intercept4,5 with 
 plot-level species inventory4

Bare ground Line-point intercept (LPI) is a rapid and accurate method for 
quantifying foliar cover of vegetation and bare ground. 
However, because LPI can underestimate cover of uncom-
mon species, this method is supplemented with searches of 
a 150-foot (45.6-m) diameter standard plot for at least 15 
minutes and until new species detections are more than 
2 minutes apart. When performing LPI within tree-cover, a 
modifi ed pin method (e.g., a pivotable laser or extendable 
pin) will be used to capture over-story cover.

Vegetation composition
Non-native invasive 
species
Plant species of 
management concern

 Vegetation height4 Vegetation height Height of tallest leaf or stem of woody and herbaceous 
vegetation (living or dead) within a 6-inch (15-cm) radius for 
points along a transect. If vegetation is > 10 feet, a standard 
tape-and-clinometer method should be used to estimate 
vegetation height.

 Canopy gap intercept4,5 Proportion of soil 
surface in large 
intercanopy gaps

Canopy gap intercept measures the proportion of a line 
covered by large gaps between plant canopies and is an 
important indicator of the potential for erosion. Use 1-foot 
(30-cm) minimum gaps.

For contingent indicators
 Soil stability4,5 Soil aggregate 

stability
This test measures the soil’s stability when exposed to 
rapid wetting and provides information on integrity of soil 
aggregates, degree of structural development, resistance to 
erosion, and soil biotic integrity.

 Soil sample collection6 Accumulation of 
toxins

Presence and concentrations of toxins are assessed through 
collection of three samples from the soil surface and at one 
sample at depths of 0–4 inches (0–10 cm) and 4–8 inches 
(10–20 cm) using a soil corer and following the Forest 
Inventory and Analysis protocol.
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woody and herbaceous vegetation is recorded. Intercanopy 
gaps are measured using the canopy-gap intercept 
method.8

Soil stability is measured with the soil aggregate stability 
method (Table 2).8,9 Toxins are measured by taking soil 
samples at the surface and at two depths following the 
protocol employed by the Forest Service’s Forest Inventory 
and Analysis program.10

Scalable Sample Design
Both consistent data collection methods and consistent 
probability-based (i.e., randomized) sample design are 
required to ensure that data can be integrated and applied 
to future (and unanticipated) questions. A “scalable sample 
design” means that samples taken at one scale (e.g., within 
a single monitoring unit) can be combined with similarly 
collected data from one or more other locations to say some-
thing about a larger area (i.e., “scaling-up” the data; Fig. 3). 
Three interrelated concepts underpin the AIM Strategy 
approach to scalable and fl exible sample design:

1) Unbiased—This means explicitly defi ning a study area 
to which conclusions can be drawn from the data (i.e., 
an inference space or population of interest) and ensuring 
that every location within that area or member of 
the population has some chance of being selected for 

sampling. Allowing local BLM staff to defi ne their own 
study areas according to management needs is an impor-
tant part of achieving the fl exibility desired with the AIM 
Strategy. This can only happen if the local inference 
space (i.e., study area or population) is explicitly defi ned 
and steps are taken to preserve the study area throughout 
the process of designing and conducting the sampling.

2) Random, probability based—To be used for monitoring 
multiple objectives at multiple scales, locations for sam-
pling must be randomly selected. This is important for 
two reasons. First, random locations ensure there is no 
intentional bias associated with selecting locations to 
sample. Second, random locations increase the ability to 
reuse data collected originally for one purpose for other 
purposes (i.e., re-tasked). Nonrandom samples can only 
be qualitatively extrapolated to larger landscapes because 
there is no way to quantify the level of confi dence associ-
ated with estimates outside the samples themselves. Even 
if nonrandom locations were representative of conditions 
at the time and for the purpose they were selected, they 
may not be representative for other objectives, and chang-
ing circumstances may render them not representative in 
the future.

Every location within the study area must have a 
known and nonzero chance of being selected for sam-
pling. These selection probabilities do not need to be the 
same for all locations; however, the probabilities must be 
known. Variable selection probabilities can be used to 
focus the sampling effort on areas likely to change, and 
if they are set using a variable that is correlated with the 
core indicators (e.g., remote-sensing vegetation index) a 
greater sampling effi ciency can be realized. The probabil-
ity that a location was included in the sampling is used 
to weight the observations when results are calculated.

3) Stratifi ed—Dividing up a sampling area into relatively 
consistent (i.e., homogeneous) units reduces the variability 
of the measures within each unit and increases sampling 
effi ciency overall (Fig. 4). Additionally, greater effi ciency 
can be achieved by varying the intensity of sampling by 
stratum based on expectations of change.

This is primarily a bottom-up approach to producing 
statistically defensible data where local staff can design 
sampling strategies following general guidelines to meet 
local needs but also needs across scales. Strata and selection 
probabilities can be defi ned according to local spatial data 
layers, including soil or ecological site map units,3 manage-
ment boundaries, roads, or vegetation indices derived from 
remotely sensed imagery. Strata based on features that are 
stable over time are preferred (e.g., soil or ecological site 
map units). Within these guidelines, local staff can defi ne 
their study areas (i.e., inference space) and use widely available 
tools for estimating necessary sample sizes and selecting 
sample locations.

Collating different local-level sampling efforts to answer 
coarser-scale questions would be diffi cult if the coverage of 

Figure 3. The Assessment, Inventory, and Monitoring (AIM) Strategy 
approach to sample design is intended to be able to use local and na-
tional data to answer monitoring and assessment questions at many 
different scales. Data collected by Bureau of Land Management (BLM) 
fi eld and district offi ces to address local questions (e.g., Has a change 
in grazing season of use reduced the amount of bare ground cover 
within an allotment?) can be incorporated into a low-density national 
sampling grid to improve the accuracy and precision of national indicator 
estimates. An example of a national-level question might be, “What pro-
portion of all BLM allotments are experiencing increases in cover and 
distribution of invasive species?” If one of the national sampling grid 
locations happens to fall within a local monitoring area, it can be di-
rectly incorporated into the local sampling (dashed arrows). Both local 
and national data can be combined to answer regional monitoring and 
assessment questions such as, “Has energy development on BLM lands 
increased the prevalence and size of large inter-canopy gaps?”
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structured, local-level sampling was patchy (i.e., if some 
areas have AIM-based sampling data, but others do not). 
Combining local-level sampling efforts will be facilitated by 
the BLM’s implementation of the NRI on BLM lands. 
The NRI provides the ability to draw regional and national 
inferences about the status and trend of all BLM lands for 
multiple objectives, and locally derived sampling data sets 
could be merged into the grid to improve the precision of 
estimates in those areas (Fig. 3). Aspects of sample design 
(e.g., stratifi cation or how NRI can be used to inform local 
monitoring) for the NRI implementation on BLM lands are 
still being developed.

Remote Sensing Integration
Remote sensing integration refers to the simultaneous use 
of fi eld and remote-sensing data for monitoring and assess-
ment. Remote-sensing technologies have much to offer in 
terms of increasing effi ciency, reducing the amount of costly 
fi eld data that needs to be collected, and improving the abil-
ity to monitor large and diverse landscapes. Field data will 
always be needed to relate measures of refl ected radiation to 
ecosystem indicators (i.e., image training), but they will also 
be needed to validate remotely sensed data products and to 
provide information on indicators that cannot be remotely 
sensed. Remote-sensing integration supported by the AIM 
Strategy includes the following:

1) Training, validation, or characterization of remotely-
sensed products—Field data will be used to train and 
validate remote-sensing–based products like vegetation 
classifi cations, landscape-level maps of attributes like bare 
ground cover, biomass production, and invasive-species 
prevalence. Additionally, fi eld data are necessary to char-
acterize the plot-level status and trend within landscape 
patterns (e.g., wildlife corridors) identifi ed via remote 
sensing.

2) Aiding in selection of fi eld sampling locations—Remote-
sensing products such as vegetation indices and classifi ca-
tions capture many landscape patterns of interest for 
management, and these data can be used to help derive 

strata and sample selection probabilities for fi eld-based 
monitoring and assessment.

3) Extrapolating fi eld-based data to broader landscapes—
Beyond training remotely sensed images, fi eld data can 
be used, via geostatistical and other techniques, to im-
prove the accuracy and precision of remotely sensed esti-
mates of indicator values11 (Fig. 5) and to calculate ad-
ditional indicators that cannot be derived from fi eld data 
alone, such as measures of habitat patch size or 
connectivity.

4) Improving fi eld-based estimates with remote-sensing 
data—The precision of fi eld-based estimates can be 
signifi cantly improved by adding remote-sensing data 
as covariates. Statistical techniques like regression esti-
mation12 can use the statistical relationship between the 
fi eld measurements and remote sensing data to improve 
estimate precision. This could be useful, for instance, in 
estimating cover of bare ground or species composition 
in large study areas. This is different from items 1 and 3 
above because no spatial prediction is being made, but its 
advantage is that it increases effi ciency, thereby reducing 

Figure 5. Example of an integrated fi eld and remote-sensing technique 
that can be used to make spatial predictions of rangeland indicators. In 
this example, cover of invasive cheatgrass (Bromus tectorum) was pre-
dicted for a Bureau of Land Management allotment in southern Idaho 
using regression kriging from Landsat satellite imagery and fi eld meas-
urements from 346 sample points (A). Also shown are the lower (B) and 
upper (C) 95% confi dence intervals on the prediction. Adapted from 
Karl.11

Figure 4. Stratifi cation is the dividing up of a sampling area into rela-
tively homogeneous subunits. Stratifi cation increases sampling effi ciency 
if the variability within each stratum is minimized. Sampling intensity can 
vary between strata depending on how variable conditions are within the 
strata or how likely a stratum is to experience change. Figure by J. Van 
Zee.
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the number of fi eld samples needed to detect a given 
amount of change.

5) Supplement fi eld-based sampling with image-based sam-
pling—Emerging sensor platforms such as those pro-
vided by low-fl ying manned or unmanned aircraft can 
provide quick and relatively inexpensive mechanism for 
the collection of very-high-resolution stereo imagery to 
augment some AIM plot-level data needs. This tech-
nique alone cannot address all AIM fi eld data needs out-
lined above, but it does provide comparable results for a 
select number of indicators. Data collection need not be 
limited in distribution due to access issues, or in quan-
tity due to cost and time. Sampling intensities can be 
greatly increased due to fl exibility of the systems.

Integration of remote sensing with fi eld-based data 
acquisition is a rapidly developing fi eld. The AIM Strategy 
supports a suite of proven techniques that can be standard-
ized and applied in a consistent way throughout BLM while 
allowing for the integration of increasingly cost-effective 
remote sensing tools.

Conclusion
The ability to combine sets of observations collected at 
different locations and for different purposes requires both 
consistent methods and sample designs. By providing this 
consistency, the above approach creates a fl exible monitor-
ing and assessment framework that can be adjusted and 
supplemented as necessary for local BLM needs while at the 
same time allowing local and national data sets to be 
combined to answer wider questions at regional and national 
scales. Application of the AIM Strategy indicators and 
methods will help reduce error and increase compatibility 
among BLM sampling efforts. While generic enough to be 
accepted by a wide range of users and provide a variety of 
measures applicable to many different management objec-
tives, the indicators and methods we present here can and 
should be supplemented by additional indicators to address 
local needs.
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