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On the Ground 

• The BLM Assessment, Inventory, and Monitoring (AIM) 
strategy recommends five principles for building multi- 
scale monitoring programs: standardized methods and 

indicators; data management and stewardship; appro- 
priate sample designs; remote sensing integration; and 

structured implementation. These principles guide mon- 
itoring across public lands. 

• We find the AIM principles are sound and worthy of con- 
sideration for design and adaptation of rangeland mon- 
itoring programs worldwide. 

• An emergent principle, standard workflows and analysis 
frameworks for using data, connects data to land man- 
agement decision-making and empowers land man- 
agers. 

• The AIM principles inspire and provide opportunities for 
the rangeland management community to implement 
adaptive management. 
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ntroduction 

Land management and natural resource decisions play an
ncreasingly crucial role amidst many simultaneous changes
ccurring on rangelands globally.1 Ongoing changes include
) intensifying and diversifying land uses; 2) expectations of
ultiple ecosystem services from rangelands; 3) multiscale
anagement objectives; and 4) novel weather, climate, and
0 
isturbance patterns and species assemblages. Traditionally,
anagers attempt to match monitoring efforts to individual

ssues or management questions on a case-by-case basis to
uide rangeland management. Although this approach may
rovide high-quality data to answer a specific question in an
rea, it is not robust to the spectrum of changes that land
anagers are experiencing and it results in inconsistent mon-

toring efforts across landscapes and land uses. In contrast,
angeland monitoring information is most valuable when col-
ected consistently, through long-term efforts addressing mul-
iple objectives and different scales of land management deci-
ions.2 This information empowers decision-makers to man-
ge change through adaptive land management.1 The chal-
enge is to create a flexible, multiscale monitoring program
hat is both feasible to implement at broad scales and re-
ponsive to local-scale management questions.3 , 4 In addi-
ion, the program must overcome the significant institutional
urdles to establishing and sustaining monitoring,3 , 5 , 6 and
dapt through time as new information emerges and ques-
ions change (“adaptive monitoring”).7 

The US Department of Interior Bureau of Land Man-
gement (BLM) and partners developed a monitoring ap-
roach to address the challenges of implementing a multi-
cale, multiuse adaptive monitoring program. The BLM is re-
ponsible for the management of 9.9 million km 

2 (245 million
cres) of public lands in the United States with a mission to
upport multiple uses and sustained yield from rangelands.8 

ithin a single area, managers must balance land uses in-
luding livestock grazing, energy development and reclama-
ion, wildlife habitat needs, and recreation, all while conserv-
ng natural, cultural, and historical resources. Cumulatively,
LM administers almost 200 land use plans, manages over
6,000 grazing permits and leases, oversees 177 wild horse
nd burro herd management areas, and completes approxi-
ately 4,000 km 

2 (1 million acres) of vegetation treatments
er year; 1,500 to 2,000 environmental anal yses yearl y sup-
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ort BLM work. As an alternative to developing monitoring 

rograms for each specific use, BLM developed the Assess- 
ent, Inventory, and Monitoring (AIM) strategy to be imple- 
ented agency wide. The goal of the AIM strategy is “to pro- 

ide the BLM and its partners with the information needed 

o understand…resource location and abundance, condition,
nd trend, and to provide a basis for effective adaptive 
anagement.”9 

The AIM strategy consists of five principles that guide de- 
elopment of standardized approaches to describing condi- 
ion and trend of rangeland ecosystems. The five principles 
nclude 1) standardized field methods and indicators; 2) data 

anagement and stewardship; 3) appropriate sample designs;
) integration with remote sensing; and 5) structured imple- 
entation. Data management and structured implementation 

ere added as principles to those originally proposed 

9 as the 
LM operationalized the AIM strategy and integrated AIM 

nto decision-making processes. These two principles ensure 
he collection of meaningful monitoring data to inform man- 
gement and the timely availability of such information. Col- 
ectively, the five principles reflect best practices from the sci- 
ntific literature 3 , 7 on adaptive monitoring as well as existing 

onitoring efforts, such as the Natural Resource Conserva- 
ion Service (NRCS) National Resources Inventory, the US 

nvironmental Protection Agency’s (EPA) National Aquatic 
esource Surveys, the US Forest Service (USFS) and BLM 

ACFISH/INFISH Biological Opinion effectiveness mon- 
toring, and BLM’s own assessment and monitoring activi- 
ies. Putting the principles into practice has required coordi- 
ated effort among agency staff, across disciplines (e.g., range,
ildlife), and with partner organizations. The AIM program 

s the sum of these collaborative efforts. 
Since AIM’s inception in 2011, BLM developed AIM 

eld data collection protocols for uplands, wadeable streams 
nd rivers, and wetlands and riparian areas with a focus on 

ey ecosystem processes.10–12 AIM data are available at over 
0,000 upland locations, 3,000 wadeable stream and river 
eaches, and 100 wetland and riparian locations from Arizona 
o Alaska ( Fig. 1 ). These data are integral to producing analy-
is products and remote sensing models that promote under- 
tanding of rangeland condition and trend.13 , 14 AIM supports 
LM land management across scales, ecosystems, and disci- 
lines ( Table 1 ). For example, AIM data and related products 
re used to evaluate effectiveness of land use plans, determine 
ildlife habitat suitability, decide whether land health stan- 
ards are being achieved in support of land use authoriza- 
ions, and understand restoration and rehabilitation efficacy.

owever, data use is uneven across different land uses, dis- 
iplines, and offices. Further, there is a need to better com- 
unicate AIM data and BLM decision processes with local 

takeholders, land users, and the public to facilitate adaptive 
anagement across boundaries.4 

Reflecting on AIM principles can inform rangeland adap- 
ive monitoring efforts worldwide. Our objective is to review 

mplementation of AIM principles, consider lessons learned,
nd highlight changes over time, in order to refine BLM’s 
IM program and other multiscale, multiuse adaptive mon- 

toring programs. Additionally, we suggest opportunities for 
022 
and managers and researchers to co-produce shared knowl- 
dge about rangeland health, the foundation of adaptive man- 
gement. 

rinciple 1: Standardized field methods and 

ndicators to allow data comparisons 

hroughout BLM and its partners 

tatus 

Standardization makes monitoring more efficient and 

ost-effective. The AIM progr am has established standard 

eld methods and indicators for upland rangelands 9 , 10 and 

adeable streams and rivers ( Fig. 2 ).3 , 11 A protocol for wet- 
ands and riparian areas, which integrates upland AIM and 

ther wetland protocols, is currently being finalized.12 In- 
icators are measured at individual plots or stream reaches,
hich cover approximately 1 acre in uplands, wetlands, or ri- 
arian areas and a minimum of one-tenth of a mile in wade-
ble streams and rivers. Agency personnel and partners collect 
hese data across BLM ( Fig. 1 ) and apply them to land man-
gement decisions ( Table 1 ). 

Monitoring efforts rooted in policy ensure collected data 
erve a purpose and fit within a management framework.7 , 15 

he AIM standard (core) indicators were selected because 
hey inform BLM policy mandates ( Table 1 ) and describe 
cosystem attributes ( Fig. 2 ). The fundamentals of range- 
and health 

16 are one major policy driver, providing a com- 
rehensive regulatory framework for complying with require- 
ents from the Federal Land Policy and Management Act 

FLPMA, the BLM’s organic act), the Clean Water Act, and 

he Endangered Species Act, among others. The fundamen- 
als establish four measures of ecosystem sustainability: wa- 
ershed function, maintenance of ecological processes, water 
uality compliance, and sustained habitat for species of man- 
gement concern ( Fig. 2 ). Under these regulations, BLM and 

takeholders developed regional land health standards and re- 
ated indicators for each of the four fundamentals. AIM pro- 
ides consistent methods across twelve different states and 

ineteen sets of standards to address the diversity of indicators 
escribed in the land health standards and streamline moni- 
oring and evaluation across public lands.17 

S tandardiz ed field methods and indicators facilitate inte- 
ration of monitoring efforts within and across management 
oundaries. Within BLM, standardized methods and indi- 
ators support range-wide greater sage grouse ( Centrocercus 
rophasianus ) habitat analyses and exploration of regional in- 
asive species trends, for example. BLM is also collaborating 

ith USFS, EPA, and NRCS to combine shared monitoring 

ata to increase the precision of indicator estimates for BLM- 
anaged lands and improve our understanding of regional 

ondition and trend. At local scales, quantitative AIM indica- 
ors are used alone or in combination with qualitative assess- 
ents such as Interpreting Indicators of Rangeland Health 

nd Proper Functioning Condition, providing multiple lines 
f evidence for decision-making.18 , 19 
51 



Figure 1. AIM data collection locations on BLM-managed public lands in the western United States and Alaska as of May 2021. 

Table 1 
Examples of multiscale management decisions required by BLM policy and informed by AIM data 

Management decision Reporting area (scale) Example policy drivers 
AIM-specific technical 

guidance 
Published examples of AIM 

data use 

NEPA compliance Various National Environmental Policy 
and Management Act, 
Council on Environmental 
Quality Guidelines 

None Xian et al. 2015,17 , 37 Jones et al. 
2018 13 (used in unpublished 
examples) 

National inventories National, state or ecoregion FLPMA (201a); PRIA (1901b1 
and 1903a) 

None Karl et al. 2016,55 Yu et al. 
2020 56 

Land use plan effectiveness District or field office (greater 
than ∼100,000 ha) 

FLPMA; Land Use Planning 
Handbook; land use plans 
and amendments; BLM 

Instruction Memorandum 

2016-139 

None Brady et al. 2018 50 

Species of management concern Watershed or group of 
watersheds 

Biological opinions; land use 
plans and amendments 

Stiver et al. 2015 47 Herren et al.57 In press 

Land health assessments Grazing allotment, watershed, 
wild horse and burro 
management areas 
(40-40,000 ha) 

43 CFR 4180; Land Health 
Handbook; State water 
quality standards 

Kachergis et al. 2020 17 Unpublished examples 

Restoration or rehabilitation 
treatment effectiveness 

Individual or groups of 
treatments (4-400 ha) 

Depends on treatment type 
(e.g., 43 CFR 3809.420) 

Reporting templates 
(unpublished) 

Traynor et al. 2020,58 Barker et 
al. 2019,29 Ernst-Brock et al. 
2019 30 

Reclamation effectiveness Individual or groups of 
treatments (4-400 ha) 

43 CFR 3162.5-2 Brady et al. 2018 50 Di Stefano et al. 2020 59 

Note: AIM data actively supports these management decisions, while technical guidance and published examples are at various stages of development and 
are critical to long-term success. 

Rangelands 
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Figure 2. Example AIM indicators for each of the four fundamentals of rangeland health, which is BLM’s policy for managing rangelands. The 
four fundamentals provide a common set of management questions, and the AIM strategy provides a nationally consistent approach to assess 
the condition and trend of BLM-managed lands. Example AIM indicators are only listed for a single fundamental, but many crosswalk to multiple 
fundamentals. 
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essons learned and adaptation 

Standard methods focused on assessing the condition and 

rend of indicators related to BLM’s fundamentals of land 

ealth have been key to AIM’s success ( Fig. 2 ). Land health
olicy and AIM core indicators are broadly applicable across 
cosystem types and management objectives and are readily 
pplied to management decisions. Simultaneously, contingent 
r supplemental methods and indicators provide flexibility to 

easure locally relevant, unforeseen, or secondary monitoring 

bjectives (e.g., fuel measurements for wildfire fuel reduction 

reatments 20 ). These additional methods and indicators are 
nly used when applicable to a specific ecosystem, land use,
r management objective. The combined use of core, contin- 
ent, and supplemental methods allows AIM to achieve na- 
ional consistenc y, while retaining flexibilit y to meet informa- 
ion needs at local scales. We recommend this approach to en- 
ure the long-term sustainability of monitoring efforts, whic h 

ften fail because of disagreement over what to monitor and 

hanges in administrative support.3 , 7 , 21 

S tandardiz ed methods and indicators also result in cost- 
ffective and sustainable monitoring implementation for 
LM. This principle enables large-scale efficiency by focusing 

unding and personnel resources on a limited set of monitor- 
p

022 
ng information, making collection and management of that 
nformation achievable. For example, regional AIM train- 
ngs address core and contingent methods and can effectively 
ommunicate protocols and data quality procedures in 1 to 2 

eeks. Likewise, a single suite of data collection and manage- 
ent systems support many monitoring efforts. Automated 

ata quality checks ensure data quality before calculating stan- 
ard indicators used for decision-making (see Principle 2).
ur experience establishing methods for uplands and wade- 

ble streams and rivers has informed the development of stan- 
ardized core and contingent methods for wetlands and ri- 
arian areas.12 When complete, AIM will deliver a compre- 
ensive set of tools for understanding rangeland ecosystem 

onditions and trends across BLM-managed lands to support 
ecision-making and facilitate adaptive management. 

Documentation is a key component of standardized meth- 
ds and indicators. Specific examples include published 

eld methods guides,10 , 11 readily available and peer-reviewed 

etadata including indicator computations, and quality as- 
urance and quality control procedures.22 , 23 AIM data include 
xtensive metadata 24 , 25 to support a comprehensive under- 
tanding of available data, appropriate data applications, and 

omparisons of field methods and indicator computation for 
ossible data integration among monitoring programs. Thor- 
53 
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ugh documentation ensures that data are findable, accessible,
nteroperable, and reusable (i.e., FAIR).26 

Making necessary changes to standard protocols is criti-
al to ensuring the relevance of monitoring data to decision-
aking and adapting to change.3 , 15 Protocol clarifications

nd updates are considered on an annual basis to improve
ata quality and to remain consistent with other monitor-
ng programs. As the AIM practitioner base grows and be-
omes more diverse, we receive increasing requests to mod-
fy methods and/or add core methods. The AIM program
ill benefit from formalizing and broadly communicating our

hange management process to increase the transparency of
ow changes are made. Decision factors include the feasibil-

ty of requested changes, end users’needs, and the implications
or continuity and consistency of AIM data over time. 

rinciple 2: Data management and 

tewardship to ensure data quality, 
ccessibility, and use 

tatus 

Electronic data capture and management facilitate moni-
oring data collection, data qualit y, accessibilit y, and inter pre-
ation, which increase the value of monitoring data and save
onitoring programs time and money.26 , 27 AIM data col-

ectors use electronic data capture, quality control, and stor-
ge workflows. A centralized, national data management team
aintains these workflows, with contributions from many

ndividuals across BLM. Centralized databases store AIM
ata and facilitate data access and reuse.26 BLM staff ac-
ess AIM data alongside other core datasets via web portals.
he public can access AIM calculated indicators through the
LM Landscape Approach Data Portal ( https://landscape.
lm.gov/), and raw data are available upon request. 

Comprehensive electronic data capture along with cen-
ralized management and data distribution has been criti-
al to the usefulness of AIM data within and beyond BLM.
IM data comply with the Open, Public, Electronic, and
ecessary Government Data Act; they are publicly avail-

ble, in open format, machine-readable, and contain well-
ormed metadata. Requests for monitoring data reports at
he state or national level are accomplished with straightfor-
ard database queries and analyses. For example, stakehold-

rs expressed concern about specific grass height management
bjectives in draft planning documents. We provided them
ith maps derived from AIM data, which illustrated that
rass height nationwide largely meets these height objectives,
nd their concerns were alleviated. AIM data are shared with
artner organizations (e.g., universities, research agencies, and
onprofit organizations) who use the data to improve un-
erstanding and management of rangelands including build-
ng remote sensing models of fractional cover,13 , 28 evaluat-
ng postfire vegetation responses,29 and describing treatment

30 
ffectiveness.

4 
essons learned and adaptation 

Electronic data capture and management will continue
o facilitate success of AIM and other monitoring pro-
rams. Maintaining and improving modern data workflows
equires constant adaptation given rapid changes in technol-
gy. For example, AIM data collection recently transitioned
o a new electronic data capture platform to improve com-
atibilit y with BLM enter prise systems, increase efficiency
n data collection, and to provide calculated indicators to
sers more quickly. Changing technologies also create on-
oing needs for communication and training for field data
ollectors. 

Determining the appropriate level of investment and sus-
ained support in data management will be critical to AIM
nd other monitoring programs’ future success. Initial invest-
ents in AIM data management created data infrastructure

nd workflows that met short-term needs. However, as yearly
ata collection expanded, these became challenging to man-
ge. We improved data infrastructure and workflows through
ncreased investment in central data support (about a tenth
f the overall budget), which maintains data workflows and
acilitates distributed data management activities at state and
ocal levels. Clear two-way communication between the cen-
ral data management team and state and local data man-
gers (including field data collectors and users) is critical for
eeping costs low, data quality high, and data products rel-
vant to decision-making. In response to data user requests,
e expanded the data elements which are tracked, especially

hose related to sample designs, such that the entire monitor-
ng workflow is captured and managed electronically. Invest-

ents in data quality as well as data management throughout
he BLM are essential to maintain a useful dataset for land
anagement decision-making.3 , 31 

Monitoring programs that embrace electronic data cap-
ure and management can also contribute informatics lead-
rship and expertise to build standard datasets required for
and management decisions. We have helped land managers
rioritize and invest in other critical datasets and data sys-
ems to support decision-making (e.g., standard core and sup-
lemental indicators and methods). Many efforts are under-
ay to standardize and aggregate key geospatial information,

ncluding areas identified for certain uses in land use plans
e.g. motorized travel, energy development), vegetation treat-
ent areas,32 and surface disturbance and reclamation. Fur-

her, these standardized datasets are increasingly integrated
nto tools to understand condition and trend of AIM indi-
ators and support decision-making (see Emergent Princi-
le). Effective data management places information in the
ands of land managers and decision-makers at all levels, and
ases data-supported decision-making, thus facilitating adap-
ive management ( Table 1 ). 
Rangelands 

https://landscape.blm.gov/


P
m
l

S

e
t
r
i
o
c
g
T
i
c
s
a
a
s
n
p
w
e
s
W
c
(

i
i
t  

r  

F

1

 

2

 

3

A
t
a
q
i
b
c  

H
i  

a
r
A
s
t
g
l

L

t
fl
n
“  

T
t
g
t
o
s
g
l
s
q
c
i
i  

a
m
c  

s
a
m
s  

i
s
h

2

rinciple 3: Appropriate sample designs to 

inimize bias and maximize what can be 

earned from collected data 

tatus 

Appropriate sample designs ensure that collected data ad- 
quately address monitoring questions and provide insights at 
he required scale(s) with known levels of precision and accu- 
acy.7 , 33 In the AIM program, appropriate sample designs are 
dentified based on the multiple management and monitoring 

bjectives for an area. AIM sample designs enable rangeland 

ondition estimates at different scales from national or ecore- 
ional to field office, watershed, or smaller areas ( Fig. 3 ).2 , 9 

he majority of AIM sample designs are based on a General- 
zed Random Tessellation Stratified (GRTS) approach to lo- 
ating samples,34 which ensures a random, spatially balanced 

ample within an area of interest. Locations are sampled with 

ttention to their order in the design to maintain spatial bal- 
nce following GRTS principles. With this approach, sample 
izes can be expanded or reduced in response to logistical, fi- 
ancial, or personnel limitations and still provide a valid sam- 
le of the study area. This allows for flexibility in monitoring 

hile drawing inference to areas of interest with known lev- 
ls of uncertainty. AIM sample designs support statements 
uch as, “65% of stream kilometers in the Upper Platte River 

atershed have minimal departure from regional reference 
onditions ( ± 90% confidence interval) for fine sediment”
 Fig. 3 ). 

We use three main scales of designs that meet different 
nformation needs tied to policy requirements. The monitor- 
ng needs and associated designs are frequently nested such 

hat monitoring locations can make inference to many scales,
esulting in efficiencies for data collection and use ( Table 1 ;
ig. 3 ): 

) National, state, and ecoregional: Multistate designs en- 
able reporting across BLM-managed lands in the west- 
ern United States. These are the lowest-intensity designs,
meaning that each monitoring location represents a large 
area or stream length. The results serve as a national inven- 
tory required by FLPMA and can also inform broad-scale 
environmental anal yses. Currentl y, the Landscape Mon- 
itoring Framework and the National Lotic AIM Assess- 
ment are BLM’s national designs for uplands and wadeable 
streams and rivers, respectively. 

) BLM districts or field offices: Administrative designs en- 
able reporting for land use plan effectiveness as required 

by FLPMA and BLM policy ( Table 1 ; Fig. 3 ). These are
medium intensity designs often stratified by ecosystem 

types (e.g., shortgrass grassland or sagebrush) to allocate 
monitoring effort among areas of interest. These designs 
may also support future land use planning efforts as well 
as environmental analyses to guide local management ac- 
tions or decisions. 

) Local: Intensifications of broader-scale designs focus on a 
subset of an administrative or land use planning area. Ex- 
022 
amples include habitat type, watershed, a grazing allot- 
ment for a term permit renewal, or a treatment area to 

assess restoration effectiveness ( Fig. 3 ). These are neces- 
sary when the district or field office design does not con- 
tain sufficient samples within a local reporting area and 

other available datasets are insufficient (e.g., remote sens- 
ing products). 
Nonrandom targeted design approaches are also used in 

IM to address local questions. Targeted monitoring loca- 
ions, such as key areas in pastures, are purposefully chosen to 

nswer a specific question. For example, a land manager with 

uestions about grazing use impacts may locate monitoring 

n areas with known grazing intensity to draw a causal link 

etween grazing and rangeland health. Targeted designs thus 
omplement random designs by enabling additional insights.
owever, unlike random designs, results from targeted mon- 

toring cannot be extrapolated beyond the location sampled,
nd measures of error can be confounded by spatial autocor- 
elation.33 Thus, we flag targeted monitoring locations within 

IM data, and encourage documentation of the rationale for 
election, so assumptions and potential biases can inform fu- 
ure analyses. Random designs also provide context for tar- 
eted monitoring by distinguishing between changes at the 
ocal scale and at broader spatial scales. 

essons learned and adaptation 

Statistically valid sample designs are an important tool in 

he monitoring design toolbox, but land managers require 
exibility in design approaches to address their information 

eeds. In 2016, the AIM program shifted terminology from 

statistically valid” designs to highlight “appropriate” designs.
his shift was driven in part by feedback from AIM prac- 

itioners communicating the importance of nonrandom, tar- 
eted design approaches for site-specific decisions and ques- 
ions land managers often face. Supporting multiple design 

ptions, including targeted designs, while implementing con- 
istent core methods ensures that national monitoring pro- 
rams are providing relevant data for both broad-scale and 

ocal decision-making.3 Successfully leveraging multiple de- 
ign approaches in land management decision-making re- 
uires land managers to understand the appropriate uses and 

onstraints of each. We document sample design information 

n databases and provide training for new monitoring special- 
sts and data collectors regarding different design approaches.

In the future, we will continue to refine approaches to cre- 
ting, managing, and implementing sample designs to inform 

ultiscale management objectives. Land managers, statisti- 
ians, and rangeland scientists all have valuable contributions,
o that design improvements are relevant for management 
s well as statistically valid, appropriate, and robust. Refine- 
ents of monitoring design approaches may include sample 

ufficienc y and utilit y of random designs at various scales;
nteractions and tradeoffs among multiple overlapping de- 
igns; reuse of monitoring locations including targeted and/or 
istoric locations; and approaches for integrating trends and 
55 



Figure 3. The percent of stream kilometers having minimal (green), moderate (yellow), and major (red) departure from reference conditions ( ±90% 

confidence intervals) for percent fine sediment compared among spatially nested reporting areas: A, Eastern xeric basins; B, BLM Rawlins Field 
Office, Wyoming; and C, Upper Platte River Watershed. The use of standard field methods, statistically valid sample designs, and benchmarks allow 

data to be integrated among spatial scales and reporting areas. An example quantitative objective for applying data to decision-making is: maintain 
fine sediment below the 90th percentile (i.e., moderate or minimal departure) of regional reference conditions for small streams in the Eastern Xeric 
Basin. 
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ausal analyses in addition to condition estimates. BLM land
anagers are especially interested in trend analysis, and we

re incorporating plot revisits to monitor changes in range-
and ecosystems over time and in response to management

ctions. r  

6 
Future adaptations to a monitoring design should be in-
ormed by multiscale management objectives (e.g., Table 1 ) to
aximize monitoring efficiency and use of data.15 Therefore,

t is imperative that land managers identify objectives and use
elevant data, including data collected as part of AIM, to un-
Rangelands 
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erstand the impact of their design decisions on their ability to 

ddress objectives. The practices of identifying explicit objec- 
ives and using monitoring data to improve our understanding 

f the system are the basis of adaptive management.35 Like- 
ise, a cornerstone of an adaptive monitoring program is to 

odify design approaches when needed to address manage- 
ent objectives (also see McCord and Pilliod, this issue).3 , 7 

rinciple 4: Integration with remote sensing to 

ptimize sampling and calibrate continuous 

ap products 

tatus 

The last decade has seen a proliferation of remotely sensed 

roducts and tools, in part because of the availability and vol- 
me of data collected through AIM and similar monitoring 

fforts.36 Remote sensing products leverage field data with 

urrent and historical imagery to make spatially explicit pre- 
ictions of core indicator values (e.g., vegetation cover and 

are ground) across landscapes. Examples include vegeta- 
ion classification efforts such as Landfire Existing Vegeta- 
ion Type and fractional cover products that extend predic- 
ions throughout the USGS Landsat satellite record.13 , 28 , 37 

ethod standardization (Principle 1) and commitment to 

ata quality and management (Principle 2) are key to the suc- 
ess of these efforts (also see Allred et al. and McCord et 
l., this issue). Remote sensing scientists and land managers 
ave benefitted most recently from innovations in cloud com- 
uting and web-based data portals (e.g., Google Earth En- 
ine) that have revolutionized image analysis, data produc- 
ion, and dissemination of rangeland remote sensing infor- 
ation (e.g., climateengine.org, rangelands.app, landcart.org,

nd https://www.mrlc.gov/rangeland-viewer/). 
Remotely sensed products are increasingly used as a line of 

vidence to support decision-making by BLM and its part- 
ers. Broad-scale analyses such as regional Environmental 
mpact Statements gain insight from detailed information 

bout conditions in areas affected by a land management 
ecision. Remote sensing also supports and integrates with 

eld monitoring efforts, making on-the-ground monitoring 

ore cost-effective and efficient. For example, improved wet- 
and inventory products from remote sensing provide a robust 
ample frame for accurate wetland sample design and site se- 
ection. Likewise, remote sensing products can inform strat- 
fication of AIM monitoring designs. Remote sensing helps 
ptimize field sampling while also extending insights across 
andscapes. 

essons learned and adaptation 

Amidst increasing accessibility of remote sensing informa- 
ion for rangelands, workflows are needed for integrating re- 
ote sensing data into management decisions (see Emergent 
rinciple). Land managers and the researchers who develop 

emote sensing products would benefit from a shared under- 
022 
tanding of appropriate uses and drawbacks of these prod- 
cts for decision-making. Considerations for using remote 
ensing data include spatial scale, spatial resolution, temporal 
esolution in the context of landscape patterns, and concor- 
ance with other datasets.38 Emerging frameworks for using 

emote sensing data should include instruction for interpret- 
ng model error and uncertainty.39 Management-science part- 
erships will continue to be critical for creating meaningful 
hange and leveraging the wealth of imagery available. 

Improved integration with decision workflows will in- 
vitably reveal opportunities to create or update remote 
ensing datasets to support effective decision-making (also 

ee Emergent Principle). Technological advances, including 

loud computing and new image and sensor products (e.g.,
ynthetic aperture radar), can increase the pace of develop- 
ent and improve the accuracy of remote sensing to inform 

and and natural resource management. For example, to date 
here has been limited growth in mapping stream, river, wet- 
and and riparian indicators using remote sensing, mostly 
ue to challenges with mapping very small areas (pixel size) 
nd water bodies concealed by overhanging vegetation. Im- 
roved mapping of land uses and natural disturbances rep- 
esent additional opportunities for remote sensing to inform 

ecision-making (e.g., BLM postfire mapping, unpublished;
isturbance mapping and anal ysis 40 ). Finall y, remote sensing 

rovides a landscape-wide opportunity for analytical insights 
uch as models of ecosystem potential 40 , 41 and causal factor 
nalysis.42 

rinciple 5: Structured implementation to 

uide monitoring program development, 
mplementation, and management decisions 

tatus 

Although standard methods, data management, appropri- 
te sample designs, and remote sensing are all individually 
seful principles, structured implementation integrates these 
rinciples to support meaningful collection and use of moni- 
oring data. Structured implementation enables practitioners 
o use AIM to address management questions. Well-defined 

anagement and monitoring questions are foundational for 
daptive monitoring programs.7 Management-driven ques- 
ions optimize application of AIM principles to ensure the 
ecessary data are collected, data are of sufficient quality for 
 given application, and AIM implementation is cost effec- 
ive and sustainable. Structured implementation allows AIM 

o address a diversity of management questions in a consistent 
nd defensible manner. 

When a new AIM effort begins, local monitoring leads 
nd their interdisciplinary team step through the key deci- 
ions necessary for a successful monitoring effort. We de- 
eloped a monitoring design worksheet that streamlines and 

ocuments the monitoring planning process and provides a 
ramework for adapting monitoring as needed after each field 

eason. Initial steps include specifying management objec- 
57 
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Figure 4. Monitoring design process for Vale District in eastern Oregon. A, Multiscale management questions include land use plan effectiveness, 
wildlife habitat condition, land health evaluations for grazing permits, and postfire rehabilitation treatment effectiveness. B, Areas relevant to each 
question are mapped and used to select the appropriate number and distribution of monitoring locations. C, Upland core methods are collected at 
each monitoring location, with contingent or supplemental methods added depending on the question. 
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5

ives and indicators ( Fig. 4 A), identifying reporting areas, and
onsidering stratification ( Fig. 4 B). If AIM indicators do not
ddress all identified management objectives, the team may
hoose supplemental methods and associated indicators to be
ollected with AIM data. Next, the team develops monitor-
ng objectives and associated benchmarks for the indicators to
e collected, providing a framework for data use in decision-
aking. Management and monitoring objectives, with related

patial information, inform the selection of monitoring loca-
ions for a multiyear monitoring plan ( Fig. 4 C). Finally, the
onitoring lead describes a qualit y assurance and qualit y con-

rol plan to ensure their data meets data quality standards
McCord et al, this issue). This planning process balances
onitoring needs with resources, time, and funding, and en-

ures that management decisions based on AIM data are de-
ensible. Overall, AIM’s structured implementation principle
rovides the necessary support for a step-by-step process of
ound adaptive monitoring (McCord and Pilliod, this issue). 

AIM implementation is supported by a network of mon-
toring specialists across BLM and within partner organiza-
8 
ions. Monitoring coordinators in state offices manage fund-
ng and coordinate AIM efforts within each state to ensure
ata collection supports interdisciplinary decision-making
eeds. Monitoring leads at the BLM district or field office
versee AIM monitoring efforts, from design to data man-
gement and data use to inform decision-making. Central-
zed support for field, district, and state office monitoring staff
s provided by a technical team at the National Operations
enter. The national team leads protocol refinements; train-

ng; monitoring design workflows; electronic data capture and
torage (including quality control); data visualization and ac-
ess services; and analysis support. S pecializ ed science part-
ers also contribute to this work. The USDA Agricultural
esearch Service Jornada Experimental Range, Utah State
niversity’s National Aquatic Monitoring Center, and the
olorado Natural Heritage Program support upland, wade-

ble stream and river, and wetland and riparian workflows, re-
pectively. Numerous research partners also work closely with
LM staff to develop remote sensing products needed for

and and natural resource management. 
Rangelands 
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essons learned and adaptation 

This principle was created to transform the AIM strategy 
nto a program of work that would inform land management 
ecision-making.43 As AIM continues to adapt, we will refine 
he implementation process to ensure that AIM is working as 
fficiently as possible. For example, we recently completed our 
econd revision of the monitoring design worksheet, the stan- 
ard tool for planning monitoring efforts and sample designs.
ikewise, we adopted a standard approach to partnering with 

utside organizations for data collection as well as training 

nd data management, which has proven beneficial for con- 
istent and successful monitoring implementation. Built-in 

eedback mechanisms enable frequent re-evaluation of AIM 

mplementation and inform adaptation. Central support staff
ork closely with monitoring leads at state and local offices to 

anage AIM efforts. Tr aining and regular program coordina- 
ion are also key mechanisms for feedback and improvement 
see Newingham et al., this issue). The AIM community has 
ighlighted that data use in decision-making, including in- 
egration with adaptive management, is a critical area for fu- 
ure improvement. Overcoming this shared challenge of using 

daptive monitoring data for adaptive management is increas- 
ngly crucial for natural resource managers and communities 
orldwide amidst ongoing change. 

mergent Principle: Data use through 

tandard workflows and analysis frameworks 

hat empower land managers to make 

ata-supported decisions 

Guided by policy, AIM principles, and a support network,
IM data are collected in over three quarters of BLM field 

ffices and are broadly available across public lands ( Fig. 1 ).
IM data are beginning to streamline decision-making with 

 diversity of published examples available ( Table 1 ). How- 
ver, informal program feedback reveals that data use lags be- 
ind data collection, as frequently occurs in environmental 
anagement.4 , 44 , 45 Further, AIM data use is uneven across 
LM disciplines and offices, highlighting opportunities for 

mproved integration with land managers’ day-to-day deci- 
ions. Individual managers choose to adopt an innovation, or 
ot, based on the utility and value of the innovation. Adop- 
ion decisions are complex and can be influenced by the in- 
ividuals’ characteristics, their perceptions of the innovation,
nd their social context.44 , 46 To fully support adaptive man- 
gement amidst ongoing change, the AIM program must 
onnect with practitioners and support the use of AIM data 
or specific land management decisions. Therefore, we pro- 
ose a sixth AIM principle: Data use through standard work- 
ows and analysis frameworks that empower land managers 
o make data-supported decisions . 

Land managers use AIM data for decision-making more 
requently when they have technical guidance that describes 
orkflows and analysis frameworks for applying data to de- 

isions. Such technical guidance establishes a transparent 
022 
nd evident connection from monitoring data to the spe- 
ific decisions land managers make daily.15 For example, the 
abitat Assessment Framework 

47 facilitates and streamlines 
reater sage-grouse habitat assessments, providing a process 
or using AIM and other data to evaluate habitat quality to 

nform decision-making. Similarly, standard reporting tem- 
lates that incorporate monitoring information are used to 

valuate treatment effectiveness after fires and plan future 
reatments.32 When these workflows and analyses have been 

nclear, however, use of AIM data has lagged. Our experience 
uggests that perceived complexity, lack of clear advantages to 

sing new data types, and perceived incompatibility with ex- 
sting decision workflows can be barriers to AIM data use.46 

any opportunities exist to connect policy and available data 
ith decision-making through development of specific tech- 
ical guidance ( Table 1 ). 

Recent work with land health evaluations in support of 
and use authorizations, frequently applied to livestock graz- 
ng, illustrates a path forward for developing standard work- 
ows and analysis frameworks for decision-making. First,
e listened to questions from resource specialists and rec- 
gnized the need. Next, we studied relevant policy. We con- 
ened an interdisciplinary team of monitoring and range ex- 
erts to understand and document the specific steps for apply- 
ng AIM data to a land health evaluation and authorization 

f permitted use, including reference to specific datasets and 

nalysis approaches. We solicited and incorporated feedback.
he product, Guide to Using AIM and LMF Data in Land 
ealth Evaluations and Authorizations of Permitted Uses ,17 as- 

ists practitioners by c lear ly demonstrating how AIM data 
an be incorporated as part of multiple lines of evidence 
nto an established decision-making process.19 It also stream- 
ines decision-making by fostering consistency in the decision 

orkflow and reducing training needs of new staff, thereby 
aving time and money. 

Data analysis is a key component of workflows for using 

ata in decision-making. Quantitative data can provide trans- 
arent, consistent, and defensible decision support when they 
re anal y zed within the context of established quantitative ob- 
ectives and benchmarks for indicators that are important for,
nd responsive to, management. Scientific literature and pol- 
cy regarding adaptive management recommend using quan- 
itative monitoring objectives as a standard analysis frame- 
ork to inform decision-making (e.g., DOI Adaptive Man- 
gement Technical Guide 35 ). Accordingly, the AIM program 

mphasizes quantitative objectives as part of the structured 

mplementation process (e.g., Fig. 3 ) and provides additional 
nstructions.17 The most difficult step is setting benchmarks,
r indicator values that define desired conditions and are 
eaningful for management. Improved interpretive frame- 
orks and tools could greatly facilitate setting benchmarks.
or example, frameworks for setting benchmarks based on 

ndisturbed reference sites are broadly used for stream and 

iver ecosystems across agencies.48 Likewise, Ecological Site 
escriptions contain information for setting benchmarks that 

ould be improved with more quantitative AIM indicators 
nd links to ecosystem functions (e.g., benchmarks for canopy 
59 



Table 2 
Recommendations derived from the AIM principles, which can inform design and adaptation of monitoring efforts worldwide 

Principle Key elements 

Principle 1: Standardized field methods 
and indicators 

• Standardize core methods and indicators, but retain flexibility to address local questions (e.g., contingent 
and supplemental indicators) 

• Rely upon ecosystem attributes and policy to guide agreement on standard indicators 
• Choose commonly used methods to provide consistency across management boundaries and enable 

partnerships in data use 
• Maintain metadata including indicator calculations 
• Maintain clear change management processes 

Principle 2: Data management and 
stewardship 

• Ensure data are findable, accessible, interoperable, and reusable (i.e., FAIR 

26 ) 
• Identify and account for all components of the data workflow, from design to collection to storage 
• Invest in constant maintenance of data workflows 
• Leverage the full suite of standard datasets to support rangeland decision-making 

Principle 3: Appropriate sample designs • Tailor design approaches to management and monitoring objectives 
• Use scalable design approaches when information across different overlapping areas is needed 
• Use targeted design approaches to answer questions tied to a location 
• Re-evaluate your design periodically and adapt as appropriate 

Principle 4: Integration with remote 
sensing 

• Leverage on-the-ground data to calibrate and validate remote sensing products 
• Work closely with decision-makers to interpret and integrate remote sensing products into decisions 
• Use remote sensing products to improve efficiency of on-the-ground monitoring work 

Principle 5: Structured implementation • Develop a structured process for practitioners to use the monitoring program to address multiscale 
management questions, including local questions 

• Ensure sufficient technical and logistical support to maintain long-term monitoring 
• Adapt monitoring efforts when needed 

Emergent Principle: Data use through 
standard workflows 

• Develop workflows and analysis frameworks for using data in decision-making 
• Ground workflows in decision-makers’ experiences and policy and include end users in workflow 

development and refinement 
• Use quantitative objectives with benchmarks, an analysis framework that is broadly applicable to land 

management 
• Workflows and analysis frameworks should foster co-production of knowledge by integrating multiple 

knowledge types 
• Consider the full suite of standard datasets that support decision-making, including supplemental 

indicators, permitted uses, and natural disturbances 
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ap size to manage wind erosion 

49 ). Some land managers hes-
tate to set benchmarks because of limited published and/or
lace-specific justification for the exact value. Available AIM
ata can fill this gap by providing a line of evidence to set
r update benchmarks. For example, AIM data were used to
pdate benchmarks in Alaska.50 AIM data are also increas-
ngly used to provide restoration or reclamation objectives af-
er wildfire or other disturbance. Setting benchmarks using
IM data is especially effective when data are first screened

o identify AIM plots that represent reference conditions or
ertain ecological functions.40 , 49 , 50 The AIM program has ef-
ectively provided support for decision-making by both com-
unicating to decision-makers about quantitative objectives

nd providing technical assistance with selecting objectives
nd benchmarks. 

Recognition of this principle empowers the rangeland
anagement community to work together to establish stan-

ard workflows and analysis frameworks for using data for
anagement decisions. Co-production of knowledge by a di-

erse group of stakeholders 45 is a widely recognized mech-
nism for increasing the salience, credibility, and legitimacy
f information for decision-making and therefore its use.45 

tandard workflows describe the decision, a critical first step
o co-production,45 , 51 and provide a process for stakehold-
rs to work through. In developing analysis frameworks, we
ecognize the valuable contributions of different knowledge
0 
ypes including historic and qualitative data and scientific,
rofessional, local, and indigenous knowledge. For example,
e recommend that benchmarks are set using all available in-

ormation. Likewise, conclusions about land health should be
ased on multiple lines of evidence.17 , 49 , 52 AIM data provide
nformation about the current condition of uplands, wadeable
treams and rivers, and wetlands and riparian areas, which is
onsistent across different regions, issues, and stakeholders.
IM data thus provide a critical line of evidence to comple-
ent other types of knowledge in decision-making.45 , 53 

The AIM program also provides a model for generat-
ng and using other datasets needed for decision-making.
or instance, supplemental indicators will be necessary for
pecific management questions (e.g., fuels measurements for
uel reduction treatments 20 ). Likewise, geospatial informa-
ion about land uses such as vegetation treatments and sur-
ace disturbance and reclamation will be needed, especially
o connect monitoring data to causal factors.54 Together,
e can create and improve these datasets to generate a

hared portfolio of information about rangelands (see Princi-
le 1). BLM specialists, land users, researchers, and the pub-

ic have valuable contributions to make to this work. Stan-
ard data, along with standard approaches to using it, can
treamline decision-making and inform adaptive manage-
ent across boundaries into the future. A key challenge will

e to collaboratively incorporate new science and technol-
Rangelands 
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gy as it becomes available as part of the adaptive monitoring 

rocess. 

onclusions 

The AIM principles provide a framework for monitoring 

rograms to meet multiscale information needs for land man- 
gement in the changing landscapes of rangeland ecosystems 
nd the context of policy requirements. We conclude that the 
rinciples are sound and worthy of consideration for design 

nd adaptation of other rangeland monitoring efforts world- 
ide ( Table 2 ). The AIM principles have become the standard 

angeland ecosystem monitoring approach within BLM,2 , 9 

ncreasing efficiency of monitoring work, ensuring the quality 
nd utility of data (including remote sensing products), in- 
orming defensible decisions, and streamlining processes. Al- 
hough some principles must be strictly followed for effec- 
iveness (standardization, data management), there is also a 
eed for flexibility in some principles given appropriate ratio- 
ale and documentation. Land managers require additional 
atasets beyond rangeland condition for specific decisions,
nd AIM principles are useful for developing these datasets. 

Our vision is to empower land managers to make defensi- 
le decisions regarding multiple uses of rangeland ecosystems 
ustained through time. To achieve this vision, we intend to 

ocus on establishing standard workflows and analysis frame- 
orks for using data in decision-making, a principle that has 
merged from our experience. We will continue to emphasize 
orkflows and decisions that are rooted in policy and repre- 

ent critical day-to-day needs of land managers ( Table 1 ). Ad- 
itionally, technical guidance, policy, and funding support are 
ritical to ensure that AIM data are useful for land manage- 
ent decisions. Achieving multiple objectives with one mon- 

toring effort is unusual and challenging. The AIM princi- 
les and related technical tools enable BLM together with 

artners to achieve this challenge, while providing a strong 

usiness-case to land managers to use these data in decisions.
The AIM goal remains, “to provide the BLM and its part- 

ers with the information needed to understand…resource 
ocation and abundance, condition, and trend, and to provide 
 basis for effective adaptive management.”9 This goal will 
e achieved if the broader rangeland management commu- 
ity participates alongside BLM in a renewed effort to co- 
roduce knowledge about rangeland health, how it is chang- 
ng, and where to take action.1 AIM provides a key line of 
vidence alongside other types of knowledge from remote 
ensing maps to indigenous and local knowledge. This shared 

nowledge is necessary to sustain multiple uses of rangelands 
nto the future, which not only aligns with the mission of 
LM but also benefits us all. 
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