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* The Long-Term Agroecosystem Research Network
launched the LTAR Agricultural Performance Indicator
Framework to evaluate how agricultural innovations
perform relative to sustainable intensification goals in
five domains: Environment, Productivity, Economic,
Human Condition, and Social.

Here we describe our progress and plans for measuring
the performance of agricultural innovations on range-
lands.

We present a method for measuring outcomes of man-
agement innovations against site-specific benchmarks,
which can be applied in grazinglands worldwide.

LTAR typically studies management on fine scales (eco-
logical site, ranch); how to measure effects on broad
scales (landscape, community) remains a persistent
question.

LTAR’s Agricultural Performance Indicator Framework
will evolve with stakeholder engagement.
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Introduction

Ranchers and land managers have long aspired to pro-
mote livestock production and natural resource conservation
on rangelands,’ but most recognize that no management ap-
proach perfectly maximizes both outcomes. Overall, an ac-
curate understanding of the co-benefits and tradeoffs among
goals is needed for optimal decision-making about manage-
ment options.2

Identifying the effects of rangeland management can be
difficult, however, due to the complex patterns and processes
found on rangelands. These lands support tightly coupled hu-
man and natural systems that vary greatly over space and time,
exhibit highly complex responses to weather, climate, and
management actions, and abide many competing demands for
ecosystem services.” Often, forces outside of a manager’s con-
trol — global markets, fuel costs, precipitation, soil fertility, land
tenure, urbanization, disease dynamics, and climate change —
interact to determine whether a particular management ac-
tion is successful in a given time or place.*” Adaptation to
such conditions is a hallmark of rangeland management,® but
these conditions and adaptation to them present difficulties
for researchers seeking to tease apart the effects of manage-
ment versus the effects of the processes outside managers’con-
trol.” The accurate assessment of management tradeoffs is
confounded not only by such complexities, but also by the lack
of a universal approach to evaluating the outcomes of range-
land management against social, economic, and environmen-
tal goals — goals which can at times be in competition with
one another.

We contend that the effective evaluation of management
tradeofts and co-benefits can be achieved by measuring man-
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Figure 1. LTAR represents 18 socio-agroecological regions across the United States (a). Five domains of sustainable intensification goals informally

adopted by the LTAR network (b).

agement performance against predetermined targets for mul-
tiple goals at coordinated agricultural research sites, and
developing an indicator framework with stakeholders to
communicate the performance of the management strategies.
The 300+ scientists, producers, land managers, technicians,
and data managers collaborating in the Long-Term Agroe-
cosystem Research Network (LTAR) are advancing such an
approach. Here we introduce the network’s Agricultural Per-
formance Indicator Framework and our progress in devel-
oping the framework for rangelands, including how we are
building from the network’s nationwide experimentation and
grappling with issues of scale, developing a benchmark ap-
proach, and building capacity for tracking meaningful socio-
economic indicators. We discuss future plans, which include
systematic engagement with stakeholders to co-develop indi-
cators and benchmarks and an exploration of the many factors
that influence the adoption of alternative management strate-
gies.

LTAR and sustainable intensification

Several entities working on rangelands have developed in-
dicators, but LTAR’s focus on the sustainable intensification
of agriculture sets it apart.® Sustainable intensification is an
array of goals and interventions intended to increase agri-
cultural production while maintaining or improving human
well-being and environmental quality. LTAR was founded to
study and advance sustainable intensification, and currently
represents 18 socio-agroecological regions across the U.S. in
rangelands, croplands, and integrated crop-livestock systems
(Fig. 12).”'% The historical timespan of experimentation and
monitoring at LTAR locations averages 55 years, ranging
from 19 to >100 years.' As of 2018, LTAR regions supported
~49% of the nation’s cereal production, 30% of its forage pro-
duction, and 32% of its livestock production.!’

The Common Experiment is a principal network activity
through which LTAR sites compare how local management
systems promote or inadvertently impede sustainable inten-
sification. At each site, the experiment contrasts at least one
management system representing “business as usual” (a con-
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ventional management system of the region) with at least one
“aspirational” management system hypothesized to advance
the sustainable intensification of agriculture in regionally-
appropriate ways." Notably, as the innovations of today be-
come routine practice tomorrow, new innovations will emerge
to continue the dynamic advancement of the Common Ex-
periment. Along with the Common Experiment, the 18 net-
worked sites also conduct common long-term measurements
including meteorological, eddy flux, and core agricultural pro-
duction and environmental indicators relevant to local and
national stakeholders.'? Nearly 20 working groups have been
formed to collaborate across sites and disciplines to develop
data-driven solutions to challenges related to sustainable in-
tensification (https://Itar.ars.usda.gov/Itar-working-groups/).

LTAR’s scientists have increasingly recognized that to
achieve sustainable intensification, the complex relationships
among human and natural systems must be understood and
integrated into research and management.!® Accordingly,
LTAR is expanding human dimensions research’® and has
informally adopted a set of sustainable intensification goals,
advanced by the USAID Feed the Future Innovation Lab for
Collaborative Research on Sustainable Intensification,'* that
spans five domains: Environment, Productivity, Economic,
Human Condition,and Social (Fig. 1b). The explicit inclusion
of the latter three domains in LTAR’s research parallels an on-
going shift in the scope of range science in North America'®
and distinguishes LTAR from other long-term research net-
works such as the Long-Term Ecosystem Research network
(LTER) and the National Ecological Observatory Network
(NEON).B

LTAR’s Agricultural Performance Indicator
Framework

The LTAR network has launched the LTAR Agricultural
Performance Indicator Framework to help agricultural scien-
tists and all other stakeholders evaluate the tradeoffs and co-
benefits of agricultural management and research approaches,
in light of sustainable intensification goals in five domains

(Fig. 1b).
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The network is developing protocols for knowledge co-
production with stakeholders to identify and refine the
indicators to measure and how to measure them. We cur-
rently use a working definition of knowledge co-production
put forth by the Stockholm Resilience Center and collabo-
rators as the ‘izerative and collaborative processes involving di-
verse types of expertise, knowledge and actors to produce context-
specific knowledge and pathways towards a sustainable fulure.’16
The network’s partners in knowledge co-production may in-
clude those who will directly use the indicators, and oth-
ers who are directly or indirectly affected by decisions based
on these indicators. Examples include producers, producer
groups, food consumers, consumer groups, industry groups,
agricultural business lenders, environmental groups, human
health and nutrition institutions, and natural resource man-
agers working for land management agencies. However, this
short list will continue to expand with the goal of inclusivity
and representation over time and space.!”

The LTAR Agricultural Performance Indicator Frame-
work is a work in progress. To date, about half of LTAR’s
working groups have identified the innovations for which
performance indicators are needed, the audiences and stake-
holders who would likely use or be affected by the indica-
tors, how to best integrate a diversity of values and data into
the indicators, and how to work with stakeholders to sys-
tematically prioritize an essential set of indicators. Currently,
the innovations for which performance indicators are be-
ing developed and the working groups identifying them in-
clude a) on-farm/on-ranch management (Working Groups
include Croplands Common Experiment, Grazinglands,
Biology, Soils, Water Quality, Water Quantity, and Wind
Erosion),b) farm-to-farm coordination (Manuresheds Work-
ing Group), ¢) standardized data production and interpre-
tation (Phenology Working Group), and d) knowledge co-
production (Human Dimensions Working Group). As the
network continues to expand its expertise to broader scales
of the food, fuel, and fiber system, focal innovations will be
adapted appropriately, moving beyond agricultural production
to include realms of consumption and public health.

Progress in establishing Agricultural
Performance Indicators for rangelands

Building from the LTAR Common Experiment

Interdisciplinary scientists working at LTAR’s six range-
land sites have met at least once per year in 2016-2021 to
discuss how to best measure and communicate the effects of
on-farm and on-ranch management discovered in the LTAR
Common Experiment (letter “a” in the list above). The six
rangeland sites are part of the LTAR Grazinglands Work-
ing Group and are represented by the authors of this article.
Our efforts have been have been parallel with, but distinct
from, those of the Croplands Common Experiment Working
Group, with regular communication about potential harmo-
nization of indicators.

Given the diversity of rangeland characteristics, manage-
ment goals, and management treatments among the range-
land sites (Table 1), we recognized that specific common in-
dicators were not always possible and that common indicator
categories with site-specific indicators were a solution to this
problem. We used three surveys to build consensus around
a preliminary list of 14 performance “indicator categories”
within five domains of sustainable intensification goals, de-
signed so that each site can select one or more locally ap-
propriate “site-level indicators” within each indicator category
(Table 2). Responses to the three surveys and the synthesis
of responses that led to the indicator categories were devel-
oped using local expertise and knowledge, input from formal
or informal stakeholder groups at each site, and the wealth of
studies published by each site and the network over decades to
centuries'’ (e.g., from https://data.nal.usda.gov/publications/
Itar; https://ltar.ars.usda.gov/publications/). The structure of
our indicator framework is designed to be geographically flex-
ible with site-specific performance indicators reflecting site-
specific rangeland conditions and management goals, knit-
ted together under a common umbrella of investigation and
learning.

Goals are implicit in our agricultural performance indi-
cator framework for rangelands (Table 2). In the Environ-
ment domain, for example, the indicator category “Biota” rep-
resents the goal of conserving biodiversity on rangelands. In
the Social domain, the indicator category “Community se-
curity” represents the goal of preserving and strengthening
ranching communities on U.S. working lands. Below we pro-
pose management performance be measured against locally
derived benchmarks for the goals.

Stakeholder and partner insights have been, and will con-
tinue to be, instrumental to the development of our goal-
oriented framework. The framework developed by the Feed
the Future Innovation Lab'* has been a major influence on
the LTAR Agricultural Performance Indicator Framework.
Another key influence has been the concept of “multifunc-
tionality of agriculture”, the idea that agriculture can pro-
vide environmental and social benefits beyond food and fiber
produ(:tion.18 We have benefited from decades of strong in-
teragency collaborations among land management and agri-
cultural research agencies that paved the way for systematic,
standardized indicators of rangeland health."” ! Other influ-
ential indicator frameworks include those developed by the
Sustainable Rangelands Roundtable and the US Roundtable

on Sustainable Beef?®

Grappling with issues of scale

Issues of scale arise in nearly every conversation about
LTAR’s indicators because understanding the spatial and
temporal context of a given management approach is crit-
ical to evaluating its performance. Moreover, network sci-
entists recognize that interventions designed to advance
sustainable intensification can create problems for some agri-
cultural stakeholders while providing benefits to others and
that tradeoffs may vary with scale.”” For example, in the
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Table 1

Six LTAR sites investigating the sustainable intensification of rangelands in the LTAR Common Experiment.

LTAR Site Office location

Management systems under investigation in LTAR Common Experiment

Archbold Biological
Station/University of Florida

Lake Placid and Ona, FL

Central Plains Experimental Nunn, CO
Range
Great Basin Boise, ID

Jornada Experimental Range Las Cruces, NM

Northern Plains Mandan, ND

Walnut Gulch Tucson, AZ

In pastures: Traditional full pasture burns every 3 years vs. Pyric herbivory In native
range: Traditional 4 year fire interval vs. 2 year fire interval.

Traditional rangeland management vs. Collaborative adaptive rangeland management.
Shortgrass steppe of the Western Great Plains.

Traditional grazing practices and invasive species management vs. management of
public lands adaptive to fire-cheatgrass cycle.

Predominant supply chain originating from ranches of the Southwest U.S.
(conventional cattle genetics, grain finishing in distant regions) vs. alternative supply
chains (heritage genetics, grass-finishing locally and distantly).

Season-long grazing vs. prescribed burning, multi-species grazing and mob grazing.
Grazing decisions guided by a panel of regional experts.

Uncontrolled spread of woody vegetation vs. control of woody vegetation through
herbicide application. Paired watersheds.

landscape of the Archbold Biological Station/University of
Florida LTAR site, large wetland systems remove nutrients
from river-canal systems. At a fine scale, potential drawbacks
are eutrophication and invasive species, but at the watershed
scale, the wetlands improve water quality and overall quality
of life.* To provide information for stakeholders who might
focus on different scales, the LTAR network strives to develop
meaningful indicators at multiple scales.

Hierarchies of spatial scales in socio-agroecological sys-
tems are, by design, reductionist.** Nonetheless, LTAR sci-
entists have found such hierarchies useful when building a
common indicator framework across multiple locations. For
those working in rangelands, a commonly used spatial hier-
archy includes ecological site concepts from the site to the
ecological site through Land Resource Region®; we reference
this hierarchy for a broad understanding across rangeland dis-
ciplines. The patch (site) is the finest-scaled unit (Fig. 2). Ata
broader scale, the ranch comprises the ecological sites, social
systems, land uses, budgets, and infrastructure within the bor-
ders of a ranching enterprise.”® The rangeland landscape con-
tains multiple ranches and interspersed land uses, and webs
of social relations providing a sense of place and purpose for
agricultural producers and consumers whose livelihoods are
directly or indirectly dependent upon agroecosystems.”**” At
broader scales are regions (Land Resource Regions), which
contain multiple landscapes, and continents, which contain
multiple regions. We recognize that this spatial hierarchy re-
flects land systems more than food systems®®. To expand, we
seek to partner with scientists across the USDA and univer-
sities to expand our hierarchy into realms of human nutrition
and consumer well-being.

Rangeland patterns and processes also exist on tempo-
ral scales ranging from minutes to epochs, but the typical
rangeland management study is conducted for a short time,
and typically in a single location. Consequently, reliable man-
agement recommendations can be found for specific places
within a specific timeframe but extrapolating to many loca-
tions and longer timeframes is a widespread and persistent
challenge.”” The LTAR Common Experiment is poised to
disentangle spatio-temporal dependencies, because it facili-
tates the investigation of site- and ranch-scale management
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for multiple decades. Long-term research allows monitoring
to continue beyond interruptions from external forces (e.g.,
drought) and helps capture effects as external factors fluc-
tuate (e.g., markets, disease). This study design also allows
measurement of the effects of dynamic adaptive management
over time, as in the case of the Central Plains Experimental
Range.30’3]

Despite the design benefits of the long-term Common
Experiment, most of its management systems are designed,
implemented, and studied at fine spatial scales (e.g., pasture,
ranch), and focused on outcomes for a short time frame (e.g.,
a 5 to 10-year planning horizon). We are grappling with how
to identify the effects of fine-scale management on larger spa-
tial scales such as community, region, or continent, and tem-
poral scales such as decades to centuries.*> Standardized ap-
proaches to data production over landscapes and regions in
concert with modeling will be central to cross-scale analysis
for LTAR. Rangeland scientists focused on the Common Ex-
periment are partnering with the LTAR Regionalization and
Rangeland Soil Erosion Working Groups to advance these
efforts.

The Regionalization group has defined regional bound-
aries™3 through lenses of three domains of sustainable inten-
sification: Environment, Production, and Rural Prosperity."’
This work will result in a data-driven refinement of the net-
work’s original regional boundaries (Fig. 1a), and will likely
evolve into the five domains used in the LTAR Agricultural
Performance Indicator Framework (Fig. 1b). The variables
used to define the regional boundaries will allow network sci-
entists to track trends in a “wall to wall”fashion across the con-
tiguous U.S. (e.g., raster-based commodity production esti-
mates, biodiversity estimates, and estimates of access to broad-
band internet).”"»** To integrate agricultural performance in-
dicators with the “wall to wall” data products, we plan to iden-
tify a core set of site-level performance indicators common
among all sites in the Common Experiment. These common
indicators can be aligned with variables measured over large
expanses to understand the effects of ranch-level manage-
ment on regional- and national-level trends and to interpret
regional and national trends using local findings and experi-

ences.”
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Table 2
Indicator categories and site-level indicators used to quantify performance of rangeland management systems at four rangeland sites in the LTAR Common
Experiment. Future work and stakeholder participation may result in different indicators and increased duplication among sites. These indicators align mainly

with a 5 to 10-year planning horizon for the ranch scale.

Jornada Experimental
Range

Conventional cow-calf
supply chain vs. 5
alternative supply chains

Northern Plains

Kentucky bluegrass control
vs. no control

Archbold Biological
Station/U of Florida

Pyric herbivory vs. full

burns efvery 3y€ﬂff

Central Plains
Experimental Range
Traditional vs.
Collaborative Adaptive
Rangeland Management

Network-level indicator  Site-level indicator
category

Environment Air

Sustainable
intensification domain

Ground cover, canopy
gap sizes, vegetation
height™. Modeled dust

emissions’ .

Grassland bird
composition and
abundance on range.
Ground cover, canopy
gap sizes, vegetation
height'. Perennial grass
cover'.

Environment Biota

Environment Soil Ground cover, canopy
gap sizes, vegetation

height"

Water Blue water use from
cradle to farm gate.
Ground cover, canopy
gap sizes, vegetation
height'. Modeled

runoﬂj .

Environment

Environment Net carbon CO2 equivalents from

cradle to farm gate

Productivity Commodity quality Meat quality

Productivity Commodity quantity Weaned calf weight

Productivity Total factor productivity ~ (weight gains):(total
production inputs in

finishing phase)

Economic Financial strength Working capital

Net returns from
operations

Economic

Stability of profits

Human Condition Flexibility

Time to plan and learn

Human Condition Occupational stressors Reliability of precision

ranching sensors

Human Condition Physical safety of Risk of injury during
workers cattle processing and
monitoring
Social Community security Necessity to organize and

participate with other
ranchers

Site-level indicator

Plant species diversity,
ground cover'. Annual
production, invasive
species.

Ground cover, canopy
gap sizes, soil aggregate
s'cabilil?fy vegetation
height

Ground cover, canopy
gap sizes, soil moisture’.
Modeled runoff'.

Forage productivity

(animal and herd weight
gains): (total production
inputs)

Net returns from
operations

Landowner perception
and acceptability of
treatments. Social and
economic capital.

Efficiency gains

Number of livestock
related accidents per year

Influence on behavioral
intentions towards
aspirational approaches.
Promotion of social
capital.

Site-level indicator

CH4,N20, CO2

Plant species diversity &
composition. Vegetation
heterogeneity. Grassland
bird composition and
abundance.

Soil organic carbon,
labile carbon

Nutrient losses - P; N

Global Warming
Potential

Weaned calf weight

(Pounds weaned):(total
production inputs)

Working capital

Net returns from
operations

Time to plan and learn

Work load

Number of full-time and
temporary staff. Ratio of
staff to cattle during
cattle processing.

Participation in
community organizations
(state and county
cattlemen association,
NCBA, Farm Bureau,
etc). Participation/or
interest in education and
technical assistance
opportunities.

Site-level indicator

CH4,N20, CO2

*Foliar cover, densities
and dry weight of
cool-season grasses. Plant
diversity. Vegetation
heterogeneity. Grassland
bird population and
habitat quality.

Soil health and carbon
sequestration

Soil water holding
capacity and runoff

CO2 equivalents during
grazing season

Meat quality

“Yearling cattle weight
gain

*(Yearling weight
gain):(total production
inputs)

“Working Capital
(during and
post-drought)

*Cost of Goods Sold.
*Revenue (considering
beef price-slide).

*Labor efficiency.

Risk of injury during
cattle processing and
monitoring

*Social learning and
broader knowledge
adoption. Progress of
collaborative adaptive
management process.
Understanding, trust,
mutual respect among
collaborators.

¥ Directly from, or derived from, established rangeland ecosystem monitoring programs.

* Stakeholder-defined
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| Network-level indicator category

| Site-level indicator

Community security

Stability of profits

ENVIRONMENT Air

ECONOMIC PRODUCTIVITY

Commodity quantity

HUMAN CONDITION
Flexibility

SOCIAL

N

Ba
Continent

Maintenance of the
ranching industry

Dust optical depth

Pounds of beef
exported

lance of trade

Adaptive management of
ecosystems

Atmospheric dust concentrations

Region
Land Personal income Pounds of beef
Resource per person sold
Region Ranch ownership Time to engage & learn
succession with broader community
Dust emissions
Landscape Ranch Pounds of calf
Land employment weaned/acre
Resource ]
Unit Formal and informal Time to engage & learn
institutions for ranchers with broader community
Dust emissions
panch Net ret f Pounds calf
: et returns from
E.C0|09|03| operations weaned
Site _ _
Group Necessity Fo_ organize Time to learn and
and participate with adapt practices
other ranchers
Dust emission
Pasture I Input costs Forage plant
Herd production
Ecological " it
Site e e scessity to Flexibility to move
— communicate herds
- with neighbors
Plant canopy gap
Patch Input costs Forage plant
Site abundance
Necessity to

with ranch personnel

Flexibility to apply

communicate .
daily management

Figure 2. Indicators of rangeland management performance in five domains of sustainable intensification goals. Management and performance
indicators at fine scales (patch, pasture/herd, ranch) are the focus of the LTAR Common Experiment (Table 2). We will rely on standardized datasets
and modeling approaches to identify the effects of fine-scale management on broader scales (landscape, region).

To predict the influence of ranch-level management on
broader-scale impact in the Environment domain, we are for-
tunate to draw upon protocols and data systems built and
tested for decades across the American West. Established
rangeland ecosystem monitoring programs (e.g., Natural Re-
sources Conservation Service (NRCS) National Resources
Inventory, Bureau of Land Management (BLM) Assessment,
Inventory, and Monitoring programs) use standardized meth-
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ods on about 312 million hectares (770 million acres) of U.S.
rangelands to monitor indicators of ecosystem attributes in-
cluding soil and site stability, biotic integrity, and hydrologic
function.'”?! The Rangeland Soil Erosion Working Group is
applying a wind erosion model (AERO) developed at LTAR
sites’® to BLM and NRCS field monitoring data which can
assess how management systems or practices on public and
private lands affect rangeland health. If LTAR rangeland sites
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use the standardized indicators as site-level indicators to as-
sess performance of management treatments in the Common
Experiment (e.g., ground cover in Table 2), we can extend our
inferential footprints via modeling efforts such as those of the
Rangeland Soil Erosion Working Group.

Ultimately, the network seeks an overarching modeling
framework to predict the effects of fine-scale management
across broader scales and among all five domains of sus-
tainable intensification (Fig. 1b), much like the SEAMLESS
Integrated Framework (SEAMLESS-IF) that forecasts im-
pacts of agro-environmental policies and agro-technological
innovations in the European Union.”” ITAR is partnering
with other USDA entities (e.g., the National Agricultural
Statistics Service; Agriculture Innovation Agenda) to quan-
tify rates of adoption of the management systems under inves-
tigation in the Common Experiment, as we anticipate adop-
tion patterns will be a key input into this overall modeling
framework.

A typology of indicators will be important to organize
thinking for this cross-scale effort. For instance, the World
Health Organization, in its work on interventions for child
health and development, uses an indicator hierarchy spanning
from input indicators, to process indicators, to outcome indi-
cators, to impact indicators*® In the realm of sustainable in-
tensification, it may be useful to consider impacts on a land-
scape or region to be the result of the aggregate of outcomes
on many ecological sites and ranches in concert with exter-
nal forces outside of any manager’s control.* Accordingly, in
our hierarchical example of performance indicators for range-
lands (Fig. 2), outcome indicators are provided for finer scales
(patch, pasture/herd, ranch) and impact indicators are pro-
vided for broader scales (landscape, region).

Developing a benchmark method to assess
management performance

We modified a benchmark method developed by the BLM
and inter-agency collaborations among BLM, ARS, NRCS,
LTAR, and others®”* to evaluate the performance of range-
land management in the Common Experiment against prede-
termined sustainable intensification targets. We put forth this
modified method for consideration among all LTAR scientists
and partners, as well as the greater community of rangeland
and pastureland ecologists and managers worldwide.

The step-wise method (Box 1) entails developing mean-
ingful benchmarks for each site-level indicator adopted by
each local LTAR site, conducting appropriate measurements
to identify whether sampling units met the benchmarks,
and ultimately performing a site-level and network-level as-
sessment of the efficacy of “aspirational” production systems
under investigation in the Common Experiment. Lessons
learned from the assessment would be fed back into LTAR
research, and into the knowledge co-development protocols
of the stakeholder-driven Agricultural Performance Indica-
tor Framework.

Here we focus on benchmarks and management outcomes
at the ranch scale because our work in the Common Ex-

periment aligns with this scale; however, the method can be
applied at multiple scales (see Box 1). Further, this method
can be reproduced across the world where parallel questions
about management system performance and indicators arise.
As benchmarks can be set by local stakeholders in knowl-
edge co-production processes, we posit that this method can
transcend some of the tradeoffs between “bottom-up”vs “top-
down” indicator frameworks.*!

To date, we have made more progress using the bench-
mark approach to measure the performance of on-ranch man-
agement against desired conditions in Environment and Pro-
ductivity domains, which is logical, as the approach builds
on established methodology used to assess impacts of man-
agement on rangeland health.*” Questions persist about how
to set benchmarks in Economic, Human Condition, and So-
cial domains. For example, one proposed indicator category in
the Human Condition domain is “Physical safety of workers”
(Table 2). This is clearly an important goal for agriculture,
but how much and what type(s) of physical safety of work-
ers is adequate? In addition, in the Economic domain, what
is a meaningful target for “Net returns from operations”? In-
come as a percentage of inputs for normal business operations
may underpin a meaningful benchmark, however, what pro-
portion is sufficient for a high quality of life, and over what
timescale, given fluctuations of external forces (markets, cli-
mate) and producers’ willingness to prioritize returns other
than financial in their ranching enterprises?***

Selecting indicators and benchmarks in
Economic, Human Condition, and Social domains

To develop useful and meaningful performance indicators
in the three socio-economic domains of sustainable intensi-
fication (Fig. 1b), a number of theories, methodologies and
approaches are available, including social-ecological network
analysis,** innovation-adoption and economic studies, 44547
and other sociological or ethnographic approaches.”*®*
Paired social-ecological research in the study region may also
engage stakeholders more directly, for example in participa-
tory or “co-production” methodologies.50

Different scientific research methods have distinct goals.
While some sociological and economic approaches are best
able to describe larger-scale social or economic systems of
rangeland communities,””°! others follow an action-oriented
or transdisciplinary tradition that initiates change within the
research itself>? In the latter, the science directly engages
with multiple types of knowledge and experience and involves
stakeholders in all stages of the research process, from research
question development through data reporting, learning, and
knowledge implementation.53’54 In recent years, the scientists
in the Human Dimensions Working Group have infused the
LTAR network with expertise and interest in this diversity of
approaches.”?

A wide variety of collaborative approaches seeking to con-
nect knowledge and action®” are currently in use by LTAR’s
rangeland sites. All sites have formal or informal customer
groups influencing the management investigated and how

Rangelands
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Box1
Stepwise method to assess management performance using benchmarks.

Identifying benchmarks of management performance and using indicators to assess whether the benchmarks were met helps to identify how
management investments should be directed. Here we put forth a step-wise method for consideration across the LTAR Common
Experiment — and beyond, in agroecosystems worldwide. We use an example from the LTAR-Jornada site, where scientists, producers, K-12
educators, and extension partners are partnering to compare how alternative supply chains originating from Southwestern ranches meet
sustainable intensification goals.’® The LTAR Common Experiment at the Jornada site spans multiple phases, from cow-calf to finishing to
meat quality to marketing, but the figure below represents only the experimentation in the cow-calf phase, where conventional cattle genetics
(business as usual) are compared to heritage cattle genetics (aspirational). For purposes of illustration, only a subset of the site’s indicators and
benchmarks are shown. Tradeoffs presented are still hypothetical, as they are under active investigation.

Steps 1-2: LTAR-Jornada works with stakeholders to select site-level indicators within network-level indicator categories in the five domains
of sustainable intensification (Table 2), and integrates local priorities into the overall stakeholder-driven LTAR Agricultural Performance
Indicator Framework. Step 3: LTAR-Jornada sets management objectives and benchmarks for each site-level indicator using past research,
data from standardized databases on ecological sites,”® stakeholder knowledge, and other sources. Step 4: Scientists and partners measure
outcomes of business-as-usual and aspirational treatments under investigation within appropriate sampling units, producing new data and
information for network-wide datasets (e.g., LTAR Data Inventory; Ag Data Commons). Step 5: Scientists measure how much or how many
of the relevant sampling unit(s) meet pre-determined benchmarks under each treatment. Spider diagrams can be used for illustration. Step 6
(not pictured): Scientists, partners, and stakeholders assess why benchmarks were or were not met to inform future adaptive research and
management. Step 7 (not pictured): The LTAR network aggregates the outcomes of each site’s treatments relative to respective benchmarks,
to evaluate the aggregate impact of widespread adoption of aspirational management approaches across U.S. rangelands, croplands, and
integrated systems.

Steps 1-2 | [ step3 | | Step 4
Network-level
indicator Site-level Site-level Monitoring Monitoring Measurement
category indicator benchmark unit timing method
Environment Pererinial 1-km transect Every 5 years
grass from each in summer Line-point
Biota cover >10% watering point and fall Intercept
Productivity Weaned 0.8-1.2kg Scales in
Commaodity calf of weaned Annually at corral and
quantity weight calf/halyear Treatment herds fall weaning  truck

\ J

Cow-calf net returns Aspirational (ASP):

Heritage cattle

[BAU: 19 of 20

calves met i
voncrmark [ =
plots met (95%) cattle genetics
benchmark ASP: 17 of 20
(50%) calves met
ASP: 3 of 4 benchmark
plots met (85%)
benchmark -
(75%) Time to plan and learn

research is conducted in the Common Experiment. Several
sites have conducted producer surveys to inform local ex-
perimentation.”’”> °°»*° The experiments at the Central Plains
Experimental Range®’, Northern Plains, and Jornada Exper-
imental Range®’ entail forms of collaborative adaptive man-
agement and translational science. Notably, such approaches
can be resource-intensive processes which require special con-
sideration of research ethics and are subject to human-subjects
research regulation, and despite the contribution of the Hu-
man Dimensions Working Group, the LTAR network is not
at present equipped to systematically expand these resource-
intensive processes.

2022

The core scientific expertise of the LTAR network is bio-
physical, as the USDA-Agricultural Research Service (ARS),
the federal agency leading many LTAR network efforts, his-
torically did not employ research social scientists (although
this trend is changing), or have access to its own Institutional
Review Board, and must comply with the Paperwork Reduc-
tion Act and other relevant regulations. University research
and cooperative extension partners are critical collaborators,
but permanent ARS social scientists will be needed to fully re-
alize the LTAR networks vision of the Common Experiment
and other LTAR research in human-natural systems studies.
Overall, for greater balance in the information provided about
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https://usdaars.maps.arcgis.com/apps/MapSeries/index.html?appid=8f2a1f9a38df4310ae0e9e87bb968b7d
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the five domains, expanded investments in social science and
economics personnel will be needed.”

Plans for the LTAR Agricultural Performance
Indicator Framework and its rangeland
indicators

The LTAR Agricultural Performance Indicator Frame-
work is intended to provide usable and useful information
and knowledge supporting decision-making about adopting
innovations for sustainable intensification. However, LTAR
scientists recognize many factors beyond information influ-
ence adoption, including structural policy, markets, and in-
stitutional contexts.!?” Future steps must include coordi-
nated research on all factors affecting decision-making around
LTAR innovations. Such a coordinated approach will require
further investment in innovation-adoption research, as well
as investments in product delivery and educational campaigns
run by experts in their fields.

As mentioned above, LTAR’s rangeland researchers plan
to identify a core set of ranch-level indicators common across
all rangeland sites to link outcomes observed at the ranch
scale to outcomes in similar variables at regional and broader
scales. This work will progress in tandem with modeling ef-
forts of interdisciplinary teams such as the Regionalization
and Rangeland Soil Erosion Working Groups and will in-
clude insights on the degree of adoption of the innovations in
the Common Experiment on rangelands.

These future steps will not occur in a research bubble, but
instead, will be conducted in collaboration with stakehold-
ers across the nation’s land and food systems. We are build-
ing a stakeholder engagement program to shape the science
grounding the indicator framework, drawing on the rich lit-
erature and experience on effective and equitable stakeholder
engagement across power gradients.!” Our methods for stake-
holder engagement around indicators will include: listening
to civil society partners regarding goals, needs, and knowl-
edge gaps; cooperative visioning of sustainability at multiple
scales; and synthesis of stakeholder insights with literature,
data, and ongoing research. Although the specifics are a work
in progress, such knowledge co-production may be our best
bet for simultaneously meeting environmental, economic, and
social goals on rangelands of the future.
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