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Grand challenges and @
transformative solutions for

rangeland social-ecological systems -
emphasizing the human dimensions

By Leslie M. Roche

Early in my career, I was invited to a meeting focused
on defining sustainable rangeland food systems. I was in
this grand ballroom with >200 people from academic and
research institutions, environmental advocacy organizations,
retail associations, food service distributors, and so on. All
these great minds, maybe some of the best minds, and then
there was me—a new graduate student, largely unknown, and
largely unnoticed.

I noticed there was no one in this entire ballroom whose
livelihood directly depended on rangeland livestock produc-
tion. For me, that highlighted a critical gap—and an oppor-
tunity. If we as scientists, educators, students, land managers,
producers, and conservationists want to build a shared vision
of sustainable working rangelands then we need to span the
boundaries between policy, research, and management, and
engage different voices in the conversation.

Fast-forward to now. I am fortunate to be part of the
Cooperative Extension System—a boundary-spanning orga-
nization that is partnered with land-grant universities, the
United States Department Agriculture, and state and local
governments. The Cooperative Extension System has a long-
history of research and outreach in agriculture, natural re-
sources, and communities, and has developed and employed
models of public engagement for >100 years. I am a range-
land agroecologist. This term is not often used, but for me it
makes sense. Agroecology is a multidisciplinary and creative
field that focuses on interactions among plants, animals, peo-
ple, and the environment within agricultural working land-
scapes. Rangelands are multifunctional landscapes that are not
only part of the food and fiber system, but also support bio-
diversity conservation, water resources, and wildlife habitat as
well as other ecosystem services. So, this is my lens. I have

On the Ground

» Rangeland food systems around the world are in-
creasingly facing complex and wicked problems
with changing climate, environmental, and socio-
economic conditions. We must find socially, eco-
nomically, and environmentally sustainable ways
to optimize production of high-quality, accessi-
ble food to feed the world’s growing population.
Further, we need to do this in the face of mul-
tiple threats, including climate change, land-use
change, and emerging invasive species, pests,
and diseases.

The “human dimensions” are central to solving
critical challenges for working rangelands. We
must actively build collaborative partnerships that
span disciplines, knowledge areas, and back-
grounds. Diverse perspectives as well as greater
integration of the natural and social sciences will
foster critically needed transformative rangeland
science, learning, and management.

A central component of transformative change is
training the next generation of scientists, resource
users, land managers, and policymakers to work
beyond institutional, land ownership, and political
boundaries to build broad-scale partnerships and
solutions.
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the privilege of working with people from a broad range of
academic disciplines—from the University campus to coun-
ties across California' —as well as diverse management, policy,
and public stakeholders. For me, the balance is synergistic and
natural.

My experience at that rangeland food systems meeting
was not unique; it was the first of several experiences I have
had just like this over the years. Many of my colleagues have
also had similar encounters, in different settings and at dif-
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Figure 1. As social-ecological systems, the sustainability and resilience of family ranches and rangelands depends on their ability to adapt to changing
conditions across social and ecological scales. Photo courtesy of C. Koopmann Rivers.

ferent times. We know rangelands are complex, adaptive sys-
tems shaped by interlinked ecological and social components
(Fig. 1)27* There exists a long, rich history of rangeland re-
search, extension, and education focused on the important
biophysical dimensions of these systems. However, although
social science research applications within complex rangeland
systems have markedly expanded in the past decades,™ there
is still significant work to do to fully integrate and leverage
the equally important human dimensions.”” So, how do we
disrupt the status quo “build it and they will come” approach
and move toward authentic engagement with all stakeholders,
emphasizing the human dimensions?

I am not just saying, “we need to collaborate more”; un-
fortunately, the solution is not that simple. More collabora-
tion is needed—we as scientists, educators, and natural re-
source professionals need to be collaborating, communicat-
ing, and engaging with all stakeholders in rangeland science,
ecology, and management—but we also need to transform
the way we think about collaboration, the way we commu-
nicate, and the way we do science, outreach, and education.
We need research and management excellence that brings
positive environmental, social, and economic change, which
does not happen in a vacuum. The time of silo mental-
ity is gone—and good riddance! We have some grand chal-
lenges ahead of us and we need to learn from our past, be
in this together, and do better with our inherited legacies in
our scientific, education, outreach, and resource management
endeavors.'*1?

Grand challenges

As I was thinking about themes to discuss in this piece,
I kept coming back to “grand challenges.” Clearly, human di-
mensions are central to solving the most critical challenges for
rangelands, as well as agriculture and natural resource man-
agement issues more broadly. We know that climate, environ-
mental, and socioeconomic conditions are changing. The sim-
ple problems have been solved; the problems we are facing are
complex and could even be called wicked problems—with no
single solution or one “right” answer—and often it is hard to
grasp what exactly the problem is.” The following is by no
means an exhaustive list, but I wanted to highlight some of
the grand challenges for rangeland systems.

Global food demand is estimated to rise >70% between
2005 and 2050, and demand for animal-based protein is
expected to increase substantially around the world as incomes
increase.'®!” So,we need to optimize production of high qual-
ity, accessible food to feed the world’s growing population, and
we need to do this by 1) providing economic opportunities
for those whose livelihoods depend on agriculture, and 2) re-
ducing environmental impacts and enhancing environmental
benefits associated with food production.'®' Additionally, we
need to do all of this in the face of multiple threats! Climate
change is ushering in more severe and frequent hazards, such
as drought and wildfire, with records being set every year. Re-
cent research in California has shown that climate change-
induced increases in fall temperatures and decreases in pre-
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cipitation have already doubled the frequency of extreme fire
weather since the 1980s”° Land-use change and fragmen-
tation are also major challenges to conservation of ranches
and rangelands with turnover and conversion rates rising each
year.”* In California, a majority (73%) of ranching opera-
tions have reported <$10,000 annual profit,”* which is far be-
low more profitable alternative land uses, including residen-
tial development and intensive crop production, which have
considerably higher per hectare economic outputs.”> We are
also contending with emerging invasive species, pests, and dis-
eases.”®?” These interacting threats are creating novel ecosys-
tem conditions that are impacting structure and function, in-
cluding biodiversity, productivity, soil health, and human wel-
fare. And, as we are experiencing now with the global pan-
demic, unanticipated threat multipliers can exacerbate exist-
ing social, economic, and political challenges (e.g., COVID-
19 and wildfire’®). These challenges are multidimensional,
wicked problems, but they are not insurmountable.

Solutions and strategies

Transforming rangeland science by spanning
disciplines

As scientists, educators, and natural resource profession-
als, we need to actively engage across disciplines to leverage
knowledge from diverse perspectives, which can lead to trans-
formative science and learning. Recently, my colleagues and I
examined the persistent problem of managing the distribution
of cattle on rangelands. Animal behavioral (e.g., cattle prefer-
ences), economic (e.g., costs of alternative strategies), and en-
vironmental (e.g., spatial and temporal variability of the land-
scape) barriers all contribute to inefficient use of forage re-
sources on extensively managed rangelands.”’ Subsequently,
this problem has been scientifically examined through these
separate disciplinary lenses for many years. When we looked
at the co-authorship network for this body of research, we
found a lack of connectivity across academic disciplines and
high within-discipline clustering, resulting in a disjointed net-
work of communities that was not well integrated (Fig. 2).
This issue is critical given livestock distribution remains one
of the most significant challenges grazing managers face
on extensively managed rangelands. The lack of integration
among disciplines suggests we have been “stuck” in our indi-
vidual fields. Such siloed approaches limit opportunities for
cross-pollination that can move us forward to novel solu-
tions through, for example, integrating knowledge and meth-
ods from disparate fields like comparative psychology, animal
production science, ecology, and economics.”’

If we want to transform the way we do science, then we
need to span boundaries and move beyond intradisciplinary
modes (i.e., working within our own siloed fields) to interdis-
ciplinary and transdisciplinary modes, which integrate knowl-
edge and methods from multiple disciplines, including the
natural and social sciences, to create new ways of working (for
an example, see http://makinggood.design/thoughts/tasty).

2021

Interdisciplinary and transdisciplinary science can launch our
abilities to address complex climate, environmental, and so-
cioeconomic issues. Rangeland science needs experts in the
biophysical sciences as well as political science, economics, so-
ciology, political ecology, and psychology. Moreover, to build
successful and integrative collaborations, it is important to re-
spect different knowledge systems and engage potential part-
ners, across scientific and management communities, in cul-
turally appropriate ways’; this is critical to working effec-
tively to identify, define, and solve collective problems.

I have repeatedly highlighted the social sciences because
the focus here is how we can emphasize the “human dimen-
sions,” and there has been an imbalance in research funding
support. For example, over 30 years of climate change research
funding, the natural sciences received ~770% more funding
than the social sciences, and only ~0.1% of total funding was
spent on the social science of mitigation.*! This is a critical
gap because we know the limited integration of social science
has hampered our understanding of conservation decision-
making behavior and adoption of sustainable practices in agri-
culture in general »*%** Therefore, we need better integration
of the natural and social sciences and we need to co-value
these approaches.

Translational rangeland science and
management

Rangelands are often described as “social-ecological sys-
tems” or “coupled human and natural systems™* for obvious
reasons—humans are not external to the system, but are in-
terconnected with it and major drivers of change.” Therefore,
interdisciplinary and even transdisciplinary science with other
scientists is not enough; we need to work with stakeholders,
including working side-by-side with industry, local commu-
nities, and land and resource managers, to develop transla-
tional rangeland science from the beginning to better align
research with on-the-ground challenges. Many support orga-
nizations are using a highly collaborative, co-production ap-
proach. In the Cooperative Extension System, for example,
some of our most progressive programs have moved from a
top-down model of scientists creating, developing, deploying,
and disseminating results to stakeholders to a model of multi-
directional knowledge exchange and mutual learning through
collaboration.* These knowledge networks®® can be tapped
through participatory, community science, and public engage-
ment methods to co-produce ideas and integrate both techni-
cal and place-based experience and knowledge to ensure the
resulting research is relevant to stakeholders and will improve
social and ecological outcomes.

To effectively address contemporary rangeland issues, sci-
entists must engage and build multipartner collaborations, be-
ginning with ranchers and land managers. Ranchers and land
managers are the individuals on-the-ground who are expected
to participate in policy partnerships and comply with regula-
tions,*>*” so it is crucial to understand their experiences and
how they view the landscape. As an example, following the
historic, statewide drought that gripped California between
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Figure 2. Sociogram for the research literature on strategies for optimizing beef cattle grazing distribution. Colored dots, or nodes, represent individual
authors, with color denoting author field of expertise. Connecting lines indicate co-authorship between individuals. Co-authorship network analysis
revealed very few connections (1.7% edge density) relative to the total number of possible connections in a complete network (100% edge density).
We also found high clustering of authors within the same fields of expertise (e.g., high density of interconnected green nodes, which represent authors
with biophysical rangeland science expertise), indicating a lack of communication between research disciplines. Figure adapted from Creamer et al.?”

2012 and 2016, my colleagues and I worked with ranchers
to understand how they were coping with the extreme con-
ditions. Given that most ranching operations are multigen-
erational (i.e., at least third generation in ranching), there is
deep experiential knowledge within this community.*>*” By
working within these knowledge networks, my colleagues and
I have learned about drivers of impact, social and ecological
vulnerability, and adaptive capacity.

Communities reliant on rangelands are vulnerable to cli-
mate variability; resilience to drought, for example, is criti-
cal to the long-term sustainability of these rain- and snow-
fed systems.”®*” In terms of sustainability and resilience, we
learned information sharing, flexibility (e.g., number and type
ofland resources), and goal setting are key to building adaptive
capacity. From efforts after Australia’s Millennium Drought,*
we are seeing how planning horizons and perspectives have
been influenced by historic natural disasters. When we inter-
viewed California ranchers about their future outlooks and
climate change perceptions, they disagreed with strong neg-
ative statements on the impact and importance of climate
change, such as “Climate change is NOT an important con-
sideration when developing options for my ranching business,
relative to other current issues” (2.54 mean rating; rating scale
1 =“strongly disagree” to 5 = “strongly agree”; n=48) and “I
do NOT believe that the future climate will be any different
from my past experience” (2.35 mean rating; n=48). They
were more likely to agree with positive statements about their
abilities to adapt and interest in learning, such as “I feel con-
fident that I already have the skills to manage for long-term
drought” (3.56 mean rating; n =48) and “I am interested in

learning about climate change and its impacts on the ranching
industry” (3.96 mean rating; n = 48).*! These results on how
ranchers view the shifting decision-making landscape are en-
couraging for collaborative, problem-solving approaches. We
know climate, environmental, and socio-economic changes
will create conditions that exceed any past or present experi-
ences humans have had on rangelands; therefore, these novel
conditions will likely require innovative research, outreach,
and management approaches.

Stakeholder engagement is part of transforming the way
we do science. To meaningfully engage stakeholders work-
ing at the management-scale, we need to develop new ways
of thinking, new methods, and new approaches. Grazing sys-
tems research, for example, has predominantly focused on
comparing biophysical outcomes (e.g., livestock weight gains
and annual forage production) between fixed grazing treat-
ments over fine spatial and temporal scales.”®* This con-
ventional approach relies on command-and-control and top-
down communication, with limited partnership with land and
resource managers. We know managers make decisions and
adapt strategies for multiple social, economic, and ecological
outcomes; therefore, if we continue with reductionistic ap-
proaches, then we risk missing the broader context and restrict
the potential usefulness of our science to managers working
in real world conditions (Porensky 2021,* this issue). Usable
or actionable science at-scale is difficult, but we can advance
our progress by working with rangeland communities to co-
produce novel approaches, strategies, and tools.

By way of example, intensive rotational grazing has sparked
a long debate in academic and management communities

Rangelands

Downloaded From: https://bioone.org/journals/Rangelands on 24 Apr 2024
Terms of Use: https://bioone.org/terms-of-use



Figure 3. Investing in and training future generations of natural resource professionals, land managers, and scientists to address rangeland man-
agement and policy issues through holistic and integrated approaches is critical to building resilient rangeland systems. Photo courtesy of T. Schohr.

around the world.”*** However, once we gain the perspec-
tives of on-the-ground managers (i.e., asking people what
they do), we see agreement, not debate, among research
and management communities on the success of rotational
grazing, particularly for achieving livestock production goals.
Across California and Wyoming ranching communities, we
found limited (5%) on-ranch adoption of intensive rotational
grazing strategies; however, most (62%) ranchers had adopted
extensive rotational strategies with moderate grazing peri-
ods and livestock densities.® Therefore, we can gain valuable,
place-based knowledge by directly engaging with stakehold-
ers and potentially avoiding decades of arguing and, instead,
immediately focusing on more vital needs, which is more im-
perative than ever.

Stakeholders need to be engaged and also empowered to
take ownership in research-management partnerships, which
means scientists need to cede some decision-making power
to their management partners. To this end, my collaborators
and I launched the California Collaborative Adaptive Man-
agement Project, which combined participatory and collabo-
rative processes with adaptive management. We engaged di-
verse stakeholders from the start to co-develop and co-design
the research approach based on their experiences, knowledge,
and needs. During the co-development process, we divided
participants into working groups based on their professional
and experiential identities as ranchers, rangeland profession-
als, or conservation professionals. We also created “mixed”
groups of individuals with different backgrounds and exper-
tise. We found the different stakeholder groups valued differ-
ent goals—ranchers and rangeland professionals prioritized
livestock and forage production, whereas conservation profes-
sionals prioritized native plant recruitment and wildlife habi-
tat (Roche et al., unpublished results). These prioritizations
did not change during group discussions, which was not sur-
prising as goals reflected fundamental needs of individuals.
However, we found participants did change how they con-
nected management practices to their individual goals. Af-
ter discussion, all groups increased the number of connec-

2021

tions they made between goals and practices, and the biggest
changes occurred in the mixed group discussions (Roche et
al., unpublished results), demonstrating the value of group di-
versity and interdisciplinary interactions to group learning.

There is a growing number of individuals and organiza-
tions directly engaging ranchers, farmers, and landowners, but
we also need to meaningfully engage other stakeholders, re-
source users, and potential partners who have a stake in sus-
taining working rangelands.® We need to work with a broader
diversity of stakeholders including race, class, gender, and eth-
nicity, as well as the intersections of these and other identities.
For those of us who work for, or are at least linked with, pub-
lic institutions, the question “who is the public?”is particularly
important when thinking about sustainable and equitable re-
source management.

Recently, several colleagues and I have been thinking about
needs beyond our traditional partners in California, particu-
larly those new and beginning ranchers who have been po-
tentially underserved by support organizations. These first-
generation ranchers are typically younger (average age of
43 for first-generation rancher interviewees (n=26) vs. 60
for principle producers), more often women (41% vs. 17%),
and more racially and ethnically diverse (e.g., 20% non-
white vs. 9% nonwhite) than the general California ranch-
ing and farming population (Munden-Dixon and Roche, un-
published results). Until now, there has been limited research
(e.g., our most recent search revealed only 2 published stud-
ies) with first-generation ranchers; at best, first-generation
ranchers have been generalized as beginning farmers under
many policy and support programs.**’ Based on what we
had previously learned about sustainability and resilience of
ranching communities,”” we found first-generation ranch-
ers typically have more limited networks, less access to re-
sources, and fewer adaptation strategies available to them
than typical, large, multigenerational counterparts.’’ These
differences potentially make first-generation ranchers vulner-
able to climate and environmental changes. Given an un-
certain future, greater outreach and strong partnerships from
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Figure 4. Cross-institutional partnerships can provide important opportunities for students, as well as all members of the rangeland research and
resource management communities, to build capacity in developing successful, interdisciplinary science-management collaborations to tackle the
wicked problems within rangeland social-ecological systems. Photo courtesy of L. Roche.

support organizations will be critical to this next generation’s
success.

Training the next generation

Building resilient rangeland systems depends on train-
ing future generations of natural resource professionals, land
managers, and scientists. There is increasing recognition of
the value of investing in holistic student experiences, in-
cluding balancing educational training between fundamental
principles, practical field experience, and developing techni-
cal capacity’®°1°? (Fig. 3). Students additionally need to gain
relevant knowledge, training, and skills in integrating human
dimensions into rangeland management and policy-making.
As scientists, educators, and mentors, we also need to sup-
port the next generation in developing transferrable life skills
(i-e., “soft-skills”); the current global pandemic underscores
the importance of these skills to individual adaptability and
resilience to change. We are training the next generation of
collaborators, leaders, and problem solvers; therefore, it is crit-
ical we invest in their excellence because the challenges we
face will require all our resources, talent, and creativity.

We have diverse information needs for rangeland conser-
vation and management. Students need to build their techni-
cal capacities, including training in developing and using ef-
fective monitoring techniques and translating monitoring re-
sults for policy and management decision-making. They also
need to build capacity in using new technologies and trans-
lating big data from big landscapes into actionable knowl-
edge. Open source approaches for data sharing between sci-
entists and managers provide a whole new world of opportu-
nities, but also have their own challenges to navigate, includ-
ing turning big data into knowledge, maintaining collabora-
tor confidentiality and trust, and transparency in sharing. We
can enhance training through cross-institutional partnerships
to build capacity in students as well as land managers, natu-
ral resource professionals, and scientists.” These partnerships
can provide important opportunities in developing interper-
sonal relationships, building leadership skills, and learning ef-
fective communication strategies (including communicating
science to diverse audiences) as well as the art of networking

and coalition-building (Fig. 4).

Conclusions

Finding transformative solutions to the grand challenges
facing rangeland systems calls for changing the culture of
our institutions and disciplines, which is no small task. if
we—as scientists, educators, students, land managers, pro-
ducers, and conservationists—want to have impact beyond
the experimental unit (e.g., beyond the pasture) and build
broad-scale solutions, then we need to work beyond institu-
tional, land ownership, and political boundaries. The range-
land research community is actively advancing applications,
approaches, and integration of social science within rangeland
research. To continue to effectively grow these approaches
and tackle the wicked problems within our complex social-
ecological systems, we need to collectively build and support
interdisciplinary science and management frameworks to fos-
ter transformative rangeland science, learning, and manage-
ment. When building dialogues around solving grand chal-
lenges such as sustainable rangeland food systems, we need to
ask ourselves whether we are hearing all voices and consid-
ering the broader range of stakeholder values, goals, percep-
tions, and experiential knowledge. Are we integrating and em-
phasizing the vital human dimensions in all of our scientific,
education, and outreach efforts in rangeland social-ecological
systems?
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