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Immersive Co-production to Inform
Ranch Management in Gunnison,
Colorado, USA
By Jacob S. Courkamp, Corrine N. Knapp, and Bruce Allen

On the Ground
� To be successful, producers must interpret environ-
mental stimuli and respond with management actions
that help match their production operations to the
ecosystem services they depend on. Climate
change, and the increased variability that will likely
result, may lessen the relevance of historical rules of
thumb and management heuristics by altering envi-
ronmental conditions and giving rise to novel systems
that feature more frequent and intense periods of
stress.

� Sustaining livestock production in the face of climate
change depends on the rapid production of knowl-
edge to inform adaptation to novel systems. Involving
producers in research is often discussed as a
strategy to help accomplish this goal.

� We propose immersive co-production, wherein a
student researcher is embedded within the produc-
tion operations of a working ranch while studying and
conducting research, as one method of quickly
developing the knowledge resources necessary to
sustain livestock production in the context of envi-
ronmental change. We present a case study involv-
ing a ranch near Gunnison, Colorado, as evidence of
the effectiveness of this approach.

� Immersive co-production involves producers in
research and researchers in production to develop
useful ranch-level management insights and a new
generation of interdisciplinary range professionals
with intimate knowledge of the complexity faced by
producers.
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climate change, drought, novel ecosystems, knowl-
edge production.
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R angeland producers make decisions by weighing
multiple types of knowledge (e.g., experiential,
market information, or weather projections) and
different time scales (e.g., daily to decadal).1 This

process assumes some level of regularity and systems that vary
within predictable ranges. As ranchers are exposed to a wider
range of environmental conditions and shifting socioeconomic
contexts, they incrementally fill in gaps that exist in their
knowledge and enhance their ability to predict the outcomes of
management decisions. Insights accumulated in this manner
form a mental model from which they can derive rules of
thumb or heuristics that allow them to respond to environ-
mental stimuli.2,3

Climate change will affect rangelands and livestock
production in significant ways and this has the potential to
alter ecosystems such that established heuristics will no longer
be applicable to current and future management.4,5 The
localized effects of climate change will be highly site-specific,
but it is expected that systems generally will become more
variable.4 For example, whereas livestock production is
projected to suffer in the southwest United States because of
decreased forage quality and more frequent heat stress,
production may increase in the northern plains due to longer
growing seasons, increased primary productivity, and reduced
winter feeding costs.4 Climate change will likely give rise to
novel conditions on grazing landscapes in the western United
States through changes in streamflow timing and ecological
mismatches.4–7 Novel conditions could also arise in relation to
forage quality and quantity, invasive species, disturbance
regimes, and livestock metabolism.4,5

In the western United States, much of the precipitation that
would have historically fallen as snow is now falling as rain,
spring runoff events are estimated to be 10 to 15 days earlier on
average than 50 years ago, and watershed records from the 11
westernmost US states have identified a widespread trend
toward earlier spring streamflow pulses.5,6 Spring runoff is
vital to livestock production, both for stock water and forage.
The projected declines in spring snowmelt and summer water
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reserves will only be exacerbated by increasing demands from
urban areas.5

Changes in plant phenology follow the same pattern as
water availability, with warming leading to advanced onset of
growth and flowering in temperate plant communities.4

Climate change can lead to ecological mismatch, which occurs
when the life cycles of two related plant or animal species no
longer align.7–9 For example, declining caribou populations in
arctic Greenland have been linked to a mismatch between the
peak resource demands of breeding females and peak resource
availability owing to an earlier growing season.9

One thing producers must consider when designing
livestock grazing systems is the phenology of forage species.
Whereas a bird or butterfly may be forced to change its
migration pattern in response to changing forage phenology, a
rancher will have to adapt their management patterns to the
same end. If these management patterns are based on
knowledge of historical conditions, what is an ecological
mismatch in a natural setting becomes a management
mismatch in relation to agricultural production.

The context in which livestock production is managed will
likely change in the future because of a variety of factors
including, but not limited to, climate change. When man-
agement practices are based on interpretations of historical
conditions, rapid environmental change will challenge man-
agers to make predictions based on a frame of reference that is
increasingly less applicable.5,10 This will force ranchers and
researchers alike to look for new methods of applied learning
to inform management within novel systems. The necessary
shift can be thought of as a shift toward a “postnormal” range
science that applies the scientific method in more diverse
contexts, considers a wider variety of perspectives, respects
commitments beyond research, and adjusts standards of
evidence and experimental design accordingly.11,12

Rangelands are highly heterogeneous landscapes where
management typically occurs at much greater spatial scales
than those considered by research, and the resulting asym-
metries make it difficult to apply research findings to
management decisions.11 A shift toward a postnormal range
science would entail conducting research at landscape scales,
considering landscapes directly relevant to management,
incorporating the perspectives of a diverse array of stakehold-
ers, involving end-users in the research process, and empha-
sizing application and the production of usable science.11–13

Co-production explicitly prescribes collaboration between
practitioners and researchers as part of the research process
and has been used to develop tools such as state and transition
models, open up new sources of information for researchers,
and provide producers with information they themselves judge
to be credible and useful.14–16 Although we are unable to
thoroughly review prior co-production approaches and their
implications here, there are excellent existing reviews.14

We propose immersive co-production (ICP), wherein a
student researcher is immersed in the operations of a ranch
while conducting research, to address some of the challenges
presented by rapid environmental change and the resulting
novel systems. Using this approach, it may be possible to

develop useful ranch-level management insight while simul-
taneously developing a new cohort of interdisciplinary range
professionals with intimate knowledge and expertise related to
producer concerns. Our objectives were to: 1) present ICP as
an alternative to existing rangeland research approaches; and
2) elaborate and reflect on our experience with ICP in practice
through a case study. We begin by further explaining why and
how ICP can address some of the challenges facing rangeland
research and management, highlight a case study project we
conducted, and reflect on our project and the ICP approach
more broadly in the discussion.

Immersive Co-production
We see two primary benefits to ICP: 1) rapid applied

learning in the context of rapid environmental change, and 2)
better training for new range professionals because of the
opportunities created for students to gain practical knowledge.
Figure 1 shows how we envision the application of this
research approach. This model emerged from conceptual
thinking informed by the case study that we describe later in
the text.

The approach encourages both applied co-production
research and training for a new generation of professionals
with an interest in and knowledge of rangeland social–eco-
logical systems. Current education efforts are not adequate to
train the next generation of range professionals because
academic range programs graduate only 30–40% of the range
professionals needed by federal land management agencies in
the United States, and future declines are forecasted owing to
program restructuring, lack of faculty, and limited awareness
of range as a profession.17

The lack of professionals is made more distressing by the
reality that ranching communities are changing. Fragmenta-
tion of working ranches into exurban developments and
amenity properties, whose owners are either not actively
managing landscapes or living there only part-time,18 will lead
to a decline in place-based knowledge for decision making.
Further, the owners of amenity properties are often only
peripherally interested in livestock production and prefer to
focus their efforts on the natural and cultural dimensions of
their properties.19 Fewer working ranches means fewer
opportunities for managers to experiment with adaptations
to a changing climate. New methods of building professional
capacity and management knowledge will be necessary to
sustain healthy working rangelands into the future.

In general, students in natural resource programs gravitate
toward wildlife biology and forestry and are often challenged
to find work after graduating.17 Immersing students in
working ranches will increase awareness of the rangeland
profession, maintain its relevance by supplementing academic
training, and help strike the necessary “educational balance
between fundamental concepts, practical field experiences,
and mastery of technical and interpersonal skills.”17 The
interdisciplinary nature of rangeland management may also
appeal to students who are interested in natural resources
more broadly, and discipline integration can promote the

August 2019 179



applicability of range science in the context of heterogeneous
landscapes, communities, and objectives.10–14

By creating realistic pathways for students to experience the
complexities of livestock production and conduct applied
research at the ranch level, ICP can help develop the next
generation of transdisciplinary range professionals and meet
the challenges presented by rapid environmental change and
the resulting novel systems.

Immersive Co-production in Practice
In this section, we present a concise case study of ICP in

practice. Our methodology is described further in the
supplementary material. The student (J. C.), the rancher (B.
A.), and the faculty advisor (C. K.) are the authors of this
article. J. C. worked on the Allen ranch, co-designed the study
with assistance from the other authors, collected and analyzed
the data, and submitted a report for the ranch. B. A. mentored
J. C. on the ranch and helped co-design the study. C. K.
mentored the student, reviewed all materials, and helped co-
design the study. In the manuscript, “the project team” refers
to this group, as do further mentions of “we.”

Introduction and Project Development
We used ICP to investigate the soil effects of supplemental

feeding on a historically overgrazed rangeland near Gunnison,
Colorado (Fig. 2). Our project was a collaboration between

Allen Ranches (AR) and Western Colorado University.
When we agreed to work together on a project, AR was
also interested in hiring a ranch hand; J. C. was hired while a
student and worked for the ranch as a paid employee over the
course of the research project (approximately 20 months).
Hours varied by season, ranging from more than 40 hours per
week in the summer, to 20 to 30 in the spring and fall, to zero
in the winter. (See Fig. 3).

Although the project team tentatively agreed to collaborate
on a research project prior to J. C. being hired, specifics were
lacking. J. C. and B. A. regularly discussed ideas and concerns
during work hours and the student communicated these to C.
K. during regular advising meetings (see Fig. 1, Immersion).
We also had several meetings where all members of the project
team were present, and one of our larger meetings included
professionals from the Natural Resources Conservation Ser-
vice, whose assistance we sought in selecting and implement-
ing the appropriate research methods. These conversations
were an iterative process by which we co-created our research
questions and methods.

Our project involved an area with relatively low forage
production. When the current landowner and ranch manager
(B. A.) acquired the property, they perceived it as overgrazed,
and in response began feeding cattle hay in the spring when
moving animals through the area. This practice was repeated
annually for approximately 15 years prior to the project, with
slightly varying timing and stocking rate (80–100 cow–calf

Figure 1. The immersive co-production approach involves: 1) Immersion: A student being immersed in the production operations of a ranch as a worker in
order to build trust, develop an understanding of how the ranch operates, and what is important to the landowners or practitioners; 2) Project Development:
The collaborative development of a research project by the immersed student, ranch personnel, and academic faculty that tests a prediction made using
existing knowledge and understanding; 3) Application: the application of the management practice selected for study to a study landscape; and 4)
Knowledge Confirmed/Challenged: the evaluation of predictions made, and a determination of whether the existing heuristic or understanding can inform
future management. In our case, we tested the prediction that applying hay to a sagebrush-dominated pasture would promote the development of soil
organic matter, and the practice was applied to the site before the research was conceived (retroactive). Adapted from Peters et al.10
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pairs for 10–16 days annually each May). B. A. noticed that
vegetation productivity and diversity improved in the feeding
area as the practice continued, and the project team agreed to
co-design a project to provide quantitative data to supplement
these observations.

B. A. was interested in enhancing the drought tolerance of
the ranch’s grazing landscapes and expressed concerns about
more frequent future droughts associated with climate change.
To this end, we were interested in trying to accelerate the
development of soil organic matter (SOM) to enhance the
water-holding capacity of the soils in areas managed by the
ranch, and suspected that the observed vegetation changes in
the study area were related to additions of organic matter to
the system in the form of hay. B. A. had considered expanding
the application of this practice as a spot treatment for
overgrazed areas, and our project was intended to provide
more data to inform that future possibility.

Methods
Our study area was located just north of Gunnison,

Colorado (Fig. 2) and is characterized by a mountain loam
ecological site description (R048AA228CO, henceforth
ESD). Mean annual precipitation for the area is 43 centime-
ters, 60% of which falls as snow, and the elevation of the study
site was approximately 2,400 meters. Soils are comprised of
gravelly and sandy loams, and the existing plant community is
dominated by mountain big sagebrush (Artemisia tridentata

ssp. vaseyana). The reference plant community for the area is
a grass-dominated association of cool-season bunchgrasses
and shrubs (ESD).

We delineated the supplemental feeding (treatment) and
control areas (4.5 hectares each) based on B. A.’s knowledge of
previous management, and characterization of an area near the
treatment as “similar prior to the implementation of supple-
mental feeding.” We selected our sampling locations by using
ArcGIS to impose a grid of evenly spaced points over each of
the areas. Points were spaced 30 meters apart, and we created
50 total locations in each area. From these 50 total points, we
randomly selected 25 for sampling. Of the 25 points selected
for sampling, we selected a subset of 10 for analysis by a
professional soil lab to provide quality control.

We conducted field sampling using a 0.25 m2 quadrat.
Within this quadrat, we: 1) collected four, 20-centimeter soil
cores, which were aggregated for SOM estimation via loss on
ignition; 2) conducted an infiltration test; and 3) conducted a
1-day CO2 test. We photographed each location and
measured vegetation cover by functional group (grasses,
forbs, and shrubs) to provide baseline data and aid in
interpretation. If the location was included in the quality
control subsample, we collected four additional soil cores and
aggregated them along with the initial four. We assessed
differences between the treatment and control areas using
either a two-sample t test or a Wilcoxon rank–sum test

Figure 2.Map showing the study area in relation to the town of Gunnison, Colorado (left), and a map showing the treatment area (red), where hay was fed to
cattle, and the control area (blue), identified as similar by the landowner prior to feeding. Baseline data were collected for the entire study area (light green),
and more in-depth sampling occurred in the treatment and control areas.
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depending on the normality of the data. See the supplemen-
tary material for a more detailed description of methods.

Results
We found significantly lower levels of SOM in the

treatment area where feeding had occurred relative to the
control (2.8% vs. 3.3%, P = 0.04), the opposite of our
hypothesis. The treatment area also had significantly more
grass cover (16.5% vs. 3.3%, P< 0.0001) and significantly less
shrub cover (16.8% vs. 31.8%, P < 0.01) than the control.
Differences in infiltration, respiration as measured by the 1-
day CO2 test, and forb cover between the treatment and
control areas were not significant.

Project Discussion
Our findings were unexpected, as grass-dominated systems

in this area typically have higher SOM than shrub-dominated
systems according to the ESD. This could be due to poor
selection of a control area for comparison, or a time lag
between changes in vegetation and changes in SOM because
the latter is in large part driven by vegetation decomposition.
B. A. indicated that the observed increase in grass cover along
with an understanding of the applied state and transition
model (ESD) was evidence enough for them to conclude that
the practice was likely having a desirable effect (increased grass
production) and not leading to any unintended consequences.
B. A. indicated at the conclusion of the project that the ranch
intends to use the practice as a spot treatment for heavily
overgrazed shrublands. We tentatively discussed repeating the

research in 3 to 5 years to see if anything has changed and
perhaps observe the desired and expected increase in SOM.

Our project can be understood as a “quasi-experiment”
where research was conducted retroactively to understand the
effects of a previous management action.11 Retroactive
investigation uses management knowledge to substitute
space for time by looking at areas managed differently in the
past. It is a practical means of investigating long-term
responses when long-term data are lacking.11,20 Our project
and research approach is limited in that we did not have any
replicates (i.e., case study) and had to rely on an anecdotal
characterization of the area in choosing an appropriate
control. Because ICP’s focus is on generating management
knowledge specific to individual landscapes instead of gener-
alizations, adverse effects from the lack of replication are
unlikely.

ICP Approach Discussion
Based on our case study, we feel that ICP provided

enhanced learning opportunities for all those involved. The
approach provided J. C. with an opportunity to better
understand the intricacies of how ranchers must regularly
consider the entire breadth of the system they operate within,
and it provided B. A. with an opportunity to better understand
how challenges associated with environmental change can be
addressed through collaboration.

For J. C., working on the ranch highlighted how ranchers
must regularly consider the entirety of the land they manage,

Figure 3. The immersed student (front left, white shirt) assists with the ranch'’s annual spring branding. Photo courtesy of Eric McPhail.
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and the implications of decisions made yesterday and those
made decades prior. An example of this is fence maintenance,
which comprised the bulk of J. C.’s work hours. Timely fence
maintenance was crucial to the movement and distribution of
the ranch’s cattle, but the status of each individual fence was
variable. Some had been repaired the previous season, some
not for much longer, and integrating knowledge of this
previous work in a coherent management framework was
crucial to the smooth operation of the ranch. The experience
juxtaposed these day-to-day complexities with the research
process, which narrowly and uniformly considered a small
portion of the ranch. Research often must focus on a small
portion of a much larger landscape to develop a deep
understanding of a specific practice or area, and the ICP
approach made it clear to J. C. that this is not feasible for a
rancher because of the breadth of knowledge required for
everyday decision-making.

For B. A. it was clear that the ranch’s environmental
context was changing. In particular, the depth and frequency
of recent droughts contrasted with the five generations of
experiential knowledge available to him. He was keenly aware
that new sources of knowledge needed to be identified, but
unable to take steps to address this need given the require-
ments of managing the ranch. ICP, by encouraging regular,
often daily, engagement between B. A. and J. C. allowed for
the immense generational wisdom of the ranch to be
considered and challenged by a trusted outsider who was
also invested in the success of the ranch. Further, this
consideration did not require a significant investment of
additional time because most of the interactions occurred
during regular ranch operations.

While ICP can address technical challenges by developing
baselines, answering relevant questions, and providing justi-
fication for changing or reaffirming management practices, it
also fosters the development of a resilient human network that
encourages useful cooperative research. Based on our experi-
ence with ICP, we feel that when researchers and ranchers
work together, the learning process can be enhanced by the
contrast between what is typically relevant to each party.
Ranchers can use their broad, system-wide knowledge to
identify where research will be most useful, and researchers
can bring to bear the tools that are best able to answer
questions everyone agrees are important.

Many similar projects would be necessary to have effects at
regional or global scales, but individually these projects might
lead to more rapid and better-informed adaptation to
environmental change. Individually, the cost to implement
ICP projects is fairly low (approximately $2,500 for this
project), and the primary resource expended is the time of
both the student and the host rancher. Given the seriousness
and scale of the environmental changes agricultural producers
face, we feel that collaborative research approaches like ICP
deserve investment of resources and support. Funding could
come from professional societies looking to boost student
involvement, government agencies, interested stock-growers,
or a combination of the three. An opportunistic approach that

matches funders with relevant projects will likely prove most
effective.

One can speculate about the proportion of students willing
and able to complete the physically intensive tasks one is asked
to do on a ranch, and the proportion of ranches that would
tolerate the significant number of mistakes that one would
expect a student to make. Many ranchers may not have any
interest in hosting a student but still be interested in
collaborative research, and liability concerns may further
limit application. We avoided these difficulties because the
student was hired in the same manner as any other ranch
employee, but it is likely safe to assume that the necessary
subsets of both students and ranches are significantly less than
the totality of either group. This being the case, the
applicability of the approach is likely limited, and candidate
ICP projects should be carefully considered to increase the
likelihood of success.

In our case, the good fit between student and ranch were
largely incidental. In the future, due diligence on the part of
faculty advisers seeking to pair students with ranches will be
key to the success or failure of each project. While we have
focused on students as likely candidates for immersion, we do
not see this as a constraint. Where logistics and time
commitments allow, expanding the pool of possible partici-
pants (e.g., professors, extension agents, or agency employees)
could enhance the diversity of perspectives and disciplines
brought to bear to solve the challenges associated with rapid
environmental change.

Conclusions
ICP is one of many approaches that can help adapt applied

learning processes to the reality of rapid environmental
change. It allows knowledge to be generated at the ranch
level, which can address many of the challenges associated
with applying research findings to the management of diverse
systems. Further, research conducted via ICP considers the
management practices of individual ranches operating in
specific systems and allows findings to be interpreted in the
context of both the historical knowledge of the landowner and
the scientific literature. ICP allows the often-extensive
knowledge of producers and managers to be both considered
and challenged in a collaborative environment using site-
specific data that they themselves were interested in collecting.
This narrows the gap between research and application and
enhances the credibility of research outcomes similar to what
has occurred where collaborative approaches have been
implemented previously.14–16

Ranchers must regularly make decisions in the context of
multiple overlapping complexities (e.g., invasive species,
demographics, and markets), and climate change is just one
of several challenges they face. Any sufficiently rapid and
substantial changes in management context will require
adaptation, and adaptation will be more successful if informed
by applied knowledge. The utility of accurately knowing one’s
social–ecological context is vast, and new approaches to
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applied learning will be instrumental in proactive adaptation
to any novel system. ICP is one such approach. By involving
producers in the research process and immersing aspiring
researchers and professionals in day-to-day production, it is
possible to develop the knowledge necessary to inform
adaptation and a new generation of interdisciplinary range
professionals with intimate knowledge of the complexity faced
by producers.
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