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Framework for a collaborative process to increase preparation for drought
on U.S. public rangelands
Julie Brugger 1, Kelsey L. Hawkes 1, Anne M. Bowen 1 and Mitchel P. McClaran 1

ABSTRACT. We describe a theoretically based framework (C-PMT+HAPA) for designing and evaluating collaborative processes to
increase preparation for natural hazards in situations in which preparedness decisions are shared and actions must be taken jointly by
more than one party. The framework combines two health behavior change theories from psychology, protection motivation theory
(PMT) and the health action process approach (HAPA), with collaboration theory in natural resources management. The framework
provides much needed guidance for designing the activities in which participants will collaborate and suggests theoretically supported
intermediate outcomes that may indicate a successful trajectory toward the ultimate goal of increased preparation. We used this
framework in a collaborative process, with participation by ranchers with grazing permits and U.S. Forest Service managers on the
Tonto National Forest, to increase preparation for drought on public rangelands in the Southwestern U.S. Evaluation of intermediate
outcomes indicated: (1) improved interactions and relations between parties; (2) improved ability to appraise drought risks; (3) improved
understanding of the U.S. Forest Service process for approving practices that increase preparation for drought; and; (4) increased
motivation to implement these practices. The strength of the intermediate outcomes suggests that the C-PMT+HAPA framework
would be an effective, theoretically supported framework for designing and evaluating collaborative processes to encourage preparation
for natural hazards. More generally, the framework could contribute to more transdisciplinary, system- and action-oriented research
on disaster risk reduction that is coproduced with multiple stakeholders.
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INTRODUCTION
Drought is an inevitable, but unpredictable, natural hazard
affecting rangelands. Rangelands, defined as grasslands,
shrublands, savannas, deserts, prairies, steppe, and tundra grazed
by livestock, cover more of the Earth’s surface (30-40%) than any
other type of land and contribute to the livelihoods of 1-2 billion
people (Sayre et al. 2013, Reid et al. 2014). They are characterized
by limited water and nutrients, low average production that is
highly spatially and temporally variable, spatial heterogeneity in
human management influences, and political and economic
marginality (Havstad 2009, Savre et al. 2013, Reid et al. 2014,
Derner and Augustine 2016). As complex social-ecological
systems that include biophysical, economic, social, and
institutional components, they are subject to many sources of
uncertainty in addition to drought.  

The complexity and uncertainty increase on public rangelands in
the United States where ranchers and federal land management
agencies share the responsibility to design and implement
sustainable livestock grazing practices, but have different suites
of priorities and different levels of power and authority. In
addition, the majority of public rangelands are located in semiarid
to arid regions of the western U.S. in which interannual climate
variability is high, and topography and spatiotemporal variability
of precipitation can create complex spatial patterns of drought
(Havstad et al. 2009, McClaran and Wei 2014, Crimmins and
McClaran, 2016).  

Drought planning by U.S. livestock producers typically focuses
on increasing operational flexibility by diversifying options for
forage, water, and income, as well as adjusting herd management

strategies and livestock genetics, and developing contingency
plans for response (Coppock 2011, Knutson and Haigh 2013,
Kachergis et al. 2014, Briske et al. 2015, Macon et al. 2016, Scasta
et al. 2016). Public rangelands pose an additional level of planning
complexity because the management decisions of ranchers with
grazing permits are subject to agency regulations and policy, and
agency decisions are subject to environmental impact analysis and
public scrutiny as mandated by the 1969 National Environmental
Policy Act. Proactive drought planning (Kelley et al. 2016) on
public rangelands will require collaboration between agency
officials, permittees, and other stakeholders.  

A collaborative process that includes multiple stakeholders and
integrates different types of knowledge is widely recognized as a
promising approach to managing complex social-ecological
systems with high levels of uncertainty and competing goals and
values. Collaborative approaches have been used in the
management of fisheries, forests, wildlife, rangelands, water
resources, and protected areas (Conley and Moote 2001), less so
in natural hazards planning (exceptions include Eriksen and Prior
2011, Reyers et al. 2015). The benefits claimed for such
approaches include more relevant, effective, and democratic
decisions, social learning, and increased social capital in the form
of improved communication, relationships, and trust among
stakeholders, and the development of social networks (Funtowicz
and Ravetz 1993, Wondolleck and Yaffee 2000, Lachappelle et al.
2003, Robertson and Hull 2003, von Korff et al. 2010). Increased
trust, social capital, and social learning also increase adaptive
capacity and resilience to future management challenges (Stern
and Baird 2015, Folke 2016).  
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Fig. 1. Collaborative protection motivation theory + health action process approach (C-PMT+HAPA)
framework for increasing protection motivation and action.

A growing literature in collaboration theory provides general
principles for designing collaborative processes to increase their
potential to realize these benefits (e.g., Ansell and Gash 2008, von
Korff et al. 2010, Knapp et al. 2011, Reed et al. 2014, Talley et
al. 2016). However, there is less systematic practical guidance for
designing the interaction mechanism, or the specific activities in
which participants in a collaborative process will engage, and for
evaluating outcomes of the process (von Korff et al. 2010).  

We describe a theoretically based framework that provides
systematic practical guidance for designing the specific activities
for a collaborative process to increase preparation for natural
hazards and evaluating its outcomes and to provide an example
of how we applied it to increase preparation for drought. We use
the term “codevelopment” to refer to this type of collaborative
process because participants in the process collaboratively
develop practices that increase natural hazard preparedness and
plans to implement them. The framework emerged from our
experience with a codevelopment process to increase preparation
for drought on public rangelands in the Southwestern U.S. We
suggest that it can be used to foster increased preparation for other
natural hazards in situations in which preparedness decisions are
shared and actions must be taken jointly by more than one party.
Such situations might include wildfire preparedness and climate
change adaptation. It also contributes to a needed paradigm shift
in disaster science because it provides a concrete method for
“transdisciplinary system analysis” and “action-oriented research
on disaster risk reduction” to be “co-produced with multiple
stakeholders” (Ismail-Zadeh et al. 2017:969).  

The framework combines two health behavior change theories
from psychology: (1) protection motivation theory (PMT; Rogers
1975, Floyd et al. 2000) and the health action process approach
(HAPA; Schwarzer 2008), with collaboration theory in natural
resource management. We refer to the framework as
Collaborative PMT+HAPA (C-PMT+HAPA). Protection
motivation theory is a social cognitive model describing factors
that motivate people to take protective actions. It has been used

successfully in a variety of health contexts, as well as to
understand what motivates people to increase preparedness for
natural hazards such as floods, wildfire, drought, and climate
change (e.g., Grothmann and Patt 2005, Grothmann and
Reusswig 2006, Martin et al. 2007, Stewart 2009, Koerth et al.
2013, McClaran et al. 2015). These studies applied PMT to survey
results to explain retroactively why some people acted and others
did not. Health action process approach adds components of
action and coping planning to bridge the gap between intention
and behavior often overlooked in health behavior change theories.
Protection motivation theory and HAPA have been combined
successfully to promote exercise during pregnancy (Gaston and
Prapavessis 2014). Together they conceptualized how individuals
were motivated (PMT) and assisted in implementing actions
(HAPA) advocated by health professionals to protect against
health risks identified by those professionals (Floyd et al. 2000,
Schwarzer 2008). We combine collaboration theory with PMT+
HAPA to address situations in which protective actions against
the risk of a natural hazard must be taken jointly by more than
one party. In those cases, we expect more effective outcomes when
the risk is collaboratively appraised and practices to increase
preparedness and plans to implement them are codeveloped. As
far as we are aware, we describe the first time that PMT+HAPA
have been designed for a collaborative setting, and the first time
they have been used proactively to promote preparedness for
natural hazards.  

Improved preparation for a natural hazard is the ultimate
expected outcome from a codevelopment process based on the C-
PMT+HAPA framework. However considerable time may have
to pass before that outcome can be evaluated. An additional value
of the framework is that it suggests theoretically supported
intermediate outcomes that can be evaluated more rapidly, and it
indicates a trajectory toward the ultimate goal.

THE C-PMT+HAPA FRAMEWORK
Figure 1 illustrates the C-PMT+HAPA framework for a
codevelopment process to increase preparation for natural
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hazards. The solid boundary encloses a diagram of (modified)
PMT+HAPA. Protection motivation theory suggests that
motivation is a result of two cognitive processes, threat appraisal
and coping appraisal. Within threat appraisal, individuals weigh
the severity of the threat and perceived vulnerability to it against
the benefits of adopting the protective behavior. The overall threat
appraisal is then used in coping appraisal, in which individuals
weigh the efficacy of the behavior (response efficacy) and the
belief  that he/she can perform it (self-efficacy) against the cost of
performing it (Floyd et al. 2000, Stewart 2009). Threat appraisal
and coping appraisal along with the emotion of fear give rise to
protection motivation, or the intention to follow the
recommendation. A wide variety of information sources can be
used in threat and coping appraisals (Stewart 2009). However, in
health interventions designed using PMT, information about the
targeted health risks and recommended protective actions is
provided by health professionals.  

The HAPA is relevant because an intention to change did not
necessarily lead to a change in behavior (Gaston and Prapavessis
2014). Therefore, the HAPA model adds a second phase that
translates intention into action through action planning and
coping planning (Schwarzer 2008). In action planning,
individuals specify when, where, and how they will perform the
recommended behavior; in coping planning, they develop plans
to cope with scenarios that hinder them from performing the
behavior.  

Combining collaboration theory with PMT+HAPA suggests that
when a group of actors rather than an individual is responsible
for making preparedness decisions and taking actions, outcomes
will improve when the group performs threat and coping
appraisals and action and coping planning jointly. In C-PMT+
HAPA, threat appraisal involves collaborative appraisal of the
frequency and severity of a natural hazard, its impacts,
vulnerability to it, and the benefits of preparedness practices.
Coping appraisal involves the codevelopment of preparedness
practices that are perceived as effective, possible, and affordable.  

We use two-way arrows (Fig. 1) to represent the iterative nature
of the C-PMT+HAPA process because multiple coping practices
may be codeveloped, and coping appraisal would be revisited to
compare the benefits of each. In addition, action and coping
planning involve collaboratively planning for the steps and
timeline of a decision process to implement preparedness
practices, and what to do if  there is a setback. Therefore, an arrow
has been added from action and coping planning back to coping
appraisal because if  the collaborative action and coping planning
process is unsuccessful, participants may need to return to coping
appraisal to choose a different preparedness practice to try and
implement.

STRUCTURING AND EVALUATING ACTIVITIES TO
IMPLEMENT C-PMT+HAPA
To enable collaboration at each step of the C-PMT+HAPA
framework, we drew on additional bodies of theory and practice
to design collaborative activities (dashed boxes in Fig. 1).
Specifically, we included: (1) the coproduction of usable
information to create more usable information for threat and
coping appraisals; (2) social-ecological modeling and scenario
planning to perform threat and coping appraisals jointly; and (3)
decision table development and workflow analysis to perform

action and coping planning jointly. In addition, we propose an
evaluation approach that focuses on the intermediate outcomes
expected from the combination of C-PMT+HAPA because it is
too soon to observe long-term outcomes.

Coproduction of useable information
The C-PMT+HAPA framework draws on the coproduction of
usable information (sometimes referred to as usable knowledge
or usable science) to develop information for threat and coping
appraisals rather than using information produced by
professionals. The coproduction of usable information is a
process of collaboration between scientists and decision makers
with the goal of producing information that better fits the needs
of decision makers (Lemos and Morehouse 2005, Dilling and
Lemos 2011, Meadow et al. 2015). It responds to recognition of
the shortcomings of a linear model of knowledge production in
which scientists produce knowledge for decision makers without
am understanding of the context of its use. Coproduced
information is more likely to be accepted and used by decision
makers if  the spatial and temporal scales are useful to them and
easier to integrate with existing information (Lemos and
Morehouse 2005, Dilling and Lemos 2011, Meadow et al. 2015).
To be effective, coproduction processes must involve building
relationships between scientists and decision makers and ensuring
two-way communication.  

Lemos et al. (2012) identified three interconnected factors that
affect the usability of climate information that we apply to the
coproduced information to be used in threat and coping
appraisals: (1) fit of the information to meet users’ needs; (2)
interaction between information producers and users; and (3)
interplay between the new information and the social, political,
and economic context of the management environment.
Increasing fit, interplay, and interaction is expected to improve
the usability of the information, which should improve threat and
coping appraisals and potentially increase the likelihood of taking
protective action.

Social-ecological models and scenario planning
The C-PMT+HAPA framework uses social-ecological modeling
and scenario planning to facilitate participant engagement in
threat and coping appraisals. A social-ecological model is a
purposeful representation of a social-ecological system that uses
abstraction and simplification to assist thinking about it. When
there are high degrees of complexity and uncertainty in the
system, models allow users to explore the consequences of
management alternatives, which can improve decision making
(Addison et al. 2013, Price et al. 2016). The use of models can
also help improve communication, build trust and relationships,
promote group learning, and provide opportunities for
collaboration among users (Price et al. 2016).  

These models provide opportunities for participants to engage in
joint problem-solving in realistic natural hazard situations. The
model should be able to reflect the effects of different severities
of the natural hazard on the social-ecological system of interest
and the effects of preparedness practices. For example, in our
codevelopment process we used a model of a hypothetical, but
realistic national forest grazing allotment. The model could be
codeveloped by the participants, which can be time consuming.
In our case, with limited time and a team with sufficient knowledge
about the system and participants’ perceptions of it, we developed
the model.  
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To structure the use of the social-ecological model, the framework
uses scenario planning (also referred to as scenario analysis).
Scenario planning is an approach used to inform longer-term
decision making in situations of high uncertainty, complexity,
and lack of control. It simplifies complex systems into multiple
plausible future scenarios built around critical uncertainties.
Decision makers evaluate these scenarios to develop strategic
plans and management actions that are likely to increase
preparation for a range of possible future conditions (Wollenberg
et al. 2000, Weeks et al. 2011, Amer et al. 2013, Rowland et al.
2014).  

Scenario planning facilitates group learning, strategic thinking,
and knowledge coproduction among participants, and can
improve decision making (Amer et al. 2013, Rowland et al. 2014,
Reyers et al. 2015). It can also improve adaptive capacity by
anticipating change, improving responsiveness and collaboration
among participants, enabling articulation of risks and the values
placed on consequences, and identifying alternatives that may
avoid certain risks, reduce probability of their occurrence, or
reduce negative consequences (Wollenberg et al. 2000, Amer et
al. 2013, Rowland et al. 2014). There are a wide variety of
approaches to scenario planning: the most commonly used is a
process in which participants codevelop the scenarios, which can
be time consuming (Rowland et al. 2014). In our case, the team
developed scenarios.

Decision tables and workflow analysis
The C-PMT+HAPA framework uses collaborative construction
of a decision table and workflow analysis to perform action and
coping planning. Decision tables are used in system analysis and
design to model complex decision logic by indicating what course
of action will be taken for each value or combination of values
of one or more variables or parameters that affect the decision
(Kirk 1964). Rows represent the parameters that can affect the
decision, and columns represent the possible values for these
conditions. In action and coping planning in PMT+HAPA,
individuals decide when, where, and how they will perform the
desired behavior. In C-PMT+HAPA, this is a collaborative effort
performed by the whole group, and each group may have its own
decision process that must be negotiated to implement a
preparedness practice. A collaboratively constructed decision
table makes these decision processes explicit to all participants.  

Once the decision table has been constructed, participants
perform action and coping planning by using it to perform
workflow analysis for implementing different types of
preparedness practices, taking into consideration parameters that
can affect the decision process and unexpected events that may
disrupt it. Workflow analysis typically separates work activities
in manufacturing and the office into well-defined tasks, roles,
rules, and procedures with the goal of increasing efficiency
(Georgakopoulos et al. 1995).  

Collaboratively performing these analyses for natural hazards
planning can contribute to a shared understanding of the steps
and timeline necessary to implement a preparedness practice
among participants. The analyses should also identify who will
and how they will track the implementation process, communicate
progress, and how they will respond to unexpected events. In our
case, participants created a decision table and performed
workflow analysis for the U.S. Forest Service (FS) decision process
to approve a selected preparedness practice.

Evaluation of intermediate outcomes
The ultimate expected outcome of a codevelopment process based
on the C-PMT+HAPA framework is the implementation of
practices that improve preparation for a natural hazard. However,
it may take considerable time for practices to be implemented and
for researchers to be able to evaluate that outcome. A significant
advantage of the C-PMT+HAPA framework is that it suggests
theoretically supported intermediate outcomes that indicate a
successful trajectory toward the ultimate outcome, which can be
evaluated more rapidly. These are: (1) improved interactions and
relations between the parties; (2) more usable information about
the natural hazard; (3) improved threat appraisal; (4) the
codevelopment of practices to increase preparation; (5) increased
motivation to take protective action; and (6) the development of
plans to implement preparedness practices. These generalized
intermediate outcomes will take a more specific form for each
application of the C-PMT+HAPA framework.

APPLYING C-PMT+HAPA TO INCREASE
PREPARATION FOR DROUGHT ON SOUTHWEST
RANGELANDS
An interdisciplinary coordinating team representing disciplines
relevant to the specific application of the framework performs the
task of designing collaborative activities that are tailored to that
application for each step in the C-PMT+HAPA framework. The
design of activities is an iterative process, similar to developmental
evaluation (Patton 2010). The team conducts preliminary
research to understand the participants and the context, and to
develop an initial project design. The initial design is modified as
the team incorporates ongoing learning from interactions,
outcomes of activities, and evaluations into the design of activities
for subsequent steps.  

We illustrate how the C-PMT+HAPA framework can be used to
design a codevelopment process to increase preparation for
natural hazards. We used it to support the design, implementation,
and evaluation of activities for a codevelopment process to
increase preparation for drought on Southwest rangelands. The
process unfolded in a series of three workshops in which ranchers
and federal land management agency range managers collectively
appraised the risk of drought on a hypothetical grazing allotment
and codeveloped preparedness practices and plans to implement
them. Preliminary research shaped our goal of providing an
opportunity for participants to gain sufficient understanding and
experience working together to carry out these activities on actual
allotments. Table 1 shows a timeline of activities.

Project setting and policy context
The project took place between 2014 and 2016 on the Tonto
National Forest (TNF), located primarily within Gila County in
central Arizona, USA. The TNF lies within the Southwestern
Region of the U. S. Forest Service (Region 3), which includes 11
national forests throughout Arizona and New Mexico. The TNF
covers 1.2 million ha (33°46′17″N, 111°05′35″ W), spans from 500
to 2200 m elevation, and the corresponding average annual
precipitation and annual temperatures range from 275 to 820 mm
and 21 to 9 °C. Desert scrub, grassland, woodland, and forest
vegetation occur along this elevation-precipitation gradient.
Precipitation is bimodally distributed, with 40% between the
warm summer months of June and September. Summer
convective storms are more spatially variable than winter frontal
storms (McClaran and Wei 2014). Drought is projected to become
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Table 1. Timeline of codevelopment process to increase preparation for drought on public rangelands.
 
Timeline Activity

Preliminary analysis and design.
Fall 2012 Interdisciplinary team with experience in cooperative extension, rangeland management, climatology, and social science methods

meets to plan workshop to explore interest in a codevelopment process to address the challenges of drought on public rangelands
in the Southwest USA.

Feb 2013 Ranching with drought workshop includes ranchers from across Arizona, personnel from federal and state land-management
agencies, Natural Resources Conservation Service, and potential funding agencies, and University of Arizona research and
extension scientists and students.

Feb-Nov 2013 Team meets to develop proposal to National Oceanic and Atmospheric Administration Sectoral Application Research Program
based on insights gained from workshop.
Workshop participants recommended situating project in Tonto National Forest (TNF). Participants to include district rangers,
range staff, and ranchers with grazing permits on the TNF.
Elicited support for project from U.S. Forest Service (FS) Region 3 Director of Rangeland Management, TNF supervisor, Gila
County Cattle Growers Association (GCCGA), and Arizona Cattle Growers Association (ACGA).

Nov 2013 Proposal submitted.
Ongoing analysis and design.

Aug 2014 Proposal funded and project initiated.
Aug 2014-Feb 2016 Team meets regularly to plan workshops and integrate knowledge from ongoing context and stakeholder analysis.

Team benefits from social capital of team member in cooperative extension who worked with ranchers and FS on range
monitoring and other livestock management related projects in Gila County for 20 years.

Nov-Dec 2014 Conduct survey to determine stakeholder views and levels of trust and conflict. Results indicate that ranchers and FS see each
other as the most important factor creating risk.
Summarize and clarify FS policy and decision process for livestock management.

Dec-Jan 2014 Participants to include all district rangers and range staff, forest supervisor, and forest-wide range staff  from TNF. Ranchers
selected based on indicated interest in survey, location of allotment to represent all districts, and recommendation by Gila County
extension director, FS, or GCCGA.

Jan-Mar 2015 Conduct in-depth interviews with all FS and rancher participants.
Schedule workshops in alternate locations and at times that did not conflict with rancher and FS seasonal activities.
Workshops include icebreaker, presentations, group discussions, and small group activities.

Mar 2015 Workshop I. Evaluations indicate participants would like more FS-rancher interactions, more usable drought information, and
more on-the-ground solutions for dealing with drought.

Mar-Aug 2015 Team provides timely feedback to participants through workshop reports, website, and regular digital and face-to-face
communications with both groups.
Develop Standardized Precipitation Index (SPI) information and tools tailored to TNF and user needs.
Design of codevelopment activities for workshop II takes into account key insights from survey, interviews, and workshop I
evaluations.
Hypothetical ranch and breakout group composition designed to avoid existing tensions or personal attachments. Plan to provide
assistance with computer-based tools.

July 2015 Beta test of drought scenario planning tool.
Aug 2015 Workshop II. Results of scenario planning activity indicate considerable variation in expectation of FS decision process needed to

approve drought preparation practices.
Aug 2015-Feb 2016 Design of codevelopment activities for workshop III takes into account workshop II outcomes.
Nov 2015 Discretionary decision discussion with district rangers.
Feb 2016 Workshop III.
Mar-May 2016 Postproject evaluation.

more frequent, severe, and longer lasting with climate change
(Cayan et al. 2013). Severe drought conditions (< -2 Standardized
Precipitation Index, 12 month) have occurred three times since
1895, most recently in 2002.  

The TNF is federal land managed by the FS, which has statutory
authority to manage the resources for multiple uses including
livestock grazing, recreation, and water quality for downstream
users (Rowley 1985). The FS uses a permit system to authorize
grazing within designated allotments, and those permits define
the number, kind, and class of livestock and timing of use (USDA-
FS 2016). A permit holder (permittee) must own property to
support the ranch headquarters and animal holding facilities.
Permittees often refer to base property plus grazing allotment as
their “ranch.” The permit is accompanied by an allotment
management plan (AMP), which provides guidelines for

implementing grazing practices. At the beginning of each
calendar year, the permittee and FS develop annual operating
instructions (AOI) for the upcoming grazing season, which
provides for annual flexibility in livestock management in
response to resource conditions. Minor deviations from these
documents can be approved by the district ranger, however major
deviations may require more formal review.  

The forest supervisor has decision-making authority for a
national forest and a forest-wide range staff  coordinates livestock
grazing management activities among district staff. District
rangers have decision-making authority for discrete ranger
districts within a forest and typically have 1-2 range staff  who
report to them on matters related to managing the livestock
permitted to graze on the grazing allotments within the district.
On the TNF, there are 6 ranger districts and 100 grazing
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allotments with an average size of 12,000 ha. There are currently
five district rangers and four range staff; some share responsibility
for more than one district.  

About 70 ranchers hold permits to graze cow-calf  cattle herds
year-round in the TNF. Stocking rates range from 40 to 12 ha
cow-1 y-1 along the elevation-precipitation gradient. Calves are the
main animal product, and the US$3 million annual sales and
US$14 million total economic impact account for 80% of the
agricultural economy in Gila County in 2012 (Kerna et al. 2014).
Ranchers have relatively small (30-100 ha) base property for
operation headquarters. Nearly all are members of the Gila
County Cattle Growers Association (GCCGA), which is a
chapter of the state-wide Arizona Cattle Growers Association
(ACGA) commodity advocacy group.  

Livestock grazing on federal lands is also subject to national
environmental legislation such as the 1969 National
Environmental Policy Act (NEPA) and the 1973 Endangered
Species Act (ESA). The NEPA mandates that all executive
agencies must analyze the environmental impacts of any proposed
action on federal land and that the public should be included in
the process. Those proposed actions include the issuing or renewal
of grazing permits and many of the practices that can increase
preparedness for drought, such as developing more drinking water
sources. The level of environmental analysis undertaken is related
to the expected level of environmental impact. If  the proposed
action is expected to have a significant impact, an environmental
impact statement (EIS) is used to document the results of a very
thorough analysis. If  not, an environmental assessment (EA) is
used to document the results of a less thorough analysis. Under
some circumstances, a categorical exclusion (CE) can be used to
further reduce the time it takes to authorize certain types of
practices (Sprinkle et al. 2012). The public can provide input to
the process in several ways: (1) through an initial scoping process
in which the agency solicits comments on the scope of analysis;
(2) during public comment periods for the draft and final
document; (3) by filing written objections after the document is
completed and before a decision has been made; and (4) through
an appeal procedure after the decision has been made. Since the
1990s, environmental organizations have used the legal processes
made available by environmental legislation such as NEPA and
the ESA to influence decisions regarding grazing, which can
significantly delay implementation of proposed actions.  

District rangers also have administrative discretion about what
level of preliminary information gathering and what level of
NEPA analysis to pursue for proposed practices. They make those
decisions based on many factors, including their comfort with the
NEPA process, perception of risk associated with proposed
practices, differences in specific circumstances in a project, or
preferences of supervisory personnel in the forest or region
(MacGregor and Seesholtz 2008, Brown and Squirrel 2010,
Jantarasami et al. 2010, Stern et al. 2014).

Participant perspectives
To better design codevelopment activities, we wanted to
understand the diversity of perspectives and potential conflicts
among participants. We suspected some animosity between
ranchers and the FS because during the recent 2002-2003 drought
the FS required all cattle to be removed from the forest (Tronstad
and Fuez 2002). To obtain an objective measure of differences in

perspective, we performed a systematic assessment of the
participants’ perspectives through surveys and interviews.  

In November 2014, we conducted a mail survey of all grazing
permittees (n = 71), district rangers (n = 6), and range staff  (n =
6) on the TNF. The dual purposes of the survey were: (1) gain
further insight into the views of ranchers and FS on the TNF for
the purposes of designing collaborative activities, and; (2) provide
a baseline for evaluation of ultimate outcomes of the
codevelopment process. Survey questions focused on individuals’
views on drought, drought plans, preparation for drought,
response practices, drought monitoring and forecasting tools, U.
S. Forest Service policy, demographic information, and interest
in participating in a codevelopment process. Wording of questions
differed slightly on surveys for ranchers and FS employees. The
response rate for surveys was 100% from the FS and 53% from
the ranchers. Ranchers were invited to participate based on stated
interest and recommendations from the Gila County Cooperative
Extension Director, TNF Range Staff, and GCCGA. All district
rangers and range staff  from the TNF were directed to attend by
the forest supervisor. We conducted in-depth interviews with all
FS and rancher invitees, when possible at their ranch or district
office. The interviews provided a deeper understanding of
participant views and of conflict and trust levels, enriched the
team’s experiential knowledge of the setting, and helped to build
relationships with participants that would enhance their
commitment to the project.  

In summary, we found tense and contentious relations between
the groups and shorter “time in place” (i.e., a composite of the
amount of time the interviewee has lived in Arizona, ranched or,
worked for the Forest Service on the Tonto National Forest, and/
or been involved in ranching or rangeland management as a FS
employee) for FS employees, yet a shared desire to increase
interactions between ranchers and FS on the topic of preparing
for drought. The ranchers’ top three risk factors for managing
livestock grazing emphasized poor relations with the FS, whereas
risk factors identified by the FS suggest issues with livestock
practices performed by ranchers. Ranchers also commented that
the rate of turnover in the agency made it difficult to develop and
maintain good working relationships with range staff.
Importantly, we also learned that the groups shared a view of the
most effective practices to address drought, a desire to learn more
about preparing for drought, and the belief  that the NEPA review
process limits management flexibility. We also learned that both
groups were unsatisfied with available drought information and
wanted information that better characterized local conditions. At
Workshop I, which was designed to set the groundwork for
codevelopment activities, participants discussed the type of
drought information that would be most useful to them.
Evaluation of that workshop indicated that participants wanted
(in order of decreasing frequency of response): (1) more
interactions between ranchers and FS personnel; (2) better
information about drought; and (3) more on-the-ground
solutions for dealing with drought.  

These results highlight several important considerations for
designing codevelopment activities for Workshop II. First, given
the levels of tension and mistrust between the groups, the
codevelopment activities should use hypothetical but realistic,
rather than actual examples of grazing, allotments and carefully
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Fig. 2. Codevelopment activities to increase preparation for drought on public rangelands based on
collaborative protection motivation theory + health action process approach (C-PMT+HAPA). Note: SPI
= Standard Precipitation Index; FS = U.S. Forest Service.

assign membership to working groups to avoid long-standing
conflicts. Second, when soliciting coping practices, we should
accommodate common as well as nontraditional solutions to
provide realism without constraining creativity. Third, we should
build on the consistent desire to increase interactions between the
groups and to learn more about drought planning by developing
realistic decision-making situations during drought to provide an
“experiential learning space” in which both parties could share
knowledge and learn together (Crimmins et al. 2007, Bartels et
al. 2013). Fourth, the activities should provide an opportunity for
participants to explore and use drought information together to
coproduce with the team drought information that better fit their
needs (Lemos and Morehouse 2005).

CODEVELOPMENT ACTIVITIES AND EVALUATION OF
INTERMEDIATE OUTCOMES
Figure 2 shows the codevelopment activities that we applied to
enhance drought preparedness based on C-PMT+HAPA and our
ongoing evaluation. To reflect the situation of livestock grazing
managers on national forests, we added a policy appraisal process.
In policy appraisal, individuals consider the impacts of FS policy
restrictions on the coping practices available to address a drought
threat.

Information sources
The coproduction process to improve the usability of drought
information aimed to improve (1) the fit of drought information
with spatial and time scales relevant to livestock managers, (2) the
interplay of drought information with the FS decision process,

and (3) interaction between information producers and livestock
managers. To begin with, having a climatologist on the team
improved interaction. Our team climatologist gave presentations
and answered questions about drought indices at all workshops
and developed and demonstrated web-based drought information
tools based on the suggestions and feedback of participants.  

To improve interplay, we used the Standardized Precipitation
Index (SPI) as a drought indicator because FS Region 3
established a drought policy in 2006 that initiated inspections
when SPI (12-month increment) reached -1 (Fig. 2). Using the
SPI also improves the fit of drought information because it
addresses livestock managers’ concerns about the site specificity
and prediction accuracy of drought information. The SPI values
are expressed in standard deviation units from the historic record
mean precipitation for a specific location or region (McKee et al.
1993). Therefore, SPI values for relatively wet locations express
the same drought frequency and intensity as in relatively dry
locations (Quiring 2009). The likelihood of occurrence of an SPI
value also represents the likelihood of occurrence and the return
frequency of drought of that intensity. For example, an SPI value
of -1 occurs about 16% of the time in a long-term record (~1 in
6 years), and a value of -2 occurs about 2.3% of the time (~1 in
43 years).  

In addition, coproduced information better fit the needs of
livestock managers because it characterizes trends in SPI over
time, across elevations, between summer and winter seasons, and
defines deviations from mean precipitation values for SPI -1 and
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Fig. 3. Drought scenario planning tool and labeled components. Note: SPI = Standard Precipitation Index.

-2 specific to the TNF. The SPI Explorer Tool (https://
uaclimateextension.shinyapps.io/SPItool/) allows users to
develop and analyze local-scale estimates of historic precipitation
variability.  

To coproduce more usable information about the FS decision
process, we worked with FS participants to summarize the Region
3 drought policy of SPI -1, legal requirements for obtaining
grazing permits, NEPA review procedures for changes in livestock
management and associated infrastructure, and sideboards for
discretionary decision making.

Threat and coping appraisals: workshop II
For threat and coping appraisals, the team developed a social-
ecological model, the drought scenario planning tool (Fig. 3), of

a hypothetical, but realistic grazing allotment in the TNF
(Sprinkle Ranch, Box G) to support the codevelopment activity
in workshop II. We used a hypothetical allotment to avoid
tensions or personal attachments related to existing allotments.
The tool is an interactive, Microsoft Excel™-based model that
allows users to explore the consequences of preparedness
practices (coping appraisal) under different drought intensities
(threat appraisal) and FS use restrictions (policy appraisal) on the
Sprinkle Ranch. We provide only a brief  description of its
operation here. The full users’ manual can be found on the project
website (https://cals.arizona.edu/droughtandgrazing/). We envisioned
that small groups composed of ranchers and FS would use the
tool to collaboratively develop solutions to a variety of drought
and policy scenarios.  

https://uaclimateextension.shinyapps.io/SPItool/
https://uaclimateextension.shinyapps.io/SPItool/
https://www.ecologyandsociety.org/vol23/iss4/art18/
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For threat appraisal, the tool uses SPI to represent drought
intensity (Box C) and converts SPI to percent of average
precipitation for winter and summer seasons in the TNF to create
realistic precipitation amounts. To simulate spatial and temporal
variability, SPI can be specified for each pasture and for each
season. The tool uses data from an ongoing range monitoring
program conducted by ranchers and the University of Arizona
Cooperative Extension in Gila County to provide realistic forage
production numbers for the Sprinkle Ranch, and a simplification
of the relationship between percent average precipitation and
percent average forage production to represent decreased
production during drought. This reduction in forage is captured
in the column “Maximum Seasonal Grazing Days” (Box E),
which is calculated based on the amount of average forage given
for a pasture (Box A), the user-specified seasonal drought
conditions (Box C), the user-specified percent allowable forage
utilization (Box H), and the user-specified herd composition (Box
D). When the user-specified “Number of Days in Pasture” (Box
E) exceeds the Maximal Seasonal Grazing Days for that pasture,
a warning in red appears in the column “Pasture Warnings” for
that pasture. When less than 365 days of total forage is available
(sum of Maximum Season Grazing Days column), a warning in
red appears below the column. Reductions in available drinking
water due to drought are specified in the column titled “Water
(dates when unavailable)” (Box H).  

For policy appraisal, FS policy constraints are represented in the
columns titled “Seasonal Use Restrictions (dates)” and “Planned
% Utilization” (Box H). Initial utilization values reflect typical
levels used on the TNF. Seasonal use restrictions are realistic
constraints that the FS may place on livestock grazing allotments
include restricted use of a pasture during certain dates of the year
to avoid conflict with endangered species, high recreation
demand, or areas that recently experienced fire, or during the same
time of year as the pasture was used the previous year.  

For coping appraisal, the tool helps users explore the response to
a variety of management decisions to reduce the risk of drought,
such as: (1) adjusting herd size and composition (Box D); (2) the
number of days the herd can stay in a pasture (Box E); (3) forage
utilization in a pasture (Box H); or (4) the order in which the herd
rotates through pastures (Box H). The goal is to find a
combination of practices that will ensure sufficient forage and
water for grazing for the year while complying with policy
restrictions. There can be many possible solutions and the tool is
not capable of representing all of them. For example, if  a user
wants to develop a new drinking water source, it could either be
noted in the water column (Box H) or recorded on a worksheet
that we developed for the purpose of recording solutions (see
Appendix 1, Fig. A1.1).  

In July 2015, prior to workshop II during which we planned to
use the tool, we conducted a beta test with FS personnel and
ranchers who were not participating in the codevelopment
process. They provided valuable suggestions for improving it,
which we incorporated into the final version.  

To structure the use of the tool during workshop II, the team
developed a set of scenarios. This allowed more time for
participants to work together in small groups to find solutions to
the scenarios, discuss the FS decision process that would be

required to implement them, and share their solutions with the
other groups. The scenarios represented plausible combinations
of different spatial and seasonal drought conditions and FS use
restrictions on the Sprinkle Ranch (see Appendix 1, Table A1.1
for a description of the scenarios). The first three were simple and
were performed by the whole group to help them become familiar
with the tool and the objectives of the scenario planning exercise.
The last two were designed to be performed by smaller groups
and to be challenging enough to promote more in-depth
discussion, intimate interaction, and strategic thinking between
ranchers and FS participants. Four groups were carefully
composed by the team to include at least two FS and three
ranchers and to avoid pairing district rangers, range staff, and
permittees from the same ranger district. We provided each group
with a computer, projector, and screen so all members could view
the effects of the scenarios as they were applied and the results of
solutions as they were being developed. We also provided a
computer operator from the research team and a note taker. Two
groups each performed the same scenario. Groups developed
multiple solutions and recorded scenario solutions and the
implementation discussion for each on worksheets we provided
(see Appendix 1, Table A1.2 for a summary of solutions). At the
conclusion of the small group exercise, each group presented their
solutions to the reassembled full group.  

Solutions to the scenario planning exercise applied both short-
and long-term efforts to address drinking water shortage (hauling
water versus permanent pipeline) and changes in pasture rotation
and livestock numbers to address shortages in forage production.
Solutions included practices that were preparatory, responsive, or
both. Preparatory practices are those implemented before the next
drought occurs, and may include practices such as implementing
a grazing system that promotes forage production, developing
permanent water infrastructure, maintaining a conservative or
flexible herd size with yearlings, or setting aside pasture reserves
(Kachergis et al. 2014). Responsive practices are implemented
after the onset of drought has already occurred and may include
selling livestock or hauling temporary water (Kachergis et al.
2014, Roche et al. 2015). Solutions also included creative, non-
normative practice such as seeking removal of undesired
vegetation, exceptions to policy constraints for grazing use after
fire, and a change from cow-calf  to yearling livestock
composition.  

Surprisingly, there was considerable variation among the small
groups in the decision types expected to be applied for the same
type of coping practice. For example, the level of analysis for a
pipeline installation varied from a simple AOI, to a more complex
EA, to a very complex EIS. This outcome indicated the need to
develop additional activities for workshop III to better simulate
action and coping planning. We incorporated the knowledge
gained into the codevelopment activity for workshop III.

Action and coping planning: workshop III
The goal was to allow participants to develop more realistic
expectations about the likely type and duration of the decision
process for projects to improve preparedness for drought. To
coproduce more usable knowledge about the FS decision process
to use in the additional activities, we organized a discussion about
discretionary decision making with district rangers in November
2015.  
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Specifically, in workshop III, the full group first worked together
to create a decision table for the FS decision process to approve
a proposed water development. It lists characteristics of the
project that would affect the likelihood of a particular decision
type being used, the most likely FS decision types, and how long
the decision process would take to be completed (see Appendix
1, Table A1.3 for the completed table). The resulting table was
used during a small group activity in which groups of ranchers
and the FS analyzed the workflow for the decision process for a
specific water development project and recorded their analysis on
a worksheet (see Appendix 1, Fig. A1.2 for an example of a
completed worksheet). During this activity, groups performed
action planning by identifying: (1) the most likely type of decision
given the characteristics of the project; (2) the steps in the decision
process; (3) how long it would take to complete the decision
process; (4) who would and how to track the progress of the
decision process, and; (5) how to communicate that progress. They
performed coping planning by identifying: (1) what events might
occur to lengthen the process; (2) how much longer the process
would take with that event; and; (3) their response to the new
event.  

Results of these exercises show a general consensus on the
expected decision type and the length of the decision process given
14 characteristics of a proposed project (see Appendix 1, Fig.
A1.2 for an example of a completed worksheet). When applying
those general expectations to two pipeline scenarios, the
participants identified a CE decision type lasting 18 months when
the scenario included (1) no endangered species, (2) an AMP-
NEPA scheduled within 3 years, and (3) a 5-year drought plan
was in place; and an EA decision type lasting up to 28 months
when the scenario included (1) an endangered species, (2) multiple
beneficiaries including wildlife interests, and (3) a 5-year drought
plan was in place. Expectations for tracking the decision process
included involvement by the district ranger, district range staff
and the rancher, and possibly the NEPA planner and other
beneficiaries of the project. Expected milestones included
completed phases of the decision process every 6-12 months, and
the scheduling of interactions would be initiated by either/both
party/parties to occur at identified milestones or as frequently as
monthly. Self-identified new events that could change the process
included discovery of new cultural resources, change in FS
staffing, and water source for pipeline goes dry; length of delay
was < 6 months; and contingency plans included redesign of
project and replacement FS staff.

Evaluation of intermediate outcomes
At this early stage in the process, we can’t expect significant
increases in drought preparation or increased resilience of the
ecological and human systems to recurring drought. Therefore,
we focus on the intermediate social outcomes that are consistent
with theories of collaboration and are particularly relevant to
addressing improved working relations for groups that do not
trust each other. Therefore, our project-specific intermediate
outcomes were: (1) improved interactions and relations between
ranchers and FS; (2) more usable drought information; (3)
improved understanding of drought information and ability to
appraise drought risks; (4) improved understanding of practices
that increase preparation for drought and the FS process for
approving them; (5) increased motivation to implement practices
that increase preparation for drought; and (6) the development
of plans to implement preparedness practices.  

Our social science team member led the evaluation effort, which
employed a variety of data collection methods. We used the team’s
observations of interactions during workshops, results of
workshop activities, drought information tool evaluations and
postworkshop surveys, and a postproject questionnaire to
evaluate intermediate outcomes. For the first data, we digitally
recorded all workshops, a team member took notes during each,
and the team discussed their observations of interactions at the
team meeting after each workshop. We assigned note-takers to
each group during the small group activities and saved all
worksheets from the activities. Participants completed a
postworkshop evaluation at the end of each workshop and a
postproject evaluation by email. The surveys included Likert-
scale and open-response questions and did not distinguish
between rancher and FS respondents. The four Likert-scale
categories range from strongest to weakest support for a
statement: greatly (great), moderately (mod), minimally (min),
and not at all (none). The postproject evaluation consisted of five
open-ended questions. Return rates on the workshop evaluations
were 19 of 29 rancher and FS participants for workshop I, 28 of
30 for workshop II, 24 of 27 for workshop III, and 23 of 29 for
the postproject evaluation.  

Evaluation of intermediate outcomes indicates: (1) improved
interactions and relations between ranchers and FS; (2) improved
understanding of drought information and ability to appraise
drought risks; (3) improved understanding of practices that
increase preparation for drought and of the FS process for
approving them, and; (4) increased motivation to implement
practices that increase preparation for drought (Table 2). Survey
responses indicated improved interactions and relations (65-71%
greatly), and team member observations during the workshops
are consistent with that survey result. Several respondents
described the improvement in terms of developing a common
language in which to talk about drought. According to note-taker
observers, one event in workshop II may have been critical to
improve interactions. Tensions were high until a district ranger
spoke up to express that the Forest Service “doesn't like the red
tape caused by NEPA [for approving practices] either; the law is
restricting and they want to move things forward with NEPA as
quickly as the ranchers do.” This district ranger also expressed
that there is personal liability involved in making decisions that
may conflict with the law, including losing their job and possibly
even their house if  a lawsuit was filed. Some ranchers responded
with comments about not realizing the type of personal risk that
district rangers can face.  

Ninety-seven percent of responses reported improved (43%
greatly) understanding of SPI as an indicator of drought
frequency and threat (Table 2). The team also observed that
participants began to use the term “SPI” knowledgeably in
discussion during workshop activities. Improved understanding
of practices was reported by 89-92% of respondents, but many
wanted more information. Understanding of the FS decision
process improved after workshop III to 91% (35% greatly) from
71-75% (21-25% greatly) after workshop II when 85% of written
comments asked for more information.  

Postproject evaluations suggest an emerging level of motivation
to increase preparation and to do so collaboratively. Responding
to “What is the first thing you are going to do and when?” 6 of
14 responding ranchers would develop a drought plan and half
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Table 2. Results of workshop evaluations (only two undecided in interactions for workshop III). The four Likert-scale categories range
from strongest to weakest support for a statement: greatly (great), moderately (mod), minimally (min), and not at all (none).
 

Response Categories (%)

Question Great Mod Min None Open Responses (number and examples)

Interactions
How well did the workshop facilitate
constructive interaction between ranchers and
Forest Service? (Workshop II, N = 28)

71 29 0 0 21 positive, 3 want more interaction next workshop
POSITIVE: The group as a whole is getting more comfortable
interacting.
Great that you assign members of each group so Forest Service
folks and ranchers are forced to sit together and talk.
Co-problem solving [was the most valuable part of the workshop].
WANT MORE: More permittee and Forest Service interactions 
[should happen at the next workshop].

How well did the workshop facilitate
constructive interaction between ranchers and
Forest Service? (Workshop III, N = 23, 9%
undecided)

65 26 10 positive, 1 undecided
POSITIVE: Did a good job of mixing folks around to be able to
interact with one another. Learning together helps build possible
relationships.
Every time we get together you can see and feel the trust
developing!
UNDECIDED: Not sure - will have to wait and see.

Drought information and risk appraisal
How well did the workshop activities improve
your understanding of how drought information
could be used to increase your ability to prepare
for drought? (Workshop II, N = 28)

43 54 3 0 10 positive, 2 want more next workshop
POSITIVE: Good discussion on the fact that droughts occur every
1 of 6 years (-1 SPI).
Getting better understanding of SPI [was the most valuable part
of the workshop].
WANT MORE: More info about applying SPI to local changes 
[should be a part of the next workshop].

Practices for drought preparation
How well did the workshop improve your
knowledge of practices to increase planning for
drought on the Tonto National Forest?
(Workshop II, N = 28)

39 50 7 4 5 positive, 3 want more next workshop
POSITIVE: Model forced us all to think of solutions to the
drought.
WANT MORE: [Want more ] Things ranchers and Forest Service
can do on-the-ground/cow #’s, preparation of drought, because it is
coming.

How well did the workshop improve your
knowledge of practices to consider for long-term
drought planning on the Tonto NF? (Workshop
III, N = 23)

57 35 4 4 1 comment
Realistic expectation of the time line involved.

FS decision process
How well did the workshop improve your
understanding of how Forest Service policies and
decision processes can constrain or facilitate
flexibility in grazing management? Workshop II,
N = 28)

21 50 18 11 14 positive, 12 not improved and want more next workshop
POSITIVE: The personnel explained their positions and what we
can do to expedite our projects.
I have a better idea of what agencies will be looking for to make
decisions.
WANT MORE: A better discussion on what is required in the way
of Forest Service decision documentation and what are realistic
time frames for clearances or decision documents [should be
included in the next workshop].

How well did the workshop activities improve
your understanding of how district rangers can
use their discretion when making decisions about
livestock management in their district?
(Workshop II, N = 28)

25 50 14 11 9 positive, but not pleased
Each ranger has great latitude in how he/she interprets Forest
Service policy. Therefore, what the ranger said in my group may not
be the same in the other groups today.
This is always an important point to make clear to everyone:
expectations do not always match reality.

How well did the workshop improve your
understanding of how to become engaged in
Forest Service decision processes for long-term
planning on the Tonto NF? (Workshop III, N =
23)

35 61 0 4 6 comments
Made me have a greater realization of the importance of
involvement in the process. I need to be involved more in FS
planning, not just for drought.
Ranchers and FS working together to gain a mutual understanding
of the timeliness and expectations.
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of those together with the FS, and 3 would pursue water
development (only 1 together with the FS). Two ranchers said
they have always done drought planning, and one said not much
would change. Of the nine FS responses, five would use the
planning tools developed in the workshops to engage ranchers,
one would start a workshop process at their new work location,
and one would discuss internally with FS employees. One rancher
wrote: “I plan to sit down with my range-con (FS) and develop a
drought preparedness plan,” and one FS wrote: “I am already
speaking with permittees (ranchers) to plan this year’s rotation ...
Laying foundation for the ‘drought talk’ early in the year will help
if  those discussions need to become more serious later.”  

Including drought preparedness as a regular part of AOI meetings
was suggested by half  of the respondents (5 of 9 ranchers and 2
of 4 FS) to the question, “How could long-term drought planning
become a regular part of the management conversation between
ranchers and Forest Service?” One rancher wrote: “... drought
planning should be a requirement of all AOI discussions. The
planning should not be the rancher’s sole responsibility but the
FS as well.” Others supported frequency conversations about
drought planning (4 of 9 ranchers and 2 of 4 FS), and one FS
response suggested: “We want to start a quarterly workshop that
moves around the forest for FS, ranchers, University, Game and
Fish, etc. ... [as] a venue to continue conversations.”

DISCUSSION

C-PMT+HAPA framework
The strengths of the intermediate outcomes suggest that C-PMT+
HAPA would be an effective, theoretically supported framework
for designing and evaluating codevelopment processes that
encourage preparation for natural hazards in situations in which
decisions are shared and actions must be taken jointly by more
than one party. The framework provides specific guidance for
designing and structuring the actual activities in which
collaborators will participate, when such guidance is lacking
(Conley and Moote 2003, von Korff et al. 2010, 2012). It also
suggests intermediate outcomes that indicate progress toward
improved preparedness: (1) improved interactions and relations
between the parties; (2) more usable information about the natural
hazard; (3) improved risk assessment; (4) improved ability to
develop practices to increase preparation; (5) increased
motivation to implement these practices; and (6) the development
of plans to implement these practices. These intermediate
outcomes are consistent with the principles of building resilience
in social-ecological systems by fostering systems thinking,
encouraging learning, and broadening participation (Biggs et al.
2015, Folke 2016, Stern and Baird 2015). Therefore, we expect
that even if  few preparedness actions are implemented in the near
term, there has been an increase in the resilience of this public
rangelands social-ecological system to resist and recover from
future droughts and other shocks to the system. We encourage
others to consider this approach for increasing preparedness for
other natural hazards and to suggest improvements.  

Each application of the C-PMT+HAPA framework will have its
own context-based guiding considerations. We chose to simulate
preparedness planning with the goal of participants applying that
skill to develop actual drought preparation plans, but the
framework could also be used to develop actual practices and

plans for increasing preparedness in real natural hazards planning
situations. We chose to develop the social-ecological model and
the scenarios because of time constraints and because there was
already considerable agreement between ranchers and FS about
how public rangeland systems work. But they could be
codeveloped by participants in situations in which a goal is to
develop agreement about critical uncertainties.  

The application of C-PMT+HAPA is not simple: it requires
significant project-specific preliminary research, ongoing
evaluation, and long duration to develop the supporting tools for
codevelopment activities and to iteratively redesign activities that
are not effective. In our case, this process was significantly assisted
by the wide range of expertise on the project team and the
substantial social capital among ranchers and FS built by the Gila
County Extension Director who was a member of the team. We
can envision a faster application than 1.5 years, especially if  the
lessons learned from this effort provide the basis for a more rapid
program of coproducing usable information, developing social-
ecological models and relevant scenarios, and action and coping
planning activities to apply the solutions to the scenarios.
However, rushing through the process may not have allowed us
to make the very critical midcourse correction in the action and
coping planning activities between workshops II and III. The
tension between expediency and iterativity is a challenge in
collaborative processes and in the development of usable
information (Lemos and Morehouse 2005, Dilling and Lemos
2011). Our advice is to not assume that collaboration, and
specifically C-PMT-HAPA, is a “one and done” activity; rather
it will require significant time investment to ensure that the
participants can absorb the input and can adequately express their
preferences and needs, and the facilitators can change course
when needed.  

We suggest several explanations for the effectiveness of the C-
PMT+HAPA framework. First, several of the theories and
methods used to operationalize it, including coproduction of
usable knowledge, social-ecological modeling, and scenario
planning, each have the potential outcomes of improved
communication, relationships, and trust (Wollenberg et al. 2000,
Lemos and Morehouse 2005, Stern and Baird 2015, Price et al.
2016). Our results indicate that, of the expected intermediate
outcomes, the codevelopment activities were most successful in
improving interactions and relations between the parties. This
suggests that in combination, these approaches help to realize and
reinforce the relationship building potential of each other.  

Second, collaborative processes, social-ecological modeling, and
scenario planning are each expected to improve decision making
in situations of high uncertainty and complexity (von Korff et al.
2010, Addison et al. 2013, Amer et al. 2013, Rowland et al. 2014,
Reyers et al. 2015, Price et al. 2016). For example, coproduced
information and codeveloped protective practices are more likely
to be seen as credible (technically and practically sound), salient
(relevant to participants’ needs), and legitimate (created by a fair
process) by participants (Cash et al. 2003, Lemos and Morehouse
2005) and therefore more likely to be used, than information and
practices handed down by experts, as in PMT+HAPA. In C-
PMT+HAPA, participants collaboratively appraise the risk of a
natural hazard and codevelop preparedness practices and plans
to implement those practices.  
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Third, the codevelopment activities we designed target both the
analytical and experiential components of learning (Kolb 1984).
We coproduced more usable drought information and
information about the FS decision process, and the
codevelopment activities provided the opportunity for
participants to practice using it in realistic drought situations.
Research suggests that participation processes that incorporate
experiential learning through local, context-specific and
interactive engagement allow participants to better understand
and interpret analytic information and integrate it into current
experiences for better outcomes (Eriksen and Prior 2011, Bartels
et al. 2013). The experience of practicing working together in
realistic drought situations under less stress than in an actual
drought both improved relationships and provided learning to
draw on in an actual drought.  

Several collaborative processes to address natural hazards
preparation or climate change adaptation have employed a
framework similar to C-PMT+HAPA, but without its theoretical
underpinning. For example, the Adaptation for Conservation
Targets (ACT) framework for natural resource planning in light
of climate change uses social-ecological modeling and scenario
planning to motivate collaborative, scientifically defensible
planning and decision making for specific landscapes by a
multidisciplinary group of practitioners (Cross et al. 2012, 2013).
Exit surveys indicated that participants in workshops based on
the ACT framework reported improved understanding of climate
change and its local effects and of how to develop adaptation
strategies and incorporate them into their conservation work.
However, without a theoretical basis, it cannot be assumed that
these intermediate outcomes will increase the likelihood of
implementing workshop recommendations. In addition, without
the inclusion of action and coping planning in the process, the
ACT framework was unable to address institutional and
regulatory constraints that circumscribe implementation.

Challenges for increasing preparation for drought on federal
rangelands
Flexibility in the form of multiple options for response to drought
conditions was valued by both the ranchers and public land
managers among the participants. In this regard, they subscribe
to the same “increase flexibility” paradigm as private land
ranchers (Coppock 2011, Knutson and Haigh 2013, Kachergis et
al. 2014, Derner and Augustine 2016). However, our participants
recognized that the review/approval processes for public lands is
a significant barrier to the attainment of the optimal level of
flexibility for drought or any other expected, but unpredictable,
natural hazard.  

Given our participants’ increased motivation to become better
prepared for drought, we see some reason for optimism regarding
the value of proactively developing increased flexibility to
respond to drought conditions on public rangelands using the
codevelopment process based on the C-PMT+HAPA framework.
However, we remain concerned that these intentions exist only as
ad hoc behaviors that are subject to the ephemeral composition
of district rangers and range staff. For example, during our 1.5
year project, there was a 60% turnover in district rangers and a
40% turnover in range staff, which is especially critical given the
importance of their discretionary authority in approving projects
that are intended to increase flexibility (MacGregor and Seesholtz

2008, Brown and Squirrel 2010, Jantarasami et al. 2010, Stern et
al. 2014). Therefore, we see great value in formalizing and
institutionalizing the collaborative development of drought
flexibility plans so that the best shared intentions have the
prospect of persisting through the inevitable change in personnel.
To that end, we produced a Guide to Co-Developing Drought
Preparation Plans for Livestock Grazing on the Southwest National
Forests (Hawkes et al. 2018), which applies the C-PMT+HAPA
structure for engaging ranchers and FS staff  through a series of
worksheets.  

Another challenge involves the fit of drought information. Our
very positive intermediate outcomes reflect the expected benefits
of developing drought information tools that fit the context and
needs of participants (Lemos et al. 2012). For example, although
SPI is retrospective and cannot be used to predict drought
occurrence, project participants found estimates of return
frequency and historic precipitation variability extremely valuable
for drought planning. The retrospective information was a good
fit because it helped interpret the current FS drought policy and
subsequently develop realistic plans for achieving collaborative
solutions.  

This retrospective drought information is very different from the
seasonal forecasts of drought conditions that are framed as
“drought early warning” tools (Wilhite et al. 2014). The fit is more
difficult for seasonal forecasts because in public land settings there
is currently not enough flexibility available for ranchers and land
managers to respond to those warnings. During the
codevelopment process, we learned that it can take three to four
years for the required NEPA review/approval process to be
completed for the basic practices and infrastructure needed to
increase flexibility. In short, the provision of seasonal forecast
information does not fit those public land situations until those
flexibility practices have been approved and put in place (Lemos
et al. 2012). Therefore, we suggest that there be more coordinated
effort between developing better forecasts with a tandem effort to
increase the capacity of users to apply those seasonal forecasts.
In our case, this translates to assisting public land ranchers and
land managers to complete the needed assessments, drought
preparation plans, and approvals so that these seasonal forecasts
can be more actionable and a better fit for these situations.  

In conclusion, the C-PMT+HAPA provides much needed
guidance for designing, implementing, and evaluating the specific
activities for a codevelopment process to increase preparation for
natural hazards in situations in which protective actions must be
taken jointly by more than one party (von Korff et al. 2010, Reed
et al. 2014, Talley et al. 2016). It also contributes a concrete
method for realizing a paradigm shift in disaster science (Ismail-
Zadeh et al. 2017). The substantial time commitment demanded
is justified by the great promise codevelopment approaches based
on C-PMT+HAPA show for improving preparation for natural
hazards.

Responses to this article can be read online at: 
http://www.ecologyandsociety.org/issues/responses.
php/10503
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Appendix 1: Materials for and results of codevelopment activities. 

===================================================================== 
Figure A1.1: Worksheet used during the group exercise for recording a solution to a drought 
scenario.  
______________________________________________________________________________ 

______________________________________________________________________________ 



==================================================================== 
Table A1.1: Drought scenarios used for group exercises 
_____________________________________________________________________________ 

Scenario Drought Threat and Policy 
Constraints # Solutions Objectives 

A 1) -1 SPI winter to all
pastures

Easy solution to 
reduce use in each 
pasture 

1. Illustrates how the tool works
2. Provides baseline for scenario

“B”

B 
1) Same as “A”, and
2) add policy constraint of

not grazing same dates as
previous year

Many possible 
solutions, but not 
easy to solve 

1. Illustrates how policy constraints
are applied

2. Gives opportunity to begin
discussion about communication
between partners, and District
Ranger discretion

C 

1) -1 SPI winter for all
pastures, and

2) -1 SPI summer for the
Miner’s Camp, Timber
Top, Preacher Tom, and
Old Homestead pastures

Many possible 
solutions, none of 
them simple. This 
is likely to require 
reducing animals, 
feeding on private 
land, or 
negotiating for 
variances and 
other pastures. 

1. This is performed with the entire
group, before breakout and lunch

2. This illustrates the capacity of
the tool to develop solutions

3. This illustrates the importance of
communication between
ranchers and Tonto.

D 

1) -1 SPI summer in
Preacher Tom, Old
Homestead, Miner’s
Camp and Timber Top
pastures,

2) No drinking water from
June through December in
Preacher Tom and Old
Homestead pastures

3) No grazing 1 year after
fire in Old Homestead,
and

4) No grazing Riparian
pasture May-September to
avoid conflict with heavy
recreation use.

Many possible 
solutions, none of 
them simple. This 
is likely to require 
reducing animals, 
feeding on private 
land, or 
negotiating for 
variances and 
other pastures. 

1. This is performed by two of the
4 breakout groups.

2. Requires group to work with the
tool.

3. Can compare solutions between
the two groups.

4. Intended to lead to long-term
discussion about making a road
and/or bring pipeline to Preacher
Tom pastures,

5. Illustrates combination of
drought and policy constraints

E 

1) -1 SPI winter for all
pastures,

2) No drinking water from
January through June in
Son of a Gun, Preacher
Tom, and Old Homestead
pastures

3) No grazing 1 year after
fire in Miner’s Camp and
Timber Top pastures.

Many possible 
solutions, none of 
them simple. This 
is likely to require 
reducing animals, 
feeding on private 
land, or 
negotiating for 
variances and 
other pastures. 

1. This is performed by two of the
4 breakout groups.

2. Requires group to work with the
tool.

3. Can compare solutions between
the two groups.

4. Intended to lead to long-term
discussion about making a road
and/or bring pipeline to Preacher
Tom pastures,



5. Illustrates combination of
drought and policy constraints.
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================================================================================================== 
Table A1.2: Solutions from Group Scenario-Planning Exercise 
________________________________________________________________________________________________________________ 
 

Scenario D Solutions 

G
ro

up
 

So
lu

tio
n 

# 

Objectives Practices Expected Forest Service Approval Type  
(per practice number) 

1 1 

• Meet restriction dates 
• Minimize water hauling 
• Minimize herd reductions 
• Avoid grazing burned pasture 

1. Change pasture rotation‡ 
2. Sell 70 yearlings‡ 
3. Don’t use pastures* without water 

1-3. No new NEPA documentation 
needed; DR approval to update AOI 

1 2 

• Meet restriction dates 
• Minimize water hauling 
• Minimize herd reductions 
• Manage burned pasture for positive 

outcome 

1. Change pasture rotation‡ 
2. Sell 50 yearlings‡  
3. Haul water for 15 days at end of 

year†  
4. Increase utilization in a pasture to 

25%‡ 
5. Use burned pasture during fire 

recovery to promote soil health* 

1-3. No new NEPA documentation 
needed; DR approval to update AOI  

4-5. DR approval; inspection for 
available forage; DR consults with 
specialists. 

1 3 

• Meet restriction dates 
• Minimize water hauling 
• Minimize herd reductions 
• Yearlings available to sell as buffers 

1. Change pasture rotation‡ 
2. Reduce a pasture utilization to 10%* 
3. Permanent pipeline in pasture with 

dry dirt tanks* 

1-2. No new NEPA documentation; 
DR approval to update AOI 

3. Small NEPA (CE) for 
pipeline/trough outside of AMP. 

2 1 

• Meet restrictions imposed due to 
drought 

• Maintain herd size 
• Workable rotation 
• Maintain riparian and recreation 

resource 

1. Change pasture rotation‡ 
 

1. May need updated AOI, depends on 
timing.  Will need to talk through it 
with DR. 
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2 2 

• Meet restrictions imposed due to 
drought 

• Maintain herd size 
• Workable rotation 
• Maintain riparian and recreation 

resource 
• Resource enhancement Miners’ Camp 

pasture 

1. Change pasture rotation‡ 
2. Increase herd by 30 cows‡ 
3. Sell 110 yearlings in May‡ 
4. Provide supplemental feed in 

headquarters pasture (private land; 10 
acres) for 3 days† 

1-4. No new NEPA documentation; 
DR approval to update AOI 

2 3 

• Meet restrictions imposed due to 
drought 

• Maintain herd size 
• Workable rotation 
• Maintain riparian and recreation 

resource 

1. Haul water to a pasture for 6 weeks† 
2. Plan for pipeline into two pastures* 

1. No new NEPA documentation 
needed; DR approval to update AOI; 
trail through another pasture; phone 
call when it happens 

2. Begin talking about update to AOI 
and NEPA approval to update AMP 
for pipeline and periodic grazing of 
high elevation pastures 

3 1 

• Maximize cows and utilization 
• No water hauling 

1. Increase to 300 yearlings (assume 
permit allows)‡ 

2. Sell all 300 yearlings in May‡ 
3. Need a couple days use to trail 

through some pastures 

1-3. No Forest Service approval 
needed 

Scenario E Solutions 

G
ro

up
 

So
lu

tio
n 

# 

Objectives Practices Expected Forest Service Approval Type  
(per practice number) 

3 1 

• Reduce herd size as little as possible 
• Minimize water hauling 

1. Change pasture rotation‡ 
2. Cull 25 open cows‡ 
3. Sell yearlings‡ 
4. Haul water to a pasture for 34 days† 
5. Temporary pipeline into a pasture† 

1-3. No approval needed 
4-5. Archaeology clearance for 

temporary waters 
6. NEPA for well site 



6 
 

6. Look at well site with pipeline off it 
where the four pastures meet* 

4 1 
• Get through the year 1. Change pasture rotation‡ 

2. Sell 70 yearlings in fall; sell rest in 
May‡ 

3. Haul water to a pasture for 33 days† 

1-3. No Forest Service approval 
needed 

4 2 

• Reduce herd 
• (Least favorable solution) 

1. Change pasture rotation‡ 
2. Reduce herd: sell 25 cows, 2 bulls, 

100 yearlings in fall; sell rest of 
yearlings in May‡ 

3. Extension of 1-2 days use in some 
pastures† 

1-3. Require negotiation with DR 

4 3 

• Water improvements 1. Change pasture rotation‡ 
2. Water lot (corridor) into riparian 

pasture from another pasture* 
3. Juniper treatment* 
4. Trick tank* 
5. Extend pipeline* 
6. Pipe from springs in high elevation 

pasture to lower pasture* 

1-5. Some of these could be approved 
as an Emergency outside AMP 
(because of fire) or done with a CE. 
To do multiple projects would 
require an EA. 

*Preparatory; †Responsive; ‡Either Preparatory or Responsive 
Acronyms: DR = District Ranger; AOI = Annual Operating Instructions; AMP = Allotment Management Plan; CE = Categorical 
Exclusion; EA = Environmental Assessment; NEPA =National Environmental Policy Act 
___________________________________________________________________________________________________________________ 
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============================================================================================== 
Table A1.3: Decision Table for FS decision process for a water development 
____________________________________________________________________________________________________________ 
AOI: Annual Operate Instruction; CE: Categorical Exclusion; Sect 18: NEPA Sufficiency; EA: Environmental Assessment; EIS: 
Envir. Impact Statement 

Table 1. Most likely Decision Type(s) Likely Length of Decision Process (Months) 

Characteristics AOI CE Sect. 18 EA EIS <12 12 24 36 48 60 

1. Previous NEPA Clearance X  X   X      
2. Possible legal challenge  X    X X     
3. Endangered species present (no effect)  X    X X     
4. Endangered species “take”   X X X X X X X   
5. Recreational use conflict  X  X  X X X    
6. Multiple partners (private and/or govt) and beneficiaries (wildlife 

and livestock)  X    X X     

7. Cultural resources present   X     X     
8. FS staffing is reduced  X     X X    
9. FS funding priority is low  X     X X X   
10. New District Ranger (inexperienced)        X X   
11. Precisely engineered project design at the beginning (No impact 

and complete design)  X    X      

12. Upcoming NEPA scheduled within 3 years (added in discussion)          X X 
13. “5-year Drought Plan” prepared (added in discussion)      X X     
14. Grouping projects (Multiple allotments) (added in discussion)            

____________________________________________________________________________________________________________ 
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============================================================================================== 
Figure A1.2: Example of completed Worksheet for an EA (Environmental Assessment): Develop spring in “Son of a Gun” to 
deliver water to other pastures 
 
Scenario: Develop spring in “Son of a Gun” pasture to 
deliver water to other pastures 

Group #: Group Members: 
  

Characteristics 
1. 
2. 
3. 
 

Decision-type 
Assigned as either CE, EA Sect. 
18, or EIS  
              EA 

Likely Duration 
In Months 

Steps in the 
Decision- 
Process 

 # of Months      
__6-12__ 

# of Months         
__1-3_____ 

# of Months          
__6-12___ 

# of Months 
___2____ 

# of Months 
___2_____ 

 
 
 
 
 
 
 
What is 
likely to 
happened 
and when 

 
• Pre-design 

NEPA 
 

• What is there, 
and close 
scoping 

 
• Specialist’s 

input 
 
 
 
 
 

 
• Scoping, 

Notice, and 
Public 
Comments 

 
• Analysis and 

Specialist 
Review 
 

• Respond to 
Comments 

 
• Draft decision 

 
• Objection 

Period 

 
• Resolve 

objections 
 

• Decision 

___________________________________________________________________________________________________________ 
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============================================================================================== 
Figure 2 continued: Example of reverse page of Worksheet 
____________________________________________________________________________________________________________ 
 
Tracking the Decision-process 
Who is involved? What are the milestones? How do you schedule your interactions? 
 
• District Ranger 

 
• District Range Staff 

 
• Permittee 

 
 
 

 
• Each new phase of the process; 

or 
 

• Every AOI meeting; or 
 
• Every 6 months 

 
• Who calls who? 

 
• Meet in person or by phone or 

email? 

 
Two new events or attributes that would slow the process, and how do you respond? 
 
New event/attribute How much does it slow the 

process? 
How do you respond to the new event/attribute? 

 
• New “species take” is expected,  
• new cultural resources 

discovered 
• fire and associated erosion 
• new staff/permit owner 

 

  

____________________________________________________________________________________________________________ 
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