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Making science usable

A growing=body of research in translational science provides a foundatiomf translational
ecologists+to considethe practicesthat show the most promiseas well as thepotential
pitfalls of those practices These research approachggguser-inspired climate sciencg
require deliberate engagement with endisers and an understandingof the social and
cultural contexts in which a research projed functions. Weexamine the climate science
translation‘literature (looking at how research can inform decision makingto identify key
issuesrelated to how the social sciencehave helpedguide researchers engaged in user
inspired research We focus on understanding thenore intangible inputs to research
projects, including the social and culturalcontexts stakeholderengagment the role of
social capital.and evaluating the outputs, outcomesand impacts of translational science
projects anddinitiatives. Research on returron-investment metricsfor translational science

is increasinglypointing to the conclusionthat intentional, structured processessuch as
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those found in translational scienceshoostthe likelihood of science being successfully
incorporated into environmental decision making and plicy.
Front Ecol Environ2017;

In a nutshelf

e Barriers,tatheuse of scientific information in decision making can be overconfedigring
social capital among research collaborators, such as scientists, practitioners, and members of
the public

e This isachieved by fostering relationships between these groups through collaborative
researeh opportunities and outreach and engagement activities

e When researchers and stakeholdgrsily acknowledge differences in professional practices,
expectations, and rewards, thestablish a foundation for trust and increase the chances of
successful.collaboration

e The benefits of a weklrticulated framework for managing engagement between ecologists,
practitioners, and other stakeholders includeareasedbility to articulate mutually
desired project outcomes andawoid misunderstandings

e Ecologists,can avoiditfalls and mprove the chances sficcessful scientisstakeholder
collaborative prect outcomes by consulting the growing body of sudegéssse studies and
examplegproduced by science translators in ecology, public health, and climate services

As definedearlierin this Specialdsue, translational ecology (T&$ an approach thambodies
intentional processes by which ecologists, stakeholders, and decision malkers wor
collaboratively to develop and deliver ecological research that, ideally, results in improved
environmentelated decisiomaking” (Enquiskt al 2017. TE seekso link ecological
knowledgerterdecision making by integrating science with the social dimensions thaieunderl
today’s complex environmental issues. Most notabByfacilitates this linkage via interactions
betweendecision makers, practitioners, and the publistibct from oth basic and applied
ecology, TE deliberately extends research beyond theogporcidental applicationgnd is
motivated by a search for outcomes that directly serve the needs of redatate managers
and decisiomakersTE is part of a broader movemehtat aimsto update and reinvigorate the
social contract between science and society, to make science more useful and usable in the face
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of rapidly changing and pressing environmental challenges (Lubchenco 1998; NatiomatRese
Council 1999) and is one ofsaries of approaches (ert-end science, boundary work, co-
production of science and policy, production of usable or actionable sciencepbuaties and

puts into practice the integration of science and decision-making, through a varetgru.

The purpos.ef.this paper is to use our knowledge and awareness of usable climate science
research to urge ecologists interested in TE to consider several key elements when designing a
TE approach:.

The ultimate goal of both the productionusfable science and Tdenerallyis for
researchers in conjunction with people who are likely use their findings produce scientific
information that can help inform solutions to coupled human—environmental problerbke Usa
science has'threwaincharacteristics. First, i relevantto the problem at handh thatit fits
within the decisiormaking framework in which the information is to beplpd, andis produced
in a timely manneandat an appropriate scaleemos and Morehouse 2005econdusable
science igredible indicatingto likely userghatthe information was produced according to
accepted standards of scientific rigor. Thirdable scienceust bdegitimate meaning that
likely usersiofithe informatiotrustthatthe findings vereproduced withoupolitical persuasion
or bias(Cashet al 2003).The absencef one characteristic cannot bffset by an
overabundance of one of the otheisthree must be balanceda way that reflects the context
of the problem. Both TE and usable science promscignce thataninform decisionsand are
both particularly focused on collaborating with ersgtrs of the science throughout the research
procesgPaneld) TE could be used to inform learnibgsed decision processes, such as
adaptive managemera straegy commonly used befleral naturalesourceandland
management agencies to develop, implement, monitor, and adjust managememisddEisian
be appliedvhen a system’sontrollability anduncertaintyare both lowto help in hedging
strategies,. as.well & systems characterized by a combinatiohigh controllability and low
uncertainty, in whictadaptive management is warranted (Petees@h 2003; Williamset al
2009). We believe these translational and user-inspired approaches widl aefpe\e adaptive-
management.,outcomes.

Lessons learneabout producing usable scierftave emerged fromumerous programs
established and managkyseveral US federal agencj@scluding the National Oceanic and
Atmospheric Administration’s (NOAA)sRegional Integrated Sciences and Assessments (RISA)
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and Sea Grant programs, the Department of Interi@imate Science Centers and Landscape
Conservation Cooperatives (LCCs), ahd USDepatment of Agriculture’sCooperative
Extension System (CES) and Regional Climate H8bgeof these agencies and organizations
have been involved in developing usable science for moreatbantury(eg CES)andfor
decadesqgRISA and Sea Grant programe)hereasothershavebeen formed only recently.
These program®cus on improving our understandiafithe rigorousprocesses and approaches
neededto'produce usable scieso@d0 better inform climateelated decision making, and the
insights gainedrom these programs are enormously beneftoidhe TE community. here is a
robust body of literatureoncerning translational practicesatherscientific and medicédlelds
(Cashet als2006; Fergusont al. 2014; Jacobs 20053s well as large ardiverse communities
andnetworks of researchers, stakeholders, agencies, and organizatiaged in similar
approaches throughout the US that ecologists can tap into. The collective knowledge derived
from directexperience in climate science reseant involvement with this community
provides apowerful foundatiorfor TE practitionerdo learn from anduild on.

Ourexperienceavith translationabpproaches in the field of climate science comes from
working withresearchers and stakeholders to produce usable s@edéem our own research
into theseprocessefMcNie 2012; Parrigt al 2016; Wallet al 2017).Here, wefocus onthree
aspects of-usatriven sciencéhat aramportantfor producing usable scienad:) how decisions
made well before the actuasearch processmnimpact research outcom@gsearch context)

(2) the role.of engagement before ahding the research projeend(3) designing project

outputs and-trackingnpacts Althoughother aspectsould have been chosen in addition to these
three an exhaustive treatment is not possible héres,given that other papers in this Special
Issue presenh-depthdiscussios ofboundary spannings@ffordet al 2017),institutional
constraintsflallettet al 2017), andxtensive case studies of TE practicavsonet al 2017),

we devote our. attentiogolely to thesé¢hreetopics

Research_context-inputs to and external influences on the research process

Although it'is easy to focus only on the research project, theraargchoicesmade by both
researchers and potential argkrswhose decisions wilinfluence the usability ahe science
(Figure 1). First, nderstanding context begins with recognizimguts to the projeathich can
include both tangible resources such as funding, end user’s contributions (both fiaadcial
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time), as wellsmore intangible resources such as the capacity of the research team to engage
with end users and effect of pre-existing relationships between researchers aretend tise
research procesExternal influences include tlmeganizational context in which the research
results may be usedhis context includes potentipblitical, financial, or perceptudlarriersto

that use, the.evel of scientific or management uncertainty, or the effects of a catalyzing event
that exacerbatkor created an issue that the reseavabintended to address. For example, in a
climaterelatedproject undertaken in the Great Basggion of the western Uhatinvolved
collaboration"withresource managets develop scenarios of future management conditions,
several participants noted that althotigéy were required to consider climate change in
resource planning, little guidance was provided on how to passa resultrying to facilitate
thisunderstanding became part of the pro(®¢all et al 2015).An awareness afuchfactors
helpsshapenowresearctshouldbe undertakerandaids in recognizingotential gaps between
avdlable resourceand what might be needed. For example, if the likely end users do not have
the staff expertise to fully translate technical research results and the capacity to implement
managementrecommendations from the research is identified at the begirthegiject,

then outputs ‘can be designed to reflect the current end-user capacity with optiahséor f

management actions if more resources become available.

Why engagewith end users?

Although there are many approaches to user-driven research, they tend to involvesimd use
ways that range from highly collaborative (@@mduced research) to more intermittent yet

ongoing (consultativelMcNie et al. 2016; Meadowvet al. 2015).Across these approaches, the

flow of information and knowledge can be characterized as multidirectemtiatall

perspectives and knowledge are valuedamethcorporated intdhe research proceskhe role

of end users.in.the research process depends on the type of research being done (Figure 2). For
research that.is meant to answer more fundamental scientific questahanmend uses is

often unneeessary becausmdy not even be possible to identify who the endsiaee until

decades later, Research that is intended to inform more immediate decisions, however, requires
moreenduse participation. In engagememttensive approachesnd uses canhelp design

research questions, collect and analyze data, and develop research outputs. Theplirahoh

is ideal for informing complexetisions that are rooted in high levels of scientific or
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management uncertainty and that require new tools to support those de8sahtisols often

involve building stakeholder capacity to engage in research ahelplhg them to use the

research rasts. For example, FireScape MendocihaWsonet al. 2017), a collaborative land-
management initiative, is facilitated e Nature Conservancy’s Fire Learning Network

(FLN). The.ELN, a knowledge-exchange network, builds the capacity for partners to anderst

and use research results to inform landscape restoration practices. These approaches tend to be
characterizedby an iterative learning and engagement process between researchers and
stakeholders:"Through iterative interactions, participants share insights from practice and
researctanddevelop trust, and henbecome a de facto community of practice.

There are alsoonsultative or contractual approachiestareless engagemeimtensive,
which, when'used successfullgroduceusable science thaan support management decisions.
For examplepersonnel wittBureau of Land Management (BLM) districts in Nevada expressed
concerns about their ability to effectively monitor climate and weather conditions for
management applicatiobgcause othe scarity of observation stations in tistate In response,
theNevadarStatBLM office asked the Western Regional Climate Ce(fgamo, NV)to identify
gaps in therobservation network to hdgierminesffective placement of observation stations
based onvapplieshanagement needs (egbitat, rangeland, wildfire, drough8lthoughBLM
employeesverenot involved directly in thassessment of climate monitoring for land
management applications, thielgntified and discussdtie problemreviewedpreliminary
outputs,andofferedsuggestions on how to refine outputs to better fit the BLM planning
processeskheresearch team made a deliberate effort to engage and collaborate with the BLM at
key pointsduring the research process that were idedt#iethe beginning of the project.

As/demonstrated by the examples above and in Figwa&ch, of these approaches to
engagingwith stakeholders and enders—whether directly or indirectly can beextremely
effective. Not.all questions, researchers, and likely users are amenhigjelyocollaborative
approaches. that requicensistentlysustained anthtensive engagemeriurthermore
recognizingsthe possibility of “stakeholder fatigue”, and of esersbecoming overwhelmed by
other jobdemands oevenby the requiredevel of interacton with other researchers an
important consideration in selecting angagement approach. For the field of TE, encouraging a
diversity of engagement framewarls critica] asdoing scacknowledges thatevelopingTE

sciencds not a “onesizefits-all” solution.
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How to engage with end uses

Surprisingly, recenstudies suggesthat few research projextiesignedpecifically to engage
with endusersincludedformalizedplars for doing so in the proposalespitethe presence of
such plans.asgseful indicator of successful engagem@uall et al 2017). Ideally, a plan should
addresdy what meandiow frequently, and at whdepth of engagemefie emails versus in
person 'meetingshe researchersikely users of the information, and ottstakeholders expect
to communicate. er considerations includeow differences inexpectations regarding
involvementwill 'be resolvepgwho will be responsible for initiating communicatiae level of
interestamangresearchers in how the results and outputs from the project will bpwisaidthe
expectationgrefor engagement beyond tkad of theproject; andvhatbarriersmayhinder
successfulise of the results by stakeholders.

To function effectivelyresearchers who develop outputs suctieassion suppotbols
andtechnicalmodelsoften need tdbe integrated into existing technical, bureaucratic, and
operationalsystems alreadgnployed by endsersand their organizations. For instance,
articulatingaresearch plathat directly addressesakeholder engagement and integration of the
researchwith_existing policy contexteelpedUniversity of Hawaii(UH) researchers achieve
positive outomesfor a project based antranslational science approabhthat case he
researcherturned to logic modeling (Taylor-Powell and Henert 2008), a technique frequently
used for program planning by non-profit organizations and by the tGE®&jculate aspects of
stakeholderinvolvement, interactions with researchers, research oatglitstimate outcomes
of collaboratien. @e aspect of the projeictvolveda moreconsultative mode of engagement
that originaeédwith aresearches whitepaper analysis of law and policy frameworks. Mapping
stakeholder involvement and interactioas well as desired project outcontlesough the logic
model,enabledhe UH research team to infuse insights from the white paper into the policy
procesgFergusoret al.2016a) A key aspect of tls work wasthe researchers’ ability to develop
social capital'with stakeholdersnd to build and maintain productive relationships through the
use of*soft'skills”, such as listeningp and communicating?@né 2).

Onechallengeoften faced byscientistsvho work closely with end usgis howto most
effectively managéhe relationship, or boundary, between the distinct worlds of science and
society. Successftiboundary managementanensure the production of information thet
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useful, salient, legitimate and credible, and that responds to users’ whddsimultaneously
avoiding politicization of science or thecientizatioii of politics (Guston 1999, 20QSarewitz
2004 McNie et al.2016). Bboundary managemergquires effective communication between
scientists and stakeholders, transkatf information into forms that are understandable by end
users andscientiststakeholdemediaton, all of which mayrequiresubstantiatime and
resourceeommitmens from researchemsho are ofteralready stretched thioy multiple
obligations'andresponsibilitieStakeholders and researchers may need to shape research
agendas together, or negotiate amongst themselves to reach consensusegjettonttputs.

This process is'common to most adaptive management processes, where parties must come to
agreements about how to implement strategies and influence decisions. It is intportant
recognize thatwhile accountability in research depends onrggew, accountability in other
fields might depend on political safety or support of oversight bpslieh as agency panels or a
board of director§White et al. 2008). Boundary work can be carried out by individuals on the
research tearar boundary organizations, whose function is explicitly aimed at boundary work
(for examplepiCCs often function boundary organizations, creatifgidge between
researcherandresearch resulnd theend uses ofthe results, such as resource or water
managers),.and assumes even greater importance as political stakes increase or as marginalized
populations'play a larger role in usdniven and collaborative scien{dcNie et al. 2016).For
example, MotLacrax and Megdal (2016@¢xamined social learngnand infusion of science in
watermanagement decisianaking in ArizonaAs a separate projechey explored
managementof the boundaries between university scientists and stakelbluersre
participatinginsa process to introduceew science intwater governance atate, watershed, and
municipal/scalesandrecommendethe establishment of a diverse steering committae
includedrepresentatives of various stakeholders and interest groups. The steering committee
guides and.changes the processoading to stakeholder concerns, freetimg science team to

serve as boundary managers, neutral conveners of the process, and topic experts.

Designing fresearch project outputs, outcomesnd tracking impacts

A crucialset ofchallengs in producing usable scienaeedeveloping outputs, identifying
outcomes, and tracking the impacts of the resediche able to successfuilgentify outcomes
andtrackimpacts requiredesigningmetricsat the startof a projectDistinguishing between
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outputs, outcomes, and impaig$elpful for ensuringhatthe research meets the overall goal of
directly serving the needs of naturasource managers and decisiwakers in addition,
successful metrics for outcomes and impacts can be used to mesreinvestmentriteria,
increasingly part of the business end of grants and conthadtss contextputputsare the
products from,a research projeahd may include reports, papers, tools, datasets, workshops,
new relationships and expanded networks, training, and other tangibles (Figduécbnes

stem from'the"use of outputs and often refer to an event or a condition of direct nopaotéhe
stakeholder;"such as improved prediction capability or the identification andioadofc
uncertaintiegNational Research Council 200&nhpactsrefer to the benefits to the stakeholders,
or tosocietygenerally of the research or collaborative progdes example, reduced
vulnerability'torclimate change oecoveryof an endangered species would be impacts of usable
science.

It is_ important to consider how to improve outplaispotential use by stakeholders. This
includes asking questions sua$twhat format should be used to communicate and share the
outpu(s)?,arewresources available to produce more than one type of output to meet multiple
needs €garticles for publication in pegeviewed journals, a jargdinee reporfor use by
stakeholdes)?;, what purposgs) will /could the outputs serve?

For-exanple, scientists from the Western Water Assessment RISA responded to a request
from water managers in Coloradeho were motivated by extreme drought in 2002, to provide
scientific insights on historicalrought events in the region through #malysis otreerings
(Woodhouse"and Lukas 2006). During the course of many interactionthesémanagers and
others fromsadditiondhtermountain West states, theientistdearned thathe data, research
results, information, and method®&re most effectivelpresented viaultiple formats,
including a veb-based data portal accompanied by explandaexty and hands-on workshops.
These communication approaches servdd)torient watelagency technical professionals to the
field research and statistical metlsaused in dendrohydrology and (b) allow for discussion of the
methods at:@deep enouglevelto ensuresufficient credibilityfor these proxy data to inform
water managemeiiRiceet al 2009).

It is helpful to describe the expecteddesiredoutcomes of a projecthow the research
will be used-during initial project developmento ensure that both researchers and end users
have complmentary project goal8roadly, amtcomescan be categorized in several wayhelp
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researcherand end users conceptualize how research outputs might be used, and how these
outcomes can lead to desired impabise can beonceptualin whichthe stakeholdamperceive
themselve®r their organization as better informed, share the results with others, oa foem
opinion about the issue. For example, the Resilient Coastlines project of @a&ati@rego
(www.resilientcoastlines.org) brings together multiple climate science, planning, and research
collaborativa to fill information gaps thaserveas barriers to action on coastal resilierye
combiningresearch with innovative and consistent communication, the alliance expards publ
engagementin‘coastal planning. Information useatsobe instrumentalin whichresults are
used to cantributdirectly into amanagement plan, policy, or othraanagemenbperational
decision omaction(seePanel3). A third use igustification in whichthe research is used to
justify an earlierdecision(eg Ray and Webb 201@y a request for resources to enhance
capabilities, such as mitigating risks associated with drought pefirproactive fuel treatments
in wildfire prone areasAt the end of a project, questions to evaluate outcomes may include: are
the research findings perceived as credible by both researchers and stakeholders?; was the
stakeholder's#input into the project evident?; will the results meet stakeholder nesajdioliv
will the stakeholder use the results?

Tracking the impactée, the effect or consequences of thecomespf usable research
can extend'well beyond the timeline of most projects, but identifying outdbaiesere
successfuat the end of the pject cansupport identifying these future impacts. The conceptual
use of research by end users at the end of a project may lead to an instrumental use at a later date,
during management plan updatesjisions, or as resources become availdeéaling tdurther
impacts Formexampleinitial outcomes for the PocketCard project discussed in Panel 3 were
largely conceptual, as the end users discussed the findings and possible management actions with
the research team after the project ended. Instrumentaf tise research findings occurred
several years later during an update to the National Fire Danger Rating System, when several
recommendations were incorporatedture evaluation can assess the impacts of these changes

on wildlandfirefighter safety.
Conclusion

Translational ecology differs substantively from both appliedeasic researctEnquistet al
2017) As McNieet al (2016) noted, the basic versus applied science paradigm revolves around
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knowledge generationut fails to address tienultiple and complex roles that stakeholders may
play in influencing knowledge generation and use”, leaving a gap in our understanding of how
science can support decision making and the barriers to science being used in mheisign

and policy. development. In this walyt: seeks to fundamentally alter the applessic science
paradigm by.explicitly engaging stakeholderghegeneration and utilization of knowledge,
therebycreating an alternative paradigm &wmologists to address the mialjiered and complex
ecological'problems faced loecision and policy makers.

Key aspects of this alternative paradjg® viewed here through usable climate science
research and experiencelude (3 the need to proactively consider and respond to the research
context earlydn,a research proposal and prp{ctin emphasis on the need for intentional
planning and engagement with stakeholdersfanshtentional boundary management between
researchrsand end uss; and (3 the need to calesign project outputs, identify desired outputs,
and consider tracking possible impacts from the rese@uahfundamental goal in this papsr
to communicat¢o the readethattranslational researchuch as TE or usable climate research,
requires intentioon the part of the researcher, the funding agency, and intended users of the
research outputs.riteling into collaborativeresearctwithout formal plans for engagement and
managing-the scienesociety boundarincreaseshe chances of making mistakasd d missing
opportunities to improve linkages between science and decision making, and reduces the
likelihood of producing usable scien®&ased on multiple decades of research into the
mechanics,of scientisstakeholder relationships within the readfrdedsion making in various
fields, we believe that thoughtful and explicit incorporation of these concepts andgsauilic
lead to impreved communication and collaborattbereby increasing the likelihood of success
in the adoption of ecological science into environmental decision making and fpofieylation
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Figure 1. Components of use-inspired or translational research include coraiated
components, such as resources for the project, processes that utilize comouicdti
collaboration, and the results of the research, which include outputs (sucleaseds or

reports), outcomes (the science is perceived as usable, and other desired changes, such as
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increased collaboration between researchers and end users), and impacts related to how the

research knowledge is used in decisions.

Figure 2. Graphic representation of three categories of researbtlasic, applied, and user-

inspired —n.felation to the roles of end users in the research process, and the types of decisions
being madeEor research results and other knowledge generated -aleseloped to saport

decisions (ie'management actions, policy decisions, or programmatic developmeat ther

often a needfor greater involvement with potential end users throutitfeorgsearch process.

Note: thisigraphic is meant to provide the reader with a visual aid to compare the degree of
engagement with end users across a continuum of research approaches and does not represent

an exact determination of the amount of reseamftigpmed in each of these areas
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Panel 1. Key factors in producing usablewence

Drought in the late 1990s and early 2000s, (Figure 3) in conjunction with negotiations of new
dam operation licenses, spurred a request for development of a drought assessneerthéool f
states oNorth Carolina and South Carolinadatalyzing event). Researchers collaborated with
state decision,makets develop a todhat wassufficiently flexible to accommodate the diverse
requirements of regional decision makers, including natural resource managewspsigie

task forces,andtakeholdersvantingto provide inpuregarding the Federal Energy Regulatory
Commission’s(FERC) application process for new dam licenses (Caabah@008). Success

in this endeavor required these translational researchers to understaedatiatediverse
decision-making contexts, respond to information demands from state agenciesibéspon
disaster relief declarations (requiring weekly timescale assessments at local spatial scales), and
operate within the constraints of information requiretedor FERC dam relicensing (requiring

drought measures for a variety of US Geological Survey hydrologic units).

Caption:
Figure 3. North‘Carolina’s Fontana Lakduring drought conditions.

Credit:
Digidreamgrafix5Shutterstock.com
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Panel 2. Social capital and “soft skills” in translational esearch

An important but often overlooked component of the translational research process;apital

is needed to build andaimtain productive relationshipsbased on mutual trust and respect —
whencreaing, transfering, and utilizing usable science for decision support (Levin and Cross
2004; McNieet.al 2016; Simpsoet al. 2016). Like any form of capital, social capital can be
generated, spent, and lost, aodjreatcare must be taken to manage it according to the
situation. Social capital describes the relationships and “goodwill that others have toward us”
(Adler and"Kwon 2002) andffectshow information is exchanged, how people or organizations
exert influence and power, and informs perceptions of solidarity and allegiancardRese
indicates thatsstrong, trustworthy relationships increaskkislghood thatpeoplewill listen to

and act upoen new information (Levin and Cross 20@4noset al 2012). Social capital plays a
critical role in Knowledge generation and sharing when therextensiveultural, economic, or
educational differences between knowleggaeduces (egscientists) and knowledge users (eg
individuals, organizations, tribed)henscientists interact with more marginalized populations,
they oftenmeed to develop and deploy greseral capita{Figures 4 and 5). Creating social
capital usually=reques theuse of “soft skill§, such as listening, communicating, mediating,

negotiating,.and sharing (McNie 2007).

Working with Native American communities

Fergusoret al (2016b)describé a5-year process of collaboration with the Hopi Department of
Natural Resources (HDNR) to develop a local drought information system for a Native
American tribe‘that is both isolated from major population centers anédbicea region that
suffers from a dearth of standard scientific data. Fdexelop an effects drought plamased

on local sources of information, the research team included a citizen of the iepiiiose
insider perspective and extensive social capital, developed through previousithiddONR,
facilitated impraved integration and contextualization of drought informatioa s€ientistsirst
invested considerable effort into understanding drought from the perspectives of iridividua
across the'spectrum Biopi society and the institutional context into which HDNR drought
advisories fif then proceeded tmuiltivaterelationships witthe HDNR and Hopi villages, whose
governance of drought ultimately dictates the effectiveness of drought prepaetthessponse
actions, as a means of increasing engagenhbatresearch team’s commitment to a loeign,
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iterative proces of engagement and partnerstaugtered social capital with key agency officials
and pilot communitiegFigure 5) this, in turn,engendered sufficient trustitoplement a

drought system that goes beyond provision of information, to facilitate dialogue about drought
among managers and citizens.

Working closely with the Bishop Paiute Tribe Food Sovereignty Program, resaaacher
the Desert.Research Institute (DRI) are using “mi@aaatives™to understand how food
sovereignty, climate change, and resouna@iagement decisions are impacting tribal
communitiesalong the eastern front of the Sierra Nevada range in California. Federal resource
managers in the area wanted to understand how resmamc@gement actions affected these
communitiesgincluding impacts on traditional hunting and gathewtigities, whereas
personnel'with‘the Food Sovereignty program sought to understand how community members
could be betteriengaged in traditional food consumption and crop prodiactaster tribal
culture and healthy eating habits. Key to this projecttivakiring of research assistarftem
the community, & well asworking closely with existing tribal programs to support
programmatiergoals and outcomes while simultaneously developing a researchiaesigh t
all of these'needsJsing community members formally in the research project allowed for a
greater level oparticipation and involvement and provided resources to the Food Sovereignty
Programgallowing both to leverage resources and social capital in support of prdject a

program goals.

Caption:
Figure 4. Overlooking the Hopi and Navajo Nation Reservations in Arizona.
Credit:

Amadeustx/Shutterstock.com

Caption:

Figure 5. Pestcard created and mailed to all enrolled tribal members for project outreach.
Credit:

Kunder Design Studio/DRI
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Panel 3 An instrumental use of research resultsdirect impacts to policy and management
Fire Danger PocketCardshichare carried by every wildland firefightgarovide a means for
interpreting and communicating key fire danger index vadeédythe National Fire Danger
Rating System. Developed in response to a fatal incident in which firefightersmavork
unfamiliar territory wereeaughtoff-guard by unexpeetlfire behavior, Fire Danger Pocket
Cards serve as a “letech” tool for improvindirefighter safety(Figure 6) Working with the
National Wildfire Coordinating Group’s Fire Danger and Fire Behavior Subcommittees,
researchersfrom DRI edeveloped a project @mddressoncerns that the PocketCards were
being underutilized by wildland firefighters. A key initial finding was that youngefigreers
were less likely.to use the cards if the “fire to remember” exampleded in the PocketCard
occurredtoo’longin the pastie before they were bormsthey simply did na think the firewas
relevantto themz This and other findings led to a series of recommendations to the National
Wildfire Coordinating Group Fire Danger Subcommittee that resulted in chantyesNational
Fire Danger Rating Systeras well ago the design and content of the PocketCards.

Caption:
Figure 6."'Wildland fire fighters use prescribed fire to manage rangeland vegetation.

Credit: 'A"Orlemann/Shutterstock.com

This article is protected by copyright. All rights reserved



Context

External
influence:
Conditions that
affect the project,
but which
participants have
no control over

Inputs:
Resources
and capacity
going into the
project

Outputs
Tangible results
from the research,
eg reports and
papers

Process

concern

Results

Outcomes
End users make use of
science developed through
the co-production process

fee_1735_f1.jpg

Researchers

and environmental- and environmental

science end
users are

communicating

about the project  geyelop science for
and issues of

Researchers

science end users
are working
together to

decision support

Impacts
Benefits to end
users and society
in general

This article is protected by copyright. All rights reserved



High

rt research process
Medium

2

Low

None

knowledge knowledge and weighing decisions decisions
alternatives

Stages of decision making

fee_1735_f2.jpg

Author Manusct

This article is protected by copyright. All rights reserved

Fundamental Applied Developing Formulating Implementing



fee 1735 _f3.tif

This article is protected by copyright. All rights reserved



fee_1735_f4.jpg

This article is protected by copyright. All rights reserved



STOR EY ABOUT GROWING FOOD AND
nARVESTING TRADITIONAL FOODS

fee_1735_f5.jpg

Author Ma

This article is protected by copyright. All rights reserved



fee_1735_f6.jpg

Author

This article is protected by copyright. All rights reserved



